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Welcome to
First World Congress and 2016 Asia Pacific DSI Conference
Greetings to all,
Welcome to Guanghua School of Management, Peking University. We would like to take this
opportunity and thank you for joining the First World Congress and 2016 Asia Pacific DSI
Conference in Beijing.
The development of “Decision Science” is in line with the real business. Recently, China has
enjoyed an economic boom and many excellent enterprises are growing up in this new era.
Meanwhile, these enterprises are faced both unprecedented opportunities and great challenges.
In this situation, the domain of “Decision Science” is needed to be expanded and more specific
solutions should be provided by the scholars in order to help the industry to tackle their
problems in production and operation level. The first World Congress and 2016 Asia Pacific
DSI Conference are just in response to this condition, providing an academic platform for the
scholars all over the world to promote the development of the theory and application of
“Decision Science”.
We are delighted to report that colleagues from 18 countries/regions and 91 universities and
organizations have contributed to the conference in different capacities: track chairs, authors,
reviewers, organizers, etc. We had 32 tracks and 55 track chairs from 7 countries. There were
77 submissions by 160 authors. Of the 77 submissions, 58 research papers will be presented at
the conference.
With the diversity of countries, universities, organizations and academic disciplines represented
in this conference, we will have a great opportunity to share our knowledge. Thank you for
making the conference a success. We hope this conference will encourage you to participate in
future World Congress and Asia Pacific DSI Conference.

Prof. Lihua Chen,

Prof. Ming Lei,
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Welcome to APDSI
For those of you who are reading about us for the first time, let us explain a little about our
group. We are one of several international regions that comprise the Decision Sciences Institute
(DSI). APDSI international region encompasses the Asia Pacific. Asia Pacific Decision
Sciences Institute (APDSI) holds an annual meeting each summer that features presentations of
original research papers in different areas of business, such as Accounting, Finance, Marketing,
Organizational Behavior, and Supply Chain among others. The aim of World Congress is
similar to APDSI and this is the first time to hold its annual meeting. Awards for "Best Paper"
in different categories are given each year. Our mother organization, the Decision Sciences
Institute (DSI), holds annual meetings and publishes the Decision Sciences journal and the
newsletter Decision Line. Most members of DSI are academics who teach in colleges and
universities, although some practitioners join us from time to time, and they are certainly
welcome.

About Guanghua School of Management (GSM)
Welcome to Guanghua School of Management, Peking University. Grounded in the rich
cultural legacy of Peking University, Guanghua School of Management was founded in 1985
and has been at the forefront of China’s social and economic progress ever since. Our mission
extends beyond business or management. We are an institution comprised of scholars, pioneers,
and innovators and determined to advance management knowledge and cultivate leaders. We
strive to advance management knowledge and develop business leaders for China and the global
society. The illustrious heritage of Peking University places us at the forefront of innovation
for education in China, and arms Guanghua with the credentials and spirit to achieve our
mission.
With a team of over 120 faculties, comprised of a diverse group of prominent business leaders
and experts, students of all programs have unparalleled academic support. Faculty serve as
mentors and their research goes beyond the publication - actively shaping China’s national
policies. We are committed to the highest academic standards. Our faculty is a truly exceptional
group, known for their deep understanding of China’s rapidly changing economy and complex
business ecosystem. They are particularly active in research, applying internationally cuttingedge methodology to tackle economics and management issues on both a local and global scale.
Mixing international perspectives with local knowledge, Guanghua provides a uniquely
enriching learning experience for all of its students.
Guanghua pools resources across and beyond the University to build a foundation enabling
students to analyze, execute, and lead in their future business careers. We are dedicated only to
teach our students fundamental skills and knowledge, but also to equip them with creativity and
the responsibility to make positive contributions to the world. Guanghua is a diverse and
dynamic place and we hope you a wonderful time here.
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ABSTRACT
The rapid growth in Internet technology results in new opportunities, choices, and
possibilities, which allow businesses to open new channels for offering products or rendering
services to suit their customers’ need. Consumers are now able to use the Internet for several
purposes, such as shopping, research, communication, and banking. Although the number of
Internet banking users has grown rapidly in recent years, not all customers are ready to accept
the mobile banking services. It remains a challenge for banks to explore how to attract more
customers to adopt the use of banking services via a mobile channel. This study aims at
examining the factors that impact the acceptance of the mobile banking usage in Thailand.
The knowledge gained from this study finding should help banks be aware of factors which
may encourage or discourage Thai consumers from using mobile banking. The study findings
should allow banks in Thailand to design the services or adapt their business model to meet
the needs of their customers.
KEYWORDS
Technology Acceptance Model (TAM), Mobile Banking, Thailand
INTRODUCTION
Technology grows rapidly all over the world in this new era. Information technology (IT) has
been expanding beyond the traditional organizational boundaries (Zhao et al., 2013).
Emerging technologies often result in new opportunities, choices, and possibilities, which
allow businesses to open new channels for offering products or rendering services to suit their
customers’ need (Bhattacharjee et al., 2006). E-commerce has come a long way since the
advent of Internet-based business in the early to mid-1990s and has become one of the major
factors that will determine the future survival or success of organizations (Bapna et al., 2014;
Holsapple and Singh 2000).
As with other types of businesses, banking services also realize the need to run their
business to suit the convenience of their customers. Well Fargo was the first bank in the U.S.
to provide its customer the online account statements in 1995 (DeYoung et al., 2007).
Delivering on-line service can be a key component of customer satisfaction, customer
retention, and, ultimately, business success (Fjermestad and Romano, 2008). Advances in
electronic banking technology have created novel ways for handling daily banking
transactions (Pikkarainen et al. 2004). Several banks are competing with each other by
implementing new and modern electronic system via the Internet connectivity, which is
shifting usage from desktops to laptops and mobile devices such as iPhones or iPads (Pu¨schel
et al., 2010).
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Although the number of Internet banking users has grown rapidly in recent years and
despite many benefits of mobile banking, the use of mobile phones or tablets to conduct
banking transactions or access financial information is not as widespread as expected
(Dineshwar and Steven, 2013; Luarn and Lin, 2005; Shaikh et al., 2015; Shih et al., 2010).
Quite a few customers are still reluctant to adopt this channel of banking services because of
their concerns with uncertainty and security (Islam, 2014; Robinson, 2000). A study
conducted by Mckinsey&Company revealed that the usage of mobile banking is only half of
other non-banking activities (Jayantilal et al., 2013). Another study also reported that only
12% of German consumers use their cell phones for banking or shopping (Tanner, 2008).
This study, therefore, aims at exploring the factors underlying the acceptance of mobile
banking technology and examining their differences between mobile banking customers and
non-mobile banking customers. These finding should allow banking institution to remain
competitive by offering mobile banking features that fulfill the deficient requirement of nonmobile banking customers.
LITERATURE REVIEW
The acceptance of Internet banking has gained special attention in academic studies. A large
number of empirical works addressing various aspects of Internet banking have been studied.
For instance, Admin (2007) studied technology acceptance of Internet banking among
undergraduate students in Malaysia based on modified version of Technology Acceptance
Model (TAM). This study explained the factors influencing undergraduate students’
acceptance of Internet banking. Guriting and Chunwen (2007) reported that perceived
usefulness and perceived ease of use were strong determinants of the behavioral intention to
adopt Internet banking. A study of private banking companies in India by Rajcev and Mittal
(2004) attempted to empirically test the identified customers’ trust variables in the context of
Internet banking in India. Chau and Lai (2003) studied the influenced factors on perceived
usefulness and perceived ease of use based on the TAM model and found that personalization,
alliance services, task familiarity, and accessibility were found to have significant influence
on perceived usefulness and perceived ease of use, which, in turn, were found to be important
factors in fostering a positive attitude toward accepting the services.
In recent years, the preference of technology has shifted from a PC to a handheld device,
largely due to its portability. A mobile phone and a tablet become an integral part of
consumers’ lives (Singh et al., 2010). The electronic transaction conducted via mobile devices
such as smartphones, is expected to play a larger role in the near future, with more than half a
million customers worldwide shopping via mobile devices by 2015 (Deng and Zhang, 2014).
A rapid growth of mobile phone has driven many businesses to develop mobile enabled
commerce transactions. As with other types of businesses, a mobile phone as a channel
provides enormous potential in banking. Mobile banking provides a more convenient means
for customers to meet their banking needs with more complete and timely information
(Baptista and Oliveira, 2015; Gerrard and Cunningham, 2003).
In a survey conducted by Federal Reserve Board (2015), mobile banking has been defined
as using a mobile phone to access a bank or credit union account, which can be done either by
accessing the web page through the web browser on a mobile phone, via text messaging, or by
using an app downloaded to a mobile phone. The study revealed that in the year 2014, thirtynine percent (39%) of all mobile phone owners with a bank account have used mobile
banking, up from 33 percent (33%) in 2013 and 29 percent (29%) in 2012. The findings also
reported that the most common use of mobile banking (94% of mobile banking users) is to
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check account balances or to review recent transactions. In addition, the frequency of usage
has increased slightly, from a median of four times per month in 2013 to five times per month
in 2014.
Several prior studies have been conducted to examine users’ behavior to understand how
users behave when using mobile banking. For instance, Shaikh et al., (2015) examined
continuous usage behavior of mobile banking among consumers living in Finland and South
Africa. The study found that trust plays a significant role in promoting continuous usage of mbanking. Another study proposed a theoretical model that explains sustained use of mobile
banking services (Kang et al., 2012). The results of the study indicated that perceived
usability, channel preference, and perceived value are three major determinants of sustained
mobile banking usage. A study conducted by Yu (2014) investigated factors that influence
consumers to make a transition from online to mobile banking. The results demonstrated that
relative attitude and relative subjective norm positively motivated respondents to switch from
Internet to mobile banking while relative perceived behavior control deterred respondents
from transitioning.
Although Internet technologies and global networking infrastructures have made
information sharing much easier and less expensive, the availability of such information
systems comes at the expenses of higher risks (Ba et al. 2005). A study reported that fiftyseven percent (57%) of U.S. adults did not use mobile banking (Statista (a), 2014). The top
five reasons for not using this banking channel are (1) my banking needs were being met
without it (85.8%) and (2) I don’t see any reason to use mobile banking (73%), (3) I’m
concerned about the security of mobile banking (62.1%), (4) the mobile phone screen is too
small (39.4%), and (5) I don’t trust the technology (34.3%) (Statista (b), 2014).
Internet and mobile banking in Thailand
Internet in Thailand was dated back to 1987 (Thailand Chapter of Internet Society, 2015).
The first Internet email services were operated under an agreement made by the Asian
Institute of Technology (AIT) and the Department of Computer Science at the University of
Melbourne in Australia (Intana et al., 2014). A major breakthrough occurred in 1991 when
Chulalongkorn University became Internet gateway in Thailand, with a full operation started
in July 1992 (Thailand Chapter of Internet Society, 2015). Nowadays, over one third of the
population in Thailand has regular access to the Internet (National Statistical Office, 2014).
Siam Commercial Bank was the first bank in Thailand to offer the Internet banking to their
customers in 1999 (Namahoot and Laohavichien, 2015). Since then, mobile banking services
have increasing popular for banks in Thailand especially the four largest commercial banks,
which are Siam Commercial Bank, Kasikorn Bank, Krung Thai Bank and Bangkok Bank.
Although there are increasing numbers of Internet banking in Thailand, not all customers
are ready to adopt this channel of banking services (Intana et al., 2014). One study reported
that Thai people find security to be insufficient and thus holding them back from adopting
Internet banking (Esichaikul and Janecek, 2009). The study also revealed that the lack of
customer service was a major reason preventing them from adopting Internet banking as well.
Another study also reported trust as a critical factor that leading to adoption of using internet
banking for Thai banks (Namahoot and Laohavichien, 2015).
With a rapid growth in technology, smart phone applications become popular in this era,
with more advanced computing ability and connectivity. In 2014, from 62.3 million of Thai
population aged 6 years and over, there were 21.7 (34.9%) millions of Internet users and 48.1
(77.2%) millions of mobile users (National Statistical Office, 2014). It is very obvious that
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smart phone becomes part of Thai consumers’ life. This increasing trend of smart phone
users has forced banks in Thailand to offer banking services via a mobile channel. A study
conducted in 2014 revealed that sixty-four percent (64%) of Thai consumers use mobile
banking apps in Thailand (Statista (a), 2014).
Even though the literature on the adoption of mobile banking is quite extensive in
developed country such as the U.S. (Afshan and Sharif, 2016; Lee et al., 2013; Lin, 2011; Nel
and Boshoff, 2014; Staff, 2013), few studies have explored the motivations for mobile
banking adoption in developing countries. In particular, very few studies were conducted to
examine the factors impacting the usage of mobile banking in Thailand. Therefore, the
objectives of this study are to identify factors affecting the adoption of mobile banking in
Thailand and examine the differences between mobile banking customers and non-mobile
banking customers. We extended the technology acceptance model by integrating new factors
for a developing nation. The findings of this study should provide insights for banks to
develop strategies and business models of mobile banking to best fit their customers’ need.
THEORETICAL DEVELOPMENT
This study has modified the Technology Acceptance Model (TAM) developed by Davis in
1986 to include four additional factors: (1) Perceived Privacy (PP), (2) Perceived Security
(PS), (3) Normative Beliefs (NB), and (4) Technology Competency (TC). TAM was one of
the most cited theory for modeling user acceptance of information systems (Bagozzi 2007;
Davis et al., 1989). The model is successful in predicting about 40% of a system’s use
(Legris et al., 2003).
A review of prior studies suggested that the Technology Acceptance Model (TAM) was
widely used to study users’ acceptance of the new technology. Quite a few studies in many
countries have widely used TAM to study the use of mobile banking, for example; in Iran by
Hanafizadeh et al. (2014), in China by Song (2015) and Zhou et al., (2010), in Bahrain by
AlSoufi and Ali (2014), in Korea by Gu et al. (2009), in Taiwan by Luarn and Lin (2005), in
Portugal by Baptista and Oliveira (2015). The proposed research model is shown in Figure 1
below.

Previous Experiences

Normative Beliefs

Technology Competency

H6
H5

H7

Innovation factors
Perceived Usefulness
Perceived Ease of Use

Trust
H1
H2

Attitude towards the
Usage of Mobile
Banking

Figure 1. Research model
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H3
H4

Perceived Privacy
Perceived Security

Perceived usefulness of mobile banking
Davis et al. (1989) defined the construct perceived usefulness as the prospective users’
subjective probability that using a specific application system will increase his or her job
performance within an organizational context. This factor has a significant effect on usage
intention (Agarwal and Prasad, 1999; Venkatesh and Davis, 2000). Perceived usefulness is
predicted to be a positive driver for the attitude towards the usage of mobile banking. In this
case, non-user of mobile banking should poses differences in their perceived usefulness of
mobile banking and we thus posit:
H1: There is a significant difference on perceived usefulness (PU) between subjects who use
mobile banking and those who do not use mobile banking.
Perceived ease of use of mobile banking
The construct perceived ease of use is defined as the degree to which the prospective user
expects the target system to be free of effort (Davis et al., 1989). This factor plays a crucial
role in understanding individual response to information technology (Agarwal and
Karahanna, 2000; Chau and Hu, 2001; Hong et al., 2001). Research over the past decade
provides evidence of the significant effect perceived ease of use has had on usage intention
(Agarwal and Prasad, 1999; Venkatesh and Davis, 2000). So, for non-user of mobile banking,
we should observe different level in the perceived ease of use. We therefore posit:
H2: There is a significant difference on perceived ease of use (PEU) between subjects who
use mobile banking and those who do not use mobile banking.
Perceived privacy of mobile banking
The construct perceived privacy can be defined as the possibility that companies collect data
about individuals and use them inappropriately (Jarvenpaa and Todd, 1996; Roca et al.,
2009). Zorotheos and Kafeza (2009) stated that a customers’ willingness to transact online
depended on their perceived privacy control. In the context of mobile banking, invasion of
privacy can occur in the form of hacking. With the advance in technology, it allows illegal
hackers to access personal records faster and easier than before, and the privacy concern
becomes a major obstacle to the spread of E-commerce (Islam, 2014). If the mobile banking
adoption is affected by the perceived privacy, we should observe the difference in the
perception of privacy between mobile banking users and non-users. Based on this reasoning,
it is postulated that:
H3: There is a significant difference on perceived privacy (PP) between subjects who use
mobile banking and those who do not use mobile banking.
Perceived security of mobile banking
Roca et al. (2009) defined overall perceived security as a threat that creates a circumstance,
condition, or event with the potential to cause economic hardship to data or network resources
in the form of destruction, disclosures, modification of data, denial of service, and/or fraud,
waste and abuse. Flavia´n and Guinalı´u (2006) presented their view of perceived security as
a subjective probability with which consumers believe that their personal information (private
and monetary) will not be viewed, stored, and manipulated during transit and storage by
inappropriate parties in a manner consistent with their confident expectations. Security has
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been studied and defined in several prior studies. Brown et al., (2003) and Luarn and Lin
(2005) reported that information security is one of the greatest concerns in the adoption of
mobile banking. Non-users of mobile banking may view perceived security differently from
users. We, therefore, posit:
H4: There is a significant difference on perceived security (PS) between subjects who use
mobile banking and those who do not use mobile banking.
Normative beliefs
Hernandez and Mazzon (2007) defined normative beliefs as the degree of disagreement
among the opinions of key reference groups such as friends, peers or colleagues, superiors,
and subordinates in an organizational environment. According to a recent public opinion
boom and a widespread use of new technology such as smartphones or tablet devices, people
are influenced to adopt technologies used by their relatives and friends. Normative belief
becomes an important factor shaping the direction on how to do business. Sprott et al. (2003)
stated that normative beliefs can lead to a socially desirable behavior in a specific situation,
thus should be included as a fundamental component of any predictive variables. Since user
and non-user of mobile banking show different behavior in response to the adoption of mobile
banking, their normative beliefs structure may not be the same. Based on the foregoing, we
propose the following hypothesis:
H5: There is a significant difference on normative beliefs (NB) between subjects who use
mobile banking and those who do not use mobile banking.
Technology competency
Tippins and Sohi (2003) defined technology competency as the extent to which an individual
is knowledgeable about and effectively utilizes Information Technology to manage
information. Typically, consumers with a high level of self-efficacy are more motivated to use
technology-based services. Consumers with a high technology self-efficacy are expected to
have positive attitude and behavioral intentions to use mobile banking (Yang, 2010). Since
user and non-user of mobile banking express different behaviors on the opposite extremes
towards mobile banking services, it is likely that their levels of technological competency is
different. We, therefore posit:
H6: There is a significant difference on technology competency (TC) between subjects who
use mobile banking and those who do not use mobile banking.
METHODOLOGY
The questionnaire designed for this study adapted the instrument and scales developed from
TAM with additional constructs as described in the proposed research model (Venkatesh and
Davis, 2000; Venkatesh et al., 2003). The questions used to measure other additional
constructs were adapted from prior studies (Intana et al., 2013; Pikkarainen et al., 2004;
Venkatesh and Davis, 2000, Vijayasarathy, 2004; Wong and Hsu, 2008). The questionnaire
consisted of forty-five (45) questions. Thirty-five (35) questions with the five point Likert
scale were designed to measure subjects’ perceptions of mobile banking. One question
(Question# 36) asked “Have you ever used mobile banking?” to measure subjects’ actual use
of mobile banking. The remaining nine (9) questions were asked to gather some demographic
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data of the subjects. To validate the clarity of these questions, three professors and three
researchers were asked to read through the survey questions. Revisions to the survey were
made based on the feedback received.
Four hundred (400) subjects participated in this study. The data were collected from a
direct survey administered to students in a Thai university. Of the four hundred (400)
subjects, two hundred fifty three (253) or 63.25% of them are mobile banking customers. The
remaining one hundred forty-seven (147) or 36.75% of subjects have never used mobile
banking before. Subjects’ demographics are shown in the Table 1 below.
Table 1: Subjects’ demographics (n=400)
Sub Category

Category
Gender
Age

Areas of
Study
Use Smart
Phone

Mobile Banking
User (n=253)

Total

Non-Mobile Banking
User (n=147)

All

400

100%

253

63.25%

147

36.75%

Male
Female
<= 24
> 24
No answer
Science & Technology
Health Science
Social Science
Yes
No
No answer
Below 15,000

135
265
333
66
1
81
10
309
390
9
1
300

33.75%
66.25%
83.25%
16.50%
0.25%
20.25%
2.50%
77.25%
97.50%
2.25%
0.25%
75.00%

91
162
201
51
1
52
6
195
248
4
1
172

35.97%
64.03%
79.45%
20.16%
0.40%
20.55%
2.37%
77.08%
98.02%
1.58%
0.40%
67.98%

44
103
132
15
0
29
4
114
142
5
0
128

29.93%
70.07%
89.80%
10.20%
0%
19.73%
2.72%
77.55%
96.60%
3.40%
0%
87.07%

Monthly
Income (in
Thai Baht)

15,000 - 30,000

88

22.00%

70

27.67%

18

12.24%

30,001 - 45,000

Have Internet
Package for
Smart Phone

8
3
1
333

2.00%
0.75%
0.25%
83.25%

7
3
1
226

2.77%
1.19%
0.40%
89.33%

1
0
0
107

0.68%
0%
0%
72.79%

No

62

15.50%

23

9.09%

39

26.53%

Not applicable

4

1.00%

3

1.19%

3

0.68%

No answer

1

0.25%

1

0.40%

0

0%

None
1-5
6-10
>10
None
1-5
6-10

2
4
7
387
86
291
12

0.50%
1.00%
1.75%
96.75%
21.50%
72.75%
3.00%

1
3
7
242
39
194
10

0.40%
1.19%
2.77%
95.65%
15.42%
76.68%
3.95%

1
1
0
145
47
97
2

0.68%
0.68%
0%
98.64%
31.97%
65.99%
1.36%

>10

11

2.75%

10

3.95%

1

0.68%

None
1-5
6-10

141
239
11

35.25%
59.75%
2.75%

55
180
9

21.74%
71.15%
3.56%

86
59
2

58.50%
40.14%
1.36%

9

2.25%

9

3.56%

0

0%

Internet Use
per Month
Make
Purchase via
Internet on a
Computer per
Month
Make
Purchase via
Internet on a
Mobile
Phone per
Month

45,001 - 60,000
> 60,000
Yes

>10
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DATA ANALYSIS AND DISCUSSION
In order to examine the internal consistency of the research instrument, a reliability test was
conducted. The test confirmed the reliability of the research items with Cronbach’s alpha
coefficient of 0.93 for the responses from the Internet banking users and 0.92 for the nonInternet banking users.
To investigate the acceptance factors differences, subjects were divided into two groups;
the subjects who use the Mobile Banking (MB) and the subjects who do not use the Mobile
Banking (Non-MB). There are 253 MB and 147 Non-MB. Then, t-tests were conducted to
examine the mean differences of mobile banking perceptions between these two groups. The
summary of the results is shown in Table 2 below.
Table 2: Summary of the perceptions differences analysis
Mean
MB

Non-MB

Difference

(n=253)

(n=147)

(MB vs. Non-MB)

H1: Perceived Usefulness

4.503

4.117

0.386*

<0.001

H2: Perceived Ease of Use

3.922

3.415

0.507*

<0.001

H3: Perceived Privacy

3.256

2.997

0.259*

0.0048

H4: Perceived Security

3.227

2.974

0.253*

0.0017

H5: Normative Beliefs

3.370

3.158

0.212*

0.0056

H6: Technology Competency

4.232

3.955

0.277*

0.0005

Factors

p-value

* Significant at p-value < 0.01 level

The results show a significant difference on the perceptions between mobile banking users
and non-mobile banking users on all six factors proposed in the research model. These
factors are perceived usefulness, perceive ease of use, perceived privacy, perceived security,
normative belief, and technology competency. These results show that mobile banking user
perceptions on the factors related to the mobile banking adoption are higher than the nonusers of mobile banking.
For the mobile banking users, the means of perceived usefulness and technology
competency are high, compared to other factors (4.503 and 4.232 respectively). The results
imply that mobile banking users clearly perceive the benefits of mobile banking and have
high technology competency. In addition, the result also shows a significant and largest
difference in perception between mobile banking users and non-users for the ease of use
factor. Non-users perceive mobile banking as more difficult to use than the users perceive
and thus are unwilling to adopt mobile banking. The finding implies that banks should
encourage non-users through trainings and/or workshops to convince them to adopt mobile
banking.
The results also reveal that mobile banking users have significantly less concern on privacy
and security issues than non-users. However, the scores for both groups are quite low
compared to other factors. This result suggests that banks should consider improving privacy
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and security of mobile banking to gain customers’ trust in performing banking transactions
via a mobile channel. Normative beliefs is also shown to be significantly different between
subjects who use mobile banking and those who do not use it. The result suggests that the
opinions of family members, peers, and impact from others social factors play a crucial role in
consumers’ decision to adopt mobile banking. The result indicates a significant difference in
subjects’ technology competency between those who use mobile banking and those who do
not. This finding suggests that Thai consumers of mobile banking have higher competency in
technology than those who do not. Therefore, bank should provide their services that require
least technological competency to capture some of non-mobile banking users.
CONCLUSION
Although the literature on the adoption of mobile banking is quite extensive in developed
country such as the U.S., very few studies have explored on the motivations for mobile
banking adoption in a developing countries. This study proposed a research model which
suggests six factors predicted to influence the mobile banking adoption in Thailand. The
TAM was extended to include four additional factors, which are perceived privacy, perceived
security, normative beliefs, and technology competency. The research findings in this study
have contributed by presenting those significant differences on the factors affecting the
mobile banking adoption exist between mobile banking and non-mobile banking customers.
The proposed model and the identified factors should help banks in Thailand understand the
difference of the determinants of mobile banking adoption in Thailand between user and nonuser of mobile banking. However, as in most empirical studies, there is an inherent limitation
in this paper. The sample in this research was limited to subjects in one Thai university.
Although students are deemed as appropriate subjects for this topic of research, as students
are no doubt the main users of mobile phones and thus become the main target users of
mobile banking, future research should consider expanding demographics to include nonstudent subjects and users in various countries. In addition, a future study conducted could
investigate in more details which feature of mobile banking are deemed necessary or
unnecessary to the decision to adopt this technology.
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Abstract
A new FIR filter is designed to date U.S. recessions with the unemployment rate and the
Conference Board employment trend index. Our approach is simple but one can see from
the curve the dynamic process how the economy moves from one business cycle to the next.
We also present a new use of the HP filter and uncover some useful information about the
relationships among the yield curve, the Wu-Xia shadow rate, and the unemployment rate.
We argue that an assessment of the labor market, based on the level of the unemployment rate,
is very wrong for the business cycle oriented monetary policy.
Keywords: M-Coppock curve, unemployment rate, employment trend index
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Introduction

In the press release on December 16, 2015 for a rate hike, the Federal Open Market Committee
(FOMC) made an assessment about the economy and the labor market in a support of its action:
“A range of recent labor market indicators, including ongoing job gains and declining unemployment, shows further improvement and confirms that underutilization of labor resources has
diminished appreciably since early this year.”1 In the same release, it added that “[t]he Committee currently expects that, with gradual adjustments in the stance of monetary policy, economic
activity will continue to expand at a moderate pace and labor market indicators will continue to
strengthen.” At present there is a good reason for the FOMC to be optimistic about the U.S. labor market. The U.S. unemployment rate was at 5% in Novermber 2015 and the Novermber job
creation index, monthly averages, from the Gallup, was at 31. Both indexes are at or near their
best levels since 2009.2 Nonetheless, our study of this paper documents evidence that the U.S.
labor market has already been in a gradual process of losing its stenghth since October 2014. If
the unemployment rate stays at projected 5% for the 2016, our model indicates that there will
be a good chance for a recession near the end of 2016. Because the central bank often uses the
level of indicators such as the unemployment rate to make an assessment of the economy, such
an approach misleads. We will provide a reason why it misleads. A lesson we learn from this
study is that one must see the weakness in an economy when it appears to be strong, and vice
versa. We use a FIR filter to show how this can be done.
The Federal reserve banks use various probabilistic models to call if the peak or trough of
economic activity has been reached in real time. We discuss three here, among others. The first
model is from the Federal Reserve Bank of St. Louis, which posed the 0.92% smoothed U.S.
recession probabilities in September 2015, indicating that there was no risk to have a recession
near term. The bank credits the probability number to Jeremy Max Piger and Chauvet Marcelle
(Chauvet 1998, Chauvet and Piger 2008). The second one is from the Federal Reserve Bank of
New York that posed a probability chart of 12 month ahead recession based on the yield curve and
the reading of the chart in Novermber 2015 for a recession in Novermber 2016 was at 2.96%. The
bank credits the chart to Estrella and Trubin (2006) and Estrella and Mishkin (1996). The third
chart is the GDP-based recession indicator index (Chauvet and Hamilton 2006) from the Federal
Reserve Bank of Atlanta authorized by James D. Hamilton. The index was at 13.3% in August
2015, far away from the level 67%, suggested by James D. Hamilton, to call for a recession.
The econometric models to forecast the probability of a recession in these figures are quite
elegant and greatly enhance our understanding of the nature of the U.S. business cycle. However,
these models and probability numbers are not without a problem. First, the probability near the
peak or the trough of a cycle rises or falls too rapidly. This limits their applicability for conducting
monetary policy because it leaves the central bank very little time to decide which action, ‘the
brake” or “the gas pedal”, is right. Second, as we can see from the three figures, the locations of
spikes of the probabilities vary, likely affected by various shocks. This causes a problem to tell
the time when a recession begins or ends even after observing a spike. The uneven spikes also
cause a problem in determining a proper uniform threshold value in dating a recession. James
Hamilton sets a uniform rule at 67% now to call a recession for his GDP-based model but a rule
at 50%, based on our reading of his own chart, may work too.
In this paper we provide a new approach to date recessions in real time. Our model is very
simple. More importantly, one can see the dynamic process from our approach how the economy
approaches the peak or the trough. Our approach is to design a new filter3 , largely motivated
by the Coppock curve that has been widely used in equity market.4 Our filter, the M-Coppock
1 Press

release on December 16, 2015 by FOMC.
Gallup.com for the gallup job creation index.
3 The filter was privately communicated to a limited number of colleagues around 2012. It has been used in Ma and
Tang (2012) to study sunspot cycles.
4 There is a nice story about the way how Edwin S.C. Coppock came up with the idea. As an economist, he was asked
2 See
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curve, is the 12-period simple moving average of the sum of one period, three period and six
period differences, a modified version of the original one. The M-Coppock curve is a causal FIR
filter. The original data we will use is either the unemployment rate from U.S. Bureau of Labor
Statistics (BLS) or the employment trend index from the Conference Board. Our main results are
shown in Figures 3 and 4.
Different recessions may be caused by different shocks, a main reason why it is still hard to
predict recessions. Stock and Watson (2003a) in their conclusion of an analysis about the 2001
recession make a noted remark in this aspect: “Leo Tolstoy opened Anna Karenina by asserting,
‘Happy families are all alike; every unhappy family is unhappy in its own way.’ So too, it seems,
with recessions.” Beyond shocks, the economy always evolves across time. A lesson learned
from one particular recession may not apply to any future recessions. Despite the difficulties,
one cannot exclude the possibility some common cyclical behavior of these recessions does exist
(Lucas 1977). The cyclical behavior may be generated endogenously by the fundamental news,
not purely by exogenous shocks (Cochrane 1994). It is, however, not easy to detect the flow of
the fundamental news as pointed out by Cochrane (1994).
We document evidence that a uniform rule can be found to call a recession in real time by using
the M-Coppock curves of the unemployment rate and the employment trend index, in a support
to Cochrane (1994). Our approach provides a means to unify the two different views in Lucas
(1977) and Stock and Watson (2003a). The M-Coppock curves during expansions and recessions
do share some common features, similar to the DNA shared by siblings. Nevertheless, these
curves are not exactly the same, especially around recessions. This means that shocks are indeed
important to business cycles. These shocks can be different for different recessions, similar to the
fingerprints among siblings. Thus, external shocks and the fundamentals are both important for
the business cycle.
The unemployment rate is known to be a leading indicator around the economic peak but lags
substantially around the economic trough. But we will show that the M-Coppock curve peaks
near all of the economic troughs of post WWII recessions. The reason why this is the case is the
fact that we consider the changes in the level of the indicator, not the level itself. The M-Coppock
curve reaches its peak or trough earlier than the related peak or trough of the original series. This
lead in time is the basic idea behind the capability of the M-Coppock curve to call a recession in
real time, even for the unemployment rate. We will see that even if the current unemployment
rate in levels continues to fall, our M-Coppock curve has started to trend higher since October
2014, which indicates that the strenghth of the current labor market becomes gradually weaker,
not stronger. An assessment of the state of the economy based on the level of the unemployment
rate can be wrong.5
There are many papers that have used various econometric models to forecast recession-related
economic activity. Chauvet and Piger (2008), Chauvet and Potter (2005), Estrella and Hardouvelis (1991), Estrella and Mishkin (1996), Harvey (1988, 1989), and Stock and Waston (1989,
1991, 1993, 2003a) are just a few of good examples. See Hamilton (2010), Stock and Waston
(2003b), and Wheelock and Wohar (2009) for a literature review. Berge (2014) and Fossati
(2015) provide two latest studies, among many others. One important feature of the papers in the
literature is to use financial variables or a combination of financial and macroeconomic factors
to predict recessions. In particular, the yield curve and leading indicators are often used to forecast the probability of a recession. The Markovian switching model in Hamilton (1989) is very
popular, among others. Some thresholds must be set priorly to determine if the economy is in a
recession after a model has been estimated. These thresholds may be time-varying. Instability
by the Episcopalian Church to identify an investment initiation time for investors at long horizons. Mr. Coppock thought
that the pain caused in the fall of stock market was like bereavements and required a period of mourning. He then asked
the bishops how long it would normally take for people to get over the pain. The answer was 11 to 14 months, which was
the reasons why he chose 11 and 14 in his design of the filter.
5 Our paper was written six months ago, the weak labor market in the first half of 2016 appears to be consistent with
what has been revealed in the M-Coppock curve.
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is always a concern because the economy may evolve structurally (see, e.g., Phelps 1999, Stock
and Watson 2003b) and the shocks for a future recession may be totally different from todays’.
For example, Stock and Watson (2003a, 2012) show that new shocks do often occur. Stock and
Watson (2003b) provide a survey of a great number of papers regarding the predictability of
outputs and inflation using interest rates, interest rate spread, returns, etc. A major problem in
various models in the literature is that “[t]here is considerable instability in bivariate and trivariate predictive relations involving asset prices and other predictors” (Stock and Watson 2003b,
p.823).
Our M-Coppock approach would alleviate the instability problem inherited in other studies.
Because the M-Coppock curve just uses local information up to 18 periods, the underlying
changes in the economic structures and the new shocks will be reflected in the curve but have
no lasting memory beyond 18 periods. Thus, the monetary policy shock in the 1970s is not a
part of the curve in the 2000s if the original series around 2000s does not contain the shock in
the 1970s. In a probabilistic model, as long as the estimated coefficients use the 1970s data, the
shock will always be a part of the model in its forecasting even if the shocks that cause a later
recession have nothing to do with the shocks in the 1970s.
Our M-Coppock curve may also provide a numerical measurement for the magnitude of a
recession. As the spike of the M-Coppock curve reflects the effect of a shock-new or old, on the
economy, we can use the height of the spike as a measure for the magnitude of a recession. Thus,
based on the M-Coppock curve, it is possible to know if one recession is worse than another.
Finally, as a demonstration of the usefulness of filters in economic research, we apply the
well-known HP filter to the yield curve in Estrella and Mishkin (1996) and Estrella and Trubin
(2006), and the shadow rate in Wu and Xia (2015). We examine the relationships among the
unemployment rate, the Wu-Xia shadow rate and the yield curve at the business cycle frequency
(the results are provided in Figures 6a, 6b, 7-12, as well as Table 9). Further more, we explain
why the yield curve has predictive power while the level of the unemployment rate may not.
There are many filters available in the literature. The popular HP filter (Hodrick and Prescott
1997) is a moving average filter with weights that depend on a parameter λ and the whole sample.
The Baxter-King filter (Baxter and King 1995) is a bandpass filter using a finite period moving
average with symmetric weights. There is no phase displacement of the Baxter and King filter.
Christianno-Fitzgerald (1999) random walk bandpass filter, like the HP filter, uses the whole
series. The Baxter-King filter loses K observations by each of the two ends. These filters are
used to decompose a series into a trend and a cyclical component. The three part decomposition
in King and Watson (1994) can be considered as a filter approach in the frequency domain. Our
filter in this paper has a very different objective and it needs a phase displacement so that we can
overcome the time lag in the unemployment rate.
The unemployment rate data is from BLS for the period 1948:01 to 2015:11, the employment
trend index is from the Conference board for 1973:11 to 2015:10, the Wu-Xia shadow rate is
from 1960:01 to 2015:11 downloaded from the Federal Reserve Bank of Atlanta, and the yield
curve data is from the Federal Reserve Bank of New York for 1959:01 to 2015:11. Our VAR
model in Section 5 uses these data from 1960:01 to 2015:11.
The rest paper is organized as follows. Section 2 introduces the M-Coppock curve filter. Section 3 presents the HP filter and the presentation follows Emara and Ma (2014) and Ma, Tang, and
Wang (2016). Section 4 presents our result about the unemployment rate. Section 4.1 is the result
related to the Conference Board employment trend index. Section 5 discusses the relationship of
the unemployment rate to the yield curve and the Wu-Xia shadow rate. Section 6 conlcudes.

2

M-Coppock Curve

Edwin S.C. Coppock created the original Coppock curve, named after him and published by the
Barron’s Magazine on October 15, 1962. It is an indicator to identify the turning point of a trend
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line of a monthly time series such as the monthly S&P 500 Index, using a 10-period weighted
moving average (MA) of the sum of the 14-month rate of change and the 11-month rate of change.
We modify this curve as a 12-period moving average of the sum of one-period, three-period and
six-period differences.
Let x(t) ∈ RT be a time series and L be the lag operator defined such that for any series x(t),
Lxt = xt−1 and L0 = 1, where T is the number of observations in a series. Then the M-Coppock
curve y(t) of a time series x(t) is defined by, n = 12,
yt

=

n−1
1X X
(xt−j − xt−q−j ),
n j=0 q=1,3,6

=

n−1
1X j
L [(1 − L) + (1 − L3 ) + (1 − L6 )]xt
n j=0

t≥n+6

(1)

= ψ(L)xt .
The M-Coppock curve is just a causal FIR (finite impulse-response) filter, a moving-average
operator with ψ(L), a polynomial in the lag operator of the form with finite lags:
11

ψ(L)

=

1 X j
L [(1 − L) + (1 − L3 ) + (1 − L6 )]
12 j=0

(2)

1
(1 − L12 )(3 + 2L + 2L2 + L3 + L4 + L5 ),
12
= ψ0 + ψ1 L + · · · + ψ17 L17 ,
=

where
1
4

ψ0

=

ψ1

= ψ2 =

ψ3

= ψ4 = ψ5 =

1
6
1
12

ψ17

= ψ16 = ψ15 = −

ψ14

= ψ13 = −

ψ12

= −

1
12

1
6

1
4

and ψj = 0 for j = 6, 7, · · · , 11.
The success of our FIR filter to call recessions should leave the door open to design an “optimal” FIR that can forecast recessions with the smallest error, using the NBER recessions as the
reference dates, a direction of interest that can be pursued in the future. In this paper we just
focus on ψ(L), with no intention for it to be optimal.
The gain |ψ(ω)| and phase displacement θ(ω) of the M-Coppock curve are obtained by, respectively,
17
17
X
X
|ψ(ω)|2 = {
ψj cos(jω)}2 + {
ψj sin(jω)}2 ,
j=0

and

j=0

P
ψj sin(jω)
},
θ(ω) = arctan{ P
ψj cos(jw)
5
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Figure 1: Gain and Phase of the M-Coppock Curve
where ψj is given by (2) for j = 0, 1, · · · , 17 and ω ∈ [0, π].
Figure 1 is the gain and the phase of the M-Coppock curve. Figure 1 shows that the M-Coppock
curve is a generalized linear phase FIR for the busisness cycle frequency band between 2 and 8
years per cycle. The M-Coppock curve is a new casual FIR filter, different from the three filters
allured in the introduction. In particular, the bandpass Baxter-King filter uses a finite number of
truncated symmetric coefficients of an infinite sequence and has no phase displacement. The HP
filter and the Christianno-Fitzgerald random walk band pass filter use the whole series. Because
the M-Coppock curve only uses 18-period data, structural breaks will not have a long lasting
effect, unless the underlying economy follows a nonstationary random walk process with a very
long lasting memory. Thus, if different recessions are caused by different transitory shocks or
the same type of shocks with different magnitudes, our filter can be used as a measurement tool
for isolated effects of these shocks. For example, the recession in 2008 has been called the Great
Recession. Our M-Coppock curve in Figure 3 below does show that the curve has reached the
highest spike since 1948. That is, our curve can work as a measure for its “magnitude” of a
recession.
Another important feature of the M-Coppock curve is that we can use y(t) to forecast x(t) by
x(t) = ψ −1 (L)y(t).

(3)

These operations in (1) and (3) can be easily implemented in Matlab using the function ‘filter’ by
setting b = (ψ0 , ψ1 , · · · , ψ17 ) and a = 1. To get x(t) from y(t), we just switch the positions of
b and a.
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3

The HP Filter

In this section we introduce the well-known HP filter (Hodrick and Prescott, 1997, and Kim et
al., 2009). Given a series x(t), the HP filter chooses the trend estimate y(t) to minimize
T

T −1

X
1X
(xt − yt )2 + λ
[(yt+1 − yt ) − (yt − yt−1 )]2 .
2 t=1
t=2

(4)

As shown in Kim et al. (2009), the objective (4) can be written in a matrix form as
1
|x − y|2 + λ|Dy|2 ,
2

(5)

where x, y ∈ RT and |u| is the Euclidean norm, and D ∈ R(T −2)×T is the second-order difference matrix given by


1 −2 1


1 −2 1


(6)
D=

.. ..
..


.
.
.
1

−2

1

Entries in (6), not shown, are equal to zeros. Thus, x = y + c, where y = (I + 2λD0 D)−1 x and
c = x − y. y is a moving average of x with weights depending on λ and D in a subtle manner.
One problem associated with the use of the HP filter is that the cyclical component (x − y) is
weak dependence and contains both a “genuine” cyclical component of the economy and a noise
component. Too much useful information about the state of the economy after the use of the filter
has been put into the noise component. Indeed, powerful low frequency components have been
passed the filter into the cyclical component (Figure 2). This is the part that has been thought
to be driven by the Solow’s residuals in the real business cycle literature. These low frequency
components are often classified as the “spurious cycles”. Because the filter only provides two
part decompositions, the literature seems to suggest that these “spurious cycles” should be put
into the secular trend in the vicinity of zero frequency. This suggestion is equally problematic
because the low frequency components passing the filter have frequencies that appear to be too
far away from the vicinity of the zero. Note that a small difference in the vicinity of the zero has
a leap foreward effect. This two part decompostion poses a dilemma. King and Watson (1994)
have provided a good solution to the dilemma by providing a three part decomposition using
filters in the frequency domain, where the frequency band of each component follows more or
less the business cycle bandpass suggested by Burns and Mitchell (1946). Motivated by King
and Watson (1994), Emara and Ma (2014) provide a three part decomposition by a recursive use
of the HP filter. The approach of this paper follows Emara and Ma (2014):
c(l − 1) = y(l) + c(l), l = 1, 2, · · · , k,

(7)

y(l) = (I + 2λD0 D)−1 c(l − 1),
c(l) = 2λD0 D(I + 2λD0 D)−1 c(l − 1).

(8)
(9)

where, c(0) = x, and

Then, we can decompose {xt } into three parts, for a given integer k ≥ 1,
x = y + c + n,
Pk
where y = y(1) = (I + 2λD0 D)−1 x, c = j=2 x(j) = c(1) − c(k), and n = c(k). We call y, c
and n the permanent trend, the cyclical trend and the noise component, respectively. The permanent trend represents the long run behavior of the series while the cyclical trend is in response to
7
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Figure 2: Single-sided Magnitude Spectrum (rads/sample) of the Noise Components of the Unemployment Rate after Using the HP Filter
the movement of the series at the business cycle frequency. The noise component represents the
movement at higher frequencies, not including in the permanent and cyclical trends. We find that
this three part decomposition is very useful and has the potential to resolve the “spurious cycles”
issue in the application of the HP filter. The name of “spurious cycles” is quite misleading as
pointed out in Pollock (2013).
We choose k = 11 for the cyclical trends of Figures 6a and 6b in this paper6 and λ = 129, 600
for monthly data. The impact on the spectrum of the unemployment rate series in this recursive
use of the HP filter can be seen from Figure 2. The HP filter is known to be less flexible than
the Butterworth lowpass filter (Pollock 2013) but Figure 2 shows that our recursive use of the HP
filter can perform equally well as the Butterworth filter, with a flexible choice of k, giving rise to
a smoothier cyclical trend. If k goes to infinity, then our procedure goes back to the original HP
filter because there is nothing left in n.
6 See

Emara and Ma (2014) for a study how k is rightly chosen for different indicators.
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4

The Unemployment Rate

The unemployment rate is the percentage of people in the labor force without work and actively
seeking work. It is a critical business cycle indicator that has been widely watched for the state of
the economy. The following provides a summary of our best understanding about this indicator
among economists:
The unemployment rate is a trendless indicator that moves in the opposite direction from most other cyclical indicators. [...]. The NBER business-cycle chronology
considers economic activity, which grows along an upward trend. As a result, the
unemployment rate often rises before the peak of economic activity, when activity is
still rising but below its normal trend rate of increase. Thus, the unemployment rate
is often a leading indicator of the business-cycle peak. [...]. On the other hand, the
unemployment rate often continues to rise after activity has reached its trough. In
this respect, the unemployment rate is a lagging indicator. (NBER Q&A).
Figure 3 displays the recessions identified by NBER, the M-Coppock curve, and unemployment rates since 1948. The shaded bars in Figure 3 represent the recessions identified by NBER.
There are altogether 11 recessions since 1948. The height of the bar has no particular meaning,
but the width of the bar indicates the length of a recession. A recession can be as short as 7
months (the 1980 recession) and as long as 19 months (the 2007-2009 recession). As shown in
Figure 3, the unemployment rate has a salient feature of asymmetry: it falls quite slowly and
gradually during an expansion but rises sharply in a recession. Such a feature has been studied in
detail in a seminal paper by Neftci (1984). Rothman (1991) provides an additional study of such
an asymmetry, among many others.
The solid line in Figure 3 is the M-Coppock curve. For each of the 11 recessions, the MCoppock curve crosses the zero horizontal axis (the zero line) and becomes positive around the
same time at the beginning of the recession, and the M-Coppock curve forms a spike and reaches
its local peak about the same time as the recession ends. For example, the 2007-2009 recession
identified by NBER starts in December 2007 and ends in June 2009. The M-Coppock curve
becomes positive in October 2007 and reaches its local maximum in July 2009. It should be
pointed out that the M-Coppock curve briefly crosses the zero horizontal line in 1963 and 1967.
However, they are not necessarily leading to false recession calls. The economy did slow down
sharply for a quarter during the two periods, which were caught by our filter. As a practical rule
though, a recession call based on the M-Coppock curve may require the curve to cross the zero
horizontal line with some strength and momentum; i.e., it may require the value of M-Coppock
to be greater than certain value (0.2 for example). The dashed line represents the unemployment
rates. As can be seen, the curve for the unemployment rate is much more volatile than the MCoppock curve. Obviously, it is more difficult to directly use the unemployment rate without a
filter to determine the beginning and ending of a recession.
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Figure 3: The Unemployment Rate and its M-Coppock Curve

Table 1: M-Coppock Curve from Oct-14 to Nov-15. The M-Coppock curve reached the local
lowest point at -1.083 in October 2014 and has climbed up since then to the current reading at
-0.675. We call a recession when the M-Coppock curve crosses the zero line from the negative
zone to the positive zone at three levels: 0.0, 0.1, and 0.2 (see Table 2). A negative reading
indicates the labor market is still strong but the upward trend shows that the labor market is
losing its strenghth.
Date
Oct-14
Nov-14
Dec-14
Jan-15
Feb-15
Mar-15
Apr-15
May-15
Jun-15
Jul-15
Aug-15
Sep-15
Oct-15
Nov-15

Unemployment Rate
5.7
5.8
5.6
5.7
5.5
5.5
5.4
5.5
5.3
5,3
5.1
5.1
5.0
5.0
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M-Coppock Curve
-1.083
-1.067
-1.017
-0.933
-0.967
-0.942
-0.850
-0.783
-0.733
-0.750
-0.758
-0.717
-0.683
-0.675

Table 2:Recession Forecast Using Unemployment Rates 1948:01-2015:11. This panel reports the
M-Coppock curve and its forecasting ability of the NBER recessions. The original data are from
the CPS downloaded from the BLS (ID: LNS14000000). The unemployment rate is the seasonaladjusted monthly unemployment rate for civilian labor with age 16 years and over for period from
1948:01 to 2015:11. The M-Copock value in period k is the 12-month simple moving average of
the sum of one month, three month and six month differences. Figure 3 is the M-Coppock curve
and the original unemployment rate. A recession starts when the M-Coppock crosses the zero
line from below by three levels, 0, 0.1, or 0.2. A recession ends when the M-Coppock reaches a
local peak. Lead(+) and lag(-) discrepancies are measured by the number of lags(-) and leads (+)
over the the NBER recessions in months underneath the calling dates.
NBER
Peak
53M07

Trough
54M05

57M08

58M04

60M04

61M02

69M12

70M11

73M11

75M03

80M01

80M07

81M07

82M12

90M07

91M03

01M03

01M11

07M12

09M06

False
False

Rule 0.0
Peak
53M11
-4
57M09
-1
60M07
-3
69M10
+2
74M04
-5
80M01
0
81M10
-3
90M02
+5
01M03
0
07M10
+2
63M04
67M06

Trough
54M09
-5
58M08
-4
61M05
-3
71M01
-2
75M06
-3
80M09
-2
82M11
0
91M06
-3
02M02
-3
09M07
-1
63M03
67M11

Rule 0.1
Peak
53M12
-5
57M10
-2
60M08
-4
69M12
0
74M05
-6
80M01
0
81M11
-4
90M04
+3
01M04
-1
07M11
+1
63M05
67M11

Trough
54M09
-5
58M08
-4
61M05
-3
71M01
-2
75M06
-3
80M09
-2
82M11
0
91M06
-3
02M02
-3
09M07
-1
63M07
67M11

Rule 0.2
Peak
53M12
-5
57M10
-2
60M08
-4
70M01
-1
74M06
-7
80M03
-2
81M11
-4
90M08
-1
01M04
-1
07M12
0

Trough
54M09
-5
58M08
-4
61M05
-3
71M01
-2
75M06
-3
80M09
-2
82M11
0
91M06
-3
02M02
-3
09M07
-1

Note: The NBER mean delay for calling the peak equals 8.2 months with 1.11 Std and its mean
delay for call the trough equals 15.20 with std 2.43 (since 1980). Our largest discrepancy is from
1973. Let us see the quarterly GDP growth rates (%) from 1973Q4 to 1975Q3: 0.92, -0.73, 0.18,
-0.92, -0.37,-1.31, 0.76, 1.69. The NBER 73 recession may start 74M01, not 73M11. There
is a good reason for the two false alarms. Annual growth rates in real GDP from 1963Q3 to
1964Q1 were 8.0%, 2.9%, and 8.9%, respectively. Annual growth rates from 1967Q1 to 1967Q3
were 3.7%, 0.3%, and 3.5% (Data source: BEA). The unemployment rate in the two periods
both climbed higher (Figure 2). Such one quarter slowdown had been caught by our M-Coppock
curve. The 1987 market crash and the 1997 asian financial crisis have also been reflected in the
M-Coppock curve. It is our impression that there were always some shocks in the near future
when the M-Coppock curve made a turn. The M-Coppock curve made a turn in October 2014 for
the current economy, which may contribute to the current turmoil in the equity market.
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Table 3: Projected Scenarios. This table provides a number of projected scenarios about the forward unemployment rate in 2016 and the calculated
M-Coppock curve of these projected rates. As we can see from the table, the M-Coppock curve continues to climb up and the upward trend is much harder
to deter, even if the unemployment rate continues to move lower in scenario two. UR=Uemployment rate. Coppock=the M-Coppock curve.
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2015M08
2015M09
2015M10
2015M11
2015M12
2016M01
2016M02
2016M03
2016M04
2016M05
2016M06
2016M07
2016M08
2016M09
2016M10
2016M11
2016M12
2017M01
2017M02
2017M03

UR
5.1
5.1
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
4.9
4.9
4.9
4.9
4.9
4.9

Coppock
-0.758
-0.717
-0.683
-0.675
-0.625
-0.617
-0.533
-0.500
-0.442
-0.425
-0.367
-0.325
-0.242
-0.192
-0.150
-0.117
-0.100
-0.083
-0.083
-0.083

UR
5.1
5.1
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.0
5.1
5.1
5.1
5.1
5.1
5.1

Coppock
-0.758
-0.717
-0.683
-0.675
-0.625
-0.617
-0.533
-0.500
-0.442
-0.425
-0.367
-0.325
-0.242
-0.192
-0.100
-0.033
0.017
0.050
0.067
0.083

UR
5.1
5.1
5.0
5.0
4.9
4.8
4.7
4.6
4.5
4.4
4.5
4.6
4.7
4.8
4.9
5.0
5.1
5.2
5.3
5.4

Coppock
-0.758
-0.717
-0.683
-0.675
-0.650
-0.683
-0.658
-0.692
-0.708
-0.775
-0.750
-0.708
-0.592
-0.492
-0.358
-0.225
-0.083
0.067
0.217
0.375
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UR
5.10
5.10
5.00
5.00
4.90
4.90
4.80
4.80
4.70
4.60
4.60
4.50
4.50
4.40
4.50
4.60
4.70
4.80
4.90
5.00

Coppock
-0.758
-0.717
-0.683
-0.675
-0.650
-0.658
-0.617
-0.608
-0.600
-0.642
-0.625
-0.642
-0.592
-0.600
-0.542
-0.475
-0.375
-0.275
-0.158
-0.042

UR
5.10
5.10
5.00
5.00
4.90
4.90
4.80
4.80
4.70
4.60
4.60
4.50
4.50
4.40
4.70
5.00
5.30
5.60
5.90
6.20

Coppock
-0.758
-0.717
-0.683
-0.675
-0.650
-0.658
-0.617
-0.608
-0.600
-0.642
-0.625
-0.642
-0.592
-0.600
-0.492
-0.342
-0.125
0.108
0.375
0.658

There is also an asymmetry in the M-Coppock curve. The M-Coppock curve stays in the
negative zone during an expansion and moves up and down within a narrow range. During a
recession, it can climb up very quickly to form a sharp spike. These spikes are uneven, likely
due to different shocks. Before it moves up sharply to the positive zone, it must make a turn in
the negative zone, often far earlier than the time when a recession begins. In fact, we can see the
dynamic process how the M-Coppock curve approaches the zero line from those critical turning
points. This is why we say that the M-Coppock curve should be best used as an early warning
system for monetary policy.
The time that the M-Coppock curve makes a turn cannot be easily seen from the level of the
unemployment rate. For example, the unemployment rate in the U.S. economy continues to trend
down at present but the M-Coppock curve has turned in October 2014 (Table 1). Thus, we can
use some uniform rules to call a recession in real time, a practice that cannot be done from the
level of the unemployment rate. Our prediction of the peaks and the troughs has been given in
Table 2. The lead and lag discrepancies with respect to the NBER identified recessions are quite
similar to what has been obtained by the probabilistic models in Hamilton (2010) and Chauvet
and Piger (2008). But, our M-Coppock curve is much simpler, accessible to the pulic without
any help from professionals.
The M-Coppock curve has some predictive power. For example, the M-Coppock curve stays
in the negative zone right now but it has turned in October 2014 at -1.083 and been in an upward
trend ever since then to reach the current reading at -0.625 (December 2015 in Table 2). This
means that the labor market has gradually lost its strenghth since October 2014. Table 3 presents
some projected scenarios about the unemployment rate and their M-Coppock curves. These
projected cases do not mean to be accurate. They are used to show how the M-Coppock curve
can be used to forecast recessions, given a forecasted unemployment rate. The five scenarios are
based on the following assumptions:
• Scenario 1. Unemployment rate continues to decrease.
• Scenario 2. Unemployment rate starts to gradually increase to 5.10% by the end by the end
of 2016 - the level experienced in August/September 2015.
• Scenario 3. Unemployment rate continues to decrease to the lowest level of 4.40% before
the middle of 2016 and then increases 5.10% by the end of 2016.
• Scenario 4. Unemployment rate continues to decrease to the lowest level of 4.40% in the
later part of 2016 and then increases gradually.
• Scenario 5. Unemployment rate continues to decrease to the lowest level of 4.40% in the
later part of 2016 and then increases rapidly.
Scenario three is the only one where the M-Coppock dips slightly. But it immediately continues to move higher toward the zero line. In all other scenarios, the M-Coppock curve continues
with its trend to approach the zero line. This indicates that the U.S. economy may be on its
journal to the next recession at the moment.
It is of interest to ask a question if there is any gender differential in the labor market during a
recession. Sahin et al. (2010) find that during the Great Recession women performed much better
than men. In fact, the M-Coppock curve documents evidence women have performed better than
men, not only in the Great Recession but also in every recession since 1969 recession. These
results are present in Table 4. For the eleven recessions post WWII, men only performed better
than women in two recessions in 1953 and 1960. It is a complicated issue why there is a gender
differential in the labor market during recessions. Our curve can only provide a measure but not
an explanation. It is still useful because it leads us to ask for the reason of such a difference. For
example, the Korean and the Vietnam Wars may contribute somehow to the better performance
of men in the labor market during 1953 and 1960 recessions.
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Table 4: Recession Differentials and the Gender Differentials in the Labor Market during Recessions. We use the spike of the M-Coppock curve as a measure for the magnitude of that
recession. We apply the same measure for the M-Coppock curves for men and women. A recession is ranked number one if its spike value is the highest and so on. Women did much better
than men in the job market in nine out of eleven recessions. In particular, men suffered the worst
in the 1974-1975 and 2007-2009 recessions while women suffered the worst in the 1953-1954
and 1974-1975 recessions. The 2007-2009 and 1974-1975 recessions were the worst for overall
labor force.
NBER
Recessions
1948-1949
1953-1954
1957-1958
1960-1961
1969-1970
1974-1975
1980-1980
1981-1982
1990-1991
2001-2002
2007-2009
Mean
Std. Errors

4.1

All Sex
Spike Value
2.69
2.69
2.69
1.45
1.76
2.90
1.44
2.05
1.22
1.27
3.15
2.12
0.22

Rank
3
3
3
6
5
2
7
4
9
8
1
-

Men
Spike Value
2.93
2.68
2.96
1.39
1.71
2.98
2.04
2.57
1.48
1.34
3.89
2.36
0.25

Rank
4
5
3
10
8
2
7
6
9
11
1
-

Women
Spike Value
2.15
2.81
2.13
1.56
1.61
2.73
0.69
1.44
0.88
1.25
2.34
1.78
0.21

Rank
4
1
5
7
6
2
11
8
10
9
3
-

Women
Better
Y
N
Y
N
Y
Y
Y
Y
Y
Y
Y
-

The Employment Trend Index

The employment trend index from the Conference Board is a composite index that has incorporated eight labor market related indicators from different agencies. These indicators inlcude:
Percentage of Respondents Who Say They Find Jobs Hard to Get (in The Conference Board
Consumer Confidence Survey); Initial Claims for Unemployment Insurance (U.S. Department
of Labor); Percentage of Firms With Positions Not Able to Fill Right Now (National Federation
of Independent Business Research Foundation); Number of Employees Hired by the TemporaryHelp Industry (U.S. Bureau of Labor Statistics); Ratio of Involuntarily Part-time to All Part-time
Workers (BLS); Job Openings (BLS); Industrial Production (Federal Reserve Board); Real Manufacturing and Trade Sales (U.S. Bureau of Economic Analysis). Figure 4 provides the index and
its M-Coppock curve. This time we observe that the M-Coppock curve penetrates the zero line
each time from the positive to negative when the economy reaches its peak and then reaches its
trough as the economic activity is also in the trough. This gives us the second method to call
recessions in real time. Table 5 reports our recession calls in real time. Once again, the trough
(or downward spike) in the M-Coppock curve can be used as a measure for the magnitude of a
recession. In the Great Recession, the M-Coppock curve reaches -21.72 value, much worse than
any others. It appears that our M-Coppock curve is the first filter that can provide a numerical
measure for recessions. We also add the cyclical component of the index after using the HP filter
once. As we can see from the graph, it is not easy to determine a uniform rule to call recessions
based on the cyclical component of the HP filter.

4.2

The Business Cycle

There is a great divide about the business cycle among economists. Lucas (1977) observed that
recessions are all alike, while Stock and Watson (2003a) observed that recessions, like unhappy
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Table 5: Recession Forecast Using Employment Trend Index 1973:11-2015:11. A recession starts
when the M-Coppock penetrates the zero line from above by -0.5 and a recession ends when the
M-Coppock reaches a local trough (see Figure 4). Lead or lag discrepancies are in months.

NBER
Start
1973:11
1980:01
1981:07
1990:07
2001:03
2007:12
Mean
Std.

Call
End
1975:03
1980:07
1982:12
1991:03
2001:11
2009:06
Errors

NBER
Start
6
6
9
8
12
8.20
1.11

Delay
End
12
8
21
20
15
15.20
2.43

⇒
Model
Start
1979:11
1981:11
1990:09
2001:01
2007:12
-

Rule − 0.5
Call
End
1975:05
1980:08
1982:08
1991:05
2001:12
2009:04
-

Discrepancy
Start
2
4
2
2
0
2.00
0.63

End
2
1
3
2
1
0
1.50
0.42

Spike
Value
-9.58
-6.58
-6.17
-5.75
-13.39
-21.72
-

Figure 4: M-Coppock Curve Versus Cyclical Component of Employment Trend Index
family, are all different. How is it possible to have so different views for the same phenomenon?
Our M-Coppock curve, using the local information up to 18 periods with the unemployment rate
and the employment trend index, shows that two different recessions do share some common
features near the begining and ending of a recession. Although the 1953 recession may be caused
by a different shock from the 2008 recession and economic structures in the two recessions are
also very different, the M-Coppock curves of the two indices around the two recessions look
alike. Nonetheless, the two M-Coppock curves are not exactly alike around the two recessions.
For example, the two spikes were different from one another. A metaphor may be used to describe
this phenomenon. The common features shared by recessions can be thought as the DNA shared
by the siblings. These common features should be driven by the fundamentals (Cochrane 1994),
not the external shocks. This is because our M-Coppock curve only uses the local information.
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If it is not the fundamentals, there is no possibility for all recessions to perform similarly in
the beginning and ending of a recession. The differences in recessions can be thought as the
fingerprints among siblings. The differences should come from external shocks. This is because
different external shocks have left their marks for a recession. Thus, our approach provides a
potential means to unify the two different views in Lucas (1977) and Stock and Watson (2003a).

5

The Yield Curve and Shadow Rate

The yield curve has predictive power for economic activity. Indeed, the yield curve and the related
term structures have been extensively studied in the literature. Estrella and Hardouvelis (1991)
and Estrella and Mishkin (1996) provide probabilitic models to forecast real economic activity.
The Federal Reserve Bank of New York uses their approach to forecast the probability of a
recession one year ahead. Harvey (1988, 1989) make two seminal contributions in the use of the
term structure to forecast growth in consumption and real economic activity. An important lesson
from Harveys is that the term structure contains more reliable information about the underlying
economy than the equity market, which is often thought to be a leading indicator. Wikipedia.org
under the term “yield curve” discusses the relationship between the yield curve and the business
cycle by stating that “[t]he slope of the yield curve is one of the most powerful predictors of
future economic growth, inflation, and recessions[.]” with a citation to the work in Estrella and
Mishkin (1996). More detailed discussions of the yield curve and its predictive power can be also
found in Estrella and Trubin (2006).
Even though the unemployment rate is an equally important indicator for the business cycle, it
receives much less attention than the yield curve in forecasting economic activity. In particular,
few economists would feel comfortable to use it as a leading indicator (Stock and Watson 1989)
and it has been excluded in the leading indicator index from the Conference Board. People often
see it as a lagging indicator. That may be the reason why Hamilton (2010) felt it is not a reliable
indicator to date recessions even if his model using the unemployment rate predicted the Great
Recession. Therefore, it is of interest to know how the yield curve, the short-term rate, and the
unemployment rate are actually related.
To understand these relationships better, we put the unemployment rate, the Wu-Xia shadow
rate (Wu and Xia 2015), and the yield curve together in Figure 5. The Wu-Xia shadow rate is in
particular important at present when the federal fund rate is near zero. From Figure 5, we can
see that the Wu-Xia shadow rate (in upside down), the yield curve and the unemployment rate all
form a downward spike near the beginning of a recession and they tend to fall during economic
expansions. Beyond these spikes, the Wu-Xia shadow rate and the yield curve turn to be much
more volatile than the unemployment rate. It is hard to figure out how the three are related during
the economic peaks and troughs from the levels of these rates.
We use the HP filter technique introduced in Section 3 and get out their cyclical trends into
Figures 6a and 6b. Now the relationships among the three become quite transparent. Note that
these curves are just a part of the data because they are one part of three part decompositions.
No data can be generated or created by the HP filter. We can see from Figures 6a and 6b that
the cyclical trends in the yield curve and the unemployment rate move together. Note that the
Wu-Xia shadow rate has been drawn upside down for comparison purpose. Thus, it moves in the
opposite direction to the yield curve and the unemployment rate.
The yield curve crosses the zero line during an expansion, which explains when the yield
curve starts its flattening process. For example, the whole process of flattening yield curve for
the Great Recession started in 2005. The yield curve crosses the zero line from the negative
zone during recessions or near the end of recessions. This is the steepening process of the yield
curve. Because the steepening process starts in the economic trough while the flattening process
starts during an expansion, this explains why the yield curve is considered as a leading indicator.
Figures 6a and 6b document evidence that the unemployment rate and the Wu-Xia shadow rate
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Figure 5: Unemployment, Yield Curve and Shadow Rate(-)

Figure 6: Cyclical Trends of Unemployment Rate, Shadow Rate(-) and Yield Curve
have equal predictive power as the yield curve, as two leading indicators.
The major reason why economists recognize the predictive power of the yield curve, but not
that of the unemloyment rate or even of the Wu-Xia shadow rate, is that the unemployment
rate and the Wu-Xia shadow rate are nonstationary (Table 6), where their long run trends have
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contaminated their predictive power at the business cycle frequency. The yield curve, on the
other hand, is a stationary process (Tables 6 and 7). What we have done is to remove the long
run trends in these series and uncover the genuine information they have at the business cycle
frequency (Table 7). Our M-Coppock curve has predictive power because it uses the 12-period
moving average of three differences in the unemployment rate so that the long run trend in the
unemployment rate has been removed, which can be seen from (2) in Section 2.
Table 6: The Augmented Dickey-Fuller Unit-root Test.
u=Unemployment, v=Shadow Rate, w=yield Curve
Variables ADF Test PPP rho Test PP t Test
Statistic Value
Statistic
Statistic
u
-1.441 0.5625
-9.514
-2.172
v
-1.541 0.5132
-8.197
-1.932
w
-3.839 0.0025
-34.663
-4.209

PValue
0.2165
0.3172
0.0006

Note: Yield curve appears to be stationary while the other two are not.
Table 7: The Augmented Dickey-Fuller Unit-root Test of Cyclical Components (HP).
Variables
u
v
w

ADF Test
Statistic
-3.086
-4.297
-5.241

PValue
0.0276
0.0004
0.0000

PP rho Test
Statistic
-32.844
-50.989
-62.555

PP t Test
Statistic
-4.113
-5.069
-5.713

PValue
0.0009
0.0000
0.0000

Note: The three series are stationary in the cyclical components.

Table 8: VAR Model Specifications. The VAR orders, p, are selected according to the LR, FPE,
AIC, HQIC, and SBIC criteria.

0
1
2
3
4

LL
-2397.77
-309.39
-227.75
-194.68
-167.65

LR

df

p

4176.80
163.29
66.13
54.06*

9
9
9
9

0
0
0
0

FPE
0.268
0.000
0.000
0.000
0.000*

AIC
7.199
0.964
0.746
0.677
0.620*

HQIC
7.21
1.00
0.80
0.75
0.72*

SBIC
7.22
1.04
0.89
0.88*
0.88

Note: The optimal lag-order is four with the asterisk in the table.
The idea behind the design of the HP filter is to remove the trend from an I(1) series so that
the series can be analyzed at the business cycle frequency, especially in the literature of the
real business cycle. This idea, starting with Burns and Mitchell (1946), is fundamental to the
study of macroeconomic fluctuations. King and Watson (1994) decompose the series of the
unemployment rate and the inflation rate into three parts and establish the Phillips curve by using
the cyclical component. To find the close relationships among the three, we follow the lead of
the literature. We use the following procedure: A). We use the HP filter to remove the long run
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trends of the three series; b). We use various criteria for model specification as given in Table 8,
which shows that the optimal number of lags is four; C). Then we run the VAR model as follows
yt = β1 yt−1 + · · · βq yt−q + t ;

(10)

where yt = [ut , vt , wt ]0 . Here u, v and w denote the unemployment rate, the Wu-Xia shadow
rate and the yield curve (or spread), respectively. D). We eliminate those lags that have multicollinearity with others; E). However, the model obtained in D) has a serial correlation. Thus, we
use the Cochrane-Orcutt iterated procedure to estimate the coefficents again as follows
yt = Xt β + δt

(11)

δt = ϕ1 δt−1 + · · · + ϕ12 δt−12 + νt ,

(12)

where Xt has been identified in D), and

2

where νt is Gaussian noise N (0, σ ) of mean zero and constant variance.
Figures 7 and 8 report the results for the unemployment rate. Figures 9 to 12 display the results
of the model for the Wu-Xia shadow rate and the yield curve. As can be seen from these figures,
the model fits the data well (see Table 9 for detail). The residuals are shown in Figures 8, 10 and
12. We want to use this model to show that the levels of the unemployment rate and the Wu-Xia
shadow rate should not be used as a good assessment of the U.S. economy, especially for the
business cycle oriented monetary policy. The three equations in Figures 7, 9 and 11 are given by,
respectively,
û =

+

v̂

+

ŵ

0.0002
(−0.011, 0.011)
=
−0.0005
(−0.032, 0.031)
=
0.0002
(−0.022, 0.023)

+

0.9608 u,
(0.946, 0.976)
0.9325 v,
(0.913, 0.952)
0.8964 w,
(0.873, 0.920)

R2 = 0.96
R2 = 0.93
R2 = 0.90

the 95% confidence bands are given in parentheses. Symbols with hat are the model predictions.
The relationships among the three may not be that surprise. Phelps (1999), Fitoussi et al.
(2000), and Phelps and Zoega (2001) find that some positive relationship between the employment and stock prices exist. For example, Phelps (1999) documents evidence that the lagged ratio
of stock capitalization over corporate capital can explain the employment growth in the US for
the period from 1970 to 1998. Fitoussi et al. (2000) and Phelps and Zoega (2001) identify the
productivity and the profitability as two main drivers for the relationship. Farmer (2012, 2015)
use VECM to establsih a remarkably stable relation between the unemployment rate and the stock
price for data that spans over seventy years. Farmer (2012) finds that there is a nonstationary in
the unemployment rate and cointegrated relationship between the logarithm of the real S&P 500
index (in units of nominal wage) and the logarithm of a logistic transformation of the percentage
unemployment rate. His estimates indicate that countercyclical movements in the unemployment
rate are Granger caused by cyclical movements in the stock prices, also see Farmer (2015). Ma et
al. (2016) use the unemployment rate and the capacity utilization rate to identify profitable hedging strategies by reducing recessionary risks. Hall (2015) uses the noted Diamond-MortensenPissarides search-matching model and ties the unemployment with the economy-wide discount
factor, which is clearly related to both the shadow rate and the yield curve. These papers suggest
that the employment or unemployment related indicators may contain far more information than
what has been thought before in the literature. But, the way to look at them must be changed
because their long run trends can mud the true value of these series for the study of the business
cycle. Monetary policy that is based on these assessments can be very wrong.
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Table 9: Cochrane-Orcutt-GLS: u=unemployment rate, v=shadow rate, w=spread
u(t)

20

Const.
u(t-1)
u(t-2)
u(t-5)
v(t-2)
v(t-4)
w(t-2)

Model
Coeffient
-0.0004
0.7617
0.4490
-0.2484
0.0180
0.0180
0.0444

v(t)
SE
0.0044
0.0349
0.0430
0.0204
0.0098
0.0085
0.0102

t-statistic
-0.094
21.833
10.433
-12.152
1.840
2.110
4.368

AR(12)
ϕ1
ϕ2
ϕ3
ϕ4
ϕ5
ϕ6
ϕ7
ϕ8
ϕ9
ϕ10
ϕ11
ϕ12

Coefficient
0.1402
-0.1792
-0.1001
-0.1121
0.0392
-0.0466
-0.0575
0.0507
0.0027
-0.0132
0.0774
-0.1304

SE
0.0388
0.0390
0.0396
0.0398
0.0400
0.0399
0.0398
0.0398
0.0396
0.0393
0.0387
0.0384

t-Statistic
3.617
-4.595
-2.529
-2.819
0.980
-1.166
-1.444
1.271
0.068
-0.337
1.998
-3.399

Const.
u(t-1)
u(t-2)
v(t-1)
v(t-2)
v(t-3)
v(t-5)
w(t-1)
w(t-2)
w(t-3)
w(t-4)
ϕ1
ϕ2
ϕ3
ϕ4
ϕ5
ϕ6
ϕ7
ϕ8
ϕ9
ϕ10
ϕ11
ϕ12

Model
Coefficient
0.0013
-0.5177
0.4402
1.5110
-0.5080
-0.1809
0.1283
-0.2055
0.4232
-0.4263
0.1939
Coefficent
-0.2404
-0.2916
-0.1107
-0.0525
-0.0066
0.0820
-0.1309
0.0793
0.1432
0.0562
-0.0029
-0.1479

w(t)
SE
0.0101
0.0960
0.0969
0.0445
0.0753
0.0573
0.0227
0.0579
0.0888
0.0901
0.0578
SE
0.0387
0.0398
0.0413
0.0413
0.0412
0.0409
0.0410
0.0413
0.0413
0.0412
0.0396
0.0384

t-statistic
0.129
-5.391
4.543
33.966
-6.749
-3.157
5.661
-3.549
4.768
-4.733
3.353
t-Statistic
-6.216
-7.327
-2.678
-1.273
-0.161
2.003
-3.196
1.921
3.467
1.363
-0.074
-3.852

Const.
u(t-1)
u(t-3)
u(t-4)
v(t-1)
v(t-2)
v(t-4)
w(t-1)
w(t-2)
w(t-3)
w(t-4)
ϕ1
ϕ2
ϕ3
ϕ4
ϕ5
ϕ6
ϕ7
ϕ8
ϕ9
ϕ10
ϕ11
ϕ12

Model
Coefficient
0.0032
0.3174
0.2012
0.1164
-0.2278
0.1447
-0.0510
0.5155
-0.2777
-0.1638
-0.1757
Coefficient
0.5049
0.1789
0.5075
0.0644
-0.1190
-0.3576
-0.2300
0.0552
0.2968
0.0474
0.1183
-0.2680

SE
0.0605
0.0648
0.0749
0.0729
0.0326
0.0288
0.0282
0.0452
0.0482
0.0460
0.0450
SE
0.0377
0.0423
0.0428
0.0458
0.0458
0.0452
0.0452
0.0458
0.0458
0.0428
0.0422
0.0376

t-statisric
0.053
4.896
2.687
1.596
-6.989
5.031
-1.806
11.413
-5.758
-3.559
-3.904
t-Statistic
13.401
4.229
11.845
1.405
-2.597
-7.917
-5.092
1.205
6.481
1.108
2.800
-7.118

Note: First, the HP filter is used to remove the trends as in Table 7. Second, we use model specification in Table 8 to identify lags. Third, we run VA(5) first
and then eliminate those lags that have multicollinearity. Finally, we run the Cochrane-Orcutt iterated procedure with 12 lags.
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Figure 7. Unemployment Rate and Model Prediction
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Figure 8. Unemployment Rate: Actual (blue) versus Predicted (red)
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Figure 9. Wu−Xia Shadow Rate and Model Prediction
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Figure 10. Wu−Xia Shadow Rate: Actual (blue) versus Predicted
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Figure 11. Yield Curve and Model Prediction
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Figure 12. Yield Curve: Actual (blue) versus Predicted
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6

Conclusions

This paper presents a simple M-Coppock curve to date recessions in real time. Our approach is
simple. More importantly, one can directly watch the dynamic process how the economy moves
from one business cycle to another by watching the time when the M-Coppock curve turns. These
turns indicate the underlying forces in the economy are about to make a turn. Our curve as a filter
is less volatile than the unemployment rate and removes the long run trend so that its predictive
power at the business cycle frequency is uncovered. Our study indicates that the U.S. economy
at the moment is in a process of losing its strenghth, an assessment that is not easy to obtain from
the level of the unemployment rate. Our M-Coppock curve and the HP filter with a recursive use
provide some new tools to uncover some important information behind the unemployment rate.
A future study is to investigate how to use them in the study of productivity, profitability and
other indicators. The scope of this paper is limited to the U.S. economy. We hope this filter is
useful too for other economies.
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ABSTRACT
Based on statistical analysis to survey data from 283 Chinese companies, this study represents
one of the early empirical efforts to study ERP implementation from an inter-organizational
knowledge sharing perspective. Our results indicate that to actively share knowledge across
organizational boundaries with trading partners can significantly improve ERP
implementation effectiveness; and organizational preparedness, perceived benefits and costs,
and external contextual influences are three important antecedents that are positively related
to whether and how trading partners share knowledge. Additional contributions include
vigorously validated measurement instruments for the five constructs in our research model
that can be used in other future studies and some empirical evidence on the current state of
ERP utilization in the Chinese market.
KEYWORDS
Enterprise Resource Planning, Knowledge Sharing, Supply Chain Collaboration
INTRODUCTION
Since mid-1990s, a growing number of organizations around the world have been adopting
Enterprise Resource Planning (ERP) with the hope to leverage productivity, improve
efficiency, and strengthen overall organizational competitiveness (Hitt et al., 2002; Pan et al.,
2007). More recently, ERP has also been developed in response to the need for coordinating
production activities across organizational boundaries in supply chains (Krone et al., 2009) - a
difficult task made more so when each business is using different technologies and systems
(Imra, et al., 2000). Despite the well documented benefits brought to firms, the
implementation of ERP has been complicate and challenging. While it is not unusual for
information technology (IT) projects to have adoption and implementation issues, ERP
initiatives seem to have disproportionally more problems, such as serious delays (Pan et al.,
2007), employee resistance (Li, 2011), substantial budget over-runs (Robey et al., 2002), and
high overall project failure rate (Appleton, 1997; Li, 2011). The literature has highlighted two
inherent characteristics of ERP systems that are closely related to implementation difficulties:
1) Vendor supplied ERP packages must be customized extensively to meet the multifarious
requirements that may be unique to each specific organizational situation (Lim et al., 2005);
Conflicts and resistance can occur from reconciling the differences between the best practices
embedded in ERP reference models and the company’s existing systems and procedures. 2)
The core value-adding potential of ERP is derived from optimizing and routinizing an
organization’s business processes (Willcocks and Sykes, 2000). It is thus not surprising that
ERP implementation is often coupled with business process reengineering (BPR) initiatives to
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substantially re-examine and redesign the entire operational protocols and procedures. Markus
et al. (2000) and Pan et al. (2007) also affirmed that although ERP system is built upon
advanced information technologies, ERP implementation is not simply introducing yet
another new technology, but an organizational revolution to revamp a company’s managerial
philosophy. Organizational issues, such as cultural barriers, employee qualifications, and
environmental influence (Li, 2011) have been emphasized as additional obstacles beyond
technological hurdles in the research quest for critical success factors for ERP implementation
projects.
Facing these challenges in implementing ERP, companies have recognized the critical role
of organizational knowledge, which includes both explicit or codified knowledge such as the
procedures to customize the software’s embedded “best practice” configurations, and tacit or
know-how knowledge, such as understanding end-users’ perception in response to employee
resistance. Actually, Vandaie (2008) has testified that ERP implementation is a very
knowledge intensive process. Numerous authors have suggested a knowledge-based
perspective to examine ERP implementation (e.g. Krone, et al., 2009; Metaxiotis, 2009;
Vandaie, 2008; Pan, et al., 2007; McGinnis and Huang, 2007; Newell, et al., 2006, Xu et al.,
2006). These studies identified potential knowledge gaps between end users, information
technology (IT) department personnel, and software vendors as a major cause for ERP project
failures, because knowledge barriers are created when users fail to let go of what they already
knew and fail to learn the new ways of working (Robey, et al., 2002). Pan et al. (2007) further
explained such gaps through the introduction of two types of knowledge barriers in the
process of customization and business process reengineering during ERP implementation: the
assimilation barriers limit ERP project consultant’s or manager’s capability to truly
understand and then optimize the client organization’s business process; while the
configuration barriers are the ones that prevent customizing ERP software to precisely reflect
the client organization’s optimized business processes. It thus becomes clear that for
successful ERP implementation, organizations need to possess three types of knowledge: 1)
the knowledge about the organization itself (e.g. what are the current business processes, and
how can these processes be redesigned or optimized to best deliver customer value?), 2) the
knowledge about the ERP software from the vendor (e.g. what are the features of the
embedded “best practices” in each module, how could the company’s specific business needs
be integrated with the software’s “best practices” and become standardized organizational
routines?), and 3) the knowledge about managing the adoption and implementation processes
(e.g. how to best manage project budget from cost over-run, and how to minimize operational
interruptions during legacy to ERP system transition?). These three types of knowledge can
add upon each other and become overwhelming to an organization eyeing for ERP,
particularly for small and medium enterprises (SME), which traditionally have limited
resources and less prepared organizational infrastructure to handle such challenges (Li, 2011).
Liao and Hu (2007) suggested taking organizational learning perspective to view knowledge
acquisition and transfer process. That means ERP implementation process is indeed a
knowledge management process: organizations are constantly discovering, absorbing,
creating, sharing, and applying new knowledge to guide them through ERP implementation.
Although studying ERP implementation from knowledge management perspective is not
really a new direction, the existing studies in the literature so far are all conducted within the
scope of each individual company, i.e. only the first two categories of knowledge about the
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organization itself and about the ERP software have been examined in the analysis. The third
category about knowledge on managing the ERP implementation process has been largely
ignored. Alavi and Leidner (2001) argued that knowledge created during ERP implementation
is a significant organizational resource that should be properly managed to become strategic
asset. In reality, many organizations view ERP adoption as a one-time endeavor, thus lack the
motivation to formally capture and document their lessons learned from the trial-and-errors,
and to properly process such information into structured organizational knowledge. This is
actually a huge waste.
This study attempts to explore knowledge management practices and the associated
impact for all three categories of knowledge and observe such process from interorganizational perspective (with one’s supply chain partners). This is because facing the
daunting challenges in implementing ERP discussed above, organizations are keenly
interested in receiving new knowledge and learning from earlier adopter firms in order to
facilitate their own ERP implementation processes. Due to the close relationships and the
existence of high level of inter- partner firm communication and coordination practices that
have already been in place with their supply chain partner firms, it is not surprising that
organizations often turn to their trusted supply chain partners for ERP implementation related
knowledge. On the other hand, considering the high stakes supply chain partner firms have on
each other, it is also to the best interest of those earlier adopters to help partner organizations
by transferring out their accumulated ERP experiences and know-how. It also needs to be
noted that ERP is grounded on advanced information technology, thus has the technology
infrastructure readily available to facilitate knowledge management practices. Xu et al. (2006)
examined the suite by SAP and confirmed that it included all necessary technology platforms
for knowledge capturing, storing, sharing, processing, transformation, and application.
Despite the obvious benefits and the mutual interest from both knowledge sender and
receiver organizations, the research exploring inter-organizational knowledge sharing appears
to be limited and anecdotal. On the basis of supply chain collaboration and knowledge
transfer frameworks, this study intends to empirically analyze the actual knowledge
management collaboration practices across organizational boundaries. Through an integrated
research model, we would also investigate the antecedents that would encourage supply chain
partner firms to engage in knowledge sharing, and its impact on ERP implementation. The
statistical analysis was conducted using Structural Equation Modelling on survey data
collected from 167 Chinese companies which are in the process of adopting or have just
recently implemented ERP systems.
The sections are organized as following: section 2 reviews the relevant literature to build
our research model and presents four research hypotheses. Section 3 explains the research
methodology and the results of data analysis; the last section (section 4) discusses the
implications, limitations and possible future research directions.
LITERATURE REVIEW AND THEORETICAL MODEL
Knowledge sharing refers to the provision of information and know-how to help others and to
collaborate with others to develop new ideas, implement policies or procedures, and to solve
problems (Wang and Noe, 2010; Cummings, 2004; Pulakos et al., 2003). In the context of this
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study, it emphasizes the collaboration between supply chain partner organizations to identify
relevant knowledge at the sender side, to move it across organizational boundary, and to apply
the knowledge for the purpose of ERP implementation at the receiving organization.
Although approached from various perspectives and presented slightly differently, past
studies have developed a relative consensus on the following major elements of standard
knowledge sharing processes:
1) The first element is knowledge generation. When introducing the diffusion of innovations
theory, Roger (1995) explained that in order to adopt new knowledge, the receiver must
identify a need for new knowledge, develop awareness to the existence of appropriate
knowledge, and understand how such knowledge functions. Knowledge sharing begins
with sender and receiver organizations working together to discover and harvest valuable
knowledge. Paulin and Suneson (2012) argued that some knowledge can never be shared
directly, because it exists in a context and must be interpreted in light of the receiver’s
own background. This is exactly the case for ERP implementation knowledge, which is
often embedded in sender firm’s regular operational routines and is thus highly tacit (Li,
2011). It is important to first make sense of the existing knowledge in its original context
and then reconfigure or recombine it into new knowledge that is applicable to the receiver.
From a different perspective, Grant (1996) also considered harvesting tacit knowledge as a
knowledge re-creation process, because expert’s tacit knowledge must be skillfully
converted into explicit knowledge in the forms of specific rules, standards, procedures
and instructions, so that such knowledge can be efficiently communicated to nonspecialist receivers.
2) The second element of knowledge sharing is knowledge maintenance. To make sure the
generated knowledge is ready to be assimilated by the intended receiver, organizations
must properly prepare, process and safe-keep such knowledge. Chen and Yang (2003)
proposed the processes to audit all organizational knowledge. Roger (1995) suggested that
the receiver must evaluate the knowledge by verifying its validity and examining its
complexity (how difficult to learn), trialability (testability), and compatibility (with
existing systems). To process knowledge into the appropriate format (e.g. document
template or process checklist) is positively associated with the speed and ease of locating
and applying the knowledge at later times. Other researchers (e.g. Alavi and Leidner, 2001;
Davenport and Prusak 1998) also emphasized the importance of properly store the
generated knowledge. Dyer and Nobeoka (2000) believed that knowledge should always
be viewed as proprietary so that it must be kept in safe locations to prevent undesirable
spillovers (e.g. to competitors). Szulanski (2003) proposed to develop viable inter-firm
agreements that stipulate the legal rights and liabilities involved in inter-firm knowledge
maintenance.
3) Knowledge dissemination is the third element. Knowledge-sharing should not be
considered as a passive process of putting knowledge ‘out there’ and expecting it to be
adopted automatically (Tsui, 2006). Significant dissemination efforts that make the
audience aware of the availability of new knowledge, persuade them to adopt the
knowledge and support the flow of knowledge are essential to facilitate knowledge
sharing. Dyer and Nobeoka (2000) argued that partner firms must establish appropriate
knowledge pathways to disseminate knowledge. For example, explicit knowledge are
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easily codified thus can be most effectively transferred in large group settings (e.g.
through training lectures or newsletters); whereas tacit knowledge requires intense
interaction and practice thus more likely to be successfully shared in a small group setting.
Organizations need to differentiate various types of knowledge, create multilateral ties
among audiences and utilize different processes in disseminating ERP implementation
knowledge.
4) The last element of knowledge sharing process is knowledge application. Knowledge has
no value unless it is put into use. Moving knowledge across organizational boundaries
from the sender without helping the receiving organization solve real ERP implementation
problems is not knowledge sharing but knowledge hoarding. It is widely recognized that
organizations have gaps between what they know and what they do (Dyer and Nobeoka,
2000). Alavi and Leidner (2001) underscored several challenges in knowledge
application process: the first is about how to quickly institutionalize the newly acquired
knowledge into organizational rules and routines. This can be particularly difficult if the
receiving organization lacks foundational knowledge and necessary support to fully
absorb the new knowledge (Szulanski 2003). The second challenge is the problem
associated with choosing which rules and routines to activate for specific business
problems/scenarios, given that over time the receiving organization may have successfully
created and assimilated a large number of operational rules and routines in its ERP
modules. The third is the establishment of knowledge culture within the receiver
organization. Each ERP project has its unique uncertainties and challenges (Li, 2011). It
is impossible for the receiver organization to depend on knowledge acquired externally to
solve all of its ERP implementation problems. The key is to develop its own capacity to
generate its own knowledge on the basis of what is learned from the sender.
To successfully manage the above four elements of knowledge sharing process at an interfirm setting is a daunting task. Szulanski (2003) identified five substantial barriers that could
prevent parties from sharing knowledge: 1) arduous relationships between the sender and
receiver, 2) the source of knowledge is perceived as lack of credibility, 3) the receiver lacks
absorptive capacity for new knowledge, 4) the knowledge sender or receiver lacks the
motivation to share, and 5) a hostile context or unsupportive environment. The first two of
these barriers do not appear to be applicable to this study, because the knowledge sharing we
are focusing on is between supply chain partners which have a high level of mutual trust from
their history of long term relationships. Additionally, the knowledge senders in this study are
the organizations which have successfully implemented ERP themselves so that their
credibility should not be questioned. It becomes obvious that organizations need to pay close
attention to the later three barriers. Similar findings have also been illustrated by other studies
as well. Cohen and Levinthal (1990) identified absorptive capacity as an important
moderating factor for organization to assimilate new knowledge. Van den Bosch et al. (1999)
further explored organizational forms and combinative capabilities as the two determinants
that influence absorptive capacity. Davenport and Prusak (1998) emphasized the importance
of developing a knowledge intensive organizational culture and building knowledge
infrastructure so that organizations can be more prepared to allow people to engage in
knowledge sharing behaviors. The motivational factors have been one of the most studied
antecedents to knowledge sharing by numerous researchers (e.g. Wang and Noe, 2010; Yao et
al., 2007; Lin, 2007). The common understanding is that the perceived benefits must be
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greater than the costs and potential risks of inter-firm knowledge sharing. Organizational
behavior should always be observed from a system approach. The decisions on whether
organizations would involve in knowledge sharing and how they share do not rest solely on
the organizations that are directly sharing, but also on a larger social context these
organizations reside in, such as competitors, mass media, and governmental agencies (Rogers,
1995; Wang and Noe, 2010). Based on these arguments, we propose the following theoretical
model:
Figure 1. Theoretical Model

Organizational
Preparedness

H1

Perceived Benefits
and Costs

H2

Inter-organizational
knowledge sharing

H4

ERP
implementation
Effectiveness

External Influences
H3
Organizational preparedness refers to the infrastructural contexts within an organization
that allow it to be capable of sharing knowledge with external partner firms. It includes
specific parameters that are related to an organization’s internal culture, structure, availability
of resources and technological capabilities that are critical to knowledge sharing. One of the
essential criteria for new knowledge to diffuse that Rogers (1995) identified is to have
appropriate communication channels. Davenport and Prusak (1998) suggested that
collaborative organizational culture and team work facilitate inter-personal communication.
Van den Bosch et al. (1999) found that organizational structure (functional, divisional or
matrix) affects the efficiency, scope and flexibility of knowledge absorption process. Wang
and Noe (2010) conducted extensive literature review and found managerial support,
employee reward and incentive system, power structure as other commonly studied
organizational contextual factors. Considering information technology being an integral
component of knowledge management systems, Li (2012), among numerous others, has
particularly emphasized the importance of technological infrastructure: without proper
technological capability, every one of the four knowledge sharing elements would be simply
impossible. We thus formulate the first hypothesis as follow:
H1: The level of organizational preparedness is positively associated with interorganizational knowledge sharing activities.
Perceived benefits and costs is the second construct we believe to affect how
organizations engage in inter-firm knowledge sharing. Social exchange theory suggests that
people make action decisions on the basis of perceived benefits to costs ratio (Homans,
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1961). Consistent with this theory, research shows that perceived benefits are positively
associated with expected organizational performance gains from knowledge sharing both to
the sender and receiver. To the receiver organization, it must believe that the sender’s ERP
experience is beneficial and learning from its partner firms is actually cheaper or easier than
creating such knowledge by itself. For the sender organization, participating in knowledge
sharing has been found to enhance its supply chain capability such as market responsiveness
(Li, 2012) and partner relationship (Dyer and Nobeoka, 2000). Wang and Noe (2011) also
found that employees at the sender organization achieve higher internal satisfaction due to
increased professional reputations from sharing knowledge.
Perceived costs of knowledge sharing primarily reside in the sender side. They may come
from the extra work required to supply the knowledge, and from the potential risks of
exposing ones knowledge asset to an external partner firm. Dyer and Nobeoka (2000)
particularly emphasized the concern of core competitive knowledge getting spilled over to
competitors when the supply chain partner that receives knowledge also serves other
competitor firms at the same time. At the receiver side, Rogers (1995) perceived innovation as
disruption to operational routines. New knowledge or innovation that is perceived as simpler
and more compatible with the receiver’s existing system would thus be considered as less
risky and easier to adopt. From a different perspective, the receiving company disclosing its
need for new knowledge also exposes organizational vulnerability to an external organization.
According to resource dependency theory, getting ERP knowledge from a supply chain
partner firm can mean the surrender of certain degree of power and control to the sender
organization. As a summary, the decision to engage in knowledge sharing activities for both
the sender and receiver organizations involves an assessment on the potential costs and
benefits. The perceived benefits to costs ratio must be positive to allow organizations to share
knowledge. We thus formulate the following hypothesis:
H2: The perceived benefits-to-costs ratio is positively associated with interorganizational knowledge sharing activities.
Rogers (1995) believed that the decision on whether to adopt an innovation is often
shaped by social dynamics surrounding the innovation, and the diffusion process becomes
more effective when it takes place in a favorable social system. Kwon and Zmud (1987) also
confirmed that contextual factors that are outside of the organizational boundaries such as
community characteristics and environmental factors affect how users adopt a new technology.
These arguments underscore the importance of external influences on individual and
organizational behaviors.
Environmental uncertainty has long been identified as a one of the most important
external factors that would encourage organizational knowledge sharing. Hsu and Wang
(2008) argued that facing the unpredictability from customer tastes, production or service
technologies, and the modes of competition, organizations have no choice but to share and
integrate knowledge with supply chain partners so that they can learn about the environment
quickly and respond with timely business decisions. It is thus not surprising that the higher
uncertainty an organization perceives from its external environment, the more engaged it
would become in sharing knowledge.
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Another source of external influence comes from competitive pressure. A firm is more
inclined to engage in inter-firm knowledge sharing, if it witnesses other organizations in the
surrounding environment are doing the same, and even more so when such pressure comes
from its identified peer competitors (Iacovou et. al, 1995).
It also needs to be noted that inter-firm knowledge sharing requires coordination and
collaboration from both the sender and receiver organizations; any party acting alone would
not make it possible. External partner firm readiness is thus identified as the third source of
external influence. More specifically, regardless of the partner firm being knowledge sender
or receiver, it must be willing to, and has the capability to engage in inter-firm knowledge
sharing. Roper and Crone (2003) emphasized the importance of knowledge complementarity
in knowledge transfer. It is argued that partner firm’s knowledge must be perceived as being
different (not already known) and important (beneficial to one’s own operations) so that an
organization can be motivated to exert the extra effort to share knowledge. At the same time,
Tiwana and McLean (2005) believed that the sender’s knowledge portfolio cannot be too
novel, because the receiver needs to have a set of common knowledge as the foundation so
that it can understand and absorb the new knowledge from the sender. Based on the above
arguments, we formulate the third hypothesis:
H3: The level of external influence is positively associated with inter-firm knowledge
sharing activities.
As what we have mentioned earlier, one of the major challenges in ERP implementation is
that vendor supplied ERP packages must be customized extensively to meet the specific
requirements of each organization (Lim, et al., 2005). ERP projects thus often involve the
comparison and identification of operational gaps between the organization’s current (‘as is’)
business processes and the best practice reference models (‘to be’ status) embedded in ERP
software. Vandaie (2008) emphasized that in the supply chain context, organizations should
not only evaluate business processes within the organizational boundaries, but also explore
how they interact with external business units/functions that reside in other partner firms.
Inter-organizational knowledge sharing allows partner firms to establish a holistic
understanding to the underpinning assumptions and consequences of various business
processes. As a result, the ERP project team would be at a better position to develop a clear
sense of ERP system capabilities, limitations, and implications, and make rational decisions
on assessing its ERP needs, selecting the appropriate ERP package, and tailoring the
operations routines to be embedded. It would thus contribute to a more effective ERP
implementation at the knowledge receiving company.
The other major ERP project challenge is the magnitude of organizational change
associated with the large scale of business process reengineering required during ERP
implementation (Willcocks and Sykes, 2000). Since ERP projects involve systematic
rethinking of cross-functional and cross-divisional business processes integration, it is not
uncommon that organizations will have to constantly define the unknown territories and to
deal with various conflicts and problems in designing and practicing new process routines
(Lee and Lee, 2000; Soh et al., 2000; Sumner, 2000). Robey et al. (2002) argued that as the
organization redesigns and assimilates the new processes enabled by ERP, it must remove the
organizational memory and structures that support old legacy systems, and learn to function in
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radically different ways. Inter-organizational knowledge sharing allows later adopter
(receiving organization) to tap into earlier adopters’ organizational memory on similar
problems (and tested solutions) that had happened before. By leveraging the sender
organization’s knowledge asset, knowledge sharing activities can significantly increase the
odds of implementation success, and reduce the costs and time of ERP projects. Based on
these arguments, we developed the fourth hypothesis:
H4: The level of inter-firm knowledge sharing is positively associated with the receiver
organization’s ERP implementation effectiveness.
RESEARCH METHODOLOGY AND RESULTS
We tested the research model in two stages: the first stage was a pilot study to validate the
instrument developed to measure the constructs. We then analyzed the model’s structural
relationships on survey data using structural equation modelling (SEM).
Pilot Study for Instrument Refinement and Validation
Since all five constructs in our theoretical model are created specifically for this study, we
developed a total of forty-four measurement items based on literature review (Table I). Then
the instrument was validated following a two-phase refinement procedure. In phase one, three
academicians in operations and supply chain management area (two based in the U.S. and one
based in China) were invited to evaluate item readability and the ease of use. After minor
modifications on item wording were made from their feedback, we followed up in phase two
to assess construct validity and reliability using Q-sort methodology.
Table I lists all 44 items that we initially designed and included in the Q-sort procedure.
We first introduced the conceptual model and construct definitions to a pair of business
doctoral students in a face-to-face meeting. They were then asked to sort the items out from a
mixed common pool into six groups, corresponding to the five constructs and an extra nonapplicable category. The results indicated that all items were properly sorted but one, PBC7
(My organization believes that we will be placed at a disadvantaged position if not engage in
IOKS), which was intended to measure the construct of Perceived Benefits and Costs, but was
mistakenly classified by both raters as an item for Organizational Preparedness. We
calculated three statistics for this sorting process: Moore and Benbasat’s Hit Ratio was 97%,
and 100% for both Inter-Judge Agreement Ratio and Cohen’s Kappa score. Since they were
all significantly higher than the suggested cut-off values of >76% for Cohen’s Kappa (Landis
and Koch, 1977), and >80% for the other two ratios (Nahm et al., 2002), we believe the
instrument demonstrated excellent reliability and construct validity. Considering the fact that
the item causing confusion (PBC7) could be properly captured by other items for the
Perceived Benefits and Risks construct, we deleted it from the instrument without doing any
additional sorting rounds.
Table I. Measurement items and reliability analysis

Organizational Preparedness
Cronbach’s Alpha = .892
CITC
Definition-The infrastructural and contextual parameters within my own organization that
facilitate Inter-Organizational Knowledge Sharing (IOKS) with partner firms.
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PREP1 My organization has appropriate organizational structure for IOKS.
.646
PREP2 My organization has collaborative organizational culture for IOKS.
.640
PREP3 My organization has supportive organizational policy for IOKS.
.689
PREP4 My organization’s management encourages IOKS.
.664
PREP5 My organization provides necessary technological support for IOKS.
.716
PREP6 My organization provides necessary organizational resources for IOKS.
.528
Perceived Benefits and Costs
Cronbach’s Alpha = .869
CITC
Definition-my own organization’s perceived benefits, risks, and costs of engaging in interorganizational knowledge sharing
.654
PBC1 My organization believes that IOKS would benefit one’s own operations
My
organization
believes
that
IOKS
would
benefit
supply
chain
partners
.644
PBC2
.536
PBC3 My organization believes that IOKS would facilitate supply chain coordination
My
organization
believes
that
the
potential
risks
of
IOKS
are
manageable
.687
PBC4
.784
PBC5 My organization believes that the required extra efforts for IOKS are well justifiable
.826
PBC6 My organization believes that the required extra costs for IOKS are manageable
PBC7 My organization believes that we will be placed at a disadvantaged position if not engage in
IOKS.

-Deleted after pilot test

External Influences
Cronbach’s Alpha = .898
CITC
Definition-my own organization’s perceived influences by factors that are outside of our
organization boundaries, including environmental uncertainty, competitive pressure, and partner
firm readiness.
EXT1 The external business environment is constantly changing.
.896
The
external
business
environment
is
unpredictable.
EXT2
.827
EXT3 The external environment uncertainty affects my organization’s own operations.
.606
EXT4 Other firms are known to share knowledge with their external partners.
.623
EXT5 Major competitors are known to share knowledge with their external partners.
.589
EXT6 Partner firms are willing to share knowledge.
.648
EXT7 Partner firms have the capability to share knowledge.
.880
EXT8 Partner firms have knowledge that is complement to ours.
.565
Inter-organizational Knowledge Sharing
Cronbach’s Alpha = .900
CITC
Definition-the actual activities my organization engages in when share knowledge with external
partner firms
Partner firms are involved in discovering knowledge
IOKS1
.581
Partner
firms
are
involved
in
acquiring
knowledge
IOKS2
.750
Partner firms are involved in creating knowledge
IOKS3
.680
Partner
firms
are
involved
in
harvesting
knowledge
IOKS4
.619
Partner firms are involved in verifying knowledge
IOKS5
.645
Partner firms are involved in converting knowledge into appropriate format
IOKS6
.670
Partner firms are involved in depositing knowledge
IOKS7
.607
Partner firms are involved in publicizing knowledge
IOKS8
.536
Partner firms are involved in explaining knowledge
IOKS9
.577
IOKS10 Partner firms are involved in distributing knowledge
.631
IOKS11 Partner firms are involved in analyzing business problems
.562
IOKS12 Partner firms are involved in making business decisions
.690
ERP Implementation effectiveness
Cronbach’s Alpha = .890
CITC
Definition-various parameters in the process of implementing an ERP system.
ERP1 The knowledge receiving company properly analyzes its need for ERP system.
.505
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ERP2
ERP3
ERP4
ERP5
ERP6
ERP7
ERP8
ERP9
ERP10
ERP11

The knowledge rev. co. properly evaluates alternative candidate ERP systems
The knowledge rev. co. properly negotiates price with ERP vendor/consultants
The knowledge rev. co. properly manages relationships with ERP vendor/ consultants
The knowledge rev. co. properly installs the ERP system
The knowledge rev. co. properly customizes the ERP system
The knowledge rev. co. properly manages the ERP project
The knowledge rev. co. properly creates employee buy-in for ERP
The knowledge rev. co. properly conducts employees training for ERP
The knowledge rev. co. properly maintains the ERP system
The knowledge rev. co. properly uses ERP system to guide business actions

.524
.632
.583
.657
.653
.737
.716
.635
.644
.471

Large Scale Survey and Measurement Model Evaluation
Students from one of the author’s four MBA classes in Operations Management, Operations
Research, and Project Management at a top ranking Chinese university were used as
convenience samples for our large scale survey. Due to the reputation of the university being
China’s premier technology institution and the program’s explicit emphasis on technology
management, a large portion of these students were middle to high level managers and
executives for information technology, which made them ideal respondents for this study. The
small number of individuals who did not feel competent to answer were instructed to pass the
questionnaire over to appropriate colleagues in their corresponding companies. Respondents
were asked to rate, using a 5-point Likert scale (1= strongly disagree, 5 = strongly agree),
their degree of agreement to each of the remaining 43 statements in table I. Out of 385 paper
based questionnaire we distributed in the first half of 2014, 283 properly completed responses
were promptly received (response rate = 74%). Among them, 167 self-identified their
organizations as “had shared knowledge with partner firms for the purpose of ERP
implementation”, and 116 reported “had not engaged in inter-firm knowledge sharing or any
stage of ERP implementation”. Among the 167 responses, 141 were reported as from
companies that had successfully implemented ERP, and 26 were still in the process of
implementation. For the individual respondents, 52% of them held middle to high level
management positions, and 54% had worked in the same organization for over 5 years. Table
II reports additional demographic statistics of the samples.
Table II. Sample demographics

N
Organizational Demographics
Annual sales greater than ¥100
million
More than 1000 employees
Industries represented
Manufacturing
Computer hardware and
software design
Others

%

N

%

59

39%

60
31

40%
21%

Respondent Demographic
114
92

68%

Overall working experience
55%
more than 10 years

77

46%

31

19%

59

5 to 10 years
less than 5 years

Experience at the current company
35%
more than 10 years
25 16%
5 to 10 years

Ownership profile

53

59

38%

Domestic public
Domestic private
Foreign (including joint
ventures)
Position in supply chain
raw material supplier
component supplier
Final assembler
Distributor and retailer
Logistic Supporter
ERP Implementation history
more than 10 years
5 to 10 years
3 to 5 years
less than 3 years

59
36

35%
22%

67

40%

3 to 5 years
less than 3 years

20
22
69
20
29

Position within organization
Top management
13%
Middle management
14%
Low management
43%
Others
13%
18%

27
41
39
22

21%
32%
30%
17%

53
19

34%
12%

11
74
50
28

7%
45%
31%
17%

To further validate the instrument and assess how well each item contribute to the internal
consistency of their corresponding construct, we conducted SPSS reliability analysis to the
167 responses that had shared knowledge for ERP implementation. As reported in Table I, the
Coronbach’s Alpha for each construct was significantly higher than 0.70, the suggested
acceptable value for social science research (DeVellis, 2012) and the Corrected Item-Total
Correlation (CITC) scores of all items but ERP11were also higher than the .5 threshold value
(Churchill, 1979). We continued to conduct Exploratory Factor Analysis (EFA) to assess the
instrument’s initial unidimensionality (convergent validity) and discriminate validity (Segars
and Grover 1993). Table III reports the EFA results using principal component as means of
extraction and varimax as the method of rotation. For simplicity, only loadings above .40 are
displayed. Item ERP11 again emerged with low loading and cross-loaded to two factors. It
was thus dropped from the measurement model for structural analysis. Otherwise, the overall
model indicates excellent loadings- the cumulative variance explained by the five factors was
58.02%.
Table III. Exploratory factor analysis results

Item
PREP1
PREP2
PREP3
PREP4
PREP5
PREP6
PBC1
PBC2
PBC3
PBC4
PBC5

PERP
0.649
0.583
0.725
0.704
0.765
0.876

PBC

EXT

0.751
0.715
0.512
0.693
0.819
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IOKS

ERP

PBC6
EXT1
EXT2
EXT3
EXT4
EXT5
EXT6
EXT7
EXT8
IOKS1
IOKS2
IOKS3
IOKS4
IOKS5
IOKS6
IOKS7
IOKS8
IOKS9
IOKS10
IOKS11
IOKS12
ERP1
ERP2
ERP3
ERP4
ERP5
ERP6
ERP7
ERP8
ERP9
ERP10
ERP11*
Eigenvalues
% of Variances
Cumulative % of
Variances
Note: * Items deleted

0.624

0.794
0.714
0.661
0.595
0.640
0.641
0.859
0.659

0.406
0.420

0.566
0.756
0.635
0.672
0.537
0.629
0.646
0.528
0.613
0.622
0.578
0.680

4.334
10.078

3.820
8.884

4.944
11.499

0.366
6.393
14.868

0.593
0.561
0.734
0.509
0.536
0.721
0.792
0.791
0.636
0.595
0.348
5.456
12.688

10.078

18.962

30.461

45.329

58.017

Confirmatory Factory Analysis (CFA) using AMOS (version 22) was also conducted to
further improve the measurement model. Based on the goodness-of-fit indices and
modification indices, we co-varied one item pair or eliminated one item with the highest
residual covariance at a time to avoid over-modification to the model (Joreskog and Sorbom
1989). Satisfactory model fits are indicated by non-significant chi-squared tests, RMSEA
values ≤ .08, and GFI, AGFI, NFI, TLI and CFI values ≥ .90 (Ibid) . As indicated in table IV,
after twelve modification iterations with seven item being dropped (PREP2, PREP3, PBC3,
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PBC5, EXT4, EXT7, and IOKS9), all model fitting indices appeared to meet the
recommended criteria.
Table IV. Measurement model (standardized parameter estimates)

Latent
variable
Item
Factor Loading()
PREP (Organization Preparedness)
PERP1
0.792
PREP4
0.680
PREP5
0.909
PREP6
0.925
PBC (Perceived Benefits and Costs)
PBC1
0.700
PBC2
0.775
PBC4
0.689
PBC6
0.673
EXT (External Influences)
EXT1
0.915
EXT2
0.891
EXT3
0.55
EXT5
0.535
EXT6
0.777
EXT8
0.688
IOKS (inter-organizational Knowledge Sharing)
IOKS1
0.615
IOKS2
0.760
IOKS3
0.752
IOKS4
0.689
IOKS5
0.723
IOKS6
0.715
IOKS7
0.594
IOKS8
0.562
IOKS10
0.628
IOKS11
0.573
IOKS12
0.622
ERP (ERP Implementation Effectives)
ERP1
0.534
ERP2
0.555
ERP3
0.655
ERP4
0.645
ERP5
0.723
ERP6
0.689
ERP7
0.732
ERP8
0.718
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PBC
0.583

Correlations
EXT
IOKS
0.516
0.502

0.520

ERP
0.528

0.648

0.586

0.637

0.502

0.662

Model Goodness-of-fit indices
χ2/df= 1.534, p =0.753
RMR (Root Mean Square Residual) =.047
GFI (Goodness of Fit) = .913
AGFI (Adjusted Goodness of Fit) = .903
NFI (Normed Fit Index) = .908
TLI (Tucker-Lewis Fit Index) = .946
CFI (Comparative Fit Index) = .967
RMSEA (Root Mean Square Error of
Approximation) = .057

ERP9
ERP10

0.678
0.688

Analysis of the Structural Model
Having accepted the measurement model, we used AMOS to analyze the structural
relationships among the constructs. As presented in Figure 2, the model was recursive and
hence identified. All fit indices indicate that the sample data fit well with the hypothesized
structural model: 2/df = 1.498 (P=0.728), RMR = 0.049, GFI =.915, AGFI = 0.898, NFI =
0.911, TLI = 0.952, CFI = 0.969, RMSEA = .055. All four hypotheses have been statistically
supported.
Figure 2. Structural equation model (standardized estimates)

PREP

Variances = .571*

0.307‡*
0.198#*

0.249 *
#

PBC

Variances = .431

0.449‡*

IOKS

Variances =.624

*

0.788‡*

ERP

Variances =.508

0.172#*

Notes:
‡ Value of regression weights
# Value of Covariances
* Significant at p  0.01level

0.267‡*

EXT

Variances = .457*

DISCUSSION AND CONCLUSIONS
In this paper, we have conceptualized and empirically verified the importance of interorganizational knowledge sharing and its three antecedents on the successful implementation
of ERP system. It is expected to make the following theoretical and practical contributions.
Theoretical Contributions and Managerial Implications
Representing one of the early large-scale empirical efforts to investigate ERP implementation
from an inter-firm collaboration perspective, this study makes a contribution in highlighting a
new direction to study the high failure rate of ERP projects- a chronic problem that has
particularly plagued companies in the developing countries for decades (Li, 2011). Past
research works have predominantly observed ERP projects as internal initiatives that
companies take independently within their own organizational boundaries. However, our
results have indicated that, in reality, a large number of firms (at least 167 out of 283 or 59%
of the collected samples) do involve their supply chain partners when attempting ERP. Such
involvement can be extensive and highly systematic, covering the entire ERP journey from
assessing organizational needs for ERP, to managing the adoption projects and conducing
routine maintenance after the system is up and running. Despite the fact that the percentage of
companies and the scale of inter-firm collaboration revealed in our convenience samples may
not be directly generalizable to other countries/markets, it does remind future researchers that
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closer attention should be paid to the external influences organizations receive from supply
chain partners when making ERP related decisions. It thus may be more candid to study ERP
implementation from a multi-organizational collaboration perspective.
The statistically significant causal relationship between inter-organizational knowledge
sharing and ERP implementation effectiveness (Hypothesis 4) and the high value of variances
explained (50.8%) underscore the importance of organizational knowledge for ERP projects.
Our results not only empirically confirmed the belief presented in numerous conceptual
papers in the literature (e.g. Krone, et al., 2009; Metaxiotis, 2009; Vandaie, 2008; Pan, et al.,
2007; Newell, et al., 2006; Xu et al., 2006) that ERP implementation is a knowledge intensive
process, but also extended this research scheme by clearly identifying specific knowledge
management/ sharing activities. We have provided evidence to researchers and practitioners
that organizations should collaborate with trading partners at a full scale in knowledge
generation, maintenance, dissemination, and application; then they are more likely to succeed
in implementing ERP.
Based on supply chain integration and knowledge management theories, this study
identified and empirically confirmed three antecedents for inter-organizational knowledge
sharing with external trading partners (H1, H2 and H3). Organizations should first prepare
themselves by establishing appropriate technological infrastructures and organizational
structures that support collaboration. The importance of top management in this process could
not be over-stated: executives are not only responsible for providing resources and
encouragement to make inter-firm knowledge communication possible, but also proven to be
instrumental in assessing and articulating the expected benefits and costs related to knowledge
sharing. Both to disclose one’s knowledge need and to transfer out proprietary knowledge to
external partners may appear to be risky. But rest assured that according to a series of case
studies by Dyer and Nobeoka (2000) and Dyer and Hatch (2006), knowledge shared to
external supply chain partners did not easily spillover to competitors that the knowledge
receiver was serving concurrently. Top management should carefully and thoroughly evaluate
all positive and negative consequences of sharing knowledge externally. Only if the benefits
noticeably outweigh the costs and risks (and properly managed), should the organization gets
on board for inter-organization knowledge sharing. Hypothesis 3 of our study also testified
the effects of external influences rooted in the contextual environment. Whether an
organization decide to share knowledge and how it actually collaborate with others to share
are found to be related to three major factors (45.7% of total variances explained): 1) the
organization’s recognized level of environmental uncertainty (when an organization believes
its operational environment is turbulent, it is more likely to collaborate with external partners
on knowledge sharing); 2) the competitive pressure the organization observes from the
environment and its main competitors in particular (other organization’s engagement in
knowledge sharing is considered as a pressure to encourage an organization to purse
knowledge collaboration); and 3) partner firm readiness (organizations can only share
knowledge with partners which are willing to and capable of knowledge sharing). By
understanding the effects of these antecedents, future researchers and managers can become
more attentive when designing and managing organizational resources to facilitate the interorganizational knowledge flow between supply chain partners.
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With the knowledge on ERP implementation in China being relatively limited in the
literature (Li, 2011), this study also makes a contribution by providing some interesting
empirical evidences on the current state of ERP utilization in the Chinese market. Our
collected samples indicated that 86% of the organizations had adopted more than one ERP
modules, with four modules being the most prevalent choice (52%). When examining the
types of modules being implemented, financial management (83%), purchasing and supply
management (76%), inventory and warehousing (70%), sales (65%), and production (64%)
were the distinctive top five. Other modules such as human resources management and
customer relationship management were significantly less utilized with lower than 10% of
companies reported. When studying the sample organizations’ preference on ERP software
vendor selection (Table V), we found that Oracle was used by 17% of organizations, similar
to Oracle’s worldwide market share of 12%, according to Gartner’s market research in 2013
(Columbus, 2014); while SAP captured 35% of our samples, as compared to 24% from the
world (ibid). Chinese homegrown vendors (e.g. Yonyou and Kingdee in particular) had
understandably more presence among domestic users (38%). Interestingly, domestic privately
owned companies appeared to be noticeably more likely to select Chinese vendors than other
company categories. It confirmed similar findings by other researchers (e.g. Liang et al, 2004;
Avison and Malaurent, 2007) that Chinese privately owned companies have been traditionally
frugal in maintaining smaller budgets for technology innovations. When the price difference
for ERP system is as big as ¥5 million for SAP or Oracle vs. ¥700,000 from domestic vendors,
it was not surprising that these companies would choose the latter. Whether such selection is
“at the price of sacrificing system performance”, as claimed by Avison and Malaurent (2007),
is still subjective to additional studies in the future.
Table V. ERP vendor preference

Foreign own and foreign joint venture
Domestic public
Domestic private
All Samples

SAP Oracle
38%
20%
38%
13%
24%
16%
35%
17%

Chinese
vendors
33%
36%
48%
38%

Other
foreign
vendors
9%
13%
12%
11%

In demographics section of the survey, we also attempted to study whether organizational
size affects an organization’s role in knowledge sharing partnership (being the receiver vs.
sender). As indicated in Table VI, organization size in terms of annual sales, total assets, and
employee numbers did not seem to affect from whom they obtain help with ERP
implementation knowledge. We continued to ask for the reasons why they share knowledge
with external trading partners in an open-ended question format. The most common rationales
given were 1) to learn from ones which had already accumulated ERP experiences, and 2) to
leverage supply chain integration. Managers should thus be aware that, large companies
should never bristle at learning from smaller trading partners, and small ones should not feel
intimidated when comes to knowledge sharing; as long as the partner firms have new
knowledge that can potentially benefit one’s operations, they should make efforts to pursue a
fair collaboration.
Table VI. Organizational size
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Knowledge sender is significantly smaller than the
receiver organization
Knowledge sender and receiver organizations are
similar in size
Knowledge sender is significantly larger than the
receiver organization

Annual
Sales

Total
Assets

Employee
Numbers

53 (37%)

53 (37%)

57 (40%)

48 (33%)

40 (28%)

42 (29%)

44 (30%)

49 (35%)

44 (31%)

Research Limitations and Recommendations for Future Studies
There are several limitations to this research that must be noted before any attempt to
generalize the results. First, even though the respondents’ profiles indicted a high probability
of them being cognizant of their organization’s efforts in inter-firm knowledge sharing and
implementing ERP, with a single respondent from each organization answering all questions
for such complicated issues always poses the risk of measurement bias and inaccuracy. It is
particular the case for the questions regarding the organization’s perceived benefits and costs
of IOKS (organizational perception vs. respondent’s individual perception). An ideal situation
for future studies would be to pool and compare multiple respondents from the same
organization to obtain a more comprehensive firm-level measurement. Second, we were
limited logistically to use only an organization’s one-side perception as the proxy to measure
knowledge sharing activities carried out by sender and receiver firm pairs. It would be
interesting if future studies can measure both parties at the same time to compare and validate
their responses. Additional studies may even explore scenarios in which more than two
companies share knowledge within a larger and more dynamic knowledge community. Third,
as what we have mentioned earlier, limited convenience samples exclusively from China were
used in the analysis of this study. Due to the relative uniqueness of the Chinese way to
conduct business, extreme caution should be taken when attempting to generalize the
conclusion and implications to a different national context. To further study the structural
relationships among the constructs we identified, future researchers can test our measurement
instrument in different countries and/or conduct large multi-national comparisons.
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ABSTRACT
The paper presents an alignment of type of product with a supply chain. This relationship is
described in a theoretical context and at the example of four European supply chains in the
fashion industry. Each of the listed manufacturers supports a different segment of the market
divided according to two dimensions: price and fashion. Therefore, the question arises
whether all of these products are in the same way supplied to the market, and whether the
strategy of the supply chain is the same? The purpose of the paper is to verify the assumption
that the supply chain organization depends on the type of product in fashion industry, on the
products that can be classified to the so-called complex products group.
KEYWORDS
fashion industry, distribution channels, complex products
INTRODUCTION
Supply chain consists of entities forming a network of relations and interdependencies, from
suppliers to end customers, within which material and information flows are carried out in order
to meet the needs of end customers (Skjott-Larsen et al. 2007; Christopher 2013). It is a form
of organizing participating entities, which operate on the basis of mutual cooperation, as well as
jointly control and improve material and information flows (Ballou 1992). Growing customer
expectations, uncertainty in the market and technological advances that determine, among
others, the introduction of complex and diverse products that meet more needs of the
consumers, cause the management of global supply chains to become increasingly difficult
(Kharlamov and Ferreira 2012). In order to achieve a sustainable competitive advantage,
companies seek to adjust the strategy of supply chain management to the type of product on the
particular market. If the product meets one need, has a defined group of clients and a long life
cycle, the task is not difficult and is widely described in the literature. One of the most known
division of products according to the nature of the supply chain was stated by Fisher (1997),
who divided the products into functional and innovative, and whose approach has been
developed in many publications, among others, by Kaipia and Holmstrom (2007). Nonetheless,
other attributes are distinguished by different researchers - Payne and Peters (2004), who divide
products according to seven categories, including: volume, variability, weight, customers, etc.,
or Christopher (2009), for whom beside the volume and variability, also product life cycle, lead
time, product variety and nature of demand are significant characteristics. In modern marketing
much attention is paid to products that are complex, multi-core, or meet more than one need
(Żabiński 2012), which include, among others, fashion products (Rupik 2012). And precisely
for such products alignment of supply chains becomes a challenge.
The purpose of this paper is to present the relationships between complex products of fashion
industry in a particular supply chain with the manner of its organization. In order to achieve
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this purpose, the paper is structured as presented below. Following the introduction, the
product management in supply chain is discussed. Then, theoretical background of the
product attributes and the development of supply chains are described. The next part of the
paper presents case studies of four supply chains of fashion industry in Europe. Finally,
conclusions of the research are drawn and the implications for further empirical studies are
emphasized.
PROCESS OF PRODUCT MANAGEMENT IN THE SUPPLY CHAIN
Product management includes product planning through all phases of its life cycle, which
encompasses conceptualizing, developing, finalizing, testing, commercializing, launching,
sustaining and disposing supply chain offerings to satisfy market needs and fulfil supply chain
objectives (Kahn 2000).The traditional approach to product management in the supply chain
covers both new products introduced to the market, and the products already on the market. As
was pointed out by Mentzer, Myers and State (2007) the division is determined by actions taken
during the product planning process (Figure 1).

Conceptualizing
Developing

Sustaining
Commercializing

NEW PRODUCTS

CURRENT
PRODUCTS

Launching
Finalizing
Testing

Disposing

Fig. 1. The product planning process
Source: (Mentzer, Myers and Stank 2007, pp.136)

Another approach was proposed by Rogers et al. (2008), who treats the product management
process as one of the eight core processes implemented in the supply chain (Figure 2), which
include: customer relationship management, customer service management, demand
management, order fulfilment, flow management on production, supplier relationship
management, development and commercialization of the product and returns management. The
main processes are divided into sub-processes, which are dealt with on two levels: operating, as
well as strategic.
The first strategic sub-process of product management in the supply chain according to Croxton
et al. (2001) is based on corporate reviewing, marketing, manufacturing and sourcing strategies.
This phase consists primarily of examining the market in terms of, among others, needs of
customers in different segments and defining own strategies in the area of significance of the
introduction of new products to the market and determining the supply chain constraints and
capabilities. The second stage of the strategy is to generate new ideas, look for sources of
inspiration in the creation of new products and develop formalized customer feedback
programmes. The next step is to determine restrictions in the area of supply and the degree of
involvement of customers and suppliers. It is important to define the active participation of
individual links and persons in the specific functions performed within the supply chain. The
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fourth element of product management strategy is developing scenarios of possible problems
and their solutions encountered upon the commercialization of the product, or product placing
in the retail. These may include areas such as: marketing, sales, promotion, supplies or
transport. When the limitations and opportunities within the supply chain are known, guidelines
for product management in the chain are being established. They relate to the time of delivery
of the product to the market, the margin on the product, the costs and profits. The last, i.e. sixth
element of building a product strategy is to define goals and to develop a system of measures
for the whole process.
OPERATIONAL SUB-PROCESSES

STRATEGIC SUB-PROCESSES

1. Define New Products and Assess Fit

1. Review Corporate, Marketing,
Manufacturing and Sourcing Strategies

2. Establish Cross-Functional Product Development Team

2. Develop Idea Generation and Screening
Processes

3. Formalize New Product Development Project

3. Establish Guidelines for Cross-Functional
Product Development Team Membership

4. Design and Build Prototypes

5. Evaluate Make/Buy Decision

4. Identify Product Rollout Issues and
Constraints

6. Determine Channels

5. Establish New Product Project Guidelines
7. Rollout Product

6. Develop Framework of Metrics

8. Measure Performance

Fig. 2. Product development and commercialization
Source: (Croxton i in. 2001)

Still following Rogers et al. (2008), the second area of product management in the supply chain
is planning in the operational area. It is divided into eight sub-processes, the first of which is
associated with the ideas and definition of new products. It is a determination of alignment of
new products to the market, distribution channels, manufacturing and logistics, as well as
consultation the introduction of those products to the retail with key customers. The second subprocess is related to the formation of cross-functional team, determination of the responsibility
and engagement of suppliers, as well as customers. The next step of the project is formalizing
the introduction of a new product to the market, which means that certain parameters are being
determined. They include the time of delivery of the product to market, profit and expenses
(including personal ones) per unit of the end product and matching the product with the
company's strategy and the whole chain of supply. This leads to the fourth stage – design,
production and testing of a prototype. Then the costs are analyzed and decisions in the area of
outsourcing are made: where the product will be produced, in own factories, or will it be
purchased from external suppliers. In the sixth step distribution channels are defined – the
length and width of the channel, the use of existing one and building new ones. At this stage, it
is also important to define market plans and inventory across the supply chain. The penultimate
sub-process is called a product rollout, which means the implementation of market,
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transportation, flow and promotion plan. Material needs to be sourced and products
manufactured and/or assembled. The sales force is trained on the new product offering and
inventory is deployed. The last of the operational areas constitutes the implementation of the
methods of measurement, the group of measures and indicators enabling to measure and
improve the process.
PRODUCT ATTRIBUTES AND THE DEVELOPMENT OF SUPPLY CHAINS
In order for the supply chain to be a success on the market low cost and assortment adjustment
to customer needs are not enough. As was noted by Payne and Peters (2004), an important
element is to match the distribution with the type of product offered on the market. Product type
is determined by the attributes characterizing the product. The first works on this subject were
published in the 80s (Oliver and Webber in 1982), and since 2000 numerous studies in this area
has been conducted. Selected publications on various classification variables considered among
literature contributions in the years 1982-2012 are presented in Table 1.
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Product life
cycle
Lead time
Volume
Product
Variety
Variability
Nature of
demand
Point of
product
configuration
De‐coupling
point
SC response
time
Customer
expectations
Demand
pareto
analysis
Reliability of
delivery
Reliability of
supply
Flexibility
Minimum run

Gattorna & Walters (1996)

Classification
variables

Oliver and Webber (1982)

Table 1. Classification variables considered among literature contributions
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Source: (Kharlamov and Ferreira 2012), (Payne and Peters 2004)
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The most frequently mentioned attributes in the literature are the product life cycle, lead time,
volume, product variety, variability and nature of demand known by the acronym DWV3
(Christopher and Towill 2000). All of these characteristics appear in publications of Fisher
(1997), Lamming (2000), Christopher and Towill (2002), Lee (2004) and Goldsell et al. (2011)
and they constitute the core distinguishing the product in the context of building the strategy of
the supply chain. Supply chains, in which products are characterized by long life cycle and
delivery time-to-market (lead time), relatively little variety, a large number of sales and a
relatively stable demand, are organized in line with the lean assumptions (Christopher and
Towill 2000) and an example of this is a global manufacturer of automotive industry - Toyota.
So called innovative products (Fisher 1997), which attributes are opposite to the attributes
described above, are the products supplied to the market in the agile supply chains. According
to Potter, Towill and Christopher (2015) agility means being close to the customer, the use of
knowledge derived from the market and the virtual organization to successfully operate in a
volatile market, while leanness is the reliance on value stream in order to eliminate waste, and
primarily time. However, modern supply chains do not delimit the chains of lean and agile type.
What is often mentioned are migratory supply chains (Potter, Towill and Christopher 2015),
which activity is based on a DTO strategy (distribute to order), and combines both agility and
leanness. The client is the initiator of actions taken in the supply chain, and he creates its
structure (Abney 2014) by determining how, when and where the distribution of the product is
to be held. The result is that the difference between physical and online supply chains begins to
fade (Potter, Towill and Christopher in 2015), and the new channels are being called
omnichannels (Brynjolfsson, Hu and Rahman 2013; Cummins, Peltier and Dixon 2016).
In today's economy we have to deal not only with the multi supply chains but due to increased
product proliferation (Khan O., Christopher M., Creazza A., 2012), also with complex products.
They are defined as products so that the customer obtains many parallel values at the same time
(Żabiński 2012). They satisfy not one need, but a specific set of needs and expectations of
buyers of more than one level of ERG needs model (Existence, Relatedness and Growth)
(Kotler and Armstrong 2010; Kotler, Kartajaya and Setiawan 2010). These products are
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innovative from the point of view of the consumer and the market; they are characterized by a
high degree of technological advancement, even science-absorption and the ability to selfimprovement, or use them for further development. These are usually branded products, on the
assumption new product categories, which attribute is network (produced with the participation
of several supply chain links) and a global nature (Żabiński 2012). An example of such a
product are mobile phones, which in addition to the traditional phone function, perform the
functions of the camera and minicomputer (Figure 3).

5’’
5’

5’’’
4’’

4’

4’’’

3’’

3’
2’

2’’
1’

1’’

3’’’
2’’’
1’’’

1 – core
2 – basic product
3 – expected product
4 – augmented product
5 – potential product

Example - PHONE
1’ ... 5’ – phone
1’’ – 5’’ – camera
1’’’ - 5’’’ - microcomputer

Fig. 3 The structure of multi /complex product.
Source: (Żabiński 2012)

This group of products may include clothing products, which have at least 3 of the abovedescribed attributes of complex multi products (Rupik 2012), including network, meeting the
needs of more than one ERG model, global nature and brand.
SUPPLY CHAINS IN THE CLOTHING INDUSTRY
There is no one universal model of building supply chains in the clothing industry. It can be
seen that they are very diverse and method for providing a product to the market depends on
the strategy chosen by the leader of the chain, usually the manufacturer. In this industry
according to the classification proposed by Fisher (1997) we have to deal with products that
are innovative, which life cycle in the vast majority does not exceed six months, and for some
models, so-called basic ones, is extended to a maximum of two years.
According to a study conducted by Perry and Towers (2007) three business models most often
used in the clothing industry are defined:
 M (Manufacture) – manufacturing companies offering unbranded products or/and ones
producing for brand owners; such enterprises accounted for approx. 41% of the
surveyed enterprises;
 BO-M (Brand Owner - Manufacturer), i.e. enterprises that own clothing brands, which
produce in-house - approx. 41% of the surveyed enterprises;
 BO-DSD (Brand Owner-Design/Source/Distributed), companies which owns brands,
the production of which is contracted to outside companies, and which focus on key
processes of design, supply and distribution - approx. 18% of the surveyed enterprises.
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The clothing industry is dominated by three basic models of flow between the supply chain
links (Figure 4). In the first one, sales network, as well as retail outlets, belong to the producer,
who usually works in the BO-DSD business model, but part of the production is outsourced to
subcontractors. An example would be the so-called fast fashion, which includes companies such
as Zara, H&M, Bershka, Pull and Bear and F&F clothing in TESCO. Another model is indirect
sales through all distribution channels, which is the opposite to controlled stores. In this way,
what is sold are clothing products for low-value manufactured in the M business model, and an
example of this are unbranded clothing sold at markets or boutiques. The third model is the
partial control of the sale. Network marketing is built on the principles of agreements, e.g.
dealership or franchise agreements, usually operating in the BO-M business model. An example
is the sale of denim, such as Polish Big Star or the American Lee, Wrangler and Levis. Luxury
goods, such as Prada, Gucci, Versace, are brands that combine model I and model III. They
have their own sales network, but also benefit from other opportunities for cooperation on the
principles of exclusive agreements.
MODEL I
Suppliers
Retail Stores (owner
of the manufacturer)

Manufacturer

Customers

Subcontractors

MODEL II
Wholesalers
Suppliers

Manufacturer

Distributors

Retailers

Customers

Discounters

MODEL III
Dealers
Suppliers
Manufacturer

Franchisee

Customers

Subcontractors
Other models of
cooperation

Fig. 4. Supply chain models in fashion industry.

Each of these models has a different system for sales planning and a different approach to the
organization of the flow, which is directly related to the time required to deliver a product to
the market. They are, however, combined by a leading link, which every time is the
manufacturer. The first model operates in accordance with the Quick Response strategy.
Goods are produced on the basis of existing plans, which are determined based on the opinion
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of shop managers and current trends in the market; one can also say that it is an organization
of physical flows in line with the MTO strategy (make to order). If the final customer needs
change, the manufacturer changes the collection and delivers the goods in accordance with
current trends within a maximum of 2 to 4 weeks, which is also the time of delivery of the
product to market. Sales plans are determined by the manufacturer. The second model
operates in accordance with the MTS concept (make to stock), where the adopted projects and
assumed forecasts are the basis for determining the demand plans. The production is
determined by the producer, who often for the production place chooses countries with low
labour costs such as China, Thailand or Indonesia. The last, third, model combines push and
pull. Individual customers purchase goods that are presented on the shelves, which is
consistent with the push concept. Trade units, on the other hand, consist of an order with the
manufacturer in accordance with pull approach. It is a DTO strategy (delivery to order).
Twice a year, approx. 3 to up to 6 months before the start of the sales season, retailers are
invited to the shows, during which a collection for the season is presented. From the
producer's proposals retailers place orders binding to specific weeks of a season. The
production includes only those models, which have been declared in respectively high
demand. In this approach, sales planning is being pushed to the background and it is
insignificant for the manufacturer, since the whole responsibility falls on retailers, who
predict by their own. Whereas, the manufacturer bases its plans on the orders flowing from
dealers, franchisees or other customers. Delivery time of a product into the market in models
II and III is definitely longer than in the model I and ranges from 3 up to 9 months.
CASE STUDIES
This part of the paper includes case studies of four European clothing manufacturers: Spanish
Zara, Italian Benetton, French Luis Vuitton and Polish Big Star, for which Fig. 5 shows
competitive positioning in two dimensions: price and fashion.
High Price
Louis Vuitton

Benetton

High Fashion

Traditional

Zara
Big Star

Low Price
Fig. 5 Competitive positioning – Zara, Benetton, Big Star and Louis Vuitton.
Source: Based on: (Khan, Christopher and Creazza 2012; Palladino 2010)
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The case studies present the concept of product management in a given supply chain in line
with Rogers et al. (2008), as well as quoted attributes of the product described by DWV3
acronym (Christopher and Towill 2000).
ZARA
Zara is a global manufacturer of clothing for women, men, youth and children, whose head
office is located in Spain. Zara's business model, as well as Sweden's Hennes & Mauritz
(H&M), is based on fast fashion (Rosenblum 2015), innovation and flexibility (Paladino
2010). This chain operates in accordance with the model I (see Figure 4), uses MTO (make to
order) strategy and has in its structure more than 2,000 stores in 88 countries (Inditex 2016),
so it operates under the BO DSD (Brand Owner-Design/Source/Distribute) business model.
Zara also offers the opportunity to purchase products on the website zara.com. Customers of
the online store can pick up their order at any stationary store; there is also the option of
express shipping. Zara produces its goods in 23 highly automated factories around the world.
Part of the production is outsourced to subcontractors, especially designs that are costintensive. The manufacturer is supplied by 200 external suppliers. What is characteristic is the
use of local production and sourcing in countries such as Spain, Portugal and Morocco
(locality represents more than 50% of the total production of Zara).
Spanish Zara owns a network of worldwide sales, which allows you to collect information
about the needs of the consumers at the source, i.e. in the trade network of retailers. In each
store there is an integrated information system that is used in the process of product
management. Information about the real demand and the needs of the buyers are passed
directly to the manufacturer. Also information on current market trends of high fashion are
collected. This is a basis for preparation of new products, which are regularly put on the
market. This demonstrates the use of pull strategy in a supply chain. In Zara flattened
organizational structures are implemented, which means that distribution channels are short,
and the products are distributed in line with the selective strategy. While stocks are kept to a
minimum, both in case of supply and distribution. What is characteristic of the fast fashion
industry, which include Zara, products introduced to sale are desired by final buyers, which is
to ensure fast sale and short maintain of stocks at retail (Rosenblum 2015). In this chain, each
year 10,000 new products is being delivered, which belong to 100 different product groups.
Product strategy is based on fashion - creativity, quality design and rapid turnaround to adjust
to changing market demands. It requires monthly change of collections, which means that the
offer is constantly changing and every month on the shelves customers can find 70-90% of
new products. Zara's products are in the maturity stage, they are characterized by a very short
life cycle (on average it is 2-3 months) and high volatility in demand, which makes it
impossible to predict. The margin on products is approx. 20%. Delivery time of the product to
the market in Europe is 2 weeks counting from the design phase, all over the world does not
exceed one month. This is possible due to the MTO strategy for producing under the order
and Quick Response strategy, which allows for balancing supply with demand.
BENETTON
Benetton is a clothing company, operating globally, which is headquartered in Italy. Its
flagship products include woolen and cotton clothing, especially sweaters. Benetton has 6,300
stores operating in 124 countries, 95% of which are in franchising. This demonstrates the use
of sales model III (see Figure 4). Until 2000 production took place primarily in Italy, but
because of the cost it has been transferred to developing countries, mainly in Asia (approx.
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33%), Tunisia (approx. 20%) and approx. 30% to Eastern Europe (Palladino 2010). Currently,
only 11% of production occurs in native Italy. The company uses 295 suppliers and
subcontractors and changed from the production company into a purchasing company,
indicating the BO-DSD business model (Brand Owner-Design/Source/Distribute). Therefore,
it draws a lot of attention to the control of its suppliers, to ensure the proper quality of
products supplied to the market.
Benetton's products are not geared to high fashion, as it happens in the case of Zara. They are
characterized by a higher price and quality (see Figure 5). Yearly, 150 million pieces are
produced, which supply time to the market varies from 1 month to up to 8 months. Since
2000, product management takes place on a global level and only 20% of the offer is adapted
to local markets. From this year, the company deviated from the two collection system autumn/winter, spring/summer and introduced a new "flash" collections during the season,
according to the latest fashion trends and customer preferences. Each collection is divided
into subcollections, of which 75% is the first group: contemporary 1 and contemporary 2. For
these groups delivery time to the market ranges from 4 to 8 months and they are put on the
market throughout four seasons. In the course of each season three more collections are
prepared, which aim is to meet the current fashion trends. They are: trend, capsule and
continuative items, which supply time to the market ranges from 1 to 4 months. The creation
of new products is the responsibility of a group of 300 designers (of which 250 are employed
at the company's headquarters - Ponzano Veneto in Italy). They create new collections based
on the sales history and exploration of new trends, which involves travelling around the world
in search of new colours, materials, quality and accessories. Benetton is known from its
strategies of dying clothes after assembly rather than using dying threads of fabrics. The
transfer of decision on the selection of colour allows to decide what will be needed in the
market at the last minute and to adjust the offer to the expectations of buyers. The margin on
sales is approx. 30%. Product life cycle is an average of approx. one sales season, i.e. 3-4
months. The company uses the distribution channels in line with the selective strategy,
similarly to Zara. Contemporary 1 and contemporary 2 products are provided in accordance
with the push strategy and for them so called effective supply chains are formed. Other
collections are delivered according to the pull strategy, which means a rapid response to
changing customer needs. Regardless of adopted model of supply chain, the company is
focused on reducing inventory levels. Therefore what was implemented is a vertical
integration and distribution uses highly automated warehouses located around the main
production sites, which serve as consolidation centres to ensure fast delivery to retail stores.
BIG STAR
Big Star is a manufacturer of denim clothes; one of the two most recognized brands of jeans in
Poland and one of the largest Polish retail chains in the fashion industry (Wątor 2013).
Stationary sales network covers more than 260 stores (including 15 own) located mainly in
central Europe (Big Star), which suggests the model III of the supply chain in the fashion
industry (see Figure 4) and, as in the previous two cases, selective distribution. Big Star offers
also online sales on the website bigstar.pl, with very similar functionalities to the Spanish leader
- Zara. Clothes are produced entirely in Poland in two plants belonging to the company,
presenting the BO-M business model (Brand Owner - Manufacture). Other products, such as
accessories are ordered from subcontractors, and materials from external suppliers in Poland
and from abroad.
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The products are designed in the company's headquarters in Kalisz. Often talented students of
fashion design colleges are invited to work on new models. The basis for the creation of new
collections are historical data and study of the latest trends. This study is not as widely held as
the case of Benetton. It is limited to checking the local market, becoming acquainted with
collections of competition, including internet research. Before each sales season, franchisees are
invited to headquarters to see the new collection. It is a kind of social research that shows how
the collection will be received by retailers and what will likely prove to be a success in the
market. The life cycle of products supplied in the Big Star’s supply chain is approx. 6 months,
and the margin on sales of approx. 25-30%. Like other fashion products, they also have a large
variety and variability in demand. Delivery of products on the market ranges from 1 to up to 6
months. The company operates according to the push model, i.e. the product is manufactured on
the basis of agreed sales plans, and its sales is done from the accumulated stocks. However, the
company is trying to minimize stocks. This is why production is not transferred to other
continents, but is still realized in Poland. Distribution centre is located at the manufacturing
plant, which is equipped with modern WMS systems for quick order picking. From
manufacturer’s warehouses goods are directly distributed to various retail stores.
LOUIS VUITTON
Louis Vuitton belongs to the group of the most influential fashion brands in the world – LVMH
(Louis Vuitton Moet Hennesy), headquartered in Paris. In the supply chain LV has more than
160 shops, including the possibility to make purchases on-line on louisvuitton.com. LV
products are produced in 13 factories. LV’s suppliers consist of a narrow, selected group of
trusted companies (approx. 200), ensuring the highest quality products supplied. They are
highly specialized companies, which are present on the market for a long time. Subcontractors
constitute mainly companies providing materials and key components, such as leather
supplier with LV emblem. The situation is similar with distributors. It is an exclusive
distribution with a limited number of retailers, with heavy dependence from the manufacturer.
Vuitton uses disintermediation strategy to distribute its products. They sell on their
website, their stand alone boutiques, and directly to departments stores like Neiman Marcus,
Saks Fifth Avenue and Bloomingdales. As can be observed, in the chain there is a balance
between distribution and supply. On both sides there is a similar number of companies
cooperating with LV. As for the cooperation model, it is focused on model I (see Figure 4), as
LV do not franchise. It is a combination of two business models - BOM and BO-DSD, Louis
Vuitton is both the brand owner and manufacturer, designer and distributor.
Supplied products to market include luxury products, which are characterized by uniqueness,
aesthetics, rarity, symbolism and the high price and quality (zero defects assumed). Their
design process is based on “staying ahead of the curve”. It is a brand that creates fashion
rather than imitates it. In this regard it departs from market research to creative design. These
are products that are in the maturity phase of the product life cycle. Delivery time to the
market is only 3 weeks (Belime 2010), the variety of products is small. Brand strategy
involves the sale at a fixed price; it does not apply to seasonal sales, therefore the product life
cycle is quite long and for certain models of bags it amounts to even several to dozen years.
On every season new products are introduced to the market, but their number is small. Sales
planning is based on the methods of forecasting using statistical tools. This is a different
approach to the above-described ones, where supply chains were focused on direct contact
with customers and fast response. Brand strategy is to launch a new product every 6 weeks.
LV’s production is in accordance with push model. Cost savings in the chain is achieved by
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centralizing support functions, such as operating activities, finance and property management,
at the level of the entire LVMH group (Shipilov and Godart 2015). Distribution is done
through one central warehouse in Cergy and 9 regional warehouses, located mainly in Asia.
Implemented solutions include, among others, JIT (Just in Time), fulfilment services and
quality management systems.
CONCLUSIONS AND FURTHER RESEARCH
The subject may not be innovative, and similar work had already been published (Christopher
Lowson and Peck 2004; Kaipia and Holmström 2007; Rupik 2012), however, presented case
studies show that many changes in the area of product management in the supply chain in,
among others, clothing industry and research carried out so far should be continued.
On the example of the four presented case studies it can be observed that what is changing in
the clothing industry in recent years are both the supply chains as well as offered products that
are transformed into complex products that meet more than one customer’s needs. Chains are
focused on quick response and do not concern only the, so-called, fast fashion manufacturers.
What is noticeable in virtually all of the presented brands, part of sales is transferred to the
Internet and these companies year-on-year record growth in online sales. Additionally, each of
these manufacturers wants to be close to the customer, who is beginning to decide what product,
in what manner and where will be manufactured and delivered. This causes the transition from
traditional distribution channels to the, so-called, omnichannels, which are comparable to the
cross-channels. This means not only matching supply and demand, but also aligning the
organization methods of supply chains to the needs of the consumers. Changes in the clothing
industry include also a constant replenishment of inventory and minimization of stocks. What is
implemented are integrated systems that allow to check the current inventory status of each site
- from retailers through distribution centres, to the manufacturer. Modern warehouses, which
are to shorten picking time, and thus the delivery time to market, are built. Entities use such
solutions of the lean area as JIT, Kaizen, and a flexible and efficient production has shortened
product life cycles.
To summary: new distribution channels are being created, product life cycles and time of
delivery of the product to the market are being shortened, integrated IT systems are being
implemented, and the sale is transferred to the Internet.
In order to broaden the scope of the presented case studies, it would be interesting to extend the
study to other industries that also provide the market with complex products, e.g. mobile phone
or automotive industry. It also would be beneficial to carry out social survey, which shows how
the contemporary supply chains are organized in the context of the management of complex
products.
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ABSTRACT
The paper seeks to explore and evaluate the impact of certain components of triple-loop learning on the disruptions induced by the product issues, competition and environmental changes.
In order to achieve this goal a statistical analysis in the sample of 122 supply chains has been
conducted. The findings of the study suggest that three basic components of triple-loop learning: discovery of disruptions, recovery and proactive adaptation deal effectively with different
groups of disruptions. However, the role of each component in alleviating the disruptions is
dependent upon their type. The most extensive and diverse components of triple-loop learning
are necessary when dealing with the disruptions stemming from the external environment of
supply chains. The findings also demonstrate that the more predictable disruptions, the lesser
number and variety of components necessary in the learning process. Consequently, in order
to mitigate the disruptions induced by the product issues, the smallest number of unified components ought to be applied.
KEYWORDS
Organizational learning, resilient supply chain, disruptions
INTRODUCTION
The concept of resilient supply chain has received a considerable attention by academics and
practitioners over the last few years. Its popularity was mostly determined by uncertain
changes that occur in the contemporary environment of supply chains, such as natural disasters (i.e. earthquakes, tornados), social factors (employee strikes), medical emergencies (epidemics), economics setbacks (financial crisis) (Melnyk et al., 2010; Juttner and Maklan,
2011; Chozick, 2007). The common feature of these changes is that once they occur, it is extremely difficult to avoid their negative impact. There are unpredictable, and thus difficult to
estimate. Therefore, the supply chain is to some extent, doomed to disruptions, and consequently have to deal with them in order to survive and thrive. The resilient supply chains offer
a set of attributes that allow the companies to overcome the disruptions induced by unpredictable changes. One of them is the adaptive capability of resilient supply chains that is based on
triple-loop learning. It means that facilitated or inhibited organizational learning is capable of
producing new structures and strategies of a supply chain, determining its resiliency. Therefore, triple-loop learning may be referred to as process learning that denotes ‘learning to
learn’ (Batesson, 1981). It means that the supply chain learns to improve its learning process.
This leads to a substantial modification of the values of theories-in-use as well as the strategies and expectations (Argyris and Schön, 2006). The paper aims to explore and evaluate the
relationships between the environmental changes causing certain disruptions and the subsequent phases of triple loop learning in a resilient supply chain.
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FROM SUPPLY CHAIN RISK MANAGEMENT TO THE RESILIENT SUPPLY
CHAIN MANAGEMENT
The concept of resilient supply chain is often linked to risk management (Zhu and Ruth,
2013). For instance, Rao and Goldsby (2009) posit that supply chain risk management has a
positive impact on resilience, which means that risk management increases supply chain resilience. Svensson (2002) combines the concept of resilience with the studies on supply chain
vulnerability, defined as “unexpected deviations from the norm and their negative consequences”. In the same vein, Juttner and Maklan (2011) underline that the major goal of risk
management is to reduce supply chain vulnerability. Craighead et al. (2007) and Sheffi
(2005b) highlight that vulnerability can be measured and expressed in numeric terms as “risk”,
which is a combination of the likelihood of an event and its potential severity. The roots of this
reasoning are traced to the traditional risk management concepts, thoroughly expanded by
Zsidisin (2003) and Pettit et al. (2010). These authors underline that, in order to manage a risk,
the likelihood of its occurrence, as well as its consequences, should be known to managers.
In most previous papers, the concept of resilient supply chain seems to be a continuation or
extension of the idea of risk management. In other words, it is regarded as a natural consequence of the development of traditional risk management within supply chains. However, it
is worth noting that the character of factors determining resilient supply chains is significantly
different as compared to the factors the supply chain risk management has to deal with. Following the typology of changes provided by Stacey (1993), we argue that the risk factors affecting supply chains are usually induced by the so-called “contained changes”. It means that
one particular change cannot be determined accurately, however, similar historical events in
the past provide valuable empirical data on the distribution of probability, and the variability
of these changes is restricted to some specific, usually well-defined range. On the other hand,
the factors affecting resilient supply chains are vague, unclear, hard to predict and uncertain.
They are induced by open-ended changes, which are impossible to control. These changes and
their consequences are unknown, so the similarities to historical events cannot be easily compared. Consequently, the emergence of resilient supply chains is a response to uncertainty
induced by open-ended changes.
The role of uncertainty in establishing resilient supply chains may be drawn from the previous studies, which highlight the significance of certain factors which may be expanded and
amplified across supply chain structure (Van der Vorst and Beulens, 2002), such as uncertainty in customer demand, uncertainty in manufacturing throughput time and transportation time,
uncertainty concerning costs, quality, due date, missing and ambiguous information (Lee and
Whang, 1999; Taylor and Brunt, 2001; Arns et al., 2002; Kouvelis and Milner, 2002). Geary
et al. (2002) highlight that improving supply chain resilience leads through mitigating uncertainty by monitoring delivery performance, time series of orders placed or call-offs, quality
reports. Pagell et al. (2000) analyzed the factors which may effectively deal with uncertainty.
They came to the conclusion that although there are numerous decision alternatives, it is still
difficult to point out the best solution to deal with uncertainty in a given managerial situation.
The aforementioned argumentation suggests that in case of decision-making situations under
the conditions of risk driven by contained change, the most appropriate concept is supply
chain risk management. Nevertheless, uncertainty imposes different requirements for managers, which cannot be fully met by the risk management concept. Considering the likelihood of
the occurrence of risk/uncertainty factor and the familiarity with its negative impact, the transition from supply chain risk management to resilient supply chain management may be depicted – Figure 1.
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Fig. 1. The transition from risk supply chain management to resilient supply chain management

The relationship between supply chain risk management and resilient supply chain management illustrated in Fig. 1 has a simplified character. Off-diagonal are the areas where both
concepts mutually overlap. When one knows the likelihood of the occurrence of certain factor
coupled with the unfamiliarity of its effects, the concept of risk management may turn out to
be more efficient, as it enables to mitigate the likelihood of the occurrence of a certain factor.
On the other hand, a lack of knowledge on the probability of certain factor denotes that risk
management may contribute to mitigate this factor to the lesser extent and, as a consequence,
it may not deal with its negative effects. In such situation, the concept of resilient supply
chain may turn out to be more effective. More detailed differences between traditional supply
chain risk management and resilient supply chain management are depicted in Table 1.
In the light of the above, it is worth highlighting that the concept of resilient supply chains is
the evolutional successor of supply chain risk management, coupled with new quality properties emerging from the concept of resilient supply chains. These properties are inherent to the
concept of resilient supply chains and, most of all, provide the adaptive capability of organization.
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Table 1. The comparison of major characteristics of supply chain risk management
and resilient supply chain management
Supply chain risk management

Resilient supply chain management

Quantitative factors and changes
Reactive adaptation to contain changes
The use of second learning loop

Qualitative factors and changes
Pre-adaptation to open-ended changes
The use of third learning loop
Decomposition, fragmentation, dispersion of
power and regulation, coalitions, lack of coherency and established decision making center
Achieving only temporal equilibrium

Efficiency of operations, integration, reaction to
the decision of managers
Operating in the state of equilibrium
Lack of the ability to transit to the state of disequilibrium
Operational stability
Domination of the negative feedbacks
Huge role of hierarchy and centralism

The ability to transit to the state of disequilibrium
The ability to operate on the edge of chaos
Domination of the positive feedbacks
Huge role of heterarchy and pluralism

Triple-loop learning in a supply chain
One of the attributes of supply chain is its capability to perform the adaptation process based
on triple-loop learning. The adaptability of a system reflects its capability to adapt to the new
changes (Levin, 2003). Adaptability therefore, considers the capability of a system to selforganize, emerge and reconfigure its structure and behavior to satisfy new environmental
conditions (Lee, 2004). Generally, the higher organizational learning, the more complex it is
(Georges et al., 1999). In the opinion of Probst and Bucher (1997) organizational learning
defines the process by which the organisation’s knowledge and value-base changes lead to the
improved problem-solving ability and capacity for action. Triple-loop learning is currently the
most advanced type of learning process (Bateson, 1973) that is implemented in a resilient
supply chain.
Triple-loop learning denotes increasing the fullness and deepness of learning about the diversity of issues and faced dilemmas (Flood and Romm, 1996). In other words, it is manifested in the form of ‘collective mindfulness’ (Stacey, 2011). It means that facilitated or inhibited
organizational learning is capable of producing new structures and strategies. Following the
view of Batesson (1981), triple-loop learning may be referred to as a process learning that denotes ‘learning to learn’. On the third level, previous learning is reflected, which means that the
organization learns to improve its learning process. This leads to a modification of the values of
the theories-in-use as well as the strategies and expectations (Argyris and Schön, 2006).
In the learning process based on the triple-loop, the organization is capable of transforming
because its internal relationships are more visible and obvious. The patterns of relationships
between the organization and its environment are becoming more recognizable. An in-depth
understanding of these patterns and possible consequences of actions may lead to profound
changes of organizational structure. Triple-loop learning has a direct nature as it enables to
identify the role and significance of organizations (Morgan, 1996). From the perspective of
organizational learning, the development of learning ability of the organization is a prerequisite to survive and succeed in increasingly dynamic and complex environments (Georges et
al., 1999).
Triple-loop learning in the resilient supply chain embraces the following three phases: disruption discovery, recovery and proactive adaptation. It is important for the resilient supply

4
82

chains to discover the disruption in a reasonable period of time. Handfield (2007) argues that
executives must be able to identify the source and types of disruptions, and thus to develop
methods to discover them in a timely and responsive fashion. The discovery of disruption
should then be followed by using appropriate methods of recovery from the negative effects
quickly and prevent them from affecting further links of a supply chain – Fig. 2. Consequently, the phase of discovery requires using forecasting methods and risk identification systems,
monitoring deviations and warning signals, implementing the methods of contingency planning (Rice and Caniato, 2003; Sheffi, 2005a).

Discovery B

Recovery B

Disruption amplification

Impact of disruptions

Impact B

Impact A

Disruption
Impact

Discovery A Recovery A Adaptability

Time

Fig. 2. The phases of lifecycle of resilient supply chains
Adopted from Handfield (2007)

In other words, recovery denotes that the resilient supply chains are able to quickly organize a formal response team of the employees that reacts to the crisis, establish efficient communication strategy in a variety of extraordinary situations and undertake necessary steps in
order to mitigate the disruptions, regardless of the costs. The management of resilient supply
chains ought to be experienced in successful dealing with the negative effects of uncertainty.
Pre-adaptation denotes increasing the fullness and deepness of learning about the diversity of
issues and faced dilemmas (Flood and Romm, 1996). The ability of proactive adaptation is a
component of resilience that reflects the learning process of system behavior in a response to
disruption (Gunderson, 2000). Given that resilient supply chains are able to learn while organizing themselves, we argue that proactive adaptation determines the successful implementation of triple-loop learning. It significantly distinguishes the concept of resilient supply chain
from other kinds of supply chains as a learning organization.
Proactive adaptation is characterized by the capability to relocate the employees between the
organizational departments, exchange the orders placed at the suppliers, use of strategic gam-
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ing and simulation models to perform the adaption processes, seize advantages from changes
in the market, develop innovative technologies to improve operations, ensure creative problem solving and individual accountability for performance. The organizations also train the
employees in a wide variety of skills, filling leadership voids very quickly and regularly use
feedback and benchmarking tools. Triple-loop learning requires a strong culture of caring for
employees, further reduction of lead-times for the products and effective employment of the
continuous improvement programs (Hamel and Valikangas, 2003; Tang, 2006).
In order to achieve the aim of the study, the variables manifesting changes in the market
and external environments of supply chains were employed. They specifically concerned the
activity of competitors (Porter, 1998), government regulations, price pressures from the competitors, changes in the social and cultural environments (Rao and Goldsby, 2009; Cavinato,
2004), as well as the natural and man-made disasters (Christopher and Peck, 2004; Peck,
2005; Sheffi, 2007). The latter ones concern such detailed changes as geopolitical disruptions,
financial crisis, currency fluctuations. In order to deal with these changes, a specific type of
organizational learning ought to be applied. The study investigates if the examined supply
chains are capable of responding, through the learning process to changes occurring in their
environment.
Methodology
Sampling process
The study had a non-exhaustive character. The target sample were companies representing the
manufacturing and trading sector in Poland. This approach excluded the companies from the
service industry, as they do not necessarily perform logistics services, and thus do not participate in material flows in the supply chains (e.g. hospitals, banks, marketing agencies, insurance companies). Consequently, triads comprised of three subsequent echelons as the units of
supply chains have been investigated (Choi and Wu, 2009). The companies solicited for this
study were formal leaders or major links with a strong position in their triads that possess ongoing knowledge on organizational learning in their supply chains. Moreover, the obtained
responses were additionally processed in order to double-check if the respondents are aware
of the organizational learning practices that may potentially affect the solicited companies and
their upstream and downstream partners. Consequently, the study is based on individual perceptions of the strength of disruptions affecting the solicited company, its customers and suppliers. The data gathering process was conducted in 2015.
The sample finally consisted of 122 accepted organizations that had at least one supplier and
one customer. The distribution of the units of analysis appeared to be relatively even in terms of
the industrial breakdown. All solicited respondents represented the medium or large-sized companies that employs more than 50 and 250 staff, respectively. The majority of the surveyed
firms (61 percent) are manufacturers, whereas the remainder of the research sample is formed
by the trade companies.
Survey instrument and conceptual model
The main research instrument used for this study was a questionnaire consisting of several
sections examining the specificity of triple-loop learning and environmental conditions. Firstly, a number of 12 variables demonstrating the disruptions caused by certain changes were
captured by a 5-point Likert scale. The variables particularly concerned the activity of competitors, government regulations, price pressures from the competitors, changes in the social
and cultural environments, as well as the natural and man-made disasters. The following
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group of 19 variables measured basic aspects of triple-loop learning, including the specificity
of the subsequent phases of discovery, recovery and adaptation. All variables were formed by
the 5-point Likert scale items. The conceptual model illustrating mutual relationships between
the variables have been presented in Figure 3.
Triple-loop learning
in a resilient supply chain
- Discovery
- Recovery
- Proactive adaptation

Disruptions induced
by a certain type
of changes

Fig. 3. The simple conceptual framework depicting the effect of components of triple-loop learning on
the disruptions induced by certain changes in a resilient supply chain

As depicted in Figure 3, certain components of triple-loop learning may affect different
disruptions in a resilient supply chain. Accordingly, the evaluation of the model will produce
the strength of relationships between the extent and intensity of triple-loop learning and disruptions induced by different changes. The outcome of the analysis will provide the comparison of the general contribution to variance in three subsequent phases of triple-loop learning
accounted for by the factors of change and their combinations.
Methods
In order to investigate the relationships between triple-loop learning of resilient supply chains
and the negative effects of certain changes, a statistical analysis was carried out. In the first
stage of the study, the variables manifesting disruptions and components of triple-loop learning were reduced by the Exploratory Factor Analysis (EFA) with the Principal Component
Analysis (PCA) and Varimax Rotation. The outcome of the Exploratory Factor Analysis was
then used to check the hypothetical structure of constructs in the Partial Least Squares model
(PLS model). As a rule of thumb for PLS, the sample size should be ten times larger than the
largest number of structural paths directed at a particular construct in the inner path model
(Barclay et al., 1995; Chin, 1998; Birkinshaw et. al., 1995). The sample size used in the study
is 122 organizations and the largest number of structural paths directed at a particular construct in the proposed path model is 5. Therefore, the study meets the criterion of sample size.
EXPLORATORY FACTOR ANALYSIS (EFA)
In the result of EFA, the variables that manifest the disruptions were reduced into three factors, described as disruptions originating from external environment of a supply chain, disruptions originating from product issues and disruptions originating from competition. The number of factors was determined by the analysis of the percentage of variance explained and the
Kaiser criterion (Aczel, 1993). In the result of inspection of anti-image correlation matrix, no
item was dropped. The measure of individual sampling adequacy (MSA) across all remaining
variables is above a nominal cut-off point of .5. The variables manifesting disruptions induced
by changes load sufficiently on the extracted factors. All three factors explain 57.58 percent
of total variance in the environmental changes. KMO coefficient score indicating a suitability
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of the sample for factor analysis in a space of 13 variables is .765, that is a middling result
(Bryman and Kramer, 1999). The results of Exploratory Factor Analysis for the factors manifesting environmental changes are summarized in Table 2.
Table 2. Factors of environmental changes obtained from the Exploratory Factor Analysis
Factors
Disruptions caused by:

External
environment
.798

Social and cultural changes
Public opinion

.740

Technical changes

.721

Epidemic diseases

.680

Natural disasters

Product issues

Competitive
actions

.638

Rigidity and variability of administrative regulations

.628

Variability of demand

.753

Price fluctuation of raw materials

.689

Innovative product design

.680

Innovative competitive product

.574

Geopolitical turbulence affecting the import of raw
materials and export of finished goods.
Strong competitiveness of the market

.509
.851

% variance

27.36

20.25

9.97

Cumulative variance

27.36

47.61

57.58

.822

.708

unidimensional

alpha coefficient

Subsequently, the Exploratory Factor Analysis was used to check the consistency of variables manifesting the components of triple-loop learning. In case of two factors, namely: discovery and recovery, the consistency was satisfying with one variable excluded. The measure
of individual sampling adequacy (MSA) across all remaining variables grouped into two factors is above a nominal cut-off point of .5. The variables manifesting discovery and recovery
of resilient supply chains load sufficiently on the extracted factors and their KMO coefficients
are .75 and .723, respectively. The variables reflecting the third component of triple-loop
learning were split into three factors. In the result of inspection of anti-image correlation matrix, four items were dropped for the measure of individual sampling adequacy (MSA) below
a nominal cut-off point of .5. In addition, in the result of factor analysis, a number of seven
variables were excluded from the model, as they indicated insufficient factor loadings below
.5. Consequently, the first factor – discovery of disruptions includes five variables: using the
forecasting methods and risk identification systems, monitoring deviations, monitoring and
recognizing the warning signals, using the system of risk identification and the ability to discover new business opportunities as well as undertake immediate actions to use them. The
second factor – recovery contains the following items: ability to quickly organize a formal
response team of the employees that reacts to the crisis, establishing the efficient communication strategy in a variety of extraordinary situations, undertaking the necessary steps in order
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to mitigate the disruptions, regardless of the costs and finally, possessing experience in successful dealing with the negative effects of uncertainty.
Disruptions originating
from:

Triple-loop learning

5 variables

Discovery

4 variables

Recovery

4 variables

Using soft
resources

2 variables

Protection of
information
systems

2 variables

Implementing
development
programs

External
environmental
changes

6 variables

Product
issues

5 variables

Competitive
actions

1 variable

Proactive adaptation

Fig. 4. Simplified PLS Model

The following three factors manifested proactive adaptation. The first factor of this group
covers four variables manifesting the significance of so called, soft resources in achieving
proactive adaptation. Particularly, this factor includes the following variables: training the
employees in a wide variety of skills, creative problem solving, individual accountability for
performance, implementing a strong culture of caring for employees. The remaining two factors of proactive adaptation reflect rather a “formal side” of the adaptation process. Based on
the interpretation of variables they were referred to as the protection of information systems
and development programs. The first one covers the following variables: exploiting the pro-
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tection systems banning the access of unauthorized personnel to the technical infrastructure
and using highly protected ICT systems, while the latter one includes: using the effective programs of continuous improvement and using the active programs increasing awareness of
employees in the area of safety measures. Finally, based on the results of Exploratory Factor
Analysis, the model presented in Figure 4, has been obtained and used in the further PLS
analysis.
PARTIAL LEAST SQUARES MODEL
The PLS Path Model in this study consists of the inner (structural) model, which is comprised
of the constructs and their hypothesized relationships and the outer (measurement) model describing the relationship between latent (unobserved) and manifest (observed) items
(Tenenhaus et al., 2005). First, the reliability and validity of the measurement model was assessed, followed by the assessment of the structural model (Hulland, 1999). The proposed
measurement model has reflective items from the latent variable to the manifest variables in
their blocks. The application of the reflective outer model posits that changes in the constructs
are expected to be manifested in changes in all of their indicators. In the model, observed
items ought to be highly correlated, as they explain the same construct (Jarvis et al., 2003;
Diamantopoulos and Winklhofer, 2001). Consequently, removing any item from the block of
variables should not have a significant effect on the latent variable. In other words, the observed
items constituting a reflective block do not need to represent all the aspects that form the concept (McDonald, 1996). In fact, the items are interchangeable and share the same construct.
Outer Path Model
The reflective outer model was assessed with respect to their reliability and construct validity
– Table 3. Reliability testing usually includes internal consistency and composite reliability
(CR). Each of three constructs indicates Cronbach’s alpha coefficient exceeding .7. The coefficients of CR estimated for the underlying constructs in a measurement model are above value of .7. The results of reliability are satisfactory regarding an early stage of the study
(Nunnally & Bernstein, 1994). The indicator reliability for all constructs, as measured by the
square of factor loadings, should be above .4 for the explorative study (Hulland, 1999).
The convergent validity, as measured by the coefficients of average variance extracted (AVE),
are equal or above a nominal cut-off point of .5 across all constructs. It indicates that all latent
variables in the model are able to explain more than half of the variance of its indicators on
average (Chin, 1998), which is acceptable for the exploratory study. The discriminant validity
has been assessed to explore if the appropriate items load substantially on their hypothesized
constructs and load no larger than .3 on any other component (Hair et al., 2006). The outcome
of analysis demonstrates that the observed items, used to measure the specified constructs
highly loads (above .6) on their assigned components, the threshold of .3 is met for all crossloadings. It may suggest that some variables load substantially on more constructs. It may stem
from the fact that in the practical study, it is difficult to clearly devise a delineated pattern of
behavior of resilient supply chains in the subsequent phases of triple-loop learning. The discriminant validity also meets the Fornell–Larcker criterion which posits that the AVE coefficient
of one construct is larger than the highest square of its correlation with the other constructs
(Fornell and Larcker, 1981). Table 4 shows the square root of AVEs in italics in the diagonal of
the correlation matrix and the values off-diagonal are the correlations between the constructs.
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Table 3 - The results summary for the outer model
Latent
variables

Composite
reliability

AVE

Cronbach’s
alpha

External
environmental changes

.53

0.87

0.82

Product issues

.50

0.80

0.68

Competitive actions

1.0

1.0

1.0

Discovery

.50

0.83

0.76

Recovery

.53

0.81

0.71

Soft resources

.56

0.83

0.74

Protection of information systems

.72

0.83

0.61

Development programs

.77

0.87

0.70

The correlations are lesser than the corresponding AVE which indicates discriminant validity
of the measures. Employing the Fornell-Larcker criterion (Fornell and Larcker, 1981), each
construct in the outer model share more variance with its assigned indicators than with any
other latent variable. Overall, as the criteria for reliability and construct validity are met, the
obtained measurement results in the outer model are satisfactory and appropriate for proceeding with an estimation of the structural model.
Table 4 – Correlation matrix

Constructs
External
environmental
changes
Product issues
Competitive
actions
Discovery

Environmental Product Competitive
Soft
Discovery Recovery
changes
issues
actions
resources

Protection
of information
systems

.73
.43

.71

.01

.20

1.00

.07

.33

.20

.71

Recovery

.34

.24

.08

.52

.73

Soft resources

.12

.07

.26

.36

.29

.75

.22

.35

.02

.40

.39

.12

.85

.22

.03

.14

.43

.29

.27

.30

Protection of
information
systems
Development
programs

Development
programs

.88

Note: The square root of AVE is provided in italics in the diagonal; the correlations between the constructs are
given off-diagonal
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Inner Path model
In order to assess the structural model, the coefficients of determination (R2) of the constructs,
standardized path coefficients and prediction relevance of the model have been determined.
In general, the phases of triple-loop learning explain a diverse amount of variance in the constructs, with R2 values of .24 for the disruptions stemming from the product issues, .18 for the
negative effects originating from competition and .21 for the disruptions induced by the environmental changes. In the opinion of Chin (1998) if any endogenous latent variable is explained
by only a few (e.g., one or two) exogenous latent variables, lower values of R2 may be accepted.
Table 5. Structural (inner) model results
Effect

Stand. path
coefficient

t-value

Significance
(p-values)

-

.337

3.80

p < .05

Discovery

-

.254

4.16

P < .05

Recovery

-

.344

4.70

p < .05

Development programs

-

.241

7.15

P < .05

Discovery

-

.260

2.73

p < .05

Recovery

-

.140

2.05

p < .05

Development programs

-

.090

2.73

p < .05

Protection of information systems

-

.316

2.54

p < .05

Soft resources

-

.220

2.18

p < .05

Effects on disruptions induced by product issues (R2 = .24)
Discovery
2

Effects on disruptions induced by competitive actions (R = .18)

Effects on disruptions induced by environmental changes (R2 = .21)

In order to determine the standardized path coefficients of the model and their statistical significance, a bootstrapping re-sampling technique was employed (Davison and Hinkley, 2003).
Results from 500 re-samples revealed that a number of links in the model are not significant at
p-level < .05 – Table 5. The PLS findings show there is a negative and significant effect of
discovery on the disruptions caused by the product issues (path coefficient is -.337, p <.05).
The outcome of the analysis shows that there is a negative and significant impact of discovery
and recovery on the disruptions induced by the competitive actions (path coefficient is -.254
and -.344, p <.05). Five factors indicate the negative effects on the disruptions stemming from
environmental changes. Among them, one may enumerate discovery (path coefficient is .260, p <.05), recovery (path coefficient is -.140, p <.05), development programs (path coefficient is -.090, p <.05), protection of information systems (path coefficient is -.316, p <.05) and
soft resources (path coefficient is -.220, p <.05).
In order to assess, if the exogenous latent variables contribute to the endogenous latent variables in regression models, Cohen’s f2 was evaluated. For all models, Cohen’s f2 ranges from
.37 to .56 which demonstrates the large effects of independent variables on dependent variables in all models. In order to evaluate the model fit in the PLS analysis, the Stone-Geisser test
of predictive relevance was calculated (Geisser, 1975). The level of Q2 show that the observed
values are reproduced by the model and its parameter estimates. It implies that the inner model
has a predictive relevance, as Q2 > 0 for the constructs in all models.
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EMPIRICAL FINDINGS DERIVED FROM THE STUDY CONDUCTED
IN A SAMPLE OF SUPPLY CHAINS
The conducted analysis shows the impact of certain components of triple-loop learning on the
disruptions induced by three groups of changes. The outcome of the analysis provided three
groups of disruptions regarding their type. Based on that, we developed the PLS model with
three endogenous variables whose coefficients of determination are moderate and the standardized path coefficients are negative and significant.
The first factor included the disruptions stemming from the external environment of a supply chain, the second one embraced the disruptions originating from product issues and the
third factor covers the disruptions from competition. In parallel to this classification, the outcome of the analysis suggests that the disruptions were classified regarding the increasing
level of their uncertainty and unpredictability of the negative consequences. Therefore, we
conclude that disruptions originating from the product issues are internal to the supply chain,
and thus they appear to be the easiest to predict. The disruptions stemming from the competitive actions are external to supply chains, and therefore less predictable and more uncertain.
Finally, the disruptions originating from the external environment of supply chains are the
hardest to predict and estimate in a reliable way.
In general, the findings suggest that discovery, recovery and proactive adaptation deal effectively with different groups of disruptions. However, their significance is dependent upon
the type of disruptions. The negative effects of product issues may be mitigated by discovery
of disruptions. Interestingly, as the findings demonstrate, there is no need to apply different
available components of triple-loop learning in order to deal with this type of disruptions. The
second model that explains the disruptions originating from the competitive actions, shows
three significant factors of discovery, recovery development programs. The result of the analysis suggests that these three components of triple-loop learning have mitigating effect on this
type of disruptions. As compared to the previous type of disruptions, the negative consequences of competition require more extensive and diverse components of the learning process. This is probably due to the fact that the disruptions caused by competition are less predictable and more difficult to deal with. Therefore, they require a larger number of components of the learning process. Finally, the third model for the disruptions stemming from environmental changes require the most extensive and diverse set of components. Consequently,
this type of disruptions might be mitigated through discovery, recovery, development programs, protection of information systems and soft resources. This outcome suggests increasing role of certain components of triple-loop learning in mitigating the negative effects of
environmental changes. In other words, more predictable disruptions are relatively easy to
estimate and therefore, may be alleviated by simple actions of the learning process. Accordingly, if disruptions appear to be less predictable and more difficult to estimate, much wider
variety of components of triple-loop learning are needed. The largest spectrum of different
components ought to be offered when dealing with the disruptions induced by environmental
changes.
The major contribution of the study is providing the empirical evidence that the negative
consequences of certain changes may be mitigated by a different set of components. In fact, in
case of more predictable disruptions that are relatively easier to estimate, there is no need to
implement the whole spectrum of components forming the process of triple-loop learning. As
the findings demonstrate all of the components should be used when dealing with the negative
effects of environmental changes. This issue is particularly important for managers of contemporary supply chains that need to maintain a satisfying level of resiliency in order to deal
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with the increasing environmental turbulence. It is also worth noticing that some disruptions
may be effectively mitigated through the use of less advanced learning loops. Although, the
content of learning process based on a particular learning loop is different, the negative effects
originating from the product issues as well as disruptions induced by competition might be
alleviated by single or double-loop learning. However, this issue requires further investigation
that would provide the holistic outcome concerning the relationship between different types of
loop learning and the groups of disruptions caused by certain changes.
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ANALYSIS ON COMPETITION BETWEEN BRAND AND GENERIC
CONSUMABLES WHEN HETEROGEOUS QUALITY PERCEPTION OF
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Abstract:
It is not uncommon for a retailer that sells durable products to end consumers to offer both
brand consumables that the manufacturer of the durables produces and generic consumables
produced by a third party. Compared with the brand consumables of the big name manufacturer,
the quality level of the generic product is sometimes questionable, but its low price often attracts
price-conscious consumers. We explore how competition between generic and brand
consumables changes over the product life cycle when the consumers’ perceived quality of the
consumables collapses over time and customers evaluate the quality of the generic consumables
heterogeneously, which results in a gradual switching from brand to generic products. Using an
analytical model, we determine the optimal prices of the generic and brand consumables that
are competing with each other. We then show that transferring money only between brand and
third-party manufacturers does not result in coordination of the entire supply chain, whereas
coordination can be realized if, in addition to these two manufacturers, the retailer involves the
money transfer process in the supply chain system.
Keywords
Supply chain management, Pricing, Product life cycle, Generic compatibles

95

1. INTRODUCTION
A razor and razor blade model a business model by which a firm earns profit not by selling
a durable product but by selling consumable items and/or after-sales services that are necessary
for the usage of the durableis a common strategy for consumer products (e.g., game software
packages and a video game console, a maintenance package and a passenger car, monthly
payment for a wireless provider and a mobile phone). Ink toner, a good example of a razor and
razor blade model, is a revenue center for printer companies. For example, it was reported that
19.5% of Hewlett Packard’s total revenue comes from its printing business and 66.3% of
printing revenue is earned by sales of printer supplies (Wirth, 2014). At the same time,
consumers often consider the consumable items and/or services of big name brand firm to be
expensive and thus switch to generic consumables produced by third-party firms and sold at a
lower price. Since generic consumables are often considered to jeopardize the business model
in which profit is earned through sales of genuine consumables, the brand manufacturer often
applies pressure to third-party firms that produce low-priced compatibles. For example, the
media has reported on the law case of Lexmark (Investors Business, 2010). It is natural to
consider that inhibiting the sales of generic products might operate against consumers’ interests.
However, a more fundamental question is whether prohibiting generic consumables is actually
beneficial for a brand firm.
This paper considers a business situation adopting the razor and razor blade model in which
a brand manufacturer produces durables and corresponding consumable items (hereafter brand
consumables), a third-party company makes consumable items (hereafter generic consumables)
with a low price that resemble the brand consumable but have a lower level of quality than that
of the brand consumables, and a retailer sells both brand and generic consumables to end
customers. Note that after a certain group of customers buys the durables, the sales of
consumables that are attached to the purchased durables decreases over time because customers
gradually stop using those durables for various reasons.
A brand consumable with high quality is optimally designed to fit the durable product made
by the brand manufacturer, but some groups of consumers view the price of the brand
consumable to be very high. Consequently, it is not uncommon for some consumers to switch
from the brand consumables to a generic alternative. Thus, a natural question is whether selling
both brand and generic consumables is beneficial to a brand manufacturer, a third-party
consumable, or a retailer, although selling different types of products can increase customer
satisfaction. Moreover, another challenge is to determine whether it is possible for a brand
consumable to co-exist with a generic consumable, although, in a real business environment,
brand manufacturers intend to restrict the sales of low-price generic items.
To examine how firms behave when brand and generic consumables compete against each
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other when the customer’s perception of product quality collapses over time and when
switching from brand to generic products occurs, we develop the following research questions.
1) What are the optimal retail and wholesale prices of brand consumable and generic
consumables when the sales of consumables decreases over time and switching from brand
to generic consumables occurs?
2) How do the optimal prices change over time?
3) How can the three firms (a brand manufacturer, a third-party manufacturer, and a retailer)
achieve the global optimum by establishing adequate money transfer among these firms?
Through model analyses, we find that, although a brand manufacturer tends to constrain the
production and sales of compatible items of third-party firms, selling both generic and brand
consumables is beneficial to a retailer. While conflict due to sales of generic products, such as
violations of patents and trademarks, often occur in real business, we show that money transfer
only between the two manufacturers does not resolve double marginalization in a supply chain,
but, if a retailer involves the money transfer, coordination can be achieved.
The research themes in this paper are associated with various academic fields. One stream
related to our research is dynamic pricing. Rao (2009) stated that decreasing the prices of
products over time, a strategy known as price skimming, allows the maximization of revenues
or profits. Koenig and Meissner (2010) compared list pricing against dynamic pricing for a firm
selling multiple products, considering capacity utilization and the cost of price changes.
Chenavaz (2012) modeled setting of simultaneous dynamic pricing and investment in a product
(quality) and process (cost reduction) in a high-tech industry. The review by Chen and Chen
(2015) outlined recent developments of dynamic pricing studies.
Another stream of research is the interaction between brand-name and generic products, such
as advertisement effects. For example, Krishnamurphy (2000) analyzed the difference between
brand-name and generic advertising with respect to the sponsorship of the advertising. Roma
and Perrone (2010) analytically studied the effect of generic advertisement by a stronger firm
on the free-riding of a weak firm. They also examined the coordination mechanism. Note that
most papers analyzing the competition between brand-name and generic products focus on the
drug industry (e.g., Morton, 2002; Ying, 2004; Hollis, 2005). Similar to our theme, Erzurumlu
(2013) investigated the competition between a brand-name manufacturer and a third-party firm
selling a compatible product to a consumer durable. This focus is close to that in our paper.
However, to the best of our knowledge, this paper is the first that simultaneously considers the
competition between brand and generic products, the collapse of sales over time, and supply
chain coordination under the two-manufacturer-and-one-retailer supply chain framework.
The remainder of this paper is organized as follows: Section 2 explains the model formulation.
In Section 3, the model is analyzed to determine the optimal solutions and changes in those
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solutions over time. Section 4 analyzes the supply chain coordination. Finally, Section 5
concludes this paper.
2. MODEL
2.1. Supply chain framework
We consider a two-stage supply chain, in which a brand manufacturer and a third-party
manufacture make brand-name and generic consumables, respectively, and a retailer sells these
two consumables to end customers. The brand manufacturer and a third-party manufacturer
maximize thier own profits by controlling the wholesale price of a brand consumable (𝑤𝐵 ) and
a generic consumable (𝑤𝐺 ), respectively. The retailer then maximizes its expected profit via the
retail prices of the brand and generic consumables ( 𝑝𝐵 and 𝑝𝑇 , respectively). Figure 1
illustrates our supply chain structure.

Brand manufacturer (M)

Order

Third-party firm (T)

Order

𝑤𝐵

𝑤𝑇

Retailer (R)

Demand
𝐷𝐵 (𝑝𝐵 , 𝑝𝑇 )

𝑝𝑇

𝑝𝐵

𝐷𝑒𝑚𝑎𝑛𝑑
𝐷𝐵 (𝑝𝐵 , 𝑝𝑇 )

Customers

Figure 1 Supply chain structurer

We consider that a certain number of customers who buy a durable product at a certain point
in time starts to use a brand consumable initially. Then, the sales of the consumable decrease
over time. Once a generic consumable is introduced to the market, a customer chooses the
itemeither brand or genericthat offers higher utility to him or her. Note that this is often
observed. For example, customers who buy a personal printer during the Christmas sales season
first use brand-name ink toner, because it is pre-installed in the new product. As time goes by,
however, some customers stop using the printer while others switch to low-priced generic ink
toner rather than using the brand ink.
To capture the aforementioned settings, we set the following features to the utility function:


A brand product has higher price and quality than a generic product (i.e., 𝑝𝐵 > 𝑝𝐺 , 𝑞𝐵 >
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𝑞𝐺 ).



The initial demand of the brand products is exogenously given, and the time length of the
sales is normalized as 1.
The utility functions of brand and generic products (𝑈𝐵 (𝑡), 𝑈𝐺 (𝑡), respectively) decreases
over time t.





Brand switching occurs only from a brand consumable to a generic consumable.
The customer’s utility increases in quality but decreases in price.
Customers’ perception of the quality of a generic product is heterogonous, so the timing of
brand switching differs among customers.



The utility of a generic product at time 0 is lower than that of a brand product, and the
utility of a brand product at time 1 is zero (i.e., 𝑈𝐺 (0) < 𝑈𝐵 (0) and 𝑈𝐵 (1) = 0).



The retail and wholesale prices of the brand product have an exogenously given maximum
level, which can be considered a reservation price (i.e., 𝑝𝐵 ≤ 𝑝̅𝐵 and 𝑤𝐵 ≤ 𝑤
̅ 𝐵 ).

2.2. Utility and demand functions
Following the utility model of Cohen and Whang (1994), we set up the following utility
functions that satisfy all the aforementioned assumptions:
𝑈𝐵 (𝑡) = (1 − 𝑡)𝑞𝐵
(1)
(2)
𝑈𝐺 (𝑡) = 𝑝𝐵 + (1 − 𝑡)𝑞𝐺 − 𝑝𝐺 + ε
Note that 𝑞𝐵 and 𝑞𝐺 are the exogenously given quality level of the brand and generic
products, respectively, and that 𝜀 is a parameter that denotes the heterogeneity of customers’
preference for the generic product and follows a uniform distribution (𝜀~𝑈𝑛𝑖(𝑝𝐺 − 𝑝𝐵 , 0)).
Note that uniform distribution is a common assumption for representing customer heterogeneity
(e.g., Hotelling 1929; Geylani 2007; Wu 2013). Figure 2 visualizes our framework of utility
functions. Since we assume that a customer chooses a product with higher utility, it is easy to
see from Figure 2 that no sales of generic products take place initially; the generic products
begin to be sold at time 𝑡 0 ; and after this point, the sales of generic consumables increase over
time.
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Utility

𝑈𝐵 (𝑡)

This range
represents
heterogeneity

𝑈𝐺 (𝑡|𝜀 = 0)
𝑈𝐺 (𝑡|𝑝𝐺 − 𝑝𝐵 < 𝜀 < 0)

0

Time

1

𝑡0

𝑈𝐺 (𝑡|𝜀 = 𝑝𝐺 − 𝑝𝐵 )

Figure 2 Setting of utility functions

Under utility functions (1) and (2), the demand for each product is determined as shown in
Figure 3. In Figure 3, at a certain time 𝑡 (> 𝑡0 ), the customer whose utility for the generic
consumable is higher than that of the brand consumable (i.e., the customer who is located
between the G1G2 line and B1B2 line in Figure 3) buys a generic consumable, while if the
utility level is below the B1B2 line, the customer buys the brand consumable.

Demand
𝑞𝐵

B1
𝑈𝐵 (𝑡)

G1

𝑈𝐺 (𝑡|𝜀 = 0)

𝐷𝐺

G2

𝐷𝐵

0

B2
1

𝑡0

Time

Figure 3. Change in demand over time

Thus, under our setting, demand functions are defined as follows:
𝐷𝐵 (𝑡) = 𝑈𝐵 (𝑡) = (1 − 𝑡)𝑞𝐵 .
𝐷𝐺 (𝑡) = {

0
𝑖𝑓 0 ≤ 𝑡 < 𝑡 0
,
𝑈𝐺 (𝑡) − 𝑈𝐵 (𝑡) = 𝑝𝐵 − 𝑝𝐺 − (1 − 𝑡)(𝑞𝐵 − 𝑞𝐺 ) 𝑖𝑓 𝑡 0 ≤ 𝑡 ≤ 1
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(3)
(4)

where 𝑡 0 = 1 − (𝑝𝐵 − 𝑝𝐺 )⁄(𝑞𝐵 − 𝑞𝐺 ).
Finally, by assuming that prices are independent of the demand size, the profit functions are
determined as follows:
𝜋𝑀 (𝑤𝐵 |𝑡) = (𝑤𝐵 − 𝑐𝐵 )𝐷𝐵 (𝑡)
(5)
𝜋𝑇 (𝑤𝐺 |𝑡) = (𝑤𝐺 − 𝑐𝐺 )𝐷𝐺 (𝑡)
(6)
𝜋𝑅 (𝑝𝐵 , 𝑝𝐺 |𝑡) = (𝑝𝐵 − 𝑤𝐵 )𝐷𝐵 (𝑡) + (𝑝𝐺 − 𝑤𝐺 )𝐷𝐺 (𝑡)
(7)
Note that 𝑐𝐵 and 𝑐𝐺 are the exogenously given unit production cost of brand and generic
products, respectively.
3. Model Analysis
3.1. Optimal solutions
The timing of decisions is determined as follows: First, a brand manufacturer decides the
wholesale price, and then a retailer sets its retail price. Next, a third-party firm determines the
wholesale price of the generic product in response to the sales of the brand product, and finally,
the retailer decides on the retail price of the generic product. Note that this timing reflects a
situation in which a brand product is introduced into the market first and a compatible product
manufactured by a third-party company enters the market later.
Following this decision-making sequence, the optimal solutions can be determined by
solving the profit functions using backward iteration. Proposition 1 presents the optimal
decisions.
Proposition 1.
The optimal prices that can achieve the maximum profit for each firm are:
(a) 𝑝𝐵∗ (𝑡) = 𝑝̅𝐵 and 𝑤𝐵∗ (𝑡) = 𝑤
̅𝐵 .
1

(b) 𝑝𝐺∗ (𝑡) = 4 {3𝑝̅𝐵 + 𝑐𝐺 − 3(1 − 𝑡)(𝑞𝐵 − 𝑞𝐺 )}

and

1

𝑤𝐺∗ (𝑡) = 2 {𝑝̅𝐵 + 𝑐𝐺 − (1 − 𝑡)(𝑞𝐵 −

𝑞𝐺 )}.
1

(c) 𝜋𝑅∗ (𝑡) = (𝑝̅𝐵 − 𝑤
̅ 𝐵 )(1 − 𝑡)𝑞𝐵 + 16 {𝑝̅𝐵 − 𝑐𝐺 − (1 − 𝑡)(𝑞𝐵 − 𝑞𝐺 )}2 ,
1

𝜋𝑇∗ (𝑡) = 8 {𝑝̅𝐵 − 𝑐𝐺 − (1 − 𝑡)(𝑞𝐵 − 𝑞𝐺 )}2 , and
∗ (𝑡)
𝜋𝑀
= (𝑤
̅ 𝐵 − 𝑐𝐵 )(1 − 𝑡)𝑞𝐵 .
Note that 𝑝̅𝐵 and 𝑤
̅ 𝐵 are the maximum retail and wholesale prices, respectively.
Proof. Following the aforementioned timing of decisions, the optimal solutions can be obtained
by simple calculation with backward iteration. (Q.E.D.)

Lemma 1 shows the sensitivity analyses of the optimal values with respect to several key
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parameters:
Lemma 1.
(a)
(b)
(c)

∗
𝜕𝑝𝐵

𝜕𝑞𝐵
∗
𝜕𝑝𝐵

𝜕𝑞𝐺
∗
𝜕𝑝𝐵

𝜕𝑡

= 0,
= 0,
= 0,

∗
𝜕𝑤𝐵

𝜕𝑞𝐵
∗
𝜕𝑤𝐵

𝜕𝑞𝐺
∗
𝜕𝑤𝐵

𝜕𝑡

= 0,
= 0,
= 0,

∗
𝜕𝑝𝐺

𝜕𝑞𝐵
∗
𝜕𝑝𝐺

𝜕𝑞𝐺
∗
𝜕𝑝𝐺

𝜕𝑡

< 0,
> 0,
> 0,

∗
𝜕𝑤𝐺

𝜕𝑞𝐵
∗
𝜕𝑤𝐺

𝜕𝑞𝐺
∗
𝜕𝑤𝐺

𝜕𝑡

< 0,
> 0,
> 0,

∗
𝜕𝜋𝑅

𝜕𝑞𝐵
∗
𝜕𝜋𝑅

𝜕𝑞𝐺
∗
𝜕𝜋𝑅

𝜕𝑡

< 0,
> 0,
> 0,

∗
𝜕𝜋𝑇

𝜕𝑞𝐵
∗
𝜕𝜋𝑇

𝜕𝑞𝐺
∗
𝜕𝜋𝑇

𝜕𝑡

< 0, and
> 0, and
> 0, and

∗
𝜕𝜋𝑀

𝜕𝑞𝐵
∗
𝜕𝜋𝑀

𝜕𝑞𝐺
∗
𝜕𝜋𝑀

𝜕𝑡

> 0.
< 0.
< 0.

Proof. One can easily verify the direction of the derivatives. (Q.E.D.)
We know from Proposition 1 and Lemma 1 that, as a product design issue, both brand and thirdparty consumables tend to be designed to be of high quality. This is consistent with observations
of the real consumable market: The brand manufacturer often adds more than necessary
functionalities and features to its product, which is one reason for the worldwide sales slump in
Japanese electronic appliances, such as flat panel TVs and smartphones. On the other hand, a
producer of generic products often mimics a brand product as closely as possible and claims
that the generic item possesses the same or nearly the same quality level as the brand item,
which often results in a law suit due to patent and/or trademark violation. Second, the profit of
a brand manufacturer collapses over time while that of the third-party firm and retailer increases
over time. This implies that a retailer tends to make an effort to sell generic products, and this
effort may increase as time goes byafter starting to sell the durable product at time 0
although the brand manufacturer does not like the sale of generic products. Third, the optimal
retail and wholesale prices of the brand product are fixed as high as possible while those of the
generic product are time-variable and increases over time. However, it is common in real retail
situations for the price of a generic item to also be fixed, or at least to increase in price
infrequently. Marketing considerations, such as the cost of changing the price that a retailer has
to pay for a product, can explain the fixed price of the generic item.
4. Supply Chain Coordination
4.1. Optimal solution of the integrated system
This section considers whether a supply chain system of the three firms that produce and sell
both brand and generic consumable can achieve the global optimum, and if yes, how. First, to
determine the global optimal profit of the entire system, the profit function of the integrated
system is determined as:
𝜋𝐼 (𝑝𝐵 , 𝑝𝐺 |𝑡) = (𝑝𝐵 − 𝑐𝐵 )𝐷𝐵 (𝑡) + (𝑝𝐺 − 𝑐𝐺 )𝐷𝐺 (𝑡)
= (𝑝𝐵 − 𝑐𝐵 )(1 − 𝑡)𝑞𝐵 + (𝑝𝐺 − 𝑐𝐺 ){𝑝𝐵 − 𝑝𝐺 − (1 − 𝑡)(𝑞𝐵 − 𝑞𝐺 )}.
(8)
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Solving Equation (8) simultaneously with respect to 𝑝𝐵 and 𝑝𝐺 , the global optimal solutions
are decided as shown in Proposition 2.
Proposition 2.
The optimal prices of the integrated system are:
1

(9)

(a) 𝑝𝐵0 = 𝑝̅𝐵 , 𝑝𝐺0 = 2 {𝑝̅𝐵 + 𝑐𝐺 − (1 − 𝑡)(𝑞𝐵 − 𝑞𝐺 )}.
(b) 𝑝𝐵0 = 𝑝𝐵∗ and 𝑝𝐺0 < 𝑝𝐺∗
1

(c) 𝜋𝐼0 = (𝑝̅𝐵 − 𝑐𝐵 )(1 − 𝑡)𝑞𝐵 + 4 {𝑝̅𝐵 − 𝑐𝐺 − (1 − 𝑡)(𝑞𝐵 − 𝑞𝐺 )}2 .
3

∗
+ 𝜋𝑇∗ + 𝜋𝑅∗ = (𝑝̅𝐵 − 𝑐𝐵 )(1 − 𝑡)𝑞𝐵 + 16 {𝑝̅𝐵 − 𝑐𝐺 −
(d) 𝜋𝐼0 > 𝜋𝐼∗ , where 𝜋𝐼∗ = 𝜋𝑀

(1 − 𝑡)(𝑞𝐵 − 𝑞𝐺 )}2 is the total profit of the non-integrated system.
Note that the superscript “0” denotes the optimum of the integrated system.
Proof. (a)

𝜕𝜋𝐼
𝜕𝑝𝐵

= (1 − 𝑡)𝑞𝐵 + 𝑝𝐺 − 𝑐𝐺 > 0 from the assumption. Thus, 𝑝𝐵0 = 𝑝̅𝐵 .

𝜕𝜋𝐼
𝜕𝑝𝐺

=

1

𝑝𝐵 − 2𝑝𝐺 − (1 − 𝑡)(𝑞𝐵 − 𝑞𝐺 ) + 𝑐𝐺 . Then, 𝑝𝐺0 = 2 {𝑝̅𝐵 + 𝑐𝐺 − (1 − 𝑡)(𝑞𝐵 − 𝑞𝐺 )}. (b) 𝑝𝐺∗ −
1

𝑝𝐺0 = 4 {𝑝̅𝐵 − 𝑐𝐺 − (1 − 𝑡)(𝑞𝐵 − 𝑞𝐺 )} . Since (4) is positive and 𝑝𝐺 > 𝑐𝐺 , then 𝑝̅𝐵 − 𝑐𝐺 −
(1 − 𝑡)(𝑞𝐵 − 𝑞𝐺 ) > 0. (c) Plugging the optimal values of (9) into (8), we obtain 𝜋𝐼0 . (d) Simple
calculation can prove 𝜋𝐼0 > 𝜋𝐼∗ . (Q.E.D.)
Proposition 2 indicates that the retail prices in the non-integrated model become higher than in
the integrated model, which is a common outcome of double marginalization. The managerial
challenge of whether an adequate transfer of money between firms can results in optimal global
performance and whether the money transfer will lead to a win-win solution in which all the
firms in the system earn higher profits is a highly discussed research theme in operations
management (the supply chain contract issue). The next subsection explores an opportunity for
supply chain coordination.
4.2. Supply chain coordination under brand vs. generic competition
This subsection considers whether a supply chain system under competition between brand and
generic products can be coordinated, and if yes, how. In particular, we examine three
coordination methods: the fixed amount of money that is transferred between the brand and
generic manufacturers (hereafter the lump-sum transfer case); the transfer money that is
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proportional to the amount of the sales of the generic product and transferred between the brand
and generic manufacturers (hereafter the royalty payment case); and the revenue sharing among
the supply chain members where the retailer that sells both generic and brand items leads the
allocation of the revenue (hereafter the retailer involvement case). These three cases are
visualized in Figure 4.
Fixed money transfer

B

L

3P

Transfer money
proportional to demand

B

𝛿𝐷

3P

Retailer coordinates
money transfers

3P

B
𝑇𝐵 & 𝑇𝑅

R

R

R

(a) Lump-sum payment case.

(b) Royalty payment case

(c) Retailer involvement case

Figure 4. Three types of money transfer setting

This paper focuses on competition where a third-party firm produces and sells a product that
is similar to the brand product, which may result in conflict, such as violation of a patent and/or
trademark. Thus, in the first two cases, a third-party firm pays some compensation money to
the brand manufacturer to obtain official permission to sell the similar products. The payment
of a royalty fee to use the patent of the brand firm is a good example of this type of
compensation. On the other hand, the third approach could be a situation in which a retailer that
earns profit by selling both brand and generic products plays the role of coordinator by
adequately allocating revenue among the three firms. Although competition between brand and
generic items may undermine the profitability of the manufacturers, the retailer could benefit
from selling two competing brands. If so, it is natural that the retailer would plays a key role in
supply chain coordination.
First, we consider the lump-sum transfer case, in which a third-party firm pays L(>0) amount
of money to the brand manufacturer as a sort of one-time royalty fee payment to use the patent
of the brand firm (see Figure 4-(a)). Lemma 2 answers whether the lump-sum transfer can
coordinate the entire system.
Lemma 2.
When a brand manufacturer charges a fixed loyalty fee (𝐿 > 0) to the third party manufacturer,
the optimal values are determined as follows:
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1

(a) 𝜋𝑅# (𝑡) = (𝑝̅𝐵 − 𝑤
̅ 𝐵 )(1 − 𝑡)𝑞𝐵 + 16 {𝑝̅𝐵 − 𝑐𝐺 − (1 − 𝑡)(𝑞𝐵 − 𝑞𝐺 )}2,
1

𝜋𝑇# (𝑡) = 8 {𝑝̅𝐵 − 𝑐𝐺 − (1 − 𝑡)(𝑞𝐵 − 𝑞𝐺 )}2 − 𝐿, and
# (𝑡)
𝜋𝑀
= (𝑤
̅ 𝐵 − 𝑐𝐵 )(1 − 𝑡)𝑞𝐵 + 𝐿.
# (𝑡)
# (𝑡)
# (𝑡)
(b) 𝜋𝑅
+ 𝜋𝑇
+ 𝜋𝑀
= 𝜋𝐼∗ (𝑡) < 𝜋𝐼0 (𝑡).
Note that the superscript “#” denotes the lump-sum transfer case.
# (𝑡)=𝜋 ∗
∗
∗
Proof. From the definition of L, 𝜋𝑅# (𝑡) + 𝜋𝑇# (𝑡) + 𝜋𝑀
𝑀 (𝑡) + 𝜋 𝑇 (𝑡) + 𝜋𝑅 (𝑡). Then, from
Proposition 2, 𝜋𝐼∗ (𝑡) < 𝜋𝐼0 (𝑡). (Q.E.D.)

Next, we study the royalty transfer case, in which a third-party firm pays 𝛿(> 0) amount of
money per unit production to the brand manufacturer, that is, the patent royalty is proportional
to the production size (see Figure 4-(b)). Lemma 3 examines the possibility of the supply chain
coordination of the loyalty transfer case.
Lemma 3.
When a brand manufacturer charges the third-party manufacturer a royalty fee per unit (𝛿 >
0), the optimal values are determined as follows:
(a) 𝑝𝐵+ (𝑡) = 𝑝̅𝐵 and 𝑤𝐵+ (𝑡) = 𝑤
̅𝐵 .
1

1

(b) 𝑝𝐺+ (𝑡) = 4 {3𝑝̅𝐵 + 𝑐𝐺 − 3(1 − 𝑡)(𝑞𝐵 − 𝑞𝐺 ) + 𝛿} and 𝑤𝐺+ (𝑡) = 2 {𝑝̅𝐵 + 𝑐𝐺 −
(1 − 𝑡)(𝑞𝐵 − 𝑞𝐺 ) + 𝛿}.
1

(c) 𝜋𝑅+ (𝑡) = (𝑝̅𝐵 − 𝑤
̅ 𝐵 )(1 − 𝑡)𝑞𝐵 + 16 [{𝑝̅𝐵 − 𝑐𝐺 − (1 − 𝑡)(𝑞𝐵 − 𝑞𝐺 )}2 − 𝛿 2 ],
1

1

𝜋𝑇+ (𝑡) = 8 {𝑝̅𝐵 − 𝑐𝐺 − (1 − 𝑡)(𝑞𝐵 − 𝑞𝐺 )}2 − 4 𝛿{𝑝̅𝐵 − 𝑐𝐺 − (1 − 𝑡)(𝑞𝐵 − 𝑞𝐺 ) − 𝛿}, and
1

+ (𝑡)
𝜋𝑀
= (𝑤
̅ 𝐵 − 𝑐𝐵 )(1 − 𝑡)𝑞𝐵 + 4 𝛿{𝑝̅𝐵 − 𝑐𝐺 − (1 − 𝑡)(𝑞𝐵 − 𝑞𝐺 ) − 𝛿}.
+ (𝑡)
(c) 𝜋𝑅+ (𝑡) + 𝜋𝑇+ (𝑡) + 𝜋𝑀
< 𝜋𝐼0 (𝑡)
Note that the superscript “+” denotes the royalty transfer case.

Proof. Assuming that the wholesale price that a third-party firm pays is 𝑤𝐺 − 𝛿 and that of a
brand manufacturer is 𝑤𝐵 + 𝛿, we obtain the results by following the solution processes of
Proposition 1. (Q.E.D.)
Third, we consider the retailer coordination case, in which the retailer, which can benefits from
selling two brands, plays a key role in money transfer coordination (see Figure 4-(c)).
Proposition 3 answers whether the retailer coordination case can coordinate the system and
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shows one example of how to determine the amount of revenue sharing.
Proposition 3.
1

(a) If setting 𝑝𝐵𝑐 = 𝑝̅𝐵 𝑤𝐵𝑐 = 𝑤
̅ 𝐵 , and 𝑝𝐺𝑐 = 𝑤𝐺𝑐 = 𝑤𝐺0 = 2 {𝑝̅𝐵 + 𝑐𝐺 − (1 − 𝑡)(𝑞𝐵 − 𝑞𝐺 )}, the
1

̅ 𝐵 − 𝑐𝐵 )(1 − 𝑡)𝑞𝐵 , 𝜋𝑇𝑐 = {𝑝̅𝐵 − 𝑐𝐺 − (1 − 𝑡)(𝑞𝐵 − 𝑞𝐺 )}2,
profits are determined as 𝜋𝐵𝑐 = (𝑤
4
and 𝜋𝑅𝑐 = (𝑝̅𝐵 − 𝑤
̅ 𝐵 )(1 − 𝑡)𝑞𝐵 .
1

(b) 𝜋𝐼0 = 𝜋𝐼𝑐 ≡ 𝜋𝐵𝑐 + 𝜋𝑇𝑐 + 𝜋𝑅𝑐 = (𝑝̅𝐵 − 𝑐𝐵 )(1 − 𝑡)𝑞𝐵 + 4 {𝑝̅𝐵 − 𝑐𝐺 − (1 − 𝑡)(𝑞𝐵 − 𝑞𝐺 )}2
2

𝛼

(c) Define the transfer money as 𝑇𝑅 ≡ 16 {𝑝̅𝐵 − 𝑐𝐺 − (1 − 𝑡)(𝑞𝐵 − 𝑞𝐺 ))} + 𝛿𝑅 , 𝑇𝑀 ≡ 𝛿𝑀
and 𝑇𝑇 ≡

1−𝛼
16

2

{𝑝̅𝐵 − 𝑐𝐺 − (1 − 𝑡)(𝑞𝐵 − 𝑞𝐺 ))} − 𝛿𝑅 − 𝛿𝑅 , where 𝛼 ∈ (0,1), 𝛿𝑅 > 0 and

𝛿𝑀 > 0 are small enough for 𝑇𝑇 to be positive. Then, there is the combination of 𝑇𝑅 , 𝑇𝑀
and 𝑇𝑇 that can achieve coordination and win-win: (𝜋𝐵𝑐 + 𝑇𝐵 ) + (𝜋𝐵𝑐 + 𝑇𝐵 ) + (𝜋𝑇𝑐 + 𝑇𝑇 ) =
𝜋𝐵𝑐 + 𝜋𝑇𝑐 + 𝜋𝑅𝑐 = 𝜋𝐼0 , 𝜋𝐵𝑐 + 𝑇𝐵 > 𝜋𝐵∗ , 𝜋𝑅𝑐 + 𝑇𝑅 > 𝜋𝑅∗ , and 𝜋𝑇𝑐 + 𝑇𝑇 > 𝜋𝑇∗ .
Note that the superscript “c” denotes the retailer involvement case.
Proof. (a, b)One can obtain the result using simple calculation. (c) Setting α = 0.5, one can
easily show that the corresponding 𝑇𝑅 , 𝑇𝑀 and 𝑇𝑇 achieve coordination and create a win-win
situation. (Q.E.D.)
In sum, as Lemmas 2 and 3 show, money transfer only between the two manufacturers does not
achieve the global optimum, although such a transfer design is not uncommon in the case where
a second-mover firm, such as a small third-party company whose product is similar to the
original product made by the brand pioneer firm, must use the patent of the brand firm. Instead,
Proposition 3 suggests that if the retailer considers the competition between brand and generic
products in the supply chain contract design, win-win supply chain coordination becomes
possible. Note that Proposition 3 implies a situation in which a third-party firm is supposed to
pay money according to the amount of retailer sales, and the retailers must pay for the ability
to sell popular brand products. The former case is considered consignment and the latter is
regarded as a license fee, which is common when the brand manufacturer has negotiation power
and the retailer is a chain distributor (e.g., supermarkets, large appliance shops).
In conclusion, our analyses provide interesting insights regarding the competition between
brand and generic consumables:
1. Even though customers’ quality perception collapses over time and customer’s switching
from brand to generic consumables occurs, the brand product should always retain the
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highest possible retail and wholesale prices, and thus no dynamic price adjustment is
necessary for the brand product.
2. The price of a generic consumable should increase over time to ensure the highest profit,
although dynamic pricing is not always adopted in real sales situations.
3. A retailer can maintain its profitability by selling generic consumables in addition to brand
consumables, although a brand manufacturer that makes only a brand consumable may lose
its profitability over time.
4. Although competition between brand and generic consumables is a managerial issue
between the brand and third-party companies, the transfer of money only between these
manufacturers does not guarantee supply chain coordination. Instead, once a retailer that
sells both products is involved in the money transfer, win-win supply chain coordination
may be achieved.
5. CONCLUDING REMARKS
A razor and razor blade model, in which a firm earns profit not by selling a consumer durable
good but by selling consumable items that are required to use that durable good, has become
increasingly important for consumer products, such as disposal razors, printer ink toner, and
automobile after-sales programs. At the same time, low-price and low-quality third-party
generic products are commonly introduced to the market. While such low-priced generic
consumables are welcomed by price-conscious customers, the brand manufacturers often
attempt to inhibit the sales of such products, which might undermine their profitability. This
paper considers the competition between brand and generic consumable items when the utility
that users gains from the usage of consumables decreases over time and switching from a brand
consumable to a generic consumable occurs. We then examine whether sales of both brand and
generic items are beneficial for a brand manufacturer, a third-party manufacturer, or a retailer,
and whether there is an opportunity to achieve the global optimum by establishing a money
transfer contract.
Using an analytical approach, we determine the optimal prices and the maximum expected
profit for each firm in the supply chain. We find that the brand product should maintain the
highest possible retail and wholesale prices over the entire product life, whereas the price of the
generic product should vary and increase over time. In contrast, if one assumes an integrated
system in which one decision-maker controls the entire system, then the brand consumable
should always keep the highest price, which is the same as in the non-integrated system, while
the price of a generic consumable should be set lower than that in the non-integrated system.
Furthermore, we investigate the possibility of supply chain coordination. We find that although
the brand vs. generic competition is principally a managerial issue between brand and third-
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party manufacturers, revenue sharing involving the retailer that sells both the products is key to
resolving double marginalization. This finding implies that even a brand manufacturer can
benefit from the sales of a compatible generic product made by a third-party firm although the
existence of generic products is generally believed to undermine the performance of the brand
firm and that a retailer can play a key role in the realization of supply chain coordination.
There remains room for further research. For example, quality levels in this paper are
assumed to be constant. However, customers’ perception of quality declines quickly in hightech products, so including the dynamic change of quality level would be an interesting
extension. Second, our model considers the sales of consumables that a certain group of durable
users will buy, and this is a sort of snapshot of their sales behavior over the product life cycle.
However, it is a meaningful challenge to analyze the sales and competition between brand and
generic consumables during the entire life cycle of the durable product.
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ABSTRACT: Research in recent years has resulted in an accumulation of knowledge about
supply chain quality management (SCQM) for both manufacturing and service companies.
However, SCQM is a relatively new management philosophy and some of its important issues
still remain unclear. Based on the rigorous literature selection, we focused our analysis on 11
ABS 4*, 3*, and 2* journals (49 papers). We classified the literature through clarifying their
methodologies, focus of research in terms of industries and geographical area, SCQM factors,
SCQM performance indicators, SCQM practices, SCQM results, and limitations. Based on
this research approach, we found that even though QM and SC management have been
discussed extensively, few studies examined them jointly. Moreover, past studies on SCQM
practices have focused on the intra-organizational level. For the studies that focused on the
inter-organizational level, they predominantly incorporated the supplier side of the SC and
overlooked the customer side of SC. Furthermore, we also found SCQM study on developing
countries, the role of which is increasingly important for global SCs, is insufficient. Therefore,
we propose a comprehensive SCQM framework that is composed of supplier-side practices,
companywide practices, customer-side practices, operational performances, and financial
performances. This framework builds a solid foundation for the future empirical study to
understand the relationship between SCQM practices and performances. Moreover, the
clarified future research opportunities can foster progress towards more integrated SCQM
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studies, especially in emerging markets. Furthermore, our paper also highlights the best
practices and effects of SCQM, which support practitioners to rethink the importance of
SCQM in their companies and to direct the application of SCQM.

KEYWORDS: Supply chain quality management; literature review; research opportunity
TOPICS: Quality and Productivity/Risk Management; Supply Chain Design, Integration and
Network
WORD COUNT: 1704

PURPOSE:
Recent product recalls and scandals of various industries attract world’s attention to quality
issues. For instance, Takata, the global first-tier automotive supplier, used ammonium nitratebased propellant in its inflators that caused airbag ruptures, leading to a US recall of 28
million vehicles in 2015 (FT, 2016). 16 countries in Europe have been involved in the
scandals of detecting horsemeat in the beef burger and the raw beef meat, for which several
food companies and supermarkets had to pull off products from shelves in 2013 (Antonella et
al., 2015). Due to the non-compliance of pondus hydrogenii value, colour fastness and
carcinogens content, H&M, Zara, Gucci and Dior were listed on the Chinese garment
blacklist in 2015 (China Daily, 2015). Such incidents have revealed that quality problems in
the Supply Chain (SC) can result in tremendous implications for consumer confidence and
brand reputation. This risk is becoming more frequent and difficult to mitigate in long and
geographically spread SCs (Das, 2011). With global SCs becoming longer and more complex,
focusing on Quality Management (QM), which emphasises company-wide continuous
improvement cannot solve such quality scandals efficiently (Flynn and Flynn, 2005).
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Deploying and aligning both QM and SC management could, potentially, reduce the risk of
such product recall incidents occurring (Kuei et al., 2011). Therefore, Supply Chain Quality
Management (SCQM), which involves QM and SC to supervise quality along the SC through
a transparent channel, are attracting more attention from industry and academia
(Vanichchinchai & Igel, 2011).

Foster (2008, p.461) regarded SCQM as a “systems-based approach” of continuous
improvement through the cooperation of all SC members. SCQM has a horizontal perspective,
in which each party contributes to the others’ development and results in better business
performance (Flynn and Flynn, 2005). It integrates upstream and downstream continuous
improvement processes and expands QM from an internal focus to an external integration of
all SC members (Sun & Ni, 2012). Meanwhile, it is also an extension of SC management
through its enhancement of SC competencies, by implementing QM practices for each party
in the whole SC (Kuei et al. 2008). Hence, SCQM designs a systematic blueprint of SC level
quality plan (Kuei et al., 2011, Hu et al., 2015). Recently, researchers have proposed different
frameworks to address quality practices within the supply chain context. For instance,
Robinson and Malhotra (2005) summarized quality practice, SC quality leadership, and
internal process integration as SCQM factors; Li et al. (2011) selected SCOR model to test
the SCQM influences; Kuei et al. (2011) categorized four SCQM themes, which were design
for six sigma, international standards, SC management and global leadership. Further, Hu et
al. (2015) categorized SCQM into four parts, which are companywide SCQM, supplier-side
SCQM, customer-side SCQM, and SCQM performances. Therefore, we aimed to re-visit the
literature and critically review past research in order to identify the status quo of our
understanding in relation to SCQM. Based on a structured and systematic literature review,
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we aimed to scope and define the elements of the concept in relation to other relevant
concepts, and develop a framework that shows the interrelationship among the key SCQM
factors, and their impact on performance. Based on this approach, we clarify research gaps
and identify avenues for future research.

DESIGN:
We used ProQuest’s ABI/INFORM global database to select and analyse papers that studied
SCQM. The database was searched for key phrases, such as “supply chain quality”, “supply
chain and quality”, “quality in supply chain”, and “supply chain in quality” present in the
document title, abstract, and text of peer-reviewed international scholarly journals. We
focused our analysis on 11 ABS 4*, 3*, and 2* journals, which generated 49 relevant papers.
We then analysed the selected papers by clarifying their methodologies, focus of research in
terms of industries and geographical area, SCQM factors, SCQM performance indicators,
SCQM practices (including relevant enablers and inhibitors), SCQM results and limitations.
Through reading and re-reading the papers we were able to classify the information provided
by the authors for each of the categories under investigation.

FINDINGS:
We found that even though QM and SC management have been researched extensively in the
literature, few studies examined them jointly. Interestingly, past studies on SCQM practices
have focused on the intra-organisational level (mainly on the QM practices). For the studies
that focused on the inter-organisational level, they predominantly incorporated the upstream
side of the SC (Zeng et al., 2013). Further, there is a lack of studies in recent SCQM literature
on developing countries, the role of which is increasingly important for global SCs (Foster,
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2008; Flynn et al., 2013, Hu et al., 2015). Furthermore, by summarizing the most significant
SCQM factors and categorizing SCQM performances, we propose a comprehensive SCQM
framework that includes supplier-side practices, companywide practices, customer-side
practices, operational performances, and financial performances. Additionally, our paper also
suggests that SCQM in emerging market, especially in China, should attract scholars to
conduct more empirical research based on the research gaps and research avenues identified
in our paper. The development of digital techniques, involving big data and the internet (e.g.
communication with suppliers; collecting customer feedback), can assist in further
researching SCQM.

CONTRIBUTION:
To date, there has been no systematic and structured literature review of SCQM. Our paper
and the developed conceptual framework contribute to both theory and practice. It clarifies
the research stage, conceptualises SCQM, and identifies emerging research trends. The
various aspects, as well as enablers of SCQM, are explored revealing the complexity of this
multi-dimensional concept. SCQM is a relatively new philosophy, and the theory
development is an important contribution to understanding the concept. Moreover, the
proposed conceptual framework provides a significant foundation for future empirical
examination for understanding the relationship between these complex concepts. The clarified
future research opportunities can foster progress towards more integrated SCQM studies. In
addition to the theoretical contribution, our paper highlights the best practices and functions
of SCQM, which assist practitioners to rethink the importance of SCQM in their companies
and to guide the implementation of SCQM. It is important that firms become more
knowledgeable about the role of SCQM confronting the business challenges.
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ABSTRACT
While online shopping websites are facing the difficulties of price and low-quality
competition, cross-border online shopping is on a vigorous development trend, showing that
cross-border online shopping is an important trend of online shopping field. Due to the
complexity of cross-border online shopping is much higher than the traditional domestic
online shopping, so understanding the value of cross-border online shopping consumers is the
most important success factors. Companies want to develop new markets abroad, must
understand the local consumer’s behaviour and their decision-making process in order to
make good business strategies.
This study uses the Internet big data analytic technology, semantic analysis techniques, and
support-vector-machine classification technology, we identify characteristics of consumers’
reviews and the common categories of goods they purchased.
After obtained the reason why consumers use cross-border online shopping service and what
values they got in this service. Researcher can predict and analyse the evolution and
development of cross-border online shopping, provide reference for future online shopping
academic studies and online shopping industry’s decision-making.
KEYWORDS
Cross-Border Online Shopping Behaviour, Consumer Personal Value, Online Review
Analytic, Sentiment Analysis
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INTRODUCTION
Online shopping is not only breaking the previous geographical barriers, also continued
spawned new business models. Because internet without borders restrictions and time
constraints, the number of cross-border shopping consumer increasing every year. According
to the report of Eurobarometer (European Commission, 2006, 2008, 2010, 2011, 2012, 2013),
the number of EU cross-border online shopping grew twice from 2006 to 2013. Institute for
Information Industry (III) (2013)” Taiwan online shopping behaviour analysis”, also showed
that among online shoppers in Taiwan, 36.3% has experience of cross-border online shopping,
growth of 5.3% compared with 2012. Showing upward growth trend. Taobao double eleven
activities, also causes a trend of cross-borders online shopping in Taiwan, according to the
III’s FIND Survey (III, 2015a), about 30% of Taiwanese online shoppers shopped at foreign
platform in November 11. There will be more and more consumers shop at .foreign websites.
"Cross-border online shopping" has gradually become one of the familiar way to shop.
According to III’s FIND data (III, 2015b) shows that in 2015 the top three platform that
Taiwanese shoppers shopping most often are Taobao (83%), Tmall (25%), and AMAZON
(15%) (Zheng, 2015). According to III’s MIC (III, 2009) Analysis of Taiwan online shopping
trend, 18.2% of Taiwanese e-commerce stores have stared the cross-border business, 28.1%
plan to enter this field in the future and 60.4% of them plan to expand the Chinese mainland
market. Estimated that by 2018 Cross-border shopping population in China will reach 3,560
million (III, 2015b), showing that cross-border online shopping is an important trend of online
shopping field.
User review and use intention are mutual related. For example, researches indicate that APP’s
download is related to user reviews (Mark Harman, 2012) and influence the following
development. Interview is a common way to collect user reviews. Interviewer asks questions
to respondent according to research problems. Try to find out the answers by asking again and
again. But conducting interview need to overcome some situations like high costs, recording
difficulties and processing data, etc. According to Mayo’s Hawthorn experiment (1945),
people’s performance will be influenced when they got extra attentions. Nowadays, we can
collect many information from shopping platforms like product classifications, sales, reviews
and ratings. They are all worth analysing. Therefore, this research will analyse online user
reviews by text mining. Try to find out the influence of eWOM to consumer intention by
numerous data and objective analysis.
In particular, this research will discuss on the following problems:
1. Analyse review common type and product classification
2. Find out which product classification is easily be influenced by consumer reviews
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LITERATURE REVIEW
Challenge of Cross-Border Online Shopping and Related Research
Cross-border online shopping is an enterprise or individuals from different countries and
regions through online shopping platform deal, payment and delivery of goods through
cross-border logistics to complete the international transaction. The most famous international
cross-border online shopping platform includes eBay, Amazon, and Taobao witch people in
Taiwan widely used. Popularity of cross-border online shopping also contributed to the
mutual cooperation among enterprises, Cross-border Ecommerce Community (CBEC) was
launched in 2013, designed to be the knowledge center of cross-border online shopping, in a
non-competitive manner and in cooperation with other companies to share knowledge.
Online shopping output value increased year by year, the online shopping population is also
growing rapidly, it causing many scholars’ attention. Analysed past research of online
shopping motivation, this study found that main focus can be divided into the demographic
variable and online shopping experience. In the studies of demographic variable, the most
often studied variables were age (Teo 2001; Joines et al 2003; Sorce et al 2005; Dholakia &
Uusitalo 2002) and gender (Teo 2001; Dholakia & Uusitalo 2002), other demographic
variables such as education, income (Mishra 2015), etc. there are also studies. In the study of
online shopping experience, the most common theme is past consumer online shopping
experiences (Foucault & Scheufele 2002; Brown et al, 2003; Huang & Oppewal 2006) and
peer influence (Foucault & Scheufele 2002; Vijayasarathy 2004; Barkhi & Wallace 2007),
other studies such as impact of region, product categories or logistic (Gomez-Herrera et
al.2014), there are also have some literatures.
Electronic Word-Of-Mouth
Past literatures indicated that consumer referenced eWOM as decision information before
buying products or services (Mohajan 1984; Bone 1995). Many researchers (Amblee & Bui
2007; Buttle 1998) also indicated the two most important characteristics are valence and
volume. The reason that these two characteristics have mutual relationship is valence affect
consumers when making decision. It can generate persuasion to consumers and make their
attitude change. Volume provides product information. When consumers receive much more
eWOM, they know more about the product. Banerjee (1992) thought there’s a herding
phenomenon when consumers making decisions. They are easily influenced by others. Thus,
consumers’ attitude toward products is easily influenced by eWOM. If we from a marketing
aspect, Buttle (1998) indicated valence has two parts: positive and negative. Some research
considered the ratings on the site as positive and negative eWOM. The higher is positive; the
lower is negative (Davis & Khazanchi 2008).
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Sentiment Analysis
Sentiment opinion mining do extraction, detection and processing from data set by text
mining skills. To find out the speakers attitude, emotion or opinion toward specific subject or
object. Common way is to analyse text semantic orientation and conduct sentiment analysis
referring to adjective, which includes opinion polarity and opinion strength. In the process of
dealing opinion polarity, it divides into three cases: positive, negative and neutral. For
classification of sentiment analysis, it divides into three levels: document-level, sentence-level
and aspect-level. According to our data, it can be divided into words, terms and documents
levels. For example, “beautiful” belongs to positive adjective; “ugly” belongs to negative
adjectives. Words can compose statements, statements opinion polarity can be determined by
the overall words’ opinion polarity. Similarly, documents’ opinion polarity can also be
determined from words or statements. When domain is selected, we are interested in
reviewers’ emotion from a multiple aspects. In addition, most of the reviews are mixed with
positive and negative emotions. It is not appropriate to determine the overall sentiment
polarity from a document level. In this case, concept level is more applicable to do sentiment
analysis from positive or negative. Concept level can also be called characteristic level. The
purpose is to find out descriptive objects of emotional words in the file. For example, “the
cake is delicious”. “Delicious” corresponds to “cake”. “Delicious” is the “cake” entity’s
aspect, also called feature.
Text Classification
The form of eWOM can be text, audio, image and video etc. The most important type is text.
There are many classification methods such as decision tree, Bayesian classification, support
vector machine (SVM) and the kth nearest neighbour (kNN). The research in recent years
indicated if the category label of data is known, the most common application of classification
are SVM or kNN.
RESEARCH PROCESS AND METHOD
Past two years, big data used in various industries. If we want to collect product categories or
discussions on the internet, manual monitoring in network data is required. It is difficult and
time-wasting to compare between competitors. This study collects consumers’ reviews from
“Taobao Taiwan” by text mining skills. After that, use sentiment analysis techniques to filter
out representative reviews. Finally, through word frequency analysis and SVM algorithm,
generalize the most frequently purchased product categories and review patterns in
cross-border online shopping of consumers in Taiwan. This will help companies understand
consumer demand.
Big data analysis methods and the reason why using it:
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This study analyses whether consumer reviews affect sales and helps online shopping
platform industry understand the advantages and disadvantages. In this study, use Python web
crawler to collect data from “Taobao Taiwan” and retrieve consumer reviews toward products.
Since these two online shopping platforms use Chinese as the main language. When doing
text mining, we must do words segmentation first. Then mark part of speech, filter it and
calculate word frequency. The following describes how sentiment analysis do:
First, compare the processed text data with NTU natural language lab’s Chinese treasures.
Find out the sentiment polarity and calculate each reviews’ sentiment scores.
Data Collection
There are so many product categories on “Taobao Taiwan”. Select six product types (3C
digital, women's shoes, home decoration, decorative bags, baby toys and home life) and
collect reviews from 2016/1-2016/2 of the sales top three and worst three products.

Taobao Taiwan product information Source: Taiwan Taobao

Sentiment Orientation Calculation
In this study, we will use NTU natural language lab’s treasure to calculate the sentiment score
of noun, verb and adjective in the consumer reviews. See the descriptions below:
Sentiment Orientation Score of Document i: SO Score (di)
For each review (di), the sentiment orientation will be calculated based on the sentiment
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orientation score (SO Score (di)).
Orientation = 1 if positive, -1 if negative, 0 if neutral
After each review is calculated, if the score is greater than 0 marked as positive, less than zero
marked negative, equal to zero marked neutral.
Review Topic Classification
In the stage of retrieving issues, the relationship between words and terms document will be
used. With SVM clustering techniques and TF-IDF model to integrate and cluster the whole
issue. Regarding retrieving issue words, take noun as the target. While analysing sentiment
orientation, each sentiment word will describe an object. These objects also called target.
Retrieve noun which is the closest to the sentiment word as candidate topic word. For
example, “The dress is in an ugly color.” “Ugly” is the sentiment word. “Color” is the closest
noun to the sentiment word so retrieve “color” as the candidate topic word. Then build up
review classification with TF-IDF and K-means. Calculate term frequency and inverse
document frequency. Obtain TF-IDF values by multiplying them.

TFi,j means the number of times that term ti occurs in document di. If we denote the raw
frequency of ti by ft,d, then the simple tf scheme is tf(i,j) = fi,j

IDFi means the total number of documents |D| modify ti. To avoid divisor be zero, plus one to
it. IDF is a measure of how much information the word provides, that is, whether the term is
common or rare across all documents.

TF-IDF is used to measure a term’s importance in an article. If the number of time a term
appears in an article is high. We can get a high weight of TF-IDF value. Finally, classify the
data by SVM algorithm. Identify similar terms and establish review categories.
EXPECTED CONTRIBUTION
By mining cross-border online shopping reviews and customer intrinsic motivation, we can
understand potential customer needs. This can be used as the reference of product
development and marketing. Turn the product-oriented service model into customer-oriented.
Help online shopping industry to get a new way.
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Contribution to academic research: most of previous researches focus on domestic online
shopping service. Fewer researches for cross-border online shopping service. In recent years,
cross-border online shopping is on a vigorous development trend. This study take the lead
from perspective of consumers’ personal value, Combine with relevant theory basis, it will be
more substantive and in-depth understanding of obstacles and opportunities that brought by
the booming cross-border online shopping. The research results can be the future researches’
reference.
Contribution to practical application: online shopping websites are facing the difficulties of
price and low-quality competition, cross-online shopping can be a good development
direction. This study hopes to capture the deep inner thoughts and feelings of consumers, in
order to deduce the behaviour patterns of consumers, it can be reference of product
development and marketing. Allowing manufacturers and brands can be output to the
international market.
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ABSTRACT
In recent years, Internet surveys have become popular in the marketing activities of
companies and in academic studies. In the present study, an Internet survey with multi-group
question items was analyzed using hierarchical principal component regression, and a novel
methodology was proposed on the basis of the results. This presentation refers to the
structural design of modules, and after showing how extracting essential information from
multi-group question items can avoid the problem of correlations between items, a
methodology that can derive concrete proposals that are of practical use in the operations of
companies is introduced.
KEYWORDS
hierarchical principal component regression analysis; internet survey; multi-group
questionnaire

1．BACKGROUND AND PURPOSE
As the use of the Internet has spread into the marketing activities of companies and studies by
academics, Internet surveys have become increasingly popular. In comparison with
conventional surveys, Internet-based surveys are less burdensome in terms of questionnaire
design, data input and tabulation, and questionnaire distribution. This leads to improvements
in both timeliness and economy, and the client can obtain the results more quickly. In a
rapidly changing business environment, it is expected that Internet surveys will become even
more important in the future.
However, there is still controversy about the reliability of the responses provided in
Internet surveys and about their effective utilization. In academic research, the general
approach is that exploratory research is first completed, the hypotheses of the research are
clarified, the survey is conducted, and the results are then analyzed. In contrast, research by
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companies does not always follow this model because the focus of companies is only on
whether the results of the survey can be applied to their practical operations. Such surveys are
those from which prompt and reliable data can be obtained and from which concrete
proposals can be derived on the basis of the results.
In some cases, when Internet surveys are conducted by companies, no time is available for
prior preparation. In many cases, those commissioning the survey require all the data to be
reported at one time, if possible. Because a webpage imposes no space limitations, there is a
tendency for Internet surveys to contain many question items. In this study, we investigated an
Internet survey that contained multiple question items with a high correlation.
Groups of question items have some points in common with the concept of
mutually-independent modules in the areas of computer programming and advanced machine
products with a large number of parts. In this study, we introduce a methodology in which the
structural design of modules is analyzed, essential information is extracted from multi-group
question items, and the problem of correlated question items is then avoided. This
methodology has concrete applications to the practical operations of companies.
The purpose of this study was to apply hierarchical principal component regression to an
Internet survey with multi-group question items in order to identify the factors that affect the
degree of customer satisfaction. To avoid the problems that occur among correlated question
items and groups of question items, principal component analysis was used in order to base
the proposal on sound mathematical principles. In Internet surveys for management use,
ensuring that the analysis and proposal design can generate competitive advantage for the
company is more important than testing the theories. In this presentation, starting from such a
viewpoint, we introduce a methodology that utilizes hierarchical principal component
regression.
2．PREVIOUS RESEARCH
A module has been defined as “one of the units where elements are powerfully connected
among themselves and relatively weakly connected to elements in other components” (Baldwin
& Clark, 2000). In Internet surveys and the survey questionnaires, the groups correspond to this
concept of a module. Groups within the questionnaire have similar characteristics: “question
items with high correlation are connected within the same group and relatively weakly
connected to other groups.”
When modules became complicated in the development of computer software, designs
with a hierarchical structure are used. Similarly, in the case of questionnaire forms, if prior
scrutiny is possible, they could be structured in a hierarchy for building groups of question
items. However, for surveys that are directly connected to practical operations in particular, it
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should be assumed that there will be cases in which prior preparation is limited. Because the
analysis can be performed only after the survey has been conducted, the method can be used
to organize the hierarchical structure of the groups of question items and give easily
understandable outputs.
When prior explanatory research on the variables of the multi-group can be conducted,
canonical correlation analysis is one of the methods used to analyze the structure of two
variable groups (Hotelling, 1936). To overcome the shortcomings of this canonical correlation
analysis and to allow correlation analysis to be used for the variables of more than two groups
in cases where there is no hypothesis related to the correlative structure, factor analysis has
been applied to the groups of variables (Toyoda, 1998). Murakami (1990) proposed the method of
hierarchical principal component analysis on the basis of various formulations. Murakami
suggested that methods that take as many possibilities as possible into account are desirable
for explanatory analysis.
In this study, multiple regression analysis was used as the method to organize hierarchical
structure, and the results of the second principal component analysis using the first principal
component scores of observed variables were set as explanatory variables. This is called as
hierarchical principal component regression analysis, and we applied this to an example
Internet survey.
3．METHODS
3.1 Outline of the Internet Survey
A case study of an Internet survey on the degree of use satisfaction conducted with users of
Alipay, a Chinese company that provides third-party payment services, was prepared. Alipay
was established in 2003 as one of the businesses of Taobao.com. It was hived off in 2004 and
started providing services on platforms other than that of Taobao.com. Although some rivals
have appeared, Alipay has acquired an approximately 50% share of the third-party payment
service market in China.
At present, the services provided by Alipay can be roughly divided into two types: basic
services and related services. Alipay has been making forays into Internet shopping and
guaranteeing the safety of smartphone applications. The Internet survey in this case study was
aimed at identifying the factors that affect the degree of satisfaction of Alipay’s customers and
exploring the measures that are effective in increasing the number of users.
The questionnaire consisted of multi-group question items (47 items in total), including
attributes related to the survey objectives: The F group (8 items). The questions used seven
point scales, ranging from “Entirely Disagree” to “Entirely Agree.” The questionnaire was
created by a website dedicated to questionnaire surveys and was conducted by making use of
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social network service (SNS) applications. Fieldwork was conducted over approximately two
weeks, and responses from approximately 200 persons who were both smartphone users and
Alipay customers living in China were obtained. In the analysis conducted in this study, 30
items in total were used, including questions exploring the degree of satisfaction with Alipay
(the QCS group, 2 items), those evaluating the basic services provided by Alipay (the QBS
group, 6 items), those evaluating the related services provided by Alipay (the QRS group, 17
items), and those evaluating the security of Alipay (the QS group, 5 items).
3.2 Selective Multi-Group Principal Component Regression Analysis
3.2.1 What Is Selective Multi-Group Principal Component Regression Analysis
Selective multi-group principal component regression can be applied to research in which
there are many question items or multiple groups with high levels of correlation between the
explanatory variables. In research with many question items, there will be many cases where
high levels of correlation exist between the question items within the groups. It is therefore an
effective method for extracting essential principal data from groups with high correlation and
then conducting multiple regression analysis to identify the principal components and
response variable Y.
However, there are two problems with principal component regression analysis. First, a
component that is a candidate explanatory variable does not necessarily explain the response
variable. Because of the fact that the principal components only summarize the candidate
explanatory variables, regardless of the response variable, the ones that explain the response
variable well will be mixed with the ones that explain it poorly. Second, in some cases, a
component of a lower rank may be selected, while those of a higher rank are not selected.
Because the candidate explanatory variables include the latter, in cases where many
components exist, the higher rank components may not explain the response variable. These
problems are particularly likely to arise in the case of a questionnaire containing many
question items.
Therefore, in the method used in this study, we first identified candidates for the
explanatory variable that achieved a certain level of correlation with the response variable.
Multiple regression analysis was then conducted to find the principal components which were
candidates as the explanatory variable. This is the selective multi-group principal component
regression analysis method. After conducting principal component regression analysis, if the
Variance Inflation Factor (VIF) is found to be 2.0 or more, the method can be applied because
it is confirmed that the independence of the principal components is maintained. When VIF
exceeds 2.0, hierarchical principal component regression analysis is used, in which the
principal components are extracted.

4

128

3.2.2 Procedures and Results of Selective Multi-Group Principal Component Regression
Analysis
First, to set the response variable Y for the two items exploring the degree of user satisfaction
with Alipay (Y1: whether the user would continue to use Alipay, Y2: whether the user would
recommend the use of Alipay to nonusers), principal component analysis was conducted. The
factor loading of the degree of user satisfaction is shown in Figure 1. It was found that the
primary principal components explained 78.4% and that they exceeded 1.0 in terms of their
eigenvalues. This confirmed that the primary principal component ZY1 could be
appropriately adopted as the response variable. After that, the argument shall be focused on
the primary principal component ZY1. In this case, the primary principal component ZY1 (the
horizontal axis) can be interpreted as the degree of user satisfaction (low⇔high) and the
secondary principal component ZY2 (the vertical axis) can be interpreted as the degree of user
consciousness (recommendation to others⇔no recommendation).
Next, the correlation between the ZY1 response variable and each question item was
confirmed. In this study, principal component analysis was conducted only for a correlation
coefficient of 0.2 or more (contribution ratio 0.04) between the explanatory variable and
response variable. Consequently, one item was excluded from the analysis. This threshold is
not an absolute one. In the first trial, selection was based on a contribution ratio of 0.05 (an
effect of 5% or more). If a correlation coefficient of 0.1 (contribution ratio 0.01: effect of 1%)
is set as the threshold, factors that have little effect on Y may be included, whereas if a
correlation coefficient of 0.3 (contribution ratio 0.09: effect of 10%) is set as the threshold,
factors that have crucial effects on Y may be excluded. A correlation coefficient of 0.2
(contribution ratio 0.04) was therefore adopted.

Figure 1 Factor Loading of Alipay User Satisfaction
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Next, principal component analysis was conducted with the selected items from each group
using the interpretation of the primary principal component (the horizontal axis) and the
secondary principal component (the vertical axis). The factor loading of the QBS group is
shown in Figure 2. The primary principal component ZQBS1 (the horizontal axis) was
interpreted as the degree of user satisfaction with the basic services (high⇔low), and the
secondary principal component ZQBS2 (vertical axis) was interpreted as the values associated
with the basic services (safety⇔convenience). The factor loading of the QRS group is shown
in Figure 3. The primary principal component ZQRS1 (the horizontal axis) was interpreted as
the degree of satisfaction with the related services (high⇔low), and the secondary principal
component ZQRS2 (the vertical axis) was interpreted as the values associated with the related
services (profitability⇔versatility). The factor loading of the QS group is shown in Figure 4.
The primary principal component ZQS1 (the horizontal axis) was interpreted as the degree of
satisfaction with security (high⇔low), and the secondary principal component ZQRS2 (the
vertical axis) was interpreted as the values associated with security (guarantee⇔protection).
After identifying principal components with eigenvalues of 1.0 or more from principal
component analysis of each group and setting those as the explanatory variable and ZY1 as
the response variable, principal component regression analysis was conducted. Table 1 shows
the results of selecting the variable using the stepwise backward regression method, with a
threshold for both selection and deletion of 0.25. Figure 5 also shows the results of variable
selection. The R-squared value was 0.05 and the adjusted R-squared value was 0.53,
demonstrating that the application in this case was moderately successful. However, it was
also found that VIF was 2.0 or more, suggesting that the independence of the selected
principal components was not maintained. To improve the organization of the relations
between the principal components, hierarchical principal component regression analysis was
therefore conducted.
3.3 Hierarchical Principal Component Regression Analysis
3.3.1 Procedures and Results of Hierarchical Principal Component Regression Analysis
First, the correlations between the principal components set as explanatory variables in
Section 3.2.2 were confirmed (Table 2). It was found that ZQB1, ZQR1, and ZQ1, the
primary principal components, had high correlation coefficients. The hierarchical principal
component regression model based on these results is shown in Figure 6.
Among the principal components that were extracted from the selected question items with
ZY1 as the response variable, the factor loadings of the primary principal component scores
of each group are shown in Figure 7. In this case, the primary principal component ZZ1 (the
horizontal axis) was interpreted as the degree of satisfaction with the service (low⇔high), and
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Figure 2 Factor Loading of QBS

Figure 3 Factor Loading of QRS Group

Figure 4 Factor Loading of QS Group
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Table 1 Results of Selective Multi-Group Principal Component Regression Analysis

ZQBS1

ZQBS2

ZQRS1

ZQRS2

0.52

0.12

R^2=0.55

0.29

R*^2=0.53
0.13

ZY1

e

0.08
ZQRS3
-0.11
ZQS1

-0.20

ZQS2

Figure 5 Results of Variable Selection of Selective Multi-Group Principal Component Regression
Analysis
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Table 2 Correlation between Principal Components Where Variable Selection Is Conducted

ZQBS1
ZQBS2
ZQRS1
ZQRS2
ZQRS3
ZQS1
ZQS2

1.000
0.000
0.599
0.051
0.300
0.625
-0.140

1.000
0.127
-0.017
0.024
0.155
0.144

1.000
0.000
0.000
0.744
0.116

1.000
0.000
-0.001
0.124

1.000
0.128
-0.277

1.000
0.000

ZQBS1
ZZ1
ZQRS1
ZZ2
ZQS1
ZQBS2

ZY1

e

ZQRS2

ZQS2

Figure 6 Hierarchical Principal Component Regression Model

Figure 7 Factor Loading of Primary Principal Component Score of Each Group
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1.000

the secondary principal component ZZ2 (the vertical axis) was determined as the type of
service (basic service⇔related service). By setting the primary principal component ZZ1, the
secondary principal component ZZ2, and the secondary principal components of each group
as explanatory variables, the results of hierarchical principal component regression analysis
were as shown in Table 3. These variables were selected using the stepwise backward
regression method, with a threshold for both selection and deletion of 0.25. The R2-squared
value was 0.53, and the adjusted R-squared value was 0.51.
3.3.2 Direction of Proposal Based on the Results of Hierarchical Principal Component
Analysis
We derived a concrete proposal on the basis of the results of hierarchical principal component
regression analysis. After confirming the standard partial regression coefficientβfrom Table 3
in Section 3.3.1 and excluding the secondary principal components of each group that have
little effect on the degree of user satisfaction, hierarchical principal component regression
analysis was conducted for a second time. The results are shown in Table 4.
Figure 8 shows the vector that results from applying the estimated values of the newly
analyzed values (Table 4) to the loading factor of the primary principal components of each
group. It can be seen that components with large absolute values on the perpendicular lines
that are projected onto the resulting vectors have the largest effects on the degree of user
satisfaction represented by response variable Y. From this, it was found that among the
primary principal components in each group, those of the QBS group had the largest effect on
user satisfaction. However, this is not enough to clarify which item from the basic services
measures should be used. Accordingly, an analysis based on the vector with the secondary
principal components of the QBS group taken into account was conducted.
4．EXAMINATION AND PROPOSAL BASED ON VECTOR
Figure 9 shows the vector of the primary principal component ZZ1 from principal component
analysis using the primary principal component scores of each group and the secondary
principal components of the QBS group. This vector was created using the estimated values of
the results of the hierarchical principal component regression analysis (Table 5) for the factor
loading of the QBS group. The question items with components located at large absolute
values on the perpendicular lines projected on the resultant vectors were question items QBS3
and QBS4. Based on the resultant vectors, this suggests that QBS3 and QBS4 identified the
factors with the largest effect on user satisfaction with Alipay’s basic services.
QBS4 tested the statement that “the operational procedure related to settlement procedure
is easy,” and QBS3 tested the statement that “the usable range on the website is wide.” It can
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Table 3 Results of Hierarchical Principal Component Regression Analysis

Table 4 Results of Hierarchical Principal Component Analysis Excluding Secondary Principal
Component
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0.55

0.51

Figure 8 Factor Loading and Resultant Vector of Hierarchical Principal Component
Table 5 Results of Hierarchical Principal Component Analysis Where Secondary Principal
Components of ZQBS Group Are Taken into Account
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0.08
0.51

Figure 9 Factor Loading and Resultant Vector of QBS group

be concluded that improving these areas will result in increasing the satisfaction of Alipay
users. Although we did not conduct disaggregated analysis of each attribute, we consider
simplification of the settlement procedure and the enhancement of the manual to be female- or
elderly friendly services. Therefore, improving them could not only increase the degree of
satisfaction of the existing users but also contribute to expanding the service.
Expanding the usable range of the website could be addressed by focusing on business
activities, technological innovations, and others. It is also possible to conduct further research
to help plan concrete measures.
5．CONCLUSIONS
This study investigated an Internet survey with multi-group question items. The goal was to
avoid multi-collinearity problems by conducting an analysis using hierarchical principal
component regression. The methodology underpinning the proposal was explained, and the
results are presented. An analytical study was conducted to identify the factors that have the
strongest effects on Alipay user satisfaction, and the resultant vector based on the results of
hierarchical principal component regression analysis was used to derive concrete policies.
To avoid the problem of correlations between groups in the multi-group questionnaire,
hierarchical principal component analysis was conducted, inspired by the structural concept of
modules. The methodology of the analytical study involved constructing and examining a
hypothetical model of the component SEM, where it is assumed that there are factors
underlying the principal components with high correlations. Trials of the principal component
SEM is a challenge for the future.
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ABSTRACT
A comprehensive understanding of the determinants of current online banking services
(OBSs) users’ continuance intention will not only be conducive to the achievement of
customer retention objectives, but also help OBSs practitioners to identify opportunities for
cross-promoting and cross-selling their products and services to their customers.
The present paper is aimed at investigating exclusively the effects of system usability and
institution-based trust on users’ OBSs continuance intention. The research hypotheses were
tested empirically using a field survey of 396 current individual OBSs users collected from
five different bank branches across Taiwan.
The results reveal that users’ OBSs continuance intention is influenced significantly by their
post-adoption perceptions of system usability and institution-based trust. The
comprehensiveness and representativeness of the research sample collected is considered as
the major strength of this study’s design.
KEYWORDS
Online banking services, System usability, Institution-based trust
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INTRODUCTION
The explosive advance of web-based technology has facilitated the emergence of various
subscription-based online services, such as online shopping services and online financial
services. Online banking services (OBSs) systems are considered as one of the most
prominent examples of the applications of self-service technologies (SSTs) in online financial
services.
A OBSs system enables registered customers to access their account information and to
implement various financial transactions at virtually anytime and anywhere (Angelakopoulos
& Mihiotis, 2011), and it thus has emerged as an efficient and popular delivery channel for
banking products and services. Fubon Bank emerged as a pioneer of OBSs in Taiwan in
March 2000. Up to the present time, all 14 financial holdings companies (FHCs) in Taiwan
are currently providing OBSs, including both traditional banking services and several
enhanced services, to their authorized customers. Accordingly, from the profitability
viewpoint, users’ post-adoption has widely been discussed as a key factor in determining the
success of e-services and e-commerce systems (Zhou, 2011).
This study aims to fill this research gap by studying the effects of users’ post-adoption
feelings of the system usability and institution-based trust in users’ continued OBSs usage
intention. Through a series of empirical analyses, this paper seeks to address the following
three research questions: (1) How the extent to which the users’ continuance intention of
using OBSs is affected by their post-adoption perceptions of system usability and institutionbased trust? (2) How the extent to which the nomological relationships are affected/influenced
by the proposed model? (3) To what extent will the hypothesized relationships vary in
different population groups? Continuous usage intention in this study is defined as an
individual’s subjective evaluation of the likelihood of continuing to use OBSs in the future.
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MAIN SUBJECT MATTER
This study develops an OBSs continuance model based on the parsimonious technology
acceptance models (TAM) without the attitude construct (Davis, 1989). TAM explains users’
behavior toward IT (van de Wijngaert, Bouwman, & Contractor, 2014). System usability is a
quality attribute that can help users to assess and understand how a system is being used
efficiently and effectively in a particular environmental condition (Calisir, Elvan
Bayraktaroglu, Altin Gumussoy, Ilker Topcu, & Mutlu, 2010).
This study specifies usefulness, ease of use, and compatibility as critical factors of the system
usability of OBSs, and defines system usability as a principal factor in determining whether or
not an individual will use a certain IT/IS. Perceived usefulness (PU) is defined here as the
degree to which an individual believes that using an OBSs system would enhance his/her job
and life performance, while perceived ease of use (PEOU) is described as the degree to which
an individual believes that interaction with OBSs system would be free of physical and mental
effort. Furthermore, this research defines perceived compatibility as the degree to which the
use of the OBSs system is perceived to be consistent with users’ lifestyle, existing values,
current needs, and prior experiences.
Perceived compatibility is anticipated by some scholars (e.g. (Kanchanatanee, Suwanno, &
Jarernvongrayab, 2014)) to be positively associated with the adoption and continued use of a
technology. The significant role of perceived compatibility in determining users’ continuance
intention to use various IT/IS has been confirmed extensively by numerous earlier
investigations (e.g. (Hernandez-Ortega, 2012)). This study, motivated by these suggestions,
extends the original TAM by considering the perceived compatibility as a positive and
significant determinant of users’ intention to continue use of the OBSs. That is, a higher level
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of perceived compatibility will lead to a higher level of intention to continue using the OBSs.
The preceding discussions lead to the following hypotheses:
H1: PU will positively affect continuous intention to use OBSs.
H2: PEOU will positively affect continuous intention to use OBSs.
H3: Perceived compatibility will positively affect continuous intention to use OBSs.

The hypothesized pattern of relationships among the major factors of system usability
Numerous studies also have empirically supported that PEOU has a positive and significant
effect on PU, as posited in TAM (e.g. (Ramón-Jerónimo, Peral-Peral, & Arenas-Gaitán,
2013)). It thus is expected that an individual will likely perceive the OBSs to be useful as
he/she believes that using the OBSs is free of effort. This implies that increasing the attribute
of “ease of use” of OBSs is beneficial to enhance an individual’s perception about the
usefulness of the OBSs.
In addition, Compeau et al. (Compeau & Higgins, 1995) states that people will perceive an
innovation to be useful and easy-to-use if the innovation is perceived to be compatible with
their existing values and knowledge, current task needs, and prior experiences. Previous
empirical studies have found that there is a positive relationship between perceived
compatibility, PU and PEOU (e.g. (Moqbel, Bartelt, & Al-Suqri, 2014; Tsai et al., 2014)).
Based on the existing literature and the above discussions, the following hypotheses are
posited:
H4: PEOU will positively affect PU of OBSs.
H5: Perceived compatibility will positively affect PU of OBSs.
H6: Perceived compatibility will positively affect PEOU of OBSs.
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The hypothesized effects of institution-based trust on continuous usage intention
Institution-based trust refers to when an individual believes that the necessary impersonal
structures and environmental mechanisms are present to enable him/her to expect a successful
outcome from an endeavor (McKnight, Choudhury, & Kacmar, 2002a). Putting this definition
in the context of OBSs, institution-based trust is defined here as an OBSs user’s perceptions
that the proper supportive conditions and protective structures are in place to enable him/her
to act with the expectation of a successful outcome in the relationship/transaction continuum.
Institution-based trust may enable a firm to reduce the customers’ motivation to transact with
its competitors with whom they have not yet had any direct dealings (McKnight, D. H., 2001).
Accordingly, the following hypothesis is formulated:
H7: Institution-based trust will positively affect continuous intention to use OBSs.

The hypothesized effects of institution-based trust on PU and PEOU
Lee and Turban (Lee & Turban, 2001) argue that institution-based trust is one of the pivotal
determinants of customers’ perceptions of the usefulness of a particular technology. When
customers perceive the transaction environment of an e-service to be trustworthy, they will
come to believe the e-service is useful (Gefen, Karahanna, & Straub, 2003). The rationale of
the positive impact of trust on PEOU is described clearly by referring to the viewpoint of the
transaction cost theory (TCT) (Williamson, 1985). Customers may require less time and
cognitive effort to understand, monitor, and control the transaction process if they perceive the
transaction situation to be trustworthy, secure, and predictable (Pavlou, 2003). An empirical
investigation conducted by Lu et al. (Lu, Liu, Yu, & Wang, 2008) revealed that institutionbased trust exerted a positive and significant impact on individuals’ perceptions of the ease of
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use of wireless mobile data services (WMDS). Therefore, the following hypotheses are
proposed:
H8: Institution-based trust will positively affect PU of OBSs.
H9: Institution-based trust will positively affect PEOU of OBSs.

The antecedents of institution-based trust
This research defines structural assurance as a OBSs user’s belief that needed protective
structures are in place to ensure the services are safe to use, whereas situational normality is
defined as when a OBSs user perceives that the transaction processes of the services are
normal or customary and conducive to the successful transactions.
Research has shown that trust relationships among transaction partners is built through the
support of institutional mechanisms, even if previous experience is available (Pavlou &
Gefen, 2004). Institutional trust is developed by virtue of the establishment of a safe and
secure transaction environment (McKnight, D. H., 2001). The significant effect of structural
assurance and situational normality on institution-trust has been supported empirically by
some studies in the field of online financial services (e.g. (Kim, Shin, & Lee, 2009;
Srivastava, Chandra, & Theng, 2010)). Based on the above arguments, the following
hypotheses are derived.
H10: Perceptions of structural assurance will positively affect the level of institution-trust in
OBSs.
H11: Perceptions of situational normality will positively affect the level of institution-trust in
OBSs.

The hypothesized effects of situational normality on PEOU
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It is easily surmised that the users will use existing knowledge accumulated from past
experience, whether it is their own or that of others, to operate the OBSs system if they
perceive the transaction environment or the transaction itself as favorable. If it looks and
operates in a normal manner, users will likely spend less time and effort learning and
understanding the operation of a given website and, therefore, raise their perception about the
ease of use of the website (Zhu, O'Neal, Lee, & Chen, 2009). The following hypothesis is
presented:
H12: Perceptions of structural assurance will positively affect PEOU of OBSs.

Research methodology
The primary purpose of this study is to investigate how system usability and institution-based
trust affects users’ intention to continue using OBSs.
With convenience sampling, five bank branches which subordinate to different FHCs were
surveyed, representing 35.7% (5/14) of the OBSs practitioners in Taiwan. The survey
participants were limited to the current individual OBSs users to reflect the research topic of
this study and to answer unequivocally the research questions under investigation. Data were
analyzed using the statistical software packages SPSS version 22 and LISREL version 8.52
(Jöreskog & Sörbom, 2002).

Instrument development
Seven constructs of the proposed research model were measured with multiple items that had
been validated in previous research, but the wording of the items was modified slightly in
order to fit this particular context of continued usage intention toward OBSs.
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Sampling, data collection and sample
The informants of this study are the individuals who had sufficient experience to be able to
express their post-adoption perceptions of a specific OBS system they had used or were
currently using. Data was collected through a self-completion questionnaire distributed to a
random selection of 250 current individual OBSs users in each of five sampled bank branches.
Data collection occurred during a two-month period from the middle of June to the middle of
August 2015. A total of 434 replies were received out of a total of 1250 surveys mailed.
Owing to incompleteness and careless response patterns, 38 surveys were eliminated from the
sample, resulting in a usable sample of 396 current individual OBSs users. This represented
an overall effective response rate of 31.68%, exceeding the threshold value of 19% for a 0.80
statistical power (Cohen, 2013). This is deemed as an acceptable response rate in postal
survey research method techniques (C. I. Anderson & Hunsaker, 1985).
Additionally, the effective response rate for each of the five sampled bank branches varied
from 24.40% to 39.20% with a mean rate of 32.80%, achieving a respectable result for a oneround mail survey (Reed & Wilson, 2006). The results indicated that the survey results could
be used to explain users’ post-adoption perceptions and continuance intentions of using OBSs
across different geographical areas and locations in Taiwan.

Survey data analysis and results
Table 1: Descriptive Statistics for The Constructs
Construct
Continuous usage intention
(CUI)
Perceived usefulness (PU)
Perceived ease of use (PEOU)
Institution-based trust (IBT)

Mean

Std.
residual

Std.
deviation

Skewness Kurtosis

3.827

0.055

1.094

-1.146

0.484

3.578
3.775
3.628

0.044
0.037
0.042

0.872
0.743
0.829

-0.915
-1.232
-0.964

0.480
1.670
0.334
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Perceived compatibility (PCO)
Situational normality (SN)
Structural assurance (SA)

3.637
3.484
3.422

0.045
0.040
0.039

0.894
0.798
0.783

-0.823
-0.769
-0.725

0.132
0.207
0.176

As reported in Table 1, the absolute values of skewness and kurtosis for all the constructs
were well within the recommended threshold of < 2.0 (Bhattacherjee, 2002).

Measurement validation
Fidell (2007) recommend that the minimum acceptable threshold value of Kaiser-MeyerOlkin (KMO) was 0.60 and the Bartlett’s test should be significant at least at the 0.05 level.
The EFA results gave a KMO value of 0.886 and a Bartlett’s test (Bartlett, 1954) of sphericity
value of 5630.725 (p < 0.001), indicating clearly the suitability of performing exploratory
factor analysis (EFA) on the collected empirical data (Joseph Jr et al., 2009).
Common method bias (CMB) was caused by the response of the endogenous and exogenous
variables were collected from a single informant and might represent a major threat to the
findings’ validity, especially in behavioral studies. Results showed that seven factors are
present and the most covariance is explained by one factor, 33.31%, demonstrating that the
CMB would not likely contaminate the research results (Podsakoff & Organ, 1986).

Reliability and validity of measurement instruments
Internal consistency is evaluated by computing the Cronbach’s alpha value where 0.70 is
considered to be the lowest acceptable threshold value and item-to-total correlations 0.20 is
the minimum acceptable value (Nunnally & Bernstein, 1994). Appendix 1 shows the
Cronbach’s alpha value for each construct and the item-to-total correlations for each item
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were all exceeded, respectively, their corresponding threshold value, suggesting a high
internal consistency was obtained.
The composite reliability (CR) depicts the extent to which multiple items measure indicates
consistently the latent construct while the average variance extracted (AVE) reflects the
overall amount of variance captured by the construct indictors (Joseph Jr et al., 2009). As also
shown in the Appendix 1, all the CR coefficients ranged between 0.810 (IBT) and 0.923
(CUI), CR was satisfied (Nunnally & Bernstein, 1994). Meanwhile, all AVE values were well
above the recommended minimum score of 0.50 (Joseph Jr et al., 2009), meaning that at least
50% of measurement variance was accounted for by its respective construct (Chin, 1998). The
results presented above confirm that the measurement model has achieved an acceptable level
of convergent validity.
The obtained results display that the respective square root of AVE of each construct (0.766
or higher) was significantly greater than the squared correlation between any construct pair
(0.605 or lower), indicating good discriminant validity.
The results show that among the chi-square differences between the original CFA model and
each constrained model ranged from 238.834 to 935.687, which is much greater than the
criteria value of chi-square with one degree of freedom (i.e. λ2 (1, 0.001) = 3.84), further
providing support for the discriminant validity of the constructs (Gefen, Straub, & Boudreau,
2000).

Measurement model assessment
Seven common model-fit measures were used to estimate the model’s overall goodness-of-fit.
As revealed in Table 2, the model-fit indices all exceeded their respective common acceptable
levels suggested by previous studies, demonstrating an excellent goodness-of-fit between the
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model and the data observed. Particularly, the p value was not significant at the 0.05 level, the
consistency between the proposed model and actual data was thus achieved.
Table 2: Fit Indices of Measurement Model

Fit indices

Cut-off values

χ2/df

≦ 3.00 [29]

P value
Goodness-of-fit index (GFI)
Adjusted good-of-fit index
(AGFI)
Normed fit index (NFI)
Non-normed fit index (NNFI)
Comparative fit index (CFI)
Root mean square error of
approximation (RMSEA)

≧ 0.05 [49]
＞ 0.90 [45]

Goodness-of-fit
statistics
225.559/209 =
1.079
0.206
0.953

＞ 0.80 [45]

0.938

＞ 0.90 [13]
＞ 0.90 [53]
＞ 0.90 [13]

0.982
0.998
0.998

＜ 0.06 [57]

0.0142

Structural model assessment and discussion of findings
As illustrated graphically in Figure 1, the results of SEM analysis provide support for all the
hypotheses except for Hypothesis 2, which referred to the path from PEOU to continuous
usage intention.
Table 3:Fit Indices of Structural Model

χ2/df
281.754/215
=
1.310

P
value

GFI

AGFI

NFI

NNFI

CFI

RMSEA

0.002

0.942

0.925

0.978

0.994

0.995

0.0280

As in the case for the measurement model, the same set of model-fit indices and criteria
values were used to examine the structural model. Results of the analysis indicated a good fit
between the model and the data, as given in Table 3.
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As the results displayed in Figure 1, PU (β = 0.221, p < 0.001) and perceived compatibility (γ
= 0.222, p < 0.001) exerted a moderate and significant effect on continuous usage intention.
The findings give support to the suggestion that users’ perceptions toward the usefulness of a
specific system may often be described as the congruency between system’s performance and
users’ preferred life- and work-style (Agarwal & Karahanna, 1998). Therefore, these two
hypotheses were supported. The confirmation of hypothesis 3 lends support to the necessity of
considering users’ perception of compatibility, while investigating the factors that may
contribute to the continued OBSs usage intention. Thus, the OBSs practitioners should
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Figure 1: Standardized LISREL solution: *p < 0.05; **p < 0.01; ***p < 0.001. (n.s. indicates non-significant relationship)

0.461***
(t = 9.179)
H5
Perceived
Compatibility

Perceived
Usefulness

Continuous

H3 0.222***
(t = 3.880)

H6 0.109*
(t = 1.993)
0.410***
(t = 6.281)

0.321***
H8 (t = 5.977)
R2 = 0.291

Perceived
Ease of Use
H12

Situational
Normality

H1

0.154** H4
(t = 3.109)

Usage
Intention

0.050n.s.
(t = 1.029)

H9
0.152*
(t = 2.408)
H11 0.254***
Institution(t = 3.899)
based Trust

0.421***
(t = 6.338)

H10
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R2 = 0.486

H2

R2 = 0.344

Structural
Assurance

0.221***
(t = 3.428)

H7

0.411***
(t = 6.919)

develop multi-functional and integrative services through an alliance with other service
providers in order to meet users’ life- and work- needs.
Contrary to the author’s expectation, PEOU (β = 0.050, t = 1.029) has a positive but
insignificant effect on continuous usage intention, meaning that the attribute of ease-of-use, is
likely no longer a main concern when making their continuance/discontinuance decision.
Hypothesis 2 was thus not confirmed. This observation is explained plausibly by the
characteristics of the survey respondents. However, PEOU appears to exert a slight, but
significant, indirect effect (standardized coefficient = 0.034*, t = 2.264) on continuous usage
intention through PU. This study also found that PEOU (β = 0.154, p < 0.01) is a significant
antecedent of PU, thus validating hypothesis 4. The findings mentioned above indicate that
the more useful and easy-to-use the OBSs were perceived to be, the more likely the users
would continue to use the services. Consequently, the OBSs practitioners should develop a
user-friendly and easy-to-navigate integrated search system aimed to help users to use the
services efficiently and effectively, in turn promoting their commitment to continue their
relationships with current OBSs providers.
As expected, both PU (γ = 0.461, p < 0.001) and PEOU (γ = 0.109, p < 0.05) were positively
significantly associated with perceived compatibility. Both hypotheses were therefore
supported. Again, perceived compatibility also has a significant indirect effect (standardized
coefficient = 0.111***, t = 3.450) on continuous usage intention mediated by both PU and
PEOU.
Based on the above findings, it is recommended that OBSs practitioners offer more valueadded services that meet users’ banking needs and provide flexibility in using the services.
This will motivate them to develop a habitual usage pattern of the services.
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This study found that institution-based trust (β = 0.411, p < 0.001) is the most influential
predictor of continuous usage intention, supporting hypothesis 7. This research finding
indicates that institution-based trust is regarded as the most salient factor in determining
whether users will to continue to use the OBSs, meaning that institution-based trust is a
leading factor in generating customer loyalty on the OBSs. This observation is explained by
the fact that OBSs users are reluctant to disclose their personal information accurately and
honestly unless they are ensured by the institution that all of their personal sensitive
information will be handled and used with adequate confidentiality.
Over 48% of the variance in continuous usage intention was accounted for by its predictor
variables (adjusted R2 = 0.486). Hypothesis 8 and hypothesis 9 were developed to examine
the effects of institution-based trust on PU and PEOU. According to Figure 1, institutionbased trust has a significant and positive impact on PU (β = 0.321, p < 0.001) and PEOU (β =
0.152, p < 0.05). The results offer statistical evidence to support these two hypotheses. These
findings indicate that if the users trust that OBSs systems will behave in accordance with their
expectations to assist in performing financial-related activities, the users are more likely to
ensure the expected usefulness of the services, while additional transaction costs (time/effort)
will not be incurred while understanding, monitoring, and controlling all aspects of the
transaction process. A total of 48.2% of the variance in PU was explained jointly by the three
predictors (adjusted R2 = 0.482).
Hypothesis 10 and Hypothesis 11 were aimed to investigate the effects of structural assurance
and situational normality on institution-based trust. As reported in Figure 1, structural
assurance (γ = 0.421, p < 0.001) was associated positively with institution-based trust. In
addition, there was a significantly positive correlation between situational normality and
institution-based trust (γ = 0.421, p < 0.001). These two hypotheses were therefore verified.
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According to these findings, OBSs users will tend to extend their trust to the transaction
systems and processes of OBSs when they believe that appropriate protective structures (e.g.
guarantees, regulations, safeguards, and legal resources) are being put in place and they
perceive the OBSs situation to be normal and in in its proper order.
The effect of structural assurance on institution-based trust was significantly greater than that
of situational normality (γ = 0.421 versus γ = 0.254). This might account for the fact that a
high proportion of the respondents (59.22%) were familiar with the use of. Given its
importance in establishing and strengthening institution-based trust, structural assurance
should receive more attention due to its significant indirect effect (standardized coefficient =
0.208***, t = 5.537) on continuous usage intention via institution-based trust. This study found
that both structural assurance and situational normality explain significantly the variance in
institution-based trust (adjusted R2 = 0.344).
Moreover, hypothesis 12 is supported, because the situational normality (γ = 0.410, p < 0.001)
contributes significantly to users’ evaluation of ease-of-use of the OBSs system. This finding
signifies that the more normal the interaction with the OBSs is, the more users perceive the
OBSs to be easy-to-use, The interaction with the services is facilitated with existing
knowledge accumulated from previous learning processes and past experiences. Nearly onethird of the variation in PEOU is explained by its proposed antecedents in the research
(adjusted R2 = 0.291).
CONCLUSIONS
The results of the current study provide several implications for understanding what factors
contribute to current OBSs users’ intention to continue using OBSs. The generalizability of
the findings may be a significant research limitation of this study that is attributed to the
following factors.
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First, the sample data was collected through the purposive sampling approach which
offers less representativeness because of its highly homogeneous population characteristics
(Joseph Jr et al., 2009). Second, selection bias arises from the fact that the research subjects of
this study were confined to current users of OBSs. Third Sampling bias resulted from the
majority of respondents being experienced and active OBSs users.
This study considers exclusively the effects of users’ subjective perceptions of system
usability and institution-based trust on their continuous usage intention. Future research can
incorporate objective features such as usage volume, usage frequency and usage pattern into
the proposed research model. This study recommends future research to investigate the
possibility of the feedback loop from users’ continuous usage of OBSs to their post-adoption
perceptions about the system usability.
The objective of this study was aimed at investigating the effects of users’ post-adoption
perceptions of system usability and institution-based trust on their continuance intention of
using OBSs. To fulfill this research objective, a OBSs continuance model was developed and
validated empirically using a survey. By conducting a series of statistical analyses on the
quantitative data of 396 survey respondents from five different bank branches across Taiwan.
The majority of hypotheses were supported at significant levels, but the second hypothesis was
not supported.
The present study makes several significant contributions to the current body of knowledge,
although with the limitations described above.
Firstly, in this study, users’ post-adoption perception was used to explain why the acceptancediscontinuance phenomenon occurs, thus providing an important and novel perspective in
explaining and predicting a wider range of post-continuance behavioral intentions. Therefore,
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the academic originality of this study lies in the novel theoretical perspective and the derived
theoretical implications.
Additionally, conceptualizing and measuring the effect of perceived compatibility on
continuous usage intention can be treated as an alternative research avenue to investigate
continuance intention in the e-services area. The results also show that the explained variance
of continuous usage intention is enhanced significantly from 39.9% to 48.6% by integrating the
perceived compatibility construct into the TAM model, demonstrating further the necessity of
considering the possible effects of perceived compatibility on users’ continued OBSs usage
intention. Moreover, this study also extends the research boundary of the continuance intention
of utilitarian online services by integrating the institution-based trust construct with the TAM
model.
Finally, given that the majority of the survey respondents of this study have sufficient
knowledge about the applications of OBSs, it thus can be presumed that the participants of this
research have sufficient experience and ability to express accurately their post-adoption
perceptions about the system usability and institution-based trust of the OBSs system. As a
result, this study provides a meaningful basis to OBSs practitioners in understanding the
important aspects of encouraging customers to continue using the services on a regular basis.
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Appendix 1
Internal consistency and construct validity

Construct

Items

Continuous
usage intention
(CUI)
Institutionbased trust
(IBT)
Perceived
compatibility
(PCO)
Situational
normality
(SN)
Structural
assurance
(SA)

CUI1
CUI2
CUI3
IBT1
IBT2
IBT3
PCO1
PCO2
PCO3
SN1
SN2
SN3
SA1
SA2
SA3

Item reliability>
0.50
(Squared
multiple
correlations)
0.809
0.790
0.798
0.544
0.627
0.590
0.706
0.662
0.559
0.630
0.582
0.560
0.755
0.836
0.736

CR >
0.70

AVE >
0.50

0.922

0.923

0.799

0.808

0.810

0.587

0.841

0.843

0.643

0.811

0.812

0.590

0.912

0.912

0.776

Cronbach’s
α > 0.70
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t-value
22.571
22.145
22.317
15.679
17.188
16.531
19.107
18.299
16.333
17.073
16.249
15.860
21.102
22.829
20.712

Perceived
usefulness
(PU)
Perceived ease
of use
(PEOU)

PU1
PU2
PU3
PU4
PEOU1
PEOU2
PEOU3
PEOU4

0.803
0.752
0.648
0.691
0.672
0.734
0.613
0.571

0.912

0.913

0.723

0.880

0.880

0.648
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22.409
21.250
18.933
19.873
19.026
20.339
17.794
16.928

DECISION MAKING IN THE BIG DATA ERA: OPTIMIZE ORGANIZATIONAL
PERFORMANCE VIA BUSINESS INTELLIGENCE AND ANALYTICS
Fen Wang, Central Washington University, (509) 963-1444, fen.wang@cwu.edu
Mahesh S. Raisinghani, Texas Woman’s University, (940) 898-2930, mraisinghani@twu.edu
Robert Lupton, Central Washington University, (509) 963-1789, robert.lupton@cwu.edu
Jin Tian, Tianjin University, 139-0209-8116, jtian@tju.edu.cn
Xinbao Wang, Washington Technology Solutions, (360) 407-8467,
xinbao.wang@watech.wa.gov
ABSTRACT
This study conducts a review and synthesis of the Business Intelligence and Analytics
(BI&A) evolution, applications, frameworks and emerging trends with the aim to provide a
summary of core concepts, a succinct but valuable description of main app lications and
frameworks, and an account of main recommendations for addressing the Big Data challenges
and opportunities. It develops an integrated and organized view on the BI&A evolution
process and presents an integrated BI&A application framework to help organizations adopt
or develop the appropriate BI&A solutions to derive the desired impact in the Big Data era.
This paper also elicits a set of practical recommendations to executives and leaders in
organizations worldwide for interpreting the BI&A literature and applying the rich body of
knowledge for IT practitioners. The main shift on the BI&A evolution process can be stated
as an evolution from traditional analytical and statistical techniques with structured data sets
in highly predictable and cooperative business environment, to data-driven discovery and
highly proactive and creative decision-making utilizing advanced analytical techniques with
unstructured and massive data sources to cope with a highly dynamic global business
environment in the Big Data era.
KEYWORDS
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INTRODUCTION
According to McKinsey Global Institute (Manyika, 2011), Big Data refers to datasets whose
size is beyond the ability of typical database software tools to capture, store, manage and
analyze. Recent studies show that a majority of employers in the market believe that their
organization’s need for Big Data skills and support tools will rise in the future (Wixom et al.,
2013). With the prominent value proposition, Big Data also brought big challenges for
businesses and decision makers across all walks of life. More than often businesses are
collecting more data than they know what to do with. Successful decision makers must be
able to work with the data, make sense of it, and understand the big picture approach to using
Big Data to gain insights (Willwhite, 2014; Asllani, 2015).
Simply put, due to Big Data, business executives and managers can measure, and hence
know, radically more about their businesses, and directly translate that knowledge into
improved decision making and performance (McAfee & Brynjolfsson, 2012). Modern
business analytics has become their weapon of choice. Business intelligence and analytics
(BI&A), for instance, have experienced significant growth over the past two decades and have
been identified as one of the four major technology trends in the 2010s (IBM Tech Trends
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Report, 2011). Indeed, organizations have become more competitive through the use of
business intelligence and modern analytics in this Big Data era (Asllani, 2015).
Motivated by the emerging opportunities and challenges as well as lack of practical
transference of applying BI&A in the Big Data era, we conduct a selective review (Glass et
al., 2004; Webster & Watson, 2002) on the BI&A evolution, applications, frameworks and
emerging trends with the aim to provide a summary of core concepts, a succinct but valuable
description of main applications and frameworks, and an account of main recommendations
for addressing the Big Data challenges and opportunities. The results of this research can help
BI&A researchers to count with an updated and integrative summarization of the evolution of
the BI&A, and to executives and managers to count with a set of updated recommendations
for coping with Big Data challenges and opportunities.
The remainder of this paper is structured as follows: the review of BI&A evolution phases
and their key characteristics from core studies is reported in section 2; an overview of the Big
Data challenges and opportunities for BI&A is presented in section 3; an investigation of
BI&A applications and framework in the Big Data era is explained in section 4; a discussion
of implications and insights for addressing the Big Data challenges for BI&A researchers and
practitioners is reported in section 5; and finally, we conclude with the research limitations,
recommendations, and conclusions.
THE EVOLUTION OF BI&A
The term “intelligence” has been used by scholars in the field of artificial intelligence (AI)
since the 1950s. Only two decades ago, “business intelligence” (BI) was recognized as a
popular trend in the management information systems (MIS) field. Later with the advent and
rapid advancement of Internet technologies, business analytics (BA) was introduced within
the BI domain and simply defined as “using data for better decision making” (Winston, 2013).
More recently, the rise of Internet of Things (IoT) or the Industrial Internet together with
improved access to large amount of data is also fueling the Big Data trend. The automation of
business processes with information technology has led to the automatic capture of massive
data (Asllani, 2015). Accordingly, Big Data and Big Data analytics, considered in this paper
as a sub-set of business analytics that offers new directions for BI&A, have been used to
describe the unique and advanced analytical techniques that can handle the high volume,
variety, value, and velocity of Big Data in business applications.
As a data centric approach that relies heavily on data collection, extraction, and analysis
technologies, BI&A has its theoretical roots in the longstanding data management field (Chen,
Chiang & Storey, 2012). According to Chen et al (2012), BI&A evolution process can be
classified into phases 1.0 (DBMS-based), 2.0 (Web-based), and 3.0 (mobile and sensorbased). More specifically, BI&A 1.0 refers to the BI&A technologies and applications
currently adopted in industry, where data are mostly structured, collected by companies
through various legacy systems, and often stored in commercial relational database
management systems (RDBMS). In the 2000s, Web 2.0-based systems and analytical
technologies have led to the exciting era of BI&A 2.0 research, which was centered on text
and web analytics for unstructured web contents. Whereas web-based BI&A 2.0 has attracted
active research so far, mobile devices and their complete ecosystems of downloadable
applications are transforming different facets of society leading to the emerging BI&A 3.0
systems in support of highly mobile, location-aware, person-centered, and context-relevant
analysis. Figure 1 below depicts the BI&A evaluation phases and key characteristics.
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Figure 1 – BI&A Evolution Phases and Key Characteristics (adapted from Chen et al. 2012)
THE BIG DATA CHALLENGE & OPPORTUNITY
Modern businesses are now entering the new paradigm of Big Data. In 2010, the total amount
of data on earth exceeded one zettabyte (Ackerman & Guizzo, 2011). By end of 2011, the
number grew up to 1.8 zettabyte (Reed et al., 2012). Further, it is expected that this number
will reach 35 zettabyte by 2020, according to the recent release of 2011 Digital Universe
study sponsored by EMC. In 15 of the US economy’s 17 sectors, business organizations with
more than 1,000 employees, on average, store over 235 terabytes of data—more data than is
contained in the US Library of Congress (Brown et al., 2011). Figure 2 below illustrates the
phenomenon of Big Data worldwide.
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Figure 2 – The boom of the global data volume (adapted from Chen et al., 2014)
So what is Big Data? Big Data is an abstract concept that refers to massive data sets having
large, more varied and complex structure with the difficulties of storing, analyzing and
visualizing for further processes or results (Sagiroglu& Sinanc, 2013). Although there are
variations about the exact definition, Big Data is typically characterized by three Vs: volume,
velocity, and variety. Volume refers to the large size of the data such as terabytes (TB),
petabytes (PB), zettabytes (ZB), etc. The volume of Big Data is larger than the volume
processed by conventional relational databases in legacy systems. Velocity means how
frequently the data is generated and flows into an organization. Real-time or nearly real-time
information makes it possible for a company to be much more agile than its competitors
(McAfee & Brynjolfsson, 2012). Accordingly, variety refers to the sources, types and formats
of data. Different from structured data sets, Big data takes a variety of forms ranging from
RFID sensor readings, unstructured social networking messages and web logs, GPS signals
from cell phones, streamed video and audio, and more. More recently, many researchers and
practitioners proposed one additional key characteristic, namely, the 4th V of Big Data, value
(Gantz & Reinsel, 2011; Hashem et al., 2015), which refers to the low value density in
contrast to the huge volume of the large data set. It poses big challenges in discovering huge
hidden values from large datasets with various types and rapid generation. Figure 3 below
summarizes and depicts the four Vs of Big Data.
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Figure 3 – The Four Vs Characteristics of Big Data
One of the challenges in the era of Big Data is the increased difficulty of mining enormous
amounts of data and information to identify the relevant pieces for effective decision making
(Asllani, 2015). The Big Data expansion, similar to the preceding analytics movement, seeks
to glean intelligence from data and translate that into business competitiveness. However, to
fully realize its potential, Big Data demands new techniques with many of these approaches
still in the developmental stages. Asllani (2015) succinctly captures this transformation:
“acquiring the new tools requires a radical change in underlying beliefs or theory: they
require a new way of thinking” (pp. 6). Some of the inherited challenges in Big Data are
finding capable ways to capture, store, analyze, and virtualize it in order to support more
effective and efficient decision making. More specifically, the volume generally improves the
quality and accuracy of BI&A models and solutions. Furthermore, according to Asllani
(2015), robust BI&A models can accelerate the flow of information by offering quicker
decisions and improving operational business intelligence. Variety, however, presents serious
challenges in implementation of BI&A techniques for Big Data. With the right technological
framework of the BI&A solution, the negative impact of variety can be mitigated (Asllani,
2015).
However, similar to many other technology innovations, Big Data’s power does not
eliminate the need for human insight or vision. In fact, the managerial challenges are greater
than the technical challenges of using BI&A in the Big Data era and reaping the full benefits
of the transition (McAfee & Brynjolfsson, 2012).
BI&A APPLICATIONS & FRAMEWORK FOR BIG DATA
In addition to being data driven, BI&A is highly applied and can leverage challenges and
opportunities presented by Big Data and domain-specific analytics needed in many highimpact application areas (Chen et al., 2012). In this section, we identified four particular
domains to examine the current and potential value BI&A solutions can derive in the Big Data
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era, including health care in the United States, public sector administration in the European
Union, retail in the United States, and global manufacturing. Together these four domains
represented close to 40 percent of global GDP in 2010 (Manyika et al., 2011). The data and
analytics characteristics, potential impacts, and illustrative case studies within each domain
are discussed. By carefully analyzing the application and data characteristics, we can present
an integrated BI&A application framework that can facilitate the BI&A researchers and
practitioners to adopt or develop the appropriate analytical techniques to derive the intended
impact in the Big Data era (Manyika et al., 2011; Chen et al., 2012).
Healthcare
Historically the healthcare industry has generated large amounts of data from numerous
patient care points of contact, sophisticated medical instruments, and web-based health
communities, driven by record keeping, compliance and regulatory requirements, and patient
care (Raghupathi & Raghupathi, 2014). Unfortunately, BI&A for Big Data in health care
generally lags well behind BI&A applications in other sectors such as Retail and
Manufacturing because it has rarely taken advantage of scalable analytical methods or
computational platforms (Miller, 2012). By discovering associations and understanding
patterns and trends within the Health care Big Data, BI&A can take advantage of the
explosion in data to extract new and actionable knowledge for making better informed
decisions (Raghupathi & Raghupathi, 2014).
For instance, as Miller (2012) purported, current researchers “are doing clinical trials
using vast troves of observational health care data, analyzing pharmacy and insurance claims
data together to identify adverse drug events, delving into molecular-level data to discover
biomarkers that help classify patients based on their response to existing treatments, and
pushing their results out to physicians in novel and creative ways”. As such, BI&A has the
potential to improve the care quality, enable deeper understanding of patient disease patterns,
save patient lives, and lower costs in the healthcare delivery system (Miller, 2012; Raghupathi
& Raghupathi, 2014). To accomplish so, the current BI&A solutions need to be equipped with
advanced techniques targeted at the Big Data challenges, such as machine-learning for pattern
recognition, segmentation and predictive modeling, hypothesis-free probabilistic causal
approaches (e.g. Bayesian network analysis), symptom–disease–treatment (SDT) association
rule mining and clustering, and so on. However, as argued by Manyika et al. (2011),
deploying BI&A for Big Data in this sector would need to be accompanied by a range of
enablers beyond technology innovation, some of which would require a substantial rethinking
of the way health care is provided and funded.
Public sector administration
Similar to Healthcare, the public sector is another large sector facing tremendous pressure to
improve its efficiency and productivity. In general, governments have access to vast amounts
of digital data but rarely take advantage of the powerful strategies in which they could use this
information to improve performance and transparency (Manyika et al., 2011). Proper
integration and extension of BI&A strategy and technologies that complement the Big Data
management would be necessary, such as massive parallel-processing (MPP) databases,
distributed file systems, cloud computing technologies, criminal association rule mining and
clustering, criminal network analysis spatial-temporal analysis and visualization, and
multilingual text analytics to mention a few.
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Successful applications of BI&A in this sector include homeland and cyber security
informatics (Chen et al., 2012), in which security agencies are gathering, processing and
analyzing large amounts of security-related data (e.g., criminal records of terrorism incidents
and cyber security threats); public transportation (Zaslavsky et al., 2013), in which
transportation agencies make use of sensor roadways in order to monitor traffic in real-time to
optimum traffic management; tax collections or benefit payments auditing (Brown et al.,
2011), in which tax agencies apply automated algorithms that perform systematic, multilevel
checks on tax returns and automatically flag returns that require further examination or
auditing; and construction and public safety (Zaslavsky et al., 2013), in which public safety
agencies utilize embedded sensors with monitoring systems to collect variety of different
measurements such as a change in temperature and the concrete reaction to that change for
further safety analysis.
Retail
In contrast to the first two domains, retail is an advanced, progressive sector where the
revolution of Big Data first emerged. The retail sector retail has been leveraging BI&A
strategies and techniques for decades. More recently, businesses have been using vast
amounts of data for segmenting customers, identifying emerging trends, improving business
decision making, driving more sales, and developing new revenue-making strategies. These
data are pulled from the web, such as online searches, posts and messages, as well as from
local stores, such as customer movement in the store and fitting rooms. Unlike traditional
sales transaction records collected from various legacy systems of the 1980s, the Big Data that
businesses today collect from various sources are less structured and often contain rich
customer opinion and behavioral information (Chen et al., 2012). Along the process, various
analytical techniques have been developed for social media customer opinion analysis and
customized recommender systems, such as text analysis and sentiment analysis, association
rule mining, database segmentation and clustering, anomaly detection, and graph mining
(Adomavicius & Tuzhilin 2005; Pang & Lee 2008).
For example, retail giant Walmart, the largest retailer in the world with more than two
million employees and annual sales of around $450 billion, has been a data-driven company
since the 1990s. The company uses innovative BI&A techniques that allowed the retailer to
peer into its massive databases of previous transactions to identify customer buying patterns
and predict future buying trends (Mayer-Schönberger & Cukier, 2013). Major Internet firms,
such as Amazon, Google, and Facebook, also continue to lead the development of web
analytics, cloud computing, and social media platforms that offer substantial opportunities for
researchers and practitioners to “listen” to the voice of the market from a vast number of
business constituents (Chen et al., 2012). Nevertheless, there is still tremendous potential
across the industry for businesses to expand and improve their use of BI&A for Big Data,
particularly given the increasing ease with which they can collect information on their
consumers, suppliers, and inventories (Brown et al., 2011).
Manufacturing
Increasingly global and fragmented manufacturing value chains have created new challenges
that manufacturers worldwide must overcome to sustain productivity growth (Manyika et al.,
2011; Lee et al., 2013). As Manyika et al. (2011) purported, manufacturers will need to
leverage a significant amount of digital data to drive efficiency across the extended enterprise
and to design and market higher quality products in order to continue achieving increased
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levels of productivity growth. This sector generates the most datasets, more data than in any
other sector, from a multitude of sources including instrumented production machinery for
process control, supply chain management systems, monitoring systems that observe the
performance of products in action (Manyika et al., 2011). Indeed, the amount of data
generated will continue to grow exponentially in this sector.
Using a Boeing jet for example, it generates 10 terabytes (TB) of data per engine every 30
minutes and a single six hour flight would generate 240 terabyte (TB) of data (Zaslavsky et
al., 2013). In addition, there are about 28537 commercial flights in the sky in United States on
any given day. According to Manyika et al. (2011), BI&A for Big data has the potential to
enable seven performance improvement areas for manufacturers, affecting the entire value
chain: 1) offer further opportunities to accelerate product development and improve product
design, through concrete customer input and open innovation; 2) aggregate customer data and
make them widely available and enable design-to-value; 3) share data through virtual
collaboration sites (idea marketplaces to enable crowd sourcing); 4) implement advanced
demand forecasting and supply planning across suppliers; 5) implement lean manufacturing
and model production virtually (digital factory) to create process transparency; 6) implement
sensor data-driven operations analytics to improve throughput and enable mass customization;
and 7) collect after-sales data from sensors and feedback in real time to trigger after-sales
services. In short, manufacturers around the globe have tremendous potential to generate
value from the use of BI&A with Big Data, integrating data across the extended enterprise
and applying advanced analytical techniques to raise their productivity both by increasing
efficiency and improving the quality of their products (Brown et al., 2011; Lee et al., 2013).
Figure 4 below summarizes the promising and high-impact BI&A applications to address
the challenges and opportunities brought on by the Big Data era in four main domains,
namely, healthcare, public sector administration, retail, and manufacturing. This integrated
BI&A application framework can facilitate the BI&A researchers and practitioners to adopt or
develop the appropriate analytical techniques in each specific domain to derive the intended
impact and value in this Big Data era (Manyika et al., 2011; Chen et al., 2012).
DISCUSSIONS AND INSIGHTS ON BI&A FOR BIG DATA
Recent studies show that a majority of employers in the market believe that their
organization’s need for Big Data skills and support tools will rise in the future (Wixom et al.,
2013). With the prominent value proposition, Big Data has also created new challenges for
businesses and decision makers across many different industries and jobs. Businesses are
collecting vast amounts of data more frequently yet they are still not grasping the potential of
all the data. They do not know what to do with all this data. Consequently, decision makers
face the challenge to work with huge datasets from multiple and varied sources, make sense
of this data, and process the data with adequate tools to gain insights toward an efficient and
effective decision making process. Thus, Big Data needs adequate methods and tools for such
an aim (Willwhite, 2014; Asllani, 2015).

168

Figure 4 – BI&A Application Framework for Big Data in Four Main Domains
The value promise of Big Data for business executives and managers is to know radically
more about their businesses and directly translate that knowledge into efficient and effective
decision making processes leading to better organizational performance (McAfee &
Brynjolfsson, 2012). For this aim, the Business Intelligence and Analytics (BI&A) methods
and tools has become their processing strategy of choice. BI&A evolution process can be
classified into phases 1.0 (DBMS-based), 2.0 (Web-based), and 3.0 (mobile and sensorbased). According to some researchers, BI&A 3.0 applied to Big Data has enabled some
important international organizations to be more competitive in the global environment
(Asllani, 2015). To accomplish this goal, the current BI&A 3.0 solutions need to be equipped
with advanced techniques targeted at the Big Data challenges, such as machine-learning for
pattern recognition; micro-segmentation and predictive modeling; advanced association rule
mining and clustering; text and web analytics; sentiment analysis; anomaly detection and
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graph mining; and signal processing and time series analysis. Figure 5 below depicts the
BI&A evolution process with phase 3.0 techniques highlighted to address the Big Data
challenges and opportunities. Figure 6 presents an overview of the Big Data characteristics
and corresponding BI&A technology as well as methodology solutions to mitigate the
challenges.
From an application perspective, executives and leaders of global organizations are facing
these new challenges of effective decision making in the Big Data era and they desire
practical BI&A solutions that can help them convert the Big Data into strategic insights and
impacts. This integrative review presented in this paper adds to this body of knowledge and
helps facilitate additional research and practical endeavors. A logical evolution of the origins
and techniques of BI&A for Big Data were identified and presented. Based on the richness
and variety of BI&A application and research findings, we present the following
recommendations and cautions to executives and leaders interested in such productive yet
challenging investments:
 All industry sectors face the challenges of effective and efficient decision
making in the Big Data era and the current BI&A 3.0 solutions can help them
become competitive data-driven companies.
 To effectively address the Big Data challenges, the current BI&A 3.0
solutions need to be equipped with advanced techniques depending on the
involved data types, sources, structures, and other organizational
characteristics.
 Practitioners across different industries can utilize the presented integrated
BI&A application framework to adopt or develop the appropriate BI&A
techniques and solutions to derive the intended impact in the Big Data era.
 BI&A for Big Data brings a new culture and way of decision making.
Besides technical challenges, managerial challenges of using BI&A in the Big
Data era must be addressed to reap the full benefits of that transition.

Figure 5 – BI&A Evolution & phase 3.0 techniques to address Big Data Challenges
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Figure 6 – Big Data challenges and corresponding BI&A solutions (adapted from Asllani,
2015)
This study reveals that the BI&A evolution process has experienced drastic changes in its
execution by organizations, its theoretical conceptualization by researchers, and its practical
implications in the Big Data era. The main shift on the BI&A evolution process can be stated
as an evolution from traditional analytical and statistical techniques with structured data sets
in highly predictable and cooperative business environment, to data-driven discovery and
highly proactive and creative decision-making utilizing advanced analytical techniques with
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unstructured and massive data sources to cope with a highly dynamic global business
environment in the Big Data era.
CONCLUDING REMARKS
With an aggressive push towards Web 2.0 and Internet of Things (IoT) or the Industrial
Internet, data has become more accessible and ubiquitous in the global environment. This Big
Data phenomenon and trend necessitates the appropriate techniques and solutions to convert
massive data into useful and actionable information. It is a simple formula: Using BI&A for
Big Data leads to better predictions, and better predictions yield better decisions (McAfee &
Brynjolfsson, 2012). In this paper, we have reviewed the BI&A evolution phases and key
characteristics, the Big Data challenges and opportunities for BI&A, and illustrative BI&A
applications to address the Big Data challenges and opportunities. Along the process, we have
developed an integrated and organized view on the BI&A evolution process and presented an
integrated BI&A application framework to help organizations adopt or develop the
appropriate BI&A solutions to derive the desired impact in the Big Data era.
This paper also elicits a set of practical recommendations to executives and leaders in
organizations worldwide for interpreting the BI&A literature and applying the rich body of
knowledge for IT practitioners. Given the importance and complexity of BI&A and Big Data
phenomenon, we encourage and anticipate continued research efforts to investigate and
establish advanced and updated conceptualizations and frameworks to cope with this complex
yet critical subject.
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ABSTRACT
This paper focuses on the problems involving assembly lines that have to be redesigned
frequently because of changing product types and production quantities. A simple heuristic
based on Helgeson & Birnie’s method is developed for helping unskilled engineers to solve line
balancing problems. The heuristic is confirmed to give good results and requires a short
calculation time.
KEYWORDS
Assembly line balancing problem, Helgeson and Birnie’s algorithm, Kilbridge and Wester’s
algorithm, tabu search, simulated annealing
INTRODUCTION
To reduce production costs and capture more market share, Japanese manufacturers have been
moving production from domestic plants to their overseas plants. Over the last few years, both
product types and production quantities have been changing rapidly; therefore, assembly lines
need to be redesigned frequently (sometimes, even on a weekly basis). To improve line
productivity, it is important to carry out line balancing, which determines both the number of
workstations in a line and the assignment of operations to each workstation.
The problem of assembly line operation planning is also called the “assembly line
balancing problem (ALBP).” It has been studied widely during the past several decades, and a
large number of exact and heuristic solutions have been developed and reported [1]. Moreover,
many review papers on solutions to this problem have been published [2-7]. For instance,
Baybars [2] conducted a survey of exact algorithms developed for a simple ALBP (SALBP),
Scholl and Klein [6] compared several well-known heuristic procedures developed for a
generalized ALBP including mixed-model and multi-model ALBPs, and Boysen et al. [7]
classified the branches of the ALBP in detail from various viewpoints. The present study
focuses on the SALBP, which involves assigning operations performed on a single product to
an ordered sequence of workstations such that the precedence relations among the operations
are satisfied and a particular performance measure is optimized; for example, the number of
workstations can be optimized for a given cycle time (CT) or vice versa.
Optimal methods such as the branch and bound method have been proven to be capable
of obtaining the best solution for the line balancing problem and have been widely adopted in
various business optimization software. However, when the number of operations required for
completing a product is large, the solver requires a long calculation time to obtain an optimal
solution. Business software has also employed quasi-optimal methods to obtain a quasi-optimal
result within a short calculation time, such as metaheuristic methods involving tabu search,
genetic algorithm, or simulated annealing. However, each of these algorithms is based on only

1

174

a single concept and requires extensive modification for each real problem. In addition, users
need to have a deep understanding of the algorithm to be able to use it correctly. Consequently,
the lack of skilled engineering staff in overseas plants is a problem. Line balancing problems
in each plant are solved by the engineering staff based on their experience. As a result, the line
productivity in overseas plants (especially those in developing countries) is lower than that in
Japanese domestic plants. Therefore, in this paper, to simplify the implementation of academic
algorithms to real-world lines, we suggest that Helgeson and Birnie’s (H&B) method be put to
practical use in overseas plants. In addition, we propose a simple procedure that even unskilled
engineering staff can use to improve the performance of solutions to the SALBP.
In the rest of this paper, we first evaluate the performance of the H&B method by
comparing it with the simulated annealing (SA) method. Then, a simple improvement procedure
based on tabu search is proposed. Finally, numerical experiments are performed and the
performance of the proposal is analyzed.
PERFORMANCE COMPARISON OF H&B AND SA METHODS
The aim of the line balancing problem in our target assembly line it to maximize the average
productivity of workers. The preconditions are listed below ((a)–(d)).
(a) A set of operations is required to complete the product. These operations have certain
technological predecessor/successor requirements. An operation cannot be performed
until all of its predecessor operations are finished.
(b) One worker can be assigned to only one workstation. If the number of workstations is
reduced, the unnecessary workers are considered to be moved to other lines or
departments.
(c) No operation can be split among two or more workstations.
(d) Parts/semi-completed products are transferred among workstations at cycle-time
intervals.
Because each workstation has only one worker, the average productivity of workers is
equal to the line balance rate, which is calculated as
Line balance rate %

(1)

The H&B algorithm is one of the well-known heuristics that use priority rules for ranking
operations. The processing time for each operation and for all its predecessor operations is
calculated, and the longer the total processing time, the higher is the priority of the operation.
When the cycle time of a line is given, operations are assigned to workstations starting from the
first workstation in descending order of priority, with the constraint that the total processing
time of a workstation should not exceed the cycle time. This heuristic is easy to understand;
hence, we suggest its implementation in real-world SALBP software used in overseas plants.
The assembly line problem has been proven to be NP-hard [1]; therefore, to evaluate the
performance of the H&B method, we develop an algorithm based on simulated annealing,
which has been proven to provide better solutions than other metaheuristics. To maximize the
average productivity of workers, two stages are considered. The first stage is to minimize the
number of workstations, and the second one is to minimize the cycle time of the target line. The
result of the H&B procedure is used as the initial solution of the SA method.
The detailed procedures performed in the first stage are as follows:
1. Set the initial temperature TI, permissible minimal temperature Tmin, cooling rate α, and
the total search iteration I. Set T = TI and M = 1.
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2. Find the workstations with the lowest workload. Let WSTnow be the lowest workload.
While considering the processing of technical sequences among operations and the cycletime constraints, try to move all the operations of the workstation to other workstations so
that the workstation can be omitted. If the workstation can be successfully omitted, execute
the new assignment. Otherwise, list all reassignment candidates. Randomly select one of
the candidates; now, let WST’ be the lowest workload. Whether the assignment plan is
adopted or rejected is determined by the term exp((WST’ - WSTnow)/T).
3. T = TI × α, M = M + 1. If T > Tmin or M < I, return to step 2; else, stop searching.
The algorithm employed in the second stage is similar to that used in the first stage.
Because the number of stations is fixed in this stage, the aim is to minimize the cycle time. This
time, the focus is on the workstation with the highest workload, and it is checked whether the
assigned operations of this workstation can be exchanged with those of other workstations. The
adoption probability in this stage is calculated by the term exp((CT’ - CTnow)/T).
Hundred problems are created according to the conditions listed below. Table 1 lists the
productivity results.
 Number of operations required to complete a product: 100
 Average processing time for operations: 12 min
 Maximum operation time: 70 min
 Minimal operation time: 2 min
 F-ratio of each problem:
Table 1 Average worker productivity for 100 problems
H&B method
90.6%
Proposed SA method
96.0%
The result of the H&B method is slightly inferior to that of the SA method. However, because
the average productivity of the H&B method exceeds 90%, it can be adopted in real-world
assembly lines.
IMPROVEMENT PROCEDURE FOR H&B METHOD
In this section, a simple procedure is proposed that would enable production engineers to
manually improve the result obtained by the H&B method. Trial-and-error procedures for
operation assignment switching are performed among workstations. The focus is on the
workstation with the highest workload; operations of this workstation are temporary switched
with operations that require less operation time and have been assigned to other workstations.
The technical sequences among operations are checked, and for any feasible switching plan,
line balancing is determined. The temporary plan that can produce the largest reduction in the
cycle time will be executed. Figure 1 shows an example of operation switching. In this case,
workstation 3 is supposed to have the highest workload, and the red- and blue-highlighted
operations are switched.
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WS1

WS2

WS3

WS1

WS4

WS2

WS3

WS4

Figure 1 Example of operation switching among workstations
The improvement procedure is tested on the 100 problems mentioned in the previous
section, and the results are shown in Figure 2. On average, the line balance rate can be improved
by 2% by using the simple improvement procedure. The practical performance of the proposal
is comparable to that of SA, provided a simple operation switching procedure is combined with
the H&B method.
Average line balance rate (%)
100
98
96

96.0

94
92.5

92
90

90.6

88

Improvement by using
switching procedure
Result of H&B method

86
84
SA

Proposal

Figure 2 Comparison between line balance rates of SA and proposal
NUMERICAL EXPERIMENTS
Because the aim of this study is to help unskilled engineers to obtain good solutions for SALBPs
using a few trial-and-error iterations, the proposal is compared with another rule-based heuristic.
The selected heuristic is Kilbridge and Wester’s method, which was proposed in 1961 and was
widely used to manually solve the SALBP during the years when computer technology was not
well developed. One problem is created according to the conditions listed below, and Table 2
lists the results of the numerical experiments. Here, the results for the H&B method are
calculated by using a computer and the proposed improvement procedure is then implemented,
whereas Kilbridge and Wester’s method is executed manually.
 Number of operations required to complete a product: 125
 Average processing time for operations: 12 min
 Maximum operation time: 70 min
 Minimal operation time: 2 min
 Average number of operations preceding each operation: 2
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Table 2 Results of numerical experiments
Method
Line balance rate
Total manual
search iterations
Proposal (H&B method +
96.4%
400
improvement procedure)
Kilbridge and Wester’s
94.3%
843
method

Required
calculation time
1 h, 6 min, 43 s
6 h, 28 min, 46 s

CONCLUSION
In this paper, an integrated approach is proposed to help unskilled engineers to solve real-world
SALBPs. The proposal includes two stages. The first stage is to implement the H&B algorithm
into the software for the SALBP, and the second one is to use the proposed operation
assignment switching procedure to manually improve the performance of the computer-based
results obtained in the first stage. The proposal is confirmed to give good results in less number
of trail-and-error steps compared to the SA method and Kilbridge and Wester’s heuristic.
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ABSTRACT
Online reviews are viewed as an important information source enabling online shoppers to
assess the quality of products/services. While prior studies in both Marketing and IS help
predict the impact of customer reviews on outcome variables such as product sales and price
premiums, more research is needed to explain the psychological mechanisms through which
review systems influence online shoppers’ decisions and behaviors. This study examines the
interaction effect of review balance and volume on online shoppers’ purchase decision
making related to risks and uncertainty using a quasi-experimental design and online
questionnaires. Results show that the four proposed risk concerns are good predictors of
online shoppers' overall risk in e-commerce; perceived risk is a major determinant of online
shoppers' attitude toward purchasing, which in turn determines their purchase intention.
However, there is no significant causal effect between perceived uncertainty and purchase
intention as presumed.
KEYWORDS
Risk Perceptions, Uncertainty, Purchase Decision
INTRODUCTION
As widely admitted, online reviews are useful. Plenty of intrinsic and extrinsic cues
pertaining to online reviews transmit useful information to online shoppers who potentially
buy. For example, an increasing review volume normally indicates an increasing popularity of
products and up-going product sales (Chevalier and Mayzlin, 2006, Clemons et al., 2006);
reviews with five stars stimulate product sales, while those with one star function in the
opposite way (Ghose and Ipeirotis, 2010, Li and Hitt, 2008). However, despite that the
functionality of each individual cue within online reviews looks easy to understand, the
systematic mechanism of these functions is actually complicated to explain, especially
consumers' attribution for those functions. Many of interesting findings in the extant literature
explain people's double in mind, while some of them open up new journeys for researchers to
explore more unknown spaces.
Generally speaking, online reviews are filled up with mixed opinions and emotions. The
functions of cues pertaining to reviews are all intermingled together. It is not unusual to see
that a combination of any two or three cues within reviews could cause some changes in their
functions, which in many cases are hard to clearly interpret. For example, the effect of review
valence (the positivity or negativity of reviews) on the perceived helpfulness of reviews is
uneasy to define. For example, Mudambi and Schuff find that review rating has a significant
impact on perceived helpfulness of reviews, which is additionally moderated by product type
(Mudambi and Schuff, 2010). Particularly, as to experience products, reviews with extreme
ratings are found to be less helpful than those with moderate ratings; however, as to search
products, ratings have no significant impact on the perceived helpfulness of reviews
(Mudambi and Schuff, 2010). Nevertheless, in the context of book sales, Forman et al. find
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that the reviews with moderate ratings are less helpful than those with extreme ratings
(Forman et al., 2008), which is actually contradictory to Mudambi and Schuff's findings.
As a matter of fact, the aforementioned discrepancy is not a unique case. For example,
Chevalier and Mayzlin uncover that the negative effect of incremental negative reviews on
product sales could outweigh the positive effect of incremental positive reviews in the
context of book sales; that is, one-star reviews have a stronger impact on book sales than fivestar reviews (Chevalier and Mayzlin, 2006). However, Clemons et al. claim that high-end
reviews still have a greater impact than low-end reviews in the context of beer sales, which
actually contradicts Chevalier and Mayzlin’s aforementioned finding (Clemons et al., 2006).
Clemons et al. explain that this discrepancy results from the difference in the attributes of
these two products. Similarly, another interesting finding is that negative reviews can also
lead to sales growth if these reviews are informative as well as detailed. That means if
reviewers clearly outline pros and cons of products and provide sufficient information
supporting their viewpoints, online reviews will definitely stimulate product sales even though
the tone of contents is negative. The conjecture from researchers was that negative attributes
of products did not concern online shoppers as much as they did over reviewers (Ghose and
Ipeirotis, 2010).
Considering all, we determine to explore more on the effects of intrinsic cues embedded
with online reviews, especially online shoppers' attribution for interaction effects of these cues.
Particularly, we choose two specific cues − review balance (the ratio of positive and negative
reviews (Purnawirawan et al., 2012a, Purnawirawan et al., 2012b)) and review volume (the
quantity of reviews) − for two reasons. First of all, these are two highly mentioned factors in
literature. Many papers have addressed the importance of review balance and review volume
(Chen et al., 2004, Zhu and Zhang, 2010, Chevalier and Mayzlin, 2006, Clemons et al., 2006,
Ghose and Ipeirotis, 2010, Li and Hitt, 2008, Hu et al., 2008), however, in a separate way.
Little mentioned the interaction effect of these two.
Second, we believe that the combination of review balance and volume reflects a social
consensus toward products or services regardless details in review content (He and Bond,
2015), which somehow help us isolate its effect from the study, although review content is
another frequently mentioned factor in literature. For example, it claims that the increase of
subjective expression in review content could drive up product sales (Ghose and Ipeirotis,
2010), while this effect would be negative when reviews contain a mixture of slightly
objective and highly subjective comments (Ghose and Ipeirotis, 2010). Nevertheless, we still
believe that when a social consensus toward a product or service is formed, the effect of any
specific detail within a review is negligible. In general, a combination of high average rating
together with high volume of reviews itself forms a good predictor for high product sales
(Chen et al., 2004).
Besides, our second objective is to measure online shoppers' attribution for these two cues.
Our discussion is primarily rooted in online shoppers' uncertainty and associated risk
perceptions and purchase intention in the end. Uncertainty in e-commerce is believed to arise
from the possibility that transactions may not be finished due to reasons such as fraud,
counterfeit products, prolonged product delivery, and so on (Pavlou et al., 2007). Prior studies
indicate that high uncertainty in e-commerce is likely to result in high risk perceptions, which
in turn hinder online shoppers’ intention to engage in transactions (Pavlou et al., 2007).
However, despite its importance, many studies simply treat uncertainty as a background
concept and lack direct and systematic measure of it.
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Our study is based on a belief that online reviews provide a possible way for online
shoppers to acquire information about products or services from a third party and therefore
help lessen associated uncertainty and form purchase intention given an opportunity. But our
question further is how much this effect will be? Does it work as intended? If the uncertainty
is lessened, will it be certain that online shoppers will buy more?
Oriented by these questions, our study contributes to the extant literature in the following
aspects. First, we implement a direct measure of risk perceptions and uncertainty in a scenario
of electronic device purchasing. Second, we extend the studies of perceived risk in online
transactions by exploring its potential antecedents. Adapting from Laroche et al.’s
understanding of risk perceptions in general shopping (Laroche et al., 2005), we measure how
the risk perceptions — such as perceived financial risk, social risk, performance risk, and
psychological risk — constitute online shoppers' overall risk perception with the presence of
online reviews in a virtual environment and, in turn, impact people's perception related to
uncertainty and purchase intention. Third, we explore the interaction effect of two important
cues within online reviews − review balance and review volume − and implement a detailed
assessment of their effects in purchase decision making.
The remainder of the paper is organized as follows. First, we review and discuss the
literature related to risk perceptions, uncertainty, and associated factors. Second, we propose
the research hypotheses and model examined in this study. Third, we explain the experiment
design and data collection procedure employed in the study. Fourth, we discuss the findings in
the study according to the outcome of a structural equation model and a series of post-hoc
statistical analyses. Finally, the paper ends with a discussion of theoretical and practical
implications of the findings as well as their limitations.
THEORETICAL BACKGROUND AND HYPOTHESES
2.1. Uncertainty and Purchase Intention in e-Commerce
As mentioned earlier, uncertainty in e-commerce influences online shoppers' judgment in
online shopping. Much effort has devoted to look for possible ways to mitigate online
shoppers' perception of uncertainty in e-commerce. Literature indicate that factors such as
knowledge-based familiarity (Gefen, 2000), trust (Gefen, 2000), and the quality of e-images
in webpages (Gregg and Walczak, 2008) have certain effect on reducing uncertainty and
simplifying the buyer-seller relationship in online transactions. For example, Gefen claims
that online shoppers' familiarity of websites and trust are critical factors in mitigating
uncertainty; particularly, familiarity works as a prerequisite of trust, which in turn impacts
online shoppers' decision on completing transactions (Gefen, 2000). Besides, Gregg and
Walczak find that improving the quality of e-images or photos on webpages may be another
effective way to reduce uncertainty (Gregg and Walczak, 2008).
In the context of online reviews, a similar mitigating effect has also been uncovered. For
example, aiming to investigate the impact of information vividness of reviews on reducing
uncertainty based on comparison of reviews with pictures, no pictures, third party evaluation,
and highly-controlled information, Weathers et al. find that reviews written by a third-party
source are comparatively more efficient than other information sources in reducing
uncertainty and enhancing information credibility for search products such as electronic
devices; conversely, for experience products such as food, pictures in reviews and merchantprovided product reviews are comparatively less effective (Weathers et al., 2007).
However, as mentioned in the beginning, there is a lack of systematic understanding of
uncertainty in e-commerce, although its importance is undeniable. Interestingly, most of
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studies simply treat uncertainty as a background concept without direct measurement,
although literature indicates its measurability. For example, as suggested by the outcomes of a
direct measurement of uncertainty in Pavlou et al.'s study, the improvement of online
shoppers' trust, website informativeness, product diagnosticity, and social presence on a
website can effectively lessen their perception of uncertainty in online transactions (Pavlou et
al., 2007). Adapting the logic from this paper, we decide to implement a direct measure over
uncertainty as well, particularly perceived uncertainty, to investigate the causal relationship
between risk perceptions and uncertainty with the presence of online reviews. Here, perceived
uncertainty is defined as “the degree to which the outcome of a transaction cannot be
accurately predicted by the buyer due to seller and product related factors” (p.107) (Pavlou et
al., 2007).
Despite that our focal interest lies in perceived uncertainty, we incorporate another
conceptual variable − purchase intention − in the research model, because it is believed that
uncertainty is a result of online shoppers’ reluctance to engage in transactions and
consequently less uncertainty would end up with greater intention to purchase (Pavlou et al.,
2007). As a matter of fact, purchase intention is also a highly mentioned variable in many
studies of e-commerce, measuring online shoppers’ intention to purchase in future given an
opportunity. To make our results comparable with other findings in literature, our research
model ends with purchase intention, and consequently we hypothesize that:
H1: Perceived uncertainty has a negative effect on online shoppers' purchase
intention.
2.2. Risk Perception and Its Measurement
Risk perception is a related concept to discussed with uncertainty in e-commerce. Unlike
trust belief, the measurement of risk perception contextually varies. There is no clear
consensus being reached yet. For example, some researchers simply measure risk perception
integrally without specifying risk types, while others examine it contextually. Perceived risk is
the conceptual variable measuring the overall risk perception, which reflects the degree to
which online shoppers feel the uncertainty and consequences associated with their actions
play a critical role in their decision-making (Chen, 2010). On the other hand, literature also
suggests that risk perception in e-commerce can be understood based on its potential sources
that arise from, for example, the risk derived from products and the risk derived from vendors'
behavior. As posited by principal agent theory, risk in e-commerce may derive from online
shoppers’ doubt on potential opportunities of hidden information and hidden actions in
transactions (Pavlou et al., 2007). Here, hidden information arises from sellers' intentional
actions of hiding information on either products or transactions, while hidden actions derives
from sellers' actions of breaking their promises by sending low-quality or counterfeit products
to online shoppers.
However, this understanding of risk perception is only one of the ways to interpret it.
Based on the observation of general customers' shopping behavior, Laroche et al. think that
customers' risk perception can also be understood from consumers' concerns on potential
financial risk, time risk, performance risk of products, psychological risk, and social risk from
friends and family members (Laroche et al., 2005). Specifically, financial risk here refers to
online shoppers' assessment of potential financial losses due to the purchase of a product of
low quality or potential internet-based fraud (Salam et al., 2003, Featherman and Wells, 2010).
Time risk refers to online shoppers' assessment of potential losses to convenience, time, and
effort caused by time researching and purchasing the product (Featherman and Wells, 2010).
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Performance risk is related to online shoppers' assessment of potential problems such as
malfunctioning, transaction processing errors, and reliability problems, which cause products
not to perform as expected (Featherman and Wells, 2010). Psychological risk is defined as
online shoppers' assessment of potential losses to their self-esteem, peace of mind, or self-ego
due to worrying or feeling frustrated or foolish as a result of buying the product (Featherman
and Wells, 2010). Social risk measures online shoppers’ assessment of potential losses to their
perceived status in their social group as a result of buying a product (Featherman and Wells,
2010). Compared to the former measurement, we believe this measurement approach would
provide us a better understanding of online shoppers' psychological changes in mind and more
match with our research objectives.
Therefore, we decide to measure online shoppers' risk perception in two steps. First, we
measure the overall risk perception in the form of perceived risk. Second, we follow Laroche
et al.'s measurement model of risk by assuming that the overall risk perception is constituted
by five specific risk perceptions such as financial risk, time risk, performance risk,
psychological risk, and social risk (Laroche and Nepomuceno, 2010, Featherman and Wells,
2010). However, we exclude the time risk from our model, since in our experiment settings
there was nothing related to time pressure. All the participants were enabled to browse
information as long as they wanted. Also, in a more general shopping environment, online
shoppers normally have plenty of time and flexibility to decide on how much information they
would like to acquire. As such, we believe that it is reasonable to drop time risk from our
examination in the model.
Certainly, as mentioned earlier, the measurement of risk perception could be different if
the context of studies changes. There might be other risks involved in e-commerce such as
risk perceptions related to information privacy and security (Featherman and Wells, 2010,
Pavlou et al., 2007). However, our understanding is that the occurrence of this type of risks
heavily relies on the content of information conveyed in reviews. Our special experimental
design enables us to get rid of the effect of review content from the study, therefore it would
be feasible for us to exclude other potential risk concerns from our examination.
Considering all, we hypothesize:
H2: Perceived financial risk have a positive impact on overall perceived risk.
H3: Perceived performance risk have a positive impact on overall perceived risk.
H4: Perceived psychological risk have a positive impact on overall perceived risk.
H5: Perceived social risk have a positive impact on overall perceived risk.
2.3. Consumers' Attitude toward Purchasing with the Presence of Online Reviews
Prior literature indicates a possible influence t of oline reviews on online shoppers’
attitude toward products and services. For example, the positive relationship between review
valence and product sales (Chevalier and Mayzlin, 2006) indirectly suggests the conformance
of review readers to the opinions of review writers and accordingly their attitude toward
purchasing. Besides, Lee et al. find that high-quality reviews (reviews with substantial
supportive evidence) are prone to have a stronger impact on online shoppers' attitude toward
products than those low-quality ones (reviews with insufficient information) (Lee et al., 2008).
Punawirawan et al. suggest that when reviews are perceived relatively useful, the impression
created by the content in reviews (positve or negative) affect online shoppers' attitude and
intention formation (Purnawirawan et al., 2012b).
Moreover, the Theory of Reasoned Action (TRA) suggests that people’s beliefs influences
their attitude toward an object (Fishbein and Ajzen, 1975). In the consumer behavior domain,
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perceived risk represents a consumer's belief that certain negative consequences might stem
from the purchasing of products (Michaelidou and Christodoulides, 2011). Several studies
indicate that this impact is negative. That is, if a consumer perceives more risks from the
purchasing of products, their attitude toward this purchasing behavior is less favorable and
vice versa. For example, in the purchasing of either symbolic or experimental conterfeit
product, consumers’ percieved risk has a significant negative impact on their attitude toward
the purchasing (Michaelidou and Christodoulides, 2011, Choi et al., 2013). TRA also posits
an indirect role for risk belief in shaping behavioral intention, mediated by attitude. For
example, Lee's study shows that risk belief has an inhibiting effect on consumers' intention to
trade stocks online mediated by their attitude toward online trading (Lee, 2009).
Therefore, we hypothesize:
H6: Perceived risk has a negative impact on online shoppers' attitude toward
purchasing.
H7: Attitude toward purchasing has a positive impact on online shoppers' purchase
intention.
Considering that uncertainty arises from the possibility that transactions may not be
finished due to the reasons such as fraud, counterfeit products, prolonged product delivery,
and so on (Pavlou et al., 2007), we believe that high risk perception is likely to lead to high
uncertainty, as shown in Pavlou et al.'s study that the potential risk derived from sellers'
hidden information and hidden actions may cause an increase of perceived uncertainty
(Pavlou et al., 2007). Therefore, we hypothesize:
H8: Perceived risk has a positive impact on perceived uncertainty.
2.4. The Effects of Review Balance and Volume
As mentioned in the beginning, cues embedded within online reviews impact online
shoppers' behavior in e-commerce. In our understanding, the cues pertaining to online review
can be categorized into two clusters. The first cluster are review-related cues, for example,
average consumer rating, dispersion of ratings, review valence, review quantity, review length,
number of votes on reviews, review content, and so on. Prior studies indicate that product
sales grow when products get rated higher by reviewers; that is, a higher average rating
normally result in higher sales (Ghose and Ipeirotis, 2010, Li and Hitt, 2008, Clemons et al.,
2006, Chevalier and Mayzlin, 2006). As important as the average rating, the dispersion of
ratings can be viewed as another indicator for future sales (Clemons et al., 2006). Interestingly,
it also finds that if average rating is held constant, the longer reviews are, the lower product
sales will be (Chevalier and Mayzlin, 2006).
The second cluster is non-review-related factors, such as product quality, product price,
product popularity, product age, and so on. If taking product popularity as an example, all
three intrinsic of reviews — review volume, average rating, and rating dispersion — are found
to have a stronger impact on less popular products than on more popular ones in the market of
online games (Zhu and Zhang, 2010). Products such as MP3 players, music CDs, and PC
video games are generally viewed as experience products, while others such as cell phones,
digital cameras, and Laser printers are viewed as search products (Mudambi and Schuff,
2010). Prior studies indicate that assessing the quality of experience products before
consumption is difficult; in most cases, the perceived quality of experience products depends
on individual expectations (Mudambi and Schuff, 2010). Conversely, the quality of search
products can be assessed in an objective way (Mudambi and Schuff, 2010). With regard to
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online reviews, average review rating normally influences the perceived helpfulness of
reviews; however, this effect is moderated by product type. For experience products, reviews
with an extreme rating are believed to be less helpful than those with a moderate rating; for
search products, ratings have no impact at all (Mudambi and Schuff, 2010).
As discuss earlier, we decide to concentrate our study on review balance and volume.
There is a similar cue called review valence which measures reviewers' attitude, either
positive or negative, toward products or services. Substantial studies have proved the
importance of review valence. However, we measure review balance instead of review
valence, because review balance is technically measured in a ratio of positive to negative
reviews. Review balance reflects both average rating and dispersion of ratings, and is related
to review valence. When it is close to high end, it means most of reviewers have a positive
attitude toward the targeted product or service; vice versa for the review balance close to low
end. This pattern can also be reflected by a combination of average rating and dispersion of
those ratings. Considering the brevity and efficiency of measurement, we choose to use
review balance rather than measuring them separately, and this measurement is implemented
by manipulating the distribution of review valence.
Besides, despite that the big picture of online reviews' effect on product sales is
understood, there is a need to explore in greater detail how this mechanism works, especially
from a psychological perspective. Yin et al. find that the discrete emotion such as anger and
anxiety embedded in seller reviews may affect their helpfulness rating (Yin et al., 2014).
Baum and Spann show that the consistency between online reviews written by previous
consumers and the recommendation from a recommender system are more critical for a
business (Baum and Spann, 2014).
There are more interesting findings. For example, negative reviews are considered more
informative than positive reviews in the sense of helping consumers discriminate high-quality
products from those of low quality (Lee et al., 2008). If reviews with substantial supportive
evidence are viewed as high-quality reviews and contrarily the ones with insufficient
information are viewed as low-quality reviews, studies show that high-quality negative
reviews have a stronger impact on the attitude toward products than low-quality ones. The
attitude toward purchasing becomes less favorable as the number of high-quality negative
reviews increases (Lee et al., 2008). Negative reviews may trigger sales growth if reviewers
clearly outline the pros and cons of products and provide sufficient information supporting
their viewpoints (Ghose and Ipeirotis, 2010). This is very interesting because in most of the
findings of econometric models, negative reviews seem to always have a harmful influence on
product sales growth. All these findings indicate that the pyschological processing of cues
embedded in online reviews could vary conditionally, although the final outcome may look
simple and straightforward.
What then is the major trigger of online shoppers' purchase intention: review balance or
review volume? Prior studies indicate that as the propotion of negative reviews increases,
holding review volume constant, the tendency for potential buyers to conform to reviewers'
opnions gets stronger (Lee et al., 2008).Further, an increase in review volume only causes an
increase in product sales (implying lower perceived risk in purchasing the product) when the
average rating is positive; vice versa (Etzion and Awad, 2007). On the other hand,
Anqueveque finds that expert reviews written by professional reviewers can lower consumers'
risk perception (Aqueveque, 2006). Considering all these, we hypothesize:
H9: Review balance has a positive effect on online shoppers' purchase intention.
H10: Review balance has a negative effect on online shoppers' perceived risk.
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H11: Review balance moderates the effect of review volume on online shoppers'
purchase intention.
H11a: When review balance is low-ended, review volume has a negative effect on
online shoppers' purchase intention.
H11b: When review balance is high-ended, review volume has a positive effect on
online shoppers' purchase intention.
Online reviews also impact online shoppers’ attitude. As mentioned earlier, review
valence has a positive effect on product sales, which indirectly reflects the conformance of the
readers of online reviews in their attitude toward purchasing. It additionally finds that highquality negative reviews have a stronger impact on attitude formation than low-quality ones;
and online shoppers' attitude toward purchasing turns less favorable when the number of highquality negative reviews goes up (Lee et al., 2008). Therefore, we hypothesize :
H12: Review balance has a positive effect on online shoppers’ attitude toward
purchasing.
Review volume in this study refers to the quantity of reviews and consequently reflects the
amount of information exposed to online shoppers. Pior research on the role of amount of
information suggests that the evaluative judgment of an object becomes more extreme as the
amount of information about that object increases, even when the value of each piece of
information is held constant (Petty and Krosnick, 2014). It also finds that, when clinical
patients consider to take influenza vaccination, the more information they get, the stronger the
consistency of their atttitude and associated behavior is (Davidson et al., 1985). Following the
logic, we assume that if there are more reviews exposed to online shoppers, the consistency of
their attitude toward purchasing and associated purchasing behavior will also become stronger.
Here, purchase behavior is measured in online shoppers' purchase intention as indicated by
literature. Therefore, we hypothesize:
H13: Review volume has a positive effect on the consistency of online shoppers’
attitude and their purchase intention.
H13a: If online shoppers hold a negative attitude toward purchasing, a larger
volume of reviews will lessen their purchase intention.
H13b: If online shoppers hold a positive attitude toward purchasing, a larger
volume of reviews will reinforce their purchase intention.
Integrating all hypotheses, our research model is formed and presented in Figure 1.
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Figure 1. Research Model
RESEARCH METHODOLOGY
This study adopts a quasi-experimental design where paricipants are randomly assigned to
different versions of surveys as planned, while the treatments (review balance and review
volume) are manipulated. Constructs such as attitude, uncertainty, purchase intention, and so
on, are measured using a structured survey questionnaire. The data was collected in two steps
from two sample groups ─ student subjects and general subjects. The effects of review
balance and volume are analyzed using MANOVA tests, while the network of causality
among the constructs are tested with a PLS-based SEM.
3.1. Product Used in Experiments
To measure the impact of product reviews on online shoppers’ online behaviors, we chose
a tablet computer as the object in experiment to empirically test hypotheses for the following
reasons. First, a large number of prior studies used electronic devices as objects because it is
common nowadays for people to purchase electronic devices (e.g. cameras, computers, or cell
phones) online. Second, product type was an influential factor in online shopping (Mudambi
and Schuff, 2010). As discussed earlier, assessing the quality of experience products prior to
consumption is difficult; in most cases, the perceived quality of experience products relies on
individual expectations. Considering the nature of search products, the quality of search
products can be evaluated in an more objective approach compared to experience products.
Therefore, we used a search product (tablet computer) in our study. All of the information
about the tablet computer, including introduction, price, and reviews, is real and taken from
Amazon but adapted slightly to our research requirements.
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3.2. Study Design
As discussed earlier, the experiment is designed with the manipulation of review balance
and volume as presented in Table 1. Adapting from the idea in Park's study (Park et al., 2007),
ten reviews are defined as a low volume while 100 reviews are defined as high volume. A
manipulation check over subjects' perceived quality of reviews was implemented in a pilot
study. The significant result of the comparision indicated the success of the manipulation on
review quantity. On the other hand, review balance is reflected by the distribution of star
ratings. In line with general understanding, one- to two- star reviews are viewed as negative,
four- to five-star reviews are positive, and three-star reviews as neutral. Review balance
changes as one- to five-star reviews are combined in different ways. For instance, a product
with 90% positive reviews is considered to have a positive distribution (or high ended) of star
ratings and is also viewed favorably; 50% of positive reviews show a neutral distribution ( or
balanced) and a neutral product; and 10% of positive reviews correspond to an unfavorable
product with a negative distribution of star ratings (or low ended). We believe this design will
help us better capture the real pattens of online reviews in e-commerce. As illustrated in
Table 1, we consequently have six groups of subjects in the experiment.
Table 1. Experimental Design
Review Balance
Low-ended
Balanced
V1
V2

High-ended
V3

Low
(10
reviews)
Revie
w
Volu
me

V4

V5

V6

High
(100
reviews)

3.3. Data Collection
Our survey questionnaires were posted on Qualtrics.com, a web-based survey software
that enables users to develop and collect responses to surveys. All measurement items for the
study were adopted and adapted from prior studies. All the statements in the instruments used
in the survey were assessed on a seven-point scale anchored at 1=strongly disagree, 4=neutral,
and 7=strongly agree. Six versions of the surveys were created. In each version, most of the
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information, such as product introduction, product price, and information exposure flow (the
sequence that the information were exposed to the subjects), stayed the same.
The number of reviews the participants were exposed to varied as the experimental
settings changed. To eliminate the influenct of review content in the experiment, we applied a
randomization technique when the reviews were drawn from a collection of reviews in the
surveys. For example, all six surveys shared the same pool of one- to five-star reviews,
around 50 of each type of review. A certain number (either 10 or 100 depending on the
experiment design) of reviews could be randomly drawn from this pool of reviews according
to the experimental settings. Technically, it was impossible for any two participants to be
presented with the same set of reviews even though they were taking the same version of the
survey.
The data were collected from two sample groups. The first sample group includes student
subjects. A call for research participation with a link to one of the online questionnaires was
emailed to 500 undergraduate students in the business school at a mid-western university in
the U.S. At the start of the email, the participants were told that all the instructions were
provided in the survey and that they should read the instructions carefully and complete the
survey independently. After deleting incomplete responses, the usable sample size of this first
dataset is simply 137 (24.7% of effective response rate).
To improve the generalizability and reliability of the findings in the study, an additional
set of data was collected from a more general sample. The surveys were posted for about one
week on Amazon Mechanical Turk, which provides access to a global marketplace of more
than 500,000 workers from 190 countries. Compared to student subjects, the workers at
Mechanical Turk are believed to have more diversified backgrounds. Consequently, the
participants from Mechanical Turk are called general subjects in the study. Following the
same data cleaning procedure in student subjects, we received 165 usable respnoses from
general subjects.
Table 2 and Table 3 present the information about sample size and descriptive statistics of
the respondents.
Table 2. Sample Size for Two groups of Subjects
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From the descriptive statistics in Table 3, it is clear that the majority of the participants in
both groups had neither bought nor used the specific tablet computer mentioned in the surveys.
More than 90% of them had shopped online for at least once in the past year. All of these
indicate that the reviews presented in the surveys are the only source of information for these
participants on the product, and additonally they have sufficient knowledge to understand the
information presented and make a judgment. We combined the two groupst of subjects for our
analyses.
Table 3. Descriptive Statistics

DATA ANALYSIS AND RESULTS
4.1. Measurement Validation
To assess measurement validity, we calculate means, standard deviations, correlations and
average variances extracted for each conceptual construct, and cross loadings of each item on
its conceptual construct, as presented in Table 4 and 5. SmartPLS is utilized as the analytic
tool. There were6 responses out of 302 (approximately 2%) containing missing values.
Instead of simply deleting these responses, all the missing values are replaced by means, using
a default function in SmartPLS. As indicated in Table 4, the majority of the construct means
have values centering at 4 (meaning a neutral attitude) with standard deviations of around 1.7,
indicating that most of the responses are evenly distributed across all seven points.
The only exception is social risk, whose mean is 2.833. From the value itself, it appears
that most of the participants hold an optimistic attitude toward the social risk. The three
instruments used to measure social risk represent the participants’ attitude toward buying the
tablet computer. For instance, if buying the tablet, would the participant be held in higher
esteem by his or her friends and family members, or would it cause him or her to be
considered foolish by people whose opinion they value? To make the tone consistent in the
statements, the ratings of the first two questions were reversed by substracting from 8. After
observing the histogram diagrams forthese three questions, we found that the responses of all
three instruments are right skewed, indicating that most of the subjects did not feel much
social pressure to buy the tablet.
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Table 4. The Means, Standard Deviations, Correlations and AVE

Mean
CR
1
2
3
4
5
6
7
8
(STD)
(α)
4.197
0.935
1. FR
0.828
(1.806) (0.896)
4.823
0.952
0.754 0.869
2. PeR
(1.632) (0.925)
3.193
0.972
0.583 0.553 0.919
3. PsR
(1.734) (0.956)
2.833
0.908
0.424 0.382 0.644 0.767
4. SR
(1.628) (0.860)
3.798
0.959
0.785 0.775 0.718 0.575 0.854
5. Risk
(1.785) (0.943)
3.583
0.973
0.537 0.518 0.616 0.528 0.675 0.923
6. Unc
(1.556) (0.958)
3.933
0.974
0.680 0.675 0.438 0.230 0.725 0.450 0.926
8. Att
(1.720) (0.960)
3.683
0.970
0.634 0.640 0.350 0.185 0.648 0.386 0.890 0.914
9. PI
(1.852) (0.953)
Note: all the values on the diagonal of correlation matrix represent AVE (Average Variance
Extracted). FR= Financial Risk. PeR= Performance Risk. PsR= Psychological Risk. SR= Social Risk.
Risk= Perceived Risk. Unc= Uncertainty. Att= Attitude toward Purchasing. PI= Purchase Intention.
STD = Standard Deviation. CR= Composite Reliability. α= Cronbach’s Alpha.

The reliability of principal constructs is measured in both composite reliability and
Cronbach’s alpha. Literature suggests that the composite reliabilities of constructs are
considered good if they exceed 0.90, and 0.7 for Cronbach’s alpha (Pavlou et al., 2007,
MacKenzie et al., 2011, Liang et al., 2007). As illustrated in Table 5, all the values for
composite reliabilities are over 0.90, and all the Cronbach’s alphas are over 0.85. Therefore,
we conclude that the reliability for all the constructs in this study is excellent.
Convergent and discriminant validity are tested by looking at AVEs, cross correlations
and cross loadings. Prior studies (Pavlou et al., 2007, MacKenzie et al., 2011, Liang et al.,
2007) suggest that 1) all AVEs should be greater than 0.50; 2) the square root of AVEs
should be larger than the cross-correlations of constructs; 3) the cross-correlations of
constructs should be lower than 0.90, meaning that constructs are distinct from each other; 4)
the cross loadings of constructs on themselves should be higher than those on other constructs.
Based on these standards, our model in general has a good convergent and discriminant
validity, as indicated in Table 4 and 5.

FR1
FR2
FR3

PeR1
PeR2
PeR3

FR

0.934
0.894
0.902

PeR

0.650
0.551
0.673

Table 5. Cross Loading Matrix
PsR

0.496
0.511
0.465

0.669

0.935

0.510

0.609

0.924

0.475

0.647

0.937

0.469

SR a

0.414
0.392
0.324

0.383
0.353
0.335
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Risk

0.691
0.616
0.662

Unc

0.468
0.428
0.465

Att

-0.614

-0.586

-0.564

-0.526

-0.542

0.699

0.456

-0.627

0.667

0.441

-0.574

0.658

0.465

PI

-0.577

-0.488
-0.602
-0.558
-0.521

PsR1

0.521

0.505

0.959

PsR3

0.522

0.510

0.965

PsR2

0.506

0.481

0.952

SR1
SR2
SR3
Risk1
Risk2
Risk3
Risk4
Unc1

0.232
0.255
0.499
0.705
0.640
0.645
0.680

0.203
0.226
0.475
0.697
0.657
0.643
0.679

0.438
0.498
0.611
0.644
0.676
0.573
0.630

Unc3

0.498
0.444

0.487

0.579

Unc2

0.493

0.480
0.432

0.563
0.615
0.581

0.876
0.871
0.879
0.525
0.590
0.480
0.494

0.683

0.553

0.648

0.575

0.633
0.354
0.377
0.642
0.941
0.930
0.903
0.922

0.584

0.487

0.642

0.535

0.469

0.580

0.450

0.627

0.570

0.969

-0.437

0.961
0.952

-0.600

-0.424

-0.249

-0.679

-0.432

Att3

-0.631

-0.651

-0.417

-0.277

-0.677

-0.421

PI1
PI2
PI3

-0.559
-0.544
-0.583

-0.586
-0.581
-0.568
-0.577

-0.371
-0.273
-0.376
-0.311

-0.221
-0.181
-0.241
-0.198

-0.638
-0.560
-0.609
-0.596

-0.407

-0.090
-0.072
-0.392
-0.658
-0.618
-0.606
-0.669

-0.590
-0.602

-0.388

0.413
0.417
0.442
0.602
0.611
0.554
0.608

Att1
Att2

-0.412

-0.396

-0.333
-0.299
-0.330

-0.061
-0.023
-0.358
-0.598
-0.537
-0.537
-0.600

-0.424

-0.367

-0.382

-0.315

0.970
0.955
0.962

-0.381
0.808
0.840
0.811

-0.351

0.799

0.959

-0.368

0.837

0.967

-0.343

0.806

0.942

4.2. Testing the Structural Model
The structural model was tested using PLS with t-values generated by bootstrapping with
1000 subsamples. As illustrated in Figure 2, most of the hypotheses are supported at p<0.01
except the path from perceived uncertainty to purchase intention (-0.003, p=0.940). In the left
portion of the model, the significance of the hypotheses indicates that online shoppers'
concerns on potential financial risk, psychological risk, performance risk, and social risk are
effective predictors of general risk concerns in online transactions. Performance risk (0.327,
p<0.01) is the most influential risk concern, financial risk (0.292, p<0.01) is the second,
psychological risk (0.257, p<0.01) is the third, and social risk (0.162, p<0.01) is the least
important precedent. The R2 pertaining to perceived risk further indicates that these four risk
perceptions explain around 71% of the variation in perceived risk.

Figure 2. Standardized Coefficients and R2 for the Structural Model
14
192

As hypothesized, perceived risk triggers perceived uncertainty (0.643, p<0.01) and
simultaneously depresses online shoppers' positive attitude toward purchasing (-0.691,
p<0.01). Online shoppers' attitude toward purchasing dominates the formation of their
intention to purchase (0.851, p<0.01). Surprisingly, the path from perceived uncertainty to
purchase intention is not significant (-0.003, p=0.940). Our understanding is that in a virtual
shopping environment, it is inevitable to have a certain uncertainty toward the purchase itself.
However, as long as the online shopper considers this uncertainty manageable and keeps a
positive attitude toward the purchase, his/her intention to buy may still be high. Therefore,
although perceived risk effectively shapes perceived uncertainty, this uncertainty perception
may have no direct effect on purchase intention.
Perceived risk is a major source of perceived uncertainty, explaining around 41% of the
variation in perceived uncertainty. Simultaneously, perceived risk has a strong effect on the
formation of online shoppers' attitude toward purchasing, explaining around 47.5% of the
variation in purchase attitude. Purchase attitude, in turn, determines online shoppers' final
intention to purchase, explaining around 72.4% of the variation in purchase intention.
Overall, the high R2s and the significance in the majority of the hypothesis tests suggest
that our model is a good fit in explaining the impact of consumer reviews on consumers’ risk
perceptions and purchase intention.
CONCLUSIONS
In this study, a two-stage analysis was conducted to examine the effects of online reviews
(specifically review balance and review volume) on online shoppers' purchase decision
making. First, we modeled the precedents of risk perceptions along four dimensions. In
accordance with our expectations, online shoppers’ concerns on potential financal loss,
product perfermance, psychological issues and social issues are good predictors of overall risk
perception in online transactions, accounting for about 71% of the variability in perceived
risk.The magnitude of the standardized coefficients indicates that performance risk plays the
most important role, financial risk is the second, and psychological risk is the third. Within the
same framework, we modeled risk perception as determining perceived uncertainty and
attitude toward purchasing, and those in turn, determining purchase intention. We found that
perceived risk explains around 41% of the varibility in perceived uncertainty and 48% in
attitude toward purchasing. Those, in turn, explain 72% of the variability in purchase intention.
Thus, overall our model was successful in explaining the impact of perceived risk on purchase
intention. However, contrary to our expectations, perceived uncertainty does not significantly
affect online shoppers' purchase intention, when attitude toward purchasing is also considered
in the model.
Second, we examined the effect of review balance and volume on perceived risk,
perceived uncertainty, attitude toward online purchasing and purchase intention. Prior studies
suggest that review balance has a positive effect on product sales. Our findings confirm this
effect and provide a more precise picture of this effect on online shoppers' perceptions. For
instance, our findings confirm that negative reviews cause a higher risk perception than
positive reviews; a high percentage of positive reviews may trigger a positive attitude toward
purchasing by reducing the risk perceived in the situation, which in turn will lead to a higher
level of intention to purchase; and a high percentage of negative reviews induces a negative
attitude and weakens followers’ purchase intention. Furthermore, our study shows that
balanced reviews perform differently from either low-ended or high-ended ones in terms of
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perceived risk; however, they could have a similar function to high-ended reviews in the
context of purchase attitude and intention.
In addition, literature suggests a moderating effect of review volume. Normally, an
increase in review volume should cause an increase in sales only when the average rating is
above a certain anchor point (depending on contexts) and vice versa (Etzion and Awad, 2007).
However, our study fails to confirm this moderating effect of review volume. We examined
the effects of review volume from two angles. However, neither of the hypotheses were
significant.
DISCUSSION
6.1. Contributions and Implications
This study makes significantly theorectical contributions to the extant literature. First of
all, it enriches the findings of online reviews in literature. Based on a review of literature since
2000, we find that present literature on online reviews can be briefly classified into three main
streams. The first stream focuses mainly on the content of reviews and generally employs
content-analysis techniques such as text mining to explore linguistic traits in reviews (Hu et
al., 2014, Xu et al., 2011). For example, Pavlou and Dimoka uncover that semantic patterns
embedded within seller reviews (reviews focusing on the service provided by sellers) can
reveal reviewers' trust over sellers (Pavlou and Dimoka, 2006). The second stream of studies
normally employs econometric methods to build predictive models (Mudambi and Schuff,
2010, Zheng et al., 2013). For example, Mudambi and Schuff build a Tobit regression model
and find that the helpfulness of reviews is a mathematical function of review extremity and
review depth moderated by product type (Mudambi and Schuff, 2010). The third stream
studies consumers' behavior related to online reviews through a psychological lens (Li et al.,
2013, Awad and Ragowsky, 2008). For instance, Awad and Ragowsky's study reveals that
online reviews can alter online shoppers’ trust belief by shifting their attitude toward sharing
opinions and responding to others, though gender differences exist in this regard (Awad and
Ragowsky, 2008).
Each stream has its own focus and pros and cons. In particular, text mining methods are
mainly used to uncover underlying patterns in online reviews; causal behavioral models are
used to understand people's reaction to certain stimuli pertaining to online reviews; and
econometric models focus more on the exploration of factors impacting variables such as sales,
sales growth, helpfulness of reviews, overall ratings of products, price premiums, review
quality, and so on. Currently, econometric models and text mining models dominate the
mainstream studies of online reviews.
Our study belongs to the third stream and was developed based on the other two. Our
study validates some findings in econometric studies pertaining to review balance and volume,
with some differences regarding the effects of review volume. There are some discrepancy
regarding review volume. One possible explanation for the discrepancy may be that in
econometric models, review volume has a different meaning. Over time, higher review
volume means longer product life and equivalently higher popularity, which explains its
positive effect on product sales. However, in our scenario, we measured this effect on
perceptions. It appears that when people assess the possibility of an online transaction, what
other people think (through reviews) does influence their judgment. The amount of
information exposed to these people is not as important as assumed by econometric models.
Second, our study enriches researchers' understanding of risk perception and uncertainty
in e-commerce. We adapt the measurement model of risk from Lacroche et al.'s study and
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extend it to consumer reivews. The findings confirm our inital beliefs that the four risk
perceptions are good predictors of online shoppers' overall risk perception in e-commere. And
this risk perception, in turn, influences online shoppers' uncertainty and affects their attiude
toward online purchases. Our study additionally reveals that the relationships between risks
and uncertainty, risks and attitude were as hypothesized. However, interestingly, there was no
significant relationship between perceived uncertainty and purchase intention, in the presence
of attitude towards purchasing. A possible explanation for this might be that with the
prevalence of e-business, most online buyers have already taken into account the uncertainty
in online transactions in developing an attitude toward online purchases. We believe that this
represents an interesting avenue for future research.
Besides, the findings in our study may also benefit practitioners. For example, our
findings on risk perceptions may benefit text miners who are intereted in lingistic patterns in
review content. When extracting lingusitic cues from review content, text miners may
concentrate more on the narratives pertaining to performance or financial risk rather than
psychological or social risk. In addition, given the prevalence of recommender systems, our
findings may provide guidelines to web designers on subjects such as product display, and
help them obtain a clearer picture of what is attractive to online shoppers. Our findings
suggest that it is more feasible for designers to rank products by review balance instead of
review volume. Moreover, e-merchants may get a better understanding of what concerns
expressed in consumer reviews they should act on, and how they might respond.
6.2. Limitations
Given the already large scope of the present study, we did not take into account several
aspects that deserve consideration. First, there is room to improve the measurement of risk
perceptions to account for both product risk (as we have done) and seller risks. In fact, a
heavier focus on consumers' satisfaction over sellers’ behavior, for example, whether products
are delivered on time, in a good package, or as good as advertised may be a useful future
research direction. Pavlou et al. find that sellers’ activities such as sending fake or low-quality
products to consumers, have a straight negative effect in e-business (Pavlou et al., 2007). The
findings in this study are limited to the impact of product reviews.
Second, the narrative features pertaining to review content have not been considered. A
large number of studies indicate the importance of review content and find that an increase of
subjective expression in review content may lead to a growth of product sales. Conversely
reviews with mixed objective and subjective comments would lessen product sales (Ghose
and Ipeirotis, 2010). In this study, we isolated the effect of review content by a randomization
of reviews presented to the subjects. However, the inclusion of review content would permit
our findings to become more generalized.
Third, this study neglects the influence of product type, which may cause some problems
of generalizing findings across different products. In this study we chose a search product, an
electronic device, as the object in the experiment, because we believe that the objective nature
of this product may help us better measure people’s perceptions in the experiment. However,
this choice also may limit the generality of some findings. As indicated in Mudambi and
Scuff's study (Mudambi and Schuff, 2010), product type may moderate the effect of review
valence on perceived helpfulness of reviews. They find that when assessing experience
products, reviews with extreme ratings (e.g., five star or one star) are perceived to be less
helpful than those with moderate ratings (e.g., three star); however, for search products,
ratings are found to have no impact on the perceived helpfulness at all (Mudambi and Schuff,
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2010). Hence it may be inferred that if an experience product was taken in the experiment, our
understanding might be different. Therefore, a comparison of experience products, search
products, and even services could be a good topic for future research.
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ABSTRACT
The Internet-of-Things (IoT) connects selected IoT items into suites of purposeful linkages
that can meet some targeted section of a consumer market. This paper offers social media and
a behavioural approach as an indirect pathway to tracking a consumer’s IoT item
consumption activities. It also suggests IoT businesses should experiment in direct consumercapture techniques.
KEYWORDS
Internet-of-Things (IoT), social network, motive, gratify, loyalty, consumer
INTRODUCTION
The Internet-of-Things (IoT) can be framed to network across numerous electronic and
mobile devices. The IoT can extend these devices and can connect into household appliances,
business machinery, and transportation. The IoT can even connect through into a building’s
controllable items (including: safety, lifts, energy, communications, temperature, foods,
waste, and other interaction items).
Embedded in each IoT items is software that enables data exchange sensors to intelligently
and remotely network its interacting capabilities, and to operationally set its consumerdesired settings in conjunction, and to do so in conjunction with other inter-linked IoT items
and their settings (Atzori, et al., 2010). Thus a conglomeration of mobile and web devices
each with sensory-enabled physical capabilities then delivers a perceived benefit to the
consumer. The IoT is dynamic and its items are continually being revamped and extended in
their capabilities to take advantage of data and the analytics acquired from its connected
devices and form their embedded sensors (IBM, 2016a)
A consumer’s IoT item selections remain complex and difficult to monitor. Today,
individual consumers often use social media outlets to real-time comment on their IoT item
selections. Such processes fit Davis’s (1993) consumer technologies acceptance, and Fishbein
and Aijen’s (1975) reasoned action approaches. Here the consumer’s behavior is real-time
exposed through their behavioral usage of online social communication channels (Brodie, et
al., 2013; Hutter, et al., 2013; Kim, et al., 2013; Barnett, et al., 2015; Wunnava, 2015). The
consumer’s behavior can be explored by tracking Hamilton and Tee’s (2015) motive to
consumption to gratification model as a consumer discussion perceptions pathway concerning
their IoT item selections. When these behavioral commentaries are monitored by the business
useful consumer understanding around its IoT item can be generated. .
The question then remains how does business capture such consumer commentary? To
date web analytics remains weak, and website benchmarking studies also lack in their
capabilities to gauge consumers. We also lack in our abilities to relate consumer data into
useful business information, and then through to competitive business targeting.
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The capture of social media commentary around an IoT item remains even more difficult
as the above measurement capabilities have only weakly migrated into the social media
realm. However, several techniques are available to capture some of the social media data.
Google analytics offer consumer traces that can be modelled for website efficiencies when
consumers purchase, download, data source, or inquire, or wen consumers enlist other
input/output consumer transaction options. These directional efficiencies map a consumer’s
pathway towards an outcome. However, without consumer behavioral perceptions, data
efficiencies alone offer the business little IoT item information (or capabilities) to then realtime align the website towards current IoT item consumer preferences. Hence, new
knowledge and new processes are needed to map a consumer’s IoT item activities.
SMART IoT ITEMS
Currently over 9 billion IoT items exist (IBM, 2016b). By 2020 IoT item growth is likely to
exceed 50 billion (Cisco. 2016), with mixes of these controllable interactive IoT items
reaching into all aspects of life including health, food, water, energy, waste, knowledge,
automation and robotics. Autonomous machines with human intelligence can be predicted to
interpret imagery, to contextually analyse, to develop and build enhanced useful (and
intelligent) products and to dynamically interface with humans (IBM, 2016b).
Samsung’s SmartThings currently intelligently interlinks has over 50 Samsung brands,
and over 200 external corporation (Honeywell, Logitech, D-Link) products into its IoT
network. This wireless open platform interacts and controls the IoT items settings (Sharma,
2016). This small IoT network already offers smart homes, smart farms and smart work
solutions. It is controlled through Samsung’s IoT command and control centre (SmartThings
hub) (Gibbs, 2016), but the consumer can reset any of their IoT items to realign woth the
consumer’s chosen settings.
CONSUMER IoT BEHAVIOR
Usefulness, ease-of-use, enjoyment and behavior drive trust (Gao & Bai, 2013). Behavioral
motives precede and drive consumption, and consumption precedes and drives consumer
gratification (Hamilton & Tee, 2013). Consumers do show differences in behavior when they
self-segregate into their chosen common behavioral group (Arnold & Reynolds, 2003;
Hamilton & Tee, 2015). In this case each self-segregating group portrays a different set of
behavioral characteristics (Chiu, et al. 2014).
Consumers of an IoT item can also be behaviorally-grouped (Hamilton, Tee & Prideaux,
2016). Combining these perspectives within the e-commerce model, and incorporating trust
theory (Wang, Wang & Liu, 2016), allows the build of Figure 1 and its underlying
measurement dimension. We note where the social media database of consumer commentary
around an IoT item is sufficiently large, then further consumer targeting may be possible.
Applying Figure 1, and depending on consumer group under consideration, we may also
delineate relationship variations (or differences) between differing consumer groups.

Figure 1. IoT social media behavioral tracking model
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Figure 1 shows that consumer interaction within the social media space (and from a
behavioral perspective), occurs at three, sequential, engagement, time-sequenced, levels of
commitment. Once motivated sufficiently, a consumer can choose to move into a
consumption level of engagement where aspects of the IoT item are trialed, and if these
pursuits are sufficiently appealing, then a purchase (or acquisition) of the IoT item then
ensures. Lastly, occasional IoT item purchasers (or acquirers) move into the reflective
gratification level where they can express a trust in the ioT item, can gauge their satisfaction
with its deliverables, and can also become loyal promoters of the IoT item.
We now list the driver constructs underlying the three levels of Figure 1.
Consumer motives
There are four motive constructs that underpin Figure 1 (Hamilton & Tee, 2015).
• Experience – is where the consumer possesses some understanding of the IoT item
and its usefulness
• Attitude – is where the consumer expects the IoT item to meet their basic needs
• Normality – is where the consumer pursues the IoT item against their normal
expectations or desires
• Value-additions – are where the consumer recognizes additional benefits are built into
the IoT item.
Consumer consumptions
Bechmann and Lomborg (2013) show consumers in the social media space hold differing
individual perspectives on their current perception of value creation, and these perspectives
show linkage to their participatory involvement. The five consumption (value) constructs that
underpin Figure 1 (McGuire, 1974; Gubbi et al., 2013; Hamilton & Tee, 2013; Hamilton,
Prideaux & Tee, 2013; 2015; 2016; Kees & Rosemann, 2015) are:
• Servicing – where the consumer is recognizing their ongoing service/engagement
experiences are collectively at least meeting their requirements
• Performance – where the consumer is recognizing their IoT item is purposeful and is
at least meeting their usage and tasking requirements
• Quality – where the consumer is recognizing their IoT item is at least meeting their
quality assurance and their ServQual requirements
• Economic Value – where the consumer is recognizing their IoT item’s economic costs
are at least meeting their valuing requirements
• Personal emotive fulfillment – where the consumer is recognizing the emotional
provisioning of their IoT item is at least meeting their perceptive requirements.
Consumer gratifiers
Loyalty has four strongly-defined outcome variables that make-up this aspect of the overall
gratifier construct as shown in Figure 1 (Cyr, 2008; El-Manstrlya & Harrisona, 2013; Lam &
Shankar, 2014; Wang, et al., 2016). We adopt this gratifier measure first as its constructs are
easier to delineate.
• Cognitive – is where the consumer’s reflection generates a belief that this IoT item
remained overall the best option
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•

Affective – is where the consumer’s reflection generates delivered satisfying
appreciation that this IoT item remained overall the best option
• Conative – is where the consumer’s reflection generates a commitment to this IoT
item as the best option overall
• Overt – is where the consumer’s reflection generates a belief that this IoT item
provided the best overall actioned experiences.
Behaviorally, satisfaction remains a complex and controversial entity to measure
accurately. For example, satisfaction has degrees (which degrees are chosen?), economic
considerations and other aspects. Also, a comprehensive capture of the behavioral constructs
that constitute trust is equally difficult to delineate (Chung et al., 2015). Hence loyalty is the
best behavioral gratifier to deploy in Figure 1.
CONCLUSION
This paper shows there is a mechanism to capture, and to then sort the consumers of an IoT
item. We believe Figure 1 offers a way to track the individual consumer’s progression
towards being loyal towards to the IoT item under study. We also recognize that even if
consumers are motivated regarding the IoT item, only some of these motivated consumers
actually progress into a consumption stage, and even fewer of these consumptive consumers
actually progress to the loyalty stage. This remains an area of ongoing study
This social media consumer tracking approach may only apply if an IoT item draws
considerable general appeal within the wider global community of potential purchasers. This
remains an area of ongoing study.
We suggest the consumer’s social media comments regarding an IoT item likely fit into
behavioral groupings in a similar manner to shopping, banking and sport. We suggest these
group behaviors can be further targeted where the business is seeking to grow its IoT item
sales, or when the business is seeking to better understand the make-up of its consumers and
their requirements. This remains yet another area of ongoing study.
Hence, we conclude there is much research to be done around the IoT, and that
measurement in this domain remains difficult and secondary in nature. Thus we suggest IoT
businesses should experiment in direct consumer-capture techniques.
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ABSTRACT
The CEO’s of leading-edge corporates can enhance their competitiveness by
strategically-adopting latest external business discoveries, internally-researched-and-developed
innovations, and the internet of things (IoT). This lean mixing encompasses IoT disruptive
technologies, innovations, human capital, and quality connectivities. It can frame operational and
human capital pathways into values enhancements - especially those delivering innovative
quality solutions, and those contributing towards their ongoing business global competitiveness.
KEYWORDS
Disrupt, technology, competitiveness, radical business innovation, internet of things
INTRODUCTION
Today CEO’s of leading-edge corporations are continually altering both their business and
supply chains, and their consumer behaviour. These leading-edge CEO’s direct their business’
development strategies. This may encompass changes to channel operational parameters, to risk
positioning, to revenue and profitability targeting, to alterations in human capital requirements,
and to Internet-of-things (IoT) optional and selection decisions.
The CEO’s of leading-edge corporates allocate time and resources towards potentially global
competitive externalities such as: the tracking IoT and new technologies activations, latest global
research and innovations, and marketplace competitive alterations that may exert positive
contribute towards sustainable global growth.
BUSINESS EXTERNALITIES
The corporate’s experimentation, exploration and exploitation (Adler et al, 2009) of such
externalities is often critical to it achieving and sustaining a competitive advantage (Bierly,
Damanpour & Santoro, 2009). Pisano, (2015) recognizes such corporate innovation strategies are
continually evolving, but that there is a corporate cost attached to the experimentation,
exploration and learning, adaption, and exploitation pursuits. However the business’ equilibrium
environment is continually punctuated with emerging or new industry-relevant discoveries which
the CEO may deem worthy of consideration and inclusion as a means to delivering additional
value into the corporate’s existing business suite.
The frequency of industry changes continues to disrupt the existing business’ equilibrium
state. This environmental change to the existing business processes is termed ‘punctuated
equilibrium’ (Wischnevsky & Damanpour, 2005; Robinson, 2007). Today, with the multiplicity
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of new industry-relevant disrupting discoveries arising within increasingly shorter timeframes
leading-edge corporates may now be considered as operating under a ‘dynamic punctuated
equilibrium’ environment.
GLOBAL DISRUPTORS
Today disruptive new technologies are combining with new and advanced technologies to
deliver radical change solutions. For example, social media applications can be applied across
mobile devices, and they can be efficiently, instantaneously, artificially, and intelligently
software-analysed for required values and purpose against cloud-based data information stores.
Combinations such as these are examples of a punctuated equilibrium change to the previously
existing business and consumer situation, and they offer the consumer radical, new,
time-specific, place-specific and knowledge-specific, and near-instantaneous decision-support
solutions.
When combined, McKinsey Global Institute’s 2013 report, MIT (Hamori et al., 2015; Ready
& Peebles 2015; Ben-Hur et al., 2015; Kochan 2015), WFS’s online report and the Singularity
University’s disruptive new technologies perspectives, jointly offer tomorrow’s leading-edge
corporate CEO’s a range of disruptive (and new) options that interrupt the business continuity by
creating a disorder and then reframing the business into a displaced new competitiveness
position. These emerging disruptors can be considered for incorporation into corporate business
models. Emerging significant ongoing disruptions are occurring across the following areas.
Energy
Fuel cells powered by biogas (or hydrogen) are available for electric transport vehicles.
Smart renewables energy is available to power ultra-accurate forecasting(s) and to provide extra
energy capture.
Smart synthetics (including carbon nanotubes) possess great strengths, electricity
conductivities and heat dispersal properties and they also possess molecular-level solar energy
generation capabilities.
Movement and Transport
Today a new space race is underway to transport humans to the moon and to Mars. Scram jet
transport is offering commercial high altitude global travel reducing flight times between the UK
and Australia to around 2.5 hours.
Autonomous (self-drive) vehicle transportation can incorporate a raft of technological
advances including Toyota's Mirai hydrogen fuel cell vehicle (emitting nothing but water),
Google’s camera and directional technologies sensing cars, Audi's tablet computer vehicle
dashboards, VW's ultrasonic parking spaces locator technologies, and Mercedes F015 concept
car's infotainment, social media, and information-intensive flexible theatre screens side panels.
Uber’s peer-to-peer, self-driving, taxi (car) servicing software, now to include other
peer-to-peer business models – including: UberX (cheap taxi servicings), UberFresh (same-day
grocery delivery), UberEats (lunch within 10 minutes), and UberHealth (bringing flu shots to
people). Tesla’s lightweight, cheap, electric, nano-technologies-framed vehicles can further
operationalize such IoT ideas.
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Sensing
Imaging drones can now sense and search for: objects, maintenance requirements, for crop yield
optimization and for crop damage minimization.
The simple ‘smart-pot’ integrates sensors - measuring temperature, moisture, sunlight, and
fertilizer. It also advises the connected mobile device when any aspect of plant treatment is
required.
WeMo sensors improve water usage by monitoring water vibrations in pipes. They then
compute possible water leaks. WeMo electricity sensors also identify waste by determining
devices needing repair, and they can also integrate video, heat, light and motion capture in forms
suitable for home security systems.
Object Builds
Smart synthetics such as molecular level carbon nanotubes offer great fabrication opportunities
where great strengths, great electricity conductivity and/or great heat dispersal is required. For
example, molecular-level solar energy generation in the form of a paint is under trial in China as
a building coating.
Cheap shared robotic hardware systems and downloaded blueprints allows fast, cheap design
and application advances – especially for medical, industrial or personal uses.
3D printers layer plastic, glass, steel, titanium, or bio-materials into imaged: tools, weapons,
limbs/joints. These chemical cocktails can be further 3D printed into chosen product items, such
as new optics - where light moves around objects and sees around objects. 3D laser printed fibres
combining appropriate mix ratios of such raw materials and/or selected bio materials are now
being used to deliver new clothing and high fashion product properties.
Manufacturing
Combining 3D printing specialist laser (or sintering) layering and fusing of property-specific
powdered metals with purpose-built robotics delivers just-in-time unique product and/or mass
production manufacturing. At GE a finer Arcam electron beam delivers 3D printed titanium
aluminide turbine blades for aerospace turbines. MakerBot’s 3D printing uses basic plastic media
filaments and integrates iron, bronze, maple and limestone. This mimics real items rather than
just plastic simulacra. Voxel 8’s 3D electronic printer builds the circuitry to make functioning
electronic devices possible. Hershey's CoCoJet chocolate baker (or chocolatier medium) delivers
shaped white, milk or dark chocolate items. ChefJet prints sugar (or candy) into elaborate
designs. 3Doodler extrudes heated plastic parison filaments and builds solid objects.
In manufacturing innovation Graphene FrontiersTM mass produce graphene onto silicon
wafers at very low cost. These products have wide use across disposable personal medical
diagnostics. Thus, Graphene offers new chip and recognition development horizons.
3D printers can follow 3D engineering designs and can combine powered metals, droplets of
plastics and other materials into: physical mechanical devices, medical implants, jewellery
and/or clothing. For example, by combining medical imaging, digital modeling and 3D printing
doctors can now precisely fit a titanium 3D-printed implant to any person’s anatomy. These
first-generation 3D printers are still slow and they are messy, but these weaknesses are reducing.
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Connectivity and Communications
The billions of IoT items that exist are only useful if connectivity and communication is
available. Today mobile device efficiencies are generated by connectivity and communication
between devices. Productivity is also enhanced where effective collaborations exist between
globally-interconnected and IP-addressed devices - such as phones, thermometers, cars, light
switches, appliances, homes and workspaces.
These connectivities and communications into and from selected IoT items also create
significant privacy and security concerns. Here, each IoT item operates like small computers
with internet connectivity, and some items require unique, innovative authentication techniques.
For retail, banking, social-connectivity and personal daily-health (or medically-related) 24/7/365
connectivity and communication remains vital.
Today smart eyewear (different to Google Glass) is replacing. TV, computer and phone
screens. Here, ultra-private smartphones with secure adaptions are sometimes deployed, but in
most cases these strong security controls are replaced with relatively insecure passwords
combined with apps such as: smartphone ear shape (Helix) recognition and/or iris scan
identification cameras (Eyelock’s Myris). These security add-ons provide 1-in-1.5 million
chances of being incorrect. Hence, most consumers do not require complex high-security
software. Thus connectivity and communications can massively disrupt: the security industry and
the ways consumers interact with businesses.
Today’s global connectivity with Wi-Fi internet has multiple solutions. Google is deploying
thousands of communications balloons, Facebook has released smart communications drones.
SpaceX’s global communications connectivities use 4,000 plus microsatellites orbiting the earth,
whilst Oneweb’s (Virgin/Qualcomm uses 648 communications satellites. All four systems
threaten the telecommunications systems of today, and although each deploys a different
solution, all inter-communicate, and all interconnect their engaging consumers.
Augmented and Virtual Reality
These digital toolkits allow the assembly, disassembly and recombination of complex objects.
They engage new generations of displays and of user interfaces including Facebook’s Oculus
Rift, Google’s Magic Leap, Microsoft’s Hololens, Sony’s Qualcomm HTC, etc. For example,
Oculus Rift’s goggles and earphones enabling suite offers real-time, sensory, and
immersive-gaming where virtual-reality experiences can be superimposed with interactive
external views and actions. Intel’s RealSense depth and gesture recognition cameras let Oculus
Rift add fine hand motions for real-time manipulations and investigations of medical procedures,
and for in-store home improvements simulations (Lowe’s), and for new in-vehicle experience
(OnStar). Next is third party integrations and sharing.
Big Data
Big data is a $US15B industry growing at 10% per year. It observes and tracks high volume
storage additions at high velocity - typically generating near real-time information. It relates
diverse informational assets (text, video, images, numerics, designs) and its machine learning
uses selected asset items to data-fuse, reconstitute and further complete missing knowledge. It
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extends business intelligence systems beyond statistics by applying inductive statistics and
non-linear systems identification. It sometimes builds new laws, non-linear relationships and/or
causal effects thereby exposing linkages, finding dependencies and establishing predictive
behaviours. Thus it cheaply extends the digital footprint of available relevant information.
Often termed the ‘cloud’ (of data), big data describes the global combinations of interlinked
extremely large data storage compilation sites (Apple, Dell, EMC, HP, IBM, Microsoft, Oracle,
SAP, Software AG) that can be accessed computationally to expose useful patterns trends and
associations to further enable human activities or corporate innovations. For example, GPS links
with Google maps and location items such as real estate images. Google scholar, News sites, and
Amazon books help to group publication data. Shares in businesses, banks, brokers, financial
institutions, governments and consumers integrate into global stock exchange data networks.
Entertainment groups through Apple’s i-stores, News sites, Game sites, and other databases. Any
of these databases can also be crosslinked and then further intelligently-mined to find new
knowledge or to expand on existing knowledge. These resource centres are continually
expanding and they remain under ongoing development.
Data Analysis
The ‘cloud’ data resources are intelligently-picked for specific analysis and for contextual
advice. Fot example, Iron Man’s JARVIS Intelligence can combine with artificial intelligence
research built around IBM’s Watson, DeepMind and Vicarious systems and these solutions can
then access and listen to all personal conversations, read all emails and scan all personal
biometrics and intelligently assess these for solutions to selected problems.
Theodore Berger (biomedical engineer) University of Southern California has developed
mathematical procedures program a computer chip that is acceptable to the brain’s hippocampus
as an additional memory module. This has worked for a woman with epilepsy. Research is now
stimulating output cells with a variation of this input digital stimulation algorithm and seeking if
such computer chips can aid long-term memory - especially for persons with severe memory
loss. In time these can also link to the above intelligence delivery platforms and generate
super-human intelligences.
Human Capital
Across corporates Microsoft, Apple, SAP, IBM and others each provide virtual solutions, and
each offers highly-specific peer-to-peer (or robotic) knowledge transfers that in-turn eliminate
chosen levels within the corporate’s hierarchical management bureaucracies.
Population Growth and Dominance
In considering local and global populations the creation of further water and green solutions is
vital. Hydroponic food demands are increasing, and the shift from degradation to maintenance of
terrestrial and ocean environments is also vital. The loss of manufacturing jobs to robotics
dominated assembly lines is forcing the rejigging of the workforce, and is driving the pursuit of
new job skills in such areas as networks, content, data, and new jobs including: media-acquirer,
chief content builder, open-source-manager, chief linguist, and chief-data-scientist.
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Medical Treatment
Into the future, further new organs and joints are now combining micro 3D printing of genetic
materials (regrowth of consumer-required skin, muscle, heart, liver, lung, kidney) sometimes
with embedded genetic therapies and stem cells. Micro surgery processes on knees, backs and
eyes continue to develop and improve.
Other personal diagnosis tools apply nano approaches to disease detection (with nanowire
chemical detectors); to isolate infectious and/or poisonous microbes; to attack diseases like
cancer cells with DNA nano-robot sensing molecular antigen drugs; to map immensely complex
brain structures with astute/sensory neuromorphic microprocessor brain chip implants; and to
track the effectiveness and/or side-effects of consumer medicines using tools like Apple’s
ResearchKit.
Healthcare
Today’s personal biometric wearable personal health sensors (and AI) such as the Apple watch
now monitor the consumer 24/7/365. Here, phones, tablets, mobiles collect report, and respond
on health and fitness related information captured about the user's own body. Genomic
sequencing and machine learning combine to help us understand cancer, heart disease and
neuro-degenerative disease. Robotic surgeons now conduct autonomous surgical procedures
perfectly (every time) for low cost.
Smart eyewear (replacing. TV, computer and phone screens) is disrupting many industries,
and the ways consumers interact IAS’s wearable sensors assess military head injuries. Quell’s
brain stimulations block patient chronic pain receptors and lessen the need for surgical implants.
ReSound LiNX has consumer bluetooth hearing aids.
Other sensors gauge and report biometrics such as: glucose levels (iHealth), emotional state
(Being by Zensorium), temperature (TempTraq and Pacif-i by Blue Maestro), sleep patterns
(Sleep Number), pulse (Fitbit's PurePulse), alcohol level (Alcohoot), weight (Withings), blood
pressure (QardioArm by Qardio). Veristride shoe inserts monitor walking. UMoove tracks
consumer attention and focus.
Financial Servicing
Blockchain is an alternate to the virtual currency Bitcoin. Global financial institutions are jointly
implementing blockchain as new way to recording transactions across decentralized databases.
Corporate interest lies in blockchain’s distributed digital legers system where both parties see the
duplicated transaction record, and so see the ongoing picture of the current agreed transaction(s).
This is transforming the global financial system.
Blockchains cannot be modified as each transaction is cryptographically ‘signed’ and this
blocks any third party tampering. New transactions only add to the distributed leger if all leger
copies are conjointly altered after agreement by all parties.
Blockchains can apply to almost any process that requires robustness, security, consistency
and uniformity. Blockchains allow digital transfers of valuables and/or assets such as monetary
value, contracts, stocks, shares, bonds, letters of credit, insurance, and/or IP. This occurs across

209

highly-secure, peer-to-peer crypto-transactions. It also eliminates the need for banks to securely
manage transactions between two or more parties.
The Internet of Things
Bridges reality and virtuality by interconnecting everyday items with capabilities to capture,
store, transmit and receive digital data and interconnects these capabilities with everything
(related items and unrelated items) the consumer desires!
Today cheap, minute sensors use WattUp routers and recharge devices within 5m, SmartMat
exercise mats have phone chat. Programmed consumer living-spaces wirelessly phone/watch
interconnect. Consumer (or business) selected knowledge is specifically-picked from today’s one
trillion-plus globally connected IoT micro-computational devices and utilized for other chosen
objects within the globally-available billions of inert IoT objects.
At least 15 disruptor dimensions are now developing across the global corporate and
consumer domains. These global disruptors are changing and redefining the global marketplace.
The manufacturing workplace is redefining and it is downsizing its human capital. The jobs of
tomorrow are emerging and continually redefining. The digital age is the new industrial
revolution - which some now call Industrie 4.0 (Kagermann et al., 2013; MacDougall, 2015).
Here, corporate operational systems integrate roboticised production with intelligent IoT systems
with real-time intelligent assessments moving instantly across the corporate and with consumer
connectivity responses approaching real-time (Dobbs et al., 2015).
CONSUMER ENGAGEMENT BY 2025
Consumers and business are engaging in, with and throughout interactive online activities. Their
activities are compilations chosen from the vast array of online-hosted IoT components available
(Hamilton & Tee, 2015). The above (1.2.1 to 1.2.15) are the already existing key disruptive
externalities.
By 2025, many more digital disruptor fields shall: emerge, be available, and provide new
business applications. By 2025 individual consumers can build their specific and desired
solutions by combining their chosen SMAC enablers to blend with their new innovations or
models. They can specifically interlink their chosen mix of disruptor items according to their
specific and personal needs, wants and desires.
Consumers can soon combine their digital disruptor choices using cheap (below $1000 cost)
computers that compute/calculate super-fast at 10,000 trillion cps - speeds equivalent to the
human brain’s processing speeds! Such computation powers can further combine with still other
selections from around 100 billion data gathering interconnecting IoT devices (such as
autonomous cars, satellite systems, drones, wearables, cameras, component fabrication systems)
- each possessing 10 plus input sensors.
From the corporate perspective, the capture, and the tracking, of IoT savvy consumers ideally
allows the corporate to gauge the success of their IoT offerings – but to date any IoT consumer
tracking still remains, at-best, poorly developed. This is a key quality field that is in need of
substantive research and development.
CORPORATE ENGAGEMENT BY 2025
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By 2025, the delivery of a 1 trillion plus data-sensed global economy is likely to generate $19
plus trillion in new value. Thus great disruptive and IoT opportunities exist for leading-edge
corporates – especially those engaging with such new digital knowledge opportunities. Here
opportunities exist to devise business systems geared towards providing each connecting
individual and consumer with the ability to
• know anything they want, anytime, anywhere
• to individually and intelligently seek further answers and new insights
• to query and transact across this chosen global knowledge aspect.
By 2025, then market shall communicate at great (many Mb/s) speeds across 8 plus billion
hyper-connected consumers (5 billion being newly connected persons). Each consumer shall
likely link:
• socially - through Facebook, informatively through Google and Clouds
• positionally - through SpaceX
• intelligently - through Watson artificial intelligence systems
• remotely - using mobile global connectivities.
Each linkage and/or IoT combination is also capable of IoT engagement across remote
3D-printing, diagnostics, services, product sourcing, real-time virtual (and physical) funds
interchange, select transactional acquisitions, and the like.
The growth in these new markets also creates new digital jobs such as the development and
sale of new apps that receive, store and process personal data (sometimes with related revenue
streams) (Buck, 2015) - with mobile app downloads moving from 64B (2012) to 102B (2013)
and to 269B by 2017. The combined effect of these changes also brings many tens of trillions of
dollars into the global economy.
TOMORROW’S LARGE CORPORATES IN 2025
As discussed above, the ongoing disruptive punctuations to equilibrium state of leading-edge
corporates is generating business model responses and redevelopments. These realignments often
necessitate downsizing of both leadership and operational personnel. Here, the reassessment of
required hierarchical human capital systems is trending towards for-purpose, peer-to-peer or
peer-to-robotic transactions - typically knowledge, servicing and/or product orientated – but the
human capital requirement is lessening!
Whole industries are also being disrupted. Education is revolutionizing with online delivery
systems offering pathways capable of adaption into direct human brain memory implants. Again,
the net human capital requirement across many global education providers is likely to downsize.
In the healthcare arena, task-orientated and intelligent-robotic options to the services offered
by physicians and surgeons may soon be delivering 24 / 7 / 365 personal solutions. In healthcare
the human capital mix is disrupting and changing with robotic medical treaters ranging from
nursing to surgery. Hence, leading-edge CEO’s can incorporate their chosen new strategic
disruptors within their corporates.
BEYOND 2025
The next phase for leading-edge corporates is the development of tier chosen model business
combinations into their targeted horizon-shifting corporate solutions. For example, Uber whilst
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delivering its normal passengers, can also deliver secondary orders - for example synthetic and
disease-specific medicines prepared for illness-affected at-home consumers or foods from a
supermarket to a different consumer. Alternatively a genetically grown skin, liver, kidney, lung,
heart or muscle can be surgically implanted by a robotic surgeon and a robotic team of
supporters in a mobile surgery theatre and at the consumer’s home.
QUALITY IN TOMORROW’S HYPER-CONNECTED CORPORATE WORLD
Today manufacturing corporates are leading small business in developing the innovation suites
that lead them into 3D-printable combinations plastics, metals, ceramics and bio solutions
specifically tailored for individual consumers. These combinations often remove direct
competition. Small businesses pursue similar ‘blue ocean’ goals are likely to contribute by
developing variants (or add-ons) to these disruptive corporate solutions.
By 2025, many innovative businesses shall be more locally-based, but globally connected.
These ‘glocal’ operations are likely to only hold their competiveness for a period of time and
until others deliver something better. In recent times the digital disruptions have also been shared
across innovative start-ups (Amazon, Cochlear, Google, Facebook, Uber, Tesla), large
leading-edge corporations (Rio Tinto, General Electric, Boeing, BHP, VW, Apple, Microsoft)
and government (NASA, CSIRO, ). In each case this innovative leading-edge risk taking strategy
has lead the corporation into new enhanced competitiveness opportunities.
So the place of quality in tomorrow’s hyper-connected corporate world lies in the hands of its
tomorrow’s qualities technologists. These corporate leaders are typically technologies-astute
(and solutions-building) experts and they operate as leaders and not as quality-control operators.
They likely possess a diverse range of integrated strategic online toolkits that likely encompass:
• IT, IS and virtual worlds scenario analyses
• innovative initiatives (explore, experiment, execute)
• internal and external market assessments (efficiency, effectiveness)
• operational leanness (5S)
• corporate logistics
• consumer market connectivities (local, global)
• benchmarking (internal, external)
• measuring of processes (time, ROI, grade, longevity, quality, reliability, standards).
CONCLUSION
Leading-edge corporates do generate competitiveness when the CEO adopts a lean mixing
approach across available technology related systems. The place of quality within this
hyper-connected corporate world of tomorrow resides in the CEO’s ability to harness, engage,
and benefit from:
• the IoT connectivities and discoveries
• leading-edge productive corporate solutions - built across IoT connections and
encompassing solutions that increasingly-integrate new innovative complexities
• the extensive cross-overs between the digital engagement areas and the integration
with the physical value-adding production environment
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• the ability of corporate qualities technologists to interpret the qualities of the human
capital required; the quality of the corporate research, the quality of the corporate
leadership, the quality of the production, the quality of logistics, the quality of
delivery, the quality of servicing, the quality of transaction and the quality of ability to
change and be agile..
Thus, for leading-edge corporates to be competitive, a lean mixing of IoT disruptive
technologies, innovations, human capital and quality connectivities remains integral to their
ongoing and competitive successes. Hence, tomorrow’s leading-edge CEO’s must lead the build
of a new set of personal leadership skills, and must also lead the development of a new
competitiveness toolkit that is readily capable of deep exploration, broad experimentation and
ultimately can deliver the ‘glocal’ exploitation of their emerging innovative solutions.
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ABSTRACT
Nowadays, our society has become more modern and industrialized and as a result there are
now less natural attractions to see and appreciate. To solve this problem, society tries to build
man-made natural attractions like city parks, zoos, and aquariums. Putting up aquariums is the
best way to improve indoor environment that is easy to install with less expense. However,
aquariums need to be maintained for a stable growth environment. Thus, a good maintenance
depends on the owner who manages and controls an aquarium. Therefore, in this study, we
propose a remote control system to manage and control the fish growth environment.
KEYWORDS
Remote Control System, Aquarium Fish, Fish Growth Environment
INTRODUCTION
In today’s modern society, we experience a rapid growth towards industrialization and
advancement of technology. Every day, we see modern high story buildings that are being
built up everywhere. Furthermore, civilization’s development brings us more comfortable
living than ever before but this phenomenon causes negative effects to our environment such
as deforestation, environmental pollution, ecocide and a lot more. Therefore, our society tries
to find a solution by building up man-made natures like city parks, arboretum, zoo, and
aquariums. In particular, an aquarium has become a more effective alternative to improve a
green city because it demands low budget, is a well matched interior design and is easy to
install. According to the United Nations Environment Program report, fishkeeping is the third
biggest hobby in the world. The market scale was $12 billion according to the United Nations
Food and Agriculture Organization report and $15 billion based on WTO report (Kim & Jung,
2011).

From Google

From Naver

Figure 1 – A trend of searching aquarium keywords
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For this reason, aquariums can be easily found in various places such as Government agency
buildings, schools, subway stations and houses. Figure 1 shows the rising trend of searching
aquarium keywords. Auto Control System is installed and used in various technology such as
cars (Zhang et al., 2016), logistics (Oliveira et al., 2015) and even in airplanes (Gong et al.,
2013). However, an automatic system related to aquariums is rare to find. Up to this time,
aquarium maintenance depends on the owner who is expert to manage an aquarium for fish
tank. In this study, we propose an automatic control system to manage fish growth
environment using some module for maintenance of an aquarium without involving persons
or experts. Furthermore, to come up with this, we used well-known IoT device Raspberry2
and we built several modules such as Sensor data collection, remote control module and
visualization and management. Each module connects to the Wi-Fi network, programmed
using Python and C# language.
SYSTEM FRAMEWORK
We propose a framework for Fish Aquarium Growth Environment Control System. Figure 2
shows a control system framework. This framework has three modules such as sensor data
collection, visualization and management and remote control module.

Figure 2 – System Framework

SENSOR DATA COLLECTION MODULE
In this module, we used the multiple sensors for sensing fish growth environment in the
aquarium. Commonly, the water temperature and water quality are considered important
variables for the fish. And so, we built up sensors such as a waterproof temperature sensor,
ORP (Oxidation Reduction Potential) sensor and PH sensor in order to monitor the
environment condition. Also, the water level, quantity of light and air temperature influences
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the growth environment. Therefore, we collected the following variables to define an
aquarium environment. Furthermore, this module needs a small computing power to control
and manage each sensor, so we used the well-known IoT product with Wi-Fi connection and
small server.
VISUALIZATION AND MANAGEMENT MODULE
This module provides the visualization information and control panel for aquarium supply
devices. Visualization shows the aquarium condition information through chart and graph
from the previous module result. And control panel offers signal to control the aquarium
devices like lights, filters and heater to maintain a proper environment through a remote
control module.
REMOTE CONTROL MODULE
This module ensures that the remote controls each aquarium devices (lights, filter and heater)
regardless of the time and place. This module can control the amount of water to be filtered
per hour and the duration of time for light consumption. User can control each device using
Visualization and management module control panel.

Figure 3 – Visualization & management module
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IMPLEMENTATION
We implemented the suggested framework. First, we used a small computing device
raspberrypi2 to control sensors and process the sensing data. Raspberrypi2 is a well-known
IoT device to support GPIO and I2C protocol and powerful computing resources.
Each sensor connects to the raspberrypi2 through a GPIO connection and sends the collected
data to rashberrypi2. We built the data collection module with Python language and running
Linux system called Raspbian that is an officially supported operating system for raspberrypi2.
Visualization and management module was built for visualization part with dashing
framework that is an open-source dashboard framework based on Sinatra language. This
module shows the sensing data values about the water tank from previous module which was
built using the Python language.
For management part, we developed a control panel using ASP web services to control the
signals for Remote Control module. Meanwhile, we used the four sensors like PH,
temperature, Light, and water level but we still try other sensors such as ORP and air
temperature to calculate environment condition.
The remote Control module ensures to control each aquarium support devices using control
panel on the web-services. This module, we used a raspberrypi2 to control power equipment
when user requests via Visualization and management module. In the control panel, each
device has an on/off switch. When user switches on the device in the web-service,
raspberrypi2 sends a high voltage signal in order to allow each device to operate.
CONCLUSION
In this paper, we have suggested an aquarium automatic control system for managing
aquarium based on the IoT device and sensors. This system enables an effective selfmaintaining fish tank without involving people. It's more expected to easily manage the
aquarium with less time and human effort. In the future, we aim to build an inference engine
to develop a fully automatic control system and to verify this system in the actual field.
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ABSTRACT
A wedding hall is a place where wedding ceremonies are being held and is a venue where
guests and families of the bride and groom welcome the couple. Also, it could be a reception
venue after the ceremony. The bride and groom select the appropriate venue for their wedding
through several criteria. Several marriage culture and wedding survey related researches were
reviewed in this study. The finding is that factors in assessing the importance of the wedding
hall based on the couple’s preference are still a shortfall. Therefore, this paper identifies the
possible major factors considered in the selection of a wedding hall and determines each
factor’s relative importance. A preliminary survey was conducted through interviewing
wedding experts and companies to identify wedding hall selection factors. Further, to derive
the relative importance value of each factor a pairwise comparison was used. A comparative
analysis using the Analytic Hierarchy Process technique was applied, wherein respondents
were categorized to men and women to determine respectively the highly and least considered
factors of each respondent category that influence their decision making when selecting a
wedding hall and how each factor differs in terms of its relative importance value.
KEYWORDS
Wedding Hall Selection, Analytic Hierarchy Process.
INTRODUCTION
Wedding business industries manage large numbers of wedding commitments every year. To
attract more clients and offer more good services, wedding practitioners must know the
factors that mostly influence a couple’s decision making when it comes to planning their
wedding event which includes the selection of a wedding hall. Analytic Hierarchy Process
(AHP) is one of the techniques in solving a complicated problem. It builds multiple criteria to
structure hierarchy to determine priorities for a good decision making(Saaty, 1994, 2008).
According to TheKnot.com data survey; in 2014 half of the couples say that they spent more
money than what they have originally planned. Further, news says that people who are
emotionally amplified in a psychological condition should not be dealing with purchasing of
products(Kim Young Kyung, 2016). For this reason, majority of the consumers commit
mistakes in decision making. An AHP research about right decision making is on
progress(Hwang et al, 2011) but there is no specific study related to wedding industry.
Therefore, we conducted a study to determine the factors that influence couples’ decision
making in selecting a wedding hall using an AHP technique through a pairwise manner.
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SYSTEM DESIGN
Wedding hall selection factors derivation
In this study, we investigated the factors considered by couples in selecting a wedding hall.
To identify the factors, we gathered information from wedding experts and wedding service
providers, and came up with five (5) selection factors such as the Location/Transportation,
Facilities, Meal Quality, Expense and Services which are defined in [Table 1]. Further,
Analytic Hierarchy Process (AHP) technique was applied to determine the importance of each
factor according to couples’ preference.
< Table 1. Wedding Hall Selection Factors Definition >
Wedding Hall
Selection Factors

Definition

Location/Transportation
Facilities
Meal quality
Cost
Service

Means of transportation to the wedding hall location ( wedding hall area,
public transportation accessibility, parking space )
Facilities provided in a wedding hall (Interior designs, lightings, sound
equipment, sitting capacity, etc.)
Food menu (type of foods) , taste preference
The hall rental fee and cost per meal
Services provided by the wedding service providers (Duration of
ceremony, events, traditional ceremony, etc.)

Relative importance of the selection factors
The Analytic Hierarchy Process (AHP) technique was applied in order to derive the relative
importance of each factor. In AHP technique, relative importance is determined by
comparing two (2) factors on a pair-wise manner. The purpose of this study is to establish the
hierarchy of the wedding hall selection factors as shown in [Table 2]. In general, the AHP
consistent responses of the respondents were compiled to determine the relative importance of
each factor. Consistency is determined by calculating the Consistency Ratio through a logical
consistency value that serves as a standard basis for reviewing the results. A Consistency
Ratio (CR) value with greater than 0.1 is considered with no consistency, however a CR value
with less than 0.1 is considered with consistency.

Wedding Hall
Selection Factors

Location/
Transportation

 Wedding hall area
 Public transportation
accessibility
 Parking space

Facilities







Interior designs
Lightings
Sound equipment
Sitting capacity
etc

Meal quality
 Food menu(type of
foods)
 Taste preference

Cost

 The hall rental fee
 Cost per meal

< Figure 1. Wedding Hall Selection Factors AHP model >
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Service

 Events
 Duration of
ceremony
 Traditional ceremony
 etc

EMPIRICAL ANALYSIS
Data collection
For data gathering, we conducted an online survey to 54 respondents of single men and
women between the marriage age brackets of 20-30 years old. According to the result of the
survey, 43 out of 54 survey response results have a Consistency Ratio greater than 0.1, hence
they were excluded from the computational analysis. However, the remaining 11 survey
response results were used for the final computational analysis where 45.5% (5 persons) were
men and 54.5% (6persons) were women.
Design and measurement of the variable
In this study, we conducted a preliminary survey to the wedding experts and wedding service
providers. We interviewed them and summarized their answers to determine the five (5)
wedding hall selection factors such as Location/Transportation, Facilities, Meal quality, Cost
and Service as defined in [Table 1] that will be used for the questionnaire in the final survey.
Also, shown in [Figure 1] is the AHP model designed based on the information collected from
the people involved in the wedding business industry during the preliminary survey. For the
final survey, we used Pairwise comparison in a 5-point scale to compare each factor: 1- Equal
importance, 2- Moderate importance, 3- Strong importance, 4- Very strong importance, 5Extreme importance.
Result analysis
The results were calculated using the AHP technique wherein the highly and the least valued
factors in selecting a wedding hall were determined as shown in [Table 2] with its
corresponding rank.
< Table 2. Weighting Selection Factors Calculation Result of using AHP >
Wedding Hall
OVERALL
MEN
WOMEN
Selection Factors
Location/Transportation
0.220 (2)
0.216 (2)
0.221 (3)
Facilities
0.253 (1)
0.233 (1)
0.269 (1)
Meal quality
0.212 (3)
0.181 (4)
0.238 (2)
Cost
0.202 (4)
0.215 (3)
0.188 (4)
Service
0.112 (5)
0.156 (5)
0.084 (5)

The results show that both men and women consider the “Facilities” as the most highly
valued selection factor which has a huge influence in their decision making when selecting a
wedding hall, and the “Service” factor with both similar rank result which is at the least.
However, the other selection factors such as Location/Transportation, Meal Quality and Cost
differ in rank results.
The “Facilities” factor refers to the interior design materials, lightings, sound equipment,
sitting capacity, etc. as defined in [Table 1]. Further, couples give much importance on these
facilities so to make wedding ceremonies look good and run smoothly. Thus, “Facilities”
selection factor ranked first among the selection factors for both men and women. On the
other hand, the service selection factor ranked last or fifth (5th). Its implication is that couples
give lesser importance to this factor in decision making and is not an essential factor to
consider when selecting a wedding hall. Moreover, for other factors, men and women differ in
some of the rank results. In the case of men, the location/transportation factor ranked 2nd

3

221

which appears to be of greater importance than the cost factor which ranked 3rd and the meal
quality factor which ranked as 4th. This implies that men have more concerned about the
wedding location and cost since it is a part of the Korean culture where men should shoulder
the expenses. However, in the case of women, the meal quality ranked 2nd,
Location/Transportation ranked 3rd and followed by the Cost factor which ranked 4th which
shows that women are not so particular with how much should they be spending but are more
concerned on the level of satisfaction of the guests. In addition, a wedding ceremony is
believed to be the most important event in the life of a woman and also speaks about a certain
level of a woman’s success. Therefore coupled to this phenomenon, women valued more the
quality than the cost factor.

< Figure 2. Groups Priority Ranking Graph>

CONCLUSION
To be able to identify the factors that influence the decision making of couples when choosing
a wedding hall is a key enabler for a lot of wedding service providers. Service offerings can
be improved based on apprehending what their client’s preference and need, hence developing
a new business strategy. Through conducting various interviews to the wedding experts and
companies, the wedding hall five selection factors were derived as the following;
Location/Transportation, Facilities, Meal Quality, Cost and Services. Furthermore, based on
the analytical survey results, it was determined that the “Facilities” is the highly valued factor
and the “Services” is the least valued factor for both men and women. Results were identified
by applying the Analytic Hierarchy Process (AHP) technique in a pairwise manner.
In the present study, the derived five major factors are considered important wedding hall
selection factors. However, there is a limitation that in the actual selection of the wedding hall,
there is a possibility that there would be other factors that can influence couples’ decision
making, that are not reflected in the derived five major factors. Identifying more selection
factors and their importance value with various respondents of couples of different age groups
in a more detailed and advanced research can be studied in the future.
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Abstract
A high level of sustainable performance achieved by one firm can be brought to naught by its
suppliers’ misconduct behaviors. Many firms are taking various measures to make their
suppliers more sustainable. This paper aims to explore what governance measures firms have
taken to extend sustainability to suppliers. This paper also aims to explore the antecedents and
outcomes of different governance measures. A systematic literature review and a citation
analysis have been conducted to reach the above research aims. Results indicate that research
of upstream sustainable supply chain management is grabbing increasing attention in the
operations research field. More firms tend to impose pressures on suppliers (e.g. supplier
selection/evaluation/monitoring), rather than share knowledge with them or even collaborate
with them. However, the later measures often bring better outcomes. In addition, fewer
researches tried to explore the suppliers’ sustainable behaviors towards their buyer’s different
governance measures. This paper not only can provide managerial implications for managers
but also provide guidelines for further research.
Keywords: sustainability, upstream supply chain, literature review
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INTRODUCTION
Firms are increasingly engaging in environmental initiatives due to the increasing attention
and pressure from governments, customers and external forces such as NGOs, media, and the
public at large. A key challenge for firms is to manage sustainability along the supply chain,
which comprises interdependent units that can influence one another’s reputation and
performance (Gimenez and Sierra, 2013). A high level of environmental performance
achieved by one firm can be brought to naught by its suppliers’ poor environmental
management (Faruk et al., 2002). The problems will be more severe for suppliers in
developing country with weak legal institutional environment. For example, Tazreen that is
located in Bangladesh is an important garment supplier of several international retailers such
as Wal-Mart, Carrefour and A&G. A big fire hazard happened to Tazreen in 2012 leaded to
not only these retailers’ supply interruption but also their reputation damage such as
sweatshop. Many Firms have responded to this challenge by developing strategies that extend
their traditional corporate governance processes beyond the firm’s boundary to their supply
chain partners (Gimenez and Sierra, 2013).
However, despite multinationals’ investments in developing and enforcing supplier codes
of conduct to address employee safety, labor, and environmental issues at their suppliers,
violations of these codes of conduct remain problematic in many industries (Egels-Zanden,
2007; Jiang, 2009; Porteous et al., 2015). For example, a prominent Chinese non-government
organization (NGO), the Institute of Public and Environmental Affairs (IPE), maintains an air
and water pollution database of factory environmental violations in China and recorded over
200,000 violations between 2006 and 2015. Notably, it has made public evidence that
suppliers of world-renowned brands, including Apple (Mozur, 2013) and Marks & Spencer
(IPE, 2012), are polluting rivers and the air in China. To respond to pressures or assistance
from the clients, some enterprises (suppliers) meet green standards by means of sewage
treatment, and some have solved the pollution problem once and for all by innovation of
product process. Different solutions reflect risk preferences of a decision-making body. In
contrast with sewage treatment or innovation, there is a higher level of risk by combating
pollution by means of technical or product innovation. What antecedents, including drivers
and barriers influence the buyers’ upstream sustainable supply chain management and the
impact of various management mechanisms on buyers’ outcome, as well as their suppliers’
environmental behaviors is urgently to be explored. Therefore, it is time to make a sufficient
investigation and analysis of the current literature.
METHODOLOGY
The purpose of literature review is to come to an understanding of important and hot topics in
this research area and the development path of the topics, to get familiar with the past and
present situations of research to pave the way for future research in the same field. As a result,
this paper seeks to make an exhaustive exploration and analysis of the issue. To find the
existing research background of the extending sustainability to the upstream suppliers, this
paper has chosen quantifiable analysis such as citation analysis and content analysis.
Quantifiable analysis may facilitate the understanding of development path of hot topics at
each stage; content analysis enables to comprehend the details of research in papers such as
industries, countries, regions, research methods, research concentrations, applied theories, and
research perspectives and to discern whether research findings are consistent. A combination
of quantifiable analysis and content analysis may lead to a full understanding of the research
area and provide literature and theoretical basis for this research.
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Citation analysis is a major means for scientific and quantifiable research, and it can be
used to make an objective description of research development. Citation analysis acts as a
method of calculation, in which the analysis of knowledge connection and knowledge
network between citation and being cited by means of mathematics and computer is
conducted in order to uncover the law governing knowledge flow in literature. Knowledge
flow is one with knowledge section as the basic unit. More to say, according to the methods
of social network and complicated network, citation analysis can be extended from the
analysis of knowledge flow process to the analysis of relationships between knowledge
elements, which spins off methods such as co-citation analysis, coupling analysis, analysis of
citation networking, and knowledge mapping.
On the other hand, Ronald S. Burt’s theory of Structural holes may also be used as a
theoretical support for methods used in this paper. Mark Granovetter’s theory of social
network analysis has a very important idea that information in the mass of strong relationship
spreads at warp speed. What everybody knows other people may also know to some degree; a
new idea and new information must come from the weak relationship of an individual
different from other clusters. On this basis, Ronald S. Burt put forward the theory of structural
holes. He argued that an individual unfamiliar with structural holes might obtain more
competitive edge and creativity by means of information filter. Based on this theory, this
paper has discovered key nodes of knowledge network, key locations, and turning points of
knowledge by way of Citespace.
A paper with creative ideas cites literature for absorption and elevation of knowledge units.
To conduct a co-citation analysis of the knowledge map from multiple perspectives is to
dissociate and restructure in terms of individual knowledge units; during the process of
restructuring, new knowledge network is formed and new knowledge units are created. The
greater the differences between the disciplines consisting of various knowledge units are, the
more creative is the regrouping of knowledge units and the more important are the discoveries
based on literature.
For this research, the database of Web of Science (WOS) was chosen as the source of data,
and the time spanned the period between 1987 and 2016, because “sustainability” was first
put forward in 1987. The key words for searching were a combination of two types of words:
supply-related words such as supplier, supply, purchasing, procurement, etc. and
sustainability-related words such as green, sustainability, CSR, social responsibility,
environment, compliance, ethical etc. Each search made use of the mixture of these two types,
such as “supplier” + “green,” and research orientation was operation management. In the
meantime, based on the literature searched out by WOS, we traced the literature to the time
before 1987, and in the end, 5051 papers were obtained. After the exclusion of redundant
papers, 3904 papers were left. We conducted an analysis of the abstracts of the remaining
3904 papers and judged whether each paper extended sustainability to suppliers. Ultimately,
153 papers were fit for the purpose of this study. We made a citation analysis of these 153
papers and determined which were hot topics of the research and the variation of the hot
topics with the passage of time. Having read these 153 papers from start to finish, we
evaluated whether each paper corresponded with our research questions (driving factors and
obstacles for sustainable management of suppliers, relevant practices and output from the
practices), and obtained 83 papers, 6 of which were literature review papers. We excluded
these summaries and made a content analysis of the remaining 77 papers.
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RESULTS
Literature across time and journals
Figure 1 can tell about the timeline of relevant literature: from 2007 onwards, the research
related to this area attracted the attention of more and more scholars, and 2012 saw a growth
spurt. Table 2 is a list of relevant literature in journals; relevant literature is scattered in 21
journals. In Journal of Cleaner Production, International Journal of Production Economics,
International Journal of Production Research, and Journal of Business Ethics, there are 106
papers, accounting for 74% of all literature for quantifiable analysis. The remaining 47 papers
are distributed in other 17 journals.

Figure 1- Distribution of articles over time.
Table 1- Categorization of articles by journals
Number of
Percentage
Journal
papers
(%)

Time Line

Journal of Cleaner Production

36

23.5%

2005-2015

International Journal of Production Economics

33

21.6%

2002-2015

International Journal of Production Research

20

13.1%

2006-2015

Journal of Business Ethics

17

11.1%

2006-2015

Journal of Operations Management

8

5.2%

2004-2014

Production Planning & Control

8

5.2%

2003-2015
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Transportation Research Part E-Logistics and

7

4.6%

1998-2015

Production and Operations Management

5

3.3%

2001-2015

International Journal of Operations &

3

2%

2002-2015

European Journal of Operational Research

3

2.0%

2002-2012

Supply Chain Management-an International

2

1.3%

2012-2013

Expert Systems with Applications

2

1.3%

2009-2014

International Small Business Journal

1

0.7%

2011-2011

European management journal

1

0.7%

2009-2009

Omega-International Journal of Management

1

0.7%

2008-2008

Decision Sciences

1

0.7%

1998-1998

Journal of Environmental Planning and

1

0.7%

2014-2014

1

0.7%

2014-2014

Journal of the Operational Research Society

1

0.7%

2014-2014

Computers & Operations Research

1

0.7%

2015-2015

European Journal of Industrial Engineering

1

0.7%

2015-2015

Transportation Review

Production Management

Journal

Science

Management
International Journal of Computer Integrated
Manufacturing

Co-citation analysis
Co-citation, also known as being commonly cited, if two pieces of literature are cited by n
pieces of literature (n=1,2,…) at the same time, then these two pieces are said to have a
relationship of co-citation and the intensity of being commonly cited is n. It is generally
believed that the literature commonly cited is similar in themes to a greater or lesser extent.
Therefore, the number of being commonly cited, that is the intensity of co-citation, acts as a
measurement of literature’s similarity in themes. As a result, the relationship of co-citation
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between clusters of literature may form the networking of co-citation; the distance between
nodes of the networking may reflect the thematic distance. With this as a principle and with a
group of papers representative of some disciplines as the object for analysis, co-citation
analysis reduces the intertwined net-shaped co-citation relationships of multiple objects for
the analysis of fewer clusters of categories and groups and displays it in a visual manner. It
also studies the structures and characteristics of disciplines and literature represented by
objects for analysis (Chen etc, 2014). This paper conducts co-citation analysis by means of
Citespace.

Figure 2- Literature co-citation clusters

Literature co-citation classifies the literature in this research area into six clusters, and the
name of each cluster is extracted from the title of the paper as Figure 2 displays. Cluster0
indicates the largest cluster, and the remaining clusters become smaller and smaller in turn.
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Figure 3- Research hot topics development over time

We may see through the timeline (Figure 3) at what point of time each of the hot topics
increases significantly. For example, the research of cluster 1: green supplier development
was concentrated in 2004, and some scholars conducted a similar study until 2010. By
contrast, cluster 0: environmental purchasing even as the largest cluster, attracted scholars’
attention as early as in 1990, and some scholars studied it until sometime around 1998.
However, after 2000, the research in this field was on the decline.
1998-2003

Table 2- The frequency analysis of keywords (hot topics) over time
2004-2009
2010-2015

Environmental management

Performance (11)

Performance (39)

Performance (3)

Industry (9)

Sustainability (28)

Supply chain management(3)

Management (9)

Corporate social-

(3)

responsibility (24)
Management (3)

Green (8) （8）

Supply chain management
(22)

Impact (2)

Impact (7)

Impact (21)

Purchasing (2)

Strategies (6)

Competitive advantage
(20)
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Green (2)

Financial performance (6)

Chain management (20)

Firm (2)

Supply chain (6)

Model (20)

Strategy (2)

Supply chain management (5)

Industry (18)

Supplier selection (1)

Logistics (5)

Framework (18)

From the table 2 dedicated to the frequency analysis of keywords (hot topics) over time,
we can see that at three periods of time, different hot topics for research emerged. In addition,
from the frequency of appearances, it can be seen that the period from 2010 to 2015 witnessed
more research activity than the other previous two. That is similar to the time distribution map
(see figure 1). Environmental management appeared around the period of 1998-2003. From
2004 to 2009, the most frequent words were performance, industry, management, green, and
impact. It can be deduced that green actions in a distinctive industry made some impact upon
corporate performance. Sustainability became a hot topic as late as 2010-2015; in addition to
the emphasis on green environment, scholars began to lay more stress on social responsibility.
There was frequent occurrence of chain management, which meant that besides the focus of
sustainable practices within enterprises, sustainability of supply chain also drew the scholars’
attention.
Contributive author analysis

Figure 4- Co-author analysis

8
231

From figure 4 (co-author analysis), it can be seen that there are two types of closest
relationships between authors. In the first type of relationships, authors like Joseph Sarkis,
Qinghua Zhu, and Keehung Lai are very closely related and their importance in the network is
very high. Those researchers have mainly conducted the research of management practices of
green supply chain. In the second type, authors like Costantin Blome, Antony Paulraj, Kai
Foerstl, and Carsten Reuter are mostly closely related. Scholars of this type have chiefly
studied sustainable practices in relation to suppliers. In addition, the graph also displays a
number of other cooperation networks. However, relative network is very small and sporadic.
Content analysis
Through further reading of the 77 papers, we summarized the antecedents of upstream supply
management (Table 3), practices of upstream supply management (Table 4) and the outcomes
on firm performance caused by those practices (Table 5).
Table 3- Antecedents of upstream sustainable supply chain management
Antecedent(s)
Criterion
Source(s)
(Zhu et al., 2008), (Wu et al., 2012), (Luzzini et al.,

Organizational support

2015),(Blome et al., 2014),(Dai et al., 2014), (Salam,

(Management support/commitment to
2013),(Dubey et al., 2015),(Ageron et al., 2012),

sustainability;
Top management
leadership/support/commitment;
Individual levels of purchasing
employees; Employee initiatives)
(Amaeshi et al., 2008),(Worthington et al., 2008),

Internal

Corporate culture

Drivers

(Corporate values; Corporate culture;

(Goebel et al., 2012), (Caniato et al., 2012),(Salam,
2013)

People oriented organization culture;
Ethical culture; Personnel training and
value reorientation)
(Hollos et al., 2012), (Leppelt et al., 2013)

Strategic orientation;
Corporate strategy alignment
Vertical coordination with suppliers;

(Carter and Carter, 1998),
(Zhu and Sarkis, 2004),

Power;
(Amaeshi et al., 2008).
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Corporate control; corporate grouping
(Zhu and Sarkis, 2004),(Lopes de Sousa Jabbour et al.,

Quality management;

2015),(Carter and Carter, 1998)

Just in time
Risk perception

(Leppelt et al., 2013), (Bostrom et al., 2015),

Companies environmental policies; A

(Lu et al., 2007), (Leppelt et al., 2013)

company’s listing in sustainability
indices
Economic motivators

(Rao, 2005), (Worthington et al., 2008)

Organizational learning

(Zhu et al., 2008)

Social capital

(Wu et al., 2012)

Environment management level

(Lopes de Sousa Jabbour et al., 2015)

Anti-pressure group campaigns

(Amaeshi et al., 2008)

Corporate responsibility (internal

(Gallear et al., 2012)

awareness; monitoring corporate
responsibility performance; sharing
corporate responsibility best practices)
(Worthington et al., 2008),(Zhu and Sarkis,

Legislative and policy

2007),(Caniato et al., 2012),(Wu et al., 2012),(Wu et

developments/regulatory pressure
al., 2012),(Salam, 2013),(Zhu and Geng, 2013), (Zhu
et al., 2011), (Gallear et al., 2012), (Lu et al.,
2007),(Zhu et al., 2011),(Carter and Carter,
1998),(Ageron et al., 2012),
(Worthington et al., 2008),(Tsoi, 2010),(Dai et al.,

Stakeholder pressures
External
drivers

2014),(Dai et al., 2014),(Wolf, 2014)
(Carter and Carter, 1998),(Zhu and Sarkis, 2007),(Wu

Competitive

et al., 2012),(Dai et al., 2014),(Ageron et al., 2012),
(Zhu and Sarkis, 2007),(Caniato et al., 2012),(Wu et

Market pressure

al., 2012)
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(Salam, 2013),(Zhu and Geng, 2013),(Carter and

Customer pressure

Carter, 1998),(Ageron et al., 2012),

Barriers

NGO environmental guidelines

(Lu et al., 2007),(Ageron et al., 2012)

Government involvement

(Wu et al., 2012),

Mimetic driver

(Zhu and Geng, 2013)

Supplier’s initiatives

(Ageron et al., 2012)

Internal barriers

(Zhu and Geng, 2013)

Technology barriers

(Govindan et al., 2014)

Outsourcing barriers

(Govindan et al., 2014)

Financial barriers

(Govindan et al., 2014),(Ageron et al., 2012)

Knowledge barriers

(Govindan et al., 2014)

Involvement and support

(Govindan et al., 2014)

Supplier’s facilities, human skills and

(Ageron et al., 2012)

human skills, top management
commitment, firm culture

In table 3, we discover and summarize the factors as well as provide reference to the
literature sources in upstream sustainable supply chain. Through reading each paper carefully,
the researcher has classified the drivers into two types – the internal drivers and the external
drivers. The internal drivers mean factors within organizations. The mass of research
concentrates on organizational support-the management’s commitment to and support of
sustainability, leadership, support, or commitment of the higher echelons of the management,
individual competence of purchasing employees and employees’ activities. It also focuses on
organizational culture - corporate values, corporate culture, people-oriented organizational
culture, moral culture and employees’ training and value restructuring as well as and strategic
positioning - strategic orientation and corporate strategic positioning. The external drivers
mean pressure outside enterprises and activities related to the interested groups. The majority
concentrate on monitoring pressure from policies and legal regulations, pressure from the
interested groups, pressure from the system (competitors, market, and imitation motivations),
governmental participation, and suppliers’ actions. However, as compared with the drivers,
fewer scholars have paid attention to impediments. Zhu and Geng (2013) have studied the
impact of internal resistance such as lack of funds, resources, and capacities on green
purchasing. Govindan et al. (2014) have pointed out the impact of internal factors such as
funds, techniques, and knowledge on the management of green supply chain. In addition,
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suppliers’ facilities, labor skills, high-level commitment, and corporate culture are all
impediments to corporate management of sustainable supply chain.
Practice(s)

Table 4- Upstream sustainable supply chain management practices
Source(s)

Supplier selection

Selecting suppliers by

(Lee, 2008),(Faruk et al., 2002),(Association, 2008),(Goebel et al.,
2012),(Mozur, 2013),(Holt et al., 2001),(Chiou et al., 2011),(Zhu

environmental criteria
et al., 2011),(Blome et al., 2014),(Dobos and Voeroesmarty,

and social criteria.

2014),(Azadi et al., 2015),(IPE, 2013),(Luken and Stares,
2005),(IPE, 2012),(Ageron et al., 2012)

Supplier

Ask suppliers to

requirement

commitment

(Carter and Carter, 1998),(Carter et al., 2000),(Zhu and Sarkis,
2004),(Zhu and Sarkis, 2004),(Koplin et al., 2007),(Vachon and
Klassen, 2006),(Zhu and Sarkis, 2007),(Zhu and Sarkis,

environmental goals;

2007),(Zhu et al., 2008),(Oehmen et al., 2010),(Chiou et al.,

Providing design

2011),(Zhu et al., 2011), (Wu et al., 2012),(Zhu et al., 2012),(Zhu
et al., 2012),(Salam, 2013),(Zhu and Geng, 2013),(Blome et al.,

specification to
suppliers;

2014),(Helin and Babri, 2015),(Lopes de Sousa Jabbour et al.,
2015),(Bala et al., 2008)

Normative requirements
for suppliers;
Suppliers’ ISO14000
certification or other
third party certification;
Supplier codes of
conduct;
Purchasing social
responsibility;
Corporate codes of
ethics;
Monitoring/evaluat

Evaluation of

ion/assessment

suppliers/supplier

(Klassen and Vachon, 2003),(Lu et al., 2007),(Simpson et al.,
2007),(Vachon, 2007),(Lu et al., 2007),(Simpson et al.,
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2007),(Baskaran et al., 2012),(Buyukozkan, 2012),(Lu et al.,

assessment

2012),(Gimenez and Sierra, 2013),(Genovese et al., 2014),

Green supplier
evaluation
(Koplin et al., 2007),(Lee and Klassen, 2008),(Dai et al.,

Monitoring of suppliers

2014),(Bostrom, 2015),
(Koplin et al., 2007),

Early detection of
supplier risk

(Zhu and Sarkis, 2004),

Environmental audit for
suppliers’ internal
management

(Zhu and Sarkis, 2007),(Zhu et al., 2008),(Zhu et al., 2011),(Zhu et

Second-tier supplier

al., 2012),(Wu et al., 2012),(Zhu and Geng, 2013),(Grimm et al.,

environmentally friendly
2014),

practice
evaluation/management
Customer perceived

(Vaccaro and Echeverri, 2010),

supplier’s disclosure of
corporate environmental
information
Supplier

Greening suppliers;

development

green supplier

(Rao, 2002),(Rao, 2005),(Koplin et al., 2007),(Bai and Sarkis,
2010),(Chiou et al., 2011),(Lu et al., 2012),(Blome et al.,
2014),(Blome et al., 2014),(Luo et al., 2014),

(support-based)

development;
Social responsible
supplier development
Support based initiatives

(Lee and Klassen, 2008),

Supplier diversity

(Worthington et al., 2008),(Worthington, 2009),

Charitable donation

(Zhang et al., 2014),
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Collaboration with

Vertical coordination

suppliers

with suppliers

(Carter and Carter, 1998),

Collaboration/cooperatio

(Klassen and Vachon, 2003),(Zhu and Sarkis, 2004),(Vachon,
2007),(Zhu and Sarkis, 2007),(Vachon and Klassen, 2008),(Zhu et

n with suppliers
al., 2008),(Zhu et al., 2011),(Hollos et al., 2012),(Wu et al.,
2012),(Gimenez and Sierra, 2013),(Govindan et al., 2013),(Zhu
and Geng, 2013), (Ramanathan et al., 2014),(van Hoof and Thiell,
2014),(Lopes de Sousa Jabbour et al., 2015),(Luzzini et al., 2015),
(Vachon and Klassen, 2006),

Green project
partnership with
suppliers
Logistical integration

(Vachon and Klassen, 2007),

Technological

(Vachon and Klassen, 2007),

integration
(Simpson et al., 2007),

Relationship
investment/management
Information sharing with

(Lu et al., 2012),(Lai et al., 2015),

suppliers
(Leppelt et al., 2013),(Sharif et al., 2014),(Bostrom, 2015),(Dubey

Supplier relationship

et al., 2015),

management;
Trust
(Dai et al., 2014),

collaborative planning
with suppliers

(Dai et al., 2014),

Involves suppliers in
environmentally friendly
product development
activities
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In table 4, we classified practices of upstream sustainable supply management into five
categories: supplier selection, impose requirements on suppliers, supplier evaluation or
monitoring, support-based supplier development and collaboration with suppliers. According
to the attached reference sources, it can be seen that compared with supplier development and
collaboration with suppliers, more enterprises tend to impose pressure or requirements on
suppliers.
Table 5- Outcomes of upstream sustainable supply chain management practices
Outcome(s)
Source(s)
Economic

Financial performance (Net

outcomes

income and cost of goods

(Carter et al., 2000),(Vanpoucke et al., 2014),(Blome et al.,
2014).

sold)
(Vanpoucke et al., 2014),(Lai et al., 2015),(Luzzini et al.,

Cost

2015),(Porteous et al., 2015).

efficiency/control/reduction
(Rao, 2002),(Zhu and Sarkis, 2004),(Zhu and Sarkis,

Economic performance

2007),(Gallear et al., 2012), (Hollos et al., 2012),(Wong et al.,
2012), (Zhu et al., 2012),(Lai et al., 2015),
(Rao, 2002), (Chiou et al., 2011),(Lee et al., 2015),

Competitiveness Competitiveness

(Vachon and Klassen, 2006), (Vachon and Klassen,

Manufacturing

2008),(Ageron et al., 2012),

performance (cost,
delivery, quality,
flexibility)
(Worthington, 2009),

Organizational
performance
(Revenue earning
activities; Cost
control/reduction; Risk
spreading; better strategic
fit)

15
238

Stakeholder relationships

(Worthington, 2009), (Gallear et al., 2012),

Strategic objectives

(Worthington, 2009),

Responding to a changing

(Worthington, 2009),

external context
Operational performance

(Hollos et al., 2012),(Zhu et al., 2012),

Buyer’s market

(Blome et al., 2014), (Vanpoucke et al., 2014)

performance
Process flexibility

(Vanpoucke et al., 2014)

Corporate sustainability

(Wolf, 2014)

performance
Customer satisfaction

(Ageron et al., 2012)

Environmental

Environmental

(Rao, 2002),(Zhu and Sarkis, 2004),(Koplin et al., 2007),(Zhu

outcomes

performance

and Sarkis, 2007), (Vachon and Klassen, 2008),(Chiou et al.,
2011), (Zhu et al., 2012), (Zhu et al., 2012), (Dubey et al.,
2015),(Lai et al., 2015),(Lee et al., 2015),(Lopes de Sousa
Jabbour et al., 2015),(Luzzini et al., 2015)
(Klassen and Vachon, 2003),(Vachon and Klassen, 2007),

Level of investment on
environmental programs

(Klassen and Vachon, 2003),(Vachon and Klassen, 2007),

Allocation of investment

(Vachon, 2007),

between forms of
environmental technologies
Environmental innovation

(Chiou et al., 2011),

Pollution reduction

(Wong et al., 2012),

Reduction in

(Porteous et al., 2015),

environmental violation
Social outcomes

Social performance

(Koplin et al., 2007), (Luzzini et al., 2015)

Reduction in social

(Porteous et al., 2015),
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violation
Supplier

Supplier performance;

performance

Suppliers’ credible trade;

(Blome et al., 2014),
(Zhang et al., 2014),
(Simpson et al., 2007),

Supplier’s commitment;

(Ageron et al., 2012),

Supplier’s capabilities to
innovate;
Upstream supply chain risk
management;
Trust in suppliers;
Supplier lead-time

Table 5 shows that the outcomes caused by various upstream sustainable supply
management practices include five aspects: economic outcomes, competitiveness,
environmental outcomes, social outcomes and supplier related outcomes. Most research focus
on the environmental aspect and economic outcomes and fewer studies explored social
outcomes and supplier related performance.
Framework for upstream sustainable supply chain

Figure 5- Conceptual framework for upstream sustainable supply chain
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We propose a conceptual framework to summarize the current state of this research area.
Compared with drivers to prompt buyers to extend sustainability to suppliers, fewer studies
analyze the obstacles to implement the above-mentioned practices. The impact of different
practices on different dimensions of performance is different. In addition to what we have
summarized above, another finding is that among the reviewed articles, most examined how
these practices influence environmental or social performance from the buyer’s perspective.
Among the 77 papers we further analyzed, only ten analyzed the influence of buyer’s
upstream sustainable approaches on supplier’s sustainable behaviors and the research can be
divided into three aspects. First, the supplier’s commitment to buyer’s supplier codes of
conducts. For example, Simpson et al. (2007) analyzed whether suppliers comply with
buyer’s environmental requirements. Egels-Zanden (2007) and Egels-Zanden (2014)
examined the supplier’s compliance with MNC’s codes of conducts in relation to social
aspects. Second, how customer’s assessment and collaboration influence SMEs’
environmental capabilities. For example, Lee and Klassen (2008) proposed that customers’
assessment and collaboration have a synergy effect on their supplier’s internal and external
environmental capabilities through a longitudinal case study. Third, supplier’s internal
environmental practices and the difficulties they have for environmental management. For
example, van Hoof and Lyon (2013) and Baden et al. (2011) explored the supplier’s
environmental practices such as cleaner production.
Research agenda
The impacts of external monitoring forces, such as NGO, social media and public awareness,
on the buyers’ sustainable supply management behaviors. How the external monitoring forces
and government regulations pressures interactively influence the buyer’s behaviors should
also be explored. In addition, the interaction effect of internal driver and external driver
should also be explored further.
How buyer’s different tactics influence supplier’s sustainable behavior? For example,
whether the tactics with different level of knowledge sharing will influence supplier’s
environmental innovation decision or not is an important research question. The findings can
give guidance to the buyers about how to make tactics towards different kinds of suppliers to
maximize the efficiency and effectiveness.
Whether the combination of different tactics (e.g. impose pressure/requirement on
suppliers and share knowledge with suppliers) will bring better outcomes or not.
For many suppliers, especially small and medium-sized suppliers, different environmental
behaviors represent different level of risk investment. Since the environmental orientation of
decision makers or the ownership of enterprises can influence their risk decision. How these
factors influence the supplier’s react to customers’ pressures or assistance should also be
explored deeply.
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ABSTRACT
This study focuses on intertwining existing theore tical frameworks and em pirical research to
identify an opportunity of conducting sim ple behavior to achieve influence on decisionmaking. The gap realized is from a practical st andpoint within the hosp itality industry. In th e
area of hotel business, rising dem and pushes management to market green initiatives in hopes
of increasing guest participa tion. Although variant eco-friendly programs are available from
numerous lodging corporations, the m arketing seems to be secondary. This study hopes to
explore the dynamic between vocally m arketing green initiatives and gu est participation. The
sample segmentation will target a range of non-green to gr een individuals and their decisionmaking behaviors. The Theory Reasoned Action (TRA) framework, and extended model, the
Theory of Planned Be havior (TP B), utilized in m ultiple hotel con textual situ ations will
provide insight and link particul ar consum er demographics to behavioral intentions. In the
hospitality setting, m arketing cues m ay play a role in affecting consumer reaction/behavior,
and an abundance of these cues exist in today’ s marketing strategies. The research explores,
in addition to marketing cues, if direct verbalization of an eco-friendly initiative can influence
the guest’s decision to participate. The study’ s survey design approaches hotel guests with
two points (verbal, non-verbal) of m arketing an eco-friendly activity. The variable Direct
Verbal Co mmunication (DVC) is the high lighting f orce that af fects sam ples identif ying
themselves as green in dividuals. DVC’s eff ectiveness is m easured within a ro le-playing
investigation against a sam ple of 200 respondents. Surveyed s ubjects display a reaction to
DVC due to stemm ing societal beliefs, but specific dem ographic factors ( i.e., age) weigh in
on DVC’s impact. The research sheds light to an already existing and scaling “green” society,
which indiv iduals already accept and are reactive to relative conten t. In prom oting green
participation, the experim ent proves potential for hotel operations to implem ent DVC as an
influential tool.
KEYWORDS
Green Initiative, Verbal Influence, Green Participation
INTRODUCTION
In light of the growing concerns of global
warming and other sustainability topics, m any
external pressure sources influence firm s “g reen” initia tives. Stakeho lders, such as, the
government, environm entalist, investors, cons umers, etc. collectiv ely bring a wave of
demanded operational change (Leonidou et al., 2011, Menon and Menon, 1997). Specifically,
customer concern stem s from awareness, whic h is channeled as a prom inent m arket topic
(Brown, 1996, Kalafatis et al., 199 9) sparking “green” consciousne ss (Kalafatis et al., 1999,
Laroche et al., 2001, Roberts, 1996). These eco-p atrons are heavily increasing in num erous
industries, especially, in the hospitality (hotel services) r ealm. The generating concerns have
led to dram atic variations in consum er be havioral attitudes (D 'souza and Taghian, 2005),
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which have augmented the traveler’s demand of ecological establishments and programs (Han
et al., 2010, Manaktola and Ja uhari, 2007). For these green consum ers, even conventional
customers (non-green), hotels provide an array of eco-initiatives they can engage in, but how
much reinforcem ent value is d isplayed? Aside from m arketing cues (em ail, social, visual,
advertisements, etc.), can direct verbal comm unication (D VC) act as an influential facto r?
This study aims to explore the significance verbalizing eco-initiatives can have on consumers’
behavioral intention. Additionally, the primary aim of DVC is to provide an optional solution
for prac tical app lication. An exte nsive und erstanding of eco-consum er segm entation and
theoretical application will provide the study its framework and variables, as well as guide the
survey design in a narrative approach.
In understanding how to identify what constitute s an individual to be labeled in a range of
“non-green” to “g reen”, m ultiple so urces h ave provided a general set of variables based on
demographics and purchase behavior. First, from a general segmentation standpoint, there are
three categories described as, geographic,
psychographic and demographic. G eographic
segmentation consists of locational attributes the individual is surrounded by, such as, country,
city, etc. all relative to m arket fragments (Lindqvist, 2010). Anot her categorical classification
falls under the psychographic attr ibutes of lifestyle and valu es of a consum er (Lindqvist,
2010). Next, the dem ographic segmentation procures gender, religion, education, incom e and
other factors as divisions (Lindqvist, 2010, Kotler and Arm strong, 2013). To breakdown the
demographics, there has been ar guments on age being a telling sign due to the tim ing of the
individuals’ birth in an increasingly green
aware community affe cting their behavior
(Straughan and Roberts , 1999). Addition ally, Robe rts (19 96) stressed the disparity in ag e
generations on ecological purchase behaviors, and Evanschitzky and Wunderlich (2006) made
the impression that the youth are more accepting of green consum ption. Another insight falls
under the gender field, and that fem ales have a higher tendency to make green purchases
under their wider cognizance for environm ental care (Banerjee and McKeage, 1994). Pure
categorization of consum er habits can be de rived from a two-dim ensional m odel (D' Souza,
2004) that describes four classifications:
environmentally green, em erging green, price
sensitive green, conventional. Th e price sensitive customer can fall under a specialized focus,
as they are eco-aware, but weary of the price poi nts. They may see green efforts as beneficial
for hotel costs (Krakovsky, 2008), but if an incentive is presen ted (preferably of econom ic
value), the initial action/im pression is drowned out (F rey and Oberholzer-G ee, 1997).
Seemingly, all these segmentation variables direct to awareness, which leads to concern, th e
key m otivator for environm ental decision making (Jain and Kaur, 2004). In conjunction,
awareness and education share a strong li
nk (Mostafa, 2006, Nath et al., 2013), which
produces individual concern. Fu rthermore, awareness can be considered “env
ironmental
consciousness”, and it is evident that a confirm atory correlation exists to green consumption
(Han et al., 2010). All presen ted variables largely constitut e an individual’s entity, but
environmental action is crucial (Lindqvi
st, 2010). Taking all these dynam
ics into
consideration, identifying individuals’ green levels becomes more efficient.
A pair of theories will be
examined as the foundation to supporting segm ent sam ple
behavior. First, the Theory of Reasoned Action (TRA) is a consum er behavioral m odel that
acts as a predictive tool in
linking attitudinal or norm ative backgrounds to the intended
behavior. The model focuses only on volitional factors, which poses implications (Lam and
Hsu, 2004). For instance, if the green consumer did not have economic access or an individual
was not eco-aware due to his/her educationa l background, these scenar ios would obstruct the
individual’s decision (Han et al., 2010). Theref ore, the Theory of Planned Behavior (TPB)
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was introduced as an extended model to include non-volitional factors to increase accuracy of
the prior model. In application of both TRA/ TPB models, past research (Han and Kim, 2010)
postulates that the individual’s attitude (beliefs and evaluations) has hi gher significance when
making gre en decisions (booking/revisiting eco-hot el). In context, the consum ers decision
making process can be utilized to assum e predictive behavior when engaging in hotel ecoinitiatives, otherwise, serve as a
transf erability. To in tegrate the liter ature of green
segmentation, identifying the appropriate sam ple and engaging them in green cognition, the
accuracy of prediction is high. This allows an interjection of direct verbal communication
(DVC), and explore if it stimulates selected segmented individuals.
The study hopes to bring a re inforced understanding of c onsumers and their intended
behaviors. Additionally, the experim ent hopes to uncover th at verbal delivery of green
initiatives can be im plemented within the consumption chain of the hotel/lodging industry.
The utilization of DVC hopes to show that it ca
n, in truth, influence particu lar custom er
segments and their decision m aking. This is to offer hospitality services (aside fro
m
supplementary m arketing cues) an option to
further stretch their eco-m arket. The green
operations within the hotel industry is expanding on an internal side, but externally customers
can contribute m ore, and this research strives to benefit firm s’ green m arketing strategy as
eco-friendly services are rising (Chen et al ., 2006). In response to consum er de mand, ecofriendly marketing has its gains in num erous avenues (Enz and Siguaw, 1999, W an, 2007),
and the study proposes wider opportunities to tap into consumer green reception.
After contemplating all background infor mation and theories, the direction of applying
DVC as a motivator for decis ion-making carries weight. The study will attem pt to answer the
following questions.
1. Does direct verbal communication (DVC) affect hotel guests’ participation likelihood in an
eco-friendly initiative?
2. Do the levels of green identity moderate the interaction between DVC and participation?
LITERATURE REVIEW
The Theory of Reasoned Action (TRA) m
odel positions as a predictive resource in
understanding consumer behavioral intentions. In doing so, it explores the subject norm and
attitudinal forces that encom passes the ind ividual. Three main elem ents make up the m odel:
attitudes, su bjective no rms, intended behavio r (Alam et al. , 2012). Th e attitud e com ponent
speaks to the belief sy stem the in dividual po ssesses to evaluate th e behavioral intention
(positive or negative).
Subjective norm denotes the societal influen ce of significant individuals (fa mily, friends,
co-workers, etc. ) th at pressure the individual’s behavioral in tention ( Ajzen and Fishbein ,
1975). The intended behavior is the cognitive gathering of both sides of attitudinal beliefs and
subjective norms resulting in actual behavior (Alam et al., 2012). TRA will play a cru cial role
in justifying and forecasting guests’ decision-making process.
The TRA model was created in ligh t of volitio nal (free will) behavio rs not accoun ting for
the restriction of non-volition al behaviors. The extended model, Theory of Planned Behavior
(TPB), widened the perspective to incl
ude non-volitional behaviors by im
plementing
perceived behavioral control (Han et al ., 2010, Ajzen, 1991). The perceived behavioral
control a ttributes f or th e ind ividual to assess thei r ability to perfor m the behavior. The
correlation between beliefs and be havior has strength ened within th is extended model. It
eliminates the imbalance on volitional and non-volitional controls.
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The two assets of the T RA and TPB m odels act as separate variables, but have displayed
relational value. Past studie s (Chang, 1998, Ryu and Jang, 2006) showed that attitudinal and
subjective norm are not independe nt. A refinem ent to the m odel revealed a causal pat h from
subject norm to attitudinal pr operties resulting in a str onger predictive command. Prior
research (Han et al., 2010, Han et al., 2009) indicated that atti tude was affected and stemm ed
from the su bject norm ative. Furthe rmore, the p ositive co rrelation be tween sub jective norm
and attitude deem active within a hospitality environm ent (Ryu and Jang, 2006). This creates
headway for understanding that underlying opin
ions of society ultim ately influence an
individual’s decision-making process to a high degree. The scenar io was about reusing towels
during their stay, and that the m essage was rela yed to them in dif ferent fashions (attitudinal
and norm ative). The norm ative message recei ved higher response ra tes reinforcing the
influential power of society. In a separate st udy (Huang et al., 2014), th e social norm context
is indeed more functional than the generalized eco-friendly messages.
The Elaboration Likelihood Mode l (ELM) is a supportive theore tical framework that can
justify the DVC approach with in the exper iment. Addi tionally, it also displays som e
compatible explorations with the TRA/TPB models. The ELM is a communication theory that
provides an explanation of how m essages of pers uasive nature are processed in relation to
attitude variances. There are two routes of pr ocessing the message can travel by, a central or
peripheral route. The peripheral route is dependent on heuristic and reputational cues (Kitchen
et al., 2014). From this notion, the experim ental context can be supporte d, as both routes can
be achieved in a sim ultaneous sequence. Th e DVC will attribute for the high-involved
delivery route (central), while visual marketing and delivery by th e hotel representative act as
the peripheral cues. In persuading via the central route, the behavior change is enduring rather
than temporary. Whereas, the peripheral route can possibly influence the non-green custom er
segment to engage in the eco-activity, but ultimately only produce a provisional adjustment in
attitude.
In connection of all theories and the experim ental route this study intends to explore, the
transferability f actor of TRA/TPB to green and hospita lity con text is highly relev ant.
Especially, the TPB has been con ducted in multiple stu dies by res earchers (Ajzen, 1991,
Chang, 1998, Ryu and Jang, 2006). All of which we re in exploration of identifying green
consumers and booking decisions to eco-friendly hotel s. In relation to this study, there is high
correlation that the form ation of judgem ent c an continue into the actual hospitality service
itself. Therefore, the implementation and investigation of DVC as an influential factor can be
tested. In regard to ELM, the fashion of communication can be reinforced by the modulation
in the sens e of DVC being a d irective route and “high- involvement” tool, which ultim ately
leads to behavioral change, th us, engagem ent in the eco-ini tiative. In supplem ent, green
marketing will be utilized in the s tudy, which can be sup ported by th e peripheral route and
“low-involvement” inter action. In m aking sure the proper population is gathered to fuel
reaction and response accuracy, eco-friendliness of an individual will be evaluated by socalled “green” moderators from previous studies (do Paço et al., 2009, Han et al., 2009). ELM
will prov ide auxiliary to DVC’s eff ect based on the deg ree of “gree n” (m oderators) e ach
individual possesses.
In developm ent of the research model, gr een segm entation variables are s elected as
moderators in detec ting individuals’ green leve l. The contro ls will obs erve how stron g DVC
affects behavioral intention/ac tion. The m oderators are classi fied as the following greenrelated m etrics: overall level, awareness, participati on, knowledge, importance, consum er
behavior, o rganization a ctivity, pe rsonal ac tions. The behav ioral outco me will or will no t
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differ b ase on the measuremeents, but th e DVC actss as the in dependent vaariable deteermining
the be hhavioral in tention.
t
D VC
V ser ves best as th e independ ent variabl le, becau se from a
businesss perspecti ve,
v m anagement cann oot forecast the
t green l evels
e
of in ccoming gu ests.
e
The
causal relationshipp ai ms t o support thhat (H1) d irect
i
verba l comm uniccation (D VC)
V will
positiveely inf luencce ho tel g uests’
u
deci ssion-making
g process in
i eco-init iiative p articcipation,
while (H
H2) the leveel of green identity
i
willl moderate the
t interactiion of particcipation.

Figure 1 Research
h Model
Hypothesis 1 – DV
VC will positively influeence guests’ decision to
o join an ecco-friendly initiative
i
(toowel reuse).
Hypothesis 2 – Thee green-rela
ated metricss will moderrate the inteeraction bettween DVC and
ecoo-friendly innitiative parrticipation.
ARCH MET
THODOLO
OGY
RESEA
Survey D
Design
The expperiment wiill approach
h the sam plee selection via questionnaire and video (persspective)
utilizingg an observaational expeeriment. Thhe overall seetting will reemain withiin the hotel context,
specificcally, the f roont desk o f a lobby. T
The B2C in teraction
t
du
uring an arrriving
i
guestts’ initial
check-inn is the ti meframe
m
the investigatioon will occu
ur. In this period,
p
the hhotel emplo
oyee will
deliver the stand ard
a ch eck-in
n procedur ee. In addit ion, the e ngagement
n
will invol ve
v gr een
marketing materiall that inform
ms guests off a towel r euse
e
eco-inittiative (sociietal norm context).
c
In ligh t of desig n f lexibility
y, the DV C will be applied
a
to a percen tagge of resp ondents’
questionnnaire, as thhe other sam
mple portionn will act ass the control group nott receiving the
t DVC
treatmennt variab le.. In end, th
here are tw o unique si tuations
t
(D VC or non --DVC) tha t will be
random
mly dispers ed
e am ong the sa mplee. Altho ugh
h, the sur vey
v design cannot a chieve
c
a
naturalistic setting,, the staged video (detaails in later section)
s
willl provide veerisimilitud
de. Later,
e the conf irmatory
i
prrocess th at is utiliz ed to
t optim izee the quest ionnaire,
i
the pap er discuss es
eliminatting any miscommun
m
nication en ttanglementss. As the sample’s nnative la ng
guage is
Mandarrin Chinese , intr icately
y translatin g the su rvey
y from E ng
glish con cepption is im perative.
p
Otherwiise, the survvey seeks to
o attain a saample size greater
g
than
n 100 responndents with
h diverse
demogrraphics.
Sample
The sa m
mple to b e atta ined for
f this st uudy will b e no partic ular
u dem oggraphic (e xcept
x
for
experiennced trave lers)
l
via s elected
e
ch aannels. To capture th e mo st e ffi
ficient and relevant
sample set, release of the que stionnaire
s
w
will be aimeed at young adults to aadults (20-50+ years
old) duee to overall higher trav
veling expossure. The saample avenu
ues will stem
m from con
nnections
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with corporate firms to university alumni. To su rplus, other random outlets, such as, selective
groups of friends and fam ily will be asked to distribute (survey link) to conn ections with
travel experience. The last resort to fulf ill the desired am ount of respondents will be to
distribute the survey link via Yuan Ze Un
iversity classroom s an d organizations. Noncontrollable avenues, such as, social media outlets are avoided due to non-prompted users that
may not commit to completing the questionnaire.
Materials/Resources
The required bucket of resources is highly acce
ssible, as m ost of the m eans are digital
resources. To setup the observational settin g, the video plays the m
ost vital piece to
implement the DVC component. The m ain apparatuses needed are as follo ws: script director,
actor/actress, lobby setting, video recording dev ice, video ed iting software, video pu blishing
channel (e.g., YouTube). When integrating the video with the questionnaire, the full version is
to be deployed via SurveyMonkey as m
eans to create, form at and deliver the content.
Additionally, the marketing piece is to be placed in the video, and was created via Microsoft
PowerPoint. Distribution to an audience will be funneled via multiple bodies (i.e. alumni club,
firms, and universities) from personal network.
Questionnaire
The m ajor parts to the question naire will be broken up into the following sections:
demographics, travel experien ce, eco-partici pation, green profile. T he questionnaire will
consist of multiple d emographic-natured inquiri es (age, g ender, in come, etc.), as well as
green-specific indic ators. In this case, th
e d esign will f ocus on variab les, su ch as,
environmental awarenes s, environmental conc ern, environmental ac tivity, incentiv e-driven
characteristics, etc. A dditional s egmentation identif iers can be ref erenced via pas t
segmentation study (Lindqvist, 2010 ). Breaking down each variable further, exhaustive style
questions (for eco-activities) will be deployed (i.e., recycling, purchasing green products, etc.),
while the g reen level p rofiling will take f orm of Likert sc ales ( i.e., I am environm entally
concern: strongly disagree (1) disagree (2) som ewhat disagree (3) neutral (4) som ewhat agree
(5) agree (6) strongly agree (7)) to elim
inate green identification disparity. Overall, the
approach via demographic variables and com bination of green identifiers allow for proficient
eco-level measurement of i ndividuals (Diamantopoulos et al., 2003, S traughan and Roberts,
1999). Overall, the development of the green moderators is inspired from previous researchers
and their studies (do Paço et al., 2009, Han et al., 2009).
When m easuring the respondents’ willingnes s to join an eco-fri endly initiative, a
situational video clip is presented beforehand. The video’s position is to provide a first person
point-of-view account when travel ing and checking-in a hotel. During the exchange with the
front desk em ployee, genera l bac k-and-forth procedural discuss ion will take place. The
marketing cue is clearly visible on the front de sk counter and will be focused on for available
information gathering purposes. Th e cue is phrased from a societal no rm perspective, and the
statistical information within the m arketing comes from a past study (Goldstein et al., 2008).
The tr ansferability m atches th e con text of this exper iment and theore tical app lication of
normative c onfiguration. Moreove r, the f irst v ersion of the video w ill no t utilize DVC
(https://youtu.be/UvKz4rlB43A), while the se cond version im plements DVC at point-ofcontact between the employee and guest (http s://youtu.be/NHm7GNi6vhs). In conjunction to
the video delivery, a m anipulation question is inserted to avoid falsification within the survey
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design. The inquiry is in refere nce to the green m arketing cue and given statistics, so to
confirm complete viewing of the video content.
The validity and efficiency-building process of the questionnaire consist of three fragments.
First, gath ering of all theoretica l a pplication ( TRA/TPB/ELM) via li terature review and
previous relative studies create the foundation for the survey. After creating the prelim inary
draft of inquiries, assigning the appropriate form at of question types (Likert scale, exhaustive,
etc.) reinforces the best retrieval process pe
r response. This is in references to the
demographic and green profiling indicator questi ons. Also, to ensure an appropriate length
and lean tim e-consumption design , ringer or throw away ques tions are evaded. In further
approving the initial questionnaire draft, a beta phase is cre ated in approaching a pre-sam ple
of individuals to provide optim izing feedback. The pilot test’s purpo se is to cla rify any
ambiguity and identify any neglected pieces of information. A sm all sample (approxim ately
ten respondents) will be approached for vali dation of realism the questionnaire and video
emulates. The following inquiries were used: (1) W ere there a ny specific gramm ar issues or
hard to understand sentences? (2) Did you fully understand the instructions to the video? If no,
please explain. (3) Did the vide o provide enough m aterial to make a judgem ent? (4) On a
scale of 1 (not realistic) to 7 (very realis tic), h ow realisti c was the video? (5) Any other
comments. Additionally, the m anipulation examination is to a pprove effectiveness during the
beta. At this juncture, a st atistical inquiry will be aske d based on the green marketing
presented in the video: how m any hotel gu est are a lready participa ting in th e tow el r euse
campaign? Then, a list of rates will be available for choice. Overall, bias and m isconceptions
are to be cautiously filtered to provide a clean and strong questionnaire design. Thereafter, the
initial selected avenues for distrib ution are c ontacted for reactions. Most vitally, in this
duration of opening delivery, prudent observation for any outlying issues is to be conducted.
Analysis Tool
In utilization of the SPSS analytical software, computed variables were produced to recognize
if the r espondents retrieved the DV C treatment or not (0: no DVC, 1: DVC). The next step
was to calculate the d etected clusters (via Two-Step Cluste r Analysis) based on m oderators
(continuous variables) and progr am participation (output eval uation field). The Two-Step
Cluster is utilized as it posse sses the unique ability to recogni ze the ideal set of clusters.
Additionally, it is a compatible and scalable fit for identifying consum er seg ments (SPSS).
After the two-step clu ster segm ent, analysis of variance (ANOVA) is used to verify any
significance of the DVC applicatio n between the cluste rs. Moreover, ANOVA will allow
examination on interaction between moderators and respondent decisions.
RESULTS AND DISCUSSION
A total of 235 responses were collected from two separate survey releases. The first wave of
retrieval was conducted within a w eek tim e pe riod, from the previously specified sam ple
sources. A second wave was utilized as it was convenient and had literature substance. The
sample derived from univers ity stu dents and allowed for a specific ag e dem ographic to be
observed. P reviously, environm ental concern a nd awareness are s trongly garnered by the
millennial (1980s-2000s ) generation (Jeong et al., 2014). Moreover, it was crucial to add
another wave to the sam
ple s ize, as after using data cleaning m
ethods (dropoffs/repetition/outliers), the initial sam ple size dropped to 105/127 completed questionnaires.
In total, 200 “clean” responses were collected from both waves (1st wave: 105/127, 2nd wave:
95/108). In com parison, the waves did not significantly dif fer in participating in the eco-
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friendly hotel initiative (7-point Likert scale - 1st wave: 5.5 9, 2nd wave: 5.36), as m ajority of
both waves som ewhat agreed / agreed to jo in. This leads to further breakdown of the
demographical data in comparison with green identifiers.
Demographics
In continuation, the response to joining the eco- initiative was mostly ag reed upon. First, in
variance to age range between the sam
ples (20-25 vs. 50+), it can be confirm
ed that
respondents are susceptible and reactive to eco-f riendly activities due to the current m edia
exposure and relevancy of environmental apprehensions (Straughan and Roberts, 1999). Next,
to reiterate, the m illennial gene ration is the greenest am ongst its predecessors acco rding to
previous research (Barber et al., 2010, Jeong et al., 2014). In light of this observation, the
analysis (later explained) rev eals tw o groups that are green w ith different intensities (less
green vs. more green). Therefore, the juxt
aposition between non-green (conventional)
consumers and green consum ers is im practical for this study. In alte rnative perspective,
gender leaned m ore toward fe male responses (1st wave: 57%, 2nd wave: 75%). This notion
could also contribute to the green intensity, as foregoing stud ies have insinuated the fe male
gender have higher tendencies and concerns about the envir onment (Laroche et al., 2001).
Overall, the bulk of respondent s have frequent annual travel experience (approxim ately:
2x/year). The dem ographics identify sa mples that have environm ental awareness and
responsibility. At this juncture, the pressure of societ y plays a role, as the TPB revokes
attitudinal beliefs independent of norm ative be liefs. Theref ore, the sam ple has shown some
correlation of being m ostly eco-responsive due to current soci etal norms on global warm ing
and eco-friendly behavior. Alte rnatively, the focus on DVC influencing custom er decisions
will be further explored in the next s ection. The dem ographic information for both waves is
illustrated in Table 1 and 2.

City
Marital Status
Children
Travel Experience
Travel Frequency
Type of Stay

Table 1 Demographic Outcomes (1st Wave Sample)
Less Green
More Green
49 Persons
56 Persons
53% Female
59% Female
22% (50+) / 18% (21-25)
36% (50+) / 22% (21-25)
46% Master / 37%
45% Master / 27%
Bachelor
Bachelor
38% Taipei / 33% Xinbei
36% Taipei / 36% Xinbei
47% Married / 45% Single 59% Married / 34% Single
57% (0x) / 20% (2x)
42% (0x) / 30% (2x)
94% Int’l / Domestic
97% Int’l / Domestic
31% (3x/yr) / 25% (5x/yr) 27% (2x/yr) / 34% (5x/yr)
58% Hotel & Private
58% Hotel & Private

Xinbei
Married
1 Child
Int’l/Domestic
3x / Year
Both

Variables
Sample Size
Gender
Age
Education
City
Marital Status

Table 2 Demographic Outcomes (2nd Wave Sample)
Less Green
More Green
43 Persons
52 Persons
72% Female
79% Female
67% (U20) / 33% (21-25)
65% (U20) / 35% (21-25)
77% Bachelor
81% Bachelor
44% Taoyuan
46% Taoyuan
100% Single
96% Single

Average
----Female
U20
Bachelor
Taoyuan
Single

Variables
Sample Size
Gender
Age
Education
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Average
----Female
36-40
Master

Children
Travel Experience
Travel Frequency
Type of Stay

98% None
81% Int’l / Domestic
35% (1x/yr) / 33% (2x/yr)
51% Hotel / 49% Both

100% None
83% Int’l / Domestic
31% (1x/yr) / 29% (2x/yr)
48% Hotel & 48% Both

None
Int’l/Domestic
1x / Year
Hotel
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External Financing Behavior and Debt Reimbursement Crisis
——Based on Dynamic Stochastic General Equilibrium Model
Abstract: This paper constructs a theoretical model of dynamic stochastic general
equilibrium (DSGE) based on the micro trade off behavior of equity and debt
financing, which reflects the external financing decision of enterprises. On the basis
of Akinci&Albert (2014), this paper includes a banking sector under the capital
adequacy regulation, the speculative behavior in equity market and the “financing
accelerator effect” according to the reality of China to study the relationship between
micro enterprises’ external financing behavior and the macro economic crisis. The
paper attempts to explain the economic crisis caused by enterprises which are forced
to switch their financing behavior due to creditors’ careful considerations or other
negative reasons. Moreover, three representative policies (the traditional fiscal policy
and capital adequacy regulation policy of the banking sector; the new intervention
policy targeting at: capital stock, the net worth and security issued by enterprises in
normal steady state; the structural reform policy subsidizing for: the equity financing
behavior of enterprises are compared in their static, dynamic and welfare effects on
the economy during crisis. Analysis indicates that: the new intervention policy and
structural reform policy are superior to traditional fiscal and regulation policy in
working mechanism and in the performance of both the steady state and transition
dynamics of major economic variables; the new intervention policy has advantages in
targeting at specific variables and shortening the time of crisis, while structural reform
policy is superior in structural adjustment of debt-equity financing and in reducing
fluctuations during the crisis. The paper concludes with corresponding policy
recommendations on how to temporarily ease the negative effects of this debt
reimbursement crisis and try to find long run fundamental solutions.
Key words: external financing behavior, debt reimbursement crisis, policy analysis
1. INTRODUCTION
After the 2008 financial crisis, the world’s economy enters the stage of new normal,
Chinese traditional manufacturing industries, especially export enterprises are facing
difficulties: lacking of external demand from the world market and the gradually
declining demographic advantages erode the profits of enterprises from both the
revenue and cost sides. At the same time, structural distortions of macro economy
incurs the imbalance between supply and demand, the structural surplus productivity
in the real economy and the inefficient allocation of credit resources in financial
sector form a negative feedback chain and exacerbate the economic fluctuation.
In the aftermath of the international financial crisis and under the background of the
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structural transition of Chinese economy, a large amount of state-owned enterprises
are facing the shortage of liquidity or even under the severe solvency pressure. Since
March 2006 the debt to equity swapping policy has re-entered the agenda of Chinese
Government. According to the previous experience, it mainly targets at state-owned
enterprises which are still competitive but may face temporarily solvency problem.
The debt to equity swapping policy strips the bad asset of banks caused by enterprises
which are promising but temporarily under the debt reimbursement difficulties; and
converts the corporate debt to banks into the banks’ equity of these enterprises.

The

debt to equity swapping policy is not only conducive to alleviate the pressure of
enterprises facing liquidity problems, but also temporarily helps to improve the credit
status of banks and avoid the outbreak of a systematic risk of the economy. Together
with follow-up measures such as asset management, corporate reconstructing or
re-defining the property and management rights, the swapping policy will
substantially promote the reform of state-owned enterprises.
On the other hand, with the rapid development of Internet Finance in China, like
point to point lending, crowd-funding, all kinds of financing platforms have sprung up.
These new financing channels greatly reduce the transaction costs of equity financing
for private enterprises especially small and medium-sized ones and to a certain extent,
help them to get out from the shadow of banks’ credit discrimination.
Therefore, whether it is for the state-owned enterprises that are under the reform, or
private enterprises suffering from shortage of loans from banks, the treatment of
equity and debt financing relationship in external financing will profoundly affect
their operating behavior and the display of core competitiveness. Moreover, the
choices of debt and equity financing structure made by enterprises will endogenously
determine the relative importance of financial markets, banks and other financial
intermediaries in the financial system, and then form the optimal financial structure
and institutional arrangement in conformity with economic development (Yifu Lin,
2009). In the critical period of structural adjustment of Chinese economy, enterprises’
financing behavior will have a significant impact on the implementation of financial
and real economic structural reforms.
The financing method of a firm can be divided into internal and external financing,
and the latter mainly includes equity and debt financing. Compared to the retained
earnings and depreciation of internal financing method, external financing such as
bank loans and issuing shares can break through the limitations of the scale of
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production and operation of enterprises, so that competitive enterprises can raise a
large amount of money in the short term for their own development. With the rapid
technical progress and expansion of production scale, relying solely on internal
financing is more and more difficult for enterprises to meet financial needs. Therefore,
external financing has become an increasingly important way for enterprises to obtain
funds
Compared to debt financing, equity financing has a wider variety of sources, does
not need to reimburse and is able to provide the enterprises’ with collateral they need
to support the debt financing. Equity financing plays an irreplaceable role in
enterprises facing debt reimbursement difficulties. But on the other hand, due to the
existence of information asymmetry, capital market speculation and volatility, and the
institutional defects etc., the efficiency of equity financing is often lower than the debt
financing in China. Therefore, dealing with the relationship between the equity and
debt financing is an important link of Chinese enterprises in external financing
decision. The study on the influence of the external financing behavior of micro
enterprises on the financial market and macro economy has significant theoretical and
practical values.
In view of all above, this article attempts to use a DSGE model, and combines the
micro enterprises financing behavior with macroeconomic changes into a unified
analyzing framework.
DSGE models establish macro-economic rules on the basis of micro subject
inter-temporal optimal decision making, which can not only effectively avoid the
Lucas critique, but also have the capacity to describe the overall characteristics of
economic system as a whole, thus it has gradually become the mainstream modeling
method in macroeconomics. But in years before the outbreak of the 2008 financial
crisis, DSGE modeling generally did not consider the financial factors. White (2009)
clearly pointed out: although most economists agree that the financial system
vulnerability may affect the real economy through credit and other channels, but in
the modern mainstream macroeconomics analysis of the interest rates and prices,
financial sector almost has never been mentioned. 2008 as a time node, a large
number of DSGE models containing the financial system emerge afterwards.
To incorporate financial factors into DSGE models, the financial accelerator
mechanism, collateral constraint mechanism, bank capital and credit spread
mechanism are four mainly used methods in current paper (Brázdik & Marsal 2011)
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and (Ma Yong 2013). Results indicate that DSGE models containing financial systems
are superior in explaining the length and depth of business cycle, the periodic
behavior and systemic risk of financial sectors, the volatility of macroeconomic
variables and are more close to reality in economic forecasting, policy effect
evaluation etc. (Viziniuc 2015) .
Gertler & Kiyotaki（2010）introduce banks as the financial intermediary in a DSGE
model, investigate the collapse of banks as well as its adverse effects on the real
economy, and analyze the role of government’s credit market intervention policy in
easing the negative effects of crisis; Bianchi & Mendoza (2011) combine the
economic cycle with enterprises’ lending leverage based on their excessive borrowing
behavior and discuss the mechanism of the debt crisis; Suh (2011) by including
financial frictions in a DSGE model, studies the effects of strengthening supervision
of bank’s capital operation, net loan ratio and other macro-prudent policies on
preventing financial crisis; Christiano & Ikeda (2013) modify a medium-sized
standard DSGE model, through the analysis of principal-agent conflicts between
banks and depositors they prove that restrictions on banks’ leverage ratio can greatly
increase social welfare.
Recently, financial sector and macro prudential policy attract more attention of
economists. Benes, Kumhof & Laxton (2014) depict the fact that credit risk
accumulated from the asset bubble may cause financial crisis from the perspective of
excessive credit expansion and conduct the macro prudential policy analysis; Merola
(2015) uses the Bayesian estimation method to quantitatively evaluate the effects of
financial frictions play in United States in the business cycle; Carvalho & Castro
(2015) through the establishment of a small open economy model with foreign capital
inflows, investigates the role of macro prudential policies in easing the effect of
domestic shocks and maintaining financial stability; Hollander & Liu (2016) add the
stock price channel into a New-Keynesian DSGE model and point out that the price
factor significantly exacerbates the pro-cyclical fluctuations of economic variables in
the financial accelerator model, thus the the stock price channel is non-negligible in
the DSGE model when describing the relationship between financial factors and the
real economy.
Among Chinese scholars: Chen Xiaoguang and Zhang Yulin (2010) through
incorporating the heterogeneous consumers and manufacturers, part of which are
facing credit constraints in the financial market, to study the effects of the credit
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constraints transmission mechanism on the Chinese economic cycle; Yan Lili and
Wang Yiming (2012) introduce a financing equation of enterprises with substitutable
direct and indirect financing methods and examine the impact of the loan-reducing
shock and the financing efficiency shock on Chinese macro-economy; Luo Shikong
and Gong Liutang (2013) through distinguishing the cost of using funds of different
ownership properties of financial intermediary sectors expand the standard RBC
model and find that financial repression and financial friction mechanisms are key in
explaining the periodic behavior of Chinese corporate debt financing behavior; Wang
Guojing and Tian Guoqiang (2014) introduce the financial shock into a DSGE model,
explore the dynamic mechanism of how the financial shock has the impact on the real
economy and financial variables and by taking the enterprise's external financing
constraints into consideration they highlight the fact that Chinese enterprises are
especially affected by the impact of external environment.
Although after the crisis numerous factors of the finance system are incorporated
into the DSGE model, it is still suffered from many problems under the development
of current theories. The most important one is: as the variables in DSGE framework
are technically tractable in their steady state linear relationship, it is assumed that
there exists a stable equilibrium path and the impact of external shocks are mainly
treated as the temporary deviation from the steady state, which makes the DSGE
model difficult to analyze and predict the extreme events such as the financial crisis.
Caballero (2010) directly shows that the premise of accurate quantitative analysis of
the DSGE model is the absent of large shocks out of anticipation, otherwise using
DSGE models not only cannot forecast crises but are more likely to lead to economic
crisis when making the decision according to the model.
Based on the above analysis, this paper tries to make some improvement in the
following aspects: first of all, this paper specifically examines the Chinese enterprises’
equity and debt financing behavior and sets (enterprises’) financing sectors purchase
capital through issuing financing securities to raise funds from banks by debt
financing and the residents by equity financing in the market. Under normal
circumstances, financing sectors can use a certain proportion of securities and equity
as collateral to meet the normal financing conditions of banks thus a
“financing-accelerator” mechanism emerges. But once due to the deterioration of the
external environment, the decreasing profitability of enterprises or other reasons like
bankers suddenly become more cautious, banks as creditors of the financing sectors
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has the execution rights of binding the solvency constraint of enterprises; Secondly,
the paper distinguishes financing activities of enterprises into normal financing and
debt reimbursement pressure state(under the pressure of paying the debt to prevent
creditors declaring bankruptcy) through two alternatively binding financing constrains,
thus nonlinear structural changes of the economy are incorporated in the model to
better analyze the facts and characteristics of the debt reimbursement crisis. Therefore,
this paper is helpful to the further development of DSGE model in the aspects of
corporate financing behavior, equity-debt relationship and the mechanism of debt
repayment pressure type economic crisis.
2. THE THEORETICAL MODEL
In this paper, the economy is divided into residents, banks, enterprises’ financing
sector and production sector. Residents deposit money in the bank, provide labor to
the production sector and make equity investment to the financing sector; the bank
receives residents’ deposits and loans to the financing sector which raises funds from
the bank through debt financing, from the residents through equity financing and issue
financing securities to buy physical capital; the production sector engages in specific
capital production, leasing and goods production activities using the capital from the
financing sector and the labor from residents. On the basis of Akinci&Albert (2014),
the specific settings are as follows.
2.1 Residents
The utility function of residents is:
U (Ct ,1  Lt , eht )  l og(Ct )   log(1  Lt )   log (eht )

(1)

Among which C represents the residents’ consumption, L is on the behalf of
residents’ labor input, eh is the equity investment, the index t represents period.
 ,  is the utility parameters of leisure and equity investment to the residents
respectively. Residents provide labor to the production sector, deposit in the bank and
conduct equity investment to the financing sector. Residents face the budget
constraint:
(2)

dht 1  eht 1  Ct  (1  ibt ) dht  eht  wt Lt

In the equation dh is the deposits of the bank from residents, ib is the deposit
interest rate, w is the real wage rate. The constraint shows that: residents spend their
payment of bank deposits, equity investment and labor income in the t period, on the
current consumptions and on t+1 period bank deposits and equity investment.
Residents maximize the following inter-temporal utility function under the budget
constraint:
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max Ct s , Lt s ,eht s ,dht s Et  s 0[  t  sU ( Ct s ,1  Lt s , eht s )]


(3)

After the calculation we have the first order condition of residents:
  (1+ibt )
1
=

Ct 1
 Ct
 C
 t
  *ibt

 eht
 C
 t w
t
1 L
 t

(4)

2.2 Banks
In reference to Hu Zhipeng(2016), the banking sector is under the regulatory
constraints of the capital adequacy ratio and maximize its profit function:

 t  (1  rbt 1   lb * lbt 1 )lbt 1  lbt  (1   db * dbt 1 ) dbt 1  (1  ibt 1 ) dbt 1  ebt  rrr * dbt
ebt 1
(5)
 * ebt 1 (
 car )
lbt 1  rrr * dbt 1
rb is the bank’s lending rates that is charged to the financing sector through its debt
financing;  lb ,  db respectively represent the cost coefficients of bank loans and

deposits, correspondingly, lb , db respectively represent the bank ’ s deposits and
loans; eb is the capital banking to meet the regulatory adequacy ratio requirement
car ; rrr is the statutory deposit reserve rate;  is the coefficient reflects the
strength of supervision on the bank’s capital adequacy ratio.
Banks maximize its inter-temporal profit function:

max lbt s ,dbt s Et [  s 0 (1  ibt s )  s t s ]
(6)
Under the condition of the balance sheet constraints:

lbt  rrr * dbt  dbt  ebt

(7)

Thus the first order conditions of the banking sector are:
ebt
dbt

rb
lb
car
eb







0
2
*
(
)
*
t
lb
t
t

(8)
dbt * rrr  lbt
(dbt * rrr  lbt ) 2


ebt
lbt
 2 * db (1  ib )  ib   ( rrr  1)(
car )  * ebt
0
db
t
t
t

dbt * rrr  lbt
(db * rrr  lb) 2

2.3 The financing sector
As a key part of the allocation of financial resources in the economy, the financing
sector trades off the equity and debt financing methods to support the capital that the
production sector needs.
Specifically, the financing sector use its own accumulated net worth and bank loans
to issue a kind of financing securities in support of the capital that the production
sector needs, the balance sheet constraint is:
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(9)

Qt Spt  nt  ld t

Sp is the financing security issued by the financing sector, Q is the capital price
which is the same as security price, n is the net worth of the financing sector, ld is
the demand of bank loans of the financing sector.
When the financing sector conducts debt financing from the bank, due to the lack of
collateral, equity financing in the financial market is a must. The financing sector
combines a proportion of the equity funds and the securities issued to meet the debt
financing conditions of the banking sector:
(1+rbt 1 )ld t 1  [(1- e )Qt Spt + eQt et ]

(10)

This suggests that financing sector need a certain amount of securities and external
equity financing served as mortgage to pay the principal and interest of bank loans
and continue normal financing activities. At the end of the period t the financing
sector conducts equity financing from the residents in the financial market raised and
it is served as part of the sector’s net worth, the net worth motion equation:
nt 1  Rk,t 1Qt Spt  (1  rbt )ld t  Qt et , Rk ,t 1 is the rate of the total profit of sector’s
financing assets, we assume that the price of equity is the same as capital.
However, the financial sector will face the risk of collapse, only a proportion  of
the original financing sector will remain in the market. We assume that the financing
sector that collapse cannot carry out equity financing and transfer the residual net to
the banks as their creditor; the remaining financing sector can issue equity at the end
of period t at the cost of C(et , Qt Spt ) . The objective of the financing department is to
maximize the expected return, that is, the discounted value of its net worth minus the
cost of raising equity, the objective is written in the form of value function iteration:
Vt (nt )  maxSpt ,lbt ,et {(1 )Et [t,t i (Rk,t 1QSp
t
t  (1 rbt )*ldt )]  Et {t ,t i [Vt 1(nt 1)+et ]  C(et , QSp
t
t )}}
(11)
Banks as creditors of the financing sector, in a cautious consideration, will require
the financing sector to maintain the desired net value in order to prevent potential
losses, that is:
(1   ) Et [t ,t i ( Rk,t 1Qt Spt  (1  rbt )ldt )]   Et {t ,t i [Vt 1 (nt 1 )+et ]  C(et , Qt Spt )}   Qt Spt
(12)
The financing sector is subject to several constrains, namely the balance constraint:
Qt Spt  nt  ld t ;the net worth moving function: nt 1  Rk,t 1Qt Spt  (1  rbt )ld t  Qt et ;
the collateral constraint: (1+rbt )ld t  [(1-e )Qt Spt + eQt et ] ;and the debt
reimbursement constraint: Vt (nt )   Qt Spt .
This paper set financing sector can conduct normal financing activities only when
the collateral and debt reimbursement constraints are satisfied, once the economy is
hit by the impact of unfavorable factors which lead to: Vt (nt )   Qt Spt , the debt
constraint will bind to mandatorily guarantee creditors from suffering further losses.
At the moment, the financing sector has to change normal financing behavior and
avoid their creditors declare bankruptcy. All the variables in the financial sector and
the real economy would be negatively affected in varying degrees, which depicts the
transmission mechanism of the debt reimbursement crisis. The detailed derivation
process can be asked for.
2.4 The production sector
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In this paper, we refer to Meeks, Nelson & Alessandri (2013) and divide the
production sector into the capital production sector, capital leasing sector, the
production sector. We obtain the capital production function: Qt  1   I ( I t / K t 1   ) ,
and the gross revenue rate in the financing sector Rk ,t  (Z t  (1   )Qt ) / Qt 1 . As in Meeks,
Nelson & Alessandri (2013), Z t is the rent rate of the capital leasing sector the
detailed deduction process is also the same.
From the first optimal conditions of the production sector, we
have (1   ) * Yt / Lt  wt ;  * Yt / K t 1  Z t , the whole model can be closed with
different policy rules and the market clearing conditions.
2.5 The traditional policy rule and market clearing conditions
In order to contrast with the different policy rules in the following sections, here we
assume that the government of financing sector implements stable intervention policy
which is moving certain amount of social resources into the financing sector to
maintain the total amount of security used to buy capital when private financing
sector facing debt reimbursement pressure that undermines its ability to issue private
financing securities: K t  t (Spt  Sg t ) . The government needs to meet the balance
equation: Gt  G ,tYt  Qt Sg t ,  t represents the efficiency parameters of financing
sector; Sg t is the security issued by government; G ,t is the financing intervention
intensity of the government and the market resource constraint equation can be
derived:
I
1

(13)
Yt  Ct  [1   I ( t   ) 2 ]I t   xt2Qt K t  Gt
2
2
K t 1
In the equity market, sector financing needs e t amount of the equity financing,
combined with the actual situation in China, residents tend to speculate when
conducting equity investment, due to the institutional deficiency. Therefore, this paper
introduces the variable of financial leverage: levt  Q t Spt / N t to endogenously
reflect the prosperity of the financing sector and its impact on the investment behavior
of the residents. When the leverage ratio is rising, the financial sector can issue more
securities to support the development of the real economy, the financing activity is
more efficient and the economy moves into the boom cycle. Therefore, speculative
residents are more willing to increase their equity investment. Accordingly, we set

equity market clearing condition as: eht  (1  levlevt )et , among which lev is the
degree of speculation; eht
the actual equity investment of the residents, to
incorporate the residents of speculative factors considerations.
Other market clearing conditions including:
Deposit clearing condition: dht  dbt  d t

(14)

Loan clearing condition: ldt  lbt  lt

(15)

Labor Market clearing condition:  *(1  Lt )  (1   )* Yt / Lt

(16)

3. ALTERNATIVE POLICY SETTINGS AND NUMERICAL SIMULATION
3.1 Calibration
The common parameters in DSGE model is set according to the existing literatures,
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such as: the discount factor is 0.99, the output elasticity of capital is 0.36; for the
bank's statutory deposit reserve ratio, capital adequacy requirements parameters are
calibrated according to China actual data; for bank lending costs, deposit management
costs and other parameters, we refers to Hu Zhipeng (2016); for equity issuance costs,
the probability of the financing sector moving out of the market and the transfer
payment parameters from the residents to the financial sector newly enters are
according to AKinci&Querato (2014);The mortgage parameter which reflects the
proportion of equity financing that can be collateralized to the banking sector is in
accordance with Hollander (2016); The parameters that are adjusted according to the
specific needs to compare the efficiency of different policies will listed during the
analysis.

Parameter

Table1. Parameter calibration
Description
Value
Parameter

Description

Value



Capital output elasticity

0.36

car

Capital adequacy
requirements

0.11



Discount factor

0.99



0.0001



Capital depreciation rate

0.025

rrr

Wealth transfer
coefficient
Deposit reserve ratio

0.195



Labor utility parameter

1.48



Surviving rate of the
financing sector

0.8



Equity investment
utility parameter

0.03



Equity issue cost

3

I

Investment adjustment
cost

5

e

mortgage parameter

0.35

lev

Stock speculation
parameter

0.1



debt reimbursement
parameter

0.18-0.19

 lb

Bank lending costs

0.015

 db

Bank deposit
management cost

0.0001

3.2 The traditional intervention policy
Traditional government interventions rely on the expansion of financial expenditure
as well as the policy of regulating the bank's capital adequacy ratio.
3.2.1 Steady state comparison
We use the Software Dynare 4.4.3 to solve the model under different states. In this
section, by introducing alternative binding constraints, we compare the steady
economy variables of normal financing and debt reimbursement crisis states.
Specifically speaking, under the condition of the traditional policy, we set the
financing efficiency of the sector

  1 , the bank capital adequacy regulation

coefficient   0.5 and the strength of the government intervention G ,t  0.05 , at
the moment the financing sector can conduct normal financing activities; While debt
reimbursement parameter rises to 0.19, financing sector has to give up the normal
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financing activity and turns to the public to raise equity, in order to accumulate the
value and the value of their own, to satisfy creditor requirements. The following table
lists the steady value of variables in the two financing states:

Variable

Y
C
K
I
L
d
e
l
rb  ib
Rk  ib  1
N

Sp
Q * Sp / N

Table2. Economic steady state comparison 1
Normal Financing
Description
state
1.2992
Output
Consumption
0.6769
Capital
8.4377
Investment
0.2109
Labor
0.4535
Deposit
7.2270
1.5486
Equity financing
6.1223
Loan
0.1889
Interest spreads of banks

Debt reimbursement
pressure state
1.2894
0.6678
8.2140
0.2054
0.4550
7.4895
1.5395
6.3441
0.1957

Interest spreads of financing sector

0.0203

0.0214

The net worth of financing sector

2.6890

2.7048

Financing Security

8.3728

8.1496

Financing leverage

3.1137

3.0130

As is shown in the table above, under the debt reimbursement pressure, in order to
meet the needs of the debtor mandatory requirements, the financing sector has to
change financing behavior to make up for the net worth: a substantial reduction in the
issuance of securities financing, leverage decreases rapidly leads to a decrease in
efficiency of the sector financing; speculative residents reduce equity investment,
instead they increase bank deposits, which in fact exacerbates the recession process.
Specifically: the capital stock, investment and output has decreased indicating the
real economy recession; the bank and financing sector spreads rise which means the
risk is accumulated in the economy. Another aspect that is worthy of note: above
analysis is based on the assumptions that the efficiency of the financing sector  , the
intervention strength of the government G ,t ; and the coefficient of the bank capital
adequacy ratio regulatory are all stay unchanged, which is contradictory to the reality,
we alter the related parameters to further analyze the role of the traditional policy on
easing the pressure of the debt reimbursement crisis.
3.2.2 Robustness analysis
Generally speaking when crisis occurs, the operation efficiency of the financial sector
decreases, which is reflected on the financial sector’s efficiency parameter:   0.9 ,
the corresponding economic variables of the steady state in column "Financing
efficiency decline" in the following table.
On the other hand, the government tends to increase the intensity of intervention
during the crisis, that is, to expand the scale of expenditure. It is assumed that the
intervention intensity rises to:   0.06 or   0.07 when   0.9 remains
unchanged, which reflects in the reduction of financing efficiency, the government
increases the intensity of intervention, the result is in the column "Strengthening
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intervention intensity".
If the government further strengthens the supervision of banks ’ capital
adequacy ratio, that is, the increase of regulatory coefficient  , the result is listed
"Strengthening banking supervision" column.
Table3. Economic steady state comparison 2
Strengthening intervention intensity
Normal
Debt
Financing
Strengthening
Variable
Financing reimbursement
efficiency
banking
G ,t  0.06 G ,t  0.07 G ,t  0.2
state
pressure
decline
supervision
1.2992
1.2894
1.2157
1.2167
1.2176
1.2285
1.2157
Y
0.6769
0.6678
0.6598
0.6529
0.6460
0.5546
0.6598
C
8.4377
8.2140
7.3016
7.2380
7.1713
6.3127
7.3023
K
0.2109
0.2054
0.1825
0.1810
0.1793
0.1578
0.1826
I
0.4535
0.4550
0.4435
0.4462
0.4491
0.4892
0.4435
L
7.2270
7.4895
7.6885
7.7214
7.7593
8.2821
7.5701
d
e
1.5486
1.5395
1.5209
1.5051
1.4892
1.2786
1.5209
6.1223
6.3441
6.5123
6.5402
6.5721
7.0138
6.4649
l
0.1889
0.1957
0.2008
0.2016
0.2026
0.2159
0.2007
rb  ib
0.0203
0.0214
0.0248
0.0254
0.0260
0.0350
0.0248
Rk  ib  1
2.6890
2.7048
2.6719
2.6440
2.6164
2.2464
2.6718
N
Sp
8.3728
8.1496
8.0521
7.9693
7.8829
6.7684
8.0529
Q * Sp / N
3.1137
3.0130
3.0136
3.0141
3.0129
3.0129
3.0140
Note: in addition to the normal financing state only intervention intensity rises to 0.07 can the
corresponding financial sector in the economy restore the normal financing activities.

Through the comparative analysis, the following conclusions are drawn:
Firstly, the reduction in the efficiency of financing deepens the crisis: the net worth
and securities of the financing sector, the amount of equity financing, real output,
consumption, investment, capital and labor input have greatly decreased; On the
contrary the bank’s deposits and loans both increases due to the risk aversion of the
residents and the consideration of helping the financing sector to accumulate net
worth; the spread of banks and financing sector both increase, reflecting the increased
financial risks.
A small increase in government spending on the financing sector cannot push the
economy out of the crisis caused by the debt reimbursement pressure, corresponding
to the column G ,t  0.06

in the table. And compare to the column "financing

efficiency reduction" one can find: in addition to the output and the input of labor
factors have a slight rise, the other real economy and financial indicators deteriorate
further.
On the contrary, if there is a substantial increase in spending, although it can
promote the economy out of the crisis, but the policy cannot reverse the above trend,
instead the crowding out effect will emerge. Compare three columns in the
"Strengthening intervention intensity", we can see that even if the government
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continues to strengthen the support to the financing sector, promote private financing
sector reach the normal financing status and bring the economy out of crisis, but in
addition to the output and labor input, all the other economic variables further
deteriorate. The phenomenon suggests that when creditors suddenly raise the
requirements of the financing sector to pay debts, expanding conventional
government spending to support the financing sector is not the fundamental solution;
even if it could be a way out of the crisis, there exists the "crowding out" effect:
private parties financing activities are shrinking under the government extrusion,
which is reflected on the shrinking net worth, private securities issuance and equity
financing volume; a further rise in spreads of banking and the financing sector; the
capital accumulation process, the growth in labor input and output are also slow down
further. Even although the government spending expands to 1 / 5 of the total amount
of resources, it cannot restore the economy to pre crisis levels.
What’s more, the effect of bank's capital adequacy ratio supervision policy is not
obvious, that is, to strengthen the supervision of banks is helpless in improving the
economy in the debt reimbursement crisis. This is because the crisis has nothing to do
with the shortfall of bank capital, but is the financing sector under the pressure of debt
has to change normal financing behavior. Banking regulatory policy cannot make a
substantial improvement in the private sector facing the situation.
3.2.3 The deterministic shock and transition dynamics
After the brief comparison of the differences of steady state variables under the
traditional policy framework, we add a deterministic shock on the debt reimbursement
parameters to study dynamic transition process of the economy which jumps to the
debt reimbursement pressure status and making further adjustments afterwards
The Dynare deterministic simulation method is used to investigate the transition
dynamic path of the economy, which is to make further comparison in the following
sections with the new intervention policy and the structural reform policy.
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Figure1. Dynamic transmission plots 1

From the above photos, we can see that when an economy faces the debt
reimbursement shock and jump to the state of crisis, the traditional government
intervention which conducted in the same intensity to support the financial sector is
helpless to the economic stability. The main economic variables are showing
significant fluctuations and in the period of 100 times after the crisis there is still no
tendency of returning to steady state. Among which the output, consumption, capital
accumulation, the volume of financing securities and equity financing variables show
a fluctuating trend of decline; the variable of investment, bank deposits and loans,
bank spreads, the spreads of financing sector and its net worth show an increasingly
volatility dynamic path; the economy as a whole cannot return to the steady state.
The reason is that the support policy which does not change with time cannot
effectively alleviate the economic fluctuation caused by the states shift caused by
economic shocks. Especially in the critical period of transition, the small changes of
economic parameters of economic agents or their objective conditions are likely to
have a significant impact on the real and financial sector. And because of the
asymmetric and incomplete of information, the existence of the government's own
incentive distortions and other factors, even if the government can discretionarily
determine the intensity and time length of the intervention, it is still difficult to
achieve the desired effect.
3.3 The new intervention policy
This section by way of comparative description, illustrate the fact that: if government

270

anchors values of the normal steady state variables such as the leverage ratio and the
net worth of the financing sector and other indicators like capital stock, can play a key
role in reducing the pressure of debt reimbursement crisis. Combined with the
occurrence mechanism of the crisis, its economic impact and the simulation results of
the policy effects we give the corresponding policy recommendations.
3.3.1 The formulation of the new policy rules
In the new policy framework, the government does not need to measure financial
sector efficiency parameters, but directly react to the fluctuations in the financial
sector. Follow the traditional policy setting: K t  Spt  Sg t . We set a parameter to
capture the proportion of government intervention expenditures in the total financing
sector:  t  Sg t / K t , combined with the definition of leverage we have:
Qt K t  Qt Spt  Qt Sg t  levt N t  t Qt K t , thus the total capital value can be expressed
as: Qt K t  levt N t / (1  t ) .
Without the loss of generality we assume that the objective of the government is to
minimize the volatility of total capital value:
min t (Q t K t  QK) 2  (

levt N t levN 2

)
1  t 1  

(17)

Among which the steady state values of each variable are expressed in the variables
without subscript t. Through the optimization of government intervention rules, we
have:
lev N
 t  1  (1   ) t t
(18)
lev N
In reference to Keah (2014), when the government carries out the reverse
intervention, generally the more effective way is not completely react to any deviation
from the steady state implementation policy intervention, but to utilize the self
adjustment mechanism of the market, moderately react to the deviation of the target
state. Therefore, in the framework of the new intervention policy, we introduce the
sensitivity coefficient of the government intervention: v which is between 0 and 1, and
closer to 1 represents the policy is more sensitive to the deviation of related variables
lev N
from the steady state:  t  1  (1   )( t t ) v , we substitute the rule back to the total
lev N
capital stock function and obtain the new intervention policy function:
lev N
Qt K t  QK ( t t )1v
(19)
lev N
3.3.2 The deterministic shock and transition dynamics
In order to facilitate the comparison with the traditional policy, this section set
regulation sensitivity coefficient v  0.07 , other parameters are the same as the
traditional policy framework. But the main economic variables under the same shock
show a completely different dynamic transition adjustment path.
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Figure2. Dynamic transition plots 2

The above photos clearly reflected the new intervention policy can significantly
reduce the degree of economic fluctuation and shorten the time. Most of the variables
return to the normal financing conditions of steady state in 6 periods after the debt
reimbursement shock occurs, reflecting the overall economy in the new framework
has very strong ability to adjust.
Speaking of the adjustment path, after the outbreak of the debt crisis, output,
consumption, investment, labor input and capital investment, the net worth and

272

securities of the financing sector and other economic variables rapidly decline. The
spread between banks’ deposit rate and loan rate rise sharply, reflecting the reaction of
the economic variables in the financial and real sector. Due to the implementation of
the new intervention policy, the most economic variables move toward the anti
direction at the next period and the magnitude is often greater than that in the first
period, which reflects the policy rule still has some limitations. The overshoot
problem should be further investigated to avoid the overreaction of the economy.
It is worth noting that, under the pressure of the debt reimbursement, the financing
sector has to make up for the net worth. So in times of crisis the net worth and the
financing leverage of the financing sector rate tends to move in opposite directions.
The new intervention policy discussed in this section is comprehensively targeting at
the financial and real sector’s variables in normal state to reduce significant
fluctuations in the economy, this is the reason why major economic variables’
volatility are significantly reduced and the economy rapidly recovers to the steady
state.
3.3.3 Comparative analysis and policy recommendations
The following results are compared with the steady states of the traditional policy and
the anchor type new intervention parameters are the same:
Table4. Economic steady state comparison 3
Traditional intervention policy
New intervention policy
Variables

G ,t  0.06

Y
C
K
I
L
d
e
l
rb  ib
Rk  ib  1
N
Sp
Q * Sp / N

Normal

G ,t  0.07

G ,t  0.2

v  0.7

v  0.8

v  0.9

1.2167

1.2176

1.2285

1.1852

1.1899

1.1932

1.2248

0.6529

0.6460

0.5546

0.8362

0.8119

0.7942

0.6684

7.2380

7.1713

6.3127

8.9545

8.7271

8.5623

7.4960

0.1810

0.1793

0.1578

0.2239

0.2182

0.2141

0.1874

0.4462

0.4491

0.4892

0.3800

0.3879

0.3938

0.4421

7.7214

7.7593

8.2821

6.9679

7.0514

7.1145

7.3071

1.5051

1.4892

1.2786

1.9276

1.8714

1.8307

1.5292

6.5402

6.5721

7.0138

5.9033

5.9739

6.0271

6.2405

0.2016

0.2026

0.2159

0.1823

0.1845

0.1861

0.1939

0.0254

0.0260

0.0350

0.0125

0.0140

0.0151

0.0237

2.6440

2.6164

2.2464

3.3860

3.2872

3.2157

2.6553

7.9693

7.8829

6.7684

10.2075

9.9103

9.6951

8.2677

3.0141

3.0129

3.0129

3.0146

3.0149

3.0150

3.1137

Note: In order to facilitate comparison normal steady state parameters:  G ,t  0.05   0.18   0.9

Through the comparison of the above steady state conditions it can be seen that The
mechanism and effects of the new intervention policy mechanism are almost the
opposite to the traditional policy. Therefore, in order to prevent the steady states of the
economy from being affected by the debt reimbursement crisis, the anchor type new
intervention policy should be given greater attention to eliminate the change of
financing behavior and its influence on the economy; the traditional stimulus policy is
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complementary to maintain output and labor input stability.
It must be pointed out that the premise of discretionary policy conducted by the
government in according to the actual situation to make the financing activities
maintain at a stable level is: the government can accurately measure the financing
behavior of the private sector to eliminate any fluctuation of the financing market.
However, in fact, the existence of uncertainty and information asymmetry, the
monitoring data of the government is far from accurate, thus the policy is often
implemented based on experience. Therefore, the feasibility of the traditional
intervention policy itself will be greatly reduced. Its mechanisms in easing negative
effects of the crisis and the actual results are highly questionable.
On the contrary, the new policy does not require the government be well aware of
the situation in the market. The government only needs to establish targeting policy
values of variables like: the stock of capital, the financing sector leverage ratio and
net worth. The anchored values are in line with the economic fundamentals of
variables in normal steady state. Under the set of orderly policy rules government
carries out the intervention against economic crisis.
In the new policy, with the increasing sensitivity of the regulation, the steady-state
economic variables are closer to the pre crisis normal economic state. That can be
seen from: consumption, investment, capital stock and equity financing, bank spreads,
net worth and securities of the financing sector, interest rate spreads economic
variables perform even better than the status near the debt crisis state This
phenomenon is due to the fact that new intervention policy anchors at the steady
variables before the crisis which are in line with the long-term economic
development.
3.4 The structural adjustment policy
In this section by introducing the parameter of government subsidies on the equity
financing behavior, the policy of financing structure adjustment is depicted. Its
transition dynamic effects on the economic variables in debt crisis are numerically
studied.
3.4.1 Policy setting
Suppose the government subsidy for the equity financing behavior of the financing
sector to prevent systemic risks from outbreak, that is: raising a certain amount of
taxes from total financing volume  t   s et / Qt Spt to subsidize for the equity
financing, the subsidy amount is  s et . The objective function of financing sector
becomes:

Vt ( nt )  max Spt ,lbt , et {(1  ) Et [ t, t i ( Rk, t 1 Qt Spt  (1  rbt ) * ldt )]   Et { t, t i [Vt 1 ( nt 1 )  et ]  C(et , Qt Spt )  s et }}

Subject to:
Balance constraint: (1   t )Qt Spt  nt  ldt
Net worth motion equation: nt 1  Rk,t 1Qt Spt  (1  rbt )ldt  Qt et

(20)

(21)
(22)

Collateral constraint: (1+rbt )ld t  [(1-e )Qt Spt + eQt et ]
(23)
Debt reimbursement constraint: Vt (nt )   (Qt Spt   s et )
(24)
Among which, the net worth motion equation and collateral constraint are set the
same as before; balance and debt reimbursement constraints are added factors of the
government’s equity financing subsidy and taxes; the debt reimbursement and
collateral constraints are still mutually exclusive to each other.
3.4.2 Robust analysis and the steady state comparison
This section emphasizes effects of the subsidy proportion  s in structural reform policy
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on steady state variables. When contrasting different policies mentioned above, we
maintain the parameters:   0.19 ,   1 .

Variable

Y
C
K
I
L
rb  ib
Rk  ib  1
N

Normal
financing
state
1.2992
0.6769
8.4377
0.2109
0.4535
0.1889
0.0203
2.6890

Sp
Q * Sp / N

8.3728

d
l
e

7.2270

e / (e  l )

0.250516

3.1137
6.1223
1.5486

Table5. Economic steady state comparison 4
Debt
 s  0.05
 s  0.1
reimbursement
pressure
1.2894
1.29113
1.29246
0.6678
0.66942
0.670661
8.2140
8.25351
8.28381
0.2054
0.206338
0.207095
0.4550
0.454756
0.454553
0.1957
0.181061
0.167198
0.0214
0.021215
0.021067
2.7048
2.70208
2.69996
8.1496
8.18896
8.21919
3.0130
3.03061
3.04419
7.4895
6.80844
6.27176
6.3441
5.81518
5.35731
1.5395
1.54119
1.54244
0.241347

0.256697

0.273022

 s  0.15

 s  0.2

1.28896

1.27392

0.667402

0.653426

8.2044

7.86926

0.20511

0.196732

0.455088

0.457427

0.15632

0.151183

0.021457

0.023178

2.70551

2.72814

8.13995

7.80556

3.00866

2.86113

5.85072

5.65189

4.99803

4.82835

1.53913

1.52419

0.28602

0.288759

Note: e / (e  l ) is the proportion of equity financing,  s  0.15 can return to the normal state.

From the data in the table we can see: when the debt reimbursement crisis occurs,
the equity financing policy can not only promote the recovery of output, consumption,
capital and investment in the real sector and the net worth, securities and equity
financing volume in the financial sector, but also raises the proportion of equity
financing accounted for the total amount of financing. This is because on the one hand,
equity subsidies improve the attractiveness of equity financing in crisis, so that it
promotes financing sectors to increase the intensity of equity financing; on the other
hand, the government's equity subsidies help to alleviate the asymmetry information
problem in debt financing activities and facilitate the process. Therefore, with the
increasing proportion of subsidies, the demand for bank deposits and the spread have
been reduced even lower than the pre crisis level. The performance indicates the role
of equity subsidies in mitigating the creditor-debtor conflict; moreover, the proportion
of equity financing has increased steadily during the crisis, reflecting the role of
structural adjustment played by subsidizing equity financing.
When making comparison with the performance of the economy facing debt
pressure, if the subsidizing intensity rises to 0.15, the economy will be out of the crisis.
However, if further increases the proportion of subsidies, major economic variables
like output, consumption, investment, capital stock, financing sector spreads and the
issuance of securities are on the way to deteriorate. In particular, although the
implementation of the subsidy policy contributes to maintain a stable proportion of
equity financing, but the equity financing as well as the debt financing volume have
reduced in different degree. This reflects when the economy is out of crisis, equity
subsidies distort the signal of financing, resulting in excessive reduction of debt
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financing, substantially relaxes debt reimbursement requirements and causing the
efficiency of financial resources allocation to fall. Therefore, excessive subsidies will
hinder the market's normal operation and reduce the efficiency of resource allocation.
3.4.3 The deterministic shock and transition dynamics
In order to compare with the traditional spending intervention policy and new anchor
type intervention policy, the common parameters of this section are exactly the same
as above. Through the change of the equity subsidizing parameters, we solve the
model using Dynare4.4.3 and the simulation results are:
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Figure3. Dynamic transition plots 3
Note: equity financing ratio 1, 2, 3, is respectively, corresponding to the traditional
spending the new intervention and structural reform policy.

From the transition dynamic photos 3 and the contrast against former plot: similar
to the new intervention policy, the equity financing subsidy policy can stabilize the
economy in a short period of time, which is superior to the traditional intervention
policy. However, their specific mechanism and the transition dynamics of
corresponding variables are largely different.
Speaking of the adjusting periods, economy under the equity subsidy compared to
policy new intervention policy needs a longer period of time to recovery to normal
steady state: the adjustment of financial variables lasts about 10 and the real sectors’
variables would go through a period of about 100 for adjustment. It greatly exceed the
adjustment time of economic variables when the new intervention measures are
implemented.
In reference to the adjustment process, the dynamic adjustment of variables like:
output, consumption, investment, capital stock, labor input and financing securities
are almost opposite between the structural reform and new intervention policy. When
implementing the equity subsidy policy major indicators of the economy almost all
have a slight rise and are higher than the steady state for about 100 periods of time.
This reflects that in times of crisis, the moderate equity subsidy policy contributes to
the financial sector in support of the real economic development and would help to
optimize whole economic-financial structure to move out of the debt reimbursement
crisis.
In speaking of the range and volatility of the adjustment of variables, under the
equity subsidy policy economic fluctuations are significantly less than new
intervention policy, whereas the new intervention policy is superior at shortening the
time of economic crisis. Matching two policies together could move the economy
quickly and smoothly out of the crisis. But due to equity subsidies distort the signal
financing sector in the allocation of resources if excessively conducted, which results
in the steady state variables under the of the equity subsidy policy especially in the
financial area lower than other two types of policy; although it reduces spreads
between the deposits and loans rate and decreases the risk in the financial system, but
also inhibits the normal financing behavior, which is not conducive to the long-term
development of the financial sector and the real economy.
Equity financing behaves quite differently under three different policies. Relatively
speaking, the equity financing ratio is the lowest under the framework of traditional
government expenditure policy and the volatility of economy is the most dramatic as
well; new intervention policy stays in the middle; under the structural adjustment
policy the equity financing ratio is the highest and economic volatility is the lowest.
The reason is that in three intervention rules, there is an increasing trend of the
importance of equity: traditional policy does not give special consideration to equity
factors; new intervention policy anchors the normal value of financing sectors’
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leverage rate, which indirectly take the role of equity into account; the structural
reform directly alters the equity financing behavior, which it is critical for the stability
of the adjustment of financing structure in times of crisis, the financial sector and the
real economy.
3.5 Welfare analysis
On the basis of theory and numerical simulation analysis, this section constructs the
steady state welfare function and the social welfare loss function. The results are
according to the simulation outcomes of previous section.
3.5.1 Steady state welfare maximization
First, according to the utility function: U (Ct , 1  Lt , eht )  log(Ct )   log(1  Lt )   log (eht )
we calculate the steady state social welfare: U (C,1  L, eh)  log(C)   log(1  L)   log(eh)
to reflect the welfare level of the residents in the economy under different policy
conditions:
Table6. Steady state welfare
Traditional policy
New intervention
G ,t  0.05
v  0.07
Consumption

0.676922
0.453538
2.030770
-1.263297

Labor
Equity financing
Welfare

0.676923
0.453537
2.030770
-1.263293

Structural reform

 s  0.13

0.672752
0.454212
2.01826
-1.271488

Compare the values of residents’ steady state utility, it shows that: due to the
traditional spending and new intervention policy does not change the financing
efficiency and financial structure, their influence on the equity financing behavior and
real economy variables like consumption and labor are almost the same; whereas the
equity subsidy policy through the financial structural adjustment, increases the
proportion of equity financing, reduces the leverage of the financing sector, resulting
in the decreasing of households’ equity investments and consumption. Even though
the economy as a whole is on the right track, labor supply increases, the steady state
welfare level has still decreased, which indicates that as long as the equity speculative
behavior of residents exists, any policy attempting to contain the speculation in the
financing market will have a negative impact on the steady state social welfare.
This shows from the side that the ill-constructed equity market has a negative
impact on the overall investment environment and the economic development.
Therefore, it is of great significance to build a rational value investment environment
for the sound development of the equity market and for promoting the healthy
development of the economy while improving the steady state social welfare.
3.5.2Minimizing the loss of volatility
In this section, according to Woodford (2011) we calculate the social welfare loss
function:




U  eh 1  
U  L 1 
~
~
1  c
eh
L
L
Loss 
var(C t ) 
var(L t )  eh 
var(eh t )

2
U C 2
U C 2
~

C





(25)

C

~



Among which, C , L , eh represent the steady state values of the variables; C t ,
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~

~

Lt , eht are the log-deviations of the variables from their respective steady state; U  ,
C

U  , U  ,stands for the partial derivative of the utility function at the steady state;
L

eh

c  U



 

CC





C /U  ,  L  U   L /U  , eh  U   eh /U  , are inter-temporal substitute
C

LL

L

eheh

eh

elasticity of consumption, labor supply elasticity and equity investment elasticity.
Therefore, the maximization of social welfare requires to minimize the volatility of
the consumption, labor and equity investment. Due to deterministic shock introduced
in paper we calculate maximum fluctuation degree. First, we calculate the maximum
log deviation degree of consumption, labor and equity investment respectively and
after squaring we substitute the variance of the random variables correspondingly in
the loss function to describe the loss of social welfare due to fluctuations in the
transition dynamics process. The results are as follows:
Table7. Welfare losses
Traditional policy
New intervention
G ,t  0.05
v  0.07
Consumption fluctuation
Labor fluctuation
Equity investment fluctuation
Welfare losses

>1.07*10-6
>2.38*10-6
-3
>1.30*10
-6
<-2.67*10

4.91*10-8
2.06*10-6
-4
6.19*10
-6
-2.31*10

Structural reform

 s  0.13

2.21*10-8
1.21*10-8
-6
5.67*10
-8
-1.37*10

From the comparison of the social welfare loss function, we can see that although
the new intervention is superior to the traditional one in alleviating the fluctuation in
the process of economic transition, but the welfare effect is not as significant as the
structural adjustment policy. The reason is: equity subsidies improve the financing
structure and make financing sectors tend to be more cautious; and equity subsidies
help to ease the pressure of debt reimbursement facing by the financing sector, which
significantly reduces the degree of economic fluctuations.
Integrating two kinds of welfare comparison, the traditional government spending
intervention policy cannot stabilize the economy in 100 periods and the economic
volatility is the most significant; although the new anchor type intervention policy is
able to shorten the time for the economy to return to steady state, the cost of which is
greater volatility compared to the structural reform policy. The degree of economic
fluctuations under the framework of equity subsidies is the lowest, but steady state
welfare has decreased.
Therefore, to ease the financing crisis caused by the financing behavior changes of
the financing sector, the government needs to combine different policies and utilize
their advantages to reduce the economic fluctuations, shorten the time of the crisis and
weaken the negative effects of the debt reimbursement crisis impact on the economy
to the greatest extent.
4. CONCLUSIONS
Using the theoretical framework of the DSGE, based on the micro behavior of
enterprises’ equity and debt financing decision, we try to explain the economic
fluctuation during the debt reimbursement crisis caused by the interaction among
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financial intermediaries like banks, equity market agents like residents and the
financing behavior of enterprises. On the basis of this theoretical framework we
further compare different policies namely, traditional government intervention, anchor
type new intervention and the structural adjustment policy respectively.
The main conclusions are:
Under the pressure of the debt reimbursement, the financing sector has to change
the financing behavior to make up for its net worth in order to meet the mandatory
requirements of the creditors. The outcome is a substantial reduction of the issued
financing securities and the financing leverage, leading to a decrease in the efficiency
of financing activities. At the same time, residents in seeking of avoiding the
investment risks, will reduce the relative equity investment, which in turn increases
the bank deposits against the need of financing sectors to increase their net worth and
exacerbates the fluctuations in the financial sector and the real economy.
If the government slightly expends its expenditure of traditional intervention policy,
it is not enough to rescue the economy out of the debt reimbursement crisis. On the
contrary, if there is a substantial increase in government spending, although the
private financing sector can restore to the normal financing behavior, because of the
existence of "crowding out" effects the policy cannot help to reverse the economic
depression trends. Therefore, when the debt reimbursement crisis occurs, expanding
conventional government spending to support the financing sector is not a permanent
cure.
In the framework of the traditional government expenditure policy, the effect of
bank capital adequacy ratio regulation is not obvious. Because the causes of the crisis
are not banks’ capital shortfall, but financing sectors under the pressure of debt have
to change normal financing behavior. The traditional bank regulatory policy does not
grasp the essence of the economic turmoil and cannot make a substantial
improvement in the situation of private financing sectors.
When the government implements anchor-type new intervention policy, in addition
to the variables like output and labor input, the financial and real economic conditions
have been greatly improved. From the perspective of steady state outcomes and the
working mechanism, the new intervention policy is almost exactly opposite to the
traditional government spending policy, reflecting the two policies have a certain
degree of complementary. This feature can be utilized when formulating a moderate
intervention policy.
With the increasing sensitivity of regulation in the new policy, the steady-state
economic variables are closer to the pre crisis normal economic state. Some financial
and economic variables perform even better than the status near the crisis state. The
phenomenon is due to the fact that new intervention policy anchors at the steady
variables before the crisis, which are in line with the long-term economic
development.
The government structural reform policy improves the attractiveness of equity
financing in times of crisis, promotes financing sectors’ cautious operation, eases the
information asymmetry problem between creditors and debtors, and reduces the
requirements of the debt reimbursement. But when the economy recovers from the
crisis, large amount of the equity subsidy distorts the financing signal, interferes the
behavior of the financing sector and causes excessive reduction of debt financing,
which leads to the low efficiency of financial resource allocation.
Through the comparison of transition dynamics we can see that, the new
intervention policy and structural reform policy are superior to traditional fiscal and
regulation policy in easing the fluctuations of major economic variables, the new
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intervention policy has advantages in targeting at specific variables and shortening the
time of crisis, while structural reform policy is superior in structural adjustment of
debt-equity financing and in reducing fluctuations during the crisis.
After the welfare analysis, it is obvious that the traditional government spending
intervention policy cannot stabilize the economy in 100 periods and the economic
volatility is the most significant, correspondingly the lowest welfare; although the
new anchor type intervention policy is able to shorten the time for the economy to
return to steady state, the cost of which is greater volatility compared to the structural
reform policy. The degree of economic fluctuations under the framework of equity
subsidies is the lowest, but steady state welfare has decreased.
Integrating all the above analysis we can conclude: compare the different rules of
the government intervention policy, the anchor type new intervention and structural
reform policy have their own advantages, and are both superior in the formulation of
rules, working mechanism and economic performance to the traditional intervention
policy. However, despite the effect of the new intervention and equity subsidy policy
on the debt crisis, they cannot be treated as the fundamental solutions of the crisis.
Only through changing the speculation behavior of residents in the equity market,
constructing the rational value system of the equity investment and combining the
modern information technology such as the Internet communication platform can we
establish the trust among creditors and debtors and reduce the information asymmetry
to the greatest extent and fundamentally prevent the debt crisis from occurrence.
5. ACKNOWLEDGMENTS
This study was funded by the National Natural Science Foundation (71001054), and
the Philosophical and Social Science Research of Tianjin city (No.TJYY13-048).
We like to thank Prof. Xiaotong Zhang for her insightful comments on this
manuscript.
6. REFERENCES

Akinci O, Queralto A. (2014), “Banks, capital flows and financial crises”[J]. FRB International
Finance Discussion Paper, 11-21.
Benes J, Kumhof M, Laxton D. “Financial crises in DSGE models: A prototype model”[J]. 2014.
Bianchi J, Mendoza E G. (2011), “Overborrowing, Financial Crises and ‘Macro-Prudential’Policy?”[J].
IMF Working Papers, 1-53.
Brázdik F, Marsal A. (2011), “Survey of research on financial sector modeling within DSGE models:
What central banks can learn from it”[J]. Available at SSRN 227.46-89.
Caballero R J. (2010), “Macroeconomics after the crisis: time to deal with the pretense-of-knowledge
syndrome”[R]. National Bureau of Economic Research.
Chen Xiaoguang, Zhang Yulin. (2010), “Credit constraints, government consumption and China’s real
business circle” [J]. Economic Research, 12:48-59.
Christiano L, Ikeda D. (2013), Leverage restrictions in a business cycle model[R]. National Bureau of
Economic Research.
de Carvalho F A, Castro M R. (2015), “Foreign capital flows, credit growth and macro-prudential
policy in a DSGE model with traditional and matter-of-fact financial frictions”[R].
Gertler M, Kiyotaki N. (2010), “Financial intermediation and credit policy in business cycle
analysis”[J]. Handbook of monetary economics, 3(3): 547-599.
Hollander H, Liu G. (2016), “The equity price channel in a New-Keynesian DSGE model with
financial frictions and banking”[J]. Economic Modelling, 52: 375-389.
Hu Zhipeng. (2016), “The influence of shadow banking on the main economic variables of China” [J].
World Economy, 01:152-170.
Keah K. (2014), “Three Essays on a Financial Crisis: A New Keynesian DSGE Approach with
Financial Frictions”[D]. University of York.

281

Luo Shikong, Gong Liutang. (2013), “Financial restraint, financial frictions and corporate debt
financing business cycle” [J]. Economic Research, Suppl. 1:118-131.
Ma Yong. (2013), “New progress in the study of the DSGE model of the financial factors of
implantation” [J]. Economic Dynamics, 08:127-136
Meeks R, Nelson B, Alessandri P. (2013), “Shadow banks and macroeconomic instability”[J]. Bank of
Italy Temi di Discussione (Working Paper) No, 939.
Merola R. (2015), “The role of financial frictions during the crisis: An estimated DSGE model”[J].
Economic Modelling, 48: 70-82.
Suh H. (2011), “Evaluating Macro-prudential Policy with Financial Friction DSGE Model”[R]. mimeo,
Indiana University Bloomington.
Viziniuc M. (2015), “Survey on Financial Market Frictions and DSGE models”[J]. International
Journal of Economics and Financial Issues, 5(2).
Wang Guojing, Tian Guoqiang. (2014), “Financial shocks and economic fluctuations in China” [J].
Economic Research, 03:20-34.
White W. (2009), “Modern macroeconomics is on the wrong track”[J]. Finance and Development,
46(4): 15-18.
Woodford M. (2011), Interest and prices: foundations of a theory of monetary policy[M]. Princeton
University Press.
Wu Youchang, Zhao Xiao. (2000), “Debt equity swap: Theory and policy analysis based on Corporate
Governance”[J]. Economic Research, 02:26-33
Yan Lili, Wang Yiming. (2012), “Financial development, financial market shocks and economic
fluctuation -- Based on the analysis of the dynamic stochastic general equilibrium model” [J].
Financial Research, 12:82-95.
Yifu Lin, Sun Xifang, Jiang Ye. (2009), “Study on the optimal financial structure theory in economic
development”[J]. Economic Research, 08:4-17.

282

CEOs AND TOMORROW’S LEADING-EDGE CORPORATES
John R Hamilton*, James Cook University, Cairns, QLD, Australia, 4870.
Ph +(617)42321091 John.Hamilton@jcu.edu.au
Ronald P. Lynch, James Cook University, Cairns, QLD, Australia, 4870.
Ph +(617)42321056 Paul. Lynch@jcu.edu.au

ABSTRACT
CEOs of tomorrow must become real-time, strategic decision-response makers across their
corporations. They must drive change, position-to-win into the future, and source rapid, high
yielding revenue streams. Tomorrow, this likely involves innovative technological
incorporations that target into new horizon-shifting solutions. The CEO must also be
behaviorally astute when faced with the downsizing of the workforce. Here ‘product-touching’
can be modelled as a structuring and hierarchical managerial leadership pathway into ongoing
new competitive innovation situations.
KEYWORDS
Chief executive officer, leadership, management, requisite organization, competitive, strategic
positioning
INTRODUCTION
Today the chief executive officers (CEOs) of leading-edge global corporates (like Apple,
Samsung, Tesla and BMW) are encapsulating the digital environment. They recognize the
disruptive technologies associated with digitization present pathways to efficiently and
effectively link and engage with consumers within their global reach networks. In this regard
they recognize being first to market has financial and consumer-reach benefits. Hence, they
focus on corporate-wide, rapid, knowledge diffusion, on innovation, on research and
development of latest output products, on rapid, reliable servicing, and on diversification into
new markets. Harnessed correctly, these ‘blue ocean’ strategies (Kim & Mauborgne, 2015)
continually reframe the global corporate as a leading edge deliverer that value adds into its
global societies.
These leading edge corporates typically have substantive infrastructure with solid financial,
technical, operational, human and resourcing capabilities. These leading-edge corporates
typically emanate from within the industrialized nations of the globe, and they behave ethically,
within their own government’s regulatory requirements. Hence, where their products and
services can be accessed, and are of use to global consumers, they often acquire degrees of trust,
and the consumer is prepared to risk a purchase from a distant place. Thus the CEOs of such
leading-edge corporates weigh market potential against risk when they choose to globally spread
their latest products and services (Hansen & Birkinshaw, 2007).
LITERATURE
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This paper focuses on the human capital requirements of leading edge corporates – from the
CEO down. We suggest that digitization has allowed the global consumer market to become
demand-driven. Thus, to render other opposition products/services obsolete (Mithas, Tafti, &
Mitchell, 2013), the CEOs of leading-edge corporates are shifting towards responding quickly
when digitally-related and innovative business change opportunities emerge (Henderson &
Clark, 1990), rather than just adopting incremental, and minor, research-supported approaches.
Two thousand corporate CEOs and leaders responded to PricewaterhouseCoopers 2015
‘global digital IQ survey. Across 25 attributes (with laggard CEOs and leaders as the baseline),
the majority of digitally-attuned CEOs and leaders sought innovative revenue opportunities.
Also, over 70% of these digitally-attuned CEOs and leaders actively included digitization in their
corporate solutions (Curran et al. 2015). This suggests the CEOs should strategize towards
quickly incorporating digital and innovative disruptive opportunities into their product and
service solutions.
We explain this via Figure 1. Here, we show major changes across the digital domain, and we
highlight where major digital disruptions have shifted the competitive marketplace into new
territories. In the late 1960’s mainframe computers dominated, then in the mid 1970’s microcomputers disrupted the digital domain, by the early 1990’s distributed computing disrupted the
existing model, by the early 2000’s internet enabled PC’s again disrupted the status quo, and the
digital world became consumer-demand-driven, by 2012 inter-connecting social-mobileanalytics-cloud (SMAC) computing solutions (Shelton, 2013) existed, and brought a new wave
of digital disruption.
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Digitally-Delivered Business Productivity

Digital and
technologies induced
Disruption-induced
changes

Radical digital
combinations

Horizonshift

Today
Time

Figure 1. Leading-edge corporate competitive/disruptive digital life-cycles
Tomorrow, horizon shifting innovations are likely to replace (or majorly-change) the
corporate’s workforce Thus, CEO’s of market-leading corporations (the ones driving digital
disruptive changes via their innovative and technological research and development) typically
follow Figure 1’s digital and innovative life-cycle traces. Each of these leading-edge corporate
solutions first grow rapidly (unique position), and then slow over-time (as others compete and
share in their digital/innovative economic marketplace). Then another digital disruptor emerges
to re-invigorate and again change this digitalizing global marketplace.
These very complex, solution-jump combinations, offer the corporate initiator a possible blue
ocean solution (Kim & Mauborgne, 2015) of new, premium, and profitable opportunities, and
the human capital requirements they possess must necessarily quickly adapt to these changes.
How do CEOs manage their human capital
Few CEOs believe their human capital is collaborative (Lhuer, Olanrewaju & Yeon, 2015), yet
they understand it delivers a degree of competitive advantage (Coff & Raffiee, 2015). Thus,
developing human capital (as a corporate value-delivering component) remains important
(Mahoney & Kor, 2015; Molloy & Barney, 2015; Ployhart, 2015), as it can increase capital
productivity and reduce investment costs (Chambers, 2015), build collaboration (Thomas et al.,
2013), and it can drive competitiveness (Ben Hur et al., 2015).
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Requisite organization (RO) (Jaques, 1989; Lynch & Hamilton, 2012) is a top-down CEOdriven approach that draws management into a cohesive structure. RO matches managers with
their corporate capabilities sets, and releases them to capably manage at their appointed level.
In such leading-edge corporates, human capital considerations also encompass how the valueadding innovative-research and its commercially-useful development is digitally and intelligently
framed for (Lhuer, Olanrewaju & Yeon, 2015).
Today, CEOs are knowledge-fed and digitally-supported through fast-response, pervasive,
mobile connectivities. Thus they can now be in-tune with (and across) many more aspects of the
corporate’s activities. They can also demand more of their technologies savvy management team.
Thus, past hierarchical leadership structures can be superseded, and some levels of management
can be combined (or eliminated) by retargeting the available human capital (Chui, Manyika &
Miremadi,
The CEOs of tomorrow’s leading edge corporates continue to digitalize their operations, and
they seek points-of-difference that integrate their redefining human capital requirements.
Generally their management teams do not touch-the-product, yet they add around 30% wages
and 50% on-costs above the average cost from each of their direct-reporting staff. Hence,
managers justify their existence by differentiating their talents into specific skills areas such as
innovative-research and development, resourcing and production, human resources management,
accounting and/or finance, strategy and corporate law, marketing and/or sales.
In some highly complex businesses (like surgery) a manager can directly manage only five
staff. Thus in a hospital with 15,000 staff six levels of management and 3,750 managers are
utilized. In other less complex models (like ripe tomato packaging), a manager may directly
manage 20 staff performing similar roles, and in this case 15,000 staff are managed by 791 staff
(and across only three or four levels). In contrast, large global corporates like Samsung may have
150,000 staff to be managed across seven or more levels by some 37,405 managers.
Today, knowledge and corporate intelligence is cloud centralized. Production occurs under
sensor-robotics and it’s logistics support is augmented through technologies. Thus, corporate
systems become faster, reliable, and more productive and in contrast less human capital is
required.
As the CEO downsizes operational staff, management levels and associated costs are all
reduced. For example in 2015/16, Anglo American reduced its human capital from 151,000 to
98,000. It also reduced management levels to five and established an average of 10 direct reports
per manager. This global miner deployed its technologies and augmented itself into a leaner,
cascading, shared-visioning, corporate entity that is now capable of delivering rapid responses to
new ideas, innovations and challenges.
Thus, the CEO can reshape their human capital into a lean model – with fewer excesses and
with each manager possessing a specific capabilities-set as required for work at their level. This
lean corporate structure; improves corporate effectiveness; reduces human capital; reduces costs;
and delivers short-chain, responsive leadership connectivities.
Rio Tinto - Winning edge creation
Like Anglo American, Rio Tinto is another global mining corporate. Lynch (2012) studied Rio
Tinto and RO between 1976 and 1993 and summarized the RO talents formally required of each
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of Rio Tinto’s seven levels of management. The individual manager’s capabilities to
conceptualize and perform set the level at which this manager is allowed to operate and to
strategize appropriately for manager immediately above them.
At level 1 the RO supervisor plans the tasks for today and up to the following 3 months. Here
each task is performed to the state of excellence required, and slow continuous improvements
arise. Occasionally, small but significant jumps in production are sometimes made - but each
improvement is lock-step or sequential or one-step-at-a-time.
The RO superintendent (level 2) thinks quicker and across a longer planning timeframe. Here,
coordination is required between teams, and the aim is to collectively improve processes in as
short a time as possible. Thus many sequential improvements are continually added to the
production line.
The level 3 RO manager plans the work practices, systems and productivity targets into the
immediate future. Occasionally they also initiate breakthrough changes that revamp some part of
the production system. Typically this level 3 manager is a short-term (1 to 2 years) planner and
implementer of logical and sequential process changes that impact the relevant superintendents,
the supervisors and operational staff.
A RO level 4 general manger plans 2 to 5 years into the future and considers how innovation,
and change can complement (and shift) existing continuity. This level thinks across
discontinuities and maps multi-alternatives into best corporate solutions.
The managing director is a level 5 position designate to deliver positive and growing returns
on investments. This direction-setting leader is purposeful, an optimizer of assets, and maps how
to overcomes challenges up to 10 years into the future.
Level 6 is the RO group executive level. Here the RO level 7 CEOs vision is implemented to
deliver stakeholder valueup to 20 years into the future. This is the driving entity and performance
matters.
RO Level 7 is where the CEO finds and describes the new prosperities for the corporation.
The CEO plans long-term and visualizes the best of the corporate’s future alternatives. This wellstructured corporate has framed its management to deliver human capital efficiencies.
TOMORROW’S CORPORATE LEADERSHIP
Today, corporate leaders are rethinking their business. One approach that is “if you don’t touch
product you are an overhead” McCarthy’s (2015). This changes the corporate focus to outcomes
driven and to consumer alignment.
Since 2014 RIO Tinto has continually questioned “what new idea can we deliver into the
industry to make it safer, more productive and sustainable?” Such approaches necessitate a new
multi-skilled workforce of high technophile capabilities.
Thus with the incorporation of emerging technologies and with the generation of smarter
connectivities across all levels of the workforce, the seven RO management levels listed by
Lynch (2012) can be further concentrated under fewer mangers, and across fewer levels. In
addition less operational level workers are required - as robotics and computer assisted
production are further operationalized. This downsizing and broadening of the human capital
skills required per employee also sharpens the required thinking capabilities across the entire
workforce.
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For a corporate like Rio Tinto with a continual ongoing innovation focus and a desire to
intelligently-mechanize processes, a continual downsizing of their required workforce has
ensued. Its seven RO management levels (Lynch, 2012) can be reduced to around five
management levels. This smaller workforce is retooling. It is corporate is technically-alert, and
computer-savvy and it works competently across roboticized and mechanized production. This
system is more profitable, more efficient and more effective in its use of assets, and today Rio
Tinto is the world’s most efficient iron ore producer.
Thus, innovation, robotics, artificial intelligence, and the smart use of new technologies can,
and do, deliver new and profitable corporate business models for leading edge CEO’s.
CONCLUSION
This paper recognizes that the CEO of a leading-edge global corporate should task themselves
with: being more efficient, accessing goods and services faster, rapid translations to consumerdesired outputs, gathering knowledge, information and experiences, incorporating
entrepreneurial ventures, innovations and new markets, and developing profitable global
opportunities across their global corporate. Today this involves being very technically and
SMAC astute, and being an innovator not a laggard.
The CEO must be capable of thinking across dynamic punctuated equilibrium environments
and across all levels of the corporate – not just at the executive level. The CEO pursue
uniqueness, and must be sharp enough to reach into tomorrow’s leading-edge opportunities and
to progress further into uncontested business markerspaces.
The leading-edge CEO must be an initiator into new horizon-shifting solutions, This CEO
must pursue breakthroughs that offer expansion and future competitive benefits. As the corporate
continues to downsize this CEO must be able to generate workforce cultural shifts.
Where hierarchical management is required by the leading-edge CEO it is possible to
combine RO levels 1 and 2, and RO levels 5 and 6. These two levels of elimination actually
force managers to self-select, and its retains those with cross-platform thinking as being the best
able to absorb, think and interchange their innovation initiatives into precise alignment with the
corporate’s targeting.
As the corporate moves into the horizon-shifting age of technologies combinations, speed of
thought and technical capabilities remain key leading-edge CEO competencies that can engage
with the rapid, vertical-sharing requirements of management monitoring and enabling
information.
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ABSTRACT
Supply chains are complex socio-technical systems by nature with several layers of entities
interlinked with increasingly complex web of network connections of varying degrees. Today
as supply chains span farther and wider across the globe, they are exposed to greater levels of
risks that need to be anticipated and understood sufficiently well to be able to manage it. By
taking a systems perspective, we introduce a framework to define and delineate the specific
risks in supply chains. We show that supply chain risks can be classified as systemic risks,
systematic risks, security risks, and idiosyncratic risks. We relate this framework to other
existing frameworks of risk management, and focus on the systemic risks related to the
systems characteristics. We then discuss how big data and analytics can be managed in a
supply chain to mitigate the systemic risk that arise from the network, relational, and temporal
characteristics that relate to the complexity of the supply chains.
KEYWORDS
Supply Chain Risk, Complexity, Big Data.
INTRODUCTION
As world becomes increasingly globalized, there is upward pressure on organizations to look
for new markets and sourcing options. As a result, today’s organizations interact with larger
number of other organizations and entities to provide products and services than ever before.
This can be attributable to several factors, but primarily due to the increasing pressure to
specialize on their core competency. Further, technological improvements have reduced the
transportation costs and other transaction costs significantly during the last few decades.
Technologically, it is easier today for companies to link with external entities and to operate
as a virtually integrated organization. Consequently, today’s supply chains have become
increasingly complex and are on this path to becoming further complex as many other
postindustrial systems (Huber, 1984; Cilliers, 1998; Smichi-Levi, 2008).
In this article, we take a perspective of supply chains as a complex socio-technical
system and attempt to define complexity for the context of this research. We will then look at
how the various dimensions of this complexity introduce greater risk in the successful
operation of an entity’s supply chain. We will further examine supply chain risk in detail and
review the supply chain risk literature to identify the main themes and issues facing todays
supply chain. We adopt a risk classification framework to focus on the major risk areas that
affect supply chains and relate it to the existing risk management frameworks. We further
focus on the system characteristics that contribute to the risks in a supply chain. We then
discuss big data and related technologies that are used in today’s global organizations for
solving big problems. Subsequently, we examine how big data and analytics can be managed
to detect and mitigate various supply chain risks introduced due to the system characteristics
and its complexity. We conclude by showing how the current thinking is shifting from a
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mindset of competitive advantage to a more collaborative process that has the potential to
reduce risk exposure and how big data and analytics is driving this paradigm shift.
SUPPLY CHAINS
Supply chains, also sometimes referred to as logistics network is a network of suppliers,
manufacturers, distribution centers, warehouses, retail outlets, and other organizations that are
involved in providing goods and services, as well as the systems and materials that connect
them (Smichi-Levi et al., 2008). A supply chain may be defined for a product or service, such
as the supply chain of a particular brand of automobile or cell phone. It could be referred to
the general structure of the major organizations involved when referring to the supply chain of
a particular class of product, such as the supply chain of printing paper. Supply chain can also
be defined by a dominant organization within the chain such as a Dell supply chain or WalMart supply chain (Min and Zhou, 2002). A more customer focused definition of supply chain
may view it also as a demand chain rather than a supply chain (Vollmann et al., 1999).
Definition of a supply chain may also differ based on the perspective that is taken by a
particular entity, for example, a firm could look at inwardly to its internal supply chain or
outwardly to its external chain (Hill, 1989).
Though the scope and boundary of a supply chain may differ based on the perspective
taken, it is clear that it encompasses a network of entities that exchange goods and services,
information, and cash (Lee et al., 2002; Bowersox et al., 2007). Often such networks operates
where its participant actions are not fully coordinated for global optimization of the system.
Rather, each entity acts to maximize its gains and objectives, and coordinates with others only
in so far as its interests and objectives are met. Based on different research focus various
researchers have defined supply chain differently (Croom et al., 2000; Smichi-Levi et al.,
2008). In spite of the inconsistencies in defining what constitutes a supply chain, taking a
broad outlook, it can be viewed as network of organizations working towards creating and
delivering value by transformation of goods (Muhammed, 2004).
As indicated earlier, value creation in supply chains occur through the exchange of
primarily three factors which are goods and services, information, and cash between the
entities in the supply chain. Hence, supply chain management involves managing resources
and systems that are directed towards these three flows. Along these lines, for example,
Smichi-Levi et al., (2008) provides a definition of supply chain management as “a set of
approaches utilized to efficiently integrate suppliers, manufacturers, warehouses, and stores,
so that merchandise is produced and distributed at the right quantities, to the right locations,
and at the right time, in order to minimize system wide costs while satisfying service level
requirements” (p. 1). While it may be difficult to manage all aspects of a complete supply
chain because of the complexity of todays elongated global supply chain (Barry, 2004), it is
imperative that we understand the major elements of todays supply chain coherently. It gains
further significance when we realize that global supply chains form the backbone of today’s
global economy, fueling trade, consumption and economic growth (World Economic Forum,
2013). To this effect, we take a systems perspective to further understand supply chains and to
define the risks inherent in it.
Supply chains as a complex socio-technical system
As per our earlier definition of supply chain, it is a network of interconnected entities and
subsystems that interact to exchange goods and services, information, and cash. This dynamic
network of various organizations can be viewed as a system and can be understood better
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from a socio-technical systems perspective. Socio-technical systems theory is applicable
widely for any system that involve social and technical elements and is open to its
environment (Trist et al., 1963). Today’s supply chains reflect the characteristics of such a
system and display numerosity, diversity and interdependence (Huber, 1984). As
organizations are becoming increasingly specialized and retaining only their core
competencies while outsourcing their non-core functions to other entities specialized in those
functions, number of organizations to provide a product increases in the typical supply chain
contributing to the numerosity dimension. Upward pressure for specialization also increases
the diversity of the organizations within the supply chain, and makes them more
interdependent in delivering a product.
Rather than a linear linkage of organizations, today’s supply chains are also
increasingly becoming a complex network of social and technical systems and organizations
(Figure-1). A recent study that examined factors that contribute to supply chain complexity
classified it into three categories- static, dynamic & decision making complexities (SerdarAsan, 2011). Static dimension of the complexity relates to the structural or network aspects of
the supply chain, such as the number of entities and the configuration of their relationships.
The dynamic aspect of the supply chain relates of the temporal factors and the randomness in
demand, supply and other aspects. And the decision making complexity relates to the volume
and nature of the information and other flows in the supply chain that relate to characteristic
of the relationship between supply chain entities (Serdar-Asan, 2011).
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Figure-1: Post-industrial Supply Chain Network (p.3, Muhammed, 2004)
Figure-1: Post-Industrial Supply Chain Network (p.3, Muhammed, 2004)

Supply chain complexity can also be viewed from many other levels. For example, it
can be examined at the level of an industry, geographic region or business unit (Bozarth et al.,
2009). In a detailed analysis of supply chain complexity, Bozarth et al. (2009) uses a
perspective from the manufacturing plant level to propose and test a measure of supply chain
complexity. At this level, the supply chain complexity can be viewed as a combination of
internal manufacturing complexity and external complexity (which includes upstream and
downstream complexities) (Bozarth et al., 2009). Such a view of supply chain complexity is
suitable for studying the impact of complexity on specific organizational factors such as
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performance. This view of supply chain adopts a perspective of complexity observing from
within the supply chain.
For the current study, we adopt a more generic view of supply chain, looking at it
from outside the chain. Such a perspective will help us in identifying the fundamental
characteristics that contributes to the complexity of the supply chain as a system. To achieve
this we will draw parallels from systems theory that define complex systems and examine
how these characteristics can be used to understand supply chain complexity. Once these
fundamental dimensions of complexity are identified in the supply chain context, we can start
to examine how they impact the broad risk factors of the supply chain. To do this we adopt
Cilliers (1998) complexity dimension and adopt a level of abstraction at the system level of
the supply chain as a whole. It is important to take an appropriate level of abstraction in
defining a system to understand its complexity because, “complexity results from the
interaction between the components of a system, complexity is manifested at the level of the
system itself. There is neither something at the level below (a source), nor at a level above (a
meta-description), capable of capturing the essence of complexity.”(pp. 2-3, Cilliers, 1998).
In differentiating a complicated system and a complex system, Cilliers (1998) gives
the following characteristics of a complex system: (1) it consists of a large number of
elements, (2) the elements interact dynamically, (3) the interaction is fairly rich, (4) the
interactions are non-linear, (5) the interactions usually have a fairly short range, (6) there are
loops in the interactions (recurrence), (7) they are open systems- difficult to define the
boundaries, (8) they operate far from equilibrium (9) they have history- they evolve through
time and are linked to their past, (10) each element in the system is ignorant of the behavior of
the system as a whole.
For understanding the complexity in supply chains, Cilliers (1998) characteristics can
be grouped under three dimensions. These are complexities introduced due to network,
relational, and temporal characteristics. They also correspond to the three complexity
characteristics static, dynamic & decision making complexities identified by Serdar-Asan
(2011). Table-1 shows the mapping of Cilliers (1998) and Serdar-Asan’s (2011) complexity
characteristics to the proposed supply chain complexity dimensions from a dynamic sociotechnical systems perspective. The network complexity dimension is related to the complexity
introduced by the structure of the supply chain network. The relational complexity dimension
is specified by the characteristics of the relationships between the entities within the structure,
such as whether they have strong or weak relationships. The temporal complexity dimension
is related to the dynamic nature of the supply chain and how the network and relational
aspects change over time. These three dimensions of the supply chain complexity specify its
systemic characteristics.
BIG DATA
Today big data has passed the stage of being a buzz word. A recent survey done by IBM
indicated that 28% of the companies have already implemented some form of big data
solution or are in the proof of concepts phase, and 47% are in the planning stage for big data
projects (Schlegel, 2014). Big data and big data analytics can be viewed as an extension of
business intelligence and analytics (BI&A) field that is evolving rapidly (Chen et al., 2012).
Big data is used to refer to rather large, complex and disparate data sets, that it requires
special data storage, management, analysis and visualization tools that are beyond the
traditional tools available as part of business intelligence (Chen et al, 2012). Dumbill (2013)
defines big data as “data that exceeds the processing capacity of conventional database
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Table-1: Systemic dimensions of supply chain complexity.
Supply Chain
Complexity
Dimensions

Network
Complexity

Serdar-Asan
(2011) Supply
Chain
Complexity
Categories
Static
complexity

Cilliers (1998)
Complex System
Characteristics

Related to Supply Chain

Increasing
Complexity is
Characterized
by

Number of
elements

Number of suppliers/
customers/competitors

Range of
interaction

Extent to which
organizations can connect
upstream and downstream
Organizational decisions
have impact on
performance and other
firm outcomes
Desire/need for
organizations to improve
their profitability and other
performance variables
Exchange of
Information/materials/fina
nces
Interaction between
suppliers, customers, and
other entities
The extent to which each
entity in the supply chain
can understand the
behavior of their entire
supply chain
Bullwhip effect,
information asymmetry
among SC entities
Changing customer and
supplier base
Level of organizational
learning of entities in the
SC

More
organizations in
the network
Greater

Loops in
interaction

Far from
equilibrium

Relational
Complexity

Decision
making
complexity

Interaction
between elements
Richness of
interaction
Ignorance of
overall system
behavior

Temporal
Complexity

Dynamic
complexity

Non-linear
interaction
Open systems
Linked to and
shaped by past

More loops

Ineqilibrium

More quantity

Rich/Strong
interaction
Higher degree of
ignorance

More non-linear
interaction
More open
Higher level of
connection to the
past

systems” (p.1). Data sets that fall in the range of petabytes, exabytes, and larger are typically
classified as big data. Rather than the size of the data, it is the potential to generate hidden
insights and to be able to connect data gathered from disparate sources that excites data
scientists and the organizations they work for. Data from many sources can be aggregated to
form big data and generally fall into three categories: streaming data from organizational
information systems and connected devices, social media, and publically available sources
(“Big data”, 2016).
In addition to the challenges of storing and managing big data, what is new about it is
the analytics that can be used to make sense of it, and currently how AI based technologies
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are increasingly used to automate some of this sense-making. Though there is limited
empirical evidence that investments in big data provides justifiable returns, it seems to be
clear that this is a technology that is here to stay from the investments that are made by
leading IT firms such as IBM, SAS, ORACLE, SAP and almost all other major IT and
consulting firms. All the names mentioned above provide big data oriented solutions and there
are many new entrants that are venturing into this field such as Alteryx, Cogito, Periscope
Data, PHEMI, WebAction and many more. However, there is some empirical evidence
indicating that organization that are data-driven and make data-driven decisions perform
better than their counterparts (McAfee & Brynjolfsson, 2012; Provost & Fawcett, 2013). The
increasing importance of big data is also evident from the popular searches on this topic
(Figure-2), and on the academic side, through the increasing number of publications in this
field in dedicated journals, special issues in leading journals dedicated to this topic, and the
conferences being organized under this theme (Chen et al., 2012). It is also notable that DSI is
hosting this conference under this theme.

Figure-2: Relative frequency of weekly web searches for “big data” on Google

There have been many applications of big data ranging from health care to political
campaigns (Chen et al., 2012). Underlying rationale is that big data is useful in situations
where the relationships are not clear due to complex interactions between various entities, a
large quantity of data exists in the related domains, and potential benefits are plausible in
identifying hidden patterns. From this perspective, supply chains are prime candidates where
significant benefits can be derived from big data. They are complex systems that have many
interacting entities; have a significant amount of uncertainty in the behavior of those entities
that limit the use of traditional analytical tools for higher level decision making; as supply
chains become increasingly interconnected, there is an ever greater amount of information
that is being recorded throughout the supply chain; and there is great potential for better
strategic supply chain decisions, decisions related to the optimization of supply chains, and
thus mitigating some of the risks in supply chains.
SUPPLY CHAIN RISKS
Supply chain complexity is an important factor that contributes to the risk in supply chains.
However, there are other sources of risk. But first, we need to define supply chain risk itself.
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In the supply chain literature risk is referred under many terms such as disruption,
vulnerability, disaster, peril uncertainty and hazard (Ghadge et al., 2012). Another common
approach is to identify risk based on where the risk originates in the supply chain (Juttner et
al., 2003). For example, Manju & Mentzer (2008) identify supply chain risks as: Supply risks,
operational risks, demand risks, security risks, macro, policy, competitive and resource risks.
Ghadge et al. (2012) provides a taxonomy of risks based on enterprise architecture which
includes the risk attributes such as process, organization, location, data, application and
technology, referred to as POLDAT methodology. In reviewing risk literature, Manju &
Mentzer (2008), identified three aspects of risk. (1) risk involves some loss when the it is
realized, (2) likelihood of the losses is an important factor in addressing the risk, and (3) the
significance of the consequence of losses.
Common risk management strategies in supply chain literature includes avoidance,
postponement, speculation, hedging, control, sharing/transferring, and security (Juttner et al.
2003, Miller 1992, Manju & Mentzer 2008). Though there are valid strategies to adopt at an
organizational level, mitigating risk at the level of supply chains require active intervention
and management. In supply chains were a dominant player is evident as in the case of WalMart or Dell’s supply chain, the risk mitigating strategies adopted by them can have a ripple
effect on their “effective supply chain”.
In the wake of recent financial turmoil and enterprise scandals, risk in general have
been discussed and researched quite extensively. The vast body of risk literature comes from
the financial perspective (Kunreuther, 2002; Anabtawi and Schwarcz, 2011; Christoffersen,
2012) and from an enterprise perspective (Bromiley, 2015). Various professional bodies and
non-governmental organizations have proposed risk management frameworks and processes.
For example, Committee of Sponsoring Organizations of the Treadway Commission (COSO)
and Casualty Actuarial Society (CAS) has proposed Enterprise Risk Management (ERM)
frameworks. International Standards Organization’s (ISO) also has a suite of standards related
to risk management. ISO 31000:2009 is a family of standards that relate to organizational risk
management. ISO also has specific standards for information security risk management (ISO
27005:2011) and security management for the supply chain (ISO 28000:2007). In a survey of
Committee of Sponsoring Organizations of the Treadway Commission (COSO) member
organizations jointly conducted by North Carolina State University and COSO in 2010 found
that COSO’s Enterprise Risk Management (ERM) framework was widely used in those
organizations (Figure-3).
There is general consensus that “recent industry trends, including outsourcing,
offshoring, and lean manufacturing has significantly increased the level of risk in supply
chains” (p.3, Smichi-Levi et al., 2008). In a recent report on building resilience in supply
chains by World Economic Forum, which was conducted in association with Accenture
(World Economic Forum, 2013), system-wide risks are defined as “those which significantly
disrupt supply chains across multiple operations and a wide geographic area” (p.13).
According to this report, systemic risks are assumed to be created or magnified by the way the
supply chain systems are configured. From a systems perspective, we define supply chain risk
as the potential disruption of any of the three flows in any segment of the supply chain system
under consideration. The three flows being the flow of goods and services, flow of
information, and flow of finances.
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Figure-3: Frameworks Used for ERM Guidance (p.6, COSO’s 2010 report on ERM, 2010).

SUPPLY CHAIN RISK FRAMEWORK
Corresponding to the various levels of abstraction possible in viewing supply chains, various
types of risks have been reported in prior research. However, a coherent and comprehensive
framework for viewing supply chain risk is lacking in the literature. Hence we propose that
supply chains can be viewed from a firm’s perspective, from the perspective of the supply
chain of the product, from the perspective of the supply chain of a particular industry, and
from a systems perspective of supply chains in general. The perspective that is adopted for a
particular analysis determine its “sphere of influence”. We see that in supply chain risk
literature, the risk factors identified typically is based on a particular “sphere of influence”
perspective. In this sense, supply chain risk is an extension of the enterprise risk.
Supply chain risks can also be viewed from different perspectives based on the origin
of risk. They can be viewed as risk that originate internal or external to the organization or the
system. Risks are also often classified based on their probability of occurrence or the level of
impact if a certain risk materializes. Top five triggers of disruptions identified in a survey by
World Economic Forum in 2012 were: natural disasters, Extreme weather, conflict/ political
unrest, terrorism, and sudden demand shocks as the major risk factors. Other major nontraditional risks identified were, social contract disintegration, inflexible and uncoordinated
regulation, and cyber risk. These risks are based on the widest “sphere of influence”
perspective of supply chains- which is the general systems perspective. Similarly, the supply
chain risks reported by Supply Chain Risk Leadership Council (SCRLC) in 2013 takes a
similar perspective.
Based on the proposed definition of the supply chain risk as the risk related to the
potential disruption of any of the three flows, there are two origins for these disruptions. The
two origins are based on what is loosely called known-unknowns and unknown-unknowns.
Known-unknowns in supply chains are usually the system characteristics. They include the
characteristics of the whole supply chain system and the characteristics of its parts. We call
the characteristics of the whole system as systemic factors (that relate to the system) and the
characteristic that relate to its parts or individual organizations as idiosyncratic factors. Risks
attributable to the systemic factors are the systemic risks and those that are attributable to the
idiosyncratic factors are idiosyncratic risks.
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Here systemic risks are conceptualize slightly differently from the generally used
perception of systemic risk in finance. Systemic risk in finance is specifically addressed for
the risk of collapse of the entire financial system or the market due to the failure of a single or
group of entities in the financial system because of the TBTF or TICTF nature of that entity.
In supply chain, we refer systemic risk to any potential disruption that is attributable to the
nature of supply chain as a system.
Factors that are relatively unknown-unknowns that affect a supply chain are factors
that are beyond the control of supply chain entities and are more difficult to be anticipated and
predicted. They are potential disruptions in the supply chain that are caused intentionally by
some individual or entity, or are disruptions that are the result of unintentional events. To give
an example, an information security breach could be an unknown-unknown that may happen
in spite of all security procedures. Such disruptions that are caused because of an intentional
acts can be called security risk. Other unknown-unknown events such as surprise political
unrest or a natural catastrophe may be an unintentional event from a supply chain perspective,
but can potentially have a detrimental impact throughout the supply chain system. These risks
can be called systematic risks due to the system wide impact they may have. It is possible that
in some situations such events will have only a localized impact on a particular organization
or supply chain entity. In such situations, the risk impact is primarily due to the peculiarity of
that organization or the entity and would fall under the idiosyncratic risk.
Systemic risk in supply chains
This paper focuses on the systemic risks to explore how big data and analytics can help in
mitigating those risks. As defined earlier, systemic risk are risks due to the system
characteristics of the supply chain. We have already seen that these system characteristics can
be defined by network, relational and temporal complexity (Table-1). It is this complexity that
primarily introduces the systemic risk in supply chains. For example, it is argued that “the
more complex the supply chain, the less predictable the likelihood and the impact of
disruption. In other words, exposure to risk is potentially higher” (p.8, MIT Forum, 2013). As
a corollary of this we can safely say that systemic risk is manifested in the supply chain as
network risks, relational risks, and temporal risks.
Network risk in a supply chain is introduced due to the structure of the supply chain
network. It may be due to the increased number of other organizations that a supply chain
entity may have to connect to in order to provide the products offered. This risk increases
when the supply chains become longer and wider. It may also be due to other structural
characteristics such as the propensity for circular feedback effect of organizational decisions
related to the sharing of information or financial actions. Multiple uncoordinated objectives of
the supply chain organizations that work against the overall system efficiency can also
contribute to this type of risk. Presence of organizations that are too-big-to-fail (TBTF) can
also increase network risk.
Relational risk is an important element in the supply chain’s systemic risk. Active
interventions are most effective in reducing these types of risks in supply chain. Relational
risks are manifested in supply chains because supply chain entities have to exchange goods
and services, information, and financial assets as part of their operations. This exchange
facilitate the type of relationships they form with other entities. Greater flow of materials and
finances increase these risks but greater information flow can reduce this risk. The need for
rich and strong ties between supply chain entities for the flow of materials and finances can
often increase this risk. Lack of information on the demand, supply, and other key information
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between supply chain entities can also increase this risk. Drawing on parallels from financial
literature, the presence of organizations that are too-inter-connected-to-fail (TICTF) can
significantly increase the relational risk in supply chains.
Temporal risk is related to the dynamic nature of the supply chain and is the risk
related to the changes that may occur in its network and relational characteristics. Non-linear
interactions that propagate through the supply chain such as the bullwhip effect and those that
are caused by information asymmetry can contribute to this type of risk. Both internal changes
and external changes that are characteristic of open systems contribute to this risk. The
inability or ability of supply chain entities to learn about its environment and its own behavior
can contribute significantly to this risk.
BIG DATA IN SUPPLY CHAIN RISK DETECTION AND MITIGATION
There are many types of risks in supply chain; however, a major risk in supply chain is
attributable due to its complexity (Smichi-Levi et al., 2008). The extant literature lacks a
coherent theoretical framework to examine these risks in supply chains and to understand how
big data can be helpful in mitigating these risks. This research hopes to bridge this gap by the
proposed framework to conceptualize risks in supply chain and by showing how big data can
help in mitigating those risks. Big data and analytics can be helpful in detecting and
eventually mitigating all types of supply chain risks such as, systemic, security, systematic,
and idiosyncratic risks. We focus in this paper on big data’s usefulness in mitigating systemic
risks. We focus on using big data and analytics for mitigating systemic risks due to the
proliferation of information technology and extensive systems and processes within todays
supply chains, sensing and logging a broad spectrum of data about the supply chain entities,
their interactions and other externalities.
Porter and Heppelmann (2014) show how “the increasing capabilities of smart,
connected products not only reshape competition within industries but expand industry
boundaries. This occurs as the basis of competition shifts from discrete products, to product
systems consisting of closely related products, to system of systems that link an array or
product systems together” (p.74). There is an explosion of data available in supply chain
systems today and it is increasing at an unprecedented rate contributed in part due to the
embedded sensors and systems at the various touchpoints in the supply chains. These systems
are increasingly becoming interconnected to form what is called the internet-of-things (IoT).
Leading researchers in this field hold that this constitute a true paradigm shift in how we
conduct business and use data. Information technology has radically reshaped competition
and strategy twice over the past 50 years, by first helping automate processes, and then by
integration of standalone systems, now we are at the brink of another transformation brought
over by information technology becoming integrated with products-embedded sensors,
processes, software & connectivity (Porter & Heppelmann, 2014).
Big data was initially conceptualized in the three V’s: Volume, Velocity, and Variety
by Laney (2001), it has since extended in many ways but can be viewed has having four
different dimensions referred to as 4V’s of big data based on the IBM model (Schlegel, 2014).
The 4V’s represent Volume of data available or collected, Variety of data available- which
includes variety in forms, structure and content, the Velocity or speed with which the data is
created and processed, and the Veracity of the data- which deals with the reliability and
accuracy of the data that is collected. These four dimensions should serve as pointers while
collecting data that may be considered for supply chain risk analysis, and while considering
analytics appropriate for assessing and mitigating risks. In a recent article exploring the use of
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big data and analytics in managing supply chain risk, Schlegel (2014) indicated that the
researchers feel very comfortable saying that “Big Data and Predictive Analytics will be new
levers for supply chain risk managers to identify, assess, mitigate, and manage global risk
going forward” (p.12).
How and what kind of big data is applied for risk mitigation in supply chain will
depend on who is trying to mitigate the risks. Data that is available for a particular
organization, a network of suppliers, a consortium, a government or other regulatory bodies
will differ significantly. This will in turn dictate what kind of risks can be assessed and the
kind of data will be available for such analysis (Table-2).
Table-2: Big data sources and analytics in supply chains.
Data
Originates
at

Primary
Level
Responsibility of
Control

Firm

Firm

Immediate
network

Network of
suppliers

Extended
network

Consortium

External
environment

Government/
Regulatory
bodies

Examples

High
control

Production
disruptions,
inventory, quality
issues,
employee
performance,
equipment status,
etc.
Medium Supplier delays,
control
logistics data,
payment data,
orders, supplier
inventory, etc.
Low
Changes in end
control
consumer
preferences,
changes in raw
material prices,
etc.
No
Climate change,
control
changes in govt.
policies,
demographic
changes,
environmental
catastrophes, etc.

Big Data Sources

POS, ERP,
Inventory systems,
HR systems,
Streaming data from
organizational
systems, IoT data
from company
products/equipment
EDI, SCM, CRM,
Logistics &
distribution systems,
Shared IoT data

Relative
Emphasis of
Big Data
Analytics
Diagnostic,
Prescriptive,

Descriptive,
Diagnostic

Social Media, 3rd
party research
reports,

Descriptive,
Predictive

Public Databases,
Social Media,
Internet Search
Aggregators,
Weather data,
Public IoT data

Predictive

Using big data and analytics for mitigating systemic risk
To mitigate systemic risk using big data, identification, collection and analysis of such data
should focus on the network, relational and temporal factors of the systemic risk. Data related
to network complexity could include information about any aspect of supply chain entities.
These may be data about the performance or specifications of technical entities or social
entities within the supply chain. Such data could also be collected at different levels of
abstraction such as at the level of key individuals, teams, organizations or cluster of
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organizations within a supply chain (Table-2). Data could also be about other structural
characteristics at a firm, supplier/distributor or of supply chain network entities. Such data can
be available from firms own systems, other systems that interact with the immediate network,
or as part of a collaborative initiatives with other supply chain entities through consortium and
other arrangements.
In assessing and scanning for systemic risk, big data collection may also be directed
towards the aspects of supply chain system that address relational complexity. These may be
data related to the exchange of materials, information and finances. They may be again
collected at various levels of abstraction and may include quality and timing of movement of
raw materials and finished goods, about the type of information exchanged between supply
chain entities, and financial information such as payment and invoicing. Data collected
regarding the relational aspects could also be about the social dimensions that indicate the
type and nature of social relationships between individuals, groups, organizations, systems,
and products. For example, Provost and Fawcett (2013) describe how big data analytics could
be used to detect customer-product relationship to reduce churn. Analysis of such data could
be using descriptive, diagnostic or even predictive tools.
Data related to the temporal dimension could also be related to network or relational
complexity but collected over a period of time. Other types of temporal data that may be
included in the big data analytics could include time series data and causal data regarding how
various characteristics of the supply chain entities and its relationships have changed over
time. This includes pattern of demand/supply variations, production, marketing and inventory
data over a period of time. Data in this regard also includes data that is available about the
adaptability and flexibility of social and technical systems within the firm and beyond.
CONCLUSION
Adopting a systems perspective and drawing on the complexity literature, this paper presented
a comprehensive view of supply chain risk and showed that supply chain risks in general can
be classified into systemic risk, security risk, systematic risk, and idiosyncratic risk. We then
discussed some of the characteristics of these risks, and focused on systemic risk being the
primary risk that is introduced due to the complexity of the supply chain. Because of the
proliferation of embedded and interconnected systems throughout supply chains, big data can
potentially help in detecting and mitigating this risk in the supply chains (Schlegel, 2014). We
provide some direction in understanding where and how data can be collected, and the
analytical tools that can be used to mitigate the systemic risks in a supply chain by focusing
on the three dimensions of supply chain complexity- the network, relational, and temporal
dimensions.
This research has implications for theory building and practice. Through the adoption
of the proposed supply chain risk framework, this research provides greater clarity in
modeling and furthering research in this area. Big data solution providers can focus on
facilitating data collection and identification tools that address the specific elements of supply
chain risk. The framework is helpful in developing big data analytic tools that specifically
address the domain of supply chain risk. This is especially significant because there is an
emerging view that data science analytics and results require careful consideration of the
context (Provost & Fawcett, 2013). Further research in this area can explore in detail the
available big data tools and approaches that may fit supply chain risk mitigation using this
framework. This framework may also be used to develop autonomous machine learning
systems based on Artificial Intelligence and big data (Dhar, 2016), that detect and warn of
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impending risks in an organization’s supply chain. More rigorous empirical testing is required
to verify the validity of the proposed framework. However, the paper provides a good starting
point to address the risk factors of today’s fast paced global supply chain, and facilitates a
more effective use of an explosive collection of big data and analytic tools to this effect
through the proposed framework.
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ABSTRACT
Cloud computing is a form of computing in which content is pooled in large external data
centres and accessed by a range of customers through the Internet. The new technology is
believed to have greatly benefited many businesses and to have provided some yet-to-berealized innovation opportunities. Researchers have confirmed the importance of information
technology (IT) in innovation and have found that IT investment increases revenue growth
rather than reduces cost; the revenue generated by IT is greater than that generated by research
and development (R&D). Dynamic innovation capability is an increasingly important approach
to creating successful business strategies in today’s competitive and globalised world. The
development of cloud computing and its increasing application in business has led to an urgent
need to investigate how cloud information systems (cloud ISs) enable the development of
dynamic innovation capabilities in organisations. However, few empirical studies have
investigated the relationship between cloud ISs and dynamic innovation capabilities. The study
aims to fill this research gap by investigating how cloud ISs facilitate the development of
dynamic innovation capabilities and, consequently, innovation performance within
organisations. We propose that a firm’s cloud IS capacity (the capacity of cloud IS itself)
increases its cloud-enabled capabilities (the operational capabilities enabled by the cloud IS),
including knowledge sharing and agility. These cloud-enabled capabilities can help firms build
a dynamic ambidexterity of innovation capabilities (i.e., a dual emphasis on innovation
exploitation and exploration) that will eventually improve innovation performance. By
investigating the effect of cloud ISs on dynamic innovation capabilities and innovation
performance, the study would contribute to the growing cloud IS literature and offer important
managerial implications for companies.
KEYWORDS
Dynamic capabilities, innovation, cloud information system
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INTRODUCTION
A recent study has indicated that investment in IT generates more revenue than investment in
R&D (Mithas et al., 2012), which suggests a possible relationship between IT and innovation.
Cloud computing, as a newly developed technology, has already attracted the attention of
practitioners and is believed to benefit innovation in companies. However, the underlying
relationship between cloud ISs and the dynamic innovation capabilities within organisations
remains unclear. The study aims to contribute to the literature by improving our understanding
of how cloud ISs affect innovation performance, in particular how the cloud IS capacity of an
organisation can enhance its cloud-enabled capabilities. These capabilities are critical for
developing innovation ambidexterity and are expected to provide significant practical
implications for managers.
We expect the study to make several theoretical contributions. First, it will contribute to
the limited cloud-computing literature. As a concept that was first proposed in 2006, cloud
computing is still in the early stages of development (Zhang et al., 2010), and most of the cloudcomputing research focuses on its technological issues. Moreover, the empirical research in this
area, especially that on the benefits provided by cloud ISs to the business world, remains limited.
The study will therefore pioneer this line of research, and the findings will shed light on the
application and benefits of this new technology.
Second, the study will contribute to the literature relating to ISs and innovation. Innovation
has become a very important business strategy (Yalcinkaya & Griffith, 2007). Most fastgrowing or prominent companies, such as Apple, Google and GE, owe much of their success
to innovation. How cloud ISs can help companies to develop their innovation capabilities is a
critical issue for both IS researchers and practitioners. Although most people believe in the
benefit of cloud ISs, the underlying mechanisms by which it boosts innovation have received
little attention. The study will identify these mechanisms and help practitioners better
understand the application of cloud IS projects.
Third, the study will contribute to the literature on organisational theories by including the
IS elements. The research model is based on the theories of dynamic capability and innovation
ambidexterity. Developed from the resourced-based view, dynamic capability theory maintains
that organisations must be capable of leveraging their resources to develop dynamic capabilities
(Eisenhardt & Martin, 2000). Researchers believe that organisations should also possess
innovation ambidexterity, which is a balance between exploitative and explorative innovation
(Yalcinkaya & Griffith, 2007). The study integrates these two theories and proposes the
development of dynamic innovation capabilities of exploitation and exploration, which
represents an extension of the theory of innovation ambidexterity. In our model, the balance
between the effects of the two kinds of innovation capability on innovation performance is no
longer static but dynamic, because it is moderated by organisational agility.
Finally, the methodology to be used will provide a more precise prediction of innovation
performance. Many studies have examined the IT productivity paradox, that is, the failure of a
large IT investment to increase productivity. Some researchers have argued that the benefit of
an IT system lags behind its implementation by two to three years (Brynjolfsson & Hitt, 1998).
It thus seems advisable to examine the effects of cloud ISs in a longitudinal study to avoid an
obfuscation of the results by the IT productivity paradox. The study will be a longitudinal
survey of organisations in different industries in Hong Kong and mainland China.
In addition to its theoretical contributions, the study will have useful practical implications
for managers. First, although managers may believe ISs can enhance knowledge sharing, they
may question the effect of ISs on agility, because the relatively fixed physical and technological
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artefacts of ISs (such as traditional enterprise resource planning [ERP] systems) cannot meet
the needs of fast-changing environments (van Oosterhout, Waarts, & van Hillegersberg, 2006).
The study will provide an optimal solution to managers by suggesting the application of cloud
ISs that have the strengths of traditional ISs while avoiding their adverse effects. The empirical
results are expected to confirm our hypotheses and provide managers with solid proof that cloud
ISs can really help to develop the organisational dynamic innovation capabilities.
Furthermore, this study’s hypotheses, if confirmed by the empirical data, will help
managers understand how to use cloud ISs and their enabled capabilities to develop their firms’
dynamic innovation capabilities. Managers may have concerns about how to reach a balance
between exploitative and explorative innovation. The study will provide one solution by
introducing cloud-enabled capabilities (knowledge sharing and agility) into the process of
developing dynamic innovation capabilities and enhancing innovation performance.
Knowledge sharing provides the foundations for explorative and exploitative innovation,
whereas agility moderates their effects on innovation performance in different ways.
LITERATURE REVIEW
Cloud computing and cloud ISs
Cloud computing is defined as both applications delivered as services over the Internet and
systems software in the data centres that provide those services (Armbrust et al., 2010). The
National Institute of Standards and Technology (NIST) has identified five characteristics of
cloud computing: on-demand self-service, broad network access, resource pooling, rapid
elasticity and measured service. Cloud computing is a recent alterative that allows the
organisational resource to be held in the pool of big data centres, not necessarily facilities in the
organisations (Ostermann et al., 2010). Researchers have characterised the cloud as a large pool
of easily usable and accessible virtualised resources, including hardware and service. These
resources can be reconfigured on a variable scale to provide the optimal use of resources
(Vaquero et al., 2008).
Cloud computing is an innovative IS architecture and it is visualised as the perspective of
the future computing. It allows users to creatively use the operating system, client-server
architectures and browsers (Zissis & Lekkas, 2012). Although most existing literature on cloud
computing still focuses on its technological aspects, more research on its application in different
areas has appeared in recent years. For example, biologists (Langmead et al., 2009) have used
cloud-computing software to improve the efficiency of calculations. In architecture, cloud
computing has been applied in building models to enhance multidisciplinary, collaborative
research (Beach et al., 2013).
In addition, business organisations have used cloud computing to add value to their ISs. It
can also be innovated and adopted to meet their IT and business needs (Lin & Chen, 2012). For
example, Youssef (2012) has investigated the application of cloud computing to ERP. A cloud
system allows increased availability of data and multitenant accessibility, providing superior
and more cost-effective, scalable resources than traditional ERP. Cloud computing also allows
the manufacturing environment to be more collaborative, which increases the transparency and
empowerment in the organisations (Xu, 2012). Doukas, Pliakas, & Maglogiannis (2010)
examined a mobile healthcare information system developed based on cloud-computing and
found it actually improves the sharing of medical information resources. Li et al. (2012)
conducted a study of the combination of hybrid wireless networks and enterprise information
systems (EISs) in cloud services to form cloud-based service-oriented EISs, explaining their
system structures and different layers of operation.
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Although some studies have investigated the organisational benefits of cloud ISs, few have
addressed the relationship between cloud IS and organisational innovation. Wu et al. (2013)
have indicated that entrepreneurial firms with dynamic information processing capabilities
were more aggressive and more likely to adopt cloud computing for supply chain innovation.
Accordingly, it is necessary to investigate the effect of cloud ISs on organisational innovation.
Ambidexterity of innovation capabilities
Without exception, enterprises strive to sustain and improve their business performance in an
increasingly turbulent business environment. Constant innovation is a key driver of an
enterprise’s success (Kleis et al., 2012) because it creates new product and service offerings
that represent strategic weapons for organic growth in the long run (Yalcinkaya & Griffith,
2007). Innovations can be classified as incremental, architectural, or discontinuous (O'Reilly
III & Tushman, 2008). Both architectural and discontinuous innovation, which impose
significant changes on existing products or services, are similar to radical innovation
(Subramaniam & Youndt, 2005) while incremental innovation refines existing products or
services (Atuahene-Gima, 2005). March (1991, p. 85) defined exploitation as ‘the refinement
and extension of existing competences, technologies, and paradigms’ and exploration as
‘experimentation with new alternatives’. Clearly, exploitation leads to incremental innovation
(Danneels, 2002) but exploration can lead to radical innovation (Atuahene-Gima, 2005).
Enterprises with exploitation capabilities require a short-term perspective, efficiency,
control and continuous improvement, while those with exploration capabilities require a longterm perspective, speed, risk taking, autonomy, flexibility, agility, novelty and effectiveness
(O'Reilly III & Tushman, 2008; Yalcinkaya & Griffith, 2007). The two capabilities are
fundamentally different and contend for scarce resources in an enterprise (Li & Huang, 2012).
Excessive emphasis on the pursuit of exploitation capabilities can suppress exploring radical
innovation that is vital to a firm’s long-term success (Levinthal & March, 1993). This
phenomenon has been termed the ‘competency trap’ (O'Reilly III & Tushman, 2008; Teece,
Pisano, & Shuen, 1997) and the ‘capability-rigidity paradox’ (Leonard-Barton, 1992).
Conversely, excessive exploration can drive out exploitation and lead to an unceasing search
and unnecessary change that devours resources and generates a ‘failure trap’ (Siggelkow &
Rivkin, 2006). The cultivation of ambidexterity, the capability of simultaneously excelling at
both exploitation and exploration, represents a solution that appears to allow enterprises to be
successful in the long term (Yalcinkaya & Griffith, 2007). Ambidexterity has been analysed
conceptually from the dynamic capability perspective (O'Reilly III & Tushman, 2008);
following this, the components/dimensions, antecedents, moderators and outcomes of
ambidexterity have been explored conceptually (Raisch & Birkinshaw, 2008) and empirically
(Li & Huang, 2012). Given the rapid development of IT, new IT paradigms such as cloud
computing will clearly continue to shape firm innovation processes and affect innovation
outcomes by facilitating the development of dynamic innovation ambidexterity.
MODEL AND HYPOTHESES DEVELOPMENT
The research model is based on the theories of innovation ambidexterity and dynamic capability.
Dynamic capability refers to a firm’s ability ‘to integrate, build, and reconfigure internal and
external competencies to address rapidly changing environments’ (Teece et al. 1997, p. 516).
We propose that cloud IS capacity enhances the building of dynamic innovation capabilities.
Specifically, knowledge sharing and agility (representing the effectiveness and the efficiency
of organisational operations, respectively) are directly enabled by cloud IS. Knowledge sharing
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then enhances the ambidexterity of innovation capabilities (regarding explorative and
exploitative innovation), which in turn innovation capabilities together with agility enhance
innovation performance. The model is shown in Figure 1, and the hypotheses are developed as
outlined below.
Knowledge sharing (KS) is defined in our context as the provision or receipt of task
information, know-how and feedback regarding a product, service, or procedure (Cummings,
2004, p. 352). It can be classified into internal and external forms, depending on the scope.
Internal KS refers to KS within an organisation, while external KS occurs among the supplychain partners. Researchers have found that IT applications that enhance KS both within an
organisation and among its supply chain partners (Lee & Whang, 2000). The new IT
technology—cloud ISs—is also conducive to KS both inside and outside organisations, because
it can integrate geographically dispersed operations horizontally. For example, the high ondemand self-service and broad network access capabilities of cloud ISs can help people store
and retrieve their knowledge and communicate with each other more conveniently, thus
supporting the KS of an organisation technically.
At the same time, applying a cloud IS may also lead to the creation of a new organisational
culture that encourages people within the organisation or along the supply chain to develop
shared objectives and goals. Such common objectives can improve interpersonal understanding
and help people avoid misunderstandings and more readily anticipate similar values (Nahapiet
& Ghoshal, 1998), benefitting the organisation as a whole (Tsai & Ghoshal, 1998). Researchers
have found that members of online communities with a shared language and vision are more
likely to engage in information exchange (Chiu, Hsu, & Wang, 2006). We believe that the same
principle holds in an organisational context. In addition, a shared vision and sense of partnership
amongst supply chain partners are found to boost information sharing (Du et al., 2012). We
therefore propose that cloud IS capacity will help to enhance KS among both organisational
members and supply chain partners, and thus hypothesise the following:
H1: The cloud IS capacity of a firm positively affects its knowledge sharing.
Another promising feature of cloud computing is that it can enhance organisational agility.
Researchers have long believed that IT plays an important role in enabling the agility of firms
(Sambamurthy, Bharadwaj, & Grover, 2003). It has been understood as an enabler to the two
components of agility, sensing (detecting, anticipating and perceiving competitors’ actions,
consumer preference changes, regulatory or legal changes, economic shifts, and technological
advancements) and responding (acting, seizing, and implementing; taking action to what sensed)
abilities to the environmental change (Overby, Bharadwaj, & Sambamurthy, 2006). One study
has confirmed that IT capability can increase the agility of an organisation, in terms of market
capitalising and operational adjustment (Lu & Ramamurthy, 2011). However, traditional IT,
especially that in some inflexible legacy IT systems, has been criticised for possibly hindering
or even impeding organisational agility (Weill, Subramani, & Broadbent, 2002). The major
concern is that the relatively fixed physical and technological artefacts of ISs cannot be adjusted
rapidly to cope with, let alone assist in, a fast-changing business environment (van Oosterhout
et al., 2006).
As a new technology developed contemporaneously in a fast-changing era, cloud ISs are
able to inherit the strengths of traditional ISs while avoiding its possible adverse effects. For
example, the on-demand self-service and the broad network access enable users to exchange
information without physical or time constraints. People can obtain updated information and
take appropriate action at any time and any place. The new technology can truly assist an
organisation respond rapidly to changes related to customers or suppliers. In addition, the
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design of resource pooling and rapid elasticity of cloud IS can also guarantee that such an agility
will not be hindered or impeded by inflexible systems. The services of cloud computing that
can be measured easily can also increase the transparency and flexibility of system usage.
Instead of a fixed set of solutions, cloud computing provides firms a platform with which to
service their operations in an agile manner. Therefore, it can better help organisations to
anticipate and respond to the changes that are relevant to their business within a dynamic
environment. We therefore propose that a causal relationship between cloud IS capacity and
organisational agility, as follows:
H2: The cloud IS capacity of a firm positively affects its organisational agility.
Agility also requires much foresight and insight regarding customers, operations and
business partners (Sambamurthy et al., 2003), which can be obtained through KS. The KS
capability of an organisation helps it to integrate knowledge that may be scattered across diverse
internal functions, units and external partners, thus rendering assimilation, transformation,
exploitation and exploration of the knowledge. KS improves the product, process, technology
and the reach and richness of market knowledge within an organisation. Knowledge reach and
richness can boost organisational sensing capabilities by providing high-grade information
about the status of the business, which in turn helps firms to detect emerging opportunities and
threats and then to respond appropriately (Overby et al., 2006). Hence, KS is critical for forming
the sensing and responding components of agility. We therefore hypothesise that:
H3: The knowledge sharing of a firm positively affects its organisational agility.
Innovation ambidexterity, in terms of explorative and exploitative innovation, is not created
overnight. The formation of such a capability involves a long process, in which KS is vital. A
learning organisation with a high KS capability has a natural advantage in developing
innovation capabilities, because product and service innovation requires accumulated
experience and new information. KS constitutes the basis for forming organisational
capabilities within a learning organisation. Researchers have found that KS can enhance an
organisation’s absorptive capability (Lee, 2001), which in turn can enhance its innovation
capability (Adams & Lamont, 2003). We believe that KS also plays a key role in the formation
of innovation ambidexterity, with different effects corresponding to internal and external KS.
Internal KS mainly involves the integration of disparate knowledge and expertise. It
provides a requisite knowledge base that the organisation’s members can then refine for the
purpose of innovation. It can lead to knowledge exploitation (Coulson-Thomas, 2004). An
organisation’s KS can help to build the ability to innovate based on the existing
knowledge/expertise. Knowledge acquisition is positively associated with knowledge
exploitation for competitive advantage through new product development, technological
distinctiveness and sales cost efficiency (Yli‐Renko, Autio, & Sapienza, 2001). At the same
time, KS can also enable organisations to cultivate an atmosphere of innovation. Social capital
is believed to be an antecedent of knowledge exploitation (Yli‐Renko et al., 2001). Frequent
and in-depth KS helps the organisation’s members build trust with each other. A favourable
climate such as this can improve communication and cooperation across the whole organisation,
which will enhance the innovation exploitation. Researchers have confirmed that an
organisation’s internal knowledge resources are positively associated with its internal R&D
investment (Cuervo-Cazurra & Un, 2010). We believe internal KS can enhance the
development of the organisational ability to exploit existing knowledge. We therefore
hypothesise the following:
H4: The knowledge sharing capability of a firm positively affects its exploitative innovation.
Unlike exploitative innovation, explorative innovation operates through new alternatives
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instead of working from existing knowledge. The external KS of an organisation usually results
in the infusion of new knowledge from outside the organisation and provides access to diverse
knowledge domains (Ahuja & Katila, 2001). The infusion of new knowledge is likely to
generate new ideas for innovation (Laursen & Salter, 2006). For example, information about
new products and services (i.e., innovations) can be acquired from a firm’s supply-chain
partners and eventually lead to radical innovation (Zhou & Li, 2012). At the same time, external
KS helps to build strong relationships between supply-chain partners, thus motivating them to
engage in greater cooperation. Such cooperation and trust building facilitates exploration aimed
at developing innovative projects. For example, researchers have found that external KS
increases outsourcing success (Lee, 2001). We therefore expect external KS to facilitate the
development of an explorative innovation capability through the knowledge base it provides
and the interorganisational trust and cooperation it involves. We thus hypothesise the following:
H5: The knowledge-sharing capability of a firm positively affects its explorative innovation.
Our argument, based on dynamic capability theory, is that innovation ambidexterity, a
dynamic capability (Bodwell & Chermack, 2010), is closely related to innovation performance.
Innovation ambidexterity can assist firms achieve new and innovative forms of competitive
advantage (Teece et al., 1997). Given the dynamic nature of ambidexterity, competitors may
find it difficult to detect the focal firm’s innovation process (O'Reilly III & Tushman, 2008).
Specifically, explorative innovation can help firms acquire, develop and apply new
technological knowledge, resources and skills in innovation (March, 1991). It goes beyond the
existing knowledge base and emphasises the technological and process novelty (Lisboa,
Skarmeas, & Lages, 2011). For example, the outsourcing R&D with the aim of exploring
collaboration and intelligence outside an organisations has been characterised as an important
innovation approach (Grimpe & Kaiser, 2010). A recent study on high-technology industries
has confirmed the positive relationship between R&D outsourcing and firm performance (Han
& Bae, 2014), thus highlighting the importance of explorative innovation. The capability to
explore is also believed to be strongly related to the performance of radical innovation
(Atuahene-Gima, 2005). We therefore hypothesise:
H6: The explorative innovation of a firm positively influences its innovation performance.
One the other hand, the capability of exploiting the accumulated product or service
knowledge to generate new ideas is also critical to innovation performance. Firms with a higher
exploitative innovation capability can leverage their existing knowledge better than other firms
and effectively transfer this knowledge into product and service innovation. Exploitative
capability is believed to be closely related to incremental innovation, which is based on the
efficient and convergent refinement of a firm’s existing knowledge and resource bases
(Danneels, 2002). We therefore hypothesise:
H7: The exploitative innovation of a firm positively influences its innovation performance.
Cloud IS–enabled agility may also improve organisational innovation performance. Agility
has been found to play a very important role in increasing firm performance. For example, firms
with a high process agility can proactively address partnership choice and respond to customer
needs, thus improving operational flexibility and customer retention (Tallon, 2008).
Researchers have also found that business process agility can affect process efficiency and
quality outcomes (Raschke, 2010). Agility is particularly vital to innovation in contemporary
business environments. Agility can help organisations detect opportunities for innovation and
seize them by assembling the requisite assets, knowledge and relationships with speed and
surprise (Sambamurthy et al., 2003). We therefore hypothesise that:
H8: The agility of a firm positively influences its innovation performance.
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METHODOLOGY
Variable operationalisation
We created measures for cloud IS capacity because no such measures have been developed in
the existing literature. Based on the definition of cloud computing given by the National
Institute of Standards and Technology and adjusted to an IS context, five items on on-demand
self-service, broad network access, resource pooling, rapid elasticity and measured service were
developed to measure cloud IS capacity.
The measure for KS has two dimensions: internal and external KS. Internal KS is measured
using four items relating to the sharing of respondents’ knowledge with other members of an
organisation, which were adapted from previous research (Choi, Lee, & Yoo, 2010). The
measures for external knowledge sharing were likewise adapted from previous studies (Du et
al., 2012; Lee, 2001). Six items were generated regarding respondents’ KS with the
organisation’s partners.
The measure for agility also has two dimensions: market capitalising agility and
operational adjustment agility. We adapted the measurements of the two dimensions that was
used by Lu & Ramamurthy (2011). Three items that reflected a firm’s ability to rapidly respond
to/capitalise on change through continuously monitoring and speedily improving
products/services to address customers’ needs were used to measure market capitalising agility.
Operational adjustment agility was measured using three items that reflected the firm’s ability
within its internal business processes to physically and rapidly cope with and respond to market
or demand changes.
The measures for explorative and exploitative innovation were adapted from Wang and
Hsu (2014). Five items that measured explorative innovation reflected a firm’s ability to learn
and acquire knowledge, technology and skills, product development, management and markets
that were entirely new to the firm. The six items used to measure exploitative innovation
reflected a firm’s ability to improve the attributes and quality of products and processes,
enhance knowledge and skills in exploiting resources and technologies, speed up product and
process upgrading, enhance core competencies and upgrade their current knowledge and skills
relating to familiar products, processes and operations.
The measures for innovation performance was adapted from the works of Atuahene-Gima
(2005) and Wang & Hsu (2014). Seven items were developed to measure the extent to which,
compared with its major competitors, a firm had successfully performed radical or incremental
product and process innovation over the past three years.
Instrument development and pre-test
The validation questionnaire involves a three-step process. First, we invited professors with
expertise in the IS area to check the questions that we had developed on the basis of previous
studies; we then revised the questionnaire based on their comments. Second, we asked a group
of selected company managers to review the questionnaire, and we then made the required
improvements to its quality and content validity. Third, in the near future, we will administer a
pilot test to 50 EMBA students to calculate the Cronbach’s alpha for each variable to ensure its
reliability.
Data collection procedure
We plan to collect data from 100 companies in Hong Kong, Beijing, Shanghai and Shenzhen.
We will randomly select the participating companies from the Directory of the Chinese
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Manufacturers’ Association of Hong Kong and the Yellow Pages of China Telecom in the three
mainland cities. We will send a cover letter that outlines the objectives and potential
contributions of our research to the selected companies. Each company will be asked to collect
the data at the individual level from 10 employees and at the firm level from one IT manager
and one operation manager. We will provide those companies with a summary of the results.
Follow-up telephone calls will be conducted to improve the response rate.
Data analysis procedure
The reliability of the variables will first be checked by calculating the Cronbach’s alphas using
SPSS. The data will be analysed using partial least squares (PLS) structure equation modelling
(SEM). Smart PLS will be used to construct the measurement and path models. Convergent and
discriminant validity will be tested by examining the item factor loadings, the average variance
extracted and the inter-construct correlations.
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Figure 1 The Research Model
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ABSTRACT
In today’s globalized business environment, innovative technologies are continuously used to
create competitive advantage through inventing new markets and new business models. With
the wide adoption of ubiquitous wireless devices, more and more individuals and organizations
are opting to mobile apps for their efficiency and effectiveness of their work.
This research investigates how reputation cues embedded within existing mobile app
stores a ffect c onsumers’ tr ust in a nd th eir lo yalty to a p articular a pp s tore. The m odel also
examines t he i mpact o f built-in s ecure p ayment m echanism on enhancing t rust dur ing m commerce transactions. The model was assessed with a sample of 1039 mobile app users and
the results provide supportive evidences to the hypotheses derived from the research model.
Theoretical and managerial implications were discussed.
KEYWORDS
Mobile App Store, Reputation Cues, Secure Transaction, Trust, Loyalty
INTRODUCTION
In today’s globalized economy, technology not only plays a more and more important strategic
role in the overall business, but also is well positioned to create competitive advantage through
inventing new m arkets a nd ne w bus iness m odels. A pple A pp S tore, f irst l aunched i n 2008
under the vision of Steve Jobs, is the first storefront through which 3 rd party developers could
sell their mobile applications that run on Apple devices. “A million apps, billions of dollars,
and an uncountably high number of Angry Birds later, the store is unquestionably a smashing,
unrivaled success” (Friedman, 2013, i n the opening paragraph), and an excellent example of
technology innovation that single handedly invented mobile application market and inspired
numerous followers, including GooglePlay and Amazon AppStore.
According t o a recent s tudy conducted b y t he Pew R esearch C enter’s Internet and
American Life P roject, n early two-thirds of A mericans a re s martphone ow ners. T he w ide
adoption of smartphones and the use of mobile apps play an increasingly pronounced role in
helping Americans access, share, and create information and communicate with others (Smith,
2015). As indicated by Farago (2012), the velocity of global smartphone adoption is the highest
in t he hi story of c onsumer t echnology, a t a s peed of 10 X f aster t han that of t he 80s P C
revolution, 2X faster than that of 90s Internet Boom, and 3X faster than that of recent social
network adoption. Not surprisingly, as the demand for smartphone soars, so too does the interest
in mobile application and services.
From mobile users’ perspective, the global study released by Boston Consulting Group
suggests t hat t he va lue e ach c onsumer pl aces on m obile t echnologies r anges f rom $700 t o
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$6,000 per user (above and beyond the device and service costs). This results in an aggregated
annual consumer value f or m obile t echnologies of $6.4 t rillion across t he s ix countries t hey
studied ( Bezerra et al ., 2 015). In a ddition, m obile t echnology is a lso t he key enabler t o t he
“sharing e conomy” t hat disrupts a nd c hallenges conventional bus inesses such a s hot els a nd
taxis, therefore, potentially induce additional impact in shaping the future of our economy.
Indeed, th e mo bile application m arkets, s uch as Google P lay a nd A pple App S tore,
provide users a central location to easily browse, purchase, download, and update their mobile
applications on their devices. Being mobile apps themselves, these app stores are instrumental
in dr iving m obile app a doption a nd us age. S ince t heir f irst de but i n 2008, t hese m obile
application stores have all enjoyed an era of unprecedented rapid expansion. Taking Apple App
Store for example, between 2008 a nd 2015, i t managed to grow from 500 apps to 1,500,000
apps in 7 years, and is responsible for creating the “iOS app economy” that drives 4.5 million
jobs and generates more than $40 billion for iOS app developers (Lee and Raghu, 2014).
However, one obvious drawback associated with having over 1.5 m illion products in
any single store is that it becomes really difficult to choose the right products to suit individual
customers’ needs. Especially with simultaneous existence of copycat or clone apps, making app
purchase decisions could be daunting for smartphone users (Dredge, 2012). In deciding which
app to buy, consumers often rely on the reputation cues embedded in the mobile app store to
infer the quality of an app. For example, both Apple App Store and Google Play aggregate user
generated content to derive reputation cues for mobile applications, including app user ratings
and reviewer comments (explicit user input) and app download ranking (implicit user input).
This research attempts to explore how reputation cues embedded within existing mobile app
stores affect consumers’ trust in and their loyalty to a particular app store. Besides reputation
cues, we argue that built-in secure payment mechanism also play an important role in enhancing
trust during m-commerce transactions.
LITERATURE REVIEW AND RESEARCH MODEL
As an i nitial s tep t owards t he r esearch goal, we r eviewed t he l iteratures r elated to online
reputation cu e, s ecure el ectronic t ransaction, an d e -commerce/m-commerce trust. A
preliminary research model is proposed and a s et of hypotheses are developed for empirical
examination.
Online and mobile reputation cues
Online r eputation c ues are electronically aggregated c onsumer f eedbacks us ed b y onl ine
markets to help people decide whom to trust, and to encourage trustworthy behavior (Resnick
et al., 2000). This mechanism is particularly important because physical cues gained through
direct personal interactions are often missing in an online environment. In order to assess trust,
therefore, p eople m ay h ave t o r ely on onl ine r eputation c ues (Josang et a l., 2 007). Having
reputation cues in electronic format also allows it to be distributed far more systematically and
widely than the informal information exchange through word of mouth among small group of
friends (Resnick & Zeckhauser, 2002). In addition, a survey of over 5,500 online customers
indicated t hat 59% of respondents c onsidered consumer-generated r eputation cu es m ore
valuable than expert reviews (Piller, 1999). Not surprisingly, people have increasingly relied
on these online reputation cues to guide their day-to-day decisions, ranging from which seller
to trust and what product to order, to which restaurant to dine in and what hotel to stay (Hicks
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et al., 2012). For mobile application stores, user generated reputation cues are “poised” to exert
a profound influence on consumers’ app purchase behavior.
Most popular types of online reputation cues are quantitative in nature. Numeric inputs
are generally easy to solicit from users. For example, customers can easily provide feedback
about a mobile app by rating it between 1 to 5 stars. This type of input can easily be stored and
processed by computer systems. Over time, a large number of feedbacks can be collected about
mobile apps and these feedbacks could then subsequently be aggregated, averaged, or ranked
(Farmer & Glass, 2010).
Text reputation cues typically constitute qualitative comments from users. Comparing
to numeric inputs, they are generally more difficult to analyze and aggregate using computer
systems. However, because reviewers tends to use comments to deliberately justify the reasons
and the contexts under which they rated a product the way they did, the contextual information
provided i n t he w ritten c omments c ould help r eaders m ake s ensible i nterpretations o f t he
ratings, therefore, are potentially more useful f or c ustomers ( Kumar & B enbasat, 2006) .
Therefore, we hypothesize:
H1: The more the use of reputation cues, the higher the customers’ trust in the app
store.
Both cu stomer r eview r atings an d r eview co mments ar e r eputation cu es t hat ar e
aggregated primarily from explicit user inputs. Other reputation cues take advantages of users’
implicit inputs – the behavior-oriented data that indirectly reflects users’ judgement, attitudes,
and preferences. Customers’ actual product purchasing behavior on Amazon or users’ viewing
habits a t N etflix a re e xamples o f imp licit u ser in puts, w hich c ould be f urther collected,
categorized, and ranked to create implicit reputation cues, such as Amazon’s best seller rank.
Obviously, the implicit reputation cues compliment the explicit reputation cues in providing
more complete information in assisting customer to make purchase decisions, especially when
users who purchase products or services do not necessarily have the time and willingness to
explicitly rate or review their experiences. Mobile application stores have provided both explicit
and implicit reputation cues to help customers with their app purchase decisions, including app
rating, app review comments, and top charts, which rank app popularity by the number of times
they are purchased/downloaded by consumers. We, thus, hypothesize:
H2: The more the use of reputation cues, the higher the customers’ loyalty to the
app store.
Secure electronic transaction system in mobile app stores
Secure electronic transaction system has long been identified as a key enabler for eCommerce
success, without it, consumers may be reluctant to engage in spontaneous transactions online
due to lack of trust (Salam et al., 2005; Gefen et al., 2003). On the other hand, over 184 million
active u sers h ave u sed t he P ayPal s ervice t o t ransact over $81 bi llion o nline dur ing t he 1 st
quarter of 2016 (statista.com). Nostati et al. (2013) attribute PayPal’s success to its commitment
to safeguard its customers’ financial information. Understandably, PayPal customers feel more
secure because the eCommerce vendors they are purchasing from do not have direct access to
their bank account or credit card information when they choose to pay through PayPal. Other
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technology companies s uch a s Google, Amazon, a nd A pple also t ransform and e xpand
themselves into financial service offering companies. Studies show that over 70% of consumers
aged 18 -34 i ndicated t hat t hey w ould r ather ba nk with ma jor te chnology players th an w ith
mainstream banks (Geslevich-Packin & Lev-Aretz, 2016). We, thus, contend:
H3: The higher the perceived secure e-transaction, the higher the customers’ trust
in the app store.
Like A mazon, m obile a pplication s tores ( GooglePlay or A pple A pp S tore) of fer not
only their own mobile applications developed by Google or Apple, but also the ones from third
party mobile developers. Like PayPal, after customers create and register accounts with an app
store, their credit card or bank account information stays with Google or Apple, other mobile
app vendors do not have access to their financial information when they purchase third party
mobile a pps. T his a pproach enables a s ecure electronic t ransaction s ystem within mo bile
application s tores t hat pot entially contribute t o t heir unpr ecedented growth a nd e xpansion.
Therefore, we hypothesize:
H4: The higher the perceived secure e-transaction, the higher the customers’
loyalty to the app store.
Trust, reputation and loyalty in mobile app stores
In general, trust can be indirectly invoked through referrals from others, which in essence is
reputation. In certain ways, reputation provides an important psychological as well as social
mechanism f or pe ople t o pr opagate trust. F or example, i f A my trusts B rian, a nd B rian
recommends Charles to Amy, then by transitivity, Amy will also trust Charles. Josang et al.
(2007) argue that even though reputation and trust are closely linked concept, it is important to
clarify th eir differences. W hile r eputation i s de rived m ainly from publ ic be lief, t rust i s
ultimately a personal and subjective phenomenon. For example, we may choose not to trust a
reputable p erson after u npleasant e ncounters with hi m/her. In ot her w ords, our pe rsonal
experiences tend to overwrite public reputation on the matter of trust.
Even though the reputation is often characterized as context-specific, multifaceted, and
dynamic in nature (Bagheri et al., 2009), once established, it tends to last, and it takes time for
the perception of the pre-existing reputation of an entity to be changed (Tirole, 1996; Tadelis,
2003). S ince r eputation i s of ten i dentified a s a n i ntangible r esource ( Rindova e t a l., 2005;
Fombrun, 1990), it should also be considered to have a diffuse quality, for example, positive
reputation in one domain could potentially trigger positive perception of quality or capability
in a nother ( Leung & N g, 2013) . In f act, Bromley (1993) a rgues t hat r eputation i s pa rtially
independent f rom t he e ntity i t r epresents, a nd c ould be de veloped a nd m anipulated t hrough
careful impression management.
Through reputation transitivity and diffusion, mobile app stores may benefit from the
pre-established reputations of its owner. In other words, the success of Google search engine
and Apple iPhone may indirectly invoke customers’ trust to GooglePlay and Apple App Store.
In addition, the mobile apps developed by the established brand such as Disney or Microsoft
will automatically inherit the premium reputations from its physical brand. And having large
amount of hi gh qua lity m obile a pplications i n an ap p s tore w ill u ltimately en hance t he
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reputation of mobile application store itself. T herefore, exercising certain quality control to
screen out low quality mobile apps, such as Apple’s App Review program, helps the Apple App
Store in the long run.
One i ncentive f or a c ompany t o bui ld r eputable pr oducts t o w in c ustomer t rust i s t o
retain loyal customers who not only come back to purchase more products, but also continue to
propagate i ts r eputation, a nd he lp r efer t he c ompany t o ne w c ustomers ( Kandampully &
Suhartanto, 2003; Meiseberg & D ant, 2015). T he di rect correlation between reputation and
customer lo yalty has b een w ell e stablished in th e ma rketing lite rature ( Mittal & K amakura,
2001; Keh & Xie, 2009, Watson et al., 2015). The advantages of retaining loyal customers
include increased price premiums, increased profits, and reduced marketing costs (Reichheld,
1996). In addition, t he mobile application s tores are o ften di rectly t ied with t he underlying
device pl atform. F or e xample, A pple A pp S tore is onl y a ccessible f rom t he m obile de vices
created by Apple, therefore, the loyal customers to Apple App Store automatically pledge their
loyalty to A pple d evices a s w ell, a llowing Apple a dditional c ompetitive a dvantages a nd
profitability. Therefore, we maintain:
H5: The higher the customers’ trust in the app store, the higher the customers’
loyalty to the store.
above.

Figure 1 summarized the proposed research model and the hypotheses developed

H1

Reputation Cues

Trust

H2
H5

Secure e-Transaction
System

H3

H4

Loyalty

Figure 1: The Research Model

RESEARCH METHOD
The sample
The empirical data employed to test the research hypotheses are collected from students at one
major public university on the west coast of the United States. A total of 1039 students who are
taking the Introduction to Information Systems class filled in the survey. These responses were
used to evaluate our research model.
Demographics of this sample suggest that it may be appropriate for testing the proposed
research model. About 55.9% of the respondents are female and 44.1% are male. Age wise,
about 12.8% of responses are under the age of 20, 81.4% between 20 and 29, 4.4% between 30
and 39, and 1.4% over 40. Edison Research and Arbitron (2012) suggests that over 40 percent

321

of smartphone users are under 35 years old and this user group tends to be heavy users of mobile
apps. This sample tends to align with the overall m obile us er popul ation. In a ddition, about
41.8% of the respondents have been using smart phone for five years or more, 35.5% for three
years or more but less than five years, 15.4% for one year or more but less than three years, and
7.3% for less than one year.
The measurement instruments
The m easurement i nstruments ar e d eveloped b ased o n an ex tensive literature r eview. Items
measuring reputation c ues are d eveloped b ased on Josang et a l. ( 2007), P iller ( 1999), a nd
Kumar and Benbasat (2006). Items measuring secure e-transaction system are based on Salam
et al. (2005) and Gefen et al. (2003). Items measuring trust are based on McKnight et al. (2002),
Mayer e t al. ( 1995), a nd Lauer and Deng (2007). Items m easuring loyalty are d erived f rom
Reichheld (1996), Meiseberg and Dant (2015), Watson IV et al. (2015), and Lauer and Deng
(2007). Table 1 includes the constructs and related measurement items.
Table 1: Constructs and Measurement Items
Construct

Reputation Cues

Secure e-Transaction
System

Label

Item

RC1
RC2
RC3

Please indicate to what extent you use the following app store information to make app
purchase decisions (from never to always)
Top Download or Installs
Average User Rating Scores by Customers
Helpful Review Comments from Customers

ST1
ST2
ST3

Please indicate to what extent that you agree with the following statements (from strongly
disagree to strongly agree)
I feel secure about the electronic payment system of this App Store
I feel comfortable using my credit card at this App Store
I feel safe in making transactions at this App Store

TRT1
TRT2
TRT3
TRT4

Please indicate to what extent that you agree with the following statements (from strongly
disagree to strongly agree)
This App Store keeps its promises and commitments
This App Store’s dealings with me are in my best interest
This App Store’s dealings with me are honest
This App Store is competent in safeguarding my interests

LTY1
LTY2
LTY3

Please indicate to what extent that you agree with the following statements (from strongly
disagree to strongly agree)
I would say positive things about this App Store to other people
I would recommend this App Store to someone who seeks my advice
I would consider this App Store my first choice to buy mobile apps

Trust

Loyalty

Data analysis
Each construct is assessed for its reliability (Cronbach α) and convergent and di scriminant
validity. An α value of 0.70 or higher suggests a good reliability (Nunnally, 1978). Average
variance extracted (AVE) value and the item-factor loadings of a construct are used to evaluate
the c onvergent va lidity. A n A VE va lue of 0.50 or hi gher s uggests g ood c onstruct va lidity
(Segars, 1997; Fornell and Larcker, 1981). A value of 0.60 or higher of standardized item-factor
loadings for all measurement items suggests convergent validity of a latent variable (Bagozzi
and Y i, 1988) . D iscriminant va lidity be tween constructs i s a ssessed w ith t he c orrelation
between the constructs and the AVE value. The discriminant validity between two constructs
is demonstrated if the AVE value of any of these two constructs is greater than the squared
correlation between them (Segars, 1997; Fornell and Lacker, 1981).
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The m easurement mo del a nd s tructural mo del a re e valuated with s tructural e quation
modeling (SEM) technique (i.e., LISREL) in the two-step approach suggested by Anderson and
Gerbing ( 1988). A c omprehensive s et of i ndicators a re us ed t o a ssess t he m odel-data fit. A
model fits data well if its chi-square per degree of freedom (df) is less than 2.0 (Joreskog and
Sorbom, 1989) , i ts r oot m ean s quare e rror o f a pproximation ( RMSEA) i s l ess t han 0.050
(Steiger and Lind, 1980), its non-normed fit index (NNFI) and comparative fit index (CFI) are
greater than 0.90 (Bentler and Bonnet, 1980; Bentler, 1990).
Preliminary Findings
All four constructs in the measurement model have adequate reliability, convergent validity,
and d iscriminant v alidity. Table 2 r eports t he reliability, A VE v alues, co rrelations, an d
standardized item-factor loadings of the measurement model. The α values of all constructs are
greater t han 0.70, indicating adequate r eliability. All A VE s cores are greater t han 0 .50,
demonstrating adequate c onvergent va lidity. A n e xamination of s tandardized i tem-factor
loadings on t he right section of Table 2 suggests that all item-factor loadings are above 0.60
and that the focal construct has adequate convergent validity.
Table 2: Constructs and Measurement Items
Reputation
Cues
Reputation Cues
α = 0.77
AVE = 0.54
(sqrt(AVE)=0.73)
Secure e-Transaction
System
α = 0.92
AVE = 0.80 (0.90)
Trust
α = 0.90
AVE = 0.68 (0.83)

Loyalty
α = 0.84
AVE = 0.65 (0.81)

Secure eTransaction
System

Trust

Loyalty

Measurement
Item

Standardized
Item-Factor
Loading

RC1
RC2
RC3

0.67
0.79
0.74

0.29

ST1
ST2
ST3

0.91
0.89
0.89

0.42

0.52

TRT1
TRT2
TRT3
TRT4

0.84
0.83
0.85
0.78

0.38

0.60

LTY1
LTY 2
LTY 3

0.85
0.84
0.72

0.54

The middle section of Table 2 reports the correlations between each pair of constructs.
The square root of the AVE of any construct is greater than the correlations between the focal
construct and other constructs, suggesting adequate discriminant validity among the constructs.
For e xample, t he square r oot of r eputation c ues’ AVE value ( 0. 73) i s greater t han all th e
correlations of reputation cues with secure e-transaction system (0.18), trust (0.39), and loyalty
(0.29), respectively.
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The measurement model is judged to have marginal to adequate model-data fit with chisquare per degree of freedom (df) is 2.25 (132.57/59, marginal), RMSEA is 0.035 (adequate),
NNFI is 0.9941 (adequate) and CFI is 0.9956 (adequate). We proceed to evaluate the structural
model. The s tructural m odel ( see F igure 2) has the s ame d egrees o f f reedom as t hat o f t he
measurement model. Therefore, it has the same model-data fit indices as that of measurement
model, that is, marginal to adequate model-data fit. We, thus, proceed with the assessment of
research hypotheses.
An e xamination of F igure 2 s uggests t hat t he pa th f rom r eputation c ues to tr ust is
significant ( γ = 0.34, t = 10.24, p< 0.01), s upporting h ypothesis H 1 that the m ore t he u se o f
reputation cues, the higher the customers’ trust in the app store. Figure 2 also suggests that the
path f rom reputation cu es to loyalty is s ignificant ( γ = 0.16, t = 4.73, p<0.01), s upporting
hypothesis H2 that the more the use of reputation cues, the higher the customers’ loyalty to the
app store.
The structural model suggests that the path from perceived secure transaction to trust is
significant (γ = 0.46, t = 14.20, p<0.01), supporting hypothesis H3 that the higher the perceived
secure e-transaction, the higher the customers’ trust in the app store. There is also a significant
path f rom pe rceived s ecure t ransaction t o loyalty (γ = 0.47, t = 13.37, p< 0.01), s upporting
hypothesis H 4 that the h igher t he p erceived s ecure e -transaction, t he hi gher t he c ustomers’
loyalty to the app store.
In addition, t he path from trust to loyalty is significant (β = 0.28, t = 7.4 5, p<0.01),
supporting hypothesis H 5 that the higher the customers’ trust in the app store, the higher the
customers’ loyalty to the store. About 43% and 57% variances in trust and loyalty, respectively,
are explained by the research model.

Reputation Cues

H1: γ = 0.34; t = 10.24

Trust

H2: γ = 0.16; t
= 4.73

Secure eTransaction
System

H5: β = 0.28; t
= 7.45

H3: γ = 0.46; t
= 14.20

Loyalty
H4: γ = 0.47; t = 13.37

Figure 2: The Structural Model with Standardized Solution

Discussion and Conclusion
App Stores as a technology innovation for mobile apps play an increasing important role for
individuals a nd or ganizations t o s elect and a dopt m obile a pps f or t heir us e. T his s tudy
investigates the imp acts o f the app s tores’ r eputation cu es an d cu stomer p erceived s ecure
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transactions on the customers’ trust in the app store and their loyalty to the store. The sample
used to test the research model is derived student group. Thus, the external applicability of the
findings de rived f rom t his s tudy t o ot her user g roups or t o or ganizations s hould be c rossvalidated.
With th is caution, t he s tudy f inds t hat an app s tore’s reputation c ues help establish
customers’ trust in the store and enhance the loyalty to the store as well. The study also suggests
that customers’ perceived secure transaction enhances their trust in the store and their loyalty
to t he s tore. The r esults a lso c onfirmed t he r elationship t hat c ustomers’ trust le ads to th eir
loyalty to an e-commerce website or an app store.
To manage an app store successfully, managers may need to build a secure mechanism
for its transactions and payments. Managers may also develop useful reputation cues of mobile
apps for customers’ purchase decisions.
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ABSTRACT
This paper presents a research model to illustrate the effectiveness of integrating Design Thinking
in the Information System curriculum in an urban public university. The curriculum design and
the preliminary finding of the survey study are explained. The data analysis of student assessment
indicates that incorporating ideation, design, and prototyping as part of the Information Systems
development curriculum significantly contributes to students’ learning experience, and positively
impact the learning outcome of the curriculum. The purpose of the paper is to provide a guideline
for those who seek to incorporate Design Thinking method in the Information Systems curriculum.
KEYWORDS
Design Thinking, Information Systems Curriculum, User Experience Design
INTRODUCTION
In today’s globalized economy, technology not only plays a more and more important strategic
role in the overall business, but also is well positioned to create competitive advantage through
inventing new markets or new business models. At the same time, online review platforms such
as Amazon and Yelp have never made customers’ voice heard louder and clearer. This calls for
student talents who are capable of developing innovative technology solutions that deliver superior
user experience as well as business value. Design Thinking as a team based learning process holds
a lot of potential for infusing user empathy, passion, and creativity into traditional development
curriculum. This paper intends to bridge the gap between conceptual process of Design Thinking
and its practical implementation in the context of public higher education.
This paper presents a research model to illustrate the effectiveness of integrating Design
Thinking i n t he Information S ystem curriculum i n an urban publ ic uni versity. T he curriculum
design and the preliminary finding of the survey study are explained. The data analysis of student
assessment indicates that incorporating ideation, design, and prototyping as part of the Information
Systems development curriculum significantly contributes to students’ learning experience, and
positively impact the learning outcome of the curriculum. The purpose of the paper is to provide
a guideline for those who seek to incorporate Design Thinking method in the Information Systems
curriculum.
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DESIGN THINKING AND ITS ROLE IN EDUCATION
In the recent decade, Design Thinking started to emerge as a new paradigm for problem solving.
It is a process as well as a methodology that can be used for creating innovative ideas and solving
problems. Brown (2008) provides the following definition of design thinking: “Design thinking
can be described as a discipline that uses the designer’s sensibility and methods to match people’s
needs with what is technologically feasible and what a viable business strategy can convert into
customer value and market opportunity.” Thus, the method focuses on t hree main elements of a
product or s olution: pe ople, t echnology a nd bus iness. It di ffers f rom t he t raditional de sign
principles in the following aspects:
•

Belief in creativity not as a talent, but rather a process and a skill that can be acquired through
practice

•

Reliance on interdisciplinary team work

•

Focus on design for user experiences, instead of just design for products or systems

•

Encouragement to fail quickly and cheaply in order to succeed

•

Emphasis on e arly experimentation t hrough low f idelity pr ototypes a nd vi sualization
techniques

•

Involvement of users early and often, incorporating their needs and feedback through iterative
prototyping and testing

Even though, controversial studies around the concept of Design Thinking were published,
a unique meaning of the concept is not believed to exist. Rather, it is accepted that the concept
emerged f rom a p ractitioner’s p erspective t hat started w ith the obs ervation of how de signers
approach problems, w ith t he ul timate g oal t o unde rstand a nd t ransfer r equired s kills a nd
approaches i nto ot her pr oblem a reas (Johansson-Sköldberg et a l, 2013) . The em ergence c an,
furthermore, be attributed to the urge of business and management communities to extend their
approaches for solving complex and open-ended challenges faced by organizations (Dorst, 2011).
In addition, it is argued that the effective design thinking approach have attributed to the success
of high profile companies such as Apple (Thomke and Feinberg, 2010).
The c oncept gained m uch a ttention i n educational ar eas, s uch as entrepreneurship
education. Zupan and Nabergoj (2012) suggest that entrepreneurship education was demonstrated
to be ineffective, which motivated practitioners to explore opportunities using Design Thinking
for problem solving. One of the reasons for the drive to adopt Design Thinking is the potential to
gain a capability called “creative confidence” (Kelly and Kelly, 2013). It is suggested that the level
of cr eative co nfidence co uld b e improved through pr actice w hen s kills r elated t o “ creative
competencies” are acquired. The set of skills that help to enhance creative competencies include
but n ot limite d to : prototyping s kills, e motional skills, t he c apability of adopting p erspectives,
empathy, and a s pecific m indset (Rauth, K öppen & J obstet a l., 2010) . When t hese s kills ar e
appropriately p ackaged and t aught t o s tudents, they become m ore c reative i n e xploring new
products/services, and ultimately help their future employers gain competitive advantage (Martin,
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2009). Apart fro m t he b enefits fo r students, D esign T hinking may p otentially h elp te achers to
improve the cl assroom experience, t o facilitate constructive l earning, a nd to b etter address
individual learning goals (Scheer et al. 2012).
Despite the various advantages that Design Thinking potentially provide, besides featured
in certain MBA classes, it is rarely adopted in the mainstream undergraduate business education.
There are potentially three contributing factors. F irst, it is originated from the field of Design,
many business faculty is not aware o f i t or do n ot t hink i t belongs t o t he bus iness curriculum;
Second, as a generic problem solving method or approach, it is difficult to be offered as a standalone c urriculum w ithout be ing a ssociated w ith a pa rticular kno wledge dom ain. T hird, t he
traditional classroom setting, including class schedule and classroom space arrangement are not
conducive t o c onducting D esign T hinking t eam e xercises. Overcoming t hese o bstacles m ay
require additional resources and course preparation from individual faculty who intend to integrate
Design Thinking in the curriculum they teach.
As a recent Forbes Tech Report reveals (Columbus, 2016), surveying over 2,200 global
CIOs and IT leaders around the world indicates that 79% of IT teams are currently developing
apps f or c ustomers, pa rtners a nd e mployees. A mong w hich, hi gh pe rforming IT t eams a re 1.8
times more likely to spend on customer facing mobile apps, and are 1.4 times more likely to plan
on increasing spending in mobile app development. This finding certainly coincide with the rapid
expansion of the mobile application markets, such as Amazon Appstore, Google Play, and Apple
App Store (Lee and Raghu, 2014). Taking Apple App Store for example, as it quickly grows from
500 apps to 1,500,000 apps in 7 years (2008-2015), the “iOS app economy” it commands created
4.5 million jobs globally and brought in $40 billion for iOS app developers. Due to the crucial role
that mobile technology plays in the modern age of business, and increasing job opportunities in
this area, it is important for Information Systems discipline to offer mobile design and development
curriculum. We argue in this paper that integrating Design Thinking in the mobile development
curriculum could potentially make it more effective for Information Systems students.
RESEARCH HYPOTHESIS AND RESEARCH MODEL
Perceived Design Thinking Outcomes
Potentially, t here are three outcomes t hat could be de rived from i ntegrating D esign T hinking
method in a mobile development class in Information Systems curriculum. The first outcome is
related t o s tudents l earning e xperience. T he t raditional s oftware de velopment c lass i s c oding
intensive, students are expected to follow lectures and complete sets of exercises that are specified
by their instructors. By introducing Design Thinking method, and allowing students to initiate the
challenges t hat t hey ar e i nterested i n s olving i n a t eam en vironment, w e ex pect a n i mproved
learning ex perience f rom s tudents. Specifically, w e i ntend t o e xamine w hether s tudents ar e
satisfied with their learning experience under this particular curriculum design.
The s econd o utcome i s r elated t o t he ch aracteristics o f t he d esign and de velopment
solutions themselves. Besides being creative and innovative, a successful software product has to
be d esirable, v iable and feasible at t he s ame t ime ( Brown 2008; Meinel et al . 2011; Zupan &
Nabergoj 2012). The technological feasibility means that there exists a practical technology that
make it possible for the proposed solution to be built in the foreseeable future. The commercial
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viability assumes t hat p roposed s olution c arries t he pot ential t o be de veloped i nto profitable
business. Th e last but the most important criteria regards the social desirablilty of the solution,
that is, the solution has to be appealing and enticing to its target users. In other words, no problem
has been really solved if the proposed solution is not needed by its users. Therefore, it is important
to gauge whether students think that they achieved solutions that are more desirable, feasible, and
viable to their users.
The third outcome concerns the general assessment on the perceived importance of Design
Thinking as a problem solving skillset. Specifically, we would like to investigate whether students
consider Design Thinking as an important skill for their career, for their personal life, and for their
studies. The perceived importance in all three areas may imply that they intend to transfer Design
Thinking knowledge across different domains of their lives.
User Empathy
Design thinking method emphasizes the importance of user empathy, and view empathy insights
as a f orm of e xtremely important know ledge t hat i s ha rd t o a cquire s olely t hrough a nalytical
process ( Brown 2008; C arlgren e t a l. 2014) . According t o G reenson (1960), e mpathy i s a n
important form of social cognition that enable us “to share, to experience the feelings of another
person.” In other words, empathy allows us to comprehend the situations and the perspectives of
others, both imaginatively and affectively (Rogers 1975). It is suggested that empathy is especially
important when software companies are building products for customers, but without sufficient
domain know ledge of t heir c ustomers’ bus iness pr ocesses. Under t his co ntext, em pathy can
potentially he lp d evelopers t o “ walk i n t he c ustomers s hoes” and e xplore oppor tunities f or
innovative applications (Hildenbrand & Meyer, 2012). As one of the most important feature of
the Design Thinking approach, user empathy are expected to positively influence the perceived
outcomes. Therefore, we propose the following hypothesis:
•

Hypothesis 1a: User empathy will be positively associated with students’ perception of their
learning experience of the curriculum

•

Hypothesis 1b: User empathy will be positively associated with students’ perception that they
achieved more desirable, feasible and viable solutions for their users.

•

Hypothesis 1c: User empathy will be positively associated with perceived importance of the
Design Thinking skills

Ownership and Control over Software Project
In his renowned book “the Cathedral and the Bazaar”, Eric Raymond (1999) summarizes lessons
for creating good open source software. He suggests that many successful OSS developers start
projects to scratch their “own personal itch.” In other words, people become OSS developers
because t hey i ntend t o u se t he p roduct b eing de veloped t o s olve t heir own personal pr oblems.
Mockus et al. (2002) also point out one important characteristic that OSS development differs from
“the usual industrial style of development” in that “work is not assigned, but people undertake the
work they choose to undertake.” T he overwhelming success of some OSS projects, such as the
Linux ke rnel pr oject, s eems t o i ndicate t hat w hen de velopers ha ve t he freedom t o choose the
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project t hey participate and t he opt ion t o guide its di rection, t hey become m ore e ffective a nd
productive (Raymond 1999).
Similarly, the Design Thinking method puts a lot of emphasis on “reframing the problem”
after extensive user research to ensure that teams are solving the right challenges for their users.
In addition, the iterative design with low fidelity prototypes also allow designers, developers, and
users ample oppor tunity t o e xert c ontrol ov er t he solution t hey a re creating ( Kelly an d K elly,
2013). Therefore, we expect that high level of ownership and control over the solution space may
contribute to the perceived outcome of the Design Thinking curriculum integration. Here are our
hypothesis:
•

Hypothesis 2a: Project ownership and control will be positively associated with students’
perception of their learning experience of the curriculum

•

Hypothesis 2b: Project ownership and control will be positively associated with students’
perception that they achieved more desirable, feasible and viable solutions for their users.

•

Hypothesis 2c: Project ownership and control will be positively associated with perceived
importance of the Design Thinking skills

Positive Emotions
It is well established in the literature that human emotions, such as feeling of passion and fun, have
profound i mpact on job performance, t eam collaboration and s oftware d evelopment ( Luthiger,
2005; Lamm & Meeks 2009; Ho et al 2011). Integrating the Design Thinking with traditional
software d evelopment c urriculum will introduce novel approaches of p ractice-oriented, hol istic
modes of constructivist learning that could be potentially tailored to individual needs (Scheer et
al. 2012). The positive emotions associated with the Design Thinking approach may improve the
perceived outcome of this curriculum design. Therefore, we propose the following hypothesis:
•

Hypothesis 3a: The positive emotions associated with the Design Thinking approach will be
positively associated with students’ perception of their learning experience of the curriculum

•

Hypothesis 3b: The positive emotions associated with the Design Thinking approach will be
positively associated with students’ perception that they achieved more desirable, feasible
and viable solutions for their users.

•

Hypothesis 3c: The positive emotions associated with the Design Thinking approach will be
positively associated with perceived importance of the Design Thinking skills

MOBILE CURRICULUM DESIGN WITH DESIGN THINKING INTEGRATION
The proposed curriculum focuses on the creative design, prototype, development, and evaluation
of mobile technologies that enable new business processes to better connect employees, customers,
and products. First, the Design Thinking m ethodology i s i ntroduced t o f acilitate t he design o f
mobile strategy and solutions. Second, a cloud based enterprise mobile development platform is
taught to help student prototype and develop their mobile solutions. Last, students are required to
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document and present group projects that feature design, prototype, and development of app ideas
to address practical problems of personal, business, environmental, civic, or social significance.
All project entries will be evaluated by a panel of industry experts. In this paper, we focus our
discussion on the Design Thinking integration aspect of the curriculum design.
Space and Material Preparation
In general, the traditional classroom setting in a public university is not ideal for design thinking
exercises, which requires a lot of space and writing surface for each group to work independently.
Most l ikely, s ome s tudents would be s ent i nto h allways out side of t heir classrooms to conduct
design thinking exercises. To overcome the lacking of writable walls, self-stick easel pads could
be used to create removable working surfaces. After each exercise, students could then roll up the
self-stick easel pads to take with them so the classroom could be prepared for the next class.
Besides s pace considerations, D esign T hinking ex ercises m ay al so r equire m aterial
preparations t hat a re not t ypical f or t raditional IS c urriculum. F or e xample, pos t-it n otes ar e
extensively used for brain storming and organizing ideas into meaningful categories; colorful dot
stickers are helpful for students to place votes on different ideas. Because time boxing is essential
for almost all design thinking exercises, a timer or timer app should be employed in the classroom
to perform time keeping duties.
Initial Topic Scoping
There are potentially two main approaches for helping students to identify the challenges that they
are i nterested i n s olving. T he first approach i s to l et s tudents decide which app ideas they ar e
interested in ta ckling within c ertain general categories, such as s ocial, e nvironmental, c ivic, or
enterprise. This a pproach w orks extremely well w hen t he i nstructor h as more time f or d esign
thinking exercises and a small class to teach.
The second approach is to give students a set of app challenges proposed by the instructor.
The challenges should be broad and important enough to capture most students’ interests. This
works well especially when external companies or sponsors are involved and students are given
the opportunity to develop company specific solutions. Alternatively, the instructor could provide
access to publicly available datasets, and ask students to develop solutions that take advantage of
those resources.
Besides downloadable d atasets, r eal time or live-updated d ata APIs also help t o i nspire
creative app ideas. For example, SF Bart API (http://api.bart.gov/) provides detailed information
on train station, routes, and real time schedule estimates, offering great opportunity for students to
ideate useful apps.
Forming the Team
It is c rucial to f orm d iverse a nd in terdisciplinary te ams f or e ffective d esign th inking p ractices.
Assuming students have come up with a number of interesting design challenges, give them some
time to discuss those challenges they are most interested in participating in. For example, students
are asked to pick roles that best describes themselves by selecting the corresponding colored dot
stickers. After writing down their names on the dot stickers, students can then place the stickers
next to the challenges they are most interested in joining.
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This exercise helps students to visualize their team structure and to see if there are roles
still to b e f illed o r a djusted. A fter e ach te am is b uilt, it is b eneficial to conduct te am b uilding
exercises to help students become familiar with their teammates.
In-Depth Scoping
After teams are formed, and general challenge topics are chosen, it is time for in-depth scoping to
help each team reach a common understanding of the challenge they are solving. The students are
given opportunities to modify or rephrase the challenge statement they identified earlier. By the
end of t his scoping s tage, you s hould ha ve s tudent t eams a ssembled a round a s et of
problem/challenge statements that they agree to develop solutions for.
1. User Research
The user research phase helps students to gain deeper understanding about the problems that they
are solving through researching, exploring, and capturing of information. The goal is to find data
that serves to inspire the team and gain empathy for the users and stakeholders. In the classroom
setting, different types of research could be conducted: desktop research, app store research, and
user interviews.
Desktop research involves googling questions related to the phenomenon that the team is
investigating. It is also helpful to visit Google Scholar online to get academic research papers on
the topic. The research should be summarized, shared and discussed within the team. This exercise
could be done in class or as homework.
App Store research involves exploring the features of existing mobile apps solving similar
problems. The research should be summarized, shared, and discussed within the team. Again, this
exercise could be done in class or as homework.
User Interview uses an interview method to gain understanding of the user experience. This
tool is very important for developing empathy for users. Before the interview, students should
prepare 5 open ended interview questions that focus on understanding user needs. The interview
team should consist at least 2 members. While one interviewer conducts the interviews, the other
member will write down the responses and feedbacks from users.
After paired interview teams are formed, they could be sent to a crowded place around
university campus, such as dining halls, bookstores, malls or public transit stations to conduct the
interviews. If each user takes 10 minutes to interview, each team is expected to interview 10 users
in about 2 hours.
2. Synthesis
During t he s ynthesis s tage, s tudents s hare t he r esearch i nformation, a nd s tructure i t t o de rive
insights about the needs of the different types of users. The goal is to create Personas and Point of
Views to facilitate t he i deation s tage of t he design t hinking process. To de fine p ersonas, ea ch
interview teams will take turns to share user stories based on their interviews. The various aspects
of us er needs are c aptured on pos t-it not es, which are s ubsequently regrouped i nto m eaningful
categories b ased o n s imilarities o r r elationships among c oncepts. A persona i s essentially an
aggregated profile of a specific user type. It is important to make this user as vivid as possible,
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because the design decisions in the ideation stage will be made in order to fulfill the needs of this
specific type of user.
Point of vi ew, on t he o ther ha nd, i s ba sically a s ummary s tatement t hat c aptures t he
persona, the user needs, and insights generated during the synthesis stage of the design thinking
process. It is a unique way of reframing a design challenge into an actionable problem statement.
This statement not only captures the design vision of the entire team, but also drives the solution
creation process during the ideation and prototyping phases.
3. Ideation, Prototyping and Development
During the ideation phase, the team moves from problem space to solution space. The first step is
to generate as many ideas as possible through the brainstorming method. Then, the journey map
could be used to organize and prioritize ideas. The team members could also use dot stickers to
vote on the most important features the mobile solution ought to focus on. After the key solution
features are agreed upon, the team could move onto the prototyping phase of the Design Thinking
practice. Middle level fidelity and high fidelity prototyping may require professional design tools
such as Photoshop and Axure to help to create more detailed mobile interface designs.
After prototyping e xercise, e ach s tudent t eams could t ake t urns t o p resent t heir a pp
prototypes and get feedbacks from other t eams. After solution validation, they could choose to
implement certain key features of their design using an enterprise mobile development platform.
LEARNING OUTCOME ASSESSMENT AND PRELIMINARY FINDINGS
In or der t o ve rify t he e ffectiveness of t he D esign T hinking i ntegration i n t he pr oposed m obile
curriculum, a survey instrument is developed for assessing the learning outcomes using a Likert
scale f rom 1 t o 5 (lowest to h ighest). T his s urvey was c onducted in o ne s ection of m obile
development class in the fall semester of 2015. After the course is completed, 38 enrolled students
filled out the questionnaire. The preliminary data analysis and finding of the survey is discussed
next.
Methods
The study used Partial Least Squares (PLS) Regression method and software SmartPls 2.0 to test
the r esearch h ypotheses. P LS r egression i s a r ecent t echnique t hat g eneralizes an d co mbines
features from principal component analysis and multiple regression (Abdi, 2007). It can be used
to predict or analyze a s et of d ependent variables from l atent variables s imultaneously ( Gefen,
Straub, & Boudreau, 2000). In addition, PLS is more appropriate compared to a covariance-based
structural e quations m odeling ( SEM) f or pr edictive a nalysis a nd t heory b uilding w hen s ample
sizes ar e r elatively smaller an d m easures ar e n ot w ell es tablished ( Fornell & Bookstein, 1 982;
Gefen et al., 2000). The most complex construct in this study is represented by four items and the
sample s ize i s 3 8, w hich m eet t he s ample s ize r equirement of P LS. M ore de scriptions of P LS
method can be found from Esposito Vinzi, Chin, Henseler, and Wang (2010). Appendix II gives
the factor loadings of measurement items on each construct.
The f irst s tep in P LS a nalysis, in which all me asurements a re lo aded o nto th eir r elated
research variables and then validated by their factor loadings. In Appendix I, all constructs have
their factor loadings exceed the 0.7 threshold value recommended by Nunnally (1978) except one
measure for us er e mpathy ( at 0.644) . Although s ingle-item c onstructs w ere f ound as g ood at
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capturing the nature of the phenomenon in question as multiple-item instruments in some research,
researchers d esire t he u se o f m ultiple i ndicators f or e ach construct t o a llow m easuring t he
psychometric properties of constructs under investigation, (Gardner et al. 1998; Patrician, 2004;
Wanous et al., 1997). The item was thus kept to avoid debatable single-item constructs.
Table 1 shows the PLS reliability of those multi-item, composite reliability of each research
construct. The composite reliability values, a measure of the internal consistency of the construct
indicators, exceed the threshold value of 0.7 (Raykov & Grayson, 2003; Werts, Linn, & Joreskog,
1974).
Table 1. Measurement Model Test Results

Team
Performance
Emotion
Outcome
Ownership
Skill
User
Empathy

AVE
0.89
0.73
0.70
0.86
0.73
0.68

Composite
Team
Reliability Performance
0.97
1.00
0.89
0.90
0.92
0.89
0.80

Emotion

0.60
0.63
0.61
0.53
0.26

Outcome Ownership

Skill

0.00

0.00

0.00

0.00

User
Empathy
0.00

0.85
0.72
0.73
0.54
0.29

0.00
0.84
0.63
0.81
0.52

0.00
0.00
0.93
0.53
0.48

0.00
0.00
0.00
0.85
0.52

0.00
0.00
0.00
0.00
0.82

The divergent validity measure in Table 1 is the average variance extracted (AVE) value,
i.e., the percentage of the total variance of a measure represented or extracted by the variance due
to t he c onstruct ( Fornell & Larcker, 1981; G efen & S traub, 2005) . In or der f or t he di vergent
validity of measures to be adequate, the square root of AVE values for a variable should be greater
than the variance shared between the construct and the other constructs in the model. In Table 1,
all the square roots of AVE values for each construct in this study (on the diagonal of Table 1) are
greater t han t he o ff-diagonal c orrelations. T herefore, t he c riteria for a dequate c onvergent a nd
divergent validity were met.
RESULTS
The results of the PLS path analysis are shown in Table 2 and Figure 1. Bootstrapping was used
in P LS t o a ssess t he s ignificance of pa th c oefficients. B ootstrapping i s a nonpa rametric r esampling p rocedure th at a pproximates th e s ampling d istribution o f a n estimator b y resampling
with replacement from the original sample (Efron & Tibshirani, 1993). By repeatedly fitting PLS
model to the bootstrap samples, a sampling distribution of model parameters can be created and
mean va lues a nd s tandard e rrors f or bot h i nner m odel pa th c oefficients a nd t he w eights a nd
loadings in the measurement models can be estimated. The bootstrap procedure is usually regarded
as more efficient than the alternative Jackknife method (Efron & Tibshirani, 1993).
A s aturated m odel w hich i ncluded pa ths f rom a ll e xogenous va riables t o e ndogenous
variables was first assessed to examine the possibility of effects other than those hypothesized. We
then removed insignificant relationships from the path model. Figure 1 shows our saturated model
with significant relationships highlighted in solid line. The coefficients for all variables and paths
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in Figure 1 are displayed in Table 2. After PLS fitted the model, we examined RSquares for all
the latent variables: Perceived Learning Experience (63.1%), skill (43.6%), Perceived Solution
Characteristics (42.6%). All latent variables have their RSquares greater than 42%, suggesting
moderate to substantial predictability of our model.
Table 2. Path Coefficients of PLS Structural Model

Variable Path
Emotion → Perceived Solution Characteristics
Emotion → Perceived Learning Experience
Emotion → Perceived DT Performance
Ownership and Control → Perceived Solution
Characteristics
User Empathy → Perceived Learning Experience
User Empathy → Perceived DT Performance
**p<5%; *** p< 1%

Path
Coefficient
0.33
0.63
0.43

T Statistics
(|O/STERR|)
3.54
11.78
4.55

0.37

4.83

0.34
0.39

5.78
6.41

Figure 1. Structural Path Model Results

The results of the path analyses in Table 2 supported Hypothesis 1a and 1b, 2c, 3a, 3b, 3c.
User em pathy, project ow nership and c ontrol, and pos itive e motion w ere found, i n general,
positively associated with students’ perception of their learning experience of the curriculum, their
perception that they achieved more desirable, feasible and viable solutions for their users, and their
perception of their learning experience of the curriculum. Our results didn’t support Hypothesis
1c, 2a and 2b. It would be worthwhile in our next phase research to explore the reasons behind
them.
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CONCLUSION
Our research indicates that the impact of Design Thinking in Information Systems education is
promising. The integration of Design Thinking with Mobile Development curriculum has resulted
in a positive experience for the students. In conclusion, Design Thinking can serve as the missing
link between design and development of innovative software products.
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Appendix I: Factor Loadings of Measurement Items
Perceived Solution
Characteristics

Emotion

User
Empath

Ownership and
Control

Perceived DT
Performance

Positive Experience

Perceived Learning
Experience
0.9098

Satisfaction

0.829

Valuable Approach

0.8014

Design Impact

0.7981

Skill Importance for
Career
Skill Importance for
Life
Skill Importance for
Study

0.7796
0.8971
0.8758

Chance to Reframe

0.9269

Integration Own
Experience

0.926

Personal Pain

0.9714

Personal
Experience

0.6444

Being Passionate

0.8442

Working Hard

0.8293

Having Fun

0.888

More Feasible
Design

0.9536

More Viable Design

0.9462

More Creative
Design
More Desirable
Design

0.9085
0.9576

340

OFFSHORING AND RESHORING MOTIVATIONS: A CASE STUDY APPROACH
Carmela Di Mauro, DICA, University of Catania, Via A. Doria 5,
95131 Catania (Italy), cdimauro@unict.it
Luciano Fratocchi, DIIIE, University of l'Aquila, Via G. Gronchi 18,
67100 L’Aquila (Italy), luciano.fratocchi@univaq.it
Guido Orzes, DPIA, University of Udine, Via delle Scienze 208,
33100 Udine (Italy), guido.orzes@uniud.it
Marco Sartor, DPIA, University of Udine, Via delle Scienze 208,
33100 Udine (Italy), sartor1@uniud.it
ABSTRACT
Reshoring and offshoring have been investigated separately by the academic literature,
despite their interdependencies. This separation denies the conceptualization of reshoring as a
step of the firm internationalization process and undermines a deeper comprehension of the
companies’ path of international expansion. Our paper seeks to fill this gap by (1)
understanding the interdependencies among the motivations that led to offshore and then to
reshore production and (2) exploring whether offshoring and reshoring can be considered part
of the same internationalization strategy. A content-based literature review on offshoring
provides the base for the identification of the key motives for offshoring and reshoring, which
are then organized using the theory-grounded interpretative framework proposed by Fratocchi
et al. (2016). We then conduct a multiple case study analysis based on four companies. The
cross case analysis throws light on the links between offshoring and reshoring motives,
suggesting that reshoring is a step of a coherent strategy rather than an error correction
initiative. Further, cases allow understanding how the analysis of motivations (Why) connects
with the How (governance modes), and Where (geographical locations) of offshoring and
reshoring. Building on the case findings, the paper presents eight propositions for future
empirical research.
KEYWORDS:
Manufacturing, Reshoring, Offshoring
INTRODUCTION
Since the early 1990s, offshoring has emerged as one of the most widespread strategies
adopted by Western companies in order to maintain or to foster their competitive advantage
(Contractor et al., 2010). Although the offshoring phenomenon is far from petering out, in the
last decade a counter trend has emerged whereby companies that had offshored their
production have started bringing production operations back to their home countries or are
adopting a regionally-based location strategy (Kinkel, 2012; Ellram et al., 2014).
This phenomenon, known to most with the label “reshoring”, was first discovered by the
popular press, which built a case out of the fact that some prominent large manufacturers were
bringing jobs back to the home country. While at first reshoring seemed to be confined to
large companies, there is now solid evidence that it also affects SMEs (Fratocchi et al., 2016).
Further, reshoring does not appear to be tied to specific industries, since it spans
heterogeneous sectors in terms of knowledge and technology content (Kinkel, 2012; Fratocchi
et al., 2016).
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In the scholarly debate on reshoring the question that has attracted the greatest attention
has been “Why firms reshore?”. Motivations for internalization/de-internalization patterns
have been defined as always “purposeful and goal oriented” (Benito, 2015), and therefore
represent a key element to analyze firms’ international deployment. Further, the analysis of
motivations, in addition to responding to “Why” sort of questions, provides the basis for the
understanding of which value activities are involved in internationalization, where activities
are located, and how they are governed (ibid.).
A wealth of very different motivations of reshoring have been proposed in the literature
(Fratocchi et al., 2016; Foerstl et al., 2016). The very first hypothesis put forward posited that
reshoring arises from the correction of managerial errors such as insufficient planning and
knowledge of the offshore location (Kinkel and Maloca, 2009). Later, reshoring was
acknowledged as the reverse of a fully rational offshoring decision, motivated by
contingencies and changes in the offshore or home country environment, such as the rising
total costs of ownership in China, or the lower costs of energy due to falling gas prices in the
West (Simchi-Levi et al., 2012; Tate et al., 2014; Martínez-Mora and Merino, 2015). Other
scholars have argued that reshoring may follow from the inability of firms to solve complex
challenges created by offshore production (Manning, 2014). The heterogeneity of motivations
identified by scholars hints at the fact that “multiple” reshoring typologies may be at play
(Foerstl et al., 2016), possibly influenced by factors such as the firm’s
offshoring/internationalization path, the firm’s dimension, its strategic focus, and the industry
of activity. Finally, other authors have linked reshoring to consumers’ pressures on
companies, due to the perceived higher quality of western productions (“Made in” effect”;
Ancarani et al., 2015; Fratocchi et al., 2016; Martínez-Mora and Merino, 2014; Tate et al.,
2014) or to the perception of the moral righteousness of producing at home (Grappi et al.,
2015).
With few exceptions, the investigation of the motivations underlying reshoring has mostly
been undertaken separately from the analysis of the offshoring that predated them (Gylling et
al., 2015). The joint analysis of offshoring and reshoring is a missing link that could throw
light on long-term internationalization strategies and could help understand when reshoring
actually follows from a “failure” of the offshore strategy.
From a theoretical standpoint, this disconnection in the analysis of offshoring and
reshoring implicitly denies the possibility that reshoring is one of the steps in the
internationalization strategy of firms (Fratocchi et al., 2014a, 2015), and rather depicts it as an
“odd” phase when compared to a more “orthodox” linear model of international expansion, as
predicted by theoretical approaches such as Internationalization theory (Vernon, 1966) and
Internationalization Process Theory (Johanson and Vahne, 1977).
Our paper attempts to fill this gap by pursuing the following goals: to understand the
interdependencies among the motivations that led to offshore and then to reshore production
and (2) to explore whether offshoring and reshoring can be considered part of the same
internationalization strategy (e.g., they represent stages of a fully rational internationalization
and competitive strategy).
Because addressing the above research goals requires detailed historical company
information, the case study methodology emerges as the optimal approach. Further, since
reshoring is a phenomenon still in the making and only partially investigated, we selected the
inductive case study methodology with multiple cases (Yin, 2003; Patton, 1990; McCutcheon
and Meredith, 1993). We focus on companies operating in traditional sectors of the economy
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(footwear, fashion, and travel gear and accessories) for which the country of origin of
production is likely to represent an important element of customer value.
Results allows us developing nine propositions encompassing three key aspects of
offshoring and reshoring decisions: Why, i.e., the “nature” of offshoring/reshoring drivers;
How, i.e., the offshoring and reshoring governance modes; and Where, i.e., the geographical
location of the offshored and reshored activities.
The study is of relevance for both theory and practice. First, the joint and in-depth analysis
of offshoring and reshoring decisions allowed by the case methodology contributes to further
the understanding of the dynamics of internationalization and of their fit with the overall
competitive strategies of companies. Next, findings can be interpreted in view of the key
theories explaining internationalization, thus backing/disconfirming their ability to explain
reshoring.
The paper is organized as follows. The first section presents the multiple case study
methodology adopted. We then analyze the background literature concerning the main
offshoring and reshoring drivers and the present the framework developed to probe the cases
for communalities/dissimilarities. In order to answer our research questions we undertake a
within case and a cross case analysis. Finally, we present some concluding remarks.
METHODOLOGY
Case study method and sampling
Because of the lack of an established theory on reshoring, we employed the inductive case
study methodology with multiple cases (Yin, 2003; Patton, 1990; McCutcheon, Meredith,
1993). This approach, being ‘‘particularly oriented towards exploration, discovery, and
inductive logic’’ (Patton, 1990), is well suited to the development of data grounded testable
theories (Eisenhardt, 1989; Voss et al., 2002). In addition, it fits international business
research well, because data are collected from cross-border and cross-cultural settings
(Ghauri, 2004; Piekkari and Welch, 2004).
The research protocol adopted consisted of the following steps:
Literature analysis to identify the key motivations involved in offshoring and reshoring
initiatives. To this end, we adopted a content-based structured literature review methodology,
which ensures objectivity, rigor, and transparency. Structured literature review has been
defined as “a systematic, explicit, and reproducible design for identifying, evaluating, and
interpreting the existing body of recorded documents” (Fink, 2005: 6). Content-based
literature review is a type of structured literature review in which content analysis is
employed as a tool for examining the studies (Seuring and Gold, 2012). In particular, we
follow the step-based process model for content-based literature review proposed by Seuring
and Gold (2012): (1) “material collection”; (2) “category selection”; (3) “material evaluation”.
Based on the literature review, first we identify elementary reshoring and offshoring
motivations, and next we propose a framework of aggregation and interpretation.
Development of a checklist structured into 3 sections: (1) company and interviewee
characteristics (e.g., turnover, number of employees, industry, market, location of the main
customers, interviewee role and experience in the company); (2) elements affecting the
offshoring decision (e.g., offshore location, year, offshored product/production phase, entry
mode, offshoring drivers); (3) elements affecting the reshoring initiative (e.g., year,
product/production phase, re-entry mode, supply network of the reshored unit, sales market of
the reshored products, reshoring drivers).
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Sample selection. The sample was composed of four companies that offshored and then
(partly) reshored their production activities. This number of case firms is considered
acceptable for a multiple case study analysis (Eisenhardt, 1989; Barratt et al., 2011). We
included companies operating in sectors whose products are expected to be sensitive to the
country of origin or “Made in” effect. This expectation is reinforced by the fact that the four
companies are headquartered in Italy, i.e., a country where “Made in” is indeed an important
competitive factor (e.g., in the fashion or food industries). Our case firms are also
characterized by the status of small and medium enterprises (SMEs). This choice, though
reducing the possibility to generalize conclusions to the overall phenomenon of reshoring,
avoids possible confounding factors arising from the inclusion in the sample of large firms
(e.g., easier access to finance and international networks), and therefore adds robustness to
our findings. In addition, at least by conventional wisdom, SMEs may be more likely to
reshore because of error corrections, since they lack the planning and market forecasting
resources of large firms, and are also more likely to have offshored because of “bandwagon”
effects (i.e., imitation of competitors). Therefore, the sample chosen may also allow drawing
interesting conclusions on the relevance of reshoring as “error correction” (Kinkel and
Maloca, 2009). The main features of the sampled firms are described in Table 1.
Data collection: Structured interviews with the CEOs of the sampled companies using the
checklist described above were the first source of data. The checklist was sent to each
interviewee prior to the interview. Each interview was performed by three members of the
research team. The information gathered through the interviews was supplemented with
internal documents (e.g., project plans, reports, market performance, balance sheets) provided
by the companies and by external secondary sources (e.g., press reports on the offshoring or
reshoring initiatives). Triangulation of multiple sources of evidence provided a stronger
substantiation of results (Eisenhardt, 1989). All interviews were recorded and fully
transcribed. We created a database for each case consisting of the interview transcripts, field
notes, and archival data. We then developed preliminary versions of the case studies reports
that were subsequently sent to the interviewees in order to verify the accuracy of the
information. As a result of the feedback received, the final versions of the case studies reports
were developed.
Within-case analysis. Coding and data analysis were conducted manually by three
members of the research team to ensure inter-coder reliability (Duriau et al., 2007). An
additional researcher was assigned the role of “resident devil’s advocate” in order to discuss
and resolve any disagreements. Each case was described in terms of four main macro
categories (i.e., background of the company, offshoring, reshoring, present). Sub-categories
were then defined for each macro-category. Offshoring and reshoring motivations were
classified according to the theory grounded framework presented in the literature review
section (see Figure 1 and 2).
Cross-case analysis. After the within-case analysis, the cross-case analysis was performed
and findings tabulated, to identify common themes and internationalization paths.
Validation of case study results. As suggested by Yin (2003) and Eisenhardt (1989), a
number of strategies and actions were adopted to enhance construct validity, internal validity,
external validity, and reliability.

344

Com
pany

Sector/pr
oduct

Turnover
per year
(mln €)

Markets

Aku

Mountai
n
and
outdoor
shoes

21.79
(2014)

Fitw
ell

High
tech
sport and
outdoor
shoes

1.85

Ska
Itali
a

Zips

3.42
(2014)

Ron
cato

Suitcases
and
travel
accessori
es

41.80
(2014)

(20142015)

Table 1 – Summary of cases
Emp
loye
es

Activities
reshored

Italy (25%)
Rest
of
Europe and
North
America
(75%)
Italy (50%)
Rest
of
Europe,
Japan,
New
Zealand
(50%)

~33
0

Production
high-end
segments
(~30%
turnover)

Italy (60%)
Europe
(15%)
China
(25%)
Italy (60%)
Europe and
rest of the
world
(40%)

230

18

~10
0

Offshore
location

of

Romania

of

Years
of
offshor
e stay
11
(1999
–
2010)

Current
activities

inshore

R&D
Quality control
Production (all high
end products and
part of mediumrange products)
Production (all high
end products and
some
stages
of
medium-range
products)

Production of
high-end
segments
(~40%
of
turnover) and
high
value
added stages of
medium
segment
productions
Production of
high-end
segments (~%
of turnover)

Romania

10
(1999
–
2009)

China

10
(2000
–
2010)

R&D
Production
(very
high end products)

Production
high-end
segments
(~30%
turnover)

China

34
(1970
–
2012)

R&D
Quality control
Production (all high
end products)

of
of

LITERATURE REVIEW
In the academic literature, offshoring and reshoring motivations have been the object of
separate investigations. This approach may undermine a deeper understanding of reshoring,
and, more in general, of the paths of international expansion/contraction of firms. In what
follows, we develop literature reviews of reshoring and offshoring motivations with the aim to
offer a unified approach to analyse and classify them. We follow the step-based process
model for content-based literature review proposed by Seuring and Gold (2012): (1) “material
collection”; (2) “category selection”; (3) “material evaluation”.
Reshoring motivations
Reshoring motivations were recently systematically reviewed by Fratocchi et al. (2016). The
authors identified 33 studies that were taken as a starting point for the material collection of
this paper, and were complemented through a keyword search. In so doing, we initially
focused on academic papers belonging to the Elsevier’s Scopus dataset and containing the
following words in title, keywords and abstract: “reshoring”, “re-shoring”, “back-shoring”,
“back-reshoring”, and “backshoring”. Since the topic is multidisciplinary, i.e., addressed by
several disciplines, we decided to perform a keyword search without any reduction in the
scope of the journals. In addition, given that the academic literature on reshoring is relatively
recent and several research contributions are forthcoming we complemented the Scopus
database search with papers presented in the EurOMA and IPSERA conferences, which have
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recently provided forums for research on reshoring. We then employed two further
inclusion/exclusion criteria: (1) only papers written in English were included; (2) only papers
focusing on reshoring of manufacturing activities were included while papers focusing only
on other activities (services, R&D) were excluded. This search led to the identification of 28
new papers that were added to those already reviewed in Fratocchi et al. (2016).
Next, we searched for possible classifications of reshoring motivations, adopting an
inductive category selection approach. In this respect, we proceeded in two steps: first, we
identified elementary reshoring motivations, next we searched for grouping criteria of these
elementary motivations.All papers were analysed and coded. To avoid misinterpretations and
improve process reliability (e.g., Denyer and Tranfield, 2009), each paper was independently
analysed and elementary motivations were coded by two researchers (researcher triangulation)
and in a few cases of disagreement all authors were involved to reach a common
conclusion/decision. This coding activity led to 43 elementary reshoring motivations.
Concerning grouping criteria of reshoring motivations, the literature includes both
empirically based and theory grounded criteria. The former consist of classifications based on
general categories of reshoring motivations (costs, home/host country characteristics, access
to skills and knowledge) (Fratocchi et al., 2014b; 2015; Stentoft et al., 2015; Li et al., 2015).
This criterion is unsatisfactory since the same reshoring driver may be attributed to different
categories, as in the case of labour costs that are both a cost typology and an element
characterizing the host country when compared to the home country.
Among theory-based criteria, Ellram et al. (2013) and Ancarani et al. (2015) adopt the
dimensions of location advantages from the Eclectic Paradigm (Dunning, 1998). In so doing,
both papers indicated that some drivers “cut across all of the categories of factors noted by
Dunning (1998)” (Ellram et al., 2013, p. 17). Furthermore, Dunning himself (1998)
acknowledged that the drivers defining a specific “raison d’être” evolve over time.
Fratocchi et al. (2016) developed a theory-driven classification framework, grounded in
both IB theories and strategic management theories, which distinguishes reshoring drivers
based on two variables: the company’s strategic goals (i.e., increasing customer perceived
value vs. improving cost-efficiency), and the predominant factors affecting the decision or
“level of analysis” (internal to the company vs. relating to the external environment).
Consistent with theoretical approaches such as Resource Based View, the authors argue that
customer perceived value goals may explain a relocation in terms of the firm’s need to
improve, protect, and maintain the critical attributes driving customer value, such as perceived
quality (Eggert and Ulaga, 2002), product innovation (Rivière, 2015; Lindič and Silva, 2011),
and customer services (Stringfellow et al., 2008). Hence, these class of relocations occurs
when the current location hinders the firm’s ability to develop and/or maintain distinctive
capabilities (e.g., intellectual property protection; product quality; innovation potential; etc.),
to access external knowledge and/or other critical resources, to understand customers’ needs
and provide effective services. On the contrary, cost-efficiency goals explain relocations as the
pursuit of lower production costs, for instance stemming from lower unit of labour costs or
higher labour productivity, benefits from automation, shorter logistics lead times, fewer
inventories, psychic distance, lower monitoring costs, etc. Theoretical approaches such as
International Trade Theory and Transaction Cost Theory can be applied to argue that
manufacturing reshoring stems from reduced gaps in input costs between the home location
and the offshore location, or the high costs of coordinating distant operations and
relationships. With respect to the predominant dynamics, relocations motivated by changes in
the external environment account for changing characteristics of the business model in the
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industry the firm operates in, in the home and/or foreign countries, and of the global economy
as a whole. In particular, the relative attractiveness of the home and host locations relies on
changes in costs and/or endowment of relevant production factors, in institutional factors, in
country’s strategic assets, in country risk, in barriers to trade and tariffs. On the contrary, the
internal environment accounts for factors such as a strategic drift of the company, the
company’s supply chain complexity, innovation orientation, or quest for new valuable
resources. Crossing the two aforementioned dimensions leads to four categories of relocation
motivations, i.e., the quadrants of a 2x2 matrix. Hybrid cases (relocations driven
simultaneously by internal and external factors or by the quest for customer value and cost
reduction) are accounted for explicitly, and are positioned in the sidebars of the matrix.
In our view, the advantages offered by this framework for aggregation of elementary
motivations are the following: (i) it is a theory-based interpretative framework that
encompasses several theoretical approaches used in internal business and international
operations management; (ii) it allows to interpret relocation motivations within the realm of
firms’ purposeful goal-oriented (and sometimes strategic) decisions; (iii) unlike Dunning’s
“raisons d’etre” of relocations, it explicitly allows for hybrid cases. In the material evaluation
phase, in order to ensure construct validity and reliability, all members of the research team
positioned elementary motivations within Fratocchi et al.’s (2016) framework separately.
Discrepancies were solved (less than 5% of motivations) through a discursive alignment of
interpretations.
Figure 1 presents the results of the classification, revealing that motivations distribute
evenly in the four quadrants, suggesting that reshoring is a very heterogeneous phenomenon,
in the sense that it represents a common response to diverse challenges firms may face.
Further, the fact that the various motivations belong to all the quadrants, imply the relevance
of different theoretical approaches and the usefulness of a holistic approach. For a detailed
discussion of motivations, we refer to Fratocchi et al. (2016).
Among the very recent contributions on the topic, we highlight Grandinetti and Tabacco
(2015) who, analysing the case of an Italian electromechanical manufacturers – point out that
the change in firm’s business strategy (internal environment – hybrid area) may represent a
relevant reshoring driver. This is consistent with the idea that reshoring is not the mere
correction of a prior misjudged decision (Gray et al., 2013, Kinkel and Maloca, 2009) but a
“deliberate strategy” (Mintzberg, 1985) to respond to exogenous or endogenous changes
(Mugurusi and de Boer, 2014; Martínez-Mora and Merino, 2014; Fratocchi et al., 2015). A
similar position is shared by Gylling et al. (2015).
On a different note, Grappi et al (2015) propose that customers’ willingness to buy
reshored products may motivate reshoring (quadrant customer perceived value – external
environment). This contribution is extremely interesting because it is the first time the
reshoring phenomenon is analysed under the customer perspective. In this respect, it mirrors
firm-related motivations like “need to increase customer satisfaction and reduced
responsiveness to customer demand” already found in the extant literature.
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Figure 1 – Reshoring motivations highlighted in the literature
(Adapted from Fratocchi et al., 2016; new motivations are underlined)

Offshoring motivations
Since offshoring is a multidisciplinary topic, and no recent reviews of offshoring motivations
are available in the literature, we decided to perform a keyword search for the material
collection without any reduction in the scope of the journals (Seuring and Gold, 2012). In
particular, the following string was searched in Elsevier’s Scopus: (1) (“offshoring” OR “offshoring”) AND (“motivation” OR “driver”) referred only to title, keywords and abstract. This
allowed us to identify 280 papers on offshoring motivations. We then employed a set of
inclusion/exclusion criteria: (1) peer-reviewed journal papers were included while conference
papers, reports, books, book chapters were excluded; (2) papers written in English were
included while papers in other languages were excluded; (3) empirical papers were included
while conceptual/technical papers were excluded; (4) papers focusing on offshoring of
manufacturing activities were included while papers focusing only on other activities
(services, R&D) were excluded; (5) papers highlighting/discussing at least one offshoring
motivation based on empirical data were included while all other papers were excluded. The
final list consisted of 35 papers.
We applied the theory-based framework proposed by Fratocchi et al. (2016) as the coding
scheme also for literature on offshoring motivations. The only classification of offshoring
drivers adopted by the reviewed studies was based on Dunning’s (1988) Eclectic Paradigm
and characterized by the same limitations of the Dunning-based classification adopted by
reshoring studies (see above). We identified 21 offshoring motivations (see Figure 2 and
Appendix A).
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The offshoring motivation most frequently cited concerns the costs and productivity of
unskilled labour in the host country (quadrant cost efficiency – external environment). Several
authors (Kinkel and Maloca, 2009; Gylling et al., 2015) rank it as the most important
offshoring motivation or one of the most important ones.
Another frequently cited offshoring motivation is the availability of skilled labour
(quadrant customer perceived value – external environment). Mykhaylenko et al. (2015) argue
however that this driver is important but less significant for manufacturing than for service
offshoring.
Some authors (e.g. Arlbjørn and Lüthje , 2012; Persaud and Floyd, 2013) emphasise the
quality improvement (quadrant customer perceived value – external environment). Slepniov et
al. (2013) specify that this improvement originates from the combined effect of some factors
available in the host country (e.g. the availability of skilled labour and the local knowledge).
Mohiuddin and Su (2013) quote the new product development (quadrant customer perceived
value – internal environment) and argue that it is particularly true when the knowledge of the
local needs and habits is a requisite for selling abroad. Since this finding is however based on
a case study analysis of high tech manufacturing SMEs, future research is needed to
understand its validity and generalizability to other contexts (e.g., large firms, low tech firms).
Finally, we found only one motivation in the quadrant cost efficiency – internal
environment cited by only one paper focused on SMEs, i.e., the economies of scale
(Mohiuddin and Su, 2013). This suggest a possible lower relevance of this category of
motivations for offshoring decisions.
More in general, a cursory look at the matrix (Figure 2) reveals that – despite the
offshoring motivations cover all the four quadrants – there is a higher density in the two right
quadrants (i.e., cost efficiency – external and value driven – external). This suggests that
offshoring choices are mainly driven by external dynamics.

Economies of scale

Costs and productivity of
unskilled labour
Costs and productivity of
skilled labour

Capacity bottlenecks in the home country
Production and logistic costs (except labour costs)
Total Cost of Ownership
Internal Environment

External environment

Figure 2 – Offshoring motivations highlighted in the literature
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WITHIN CASE ANALYSIS
This section presents the results of the within case analysis of the four cases, focusing on the
following aspects: company background, offshoring, reshoring, and present situation (i.e.,
following the implementation of reshoring) (Table 2).
Table 2 – Within case analysis categories

Macro – categories
Background
company

Offshoring

Reshoring

Present

of

Sub-categories
Establishment and founders
the
Expansion
Markets (geographical)
Offshore country/countries
Chronological evolution
Products/production
processes/functions
offshored
Entry mode offshore/governance
Main motivations (classified according to the
framework presented in Figure 2)
Chronological evolutions
Products/production
processes/functions
reshored
Re-entry mode onshore/governance
Main motivations (classified according to the
framework presented in Figure 1)
Economic and financial trend after
implementing the reshoring decision

For each case, the motivations for offshoring and reshoring have been classified by the
research team using the four quadrant matrixes described in the previous sections. Offshoring
and reshoring motivations were further rated by the interviewee as “very relevant”, “relevant”
or “not relevant”. The interviewees’ judgements were then compared with the research team
assessment of the relevance of the driver, in order to check for consistency between the
overall material describing the case and the interviewee’s perception. Offshoring and
reshoring motivations rated as “Very relevant” by both the interviewee and the research team
are highlighted in bold inside the matrix.
Aku
Background: Aku is a medium sized company operating in the outdoor and mountain shoe
sector. The company evolved from a workshop to the current establishment, which was
established in 1991. The Italian headquarters are located in the “mountain shoe” district of
Montebelluna in the North-east of the country.
Offshoring: In the early nineties, due to the growing competition of East-European
countries, whose labour costs (both skilled and unskilled) and total costs of ownership were
more advantageous than in Western Europe, Aku began approaching Eastern Europe with
several short term (outsourcing and insourcing) offshore arrangements. R&D, quality controls
and sourcing of raw material remained located in Italy. At first, Aku experimented by opening
own workshops with the aim to develop a local production culture compatible with the high
quality standards required by its market position, and by establishing outsourcing contracts
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with local producers. Having gained sufficient knowledge of the local production culture, in
1999 Aku opened an own plant in Romania (Cluji Napoca), an offshoring location supported
by the availability of skilled manpower. The transfer of operations abroad resulted from the
imitation of competitors’ strategies, who were too setting up shop in Eastern Europe. In fact,
the leading business model of the sector called for cost cutting to face the fierce price
competition. The long process of building local knowledge, of adapting to the offshore
context, and of developing offshore workers and suppliers, led to quality standards offshore
analogous to those at home. As the CEO of Aku puts it: “In Romania we started from scratch.
It was a long story of endurance, but now the quality of product in Romania is analogous to
that in Italy”. Hence, offshoring was mainly driven by cost reduction considerations in order
to stay apace with competitors (Quadrant 2). However, given that Aku served medium to high
segments of the market, the quality of human resources was a key factor in the choice of the
offshore location in order to maintain the same quality of the inshore production (Quadrant 1).
At the beginning of the years 2000, Aku also started sourcing light shoes from third parties
in the Far East. A small portion of turnover continued to derive from shoes designed and
produced in Italy.
Reshoring: Between 2010 and 2011 Aku implemented the reshoring of high segment
productions previously carried out in the Romanian plant. Production was repatriated to the
historic plant in Italy. High-end sport shoes exhibit a higher technological content, offer
greater possibilities of exploiting process automation, and are less dependent on the cost of
manpower. According to Aku’s CEO, the need to protect the company’s knowledge and
competencies, the fear of loss of innovation potential, and the need to guarantee proximity of
production to R&D and to marketing were the main drivers of the decision to repatriate
production. “A company like ours produces a highly technical product that encompasses also
a craftmanship component. In order to remain globally competitive, we must be able to tell
our customer an authentic story and be able to claim that yes, we make the shoes by ourselves,
and our knowledge allows us to make the shoes differently from other competitors…”.
Currently the “top outdoor end” is entirely designed and produced in Italy, medium-end
trekking outdoor are produced and assembled either in Italy or in Romania, while light shoes
continue to be outsourced to Asia, given that these low-end segments are more sensitive to
price and have a low-technology content. Other key motivations encompass the loss of
company’s know how because of offshore production, and the need to re-establish roots in the
local industrial culture and with the home region, given that the company is historically
rooted in its territory. Hence, reshoring motivations are mainly positioned in the upper
quadrants of the matrix (Quadrants 1 and 4), given that the need to enhance customer value
(through innovation and improved quality of production) explain the reshoring initiative.
Present: Following reshoring (and also a partnership with Canadian Geowell that in 2009
bought 50% of Aku, easing the company out of a financial crisis and paving the way to Aku’s
growth in north American markets) turnover has shown a rising trend: from 14 million euro in
2011 to 21.5 in 2014. Currently the “top outdoor end” is entirely designed and produced in
Italy, medium-end trekking outdoor are produced and assembled either in Italy or in Romania,
while light shoes continue to be outsourced to Asia, given that these low-end segments are
more sensitive to price and have a low-technology content.
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Figure 3 – Summary of offshoring and reshoring motivations - Aku
(Critical motivations in bold)

Fitwell
Background: Fitwell is small company operating in the sector of outdoor and mountain shoes
and whose headquarters are located in the shoes district of Montebelluna in North-East Italy.
Fitwell was created in 1979 when Giuliano Grotto founded ONESport, a company
specializing in the production of highly technical mountain shoes and quickly acquiring a
reputation as producer of boots for Himalayan expeditions. Therefore, the company occupied
a niche market characterized by high-reliability and high-quality, also thanks to the local
tradition in leather processing techniques. In 1997 ONESport started a collaboration with the
French group Lafuma, which bought the brand ONESport the following year. Grotto
continued to work for Lafuma as a contract manufacturer, producing free climbing shoes - a
collaboration that continues up to now, but also launched his own new brand Fitwell.
Currently, Fitwell has opened new niche markets in areas such as canyoning and freeride. The
company adopts an open innovation approach by collaborating with other external entities in
developing its new products.
Offshoring: In 1999 Fitwell began outsourcing its production to Eastern Europe, first in
Hungary and in the Czech Republic and then in Romania, where there was a tradition for shoe
manufacturing. One of the main reasons for outsourcing offshore were pressures from the key
customer Lafuma, asking for more competitive costs that could only be achieved by
producing in low cost countries (low labour costs and lower TCO), similarly to what was
being done by most of the companies in the same sector (imitation of competitors’ strategies).
The company also benefited from a looser country legislation with respect to labour and
contracts with suppliers, and more favourable taxation with respect to Italy. According to
Fitwell's CEO: “I went offshore also because of the politics of globalization. With hindsight, it
was a mass mistake. But if 15 years ago I hadn’t done it, I wouldn’t be here now. There was
no other solution”. However, the high quality standards of Fitwell’s shoes required a long
period of supplier development and training in order to guarantee to customers standards
comparable to the Italian ones: “The cultural approach (to work) in Romania and in Italy are
deeply different”. Consistent with the goal to maintain high quality standards, the
development function remained in Italy, and so suppliers of raw materials, while production
was totally offshored. Therefore, similarly to Aku, Fitwell too was induced to offshore by the
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need to follow competitors in a race to reduce total costs, and especially costs of labour, given
the high labour intensity of its productions.
Reshoring: In 2009 Fitwell partially reshored the Romanian production, deciding to
manufacture in Italy all top end shoes (mountain shoes and boots accounting for 40% of
turnover) and two out of the three main production stages for medium end shoes. Since all
raw materials are produced in Italy, Fitwell can boast today a 100% “Made in Italy” product:
“After the global crisis, Italian companies that had offshored lost identity, therefore their
strategy has changed to “top of range” products in order to acquire visibility in the market”.
Currently only the upper boot for medium range products is manufactured in Romania,
given their higher sensitivity to price competition. Romanian contract manufacturers are
responsible for high labour intensive production stages, while final high value added phases
(e.g., assembling and gluing of the upper shoe) are carried out in Italy. Design and
prototyping are outsourced to local companies. The company argues that it would be nearly
impossible to reshore production stages now carried out in Romania, because over the years,
local competences and know how have dwindled: “There is a scarcity of specialized
manpower and this makes a full scale reshoring impossible”.
Among the reasons for the return to Italy, the strategy to sell Fitwell as a “Made in Italy”
brand features as prominent, as this helps the company charge a premium price. In addition,
the company’s need to sustain the brand’s identity by improving product quality was a key
driver of the decision. The quality differential more than offsets the higher TCO resulting
from reshoring. Fitwell’s CEO says: “I am convinced that there is still market space for a
small company that can make good shoes”.
Another driver was the loyalty to the home region and sense of belonging to the local
territory (emotional elements): “We came back because we are rooted in the territory,
because we are able to manufacture a product but to make it a quality product we must
produce it in Italy” and “With the concept of Made in Italy we have gained as far as quality is
concerned, but we have also regained the pride to produce here at home”.
The main drivers of reshoring are the direct consequence of the firm’s repositioning of its
product offering towards high end segments, and of its becoming a direct provider of end
customers rather than being simply a subcontractor of Lafuma. This required investing in
quality and branding, in addition to regaining its authenticity as a crafmanship product.

Customer pressures to
reduce costs
Total Cost of Ownership

Internal Environment

Reduced operational
flexibility

Poor local products
quality

Need to increase
customer satisfaction

Lack of skilled workers in
the host country

Loss of innovation
potential

Made-in effect

Supply chain
coordination costs
High inventory levels
Penalties for late orders

External environment
Internal Environment

External environment

Figure 4 – Summary of offshoring and reshoring motivations – Fitwell
(Critical motivations in bold)
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Present: Following reshoring, the company’s performance has improved and turnover has
risen. Fitwell has opened new niche markets in areas such as canyoning and freeride. The
company adopts an open innovation approach by collaborating with other external entities in
developing its new products.
Roncato
Background: Roncato is a medium sized company operating in the fashion sector, specializing
in suitcases and travel accessories. The heydays of Roncato go back to the forties when the
small craft company began production, while the industrial set up dates back to the seventies.
The company boasts a record of innovation in the sector: first to use an assembly line for
suitcases, first to develop a trolley, first to build light hard shell suitcases made of
polypropylene.
Offshoring: Roncato’s offshoring initiatives predate those of many other competitors. The
company started relocating production offshore already in the early seventies, by outsourcing
the production of soft shell suitcases (approximately 65% of the turnover) to suppliers in
South Korea, followed by a further transfer of production to China. Competitive advantage in
this segment, in fact, hinged strongly on price, and the Far East undoubtedly offered savings
in terms of labour costs and total costs of ownership. In 2000, the creation of a “project and
style” department in Italy allowed unifying styling between the Chinese and Italian
production lines, whereas beforehand the project and concept differed in the two countries.
This change provided the company with the opportunity to maintain its brand characteristics
throughout the range of products offered. The advantages of offshore production were further
enhanced by the fact that suitcases imported from China into Europe – the main market of
Roncato – are subject to low duties.
Reshoring: Starting in 2009 Roncato began the reshoring of high end productions of hard
shell suitcases previously taking place in China. Production was inshored to the historical
plant of the company, whereas in China it was outsourced to local producers. Several reasons
were at the root of the reshoring decision: the first concerns the strategic repositioning of the
brand, which aimed to increase its share in foreign markets building on a “Made in Italy”
image that commands a premium price. In Roncato CEO’s words “If you want to grow
abroad, well it is a different world with respect to Italy where price drives the purchase.
Abroad, Italy is seen as an icon of good taste, style, quality, so for foreign buyers a product
that is made in Italy not only provides a guarantee of, but also has a greater appeal.”
However, the return of top end productions to Italy was motivated not only by the quest for
legitimacy in the eyes of foreign customers but also by the need to be able to improve product
quality with respect to offshore production and boost innovation potential. “We’ve come back
for reasons tied to quality control and know how of production and technological innovation.
It is not possible to develop certain (high quality) products in the Far East yet. Control of
quality is easier in Italy than in China. Although quality on average has risen in China in the
last few years, it is still lower than in Italy.”.
Present: Following reshoring, turnover has remained constant and around 40 mln euros per
year, while employment has risen due to the production lines relocated in Italy.
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Figure 5 – Summary of offshoring and reshoring motivations - Roncato
(Critical motivations in bold)

Ska Italia
Background: Ska Italia is a medium sized company, operating in the fashion sector and
specializing in zippers. The company was born in 1999 out of a previous company in the
same sector and, since its onset, has been characterized by a global reach and high innovation.
The company’s market encompasses two main segments: footwear, fashion and leather
requiring a high quality, and generic apparel requiring less stringent quality standards. While
competitors on the first segment are located in the West, competitors on the latter are
generally located in China.
Offshoring: Ska Italia located its production facilities in China in the area of Canton, while
only high value added activities such as R&D remained in Italy. The Chinese location clearly
responded to the need to exploit labour cost advantages and a lower total cost of ownership,
and to reap the benefits of proximity to customers (apparel and suitcase producers) (access
and development of foreign markets). In order to comply with the past Chinese legislation
(that prohibited the creation of WFOEs), Ska Italia entered the Chinese market through a joint
venture with a local partner. The search for a suitable partner proved to be long, due to the
difficulty in finding a medium sized enterprise that could guarantee attention to product
quality. The Chinese industrial landscape was in fact characterized predominantly by large
companies yielding large volumes. “Because we were looking for a quality product we did not
want to lean on a big partner with respect to which we would be a flea. That would have
meant being unable to implement technological and qualitative changes to the Chinese
equipment. By partnering with a medium sized company we have managed to achieve a
quality level comparable to that obtainable in Europe”. In addition, the company benefited
from government incentives for western firms locating in Chinese Special Economic Zones in
the form of free granting of land and favourable taxation.
Reshoring: In 2010 the company decided to reshore part of production to Italy by opening
up a new plant in the north west (through a joint venture) devoted to the production of high
quality zippers for the leather fashion market. New lines were also opened to accommodate
the demand from the very top segment of production coming from the fashion and the leather
products markets. The rationale for relocating the high end lines back to Italy was many-fold:
first, a strategic re-positioning of the company towards the higher segment of the market
required a re-organization of production sites. In fact, it was necessary to improve product
quality with respect to offshore production: “There have been improvements in quality that
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we have been able to undertake in the Italian plant and that were difficult in the Chinese
one”. This reason aligns with brand image and the need of Ska Italia’s top customers (e.g.,
Gucci, Ferragamo, Tods) to certify a fully “Made in” Italy supply chain: “The fashion market
demands a Made in Italy product, even if sometimes Made in Italy is just a cliché rather than
a reality”. The Italian plant carries out only specific stages of the production process, while
dying and some types of galvanic coatings are outsourced to other Italian producers. The
repositioning towards higher segments also required continuous innovation. However, the
innovation potential was at risk in the offshore location partially due to inadequate protection
of IP in the offshore location: “We prefer to produce our high tech range in Italy in order to
protect our know-how. Taking this knowledge to China would invite the Chinese to take
advantage”.
Therefore, the key motivations for reshoring and for offshoring have been those of
following customers and complying to customer needs. These included the need to improve
operational flexibility and reduce purchase order rigidity, i.e., the possibility of ordering “just
in time” small lots, both of which were impossible to achieve through the Chinese plant.
Present: Following reshoring, turnover has remained constant and around 4 mln euro per
year, while employment has risen due to the production lines relocated in Italy. The new plant
is still to produce profits, due to the high initial investment.
Figure 3, 4, 5, and 6 provide a summary of the main motivations of offshoring and
reshoring, of the realized advantages of reshoring, and of the key characteristics of the
offshoring and reshoring processes for the four cases.
External environment

Customer Value creation

Poor local products
quality
Lack of skilled workers in
the host country
Inadequate protection
intellectual property
Made-in effect

Customer perceived value

Customer perceived value

Total Cost of Ownership

Purchase order rigidity
Container-size minimum
orders
Reduced operational
flexibility
Reduced responsiveness
to customer demand
Loss of innovation
potential

Cost efficiency

Energy costs*

Change in firms global strategy

Costs and productivity
of skilled labour

External environment

Production and delivery time impact

Cost efficiency

Cost efficiency

Costs and productivity
of unskilled labour

Internal Environment

Cost efficiency

Foreign market access
or development

Government incentives (including
favourable taxation)

Customer Value creation

Internal Environment

Logistics costs

Internal Environment

External environment
Internal Environment

External environment

Figure 6 – Summary of offshoring and reshoring motivations – Ska Italia
(Critical motivations in bold)

CROSS CASE ANALYSIS RESULTS AND DISCUSSION
The cross case comparison aimed to identify common patterns in offshoring and subsequent
reshoring initiatives of the case firms. The analysis is organised around three questions
concerning offshoring and reshoring (Why?, How?, Where?). While the “Why” question is
directly related to the analysis of motivations (Mugurusi and De Boer, 2013; Fratocchi et al,
2014a), the other two questions arise because “important issues in companies’
internationalization differ systematically across different types of motives” (Benito, 2015).
Motives are often related to “How” the offshored/reshored activity is organised in terms of
governance mode. The “Where” question about the geographical location of the
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offshored/reshored activities is likely to be tied to the Why question, because relocations that
occur for different motives are likely to be related to different places. Based on the discussion
of three questions, eight propositions for future research were derived.
Why? The “nature” of offshoring/reshoring drivers
The four couples of matrixes reported in the within case analysis section (Figure 3, 4, 5, and
6), highlight that there are communalities among the four firms regarding the type of factors
explaining relocation and the “goal” dimension. Our discussion will focus on those
motivations considered as critical by the companies.
With respect to the external/internal environment dimension, all four companies offshored
almost exclusively on the base of “external environment” drivers (right-hand side quadrants).
The finding that external dynamics were more relevant than internal factors in explaining
offshoring can be partially explained by the small/medium size of the four firms, since large
and multinational companies are usually more likely to implement more pro-active strategies
that influence the external environment (Mariotti et al, 2008). This argument seems to be
supported by the presence of location strategies either imitating competitors (“bandwagon
effect”) (Aku and Fitwell) or following customers (Ska). Turning to the reshoring decision,
“internal environment” drivers become more prominent, especially those regarding innovation
potential and logistics (e.g., purchase order rigidity). However, these drivers appear to weight
more for the three medium size companies, while Fitwell (the only small firm in the sample)
is only partially influenced by them. This could be partially explained by the lower amount of
in-house resources and competences that small firms can generally leverage. This is
consistent, at least for financial resources, with the extant managerial literature since the
seminal work of Butters and Lintner (1945). At the same time, Jarillo (1989) point out that
entrepreneurial firms (like Fitwell is) generally have not enough resources to accommodate
their growth aims. The author also states that networking practices are a way to overcome
these problems. These results are extremely relevant in the case of Fitwell, since it belongs to
the shoes industrial district of Montebelluna.
With respect to the “goal” dimension, the offshoring decision is generally driven by “costefficiency” motivations (mainly the cost of the labour component; Quadrant 2). While this
finding can be deemed common to many low technology, labour intensive industries, its
interest lies in the fact that it shows that even companies producing goods characterized by a
significant “country of origin” effect – that is were not deterred to change their production
location towards low-cost countries motivated by cost savings. Though seemingly
contradictory, this strategy is fully coherent at least in the case of Fitwell, which – at the time
of offshoring – was mainly a subcontractor (70% of total sales deriving from other
companies’ trademark products), and never offshored high range products (high-tech
mountain boots) for which the “Made in” effect is more strongly felt by customers. In a
similar vein, when Roncato decided to offshore both soft-shell (low range and price sensitive)
and hard-shell suitcases (medium to high range), it offshored only the production of hard-shell
made of polycarbonate and not the polypropylene ones that are more hi-tech and very high
range). When it came to reshoring, Roncato reshored only the hard shell and still produces the
soft shell in China.
Unlike the purely cost-driven offshoring strategies of Fitwell and Roncato, Aku was
motivated also by the “availability of skilled human resources in the host country” (Quadrant
1) and Ska by the “foreign market access or development” (Quadrant 1). These two drivers
refer both to “customer value creation” (upper quadrants).
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When reshoring was undertaken, cost-related motivations were never relevant for the case
firms. This is particularly noteworthy since salaries in both offshoring countries (Romania
and China) have risen considerably in the last few years (UNCTAD, 2015). All companies’
implemented reshoring decisions driven by “customer value creation” motivations (upper
quadrants). In other words, reshoring decisions implemented by the case companies reflect a
shift in their competitive advantage base since they totally abandoned the “cost leadership”
strategy and turned to a “differentiation” one (Porter, 1990). Consequently, reshoring emerges
as the result of a strategic change (see, in this respect, Mugurusi and de Boer, 2014), more
than the correction of an earlier managerial mistake (Kinkel and Maloca, 2009). This
contention is supported by the fact that – the reshoring decision was part of a decision to
focus competitive efforts towards high- and medium-end products.
Finally, it is worthy of notice that the “Made in effect” – that is the higher value perceived
by customers on the base of the “country of production” - was a key reshoring driver for
Fitwell and Roncato and partly for Ska. On this subject, a very interesting case is that of
Fitwell, which reduced the weight of sales as subcontractor from 70% of total revenues (at the
time of offshoring) to 20% (after the reshoring implementation), developing an own
trademark for high- and medium-end products. The above discussion leads to the formulation
of the following propositions:
Proposition 1 – While the predominant motivation for offshoring is cost-reduction, reshoring
follows a strategic change aimed at increasing differentiation and the value perceived by the
customer.
Proposition 2 – Small firms are induced to offshore/reshore mainly because of
market/industry dynamics, while for medium firms the endogenous factors is also significant
(logistic and innovation elements). In particular, larger companies base the reshoring
decision also with an eye to innovation, and the co-location of production and R&D.
Proposition 3 – Companies whose product offering included high-end products for which the
“made in” effect is relevant, either do not offshore these products (e.g., high-end products for
Fitwell) or, if they offshored, they later reshored.
How? An Analysis of Governance Modes
While the four companies differ in the governance mode (outsourcing vs. insourcing) adopted
in the offshore location, governance for reshoring is always insourcing. Elaborating on Gray
et al. (2013)’s taxonomy of offshoring/reshoring and outsourcing/insourcing yields the
following summary of cases with respect to governance:
Table 3 – Offshoring-reshoring options

Inshore outsourcing
Inshore insourcing

Not reshored

Offshore outsourcing
//
Fitwell (medium end segment,
Romania)
Roncato (high and medium end
segments, China)
Aku (low end segments, Romania)
Fitwell (one labour intensive stage of
medium end segment production
process)
Roncato (low end segments, China)
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Offshore insourcing
//
Aku (high and medium end
segments, Romania)
Ska (high end segment,
China)
Aku (partially medium end
segments, Romania)

Location and governance have been acknowledged “strategies used to orchestrate the firm’s
overall value chain” (Mudambi and Venzin, 2010: 1511). However, since “Value creation
‘travels’ in terms of location and control, […] firms need to frequently re-evaluate and adapt
their offshoring and outsourcing decisions.”(p. 1512). Offshoring involves the assessment of
which parts of the firm’s product offering and which stages of the production process are to
be deployed in the offshore location. This requires the evaluation of whether core resources
need to be transferred offshore from the inshore location and/or whether core resources are to
be sought offshore (Hamel and Prahalad, 1990). In turn, discourse over resources is tightly
connected to that of resource control, with increasing emphasis being placed on competences
and knowledge intensive production stages (Mudambi, 2008). According to Transaction Cost
Economics, the firm should hold close control over processes or stages through which the
firm can generate and withhold the highest value and for which there is a risk of opportunistic
behaviour from third parties (Williamson, 1985).
Knowledge transfer and resource control preoccupations were certainly at the root of the
offshoring governance decisions of some of the case firms. Both Aku and Ska see know-how
and continuous innovation as a key source of differentiation and competitive advantage. For
these reasons, high value creating activities such as R&D and marketing have always been
located in Italy. Further, and consistent with the above, only a small portion of turnover has
been outsourced to third parties (10% in the case of Aku and none in the case of Ska).
How does governance/control link to motives? In the case of Aku, the goal of offshoring of
medium and high range products was to cut costs, under the constraint that the offshore
location possessed human resources allowing quality standards analogous to those at home.
This entailed transferring to Eastern Europe knowledge and competences concerning
medium- and high-end segments residing in Italy. The process of building local knowledge
and of adapting to the offshore context went through a first attempt at subcontracting in
Hungary, soon abandoned and followed by the establishment of an own plant in Romania. In
fact, insourcing guaranteed better process control and easier coordination with the production
phases that remained in Italy (R&D, quality control, sourcing of leather and other quality
goods). On the contrary, the production of light shoes for lower end markets was outsourced
to Chinese providers, given that little knowledge transfer was needed for these standardized
lower end-segment products. Ska and Aku exhibit very similar patterns of offshoring with
respect to quality goals and need for process control. Ska offshored to China since the early
start of its activity and established a partnership with a similarly sized local company. The
rationale of the partnership (rather than a subcontracting arrangement) was again to allow
adjustment of equipment and of production, processes to Ska’s quality requirements, and to
ensure control over the company’s know-how. In addition, and unlike Aku, Ska was
motivated not only by efficiency seeking but also by market seeking in China.
In short, these two firms’ international expansion leveraged on in-house knowledge but at
the same time was constrained by an industry business model that imposed cost cutting.
Therefore, outsourcing/insourcing (control) and offshoring to low cost countries (location)
can be considered simultaneous and interrelated, with no priority of the one decision over the
other (Rugman and Verbeke, 2001).
This offshoring paths link logically with the reshoring decisions of Aku and Ska. The
former reshored only those productions for which there was a greater need to link production
to R&D (i.e., top end shoes) in order to boost the innovation requirements of this segment.
For the same reason, insourcing was the governance mode chosen for reshored activities.
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Low-end productions remained in China, while medium-end products are interchangeably
produced in Romania or Italy, given the equivalent quality standards in the two locations. For
Ska, the tight control allowed by offshore insourcing led to maintain part of its production
offshore and to reshore only the production of high quality zippers for the leather fashion. As
in the case of Aku, the repatriation was important to boost the innovation potential of the
company, given that offshoring had entailed a mere transfer of competences to the Chinese
partner, and not the integration and acquisition of new knowledge offshore.
Though operating in the same sector as AKU (mountain and outdoor shoes), Fitwell’s
governance strategy offshore was that of outsourcing to Romanian suppliers. At the time of
offshoring, Fitwell was mainly a subcontractor of a larger company (LaFuma) that pressed for
lower costs. Hence, Fitwell’s offshoring initiative was purely efficiency seeking. Offshore
outsourcing was certainly motivated by Fitwell’s small size and fewer resources with respect
to Aku, which made a captive form of offshoring too onerous. The other reason for
outsourcing was that Fitwell never offshored the high-end segment, which leveraged on inhouse knowledge relating to the production and assembly phases. Given its small size, Fitwell
has never had a proper development department, and project, design, and prototyping take
place through an open innovation mode. The offshore governance of Roncato’s offshoring
governance – like Fitwell’s – was one of outsourcing, and was too cost driven: the offshoring
concerned mainly soft-shell suitcases that, being price sensitive, were uneconomical to
manufacture in Western countries. At the same time, Roncato did not leverage any specific
knowledge on soft-shell suitcases, since this production was well developed in China with
many local producers. Offshoring also included some ranges of hard-shell suitcases that can
be classified as medium segment. Roncato maintained R&D and marketing activities in-house
in Italy and through time succeeded in making styling homogeneous through its Italian and
Chinese production sites.
A parallel can be drawn between Fitwell and Roncato also as far as reshoring is concerned.
Fitwell’s decision to reshore medium end segments followed the strategic change from
subcontractor of other producers to supplier of end customers with an own trademark that
planned to appeal to customers based on a “Made in Italy” image. Even if Fitwell has no in
house R&D, reshoring has taken place through insourcing, in order to leverage on in-house
production and assembly competences. Only one low value added, high labour intensive stage
of the production process of medium price shoes continues in Romania. For Roncato, while
the production of soft-shell suitcases still takes place in China, the need to re-orient the brand
towards “made in Italy” has led to the reshoring of medium end, high-technology hard-shell
suitcases for which knowledge on materials and design reside in Italy. The insourcing
decision follows from the need to establish closer ties with R&D. The above discussion leads
to the formulation of the following propositions:
Proposition 4 – In the industries analysed reshoring involves:
Always: Very high-end segment products characterized by a high technology content, for
which proximity of manufacturing and R&D is important (Aku, Roncato, Ska). This is true
irrespective of the offshore governance mode.
Sometimes: Medium-end products. This is more likely to happen when the company has
adopted an outsourcing mode offshore and has no strong control on production process that
is critical for Made In sensitive markets (Fitwell in Romania).
Never: Low-end segment products with low technology content (Aku’s shoes in China and
Roncato’s soft-shell suitcases).
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As already noted, although the offshore governance modes differ, the four companies all
adopted an insourcing mode for reshoring. From a strategic point of view, this reflects the
need of these firms, which produce also for medium and high-end markets, to maintain a tight
control on own competences. From an operational point of view, insourcing supports the
effectiveness of quality controls and of inter-functional coordination between
development/R&D and production. This leads to the following proposition:
Proposition 5 – Irrespective of the governance mode adopted offshore, reshoring of “Made
in” sensitive products takes place through an insourcing mode.
Where? The impact on firms’ supply chains
Offshoring and reshoring strategies implemented by the four companies may be investigated
also with respect to the “where” question, i.e. the geographical dimension of such decisions.
With this respect, two main questions arise:
a) What elements may explain the country where companies offshored?
b) Why companies decided to return in the home country (Italy) and not in a near-to-home
one? In other words, why they did not near-reshored instead of reshoring?
With respect to the first question (offshoring country), it is worthy of notice that the
offshore country does not exhibit any interdependence with either the timing of offshoring
(since the three late comers went to China and Romania) or the governance mode (we had
insourcing and outsourcing solutions in both countries). Rather, the industry appears to be the
main determinant of the offshore location chosen. With respect to the mountain boot industry
(and specifically the Montebelluna district), the relocation of production activities had been
implemented since the mid-70s but only by large companies (e.g., Diadora and Lotto). They
subcontracted their production to companies in the Far East, following multinationals like
Puma, Adidas and Nike. After the fall of the Berlin wall in 1989, formerly Eastern Europe
countries emerged as both an interesting new market and a low-cost production location
(especially for easier tasks like shoe assembling. At the beginning of the ‘90s, offshoring
became an imperative also for SMEs operating in the district. Therefore, SMEs belonging to
the district decided (totally or partially) offshore their manufacturing activities, mainly in
Romania. Consistent with this model, both Fitwell and Aku declared that imitation of
competitors’ location strategy was a very relevant (Fitwell) or relevant (Aku) motivation of
their decisions. Scholars widely recognize (Mutinelli and Piscitello, 1998) that at the
beginning of the nineties Italian SMEs generally favoured the Eastern European countries on
the basis of the lower cost of labour.
The offshore location of the case firms is closely tied to the motives for reshoring. In
particular, the influence of geographical distance on reshoring motives is suggested by the
presence of drivers regarding supply chain management (e.g. Purchase order rigidity and
container-size minimum orders), among the main motivations cited by the companies that
offshored to China. It is interesting to note that these motivations were cited also by Ska, a
company that adopted an offshore insourcing governance mode, suggesting that the issue may
concern transportation and logistics rather than production. While insourcing should have
allowed to better size production lots and deliveries to the home market, the geographical
distance forced the company to optimize the logistic costs with “full load” shipments. The
joint effect of the geographic distance and the insourcing governance mode seems to be at the
base of the high relevance assigned by Ska to the “reduced operational flexibility” driver for
reshoring. Accordingly, we formulate the following propositions:
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Proposition 6 – Supply chain related reshoring drivers are more relevant in the case of
geographically distant countries.
Proposition 7 – The geographical distance and the insourcing strategic option strengthen the
relevance of logistic elements as reshoring drivers.
With respect to the alternative reshoring vs near-shoring (that is, relocation in a near-to-home
country), preference for returning in the home country may be mainly explained by the
“made-in-Italy” positive effect, that is the higher value perceived by customers for products
manufactured in the companies’ home country. As already noted, the “made in effect” was a
key reshoring driver for Fitwell and Roncato and partly for Ska. Another relevant motivation
for repatriating manufacturing activities in Italy is represented, at least for Fitwell and AKU,
by their belonging to the Montebelluna shoe district. In other words, the two companies had
the possibility to leverage on competences and resources offered by the local environment. In
this light, it is worthy of notice that both companies cited the “lack of skilled workers in the
host country (Romania)” and the “loss of innovation potential” as relevant motivations for
moving back production in Italy. More specifically, the “loss of innovation potential”
encompasses both the problem of the co-location between R&D and manufacturing activities
and the issue of the interconnection with local business partners. With this respect, it is
worthy to note that AKU clearly state that absence of local suppliers in Romania was another
relevant motivation for its reshoring strategy. Finally, it has to be pointed out the “sense of
belonging” to the territory (emotional element) clearly expressed by Mr Grotto, the founder of
Fitwell, with his sentence reported in the within case analysis.
Proposition 8 – The firm’s belonging to an industrial district induces to reshore in the home
country instead of near-shore in near-to-home countries for both, competences available in
such territory and emotive “sense of belonging”
CONCLUSIONS
Extant literature has studied the motivations underlying reshoring decisions separately from
the offshoring processes that predated them (Gylling et al., 2015). This implicitly denies the
view of reshoring as one of the steps in the internationalization strategy of firms and possibly
undermines a deep comprehension of this phenomenon.
Our paper sought to fill this gap of extant literature by analysing and classifying the
principal motivations that led to offshoring and then to reshoring production.
We started by performing a content-based literature review (Seuring and Gold, 2012) of
offshoring and reshoring motivations. This allowed us to identify 21 offshoring and 43
reshoring motivations and to classify them according to Fratocchi et al.’s (2016) theorygrounded framework based on the company’s goals (i.e., increasing customer perceived value
vs. improving cost-efficiency), and on the predominant factors affecting the decision (internal
to the company vs. relating to the external environment).
Due to the lack of an established theory on reshoring, we then employed the inductive
multiple case study methodology and analysed a sample of four Italian companies competing
in traditional sectors of the economy (footwear, fashion, and travel gear and accessories) for
which the “Made in” is likely to represent an important element of customer value.
The results of each case study were presented, focusing on the company background, the
offshoring decision, the reshoring decision, and present situation (i.e., following the
implementation of reshoring). Offshoring and reshoring motivations were highlighted and
classified according to the aforementioned Fratocchi et al.’s (2016) framework.
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Based on cross case analyses, we then proposed nine observations encompassing three key
aspects of offshoring and reshoring decisions: Why (i.e., the “nature” of offshoring/reshoring
drivers); How (i.e., the offshoring and reshoring governance modes); and Where (i.e., the
geographical location of the offshored and reshored activities).
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ABSTRACT
Using big data applications to create business value is one of the concerns of practitioners in
current business environment. Drawing on a process-level view, this study discusses the use of
big data in creating business value through decision quality improvement. To understand the
process of value creation associated with the use of big data, we select five cases and make
analysis in different settings to explore how firms leverage big data to improve decision quality,
and in turn, create business value. The study offers a better understanding of big data
applications in practice.
KEYWORDS
Big data capabilities; business value; process-level view
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INTRODUCTION
Using information technology (IT) to create business value is one of the concerns of practitioners.
Because of the fierce competition and turbulent market environments, many firms decide to
adopt latest information technologies and develop organizations’ information systems (IS)
strategy to achieve competitive advantage (Low et al., 2011; Sultan, 2010).
Although scholars have not reached an agreement on the definition of big data, it is
generally believed that big data is derived from business intelligence and analytic (BI&A). From
a technical or data processing perspective, some scholars view it as the ever-increasing
information from different sources that is very “big” to process (e.g., Liu 2013). From the
business solutions perspective, some other scholars consider it as an approach that assist
organizations to analyze the amount of data (e.g. Boubeta-Puig et al. 2014). However, in general,
most scholars accept the viewpoint that big data mainly refers to big sets that are overpowering
in size (e.g. Chen et al., 2013).
More and more scholars have widely acknowledged that big data is a business solution
rather than a technical one (e.g., McGlinchey, 2013; Zuboffother, 2015). In recent years,
characterized with volume, variety and velocity (3Vs) (Manyika et al., 2011), big data has been
fashionable and critical both in business and IT fields. Its role has been well recognized for firms
in decision-making, marketing, and many other aspects. With the arrival of big data age, how to
explore and apply big data capabilities to business activities have become organizations’
strategic consideration. However, most industries are still at the early stage of big data adoption.
This technology innovation is still at nascent in nature to understand and the patterns of its use
are not yet clear in practice (Kallinikos and Constantiou, 2015). According to the survey results
of senior executives (LaValle, 2011), the biggest barrier to adopt big data is lack of
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understanding of how to use big data to improve the business and drive firm performance. Thus,
using big data and its capabilities to create business value has not yet been well explored in
current study.
Based on a process-level view, the purpose of this study is to describe how firms create
business value by using big data. Given the current stage of initial adoption of big data in
practice and its unclear role in creating business value, a qualitative study is believed most
appropriate. Some exemplar cases, therefore, were selected to explore the role of big data in
business use.
Theoretical Background
Data-driven decision-making in organizations
Data has been likened to the “new oil” to make value. Data in business world come from a
variety of sources. The data can be generally divided into two categories for organizations,
including structured data (e.g., transaction data, financial data, etc.) and unstructured data (e.g.,
customer reviews, social media data, website clickstreams data, etc.). Untappable data, as itself,
produces little value in business. But the refined data can cause firms profitable activities, and
thus drive firms’ growth to create business value (Rotella, 2012).
Organizations by all means seek to get an immediate guidance to optimize their strategic
actions by the data-driven support. Data-driven decision-making has become organizational
mainstream. It refers to the practice of basking decisions on the analysis of data, rather than
purely on human intuition (Provost & Fawcett, 2013). Compared with the traditional decisionmaking mode, data-driven decision-making in fact is to minimize the human intervention. In
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current data-rich environments, how to use data and make a high-quality and automated decision,
and, in turn, create business value has caused scholars and practitioners’ attention.
Many scholars have discussed the impact of big data on organizational decision-making
process (e.g., Sharma, Mithas, and Kankanhalli, 2014). The emergence of big data technology
makes the decision-making and business process more agile and flexible in response to the
current turbulent environment. In the era of big data, data-driven decision-making in many
aspects has been proved to have an important impact on firm performance. For example, the
study from Brynjolfsson, Hitt, and Kim (2011) statistically indicates that the more data-driven a
firm is, the more productive the organization becomes. McAfee and Brynjolfsson (2012)’s
analysis also shows that the more companies characterized themselves as data-driven, the better
they performed on objective measures of financial and operational results.
Big data capabilities
Big data can help organizations achieve many goals. These benefits may include areas in
production, R&D, marketing, and among others. For example, from the strategy-as-practice
view, Whittington (2014) argued that big data have an effect on developing a strategic blueprint.
In other words, big data influences the distinctive practices that make the organizational strategy
come out. On a macroscopic view, with the analysis results for, big data also serves the
foundation for organizational innovation, competition and productivity (Lycett, 2013).
The emergence of big data technology provides a good solution to the quality of decisionmaking. Thus, more studies are discussing the role of big data capability from its contribution to
a better strategic decision-making. For example, McAfee and Brynjolfsson (2012) argues that
using big data leads to better predictions. Because the better prediction, big data helps yield
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better decisions and precise interventions. This could also lead to the change of organizational
decision-making culture. Demirkan and Delen (2013) argued that the capabilities of serviceoriented decision support systems could be acquired through cloud computing in big data
analysis
It is acknowledged that IS applications can be designed and used to enhance managerial
capacity (Tanriverdi et al., 2010). As a new technology, big data is characterized with its
advanced BI&A functions to deal with amounts of data. It creates business value by its unique
capabilities. Big data is now in fashion and different from other previous business analytics
innovations because of its unique capabilities. It serves for a business solution rather than a
technical function. Indeed, the real- world use of big data is ongoing generating business value.
Not only does it deal with the amount of data that couldn’t be processed by the traditional
approach, but also it can provide business solutions with its unique capabilities.
Big data analysis results are used on three different levels, descriptive, predictive, and
prescriptive. With the help of big data, organizations can acquire insights about what is
happening now, what is likely to happen next and what actions should be taken. To respond the
three aspects of organizational needs, the role of big data in organizational routine use can be
summarized as the three main capabilities, including analytical capability, predictive capability,
and decision support capability (Sun et al., 2015).
Analytical capability can be defined as an organization’s overall ability to capture, store,
and process/analyze large volumes of data at or near real-time rates. It is the data processing
capability that can deal with amounts of data that could not be processed by the traditional
business analytics approach. Predictive capability can be viewed as an organization’s overall
ability to use the analysis of data for prediction and forecasting at each organizational level. It is
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the capability that use the results for prediction use. Decision support capability is considered as
an organization’s overall ability to use big data analysis results to support managerial decisionmaking at each organizational level. Most executives find they don’t have enough structured or
unstructured data to support their decision-making when the current problems are going to get
more and more complicated (Toguri, 2012). Big data decision support capability can bring the
analysis results and make the business decision better (McGlinchey, 2013).
Process-level view and framework
A successful use of information technology is fully needed to embed into organizational
processes from manufacturing to marketing. Alignment between IT use and business activities
has been well studies in past research. An organizational structure is interconnected in a value
chain, in which IT and business activities are aligned. The objective of the use of IT is to
improve the process and enhance each business activity. A process-level view can be fully used
to exhibit this alignment.
From a process-level view, the business value of firm performance created by big data
can be measured from different aspects (Tallon, 2011). These aspects include supplier relations,
production and operations, service enhancement, sales and marketing, and customer relations.
To show the relationships between big data capabilities, decision quality and IT business value,
we give a conceptual model in Figure 1.
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Figure 1. Big data capabilities in support of business value creation

METHODOLOGY
We used case studies in this research because it can offer an extensive and “in-depth” description
(Yin, 2013) of big data use in practice. Based on the analysis of case studies, the study can
capture and explore a phenomenon not studied in past research, give theoretical reasoning, and
draw inspirations for managerial practice. As the adoption of big data is still at its nascent stage,
this method is suitable to address the research problem.
To provide a better understanding from different aspects well, we selected five exemplar
cases from available public documents, such as industry articles and technology cases journals.
The first-hand and second-hand collected data were both analyzed. In-depth analysis on the
useful public comments and media releases were also conducted. For example, in order to
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describe the use of big data and how big data creates value in marketing field, we used the case
from Sun, Cegielski, & Li (2015) and summarized the key points of big data use.
Case 1: UPS
United Parcel Service (UPS) is the word biggest package shipping company. With the help of big
data age, UPS is conducting the world’s largest operations research called On-Road Integrated
Optimization and Navigation (ORION) to optimize its delivery process.
UPS used business analytics to capture and track package movements and transactions at
its early days. However, it now had to deal with 16.3 million packages data and an average of
39.5 million tracking requests each day. To improve this process, it first uses telematics sensors
to acquire UPS package data in over 46,000 vehicles (Dataflog, 2016). The useful data on
vehicles include engine performance, delivery times, number of stops, vehicle speed, braking and
direction information, fuel consumptions, and traffic patterns to optimal routing. Additionally,
online GPS map data is another an important data source to track drivers’ safety behavior and
habits.
With the support of over 16 petabytes of data, UPS can first monitor each driver’s
performance leads to less safety-related incidents. The more important use of these data is to
reconfigure drivers’ route structures and make driver’s pickups and drop-offs in real time.
Through various forms of big data analytical optimization, more than 8.4 million gallons of fuel
and 85 million miles off of daily routes are achieved.
Case ２: GE
General Electric (GE) is an American multinational conglomerate corporation and ranked as the
6th-largest firm in the U.S. in 2011. It is in an urgent desire for GE to boost industrial growth by
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using cutting-edge technology. Analyzing amounts of data from the machines and putting more
intelligence on machines are an opportunity and also big challenge for GE. In 2012, it started its
$1 billion investment plan on big data and related analytics software.
Customers’ needs of optimizing machines maintenance and repair process also push GE
try to acquire benefits from business analytics. The current equipment in GE are sensor-equipped
machines. GE uses sensors to collect signals on the health of blades on gas turbine engines. Over
500 gigabytes data can be generated by the blade monitor each day. Then big data application
called Predix is deployed to connect to machines. Customized applications could also be set up
on Predix. The purpose to integrate all the sensor data into the big data platform is to reveal
patterns of broken blades happening and correspondingly adjust the gas turbine to achieve its
cost saving purpose.
By analyzing the collected real-time data, real-time control of the equipment can be
achieved. With the results, GE can also provide insights to operate the jet engine more efficiently
and make GE adjust its manufacturing and repair process in case of a break happening. With the
support of big data, GE have greatly increased its services margins, facilitate employees’ work,
and realize more annual savings.
Case ３: Haier
As a star consumer electronics and home appliances company in China, Haier is now a leading
white goods home appliance manufacturer in both China’s local and world’s global markets. Its
products are sold in more than 100 countries today.
Traditionally, it had only one offline retail system, as the firm had not paid sufficient
attention to the growing online market. Recognizing customer relationships in bringing business
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value to the company, it introduces big data technology to its Online-to-Offline (O2O) business
model platform design (Sun, Cegielski, & Li, 2015). The higher frequency of offline interactions
with consumers offers amounts of valuable customer data for use. The technical assistance
provided by big data can be summarized by looking at two aspects. The first aspect is to collect
customers’ preference data. This would give Haier the users' resources and data when it provides
an integrated delivery service for the whole process of delivering home appliances. The second
aspect is the use of the collected data for prediction as part of the decision making process.
The prediction results by big data applications may be used to set future production
targets, the design of new products and marketing activities, among others. After amassing
substantial amounts of customer resources and building a mature supply chain management
system, Haier could precisely predict customers’ consumption preferences, making the
possibility of personalized customization a reality.
Case ４: Sears
Sears is the fourth largest department store in the US. It has long been a leader ahead of most
retailers in investing and adopting leading-edge information technology to solve business
problems dating from early 1980s. The current stage of their work is to build a real-time digital
enterprise.
It takes many approaches to collect useful data. For example, it launched a Shop your
Way Rewards loyalty program in 2011. Because of customers’ engagement in this program, the
personalized data in return are collected during interaction. To integrate the data from customers,
and other sources, such as product information and sales, it is employing big data technologies to
improve the increasing marketing returns and bring potential customers to its stores. The
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customer-oriented analytical applications include personalization, promotion targeting, and
online search optimization. Unlike other companies, it acquires real-time data to eliminate the
issue of missing latency sources. Leveraging the open source platform of Hadoop, Apache Kafka
and Storm, it stores and processing different types of real-time data more efficiently than ever.
The other use of big data capabilities is to decrease the release time of a set of complicated and
targeted marketing campaigns. The improvement has been achieved from eight weeks to one
week, and real-time in the promotion case.
Case 5: United Healthcare
Created in 1977, United Healthcare is health care management company serving over 85 million
people in the U.S. It has pursued analytics application to analyze structured data for many years.
Healthcare data in fact is complicated and requires expertise in different fields. Structured data
and unstructured data are both United Healthcare’s assets. With the new development of big data
technology, it is now more and more focusing on analyzing unstructured data.
Unstructured data such as the calls and video data from customers are great value to get
insights for service improvement. However, it is hard to analyze the unstructured data through
the traditional methods. To overcome this challenge, it first transforms the voice data into text.
The data are stored by using Hadoop and NoSQL database platforms. These text data are further
be analyzed by a variety of tools. The natural language processing software is typical tool that
United Healthcare is using to process the data on a database appliance. Some necessary
interfaces between its statistical analysis tools and Hadoop are also developed. For example,
customers’ attitudes data in recorded voice files from customer calls to its call centers are saved
and analyzed through this way. From the analysis results, United Healthcare can measure the
current service level of customer satisfaction.
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LESSONS LEARNED
1. Implement big data capabilities to improve supplier relations
With the help of big data capabilities, organizations can acquire more suppliers’ credit, cost of
production, and raw resources usage information, and gain leverage over its suppliers. An
integration of real time supplier performance information in a system makes a better
understanding of supplier relationships and key activities, services and deliverables in a supply
chain. The order-to-delivery times can be shortened.
The more important thing of big data use is to provide a better visibility into supplier
quality levels and greater accuracy in predicting supplier performance. This could help firms to
evaluate suppliers’ capabilities. Over time, a maximized value relationship can be developed
with suppliers. The use of big data can also help improve monitoring of the quality of products
and services from suppliers. The analysis results can provide decision support to select the right
suppliers to assume the required tasks. Collaborations between firms and suppliers can also be
improved with the results support.
2. Build big data capabilities to improve production and operations
Gartner (2013) reported that only 8% firms have big data systems in production use. The role of
big data in production seems not received great attention. In fact, “Internet of Things” have
increasingly changed the traditional production pattern and transformed the traditional industries.
To achieve an effective decision-making in production, it requires timely processing of
large volumes and varieties of information from equipment and machines by IT-enabled
supporting, monitoring, and learning systems. With the advent of big data technology, larger
volumes of data from production can be collected and analyzed faster than ever before. Using big
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data increases production throughput or service volumes. Big data facilitates the traceability to
the machine level and provides operations managers with better visibility. The data analysis
results can be used to improve operating flexibility and enhance utilization of machinery and
equipment. The productivity of labors can also be improved through this process. The business
processes and production workflows can be streamlined with the analysis results.
3. Adopt big data capabilities to enhance service level
The process of service delivery is the last step to fulfill the order. Service level plays a
substantial role for customer satisfaction and their continuance of purchasing. In this dancing,
rugged, and competitive landscape, internal operations and external environment of the firm
exacerbate the uncertainty for prediction of service level. Big data gives an effective approach to
deal with this hard issue. One typical case is that firms are actively collecting data by conducting
customer experiments to develop and test new products. The feedbacks of the design and user
experience are valuable to increase the service level. These can provide service and support to
satisfy customers’ need faster. The analyzed data can truly support the service level.
4. Develop big data capabilities to realize effective sales and marketing
In this more volatile business environment, firms face the challenge of making effective strategic
decisions so as to cope with the market unprecedented turbulence and create the emerging
business opportunities. Some organizations might have already been handling big data for years.
However, the current unique big data capabilities that make this era of big data more different.
For example, with the help of analytical and predictive capability of big data, managers can
easily get the visualized output and extracted insights. Then, firms can determine pricing
thresholds in different marketing segments and build the sales model.
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The ideal marketing is to sell the right product to customers at the right time with the
right price. Collecting and analyzing amounts of marketing data raise the possibility to
understand and predict customer behavior and set corresponding marking strategy (Rust, Lemon,
& Zeithaml, 2004). Big data provides an approach to use these data and make better sales and
marketing decisions.
The social media listening, recommendations, fluctuations in pricing, and past purchase
transactions all can be monitored by big data technology. As is acknowledged that the basic
technical function of big data is to process the structured data especially transactions data in
volumes. At this level, big data has the capability to uncover valuable correlations among these
data. By unlocking the customer insights, firm can take measures to increase sales. The basic
statistical function of big data can enhance the marketing decision in forecasting the price of
commodities and figuring out what consumers want. Firms can also set their strategic pricing
response decision.
5. Employ big data capabilities to improve customer relations
Customer data appear in various types. The most commons forms are video, text, and voice.
Customer purchasing data might be the most common structured data to analyze and customer
information generated from social networks is the most popular unstructured data for use. These
data might come from e-mail and log files. They may also even be transient data such as
digitally-borne TV broadcasts and telephone conversations.
In fact customers today have more knowledge towards products and services selection
than ever before. It is hard to acquire customers’ need information and make an effective
decision to satisfy them in the current business environment. The emergence of big data provides
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a good solution to solve this issue. In fact the role of big data in better serving customers has
been highlighted by many scholars. For example, Schroeck et al. (2012) emphasized that big data
is used to target customer-centric outcomes and make the organization more customer oriented.
With the help of big data technology, marketers can sense copious data generated in
transactions and gauge useful customers’ information to make better decisions. For example, the
sentiment analysis of messages in social networks and text messages can be conducted to get
customers’ preference. The valuable business insights can be uncovered by the predictive
capability of big data. For example, by analyzing the social media data, firms can predict
customers’ web behaviors. By unearthing valuable information from these data, firms can have a
better understanding of customer needs and better serve customers. The after-sales service and
support can also be improved, which could also leads to a better relation between firms and
customers.
CONCLUDING COMMENTS
To summarize the function of big data in business, big data capabilities can be categorized with
three aspects, analytical capability, and predictive capability, and decision support capability.
The adoption and use of big data provides a good approach to improve organizational
performance. The direct effect of big data use is to improve decision quality. The analysis results
by big data applications can be used to help organizations enhance business activities
performance and achieve competitive advantage.
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ABSTRACT
We have developed a comprehensive pedagogical solution that aims to equip Information
Systems (IS) students with the knowledge and real-world experience in the area of web
application security. Our solution covers a broad spectrum of programming principles, database
issues, and various technologies. Our primary goal is to enhance IS pedagogy with theory
embedded and hands-on driven materials that will help instructors teach courses with a cyber
security emphasis. Our contribution lies in threefold: 1. Current and future Information Systems
(IS) personnel and management need to understand SQL Injection, cross-site scripting (XSS),
and other web-originating information security vulnerabilities. These can have severe negative
impacts, and minimizing these threats is an important consideration for application developers. 2.
Coupled with the virtual environment, the Open Web Application Security Project (OWASP)
offers a robust amount of information on this subject and is an excellent starting point in the
creation of lecture, demonstration, and student practice on the subject. Using OWASP resources
and active software examples is an effective and efficient method to teach IS students on
potential security breaches and their prevention. 3. Assessment is an integral part of teaching, as
it determines whether or not the goals of education are being met. Essentially, assessment allows
us to evaluate the internal validity of our pedagogical design. In this paper, we propose a
framework that is comprehensive, yet flexible in satisfying various needs of assessment. All of
the components have been implemented in our courses and are available upon request.
Keywords
cybersecurity, SQL injection, virtual machine, cross-site scripting (XSS), enterprise security
API, OWASP, IT security education, assessment.
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INTRODUCTION
Many studies have acknowledged the immediate and long-term benefits of instilling operational
exercises, along with concepts and theories, in computing security education (Abler et al, 2006;
Denning, 2004; O’Leary, 2006; Schweitzer and Boleng, 2009). Further, IT Security is a major
concern in many organizations, especially those providing web-based access to their systems.
Although security measures like SSL and firewalls provide important protection measures, these
do not go far enough in addressing vulnerabilities that exist via inputs from users on browsers, as
shown in Figure 1. The two most common such vulnerabilities are SQL Injection and Cross Site
Scripting (XSS). SQL Injection, or SQLi, and cross site scripting attacks happen frequently and
can be very damaging. In 2016, researchers found backdoor that accessed Facebook employee
passwords (SCMagazine, 2016). The first Cross Scripting attack on October 4, 2005, was called
the “Samy Worm”. The target was the personal profiles for 32 million users in MySpace.
MySpace had to shut down to fix the attack (Grossman 2007).

Figure 1: Vulnerabilities Preventing Firewall from Protecting Computing Security

These and other security attacks and vulnerabilities have made it increasingly important to
improve educational coverage of IT security issues in core Information Systems curricula. This is
true in the managerially oriented coursework, in which best practices and security policy
formation would be discussed, and also in the technical coursework such as software
development courses, in which students should learn about effective coding techniques for
preventing SQL injection, XSS, and other security threats.
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Traditionally, computer programming classes that include security components have
concentrated on the development of security algorithms. But for an Information Systems
curriculum, unlike a computer science curriculum, students typically do not gain sufficient
coding skills to be able to implement these algorithms; nor should this be necessary from a
practical perspective. Rather, a more appropriate venue for these students would involve training
in how to utilize existing class libraries and methods for securing their software applications. It is
also important for students to know how to set up the testing environments, either a readily
available appliance or a fresh start customized virtual network, so as to run and evaluate the
effectiveness and impacts of their products.
In this paper, we explore the use of the virtual machines, the Open Web Application Security
Project (OWASP), and the Enterprise Security API (ESAPI) for teaching students about the best
practices for secure coding as well as the use of pre-existing security classes and methods.
SETTING UP THE LAB ENVIRONMENT
Before the students can start operationalizing OWASP techniques and libraries, a computing
environment that closely simulates physical network infrastructures must be available. This
requirement is critical because, without a “real-world” oriented testing lab setting, the projects
lose their connections to reality, and thus creating gaps between what is learned in a classroom
and what is done in an organization. Hence, we propose an option of using Mutillidae for web
security education. Although Mutillidae offers unique benefits, it does have several downsides.
For example, despite having a user-friendly Graphic User Interface (GUI), it would be a daunting
task if students are instructed to install Mutillidae on their personal computers, which may come
in different forms with various settings that require a longer time to troubleshoot. How to wield
such weapon is up to the instructors who have accurate information about where to teach and
who the audiences are. Such option requires desktop virtualization software including, but not
limited to, VirtualBox, VMWare, and Hyper-V. In this article, we created the examples using
VirtualBox (VB).
This one-stop service web security suite is the second most frequently used penetration testing
technologies right after Burp Suite. Created by OWASP, Mutillidae combines top-ranked online
threats into a server image where people can test each threat against web services such as PHP
server and MySQL server. It also provides a comprehensive knowledge base and tutorials that
walk students through the concepts and illustrations of each web security threat. Instructors can
develop his/her own materials using such knowledge base, and thus deliver a consistent and
rigorous teaching portfolio that keeps students engaged.
To set up Mutillidae, we need to follow these steps: 1. Install a virtual machine (e.g., Windows
7) using VB. 2. Inside the new virtual machine, install Mutillidae package along with XAMPP.
XAMPP is an appliance that enables open source web services such as Apache, MySQL, PHP,
and TomCat. 3. Install a second virtual machine as the hacker computer. For simplicity purpose,
we could use Kali – a Linux-based penetration testing operating system. 4. Access Windows 7
XAMPP services in Kali and conduct security exercises, as shown in Figure 2.
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Figure 2: Accessing Mutillidae from Kali

THE OPEN WEB APPLICATION SECURITY PROJECT (OWASP)
Many different types of potential security issues exist for any business application. The Open
Web Application Security Project (OWASP) is an open source community that targets web
application security issues and provides resources to help people prevent them from occurring.
Periodically, OWASP documents a Top 10 list of web application risks (OWASP, 2010), based
on a rating methodology centered on two main components: the threat agent and the system
vulnerability. Threat agent factors include skill level, motive, opportunity and size. Vulnerability
factors include ease of discovery, ease of exploit, awareness, and intrusion detection. Figure 3
illustrates the metrics particularly as they are applied to vulnerabilities. In this figure, we see that
there is much unknown about the threat agents themselves; as for the business impacts, these
depend on the particular needs and circumstances of the organization involved. So, the primary
considerations that come into play are the vulnerabilities themselves, which include the attack
vectors (e.g. input tags on HTML forms), the system weaknesses (e.g. injection flaws, coding
holes, insufficient authentication, etc.), and the technical impacts of exploitation. Indeed some of
these elements tie into the threat agents themselves. For example, the prevalence and
detectability of system weakness impacts the opportunity and motive of the agent; the easier the
system is to exploit, the greater the likelihood that the agent will continue to pursue his or her
exploitation attempt.

Figure 3: OWASP Metrics for Evaluating Web Application Security Risks (from OWASP Top 10)
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According to the OWASP 2010 Top 10 ratings, SQL Injection Flaws are the number one risk,
most notably because they are so easy to exploit and the technical impact of exploitation is so
severe. Cross site scripting vulnerabilities are second on the list largely because they are
extremely prevalent in web applications and they are also very easy to detect.
OWASP provides cheat sheets for each of the various web risks. The details in each cheat sheet
vary but some of the items that may be included in each are an introduction that describes the
risk, risk defenses, prevention measures that do not work, rules, and general recommendations.
Cheat Sheets may include best practices to minimize a risk from occurring and include excellent
links to related articles.
The SQL Injection prevention cheat sheet is particularly good (OWASP, SQL Injection
Prevention Cheat Sheet). This cheat sheet includes an introduction, primary defenses, and
additional defenses. The introduction describes SQL injection prevention methods that are
available to minimize potential issues with end-users inputting invalid data and the use of
dynamic queries by programmers. The following are the defenses and examples listed on the
web site:
Primary Defenses
 Option #1: Use of Prepared Statements (Parameterized Queries)
 Option #2: Use of Stored Procedures
 Option #3: Escaping all User Supplied Input
Additional Defenses:
 Also Enforce: Least Privilege
 Also Perform: White List Input Validation
The various defenses from the SQL Injection Prevention cheat sheet are presented using several
different programming languages. For the purposes of this paper, the focus will be on the Java
examples. Not all of the Cheat Sheet Java code required is included in the examples below. For
all of the Java code needed, refer to the OWASP SQL Injection Prevention web site. The
following is a basic dynamic query in Java.
String query = "SELECT account_balance FROM user_data WHERE user_name = " +
request.getParameter("customerName");
The variable called customerName is where the information entered by an end-user on web page
is stored and used by the query. If the user enters something like Tom' or '1'='1 the statement
will executed as
SELECT account_balance FROM user_data WHERE user_name = 'Tom' or '1' = '1'
which will always work since 1 is always equal to 1. Of course this is not what the
programmer intended to happen.
The use of parameterized of queries is the first option that should be used to minimize SQL
injection. A parameterized query will treat what is entered by an end-user like it has quotes
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around it and literally look for a customerName of 'Tom' or '1' = '1' . Of course there will not be
a customer with that name so the query will not process as SQL injection but as a query looking
for a customer name of 'Tom' or '1' = '1'. An example of a Java parameterized query that revises
the dynamic query on the website follows where the ? is where the parameter will be added:
String query = "SELECT account_balance FROM user_data WHERE user_name = ? ";
The use of stored procedures is the second option that should be used to minimize SQL injection.
Like a parameterized query, a stored procedure query will treat what is entered by an end-user
like it has quotes around it and literally look for a customerName of 'Tom' or '1' = '1' (as long as
the stored procedure is implemented correctly). Of course there will not be a customer with that
name so the query will not process as SQL injection but as a query looking for a customer name
of 'tom’ or '1' = '1'. An example of a Java stored procedure query that revises the original
dynamic query on the website follows where the stored procedure will be used. The stored
procedure must be already created on the database server and accept the customerName as a
parameter.
The use of escaping is the third option that should be used to minimize SQL injection. OWASP
provides a free API that you can download called ESAPI (The OWASP Enterprise Security
API). This API will encapsulate anything passed to it with a single quote on each side of it and
like a parameterized query and stored procedure, the query will literally look for a
customerName of 'Tom' or '1' = '1' . Again, there will not be a customer with that name so the
query will not process as SQL injection but as a query looking for a customer name of 'Tom' or
'1' = '1'.
In addition to either using parameterized queries, stored procedures, or escaping, validation and
white list input validation should be incorporated into a web application Validation is where you
verify that the data entered into a form is reasonable. For example when expecting a zip code
only numbers should be allowed. White list input validation is where you explicitly state what is
acceptable in a field in a form. For example, a last name may only include upper and lower
cases letters, hyphens, and single apostrophe. If anything else is input, an error message would
be displayed.
The Cross Site Scripting (XSS) Cheat Sheet is also very good. This cheat sheet includes an
introduction and eight prevention rules. The introduction includes information on XSS untrusted
data, escaping or encoding, Injection theory and escaping up or down, prevention model. The
following eight prevention rules are listed on the web site:






Rule 0 - Never Insert Untrusted Data Except in Allowed Locations Option #2: Use of
Stored Procedures
Rule 1 - HTML Escape Before Inserting Untrusted Data into HTML Element Content
Rule 2 - Attribute Escape Before Inserting Untrusted Data into HTML Common
Attributes
Rule 3 - JavaScript Escape Before Inserting Untrusted Data into JavaScript Data Values
Rule 4 - CSS Escape And Strictly Validate Before Inserting Untrusted Data into HTML
Style Property Values
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Rule 5 - URL Escape Before Inserting Untrusted Data into HTML URL Parameter
Values
Rule 6 - Use an HTML Policy engine to validate or clean user-driven HTML in an
outbound way
Rule 7 - Prevent DOM-based XSS

In addition, OWASP provide excellent PowerPoint slides in their Presentation web page
(OWASP, Category: OWASP Presentations). There are numerous presentations on SQL
Injection and other topics.
OWASP’S ESAPI AS AN EDUCATIONAL TOOL FOR TEACHING SECURE CODING
PRACTICES
There have been many attempts to incorporate secure coding practices into information systems
and computer programming curricula. Ralevich and Martinovic (2010) describe an IS security
curriculum for which one of the major goals is that students will be able to develop secure
programming solutions in object-oriented and procedural programming languages. Taylor and
Kaza (2011) presented a coding project specifically geared to various security injections, with
the idea to instill a “security mindset” in the student population, and found that student
awareness of security coding concepts improved significantly as a result. Although security is an
increasing focus in many undergraduate IS programs, most secure coding content is done via
computer science courses (Perez et al, 2011), which tend to focus on higher-level programming
skills for actually implementing security-related algorithms. This material may be too technically
demanding for the average information systems student.
For most IS students, the important technical question is not how to implement a security
algorithm, but how to recognize and use the appropriate algorithms for mitigating an
organization’s IT security vulnerabilities within their software applications. This is where the
OWASP Enterprise Security Application Programmer Interface (ESAPI) can be of great
assistance as a pedagogical tool.
The ESAPI is a library of classes and functions developed by members of the OWASP
community that address the major vulnerabilities typically found in web-based applications.
Figure 4 shows the overall ESAPI architecture. While the ESAPI library supports a wide variety
of security needs, in this paper we focus on the top two vulnerabilities identified by OWASP:
SQL Injection and Cross Site Scripting.
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Figure 4: OWASP’s Enterprise Security API (Williams, 2008)

As you can see, the ESAPI includes classes that address a wide variety of security concerns,
including authentication, access control, input validation and encoding (which will be discussed
in detail below), encryption, user logging, and intrusion detection. This library is not intended as
a substitute for a particular framework’s existing security features, but instead as a supplement.
The library is currently available for Java and PHP, and there are efforts by the OWASP
community to extend it to .NET.
Because it is free, is accompanied by a strong supporting contingent of OWASP methodologies
and best practices, and is very to use, the ESAPI serves as an ideal pedagogical framework for
teaching secure programming practices. In the following two sections, we address OWASP and
ESAPI approaches to the top two web security risks: SQL injection and cross site scripting.
From a pedagogical perspective, an initial presentation on the OWASP definitions and
information is a great way to start people’s education. The concepts can be strongly reinforced
by a demonstration that shows on how easy it is to make a successful attack. It is one thing to
describe how easy SQL Injection can be used in a negative way; it is another to actually
demonstrate that fact. The students’ awareness of the ease of something like SQL Injection
increased significantly based on the classroom response after they saw SQL Injection for the first
time. Lastly, a hands-on piece would be ideal to reinforce the concepts even more.
SQL Injection Examples
SQL injection flaws are currently ranked as #1 on OWASP’s Top 10 risk list. Figure 5 illustrates
OWASP’s ratings on the important vulnerability indicators for SQL injection.
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Figure 5: OWASP’s assessment of SQL Injection risk (from OWASP, Top 10 – 2010)

Before showing a SQL Injection example it is important to spend some time reviewing the
concept of SQL and how injection can occur. SQL is the mechanism needed to select, update,
insert, and delete records in a Relational database such Microsoft’s SQL Server or Oracle. In
general, the term injection refers to inserting characters into a string in the attempt to break out of
a data context and into a code context. In the case of SQL injection, this involves characters with
special meaning to a SQL database engine. In the case of XSS, it involves characters with special
meaning to web browsers. SQL Injection can occur when an application requires end-users to
complete a form where the input from the form is used to dynamically generate a SQL statement.
When an end-user enters data in the way that it was intended (i.e., the user name includes only
valid last user name type characters), the SQL statement will perform as desired and expected.
However, SQL Injection occurs when an end-user enters special characters in a form in an
attempt to cause a SQL statement to perform in a manner that was not intended (notice in the
examples below, an extra quote and hyphens were added). There are several other
considerations, such as permissions, that will impact of the effect of the SQL statement but this
illustrates the main concern: SQL Injection can cause an application to execute SQL that was
not intended.
For the purposes of the following example a typical login screen will be used with Java as the
programming language and SQL Server as the database. Initially, the login screen will appear
like the following figure.

Figure 6: Typical User Login Screen

Initally the Java code will use a dynamic query that is written as follows where LoginCredentials
was table created to emmulate the storage of a username and password, and EmployeeID a link
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to an Employee table. None of the data is encrypted for the purposes of the example in order to
show the actual query results.
String SQL = "SELECT USERNAME, PASSWORD, EMP_ID FROM
[LoginCredentials] where USERNAME = '" + userName + "' and PASSWORD = '" +
passWord + "'";
If a valid username and password is entered as shown in the following figure:

Figure 7: Legitimate User Login

The dynamic query will run as SELECT USERNAME, PASSWORD, EMP_ID FROM
[LoginCredentials] where USERNAME = 'colecb' and PASSWORD = 'colecb'.
However, if SQL Injection is attempted as shown in the following figure

Figure 8: SQL Injection Attempt

The dynamic query will run as SELECT USERNAME, PASSWORD, EMP_ID FROM
[LoginCredentials] where USERNAME = '' or 1=1 --' and PASSWORD = ''. Notice in the code
above that everthing is commented after the 1=1 statement thus the statement is really processed
as SELECT USERNAME, PASSWORD, EMP_ID FROM [LoginCredentials] where
USERNAME = '' or 1=1. The results are that anyone could login to the system this way.
If we change the dynamic query to a parametrized query the query will run as SELECT
USERNAME, PASSWORD, EMP_ID FROM [LoginCredentials] where USERNAME = ? and
PASSWORD = ?. The login used in this attempt will not work since the query looks for a user
name of ' or 1=1 and one does not exist.
An invalid login will also occur if a stored procedure is called from Java that looks like the
following:
PROCEDURE [dbo].[sp_getUserName] @UserName varchar(25), @Password
varchar(25) AS BEGIN
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END

SELECT USERNAME, PASSWORD, EMP_ID FROM [LoginCredentials]
where USERNAME = @UserName
and PASSWORD = @Password

Escaping is the third option to consider as a way to minimize the possibility of SQL Injection,
but according to OWASP this should be a last resort (OWASP, SQL Injection Prevention Cheat
Sheet). The term escaping (also called encoding) refers to a programmatic means of converting
code-triggering characters in strings to harmless (i.e. data context) characters. If the effort to
update a legacy system to parameterized queries or stored procedures is too time consuming or
risky, then escaping should be considered. Remember that OWASP provides an API for these
purposes. The following figure shows a possible input of the string ' or 1=1 --. The first
System.out.println example uses escaping and the second one does not.

Figure 9: Java Code Containing OWASP ESAPI Library Call for Encoding SQL

Notice that the figure below displays the output of the initial string in two ways. The first
example below shows the SQL with the API. Notice that this code cannot be used for SQL
Injection. The second example shows the SQL without escaping. This condition allows for the
possibility of SQL Injection.

Figure 10: Output of Encoded and Unencoded Strings from Figure 7’s code

It is worth noting that the SQL presented above does not include sophisticated or advanced
statements; they are basic ones that are taught in any introductory database class. People abusing
SQL Injection can be performed by anyone who knows basic SQL.
Cross Site Scripting Examples
Cross site scripting (XSS) is currently #2 on OWASP’s Top 10 risk list. Figure 11 illustrates
OWASP’s ratings on the important vulnerability indicators for XSS.
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Figure 11: OWASP’s Assessment of XSS Risk (from OWASP, Top 10 – 2010)

XSS vulnerabilities are especially prevalent in web applications that allow HTML and/or
JavaScript to be input by end users. Social networking sites and email applications are two
common examples. In this section, we consider an example of a job posting site (like a
monster.com) in which job applicants submit information about themselves including a resume,
and employers search for and read the information input by the applicants. In this scenario, we
imagine that a job applicant (the threat agent) inserts HTML and JavaScript code into his or her
posted resume, and we explore the potential impact that this action can have. We follow with a
simple OWASP ESAPI object reference and method call that mitigates this intrusion attempt.
Consider a job applicant page in which the user enters a name, email address and “About Me”
blurb, which could be a resume and/or other personal information about the job applicant.
Assuming the About Me posting is a large enough text area on the web page, a user might enter
quite a bit of text. Figure 12 illustrates such a page. Note that the user has entered HTML and
JavaScript code into the About Me area.
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Figure 12: Example XSS Code Attempt by Evil Job Candidate (HTML form with JavaScript)

In the above web page, the user has inserted an HTML form with a Submit <input> tag, along
with a <script> tag with a JavaScript function that will be invoked when an unsuspecting user (a
potential employer in this example) clicks the button. When the user submits this information,
the web application will insert it into the database. As a result of this input, and in the absence of
preventative validation and/or encoding measures in the web application itself, the host’s
database will store the About Me information exactly as entered.
Note that none of the items in this entry involve SQL injection attempts. Unlike the examples
from the previous section, there is no danger of doing damage to the web application host
environment by injecting into the SQL engine itself. Therefore, the precautions mentioned above
are of no use. Parameterized queries are important for preventing SQL injection, but are useless
for preventing XSS.
An employer who subsequently logs in may be presented with a list of job candidates, as
shown below.

Figure 13: Unsuspecting employer selects a job candidate to look for

Selecting an innocent job candidate may result in display of that person’s information:

Figure 14: Selecting a Legitimate Job Candidate Results in Information Display from Database
Query

But selecting the hacker who entered the HTML and JavaScript would produce this result:
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Figure 15: Selecting the Evil Candidate Results in XSS Injection Code Displaying the Form and
Button; Clicking the Button Sends Sensitive Data to the Bad Guy’s Web Site

The Push Me button is a classic example of social engineering, an attempt to manipulate the
employer’s behavior (Workman, 2007). If the employer pushes that button, his or her email and
password will be sent to the hacker’s web site, where it could be stored into a database and/or
used for further nefarious activities. Note that social engineering is not necessary for XSS; it was
only used in this example for illustrative purposes.
The solution for this particular example is to perform what is commonly called escaping, or to
use another term, encoding. For example, OWASP’s Java-based ESAPI includes an Encoder
interface (implemented by a DefaultEncoder class). This interface includes methods for a wide
variety of encodings, including SQL, HTML tags and attributes, JavaScript, CSS, LDAP, URL,
XML tags and attributes, and XPath. (OWASP, Java API documentation). In general, these
encoders work by converting the symbols that could be used for injection of the relevant
interpreters into harmless substitutes; i.e., mitigating the threat agent’s attempt at converting a
data context into a code context. For example, key HTML injection symbols include the open
and close angle brackets “<” and “>”. HTML encoding converts these symbols into “&lt;” and
“&gt;” respectively (http://www.w3schools.com/html/html_entities.asp).
For, example, assume this was the original code for inserting a job applicant’s data into the
database via a parameterized SQL statement and parameter settings:

Figure 16: Unprotected Code Setting SQL Parameters Directly from Form Fields

The following change to the code mitigates the injection attempt by encoding the HTML
symbols:
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Figure 17: Utilizing OWASP ESAPI HTML Encoding Functionality

The resulting HTML encoding will result in the database containing this data instead of the
original data entered by the job applicant:

Figure 18: Resulting String Stored to Database Replaces HTML Symbols with Their Encoded Values

Therefore, the display that will occur to the employer when selecting the hacker will look
like this:
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Figure 19: Malicious Injection Attempt Becomes a Harmless Display on Employers Screen

In this simple case, the solution was to perform HTML encoding, which is what the
encodeforHTML method does. According to OWASP the best practices recommendations,
HTML entity encoding by itself is not sufficient for guarding against XSS risks (OWASP, XSS
Cross site Scripting Prevention Cheat Sheet). But it is one tool in a web developer’s arsenal, and
when used in conjunction with other tools and techniques, it can help minimize these kinds of
threats. It is also important to consider that sometimes a web developer may want users to be
able to enter certain (but not all) HTML and even JavaScript code. For these purposes,
OWASP’s ESAPI includes an HTML policy engine and sanitizer that can be used to selectively
allow a subset of HTML symbols and/or JavaScript functions (Weinberger et al 2011). Once
students learn the methodologies espoused by OWASP and gain practice in using the simpler
classes of the ESAPI library, they can get more advanced experience by utilizing the policy
engine and sanitizer provided for more refined encoding and validation.
ASSESSMENT
Assessment is essential not only to guide the development of individual students but also to
monitor and continuously improve the quality of programs, inform prospective students and their
parents, and provide evidence of accountability to those who pay our way (Gardiner, 1994).
Further, educational assessment seeks to determine how well students are learning and is an
integral part of the quest for improved education. It provides feedback to students, educators,
parents, policymakers, and the public about the effectiveness of educational services (Glaser et
al, 2001). Following these notions, we developed an assessment strategy that is operationalized
using two methods: Framework of Objective Evaluation and Embedded Assessment. The
framework precedes embedded assessment because it defines learning objectives, identifies
critical knowledge domains, and builds a scaffolding map to associate objectives with knowledge
domains. As Table 1 indicates, we created the framework with a clear objective in mind –
specify and measure tangible learning outcomes that students will take away from this course.
Table 1. An Example of Framework of Objective Evaluation
Course Objectives
1. Describe and
analyze
the
hardware, software,
components of a
network in the
context of web
application security.
2. Learn how to
conduct
independent

Homework
Assignment
Problem
Case
Solving Analysis

Labs
PenTesting

Individual
Tests
Semester Projects
Projects
System
Forensics &
Concepts Hands- Vulnerability Solution Knowledge
Hardening Incident Response
on
Assessment Design Integration

√

√

√

√

√

√
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√

√

√

√

√

√

√

√

research on subject
matters that lead to
applicable
techniques helping
you analyze the
impact of changes
on existing systems.
3. Manage multiple
operating systems,
systems software,
network
services
and
security.
Evaluate
and
compare
systems
software
and
emerging
technologies.
4. Identify web
application
components and the
roles they serve.
5. Develop
solutions for
networking and
security problems,
balancing business
concerns, technical
issues and security.

√

√

√

√

√

√

√

√

√

√

√

√

√

√

√

√

√

√

√

√

√

√

√

√

We suggest two options when it comes to assessment instrument: embedded test and dedicated
instrument. Embedded test is integrated with the currently used assessment tools such as quizzes,
exams, and projects. One major benefit is that it implicitly measures students’ learning
performance without their realization of the existence of assessment action, hence ensuring the
face validity. The downside is that the post-hoc analysis could be time-consuming as instructors
need to identify and pinpoint each instrument item unless a systematic mechanism is in place
before the distribution of embedded tests. The dedicated instrument allows an instructor to
conduct a before-and-after experiment to measure students’ learning performance. At the
beginning of the semester, a test is given to the class. The same test is provided to students again
when they almost complete the course. By comparing the results of two tests, instructors can
quantitatively explain how teaching materials improve learning experience at the course level.
Table 2 below shows an example of embedded test.
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Table 2: An Example of Embedded Test
% Exemplary
Knowledge
Paradigm

% Proficient

% Marginal

% Unacceptable

Objective

2014

2015

2016

2014

2015

2016

2014

2015

2016

2014

2015

2016

Goal
(70%)?

Difference
(2016 &
2015)

Definitions
Concepts

1, 2, 3, 4, 5

9%

6.5%

7%

61%

65.6%

63.5%

25%

27.8%

28.7%

1%

<1%

1%

Yes

NMD

Analysis

1, 2, 3, 4, 5

17%

13.1%

15%

58%

57.4%

58%

18%

29.5%

26%

6%

<1%

1%

Yes

NMD

Conceptual/Logi
cal Design

2, 3, 4

17%

18%

15%

60%

65%

67%

20%

17%

16%

3%

<1%

2%

Yes

NMD

Pen-Test

1, 2

20%

18%

18%

60%

65%

66%

12%

17%

15%

3%

<1%

1%

Yes

NMD

Infrastructure

2, 3, 5

17%

36%

29%

60%

61%

64%

20%

2.8%

5.6%

3%

<1%

1%

Yes

NMD

Vulnerability
Analysis

2, 3

17%

55.7%

45%

60%

42.6%

44%

20%

1.6%

9%

3%

<1%

2%

Yes

NMD

Case Analysis

3, 4

20%

36.1%

38.7%

50%

61%

59%

25%

2.8%

2%

5%

<1%

<1%

Yes

Slightly
Improved

Incident
Response

3, 4, 5

20%

55.7%

43%

50%

42.6%

45%

25%

1.6%

11%

5%

<1%

1%

Yes

NMD

Hardening

4, 5

8%

36.1%

33%

70%

61%

58%

20%

2.8%

8%

2%

<1%

1%

Yes

NMD

Design
&
Implementation

Notes:
 Knowledge Integration: Evaluated by a term project in 2016 Spring.
 Exemplary – A or 90% and above; Proficient – C or 70% and above.
 NMD – No Major Difference
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CONCLUSION
Our pedagogical solution solves urging and concrete problems in computing security education:
How to combine theories/concepts and hands-on activities that effectively convey the knowledge
about defending against web security threats in classrooms? How do we assess students’ learning
outcomes that are associated with each objectives embedded in the teaching strategy? Are
students learning what they are supposed to be learning? Is there a way to teach the subject
better, thereby promoting better learning? The design of our solution, including both
instructional materials and assessment framework, offers a significant amount of information that
includes guidelines and recommendations related to security risks, and software tools and
libraries which enable programmers to put these guidelines into practice. Nevertheless, this paper
has only scratched the surface on the types of possible security attacks and the information
available. Using the OWASP is an excellent resource and should be considered when training
students about best practices with regard to securing web applications. Additional training using
demonstrations and hands-on exercises will enhance the learning experience. As shown in the
SQL Injection and Cross Site Scripting demos, these threats can be easy to implement but
equally as easy to minimize or eliminate. It will be less costly if people understand how to write
code correctly so that they will not have to rewrite them or allow the business to suffer as a result
of web attacks. Integrating the knowledge and skills OWASP provides, along with the security
features of the ESAPI, into a school’s IS curriculum helps prepare students to respond effectively
to the information security threats they will encounter throughout their professional lives.
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ABSTRACT
Boycotts occurs more frequently in recent decade when the corporate wrongdoing is exposed
(e.g., McDonald’s and Volkswagen). According to self-determination theory, the
internalization play a vital role on the change and maintain of behavior and well
internalization usually represents that behavior is performed more regular. In this study, the
authors investigate the internalization of value and meaning of boycotts participation through
the perspective of self- determination theory. In addition, the authors argue that when the
autonomy-supportive communication is provided, it triggers individual to consider the benefit
of boycotts participation and it result in the satisfaction of basic psychological needs and well
internalization of value and meaning of boycotts participation. To estimate the effect of
autonomy-supportive communication, the authors borrow ideas from elaboration likelihood
model to distinguish the conditions of autonomy-supportive communication. The results
revealed that the autonomy-supportive communication has positive effect on basic
psychological needs and boycott participation, furthermore the satisfaction basic
psychological needs mediated the effect of autonomy-supportive communication on boycotts
participation. The implication of findings and future research are discussed in the final parts.

KEYWORDS
Boycotts, Autonomy-supportive communication,, Elaboration likelihood model
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INTRODUCTION
Consumers’ attitudes toward the company are learned based on the information received from
the companies. In other words, attitudes can be viewed as an internalization of the
information. Internalization is not only emphasized in managerial field, but also in other fields
(e.g., education, religion, and etc; Deci and Ryan, 2012). When individuals perform some specific
behaviors (e.g., prosocial behavior) regularly, that represents the meaning and value of
behavior have been internalized (Deci and Ryan, 1985, 2000). Besides the positive propaganda
launched by the company to foster positive attitude, in recent decades, numerous corporate
wrongdoings would also impact consumers’ attitude (e.g., McDonald’s in Japan, Ding Hsin in
Taiwan, and etc). Corporate wrongdoings usually trigger various consumer response, such as
boycotts. Boycotts is the worst result to the company with its negative impact. For example,
the company might encounter losing of market shares, decreasing of profit, and consumer
distrust (e.g., Puzakova, Kwak,and Rocereto, 2013). To consumers, the boycotts is an efficient way
to benefit themselves such as shaping a better environment (Dickinson and Hollander, 1991).
Although there are numerous corporate wrongdoing occurs, and it also leads to numerous
boycotts. However, some boycotts could reach its goals, others struggle for it. For example,
McDonald’s in Japan has been found to use problematic material several times, it triggers the
boycotts of McDonald's in Japan and it results in huge lost of market share and profit for
McDonald’s in Japan.
Here, the authors argue that the crucial factor affects the success of boycotts is the degree
of internalization of the boycott event. That is, does consumer internalize the meaning and
value of boycotts? For example, Volkswagen has been found to cheat the examination of
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emissions, but limited boycotts was initiated. The authors believed that one of the primary
causes is that the consumers have not internalized the meaning and value of boycotts toward
Volkswagen. To the authors’ knowledge, most boycotts research focuses on belief and
attitude (e.g., Hoffmann, 2013; Klein, Smith,and John, 2004; Sen, Gurhan-Canli,and Morwitz, 2001),
however, the internalization in boycotts research has be examined rarely. With the
acknowledgement that internalization is estimated rarely in boycotts research, the authors
attempt to bridge this gap on the foundation of self-determination theory (SDT; Deci and Ryan,
1985, 2000).

Based on SDT, the degree of internalization could be grasped through the motivation types
(Deci and Ryan, 1985, 2000). In general, the motivation is distinguished into intrinsic and
extrinsic motivation. However, (Deci and Ryan, 1985) proposed a different taxonomy of
motivation which distinguishes the motivation into autonomous and controlled motivation.
Autonomous motivation reflects well internalization. Furthermore, (Deci and Ryan, 1985; 2000)
delineated the relationship between basic psychological needs and motivation, whereas the
basic psychological needs is the nutriment of internalization. For example, honesty is an
emphasized human value and individuals are required to be honest. When basic psychological
needs are satisfied, honesty becomes one part of individuals’ self and it results in stable and
regular honest behavior (i.e., autonomous motivation). However, when the basic
psychological needs are not satisfied, the purpose of honest behavior is to get reward or avoid
punishment and directed by controlled motivation (i.e., the meaning and value of honesty is
not internalized well). Research has provided support on the relationship between basic
psychological needs, internalization, and motivation types (e.g., Deci et al., 2001).
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According to SDT, the antecedence of satisfaction of psychological needs is autonomy
support which plays an vital role on the development of autonomous motivation (Deci and Ryan,
1985, 2000). Autonomy

support is consist of three characteristics including individual’s

perspectives is understood, offering opportunities for self-initiation, and providing meaningful
information. Furthermore, autonomy support functions when the three characteristics occur
simultaneously, otherwise autonomy support will not functions (e.g., Deci and Ryan, 1985; Deci et
al., 2001).

Recently, some marketing researcher started to used SDT to explain marketing

phenomena. For example, (Sweeney, Webb, Mazzarol, and Soutar, 2014) demonstrated that the
pricing strategy which used to encourage energy saving is based on controlled motivation
rather than autonomous motivation. Furthermore, (Sweeney et al., 2014) suggested that SDT
could provide an insight on the encouragement of energy saving. The results supported their
idea and showed that the satisfaction of basic psychological needs is correlated with energy
saving behavior positively. In addition, (Sweeney et al., 2014) suggested that the characteristics
of word of mouth (WOM) conform to the antecedence of basic psychological needs. The
results showed that WOM influence basic psychological needs positively. Thus, in order to
promote the internalization of the meaning and value boycott, it is important to identify the
antecedence of basic psychological needs in boycotts contexts .
To encourage individual to participate the boycotts, the information of corporate
wrongdoing is prerequisite (Klein et al., 2004), otherwise the boycotts will not occur. Thus, the
author focus on the antecedences of basic psychological needs during the information
delivering of corporate wrongdoing. When autonomy support is provided through
communication, it is called autonomy-supportive communication. “Autonomy-supportive
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communications are intended to let people engage in mindful consideration of what is right
for them” (Moller, Ryan,and Deci, 2006; p.109). Based on (Moller et al., 2006), the authors believed
that elaboration likelihood model (ELM; Petty and Cacioppo 1986) provide insights to the
application of SDT in boycotts research. (Petty and Cacioppo, 1986) proposed that elaboration
likelihood reflects the degree of thoughts and suggested that the process of persuasion could
be distinguished into central and peripheral routes based on the elaboration likelihood. Based
on ELM, the elaboration likelihood ranges from high to low and it reflects the degree of
thinking. When the elaboration likelihood is high means individual’s thinking is high, and
when the elaboration likelihood is low means individual’s thinking is low. Furthermore, ELM
demonstrated that when the attitude is formed through central route, the attitude is more
persistent than peripheral route (Petty and Cacioppo 1986). The idea of elaboration likelihood
corresponds to the autonomy-supportive communication, thus the authors argued that the
central route has stronger impact on the basic psychological needs than the peripheral route
and the meaning and value of boycotts through central route is more internalized than
peripheral route.
In this study, the authors have three objectives. First, the authors attempt to estimate the
internalization of boycotts participation through SDT, furthermore the authors aim to uncover
how the degree of elaboration likelihood affects individual internalized the meaning and value
of boycotts. Second, in order to uncover the relationship between information delivering and
basic psychological needs, the authors try to bridge SDT and ELM and provide another
insight on boycotts participation. Third and last, the authors attempt to provide some practical
implication through this study, such as how to promote the boycotts participation.
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LITERATURE REVIEW
Self-determination theory and boycotts participation
Self-determination theory (SDT) stems from organismic dialectic which postulates that
individuals are growth-oriented and inclined to integrate into social structure naturally (Ryan
and Deci, 2000).

In order to integrate into social structure, individuals have to comply with

external requirement and perform appropriate behaviors accordingly. In general, it is believed
that there are two types of motivation: intrinsic and extrinsic motivation. Intrinsic motivation
means that the goal of behavior is the inner interests and the behavior itself. Compared to
intrinsic motivation, when the behavior is under extrinsic motivation, individuals aim to
achieve external goals (e.g., gaining a reward or avoiding a punishment). However, SDT
proposed that, based on the organismic dialectic assumption, extrinsic motivation could be
differentiated by the degree of internalization (Deci and Ryan, 1985, 2000). With different degree
of internalization, the type of regulation could be distinguished into integrated, identified,
introjected, and external. The four regulation types represent four types of extrinsic
motivation. The most internalization is integrated motivation, following by identified,
introjected, and external.
Integrated motivation is the most complete form of internalization. When the extrinsic
motivation turns to integrated motivation that means the value and meaning of the behavior
has integrated with individuals and became individuals’ value with harmony. Identified
motivation means that individual recognize and accept the meaning and value of the behavior,
however, the internalization is not well as integrated motivation. Introjected motivation refers
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to a partial internalization which individuals do not understand the value and meaning of the
behavior, and the prototypic example is avoidance of guilt and shame. The last type of
extrinsic motivation is external motivation, external motivation correspond to the former
extrinsic motivation. That means external motivation aims to a desired consequence rather
than accept the value and meaning of the behavior. Furthermore, (Deci and Ryan, 1985; 2000)
proposed another taxonomy which suggests that motivation should be distinguished into
autonomous and controlled motivation. Autonomous motivation includes intrinsic, integrated
and identified motivation, and controlled motivation includes introjected and external
motivation.
The taxonomy of autonomous motivation and controlled motivation revealed that when the
behavior is influenced by autonomous motivation, the behavior is more internalized and
persistent than controlled motivation. Thus, SDT’s primary goal is to promote the
development of autonomous motivation and identify the antecedence of autonomous
motivation. (Deci and Ryan, 1985, 2000) demonstrated that basic psychological needs play a vital
role on the development of autonomous motivation and the promotion of internalization.
Basic psychological needs include autonomy (feeling of volition and freedom), competence
(feeling of control the environment and self efficiency), and relatedness (feeling of connection
with others; Deci and Ryan, 1985, 2000). Thus, most SDT research focuses on how to facilitate the
satisfaction of basic psychological needs and how it affects individuals’ behavior.
SDT argues that the autonomy support is the antecedence of the satisfaction of basic
psychological needs (Deci and Ryan, 1985, 2000). Autonomy support is consist of individual’s
perspectives is understood, offering opportunities for self-initiation, and providing meaningful
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information (e.g., Deci et al., 2001; Deci and Ryan, 1985). For example, when the supervisor is
autonomy supportive, the subordinate’s basic psychological needs is more satisfied than the
supervisor is not autonomy supportive (e.g., Liu, Chen,and Yao, 2011). SDT has been applied to
different domains, especially, the prosocial behavior, and the results provided support on the
validity of SDT (e.g., Gagné, 2003). Boycotts are defined as “an attempt by one or more parties
to achieve certain objectives by urging individual consumers to refrain from making selected
purchases in the marketplace ” (Friedman, 1985, p.97). It leads boycotts to be viewed as a form
of prosocial behavior (e.g., Klein et al., 2004; Sen et al., 2001). Thus, the authors believed that the
similar mechanism occurs in boycotts research. That is, when individuals’ basic psychological
needs are satisfied, the meaning and value of boycotts is more internalized and the intent of
boycotts participation becomes stronger. In addition, the basic psychological needs mediates
the effect of autonomy support on the internalization of meaning and value of boycotts.
In SDT, there is another variable which reflects the effect of individual difference on the
internalization. That is, general causality orientation (Deci and Ryan, 1985; Gagné and Deci, 2005).
General causality orientation means that individual tendency to perceive the context as
autonomy-supportive or not. Furthermore, general causality orientation could be distinguished
into autonomy orientated, control oriented, and impersonally oriented. autonomy orientated
means that individuals tend to perceive the context as autonomy-supportive. Compared to
autonomy orientated, control oriented means that individuals tend to perceive the context as
controlling. And impersonally oriented is related to the motivated status. Research has shown
that autonomy orientated is related to positive well-being indicators positively, however,
control orientated showed the opposite relationship and related to negative well-being
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indicators positively (e.g., Weinstein, Przybylski,and Ryan, 2012). Although the general causality
orientation is included in the framework of SDT, however, it is beyond the scope of this study.
Thus, the authors will not include the general causality orientation in this study.
Autonomy-supportive communication and elaboration likelihood model
Although SDT has been applied to numerous domains and results have shown consistency.
That is, autonomy support affects motivation through the mediation of basic psychological
needs. However, some researchers depicted that SDT focus too much on the interpersonal
context and suggested that basic psychological needs could be satisfied through not only
interpersonal context, but also environmental factors (e.g., Rosen, Ferriis, Brown, Chen,and Yan,
2014; Sweeney et al., 2014).

For example, (Rosen et al., 2014) demonstrated that the basic

psychological needs mediate the effect of perceived organization politics on the proactive
behavior and creativity performance.The results provided support on the mediation effect of
basic psychological needs. Furthermore, (Rosen et al., 2014) demonstrated that SDT provides
another perspective on the understanding of organization politics and suggested that SDT
might be another paradigm of organization research. Before the boycotts starts, consumers
must be aware of the company wrongdoing information (Klein et al., 2004). Thus, the authors
focus on the autonomy support through information delivering. In order to uncover how to
satisfy basic psychological needs through information delivering, the authors reword from
elaboration likelihood model.
Elaboration likelihood model (ELM) is proposed in 1980s and it provides an important
insight to the understanding of persuasion. (Petty and Cacioppo, 1986) proposed that the
elaboration likelihood to delineate individuals’ message processing. The elaboration

9
414

likelihood ranges from high to low, when the elaboration likelihood is high, that means
individuals’ thinking is high and capable of processing the message carefully. On the opposite,
when the elaboration likelihood is low, individuals’ thinking is low and might not be capable
of processing the complex message (Petty and Briñol, 2012; Petty and Cacioppo, 1986). Based on the
idea of elaboration likelihood, the process of persuasion is distinguished into two routes:
central and peripheral route (Petty and Briñol, 2012). Central route refers to individuals involve in
high elaboration likelihood (i.e., degree of thought is high). Compared to central route,
peripheral route refers to individuals involve in low elaboration likelihood (i.e., degree of
thought is low). In order to maximize the efficiency of persuasion, the persuasion strategy has
to be congruent with individuals’ elaboration likelihood. For example, a consumer who is
familiar with the knowledge of laptop and looks for a new laptop (i.e., high elaboration
likelihood), the best way to persuade this consumer is using the central route such as
providing more systematic information of the laptop. Because this persuasion strategy is
congruent with the consumer’s elaboration likelihood, hence the consumer is easier to be
persuaded than using other persuasion strategy.
Although research has provided evidences on the application of ELM (e.g., Briñol and Petty,
2015),

some researchers argued that there are some insufficiency of ELM. For example, the

development background of ELM is very different from nowadays (e.g., Kitchen, Kerr, Schultz,
McColl,and Pals, 2014).

Furthermore, (Kitchen et al., 2014) depicted that there are several issues of

ELM should be concerned including the descriptive nature of model, continuum question,
multi-channel processing and other mediators. One issue attracts the authors’ attention, that is,
there might be other variables mediates the effect of elaboration likelihood on individual's
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attitude. The mediation is a primary process of many classic theory and also an important
method (Preacher, 2015). As ELM has been applied to numerous domains (e.g., marketing,
advertising, and etc; Petty and Briñol, 2012 ), the authors believed that uncovering other
mediators is necessary. Moller et al. (2006) depicted that autonomy support could be provided
through communication. That is, autonomy-supportive communication. The purpose of
autonomy-supportive communication is to encourage individuals to involve in mindful
consideration. As (Petty and Briñol ,2012) demonstrated that when individuals’ elaboration
likelihood is high means that individuals involved in high thinking. As autonomy-supportive
communication is trying to encourage the mindful consideration that means autonomysupportive communication is congruent with high elaboration likelihood. That is, individuals
involved in mindful consideration. Thus, the authors believed that the relationship between
elaboration likelihood and basic psychological needs should be similar to the relationship
between autonomy-supportive communication and basic psychological needs. In other words,
the elaboration likelihood influences the satisfaction of basic psychological needs positively.
Thus, the authors generate with the first and second hypothesis.

H1: When the elaboration likelihood is high, the relationship between elaboration
likelihood and the satisfaction of basic psychological needs is positive. When the elaboration
likelihood is low, the relationship between elaboration likelihood and the satisfaction of basic
psychological needs is not significant.
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H2: Elaboration likelihood influences the intent of participation through the mediation
of basic psychological needs.

As a wild applied theory of persuasion, ELM also proposed the mechanism of persuasion.
According to ELM, the procedures of persuasion includes central and peripheral routes (Petty
and Briñol, 2012; Petty and Cacioppo, 1986). When

the persuasion is through the central route that

means individuals’ degree of thought is high; on the other hand, when individuals’ degree of
thought is low that means the persuasion is through the peripheral route. Furthermore,
research has shown that both routes will result in attitude changes (e.g., Petty and Briñol, 2012;
Rucker, Petty,and Briñol, 2015). The

primary difference is that the attitude change through central

route is more persistent and more resistant to counterargument (Petty and Briñol, 2012; Petty and
Cacioppo, 1986).

In order to reach the ultimate goal of boycotts (i.e., remedy the corporate

wrongdoing), the initiator of boycotts has to persuade more individuals to participate the
boycotts as possible. Thus, the initiator of boycotts will use both persuasion routes. However,
as aforementioned, the effect of central route and peripheral route is different. Accordingly,
the third hypothesis is generated. The hypothesized relationships among research variables are
shown in figure 1.

H3: The relationship between central route and intent of boycotts participation is
stronger than the relationship between peripheral route.
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METHODOLOGY
Hypotheses regarding autonomy-supportive communication on basic psychological needs and
boycotts participation were examined in a between-participants design. Autonomy-supportive
communication was manipulated through scenarios.
Scenario development and pretest
The primary purpose of pretest is to develop the scenarios of autonomy-supportive
communication and examine the reliability and validity of measurements. With the similarity
of mindful consideration and elaboration likelihood, the authors adopted ideas from
elaboration likelihood models (ELM) to develop the scenarios of autonomy-supportive
communication. Two scenarios were developed to represent high and low autonomysupportive communication, respectively. Among the 78 participants 53.4 % were female and
most participants aged between 21 and 30. In order to verify the scenarios, the involvement
scale was used to compared the high and low autonomy-supportive communication scenarios,
the results showed that the difference of autonomy-supportive condition was significant in
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involvement (t=2.21, p<.05). The measurements revealed good reliability (all Croanbach’s ɑ
is >. 8) and validity.
Procedure and Measurements
The participants were recruited on the online platforms (i.e., Facebook and PTT), the authors
provided the experimental link. The link directed participants to the experimental website,
participants were assigned participants into different scenarios randomly. After reading the
assigned scenario, participants filled out the scale of basic psychological needs, boycotts
participation, involvement, manipulation check, and demographic. Total 366 validate
participants (response rate = 54.1%) were included in the study. Among the participants
48.7% were females and 41.9% aged between 21-30.
Autonomy-supportive communication. Autonomy-supportive communication means that
individuals’ is involved in mindful consideration about what is good for them (Moller et al.,
2006).

In the high autonomy-supportive communication condition, the scenario included the

percentage of government penalty and boycott and the example of McDonald’s which are in
the bracket (Petty and Cacioppo, 1986).

According to the Ministry of Health and Welfare, when the corporate wrongdoing
occurred such as product misconduct and negative publicity, it triggered
consumers negative emotions such as angry, panic, and disgust. Furthermore, the
government penalty will decrease (20 % of) corporate wrongdoing. If consumers
boycotts the corporate simultaneously, it will increase the percentage of corporate
wrongdoing decreasing (the percentage of corporate wrongdoing decreasing
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becomes 30 %. For example, McDonald’s used overdue materials in Japan and it
activated the boycotts. The boycotts ends the usage of overdue materials.) Thus,
boycotts is viewed as an efficient way to protect consumers’ rights and interest

Basic psychological needs scale. Twenty-one items were used to measure basic psychological
needs including autonomy (feeling of volition and freedom, 7 items), competence (feeling of
control the environment and self efficiency, 6 items), and relatedness (feeling of connection
with others, 8 items) (Deci and Ryan, 1985, 2000).
Boycotts participation. Boycotts is defined as individuals’ intent of boycotts participation
when the corporate wrongdoing occurred. Three items were modified from (Klein et al., 2004)
which included 3 items.
Involvement. According to the ELM, when the individuals process the message through
central route, the involvement is higher than when the the message process is through
peripheral route (Petty and Briñol, 2012). In this study, the authors argued that central route is a
kind of autonomy-communication which activates individuals to mindful consideration. Thus,
the involvement is to measure the degree of autonomy-supportive communication and use as
the independent variable in hypotheses testing. The involvement scale included ten items
which modified from (Zaichkowsky, 1994).

RESULTS
Manipulation check
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Two items were used to check whether participants read the scenario. The first question asked
how many percentage increased after the boycotts. The second question asked what emotion
is not mentioned in the scenario. If the responses is not match with the scenario, the answer is
viewed as invalid and deleted. Independent-sample t-test shows that participants in high
autonomy-supportive scenario is more involved than low autonomy-supportive scenarios
(M(high autonomy)= 3.30, M(low autonomy)= 2.86, t(364)= 3.10, p<.01).
Hypotheses testing
Factor analysis was first performed. The results of factor analysis and each items are
showed in table 1. The factor loadings of basic psychological needs are above .5 mostly,
except for item 5 (.498), 6 (.462), 7 (.387), and 9 (.432). After item 7 was deleted, the
explained variance improved to 57.10%. With the low factor loading item 7 is not included in
the hypothesis testing . And the factor loadings of other measurements were all above .5. The
mediating effect of basic psychological needs on boycotts participation was examined by the
Sobel test (Hayes, 2009). Fist, the multiple regression was performed on high and low
autonomy-supportive communication, respectively. And the Sobel test was performed based
on the result of multiple regression. The result of Sobel test is shown in table 1. The results
revealed that both high and low autonomy-supportive communication associated with basic
psychological needs positively which means hypothesis 1 is supported partially. Furthermore,
the results of Sobel test indicated that basic psychological needs mediated the effect of
autonomy-supportive communication on boycotts participation. Thus, hypothesis 2 is
supported (Sobel’s z (high autonomy) = 3.74, p <.001; Sobel’s z (low autonomy) = 0.46 n.s). In order to
test hypothesis 3, the authors used simple regression to examine hypothesis 3. The result
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showed that hypothesis 3 is also supported (Ɓ (high autonomy) = .31, p <.001; Ɓ (low autonomy) = 0.06
n.s).

Sobel Test
Table 1
Inv—> BPN

BPN —> Boycotts
t

Mediation effect of BPN on
Inv — Boycotts

Beta

t

Beta

Beta

Sobel’s

High autonomy

0.3

7.30***

0.47

4.35***

0.14

3.74***

Low autonomy

0.52

11.15***

0.04

0.46

0.02

0.46

Note:
Inv: involvement , BPN: basic psychological needs, dependent variable: boycotts participation
*p<.05, **p<.01, ***p<.001

DISCUSSION
In this study, the authors investigated the relationship between autonomy-supportive
communication, basic psychological needs, and boycotts participation. The findings revealed
that the autonomy-supportive communication positively influenced basic psychological needs
which mediate the effect of autonomy-supportive communication on boycotts participation. In
addition, the authors found that the autonomy-supportive communication affects boycotts
participation directly. According to (Moller et al., 2006), when the communication is perceived
as autonomy-supportive, it leads individuals to consider what is good for them mindfully. The
authors argued that the autonomy-supportive communication is similar to the condition of
high elaboration likelihood. In other words, individuals process the received message
carefully. The results supported the generated hypothesis.
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The satisfaction of basic psychological needs is an important issue in SDT (Deci and Ryan,
2000),

and the autonomy support is prerequisite. This study provides some evidence that the

satisfaction of basic psychological needs is not limited to the interpersonal context (e.g., Rosen
et al., 2014; Sweeney et al., 2014),

but also the way of message delivered. However, this study

focuses on the message about the benefits of boycotts participation. Researchers (e.g., Klein et
al., 2004)

suggested that the boycotts research should provide insights on both boycott initiator

(e.g., NGO) and the corporate. Thus, the authors suggested that the effect of autonomysupportive communication might provide some insight on the responding strategy of
corporate wrongdoing. For example, (Puzakova et al., 2013) compared the corporate responding
strategy when the wrongdoing occurred. The authors suggested that if the corporate
responding strategy blend with autonomy-supportive communication might could rebuild
consumers’ trust and the relation with consumers.
In managerial implication, based on this study, the authors tried to provide some
suggestion on boycotts initiator (e.g, NGOs) and boycotts targets. With the autonomysupportive communication positively associated with basic psychological needs and it
increase individuals internalized the value and meaning of boycotts. Thus, to boycotts
initiator, the degree of autonomy-supportive communication during message delivering might
play an vital role on persuading individuals to participate. To boycotts targets, the most eager
goal is to persuade individuals that they are changed and the boycotts are not necessary. It
leads boycotts targets must develop effective responding strategy (e.g., increasing their
corporate social responsibility, apology, and et al). The authors suggested that if the boycotts
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targets' strategy is delivered through autonomy-supportive communication way might actives
individuals rethink is boycotts a good decision for them.
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ABSTRACT
In recent years, the Survey of Attitudes toward Statistics (SATS) were widely tested on
non - business students in Western countries. While a few of these tests were done
outside of Western countries, none was on business students in China. This study
described the process to adapt the instrument to Chinese college business students,
analyzed responses from Chinese business students, explored the validity of the
instrument with confirmative factor analysis. The major contribution of this study is to
measure Chinese business students’ attitudes toward statistics with SATS and to show the
relevance of the attitudes toward statistics to beliefs, attitude, behavior, and performance
in business statistics classes regardless of the culture.
KEYWORDS
Survey of Attitudes toward Statistics, Confirmative Factor Analysis
INTRODUCTION
Introductory statistics is one of the required core courses in undergraduate business
curriculum in Chew & Dillon (2014), Slootmaeckers et al. (2014) and Zanakis & Valenzi
( 1997). These introductory statistics courses challenge both students and instructors
(Schutz et al. 1998). Students with weaker mathematics background and students with
stronger math background likely have different attitudes toward statistics. Schutz et al.
(1998) suggested learning and teaching strategies for students with different background
knowledge and attitudes toward statistics.
As one of the most popular instruments to measure attitudes toward statistics, the Survey
of Attitudes Toward Statistics (SATS) has been widely tested on non - business students
in Western countries (Cashin & Elmore, 2005, Dauphinee et al., 1997, Schau et al.,
1995). A few of these tests were done outside of Western countries, e.g., in Italy by
Chiesi & Primi (2009), in Russian by Khavenson et al. (2012), in Serbian by
Stanisavljevic et al. (2014) and in South Korea by Yi & Jeon (2009). SATS, however, has
not been tested on business students in China. Chinese students differ from American
students in many ways culturally (Hofstede 1986). They also differ in the amount of high
school mathematics courses, and the number of college quantitative courses prior to
taking introductory business statistics course. Many studies in assessment and
measurements have revealed the impact of gender, high school math background, and
other factors in learning statistics (Schau et al., 1995). It has been widely recognized that
students’ attitudes toward statistics impact their beliefs, attitudes, behavior and
performance in the course (Gal et al., 1997). The statistics courses may not change
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students’ attitudes in affect, cognitive competence, and difficulty, but may reduce
students’ attitudes in value, interest, and effort (Schau & Emmioglu, 2012, pg 86). The
impact of Chinese culture to attitudes toward statistics has not received much attention to
date.
The SATS – 36 includes six measurements for students’ attitudes toward statistics:
Affect, Cognitive Competence, Value, Difficulty, Interest and Effort; and additional
measurements for students’ interest and effort in their statistics course (Schau, 2003).
The 7-point Likert scale from 1 as strongly disagree to 7 as strongly agree was used to
rate the students’ opinion about each of the 36 items in SATS regarding their attitudes
toward statistics. Additional items about how much and how well they did in their high
school mathematics and statistics classes, and demographical items were added, such as,
race, gender, age, major, degree being pursued, grade expectation, and GPA.
This study described the process to adapt SATS to Chinese college business students,
analyzed comparatively students’ attitudes toward statistics among Chinese and
American students, explored the validity of the instrument with confirmative factor
analysis, and showed similarities and differences of Chinese students’ attitudes toward
statistics as compared to those students in Western countries in the literature. The major
contribution of this study is to measure Chinese business students’ attitudes toward
statistics with SATS and to show the relevance of the attitudes toward statistics to beliefs,
behavior and performance in business statistics classes regardless of the culture (Hofstede
& Bond, 1988, Hofstede, 1980).
Business statistics has been among the required core courses in undergraduate business
curriculum in the United States and in China. To prepare business students for taking
their major courses on the curriculum and for preparing for their career, the business
statistics course introduces descriptive statistics and inferential statistics. The contents of
the course include numerical and graphical statistics, basic probability concepts, discrete
and continuous probabilities, sampling distribution, confidence intervals and hypothesis
tests. As part of business analytics curriculum and due to the increased attention to
business analytics, some schools may also cover correlation and regression, decision
analysis, non-parametric statistics, and forecasting, etc., in the same or a following
course.
Undergraduate business students often view business statistics course as one of the most
difficult ones among the core requirements. Many students have to take the course more
than once in order to pass the course, and a quite few students could not continue their
business studies due to their failures to achieve the passing performance for the course.
Statistics anxiety is a real issue among students taking the introductory statistics. The
level of statistics anxiety has been found to negatively impact students’ performance in
the course. Students’ attitude toward to statistics is significantly associated with their
course performance and their future use of statistics in their careers. Some studies on the
correlations between students’ gender, age, previous academic performance, and math
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scores, etc., reveal many of these factors significantly associated with their statistics
anxiety and course performance.
The remainder of the paper is organized as follows: the next section reviews the literature
on the testing of SATS, discusses the correlations among demographic factors (e.g.,
gender, and mathematics background), course performance, and the attitudes toward
statistics. The third section reviews the literature on the culture impact on testing SATS
and develops research questions about the differences in attitudes toward statistics of the
students from Western countries and those from China. The forth section presents the
samples and adaptations for SATS to be used on Chinese business students. The fifth
section shows the preliminary results; and the last section concludes with discusses and
comments for future research.
ITERATURE REVIEW
The SATS – 36 scale by Schau (2003) measure students’ attitudes toward statistics with
six subscales or latent factors: Affect, Cognitive Competence, Value, Difficulty, Interest
and Effort by a Likert scale with 1 as “strongly disagree”, 7 as “strongly agree”, and 2 to
6 as the levels from disagree, somewhat disagree, neutral, somewhat agree, and agree,
respectively. The details of the six subscales are as follows:








Affect subscale has six items, such as, “I like statistics” and “I feel insecure when
I have to do statistics problems,” measures students’ positive and negative
sentiment about statistics.
Cognitive Competence has six items, such as, “I make a lot of math errors in
statistics” and “I can learn statistics,” measures students’ attitudes and feelings
about their quantitative capability and skills that are essential to learning statistics.
Value has nine items, such as, “statistics is worthless” and “I use statistics in my
everyday life,” measures students’ attitudes about their perceived usefulness and
relevance, and worth of statistics in personal lives and professional settings.
Difficulty has seven items, such as, “statistics is a complicated subject” and
“learning statistics requires a great deal of discipline,” measures students’
attitudes and aspects of potential difficulty of statistics as a subject and anxiety
when deal with learning statistics.
Interest has four items, such as, “I am interested in using statistics,” measures
students’ attitudes and level of enthusiasm toward statistics.
Effort has four items, such as, “I plan to work hard in my statistics course,”
measures students’ attitudes and the amount of work that students put into the
statistics course.

SATS has both positively and negatively worded items among the 36 items. These
negatively worded responses were reversed before scoring. Thus, the lower scores always
mean attitudes that are more negative and higher scores always mean attitudes that are
more positive. For the difficulty subscale, higher scores mean statistics easier and lower
scores mean harder. The scores of items in each subscale are averaged to derive the
mean score for the subscale. SATS – 36 scale collect responses at the beginning of the
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semester with SATS – 36 pre, and also collect responses at the end of the semester with
SATS – 36 post.
Zhang et al. (2012) reported their multiple regression analysis for the responses from
Chinese graduate medical students taking statistics classes. Their study take a common
final examination as the dependent variable. The independent variables in their study
include age, level of statistical education, research experience, mathematical basis,
computer basis, clinical nonacademic, research academic, and so forth. They found that
these independent variables statistically significantly impact students’ performance in the
statistics course.
Hofstede (1986) stated that different teaching and learning strategies should be used for
students in different cultures. The first research questions is based on an expectation that
Chinese students had more experience in mathematics and statistics classes in high school
than American students did, thus Chinese students may have more positive attitudes
toward to their statistics courses than American students. Due to Chinese business
students’ greater experience in mathematics and statistics, we have the following
hypothesis:
H1: Chinese business students will have the similar attitudes toward statistics as
American students do.
As revealed in Dauphinee et al. (1997), the attitudes toward statistics at component level,
e.g., affect, cognitive, value and difficulty, for males and females may exhibit a similar
pattern regardless of culture. We have the following hypothesis:
H2: Chinese male and female business students will have similar attitudes toward
statistics at each component level: affect, cognitive competence, value and difficulty as
American students do.
METHODOLOGY
Adapted SATS – 36 Pre to Chinese Respondents
Human subject review boards approval is obtained before the data collections with the
SATS instrument. These data were collected during the academic years from 2015 to
2016. Followed the suggestions by Zhao et al. (2006), and Schau (2003), the 36 – item
version of SATS, Pre – stat and Post – stat, went through careful translations, and pilot
tests. Two of the authors translated the instruments from English to Chinese
independently, and a professional interpreter translated the Chinese version back into
English independently. Revisions were made for any items in the Chinese version that
could mean differently than the originals. A pilot test was carried out among 21 Chinese
students in an introductory statistics class in a Chinese university. Refinements were
made for the Chinese version before the survey was carried out. All of these steps were
taken to ensure the consistency of the Chinese version in the translation process as
recommended by Zhao et al. (2006).
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Sample and data collection
The study collected 299 survey responses from Chinese business students with 34%
majoring in economics and 25% majoring in management in a major Chinese university.
These students were enrolled in the introductory business statistics classes in the College
of Economics and Management at a Chinese university in the northeastern part of China.
Among these responses, 84 were excluded due to missing data. For final analysis, a
sample of 215 respondents consisted of 68 male and 147 female business students. Over
90% of them were pursuing undergraduate degrees and most of these students (> 98%)
were 18 to 22 years old. The course is one of the required core courses for Chinese and
American students. The class sizes were around 30 to 40 students. The data were
collected during the first two weeks of the semester in Spring and Fall of 2015. Student
performance assessments may include tests and final exam, homework assignments,
quizzes, and projects. However, the students’ performance on tests and final exams are
used for this student in Chinese university. Most of the tests and final exams have both
multiple choice questions and problems to be solved. The survey was carried out via the
paper version, and keyed into the matching online version for security and further
processing.
Demographics of respondents
Chinese respondents have 29.74% males and 70.26% females. All of the respondents
from China are Chinese except one foreign student. Over 93% of Chinese respondents are
undergraduate students to seek bachelor degrees in their programs of study. As higher as
72% of Chinese respondents would expected to receive A or A- from the course. Almost
all of the students expected themselves to receive at least B- from the course, which was
quite different than the actual grade students received for the course. Chinese respondents
major primarily in economics (39.58%), and management (26.04%).
Almost all of Chinese respondents finished only three years of mathematics or statistics
in high school while most of American high school have four years. These are primarily
due to the different education systems for secondary educations in the two countries.
China high schools are only three years, while American high schools are four years.
Chinese high school curriculum is set by the state without much flexibility for students,
while American high school curricula differ by states and by schools with much more
flexibility for students to take the courses they would like
Data cleaning and removing of univariate and multivariate outliers
There was missing information for at least one item for 42 Chinese subjects. These
responses were excluded from this study. Univariate and multivariate outlier
identification procedures were separately utilized to in order to isolate responses deemed
outside of the normal ranges of the responses within the same data set. The univariate
outlier identification includes the use of standardized z scores for each item via SPSS
Descriptive procedure, any item with the corresponding absolute value of its z score ≥ 3
standard deviations away from the mean item response is excluded from the study (Schau
et al., 1995 pages 871 – 872, and Bollen, 1989). The outlier labeling rule (Tukey, 1977)
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is also used as another univariate outlier identification method where the first, second and
third quartiles are computed, then any item response with its value less than or equal to
the first quartile – 2.2 x interquartile range or greater than or equal to the third quartile +
2.2 x interquartile range is excluded from further processing. Hoaglin & Iglewicz (1987)
suggested using of 2.2 and Hoaglin et al. (1986) discussed the performance of this outlier
labeling rules while in Tukey (1977) 1.5 is used (with 50% of times could include non
outliers). The multivariate outlier identification was carried out through SPSS
Regression with Save Mahalanobis Distance option for the data set. Any response with
its p-value < 0.001 for Mahalanobis distance away from the rest of the responses in the
data set is identified as multivariate outlier to be excluded from the study. When these
univariate and multivariate outlier identification methods were applied to Chinese data,
three responses were identified as outliers by all of the three methods, three response was
only identified by Mahalanobis distance, but not by the other two univariate methods. A
single response was identified by both Mahanobis distance and the labeling rule, but not
by the z score criterion. Five responses were identified as outliers by the z score
criterion, but neither by the labeling rule, nor by the Mahanobid distance. Another
nineteen responses were identified as outliers by the two univariate methods, but not by
Mahanobis disrance. Twenty seven responses were labelled as outliers by the labeling
rule, but neither by the z score criterion, nor by the Mahanobis distance. There were 196
responses from Chinese data included in this study. It seems these univariate methods
identified many more outliers than Mahanobis distance did.
Data preparation
Parcels. CFA methodology requires reasonable sample size to ensure the validity of the
analysis. A common used rule of thumb is 10 or 20 times of the parameters in the model.
This study followed many previous studies (Schau et al. ,1995, Dauphinee et al., 1997)
and parceled the items in each of the attitude components as Dauphinee et al. (1997) did
for items in each parcel after reversed negatively worded questions with higher scores
representing more positive affect, less difficult, greater than perceived competence and
value. Two parcels, each with three items, were for Affect and Cognitive Competence.
Three parcels, each with three items, were for Value. Two parcels, one with three and the
other with four items, were for Difficulty. Two parcels, each with two items, were for
Interest and Effort (Dauphinee et al., 1997). The original 36 items were parceled into
thirteen parcels for the six attitude components. The skewness and kurtosis values for
these parcels were mostly well within -0.5 and + 0.5, only three parcels with values
slightly smaller than -1 for skewness and three parcels with values of less than 0.8 for
kurtosis, thus indicating the parcels were mostly symmetry, and indicated the previous
procedure for removals of univariate and multivariate outliers were adequate and no
indication of any outlier.
The Cronbach’s alpha values were obtained to measure the internal consistency for each
attitude component for the response data (Dunn et al., 2014). Even though Cronbach’s
alpha tends to underestimate the reliability for unidimensional samples and overestimate
it if the unidimensional assumption was violated. The previous studies out of the SATS
survey have suggested the unidimensional assumption is not seriously violated. It has
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been suggested by many, e.g., Pedhazur & Schmelkin (2013) and Schau et al. (2012) to
use 0.7 of Cronbach’s alpha value as the lower limit for the internal consistency of the
data before any further analysis. The Cronbach’s alpha values of 0.7 to 0.9 indicate good
consistency of the data and excellent consistency of the data for the Cronbach’s alpha
values to be greater than 0.9. Chinese responses show good consistency for the five out
of the six attitude components with the Cronbach’s alpha value of 0.551 for Difficulty.
The Cronbach’s alpha values in Schau et al. (1995) ranged from 0.64 for Difficulty to
0.85 for Affect and Value.
RESULTS AND DISCUSSIONS
Independent sample t tests for the mean attitude differences
The result reveals of the independent sample t tests for the equality of mean attitude
responses for the US and China groups. The mean attitude responses were statistically
significantly different at 5% level for each of the six components, especially the mean
attitude difference for the Affect component was 0.5989 or more than a half of the Likert
scale used. When the comparison was made for the mean attitude equality for male
respondents, tt was interesting to see the mean attitudes for Difficulty and Interest in male
groups failed to show any significant difference while the other four mean attitudes differ
statistically significant at 5% level, especially the Affect and Value components show
over or close to a half of Likert scale differences. When the comparison was made for
the mean attitude equality for female respondents. It was interesting to see the mean
attitudes for Values and Difficulty in female groups failed to show any significant
difference while the other four mean attitudes differ statistically significant at 5% level,
especially the Affect component show much more than a half of Likert scale differences.
The USA and China groups differ also in their variances. The attitude component
variances are significantly different at 5% level between the two groups for five out of
the six subscales at the whole group level and for the female group (except Affect with a
p – value of 0.0964 for the whole group and 0.184 for the female group). The male group
has three attitude component variances were significantly different between USA and
China samples, and the other three failed to show any difference in their component
variances at 5% level.
Confirmative Factor Analysis
The four latent factor and another six latent factor models were tested for both USA and
China data separately, and a group testing was also conducted for each of the two CFA
models. The construct validities for these tests are mostly consistent with those published
results. Both four latent factor models and six factor models reveal the differences
between American and Chinese attitudes toward statistics.
CONCLUSIONS AND DISCUSSIONS
This study reveals that American and Chinese undergraduate business students differ in
their attitudes toward statistics. Future research may link these differences to strategies in
teaching and learning business statistics.
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ABSTRACT
Because of t ransition i nto a n i nformation-oriented s ociety, de pendency on a n information
system got higher. Consequently, an internal and external threat against an information system
has increased, and to reduce it, organization has spent a great deal of money and manpower.
However, in spite of such investment, security threat and trouble have happened continuously.
In 2011, Shaul said that most of intentional and malicious threats of man on the inside is closely
and confidentially pl anned and progressed i n advance, s o not onl y i s i t di fficult t o detect i n
advance but also it causes untold losses. In an instance of domestic mass data spill accident of
a card company in 2013, mass personal information was leaked by security control failure of
internal employees. Organization has conducted information security activity through various
policies. T he s tudy classified s uch activities in to p revention-oriented a ctivity a nd controloriented activity, an d researched h ow i nformation s ecurity activity of organization af fects
members of an organization and obeys information security policy by using health belief model.
As a result of the study, prevention-oriented activity has a meaningful impact on seriousness,
and t his s eriousness a ffects c ompliance i ntention f or i nformation s ecurity. C ontrol-oriented
activity has a meaningful impact on be nefits, and the benefits have an effect on c ompliance
intention.
When a n or ganization c onducts pr ior activities s uch a s e ducation, P R, a nd m onitoring, t his
organization s hould e mphasize ne gative r esults t hat c an ha ppened be cause of de viation. In
addition, i n case of exposure and puni shment t hrough pos t activities s uch as i nspection and
punishment, i f t he organization emphasizes t he positive effects of exposure and puni shment
rather than emphasis of negative parts, information security activity will be more effective.
This study suggested a conceptual frame by classifying the information security activities of
organization i nto a pr evention-oriented a ctivity and a c ontrol-oriented act ivity, an d
conceptualized a nd s ystematized th e in formation s ecurity a ctivities. In addition, t he s tudy
contributed t o t heoretical e xtension of a s tudy f or i nformation s ecurity b y borrowing he alth
belief model of health section, and confirmed mechanism that each information security activity
makes members of an organization obey an information security policy.
KEY WORDS
information s ecurity activity, i nformation s ecurity policy, he alth be lief m odel, c ompliance
intention for information security
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INTRODUCTION
1.1 Backgrounds
Recently, most companies are not possible for operating company without information system.
As our s ociety develops t o i nformation s ociety, dependence i n i nformation s ystem has been
increased. A ccordingly, threat f rom i nformation s ystem f or i nternal a nd external h as b een
increased. To reduce this kind of threat, organization makes an investment in lots of money and
labor force. Despite the fact that organization invests in security, the security threat and trouble
have steadily occurred. In 2011, Shaul told that most of the intentional and malicious threat
from man on the inside is detailed and went on confidentially for this reason, there is not only
difficult to detect in advance but also generate a great loss. 2003 in Korea, a card corporation
leaked private confidential information.
This incident is result from failure in a credit information company insider’s security control.
Shaul told that most of the intentional and malicious threat from man on the inside is not only
difficult to detect in advance but also generate a great loss when accident happens (Shaul 2011).
That i s, a n uni dentified ha cker o r una voidable n atural d isasters an d t hreats h ave important
control target as well as a simple mistake issued from insider’s lack of knowledge and threats
from system error. To decrease these threats, there are lots of investments in technology-based
method of control. Even though number of information security incidents is increasing (Fossi
et al. 2009). As IT environment changes rapidly along with external threats, the usual method
of information security which is technology-based has been limited in terms of counter plan.
Therefore a person-centered information security strategy is needed (Jungduk 2013).
1.2 Purpose of study
An organization has lots of information and there are various threats to manage the information.
As we know from the Shaul’s research, intentional threat from man on the inside is not only
difficult to detect but also generate a great loss when the accident happens (Shaul 2011). In
reality breach of security occurs continuously, even though the organization invests enormous
sum of money in security section to reduce threats. In this situation many researchers actively
did r esearch an i nformation s ecurity policy c ompliance f actor t hrough t heories of va rious
sectors. When a information security policy of organization affects compliance and compliance
intention of information security policy, which impact on member makes them comply with the
policy. But, there is a lack of integrated study on the policy and its compliance.
This study is to understand the relationship between organization’s activity and compliance
with i ntent b y r econfiguring t he concept of pr eventive i nformation s ecurity pol icy i n t he
organization as preventive and inhibitory activity. Through this, this study intends to present
theoretical basis for effective policy planning and direction in organization.
1.3 Method of study
The p urpose o f t his s tudy i s t o ch eck a f act t hat h ow t o a t eam m ember accep t t he d iverse
organization’s information security activity and ultimately which factors work to comply with
the or ganization’s i nformation s ecurity pol icy. First of all, unde rstand i nformation s ecurity
generally, l ook a t pr evious s tudies of i nformation s ecurity pol icy compliance w ith i ntent or
information s ecurity pol icy c ompliance be havior and c heck t heories a nd pa rameters us ed i n
advanced research. The main purpose of this study is to check the factor which makes a team
member have intent to comply information security policy through Health Belief Model which
is the very core of this study.
2. Theoretical argument
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In this section, understand the basic concepts of information security and information security
in organization. Moreover, arrange theory used in information security behavior and intention
through advanced research and introduce Health Belief Model which is important theoretical
basis of this study.
2.1 Theoretical consideration of information security
2.1.1 Concept of information security
Information security is used and defined variously depending on us er, nation and institution.
First, in international standard ISO/IEC 17799, information is essential in business with other
important bus iness a ssets t herefore t he i nformation ne eds t o be pr otected pr operly a lso
information security is defined as protecting information from a wide range of threats to ensure
continuity in business, minimize risks and maximize investments and opportunities(ISO/IEC
2005). According to OECD information security guide line, information security is defined as
managing these three elements confidentiality, integrity and availability. In this, confidentiality
denotes ensuring t hat a pe rson pe rmitted onl y accesses t he i nformation, i ntegrity de notes
accuracy and c ompleteness of i nformation a nd availability d enotes ensuring t hat a pe rson
permitted only accesses the information or assets properly in case of need. Also researcher Eloff
analyzed t he d ata co llected f rom o bservations o r m easurements an d d efined i nformation
security as activity to keep organized knowledge safe from external threat (Eloff et al. 2000).
National i nstitute of s tandards a nd t echnology defined i nformation s ecurity a s a s eries o f
security action which does not make unauthorized person access, use, falsification, disclosure,
confusion, attack to protect information and information system of organization (Kissel 2013).
According to a rticle two of our F ramework A ct on Informatization P romotion, i nformation
security i s de fined a s c onsidering a dministrative and t echnical t ools f or p reventing damage,
modulation and l eakage of i nformation, etc. during t he c ollection, pr ocessing, s torage,
searching, transmission and reception of information.
2.1.2 Information security threat
The more Information system is developed, the more organization is dependent on information
system. This l evel of d ependence not onl y gives m any oppo rtunities a nd pr ofits but m akes
corporation e xposed to new t hreats. These t hreats ha ppen i n va rious c auses a nd m otivation
(Warkentin e t a l. 2009) . Researcher Loch d eveloped f rame w hich i dentifies t he t hreat o f
information security. The frame greatly divided the threat of information security into internal
threat and external threat. And the frame divided it into four categories in detail and divided a
subject of doing harm into human and non-human. In the threat of external, the threats posed
by humans were divided into competitor and hacker and the threats posed by non-human were
defined as natural disaster and a computer virus. In the threat of internal, the threats posed by
human were divided into conduct of the member and matter of procedure and the threats posed
by non-human were defined as mechanical and electrical disorder and matter of program (Loch
et al. 1992).
<Table 1> Categories of threats

Source

Perpetrator
Human

Non-Human

Acts by employees
Internal Threats Administrative
procedures
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Mechanical an d el
failures
Program problems

ectrical

External
Threats

Competitors
Hackers

Natural disasters
Computer viruses

By classifying into intended threat and unintended threat for each category, separate eight cases
are as follows.

Source : Loch et al. 1992
<Picture 1> Detailed classification of threats

People mainly focused on external threats, developed intrusion detection systems, firewall and
virus vaccine, etc. to protect boundary from external threats(Warkentin et al. 2009) and enforce
education, campaign, establishment of a security policy and business process and punishment
by detection, etc. (D'Arcy et al. 2009b; Puhakainen et al. 2006; Straub et al. 2007). Organization
takes action in various ways against threats nevertheless security accident occurs persistently.
That’s because the damage from insider’s malice attack is 50 times bigger than from outsider’s
attack and the insider threat has been estimated more than 80 pe rcent of information security
accidents (Power 2002; Thompson et al. 2004).
2.2 Literature study of information security
2.2.1 Compliance intention of information security
Researcher Claar told when studying adoption and usage behavior of users, these models are
usually used a lot such as the theory of rational behavior(Fishbein et al. 1975), theory of planned
behavior(Ajzen 1991), t echnology a cceptance m odel(Davis 1989), theory o f i ntegrated
technology(Venkatesh et a l. 2003) , t echnology acceptance m odel i n t he home(Brown et al .
2005), utilization of pc model(Thompson et al. 1991) and innovation diffusion theory(Rogers
2010), etc.(Claar et al. 2012).
Many studies have been conducted in the field of information security based on these theories.
Especially, study on compliance intention, attitude and behavior, etc. of information security
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policy has been don e considerably with s tudy on us age behavior of us ers t hrough theory o f
planned behavior, techniques of neutralization theory, deterrence theory, rational choice theory,
psychology, business administration and criminology, etc. There are various theories used in
the research on compliance intention, attitude and behavior of information security policy. That
is table5 below.
<Table2> Theories used in the research on information security compliance/noncompliance intention

Theory

Concept

Researcher

General
deterrence
theory

Every i ndividual de cides t o a ct t hrough a f ree (D'Arcy et a l. 2009 a;
will, when e xpected be nefit i s bi gger t han t he Straub e t a l. 1998;
cost of punishment, committing a crime.
Straub Jr 1990)

Social bond
theory

(Agnew 1995;
When s ocial bond( such a s, a ttachment,
Hollinger 1986; J intae
engagement, pa rticipation, be lief) i s w eak,
et al . 2 002; Lee et al .
people commits a crime.
2004)

Social
learning
theory

The behavior of people is done by observing the (Hollinger 1993; Jintae
behavior o f any given s ituation or ot hers t o et al. 2002; Skinner et
imitate.
al. 1997)

Theory of
planned
behavior

Criminal in tent is a k ey v ariable f or p redicting
(Bulgurcu e t a l. 2010;
human be havior. Intentions a re formed b y
Hu e t a l. 2012; Jintae
attitudes, s ubjective nor ms, a nd pe rceived
et al. 2002)
behavioral control.
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Applying
situational
crime
prevention
theory

Crime t o oc cur w hen you c ombine t he m otive
(Willison 2000
and opportunity, crime will decrease the chance
Willison 2006)
does not exist.

;

Those who commit illegitimate acts temporarily
Techniques of neutralize c ertain v alues w ithin th emselves
Neutralization which w ould nor mally pr ohibit t hem f rom (Siponen et al. 2010b)
Theory
carrying o ut s uch act s, s uch as m orality,
obligation to abide by the law, and so on.
The Protection Motivation Theory proposes that
we pr otect our selves ba sed on f our f actors: t he
Protection
perceived s everity o f a t hreatening ev ent, t he
Motivation perceived p robability of t he o ccurrence, o r (Johnston et al. 2010)
Theory
vulnerability, t he ef ficacy of t he r ecommended
preventive b ehavior, a nd t he pe rceived selfefficacy.

Rational
choice theory

The b asic p remise o f r ational ch oice t heory i s
that a ggregate s ocial be havior r esults f rom t he
(Bulgurcu et al. 2010)
behavior of i ndividual a ctors, e ach of w hom i s
making their individual decisions.

Health Belief
Model

The he alth be lief m odel s uggests t hat pe ople's
beliefs about health problems, perceived benefits
(Claar et a l. 2012; N g
of action and barriers to action, and self-efficacy
et al. 2009)
explain engagement (or lack of engagement) in
health-promoting behavior.

Technology
Acceptance
Model

Users come to accept and use a technology
by t he pe rceived us efulness a nd t he pe rceived (Johnston et al. 2010)
ease of use.

Source : Jong-Won Park, 2013, Impact of information security strategy on information security
compliance intention, requotation
Through the study, factors of information security policy compliance intention were verified.
As s een f rom t able 6, m ajor f actors of c ompliance i ntention of s ecurity policy, a ttitude a nd
behavior were advantages obtained by following the policy, disadvantages gotten by violating
the policy, regulations institutionalize these disadvantages and a means of organization control
of its members. Although t hese v arious r egulations and controls, the d amage f rom i nsider’s
threat i s m uch l arger an d t he i nsider's t hreat h as b een estimated m ore than 8 0 p ercent o f
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information security accidents (Power 2002; Thompson et al. 2004). That is to say that there is
no s ufficient r eason for explaining f actor of in formation s ecurity in tention o f insider and a
detailed research is more needed through a research on internal factors in human beings.
<Table 3> Main factors of the research on information security compliance intention

Dependent
variable

Data
collecting
bound

Research
Method

IS Security
Intention

Employee,
Student

Survey

Behavior
Intention

Internet User

Survey

Sanctions
Threat appraisal
Coping appraisal
Normative beliefs
Information Quality
Facilitating C
onditions
Habits
Rewards

IS
compliance
intention for
information
security

Employee

Survey

(Pahnila et
al. 2007)

Security Policy Attitude
Self-Efficacy
Punishment Severity
Detection Certainty
Subjective Norm
Descriptive Norm
Organizational commitment

IS
compliance
intention for
information
security

Employee,
Several
organizations

Survey

(Herath et
al. 2009)

Independent variable

Security policy
Security awareness
Physical security system
Attachment
Commitment
Involvement
Norms
Attitude
Social Influence
Perceived B
Control

ehavioral
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Researcher

(Lee et
2004)

al.

(Lee et
2005)

al.

Preconventional reasoning
Conventional reasoning
Postconventional reasoning
Values

compliance
for
information
security
policy

Employee

Survey

(Myyry e t
al. 2009)

Detection Probability
Sanction Severity
Subjective Norms
Perceived Security Risk
Perceived Beneﬁts
Personal Norms

compliance
intention for
using
internet

Employee,
Several
organizations

Survey

(Li e t al.
2010)

Behavior
Intention

Expert,
Employee,
Student

Experiment

(Johnston et
al. 2010)

Attitude toward compliance
Normative beliefs
Self-efficacy to comply
Intention to comply

Compliance
intention

Employee,
Several
organizations

Survey

(Bulgurcu
et al. 2010)

Coercive f actors, Voluntary
factors

Security
behavior

Employee

Survey

(SangHyun K im
et al. 2011)

Penalty, Social Pressures

compliance
intention for
information
security

Employee

Survey

(Herath et
al. 2009)

Information E
Activities

Information
security
behavior

Employee

Survey

(Min-Jung
Baek et al .
2011)

Response efficacy
Self-efficacy
Social influence

thics

Source : Jong-Won Park, 2013, Impact of information security strategy on information security
compliance intention
2.2.2 Information security activity
Many organizations spend a lot of efforts and expenses for improving and solving information
security problems. According to data from bank of Korea in 2014, a total budget part of IT of
2013 f inancial i nstitution i s 4,833.3bi llion w on. F rom a mong this, a bu dget o f i nformation
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security is 443.1billion won. The budget of information security overruns 7 percent proportion
of the information security budget presented financial authority (the bank of Korea. Financial
Telecommunications d epartment. Subcommittee on t he f inancial i nformatization pr omotion
2014).
<Table 4> IT and information security budget of financial sector (unit: billion, %)

Year

Total budget

Information
security budget
(in IT budget)
443(9.2)

IT budget

2012
63,925(3.6%)
2013
58,778(8.1%)
( ) : Compared to the previous year growth rate
Source : Bank of Korea. 2014

5,229(6.9%)
4,833(7.6%)

Although the organization is doing a lot of efforts by investing huge expenses to improve and
solve security problems, security accident is not diminished. Whereas method and tool of attack
improves f urther. ( Schneier 2005) . O n t he c ontrary, or ganization j ust c oncentrates on
establishing and enforcing temporary security policy without strategic consideration (Sherwood
1996). As more and more complexity is aggravated by adopting a new information technology
(Ølnes 1994), it makes difficult to protect security of the organization. In order to resolve this
kind of problem, a concept of information security strategy should be introduced and the whole
of organization strategies should be integrated.
In dictionary meaning, shown in Korean unabridged dictionary, strategy means to plan and
conduct for achieving purpose which implies to win the war or facilitate the political, economic
social activities. The dictionary meaning of strategy is used as military and political implication
but if you look at the fundamental reason, it could be implicit that the current situation will be
led better direction in the future. So it could be said achieving, planning the goal systematically.
In information security section, strategy is defined and proposed in a variety of meanings. Many
researchers divided information security strategy into prevention, control, detection, treatment
and response, etc. like table 8.
<Table 5> Classification of information security strategy

Classification

Proposers

Deterrence, Prevention

(Kankanhalli e t a l. 200 3; l nes
1994; P arker 1981; S traub J r
1990)

Deterrence, Prevention, Detection, Remedy

(Straub et al. 1998)

Isolate, Exclude, Restrict, Recover, Punish

(Lampson 2004)

Proactive, Reactive

(Kankanhalli et al. 2003)
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Preventive, Reactive

(Armstrong e t a l. 2003;
Mirkovic et al. 2004)

Deterrence, Detection, Delay, Response

(Smith 2003)

Prevention, Limitation, Correction

(lnes 1994)

Source : Sang-Seo Park. 2007
Straub divided information security into inhibition and prevention in 1990 research and added
prevention a nd t reatment i n 1998 r esearch (Straub e t a l. 1998; S traub J r 1990) . In many
advanced researches, information security is referred but its definition and content are not clear.
Straub defined strategy toward inhibition as passive administrative measure such as computer
cognitive education a nd distribution of i nformation s ecurity pol icy, etc. a nd s trategy t oward
prevention as physical access control such as computer room access control and as software
access control t o bus iness da ta, e tc. T his de finition of s trategy i s ba sed on de terrence
theory(Jongwon Park 2013).
Research Jonwon park d ivided advanced s tudy a bout i nformation s ecurity compliance i nto
preventive orientation and inhibitory orientation and the parameters of advanced study are as
follows (Jongwon Park 2013).
<Table 6> Prevention and inhibition of information security

Classification

preventive
orientation

Variable name

Researcher

security policy

(Boss e t a l. 2007; Bulgurcu e t al. 2010;
D'Arcy e t a l. 2009 a; S traub e t a l. 1998;
Straub Jr 1990)

education of
(D'Arcy et al. 2009a; Piccoli et al. 2001)
security/system
access control of
(Straub et al. 1998)
system
monitoring

(D'Arcy et al. 2009a; Straub et al. 1998)

The certainty of
punishment

(Boss e t a l. 2007; Bulgurcu e t al. 2010;
D'Arcy et al. 2009a; Siponen et al. 2010a;
Straub et al. 1998; Straub Jr 1990)

Severity of
punishment

(Boss e t a l. 2007; Bulgurcu e t al. 2010;
D'Arcy et al. 2009a; Siponen et al. 2010a;
Straub et al. 1998; Straub Jr 1990)

inhibitory
orientation
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Impact of
Punishment

(Bulgurcu et al. 2010; Siponen et al. 2010a)

Inspection

(D'Arcy et al. 2009a; Straub Jr 1990)

Source : Jong-Won Park. 2013
Thus, i nformation s ecurity of t he or ganization s hould be a pproached systematically and
effectively by using the strategic concept.
In many studies, information security should be solved by strategic approach. Therefore, this
research divide i nformation s ecurity s trategy i nto pr eventive o rientation a nd i nhibitory
orientation like Jongwon Park’s research and study on effect of information security compliance
with intent.
2.2.3 Preventive oriented activity of information security
In dictionary meaning, shown in Korean unabridged dictionary, prevention means to nip disease
or ot her di saster i n t he bud. P reventive or ientation i s ba sed on s ituational c rime pr evention
theory. Situational crime prevention theory means an preventive approach not relying on t he
improvement of system but just relying on opportunity of crime and is regarded as remarkable
in criminology. Situational crime theory introduced concepts used in rational choice theory and
opportunity theory. Researcher Cornish defined strategy which should be taken into account
when a pplying t he s ituational c rime t heory a s i ncreasing e ffort, i ncreasing r isk, de creasing
compensation, decreasing stimulus and removing excuse like the following table(Cornish et al.
2003).
<Table 7> 25 ways of situational crime prevention theory

Source : Cornish et al. 2003
First, increasing effort is a way to improve efforts needed to commit a crime, second increasing
risk is a way to increase the risk given to criminal by committing a crime, third a way to reduce
compensation that can be gained by crime, forth a way to reduce stimulation which provoke a
crime, l ast a w ay t o r emove ex cuses f or cr ime. For i nstance, ways t o m ake m ore e ffort t o
commit a c rime b y r einforcing p hysical c ontrol, brighten t he i ndoor l ighting, i ncrease t he
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possibility of arrest by installing CCTV in a public space and reduce compensation through the
crime b y tr aining p enalty a nd p ost ma nagement w hen th e criminal is a rrested, e tc. To
summarize, pr eventive ori ent ed activity i s no t e xposing a nd puni shing a ccording t o t he
regulation and system but increasing the risk given to criminal and recognizing it in advance.
2.2.4 Inhibitory oriented activity of information security
In dictionary meaning, shown in Korean unabridged dictionary, inhibition means to suppress
feelings, de sires and compulsive be havior. A lso, Lebow and Stein defined inhibition as
preventing incorrect behavior by notifying those trying to incorrect behavior of the fact that it
is more costly (Lebow et al. 1990). Based on deterrence theory, human beings are reasonable
and eco nomic ex istence so t hey c alculate p rofits o f a crime r easonably if t here i s m ore
disadvantage to be expected, then the motive of the crime will be decreased. The motive of a
crime is determined by punishment, personal profits and reasonable figure (Scholz 1997).
Researcher W orkman s tudied on t he b asis of deterrence t heory a nd t he theory of pl anned
behavior and assured that factors which have a influence on preventing inappropriate behavior
were punishment in restrictive inhibitory method used a person’s fear and ethics training in a
developed inhibitory method based on conscience and self control (Workman et al. 2007). To
summarize, in hibitory oriented activity is c ontrolling t he vi olation t hrough a fear of pos tmanagement such as punishment or a burden of conscience based on self-regulative ability, in
case anyone is against the rules (Jongwon Park 2013).
2.3 Health Belief Model
In health medical field, Health Belief Model is a representative model to explain the people’s
health behavior ( Glanz e t a l. 2008) . Health B elief M odel f ocused on p eople’s a ttitudes a nd
beliefs ( Claar e t a l. 201 2). Health B elief M odel is ma de b y s ocial p sychologist Hochbaum,
Rosenstock and Kegels in 1950 to understand the reason why people do not take part in disease
prevention programs of U.S. public health service (Becker 1974).
This model is based on Kart Lewin’s field theory which said human beings have positive and
negative value. When trying to change something negative value to domain of positive value,
that is, in health care field when trying to change negative value like disease to positive value
like h ealth, hum an behavior i s not determined by physical e nvironment but de termined b y
subjective perception. This takes a phenomenological approach (Becker 1974).
Health Belief Model is composed of perceived severity, perceived susceptibility, perceived
benefit, perceived barriers and cues to action.
<Table 8> Health Belief Model
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<Table 9> Parameters of Health Belief Model

Variable

Definition

perceived
severity

When falling ill, people believe the disease bring significant
impact to them.

perceived
susceptibility

They believe that the degree of risk for certain diseases
A subjective sense of the degree of the results when an illness
or health problems

perceived benefit

By doing health be havior, to r ealize t hat ef fective in
eliminating or reducing the risk of disease.

perceivedbarriers

Impediments t o t he he althy b ehaviors w ith ne gative r esults
obtained by the Health Act

cues to action

Internal, external stimulation that are specific health-related
behavior to occur

Perceived severity means extent to believe that infection brings a tremendous impact on himself,
perceived susceptibility means extent to believe that we will be infected with disease, perceived
benefit m eans p erceived ef fect o f d oing h ealth b ehaviors(exercise, v accination, etc.) for
avoiding disease and perceived barriers mean negative result of doing health behaviors.
Health Belief Model has the motives of work as well as abroad range of meanings of human
beings behavior (Walker et al. 1982). According to researcher Ng’s study, factors used to be
explained hum an beings behavior t o prevent a d isease called h ealth behavior was s imilar t o
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process which determined staff’s security behavior to protect information security (Ng et al.
2009). Thus, this study on the basis of Health Belief Model researches that various information
security policies and information security activities of organization have an influence on which
subjective perception and finally if someone comply with information security or take action
of information security or not.
MAIN SUBJECT MATTER
3. Method of study
3.1 Research model
The purpose of this study is to confirm inner factor of insider’s internal information security
policy c ompliance. To c onfirm t he i nner f actor, Health B elief M odel being us ed w idely i n
health care field (Glanz et al. 2008) is used. Organization’s information security policies were
divided into preventive orientation and inhibitory orientation. And confirm how the policies
affect m ember’s b ehavior f actor an d f inally m ake m ember h ave s ecurity p olicy compliance
intention. In order to exemplify this purpose, set the research model as follows.

<Picture 2> Research model

3.2 Research hypothesis
3.2.1 Preventive oriented activity
The purpose of this study is researching effect on which factor of member when organization’s
information s ecurity policy affects in formation security c ompliance th ough Health B elief
Model. In this study, preventive oriented activity means to prevent information security incident
in advance such as s ecurity p olicy, education of s ecurity/system, access control o f s ystem,
monitoring and information security awareness, etc.
Researcher Bulgurcu said information security awareness affects benefit, safety and expense,
etc. and these factors affect information security compliance intention on the basis of rational
choice theory (Bulgurcu e t a l. 2010 ). Researcher C haeho Lim s aid a wareness-raising o f
information security i s the mo st important component ( Chaeho L im 2006) and r esearcher
Myeongsun Lim f igured out in formation s ecurity awareness tr aining a ffects detectability of
information security violation and security policy compliance intention (Myeongsun Lim 2012).
That is, preventive oriented activities such as security awareness training and access control of system,
etc. affect factors of Health Belief Model therefore, affect intention of information security policy
compliance. Based on these things, set up a hypothesis as follows.
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H1 preventive oriented activity has a positive (+) influence on perceived sensitivity.
H2 preventive oriented activity has a positive (+) influence on perceived severity.
H3 preventive oriented activity has a positive (+) influence on perceived benefit.
H4 preventive oriented activity has a positive (+) influence on perceived barriers.
3.2.2 Inhibitory oriented activity
In this study, inhibitory oriented activity means post-security policy such as random and regular
inspection and rigorous and clear punishment, etc.
Researcher W orkman s tudied o n t he b asis o f deterrence theory a nd t he theory of pl anned
behavior and assured that factors which have a influence on preventing inappropriate behavior
were punishment in restrictive inhibitory method used a person’s fear and ethics training in a
developed inhibitory method based on conscience and self control (Workman et al. 2007). Each
individual makes a rational calculation and decides the motive of a crime. According to Lee’s
study, each individual is rational beings so certainty and intensity of punishment plays roles in
reducing contravention (Jintae et al. 2002). Researcher Jongwon Park studied a compliance of
information s ecurity pol icy h as a pos itive out come of hi mself i n i nhibitory orientation of
information security (Jongwon Park 2013). According to researcher Sanghyeon Kim’s study,
intensity of penalty and detectability of security violation has a significant influence on security
policy compliance intention (Sanghyeon Kim et al. 2011). This kind of security activity has a
significant influence on factors of causing a change in behavior such as sensitivity, severity,
benefit and barriers in Health Belief Model and accordingly affects information security policy
compliance intention.
To s ummarize, i nhibitory oriented activity is c ontrolling th e v iolation th rough a fear o f a
repressive a nd oppr essive pos t-management s uch a s puni shment or a burden of c onscience
based on self-regulative ability, in case anyone is against the rules (Jongwon Park 2013). Based
on these things, set up a hypothesis as follows.
H5 inhibitory oriented activity has a positive (+) influence on perceived sensitivity.
H6 inhibitory oriented activity has a positive (+) influence on perceived severity.
H7 inhibitory oriented activity has a positive (+) influence on perceived benefit.
H8 inhibitory oriented activity has a positive (+) influence on perceived barriers.

3.2.3 Perceived sensitivity
In Health Belief M odel, p erceived s ensitivity m eans ex tent t o r ecognize t hat w e can b e
transmitted to illness at anytime (Rosenstock et al. 1997). Applying this concept to information
security, perceived sensitivity means extent to recognize that a private individual is against the
security w ithout c ognition in da ily l ife. T herefore, w hen a n i ndividual r ecognizes pe rceived
sensitivity widely, information security action will be high and an individual tries to comply
with information security rule for avoiding security violation (Ng et al. 2009).
Thus, set up a hypothesis as this perception has a positive influence on intention of information
security compliance.
H9 perceived sensitivity has a positive (+) influence on compliance intention.
3.2.4 Perceived severity
In Health Belief Model, perceived severity means extent to recognize that infection brings a
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tremendous impact on oneself (Ng et al. 2009). Applying this concept to information security,
perceived severity means awareness believed that an individual can give a serious impact on
the da ta of i ndividual a nd or ganization a s w ell as t he i nformation s ystem due t o a pr ivate
individual’s security matter (Ng et al. 2009). An individual becomes aware that if not using a
computer antivirus or inside data is leaked, these facts have a n egative effect on himself and
organization. Thus, set up a hypothesis as this perception has a positive influence on intention of
information security compliance.
H10 perceived severity has a positive (+) influence on compliance intention.
3.2.5 Perceived benefit
In Health Belief Model, perceived benefit means extent to recognize that infection is decreased
and an individual is to be healthy through health behavior. Applying this concept to information
security, perceived benefit means the expected amount of the positive benefits by complying
with the information security regulation (Ng et al. 2009). According to researcher Bulgurcu, it
is verified that benefits from compliance and expenses from noncompliance based on rational
choice theory make a positive effect on information security compliance intention (Bulgurcu et
al. 2010).
Thus, set up a hypothesis as a larger perceived benefit has a positive influence on intention of
information security compliance.
H11: perceived benefit has a positive (+) influence on information security compliance
intention.
3.2.6 Perceived barriers
Perceived b arriers mean a n egative s ide o f r educing t hreats (Ng e t a l. 2009) . There ar e
Behaviors f or r educing t he t hreat of i nformation s ecurity. For i nstance, a t wo-factor
authentication instead of a simple password authentication, a complex password instead of a
short password and regular password change, etc. But these behaviors bring out user hostile.
According to researcher Bulgurcu’s study, it is verified that a larger expense of information
security compliance makes a n egative effect on information security attitude (Bulgurcu et al.
2010).
Thus, set up a hypothesis as the larger perceived barriers have a negative influence on intention
of information security compliance.
H12: perceived barriers have a negative (-) influence on information security compliance
intention.
3.3 Research variable and Operational definition
In this study, a parameter used in former study is used to increase reliability and validity of each
parameter. A d efinition of each parameter is mo dified as necessary to fit the subject of this
study. Operational definition of each parameter is as follows and every parameter is measured
by using Likert’s five-point scale.
<Table 10> Operational definition

Variable

Operational definition
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Association
research

Compliance
intention

The degree of personal intention that want
to pr otect or ganization f rom pot ential
security threats.

(Ajzen 1991)
(Fishbein et a l.
1975)
(Bulgurcu et al .
2010)

Inhibitory
oriented
activity

Inhibitory oriented activity level

Preventive
oriented
activity

Preventive oriented activity level

Perceived
sensitivity

Unintentionally e nough t o be lieve t hat
there is a potential security incidents occur

(Ng et al. 2009)
(Claar et al. 2012)

Perceived
severity

When a s ecurity i ncident oc curs, t hey
believe w ould br ing a bout a s erious
impact on their organization or themselves

(Ng et al. 2009)
(Claar et al. 2012)

The degree of belief in a positive outcome
due to information security compliance

(Ng et al. 2009)
(Claar et al. 2012)
(Siponen e t a l.
2010a)
(Warkentin et al .
2004)
(Pahnila et al .
2007)
(Jong-Won P ark
2013)

The de gree of be lief i n t he ne gative
consequences of i nformation s ecurity
compliance

(Ng et al. 2009)
(Claar et al. 2012)
(Siponen e t a l.
2010a)
(Warkentin et al .
2004)
(Pahnila et al .
2007)
(Jong-Won P ark
2013)

Perceived
benefit

Perceived
barriers

(Straub Jr 1990)
(Parker 1981)
(Forcht 1994)
(Straub et al. 1998)
(lnes 1994)
(Jong-Won P ark
2013)

3.4 Sampling and Data collection
A information security manager and staff of corporation which have a information security
policy are selected as a sample population in this study as unit of analysis and carried out
questionnaire through e-mail. The questionnaire is responded from total 172 and used only
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164 data except 8 insincere replies. A factor and reliability analysis is implemented by using
SPSS 18 on the basis of the data gathered from the questionnaire and analyzed by using
SmartPLS 2.0 for verifying the hypothesis used in this study. The demographic characteristic
of questionnaire result is as follows.
<Table 11> Demographic characteristic

Demographic
gender

age

Academic
background

position

Scale of
company

Male
female
twenty
Thirty
forty
Over the fifty
High school diploma
College graduate
master
Doctor of philosophy
Mere clerk
Assistant manager
Section chief
Senior manager
Head of department
executive
Major company
Middle company

General
employee
138(84.1%)
119(72.6%)
26(26%)
45(27.4%)
17(10.4%)
34(20.7%)
105(64.0%)
112(68.3%)
38(23.2%)
14(8.5%)
4(2.4%)
4(2.4%)
9(5.5%)
15(9.1%)
131(79.9%)
126(76.8%)
23(14.0%)
22(13.4%)
1(0.6%)
1(0.6%)
32(19.5%)
29(17.7%)
44(26.8%)
60(36.6%)
48(29.3%)
44(26.8(%)
22(13.4%)
18(11.0%)
11(6.7%)
13(7.9%)
7(4.3%)
42(25.6%)
41(25%)

Small company

77(47%)

The others

4(2.4%)

Category

Hands-on worker

CONCLUSIONS
4. Analysis of research and Consequence
4.1 Principal component analysis
To verify the validity and reliability of the data gathered from the questionnaire, factor
analysis of each parameter was implemented. VARIMAX, an orthogonal axis rotation
method, was used in factor analysis. When analyzing the first factor, a clause of prevention
5,6 was analyzed less than 0.6, factor load value, so factor analysis was implemented again
except the measuring clause. As a result, classify into 7 factors and distinguish them clearly
by more than 0.6, the factor load value, as follows.
As a result of reliability analysis on each classified factor through the factor analysis,
confirm that the value of Cronbach’s alpha is over 0.7. Thus, the reliability of each factor is
verified.
<Table 12> factor analysis and reliability analysis
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classification
Variable
measurement 1
name
Inhibition 5 .889
Inhibition 4
Information
Inhibition 3
security
inhibitory Inhibition 6
activity
Inhibition 1

component
2

3

4

5

6

7

reliability
Cronbach’s
alpha

.880
.824

0.94

.808
.800

Inhibition 2 .800

Compliance
intention

benefit

severity

sensitivity

barriers

Compliance
intention 1
Compliance
intention 2
Compliance
intention 3
Compliance
intention 4

.915
.902

0.95

.894
.837

benefit 3

.908

benefit 4

.888

benefit 1

.775

benefit 5

.752

benefit 2

.726

0.89

severity 2

.892

severity 3

.890

severity 1

.811

severity 4

.778

0.89

sensitivity 2

.922

sensitivity 1

.883

sensitivity 3

.870

0.89

barriers 1

.864

barriers 2

.836

barriers 3

.825

Prevention 1
Information
Prevention 2
security
preventive Prevention 4
activity
Prevention 3

0.81
.707
.698
.658
.621
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0.83

4.2 Measurement model
A validity of research model could be confirmed through convergent validity and discriminant
validity (Hair 1998). In this study, convergent validity is evaluated by composite reliability
and average variance extracted of structuring factor and distinction validity is measured
against correlation of structuring factor and average variance extracted (Fornell et al. 1981).
On t he average, i f composite reliability is more t han 0.8 and average v ariance extracted is
more than 0.5, consider that there is convergent validity (Hair 1998; Nunnally 1978). In analysis
result f or each f actor as f ollows, composite reliability and average variance extracted are
confirmed as more than 0.8, 0.5 respectively so convergent validity in research model of this
study is confirmed. Also, the communality value of the table is a ratio of measurement variabl
e explained by potential factor as a statistics in respect of the measurement model, signify a
Quality of measurement model and its reference value should be at least more than 0.5. Every
value of communality inquired in this study is satisfied with suitability of measurement model
as more than 0.5.
<Table 13> Confirmatory factor analysis

AVE
sensitivity
severity
Inhibition
Prevention
benefit
barriers
Compliance
intention

0.81
0.76
0.77
0.66
0.70
0.66
0.87

Composite
Reliability
0.93
0.93
0.95
0.89
0.92
0.85
0.96

R Square
0.04
0.12

Cronbach’s Alpha Communality
0.89
0.89
0.94
0.83
0.89
0.81
0.95

0.14
0.03
0.22

0.81
0.76
0.77
0.66
0.70
0.66
0.87

In PLS, confirmation of discriminant validity of measurement model is evaluated by square
root of average variance extracted. If a square root of average variance extracted for each factor
is a greater value than the factor and another correlation coefficient, discriminant validity could
be ex istent. A s t he s quare root o f A verage V ariance Extracted i s h igher t han correlation
coefficient among other factors, discriminant validity could be confirmed as follows.
<Table 14> Square root of correlation coefficient among the parameters

sensitivity severity Inhibition Prevention benefit
sensitivity

0.9

severity

-0.01

0.87

Inhibition

-0.18

0.27

0.88

Prevention

-0.06

0.33

0.64

0.81

benefit

-0.01

0.20

0.37

0.27

0.84

barriers

-0.07

0.12

0.10

0.16

-0.13
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barriers

0.81

Compliance
intention

Compliance
intention

-0.16

0.37

0.33

0.40

0.30

0.07

0.93

4.3 Structural model analysis and Consequence
4.3.1 Hypothesis verification
To verify the hypotheses formulated in this study, PLS(Partial Least Square) and SmartPLS
2.0 are used as analysis equipment. Through structural model analysis, deduct a path
coefficient and a coefficient of determination of endogenous variable, bootstrap the
questionnaire result of total 164 into 500 and verify the significance of the hypotheses.
Verification result of structural model is as follows.

<Picture 3> The result of analysis

As a result of statistical analysis, 4 were adopted and 8 were dismissed among the 12 hypotheses.
<Table 15> Hypothesis test result

Number

Hypothesis

result

H1

preventive oriented activity has a positive (+) influence on
perceived sensitivity.

reject

H2

preventive oriented activity has a positive (+) influence on
perceived severity.

adopt

H3

preventive oriented activity has a positive (+) influence on
perceived benefit.

reject
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H4

preventive oriented activity has a positive (+) influence on
perceived barriers.

reject

H5

inhibitory oriented activity has a positive (+) influence on
perceived sensitivity.

reject

H6

inhibitory oriented activity has a positive (+) influence on
perceived severity.

reject

H7

inhibitory oriented activity has a positive (+) influence on
perceived benefit.

adopt

H8

inhibitory oriented activity has a positive (+) influence on
perceived barriers.

reject

H9

perceived sensitivity has a positive (+) influence on
compliance intention.

reject

H10

perceived severity has a positive (+) influence on compliance
intention.

adopt

H11

perceived benefit has a positive (+) influence on information
security compliance intention.

adopt

H12

perceived barriers have a negative (-) influence on
information security compliance intention.

reject

5. Research consequence and Significance
5.1 Research consequence
In this study, do an empirical analysis on influence of a information security activity (preventive
orientation, i nhibitory o rientation) t hrough w hich m ediating f actor t o i nformation s ecurity
compliance on the basis of Health Belief Model. As a result of the study, preventive oriented
activity and i nhibitory oriented activity have a s ignificant i nfluence o n perceived s everity,
perceived b enefit r espectively. Perceived severity and p erceived b arriers af fect information
security compliance intention. 4 were adopted among the hypotheses formulated in this study
and each hypothesis adopted means as follows.
First, pr eventive oriented activity h as a positive ( +) i nfluence o n p erceived s everity.
Organizations do va rious pr eventive oriented information s ecurity activities f or in creasing
members' aw areness o f i nformation s ecurity. Organizations promote ne cessity o f pol icy
compliance and purpose of using a virus vaccine through the education of information security
and reconsider information security awareness of members in practice. Through an education,
emphasize the negative result caused by information security failure so member should realize
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the importance of the information security and the severity in case of failure. As the adoption
of t his h ypothesis, m ember s hould a ttend a methodical i nformation s ecurity a wareness
reinforcement program in worksite to aware the information security.
Second, inhibitory oriented activity has a positive (+) influence on perceived benefit. Member
becomes aware of or ganization's pow erful vol ition of i nformation s ecurity as c ompulsive
activity such as rigorous punishment through information security inspection and detection. The
purpose of i nspection i s puni shing t hrough t he d etection, confirming t he proper i nformation
security action and rewarding as well. Government ministry actually selects the best case of the
security through inspection of affiliated organization, gives commendation and benefit such as
an exemption of the following inspection, etc. and gives distinguished unit citation or working
commendation in the military sensitive to information security. The adoption of the hypothesis
is explained because the member will expect benefits of information security compliance as
this kind of practical case. According to this result, information security will be more reinforced
by de tecting, puni shing as w ell a s r ewarding o f s ecurity c ompliance pr operly t hrough t he
inspection.
Third, perceived severity and perceived benefit have a positive (+) influence on information
security policy compliance intention respectively. This result can be explained by Bulgurcu's
study. Researcher Bulgurcu studied that benefit from information security policy compliance
and e xpense f rom t he pol icy nonc ompliance a ffect attitude of i nformation s ecurity t hrough
rational c hoice t heory. A negative r esult f rom nonc ompliance o f i nformation security
(perceived s everity) i s i nterpreted as t he ex pense an d a p ositive profitableness ( perceived
benefit) is interpreted as the benefit.
Therefore, t he r esult came u p w ith s imilar B ulgurcu's s tudy. Hypotheses di smissed i n t his
study are as follows.
First, preventive oriented activity and i nhibitory oriented activity do not have a s ignificant
influence on perceived sensitivity. A definition of perceived sensitivity is extent to believe that
there is a probability of unintended security incident to oneself. But, many people don't think
sensitively that unintended security incident is occurred to oneself in the real world. It seems
that in formation s ecurity activity of o rganization does not ha ve a s ignificant in fluence o n
perceived s ensitivity b ecause a p reventive oriented activity or inhibitory oriented activity of
organization doesn't make member's awareness, ‘it's not my business’, change.
Second, inhibitory oriented activity does not have a significant influence on perceived severity.
Some employees of the organization do a n inhibitory oriented activity such as inspection of
violation of i nformation s ecurity pol icy a nd pu nishment t hrough de tection, e tc. a nd t he
inhibitory oriented activity could be considered as taking a kind of regular business or procedure
for granted as t he m ember o f o rganization. It seems t hat regular i nspection does not have a
significant in fluence o n perceived s everity b ecause t he i nspection i s considered a s not
explaining c learly th e result o f f ailure o f in formation s ecurity lik e a n in formation s ecurity
education but just performing series of working.
Third, preventive oriented activity does not have a significant influence on perceived benefit.
There are preventive oriented activities in worksite for instance, an education of information
security r egulation a nd i nformation s ystem, obl igation o f us ing vi rus va ccine and r eal-time
monitoring, etc. The main m essage o f p reventive o riented act ivity d elivered t o m ember i s a
negative r esult of i nformation s ecurity from e xternal t hreats s uch a s i nformation l eakage,
system pa ralysis a nd f inancial da mage, e tc. B ut i t doe s not e mphasize positive s ides f rom
compliance of i nformation s ecurity pol icy or u ncomfortable s ides. It i s j udged t hat t he
dismissed result is derived because of these properties of preventive oriented activity.
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Fourth, pe rceived s ensitivity doe s not ha ve a s ignificant i nfluence on i nformation s ecurity
compliance in tention. A perceived s ensitivity of Health Belief M odel in health c are f ield is
extent to recognize that there is a probability of suffering from disease to oneself. Compared
with infection, an individual accept security less sensitively and actually there is a few people
who accept security sensitively. For this reason, it is judged that the perceived sensitivity does
not have a influence on information security compliance intention.
Fifth, preventive oriented or inhibitory oriented activity does not have a significant influence
on pe rceived ba rriers a nd pe rceived ba rriers a lso do not ha ve a s ignificant i nfluence on
information s ecurity compliance i ntention. A ccording t o Fossi's s tudy i n 2009, or ganization
invests lots of expenses to method of control based on technology for reducing security threats
(Fossi et al. 2009). The organization has provided technological devices for years for reducing
security threats and these devices currently have been applied on business information system.
Information system automatically enforces compulsory controlling in period and length setting
of pa ssword a nd f ree s haring i nformation w ith ot hers ( shared f older or m ail at tachment
transmission, e tc.), etc. Also, a s tandard o f l ength a nd m odification pe riod of p assword i s
stipulated as mandatory guidelines such as National Intelligence Service information security
policy and c ompelled. And t hen, i nformation s ystem h as be en de veloped on t his c riterion.
Through t he i ncident of data s pill, a l eakage o f p ersonally i dentifiable information (resident
registration number, passport number, driver license number, and foreign registration number),
address, ID/password, cell phone number and card information, etc. is experienced directly and
indirectly. In this reality, inconvenience of information system incurred by compulsion, that is,
perceived barriers become an essential point which should be accepted and a precondition of
business which should not be avoided. In Bulgurcu's study, perceived barriers were studied as
cost of compliance and also studied as similar meaning in other advanced researches. Perceived
barriers were an important variable which affect information security compliance negatively in
the past but, inconvenience for information security becomes an essential point which should
be a ccepted t herefore m ediation e ffect of i nformation s ecurity a ctivity of or ganization a nd
information s ecurity compliance i ntention be comes l ower. For t his r eason, i t s eems t o be
dismissed.
To sum it all up, it indicates an ideal direction of information security activity of organization
directly. In other words, when deciding and enforcing the information security policy, a policy
of making a negative awareness from violation of information security policy and a perception
of pos itive r esult f rom compliance of t he pol icy should be a pplied comprehensively a nd
enforced. A pol icy not e mphasizing t he pe nalty and be nefit but c ompositive a nd i ntegrated
could be appropriate to strengthen information security compliance. Also, through this study it
is c onfirmed t hat how t o e ffect i nformation s ecurity a ctivity o f or ganization on m ember of
organization and information security compliance. And it can be used as a theoretical basis to
establish and apply policy in organization.
5.2 Academic implications
Up t o now , t here are a l ot of s tudies of i nformation s ecurity compliance i ntention w hich
regarded pol icy m eans of i nformation s ecurity as e ach f actor and c onfirmed i ts i mpact on
compliance intention and there have been a few studies which reclassify and integrate means
of information security policy and systematize the policy. There were some researches which
divided factors of affecting information security compliance intention into internal and external
motive or r egarded each pol icy means a s a n i ndependent factor and s tudied i ts i mpact o n
compliance intention but, t here i s no s tudy about how t o effect t he f actors on m embers and

460

make them have compliance intention and do activity by using Health Belief Model of health
care field. The academic implications of this study are as follows.
First, the concept of information security activity is divided into preventive oriented activity
and i nhibitory or iented activity t hrough s ituational c rime t heory a nd d eterrence t heory. The
earlier r esearches w ere s tudied m ainly about a wareness, compliance i ntention a nd vi olation
intention of information security through using vaccine, education, and punishment, internal
and external factor of threats but, this study conceptualized and systematized the information
security activity. Through this, it suggested theoretical basis of establishment of a strategy of
organization’s information s ecurity activity by i ntegrated study o f i nformation s ecurity
compliance and compliance intention.
Second, a n ew research model is developed on t he basis of research frame suggested in this
study and by using this model, a relationship of information security activity, compliance and
compliance i ntention o f i nformation s ecurity c an be analyzed. By imp osing H ealth Belief
Model o f h ealth c are f ield, r esearch m odel i s d eveloped. It an alyzes empirically t hat w hat
influence has the information security policy on sensitivity, severity, benefit and barriers, the
internal f actors o f m ember, an d finally what in fluence h as t he pol icy on c ompliance a nd
compliance i ntention of information s ecurity pol icy. A nd i t s ubdivides i nformation s ecurity
activity into preventive orientation and inhibitory orientation so it could be used as an important
basis of deciding and establishing a policy direction of organization and a priority. This study
used a new theory not used mainly in the earlier researches. And it contributes to expanding a
theoretical foundation in the study of information security field.
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A STUDY ON THE FACTORS AFFECTING POTENTIAL CONSUMERS’
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Home IoT which is composed of Smart Home and IoT(Internet of things) has been introduced
to the mass market. The importance of Home IoT which is ICT Mega Trend has been
highlighted by telecom operators and large IT companies (ex. Apple, google etc.)
In this study, the investigation on the cause of potential users ’behavioral intention to use
Home IoT in Korean Markets was conducted based on Technology Acceptance Model,
Innovation Diffusion Theory. To test the hypotheses of this study, a survey was conducted with
299 potential consumers who had not used Home IoT. SPSS21 and Smart PLS 3 structural
equation modeling was used to verify the hypotheses.
The hypotheses test results are as follow. Personal innovativeness in personal characteristics
influences perceived usefulness in a positive way. Product innovativeness in product
characteristics has significant effects on perceived usefulness and perceived ease of use.
Perceived cost influences behavioral intention to use in a negative way. Perceived ease of use
has significant effects on perceived usefulness and behavioral intention to use, also perceived
usefulness influence behavioral intention to use in a positive way. However, social influence
and perceived risk don’t have significant effects on perceived usefulness.
Previous study mainly deals with residence and developing new technologies. But this study
focuses on Home IoT that applies service model and significant factors on behavioral intention
to use are derived. This study presents the possibility of newly emerging Home IoT on the
existing researches as well. Also, Home IoT related corporations could understand intention to
use Home Iot for establishing various strategies.
Key Words: Home IoT, Smart Home, Technology Acceptance Model
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I. INTRODUCTION
1. Research Background and Purpose
According to global market research firm Strategy Analytics(2014), the size of global smart
home market will grow into $1,150 billion by 2019, while annual average growth rate would
reach 19%. Korea Association of Smart Home(2013) also prospects that domestic smart home
market will expand to 18258 billions by 2017, which is a 27.6% increase from the previous
year. Furthermore, in the matter of growth in smart home market, other market research firms
are all in agreement. In accordance with this smart movement, the heat of competition caused
by worldwide smart home IoT electronics companies and communicative enterprises in Mobile
World Congress 2015 calls for various smart electronics and smart home services. In addition
to this, more advanced smart products and services are consistently being presented.
Smart home is an advanced concept of home network and home automation which place
emphasis on the connectivity and automation. Home IoT, which is frequently used without
distinction of smart home, is a combination of words: smart home and IoT(Internet of Things).
This implies an exchange platform that all connected electronic devices via internet are able to
transfer and collect information. Through this IoT connection, users can control indoor
electronics using smart devices from outside.(Maeil Business Newspaper)
Users’ interest in such IoT products and services is increasing as attractive high quality IoT
products with adequate price are being released around foreign markets. In addition, Smart
home market previously focused on deployment of type and personal DYI attempts to transform
into mass market in accordance with the development of smart technology and this can be an
accelerator of ICT industry where worldwide communicative and IT companies are paying
attention.
Traditionally, while smart home industry was dominated by home automation system
manufacturers and electronics companies, most communicative and worldwide IT companies
release IoT relevant services recently. AT&T-Digital Life in U.S, Orange-Home Live in France,
NTT-Docomo Smart Home in Japan etc. are providing home automation, security and contents
services. Moreover, as Google and Apple launched Adroid@Home and HomeKit, intense
competition among smart home industries continues. Even domestic communicative enterprises
offer IoT services based on own platform in order to lead the market by cooperating with
manufacturer, electronics and platform companies.
Home IoT seems to become a pivotal asset for dominating a huge IoT industry beyond mere
byproducts of IT as various IoT services are provided through Home IoT platform. Therefore,
as Home IoT is ready to expand further, it is important to identify whether IoT field would be
a mainstay of future industry and strengthen appealing points for each factor that influences use
intention of Home IoT.
The research starts with a question that which factors might influence use intention of potential
IoT users and by drawing those influencing factors companies can implement business strategy
that reflects its characteristics. Moreover, existing researches related to smart home mostly
focus on identifying technical aspect of smart home and degree of convenience in residential
environment rather than mass market focused service Home IoT which is recently rapidly
increasing in the smart home field. Therefore, this research aims to empirically verify the
critical factors of, and influences in potential users’ use intention in Home IoT depending on
personal innovativeness, social influence, product innovativeness, perceived risk, and perceived
cost.
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2. Methodology
Through related study researches, technology acceptance model and innovation diffusion
theory are defined in order to develop research questions and suggest corresponding hypotheses
and research model. Based on those two theories, five independent variables; personal
innovativeness, social influence, product innovativeness, perceived risk, and perceived cost, are
selected and main variables in technology acceptance model, perceived usefulness and
perceived ease of use, are set to act as mediating variables and use intention as a dependent
variable. To empirically verify research model and hypotheses of this research, survey
questions were devised.
For the purpose of this researches, research background, purposes and the scope of research
of users’ potential use intention in Home IoT are described in the beginning. After defining
fundamental concept of Home IoT, especially in terms of use intention, theoretical
contemplation proceeds through existing related study researches which mainly focus on
technology acceptance model and innovation diffusion theory. Based on the theoretical
background, research model and hypotheses that are suitable for verifying research questions
are developed. By establishing operational definition of variables, metrics, data collection,
survey format and analysis method, hypotheses verification procedure is set. With this measures,
research results and implication are derived while suggesting the limitation of this research and
future direction of research.
II. THEORETICAL BACKGROUND
1. Technology Acceptance Theory (TAM)
Technology Acceptance Theory is suggested in order to explain users’ behavior when using
innovative technology (Davis, 1989). This theory is based on Aizen and Fishbein’s Theory of
Reasoned Action (TRA). While Theory of Reasoned Action is to identify people’s general
behavior pattern, Technology Acceptance Theory is to explain acceptance behavior of people
when encountering new technologies. Theory of Reasoned Action explains that human’s
behaviors are under the intention whether to actually act or not and those behavior and intention
are influenced by attitude and subjective norm. The attitude is a belief of whether the
consequences of behavior would be positive or negative, and subjective norm is a belief of how
others would think own behaviors. Similar to Theory of Reasoned Action, Technology
Acceptance Theory adopts perceived usefulness and perceived ease of use as main factors
influencing individual’s acceptance of information technology. Based on Theory of Reasoned
Action (TRA) and Theory of Planned Behavior (TPB), Technology Acceptance Theory is able
to derive pivotal variables, perceived usefulness and perceived ease of use, to measure factors
that can influence decision of acceptance in information technology (Davis, 1989).
2. Innovation Diffusion Theory (IDT)
According to Rogers(1983), innovation is diffused through specific information delivery
channel in society among members and perceived characteristics of innovation influences
innovation adoption rate.
Innovation Diffusion Theory (IDT) provides useful analysis method for investigating causes
of using specific technologies and way of using the technology when studying new medium
technology (Leung & Wei, 1998). In ‘Diffusion of Innovations’, Rogers (1995) explains the
development of new product from the view of technology innovation adopter. According to the
theory, the new product adoption procedure over time generally indicates an s-curve form.
When a new product releases, innovators who have a strong innovative tendency gradually

469

adopt the product. After the period, as early adopters choose the product, rapid diffusion of the
product begins. While total accumulated users are increasing as most late majority adopts the
product, the rate of increase in technology diffusion gradually decreases appearing as an s-curve.
Rogers (2003) distinguishes innovative adopters in terms of time period as Innovators, Early
Adopter, Late Majority, Early Majority and Laggard. According to the adoption time by
distinguishing adopters’ types, Rogers (2003) suggests that one can know different user groups’
characteristics. In other words, there are five types of technology adopters, depending on the
period of adoption time. Innovators have a willingness to endure risk of adopting adventurous
and innovative technologies, which accounts for 2.5% of the whole. Early Adopters lead the
market while occupying 13.5% in the whole market. Late Majority tend to purchase the product
after the majority adopt the innovation as they doubt about it. Laggard are the ones who have
strong resistance towards innovation so that they accept the new product or services after the
majority of market adopt the innovation (Rogers, 2003).
III. RESEARCH MODEL AND HYPOTHESIS
1. Research Model
To identify the use intention of Home IoT in terms of potential Home IoT users, based on
theories mentioned above, the research sets relevant factors what causes the use intention of
Home IoT. This research designs the research model considering personal innovativeness,
product characteristics, innovation resistance characteristics and cost. This research model,
followed by <Figure 1>, to practically verify the factors that determine use intention of Home
IoT, suggests expanded technology acceptance model in order to identify influencing factors in
use intention and verifies each hypotheses.

<Figure 1> Research Model

2. Research Hypothesis
2.1. Personal Innovativeness
Personal Innovativeness is a concept suggested in Innovation Diffusion Theory, defined as a
degree of individual perceivedness of innovation (Rogers, 1983). Liu et al.(2010) conducted a
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mobile learning experiment of 230 people using smart phone suggests that perceived usefulness
and perceived ease of use are positively influenced by personal innovativeness. Parveen &
Sulaiman (2008) also insists that personal innovativeness has positive relationship with
perceived usefulness and perceived ease of use and this further influences on use intention of
mobile wireless internet. Ju yeon-Oh (2010) identifies higher the personal innovativeness has,
the more it will positively affect the smartphone’s usefulness and ease of use. The research
framed a hypothesis that personal innovativeness are one of factors that will influence perceived
usefulness and ease of use.
H1: Personal innovativeness will positively affect the perceived usefulness.
H2: Personal innovativeness will positively affect the perceived ease of use.
2.2. Social Influence
Social Influence is defined as a degree in social relationship which users are interpersonally
influenced by others (Venkatesh and Davis, 2000; Venkatesh et al., 2003). Fesbeing &
Ajzen(1975) defined social influence as a degree which human’s behavior and belief are
influenced depending on the perceived relations among surrounding people. Yu et al.(2009)
also identified that social influence positively influences on perceived usefulness in a study on
the factors affecting health IT product adoption. Lu et al.(2005) further verified the positive
relations between social influence and perceived usefulness on the web in a mobile wireless
internet research. Besides, Karahanna & Limayem(2000) claimed that positive relations
between social influence and perceived usefulness used in voice mail and e-mail are proved.
Dongman-Lee(2011) insisted that the social influence positively effects on the perceived
usefulness when adopting new technology or services. Thus, the research framed a hypothesis
that the social influence is a relevant factor that positively influences on the perceived
usefulness.
H3: Social Influence will positively influence on the perceived usefulness.
2.3. Product Innovativeness
Product Innovativeness is a degree of perceived innovativeness which new products are actually
changed or perceived image of the product is changed (JunHwan-Kim & Hang-Lee, 2012).
Rogers(2003) identified that innovation attributes are critical factors in product innovativeness
perceivedness. Veryzer(1998) and Jaemi-You(2006) also insisted that in view of comparative
advantages, potential for change, technical excellence and etc., users evaluates the product
innovativeness. In other words, in consideration of innovation adoption, not only a product’s
objective innovativeness, but also perceived innovativeness are influential factors (Rogers,
2003). According to Yeonjae-You & Jungsik-Kim (2012), perceived usefulness and ease of use
have positive relations with perceived product innovativeness in an extension research on the
technology adoption model. Moreover, Junhwan-Kim & Hang-Lee (2012) proved that the
product innovativeness considerably influences user’s attitudes towards the product, which
further influences on the purchase intention. Thus, the research is expected to prove the product
innovativeness of Home IoT will influence the perceived usefulness and ease of use of it.
H4: Product Innovativeness will positively influence on the perceived usefulness.
H5: Product Innovativeness will positively influence on the perceived ease of use.
2.4. Perceived Risk
Bauer (1960) insisted that perceived risk is a user’s subjectively perceived risk in a purchasing
situation and when deciding products or services, users tend to consider the risk of opportunity
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cost, uncertainty and anxiety. Featherman & Pavlou(2003) defined perceived risk as a
possibility of risk occurrence when a user try to get a desirable outcome. Burke (1997) also said
that it is important to reduce perceived risk in terms of online shopping. By utilizing user’s
intention, behavior and interest information using information technology without user’s
consent, this can cause physical, psychological and economical losses, disturbing the adoption
of innovation (Meuter, 2005). Jarvenpaa & Todd(1997) suggested that the privacy risk as a
major risk type. Moreover, many existing researches on the mobile service or online consider
the perceived risk as a precedence variable that influences on the perceived usefulness. Thus,
the research is to prove the negative relations between those two factors (Liu & Wei, 2003; Li
& Huang, 2009; Dongwon-Kim, 2002).
H6: Perceived Risk will negatively influence on the perceived usefulness.
2.4. Perceived Cost
In terms of applying technology adoption model to Home IoT, perceived cost needs to be
considered. Rogers (1995) suggested the perceived cost as a critical factor when considering
the relationship between economical factor and adoption rate in technology acceptance model
because technology adopters prefer reasonable price. Price can directly influence on the use
intention and act as an external variable that effects on beliefs which is related to the technology
adoption. In a Porter&Donthu (2008) research, it was found that the higher the price burden a
product has, the more it will negatively affect the technology adoption even though it has high
perceived usefulness and ease of use. Although, in Seung ok Yoon (2004)’s research on mobile
internet, it was found that perceived cost does not directly influence on the technology valuation
and acceptance rate, in Ventakesh & Brown (2001), Kuo & Yen (2009) and Hung et al. (2003)’s
researches, the results suggest that the perceived cost reflects the negative attitudes towards the
adoption of technology, and this phenomenon widely applies to various IT products and
services. This means when the new IT products or services such as mobile additional service is
introduced or when the user starts to use mobile application card and do have perception of
service cost, it turns out to be processed negative psychological response. Based on these
research results, the research is expected to show that the perceived costs of Home IoT will
influence the perceived value of the Home IoT and resistance of users.
H7: Perceived Cost will negatively influence on the use intention.
2.5. Perceived Usefulness
Usefulness is a degree which potential consumers perceive that new products or services
provide better values than the existing ones (Rogers, 1995) or a degree which consumers believe
the use of the information technology or system will improve their job performance (Davis,
1989). In Technology Acceptance Model, perceived usefulness implies that the use of new
information technology brings better values into business performance. According to Davis et
el. (1989), usefulness is a critical validation factor when users substitute their existing system
in the information technology area. Moreover, Igbaria et al.(1995) and Adams et al.(1992)
proved that usefulness considerably influences the perceived value, which further implies
meaningful relations with use intention. Wang et al. (2006) also suggested that perceived
usefulness in a mobile service extremely influences on the users’ intention the use of technology
services in a positive way. Thus, the research is expected to prove the usefulness of Home IoT
will positively influence on the use intention.
H8: Perceived Usefulness will positively influence on the use intention.
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2.6. Perceived Ease of Use
Perceived ease of use is defined as a degree which users can conveniently use the information
technology or system, which consumers believe the use of it will require simple manipulation
without putting considerable mental and physical efforts (Davis, 1989). which consumers
believe the use of the information technology or system will improve their job performance.
Numerous empirical researches confirmed that meaningful correlation between perceived
usefulness and ease of use, and those relationship implies that it can directly enhance users’
acceptance rate (Davis, 1986; Davis et al., 1989, Chen et al., 2002; Hubona & Geitz, 1997).
Besides, Doo Hwan Bae (2010) verified the correlation between perceived usefulness and ease
of use as an influence factor on the use intention of mobile wireless internet technology. Thus,
the research framed a hypothesis that if Home IoT is easy to use, it will positively influence the
perceived values of it.
H9: Perceived Ease of Use will positively influence on the perceived usefulness.
H10: Perceived Ease of Use will positively influence on the use intention.

IV. METHODOLOGY
1. Metric Design of Study Variables
Conceptually defined variables from preceding researches went through refining process in
order to prove the objectivity of the characteristics of each measurement as without
operationalization process, it is not acceptable to use as a reliable measurement in this research
topic. Independent variables used in the research are personal innovativeness, social influence,
product innovativeness, perceived risk and perceived cost. Mediating variables are perceived
ease of use and perceived usefulness based on the Technology Adoption Model. A dependent
variable is behavioral intention to use. Measurement of each variable is quoted from preceding
researches where degree of reliability and validity is empirically proved, and some
measurement were modified to fit the context of Home IoT based on approved measures to
investigate validity and reliability through previous studies.
Variables

<Table 1> Operational Definition
Operational Definition

Reference

Behavioral
Intention to Use

The degree to which potential Home IoT users have an intention or
plan to use the services

Agarwal & Karahanna
(2000),
Venkatesh et al.(2003),
Kuo & Yen (2009)

Perceived
Usefulness

The degree to which potential Home IoT users are able to make a better
use of home utilization.

Davis (1989),
Venkatesh et al.(2003)

Perceived Ease of
Use

The degree to which potential Home IoT users are capable of handling
and operating the services

Davis (1989),
Venkatesh (2000),
Venkatesh et al.(2003)

Personal
Innovativeness

The wants or needs that an individual wants to experience an interested
new service

Chan-Olmsted & Chang
(2006), Cheng&Huang(2013)

Social Influence

It is an perceived pressure through the relationship among surrounding
people that could influence on behaviors

Venkatesh et al(2003)

The degree to which potential Home IoT users’ perception of
subjective innovativeness about Home IoT services

Lee, Y., & Colarelli
O'Connor, G. (2003),
Andrews & smith(1996),
Sethi et al.(2001),
Henard(2001),

Product
Innovativeness
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Perceived Risk

The degree to which potential Home IoT users perceive the risks
of breach of personal and financial information when using
Home IoT services

Perceived Cost

The degree to which potential Home IoT users perceive
the burden of use the services recognizing cost aspects as a
restriction factor

Rogers(2003)
Lee, J. (2006), Yoo, Y.
(2012), Cho, H. (2014)
Ram(1987),
Sheth(1981), Meuter et al.(2005),
Kim, D. (2010), Kim, Y. (2011)
Yoo, P., & Lee, S. (1994)
Luarn&Lin(2005),
Cheong& Park(2005),
Kuo&Yen(2009)

2. Characteristics of Data Collection and Sampling
This research set hypothetical research model explaining factors which are influential on
potential Home IoT users’ use intention, and by verifying correlation among variables, survey
was conducted from November 5th, 2015 to November 12th, 2015 through survey enterprise,
and 299 surveys were reflected on final analysis. Considering Home IoT market’s situational
characteristics and charged service, the research limited survey participants to the users between
20 and 60 years who do not use Home IoT but have knowledge of it. Before conducting the
actual survey research, primary pilot test was conducted from November 5th, 2015 to
November 12nd, 2015, and total 30 surveys were received in order to refine some
questionnaires that were not proved reliability and validity.
As seen in <table 5> and <table 6>, all values of standardized path coefficient are above 0.7
and t-value (>1.96) is statistically significance. Composite reliability of all variables and
Cronbach alpha are above 0.7 which is a reference value. Also, AVE exceeds the reference
value of 0.5. Thus, variables used in this research confirm convergent validity.
<Table 2> Convergent Validity Verification Results (CFA)
Construct

Personal
Innovativeness
(PeI)

Social Influence
(SI)

Product Innovativeness
(PrI)

Item

Std.
Loading

t-value

PeI1

0.87

57.06

PeI2

0.91

75.85

PeI3

0.78

21.07

PeI4

0.81

28.40

PeI5

0.84

35.17

SI1

0.88

46.07

SI2

0.91

56.85

SI3

0.88

43.31

SI4

0.88

49.63

SI5

0.82

30.90

PrI1

0.83

36.28

PrI2

0.85

34.15
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AVE

CR

Cronbach
alpha

0.71

0.93

0.90

0.76

0.94

0.92

0.75

0.94

0.92

Perceived Risk
(PR)

Perceived Cost
(PC)

Perceived Usefulness
(PU)

Perceived Ease of Use
(PE)

Behavioral Use of
Intention
(BI)

PrI3

0.90

66.37

PrI4

0.88

63.20

PrI5

0.87

40.80

PR1

0.86

38.99

PR2

0.88

51.37

PR3

0.78

18.91

PR4

0.88

29.94

PR5

0.88

33.74

PC1

0.76

3.49

PC2

0.90

4.62

PC5

0.87

3.92

PU1

0.90

68.62

PU2

0.92

89.60

PU3

0.89

48.82

PU4

0.92

75.24

PU5

0.87

23.65

PE1

0.90

63.31

PE2

0.91

72.55

PE4

0.93

90.37

PE5

0.91

43.27

BI1

0.89

67.39

BI2

0.94

112.06

BI3

0.91

60.84

BI4

0.91

65.20

BI5

0.93

93.60

0.73

0.93

0.91

0.71

0.88

0.82

0.81

0.96

0.94

0.83

0.95

0.93

0.84

0.96

0.95

<Table 3> Discriminant Validity Verification Results (CFA)

BI

Mean

S.D.

BI

4.57

1.13

0.92

PC

PE
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PR

PU

PeI

PrI

SI

PC

5.16

0.97

0.11

0.84

PE

4.94

1.00

0.50

0.25

0.91

PR

4.99

1.02

0.20

0.42

0.31

0.86

PU

5.20

0.92

0.60

0.33

0.51

0.28

0.90

PeI

4.33

1.01

0.58

0.09

0.41

0.17

0.32

0.84

PrI

4.82

1.04

0.61

0.16

0.45

0.29

0.63

0.42

0.87

SI

3.84

1.18

0.61

0.04

0.27

0.09

0.33

0.59

0.51

0.87

V. DATA ANALYSIS AND RESULTS
To statically prove the hypothesis of this research and research model, SPSS21 and Smart PLS
3 using bootstrapping method was employed to analyze the interconnectivity of the relationship
modeling and verify the hypothesis constructing 1000 samples. It is an appropriate model to
analyze the multiple variables suggested on this research, which includes 5 independent
variables, 2 parameters and 1 dependent variable.
Through the research model and hypothesis test results, it is shown that 7 hypothesis out of
total 10 hypothesis were hypothetically significant. Adoption and dismissal of hypothesis are
statistically proved based on t-value through two-tailed test, and in general, it is possible to
adopt hypothesis when the t-value is above 3.291(p<0.001), 2.807(p<0.01), and 1.96(p<0.05).
It is proved that H1 hypothesis, Personal innovativeness will positively affect the Perceived
Usefulness, is dismissed having 0.285 t-value which is below significance level. On the contrary,
H2 hypothesis, Personal innovativeness will positively affect the Perceived Ease of Use, is
statistically proved having 4.457 t-value and 0.274 path coefficient. Also, H3 hypothesis, Social
Influence will positively influence on the Perceived Usefulness, is dismissed as having 0.229 tvalue which is below level of significance. While, H4 hypothesis, Product Innovativeness will
positively influence on the Perceived Usefulness, is possible to be adopted as 8.583 t-value and
0.484 path coefficient are above the significance level. Whereas H6 hypothesis, Perceived Risk
will negatively influence on the Perceived Usefulness is rejected as 1.131 t-value could not
satisfy level of significance, H7 hypothesis, Perceived Cost will negatively influence on the
Use Intention, is proved to be relevant, which has 2.021 t-value and -0.124 path coefficient.
Besides, H8 hypothesis, Perceived Usefulness will positively influence on the Use Intention, is
confirmed as having meaningful level of significance, which is shown as 9.115 t-value and
0.498 path coefficient. H9 hypothesis, Perceived Ease of Use will positively influence on the
Perceived Usefulness, is also proved to be significant by having 4.745 t-value and 0.280 path
coefficient. Moreover, H10 hypothesis, Perceived Ease of Use will positively influence on the
Use Intention, is adopted as explanatory correlation with having 4.458 t-value and 0.279 path
coefficient. The research model after hypothesis verification is shown in <Figure 2> below.
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<Figure 2> Research Model Test Results

VII. CONCLUSION
The research aims to investigate significant factors that can influence on potential users’ use
intention of Home IoT in the middle of Smart Home and IoT has been introduced to the mass
market and the importance of Home IoT which is ICT Mega Trend has been highlighted by
telecom operators and large IT companies.
In this study, the investigation of which external factors might affect use intention of Home
IoT, which is relatively early stage in the industry, based on the preceding researches including
Technology Acceptance Model and Innovation Diffusion Theory. To test the hypotheses of this
study, a survey was conducted with 299 potential consumers who had not used Home IoT.
SPSS21 and Smart PLS 3 structural equation modeling was used to verify the hypotheses.
Independent variables used in the study are personal innovativeness, social influence, product
innovativeness, perceived risk and perceived cost. Mediating variables are perceived ease of
use and perceived usefulness based on the Technology Adoption Model. A dependent variable
is behavioral intention to use.
The summary of the test results of the research model and the hypotheses presented in this
research are as follows:
First, the hypothesis, which states that personal innovativeness which is a personal
characteristics factor presented in this research would have a positive effect on perceived
usefulness was chosen. This implies users’ individual innovativeness does influence on the
usefulness for the use of Home IoT. However, personal innovativeness and social influence do
not have significant correlation with perceived usefulness. In that vein, it can be interpreted that
as Home IoT industry is in early stage, potential users do not have enough recognition or
experiences of its services.
Second, the test results showed that product innovativeness which is a product characteristics
factor influences on perceived usefulness and ease of use. This can be explained that usefulness
and ease of use appreciate the value of innovative characteristics provided by Home IoT
services, which further implies the correlation of product innovativeness and ease of use is more
influential than of product innovativeness and usefulness.
Third, it has been proven that perceived risk as presented in this research does not have
positive relation with perceived usefulness. Upon the condition of smart devices and services
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prevailed in the market, most of respondents showed relatively low level of security risk when
considering Home IoT services that generally provide auto control, remote control and remote
monitoring as heightening the perceived value of Home IoT.
Fourth, it has been verified that the perceived cost negatively influences on the use intention.
This result represents that the burden of cost would negatively effect on the use of Home IoT
as the potential users’ perceived level of price regarding Home IoT services does not fit to their
perceived price level despite the effort to decrease the payment adopting the concept of service
fee. For these reasons, service improvement is needed through additional cost and value
innovation that are more worth than before.
Fifth, one of the hypothesis was that perceived usefulness has positive affect on the use
intention and perceived ease of use has significant correlation with the perceived usefulness
and use intention.
This research has its significance as in the midst of the current Home IoT services trend, the
study empirically investigates potential users’ use intention of Home IoT based on Technology
Acceptance Model and suggests influential factors. Also, while most existing studies related to
smart home are mainly studying relevant technologies, the study in terms of social science
theory based researches, will be used as reference data in various application studies. In
practical approach, by inducing meaningful factors that can influence on the use of Home IoT,
relevant companies could utilize its data and results on business strategy, marketing strategy or
contents development in order to dominate the market in advance.
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ABSTRACT
Recently, with increasing smartphone users and improving wireless Internet service,
Social Network Service (SNS) users’ number and thus various service types has been
growing. SNS has functioned socially as a medium of users’ communication or
information sharing. There have been many studies performed in order to understand users’
motivation. The limit was, however, different SNS users fell into the same category in the
existing research. For that reason, this study separated the use of SNS into acquisition,
diffusion and production of information for identifying how these influences a factor and
satisfaction of the use of SNS. Partial least squares structural equation (PLS) was used to
test the hypothesis. This study investigated Facebook and Instagram users as a second and
third generation SNS each. Enjoyment and searching information had a positive effect on
acquisition of information, searching information, relationship keeping and selfrepresentation on diffusion of information, and relationship keeping and forming and selfrepresentation on production of information. It will provide staffs and project managers
with how to decide services’ strategic direction.
KEYWORDS
SNS (Social Network Service), SNS Users ‘Motivation and Behavior, Uses and Gratification,
1. INTRODUCTION
1.1 Backgrounds
Recently, increase in the number of smartphone users and the development in wireless
internet service have triggered the number of people using Social Network Service(SNS) to
rise. According to a research paper by E-marketer, the number of worldwide SNS users is
expected to surpass 2 billion in 2016 (E-marketer, 2015). Domestic SNS usage rate has
been continuously growing to 39.9%, increased by 8.6% compared to the previous year
(KISDI, 2015). Since the first appearance in 2004, SNS has constantly collected a large
number of users, and it has carried out various roles in the society based on properties such
1
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as promptness, instantaneity, bilateralness, and openness (NIA, 2010). The current trend of
SNS is shifting from text-based sharing of everyday life to image-based SNS, and this is
called ‘third generation SNS’ (NIA, 2012).
Third generation SNS is also referred to vertical SNS, meaning it offers personalized
contents on specific topics (Lee, 2014). It is an image-based service where users can share
their interests and feelings intuitively and quickly.
[Table 1] SNS Service functional category

Relations
Explain

Example

First generation
Limited relationship
- Connect online
and offline contacts
- Personal content
centred

Cyworld, blog…

Second generation
Public and participation
- Expanding relationships
with unspecified people
- Strengthen the network
around your favorite
content
- Share articles focusing
on the SNS
Facebook, twitter…

Third generation
Curation and limited network
- Vertical SNS share your
interests around specific
themes
- SNS sharing the center of the
image
- A social platform connecting
small units
Pinterest, instrgram…

The source of the KRNIC (Korea Network Information Center) 2012

In addition, its interface suitable to the mobile environment helps convenient and simple
use to the users. The curating function where users can select interested information among
a flooding amount of information and a function that enables users to create human
network based on such interest are the most prominent characteristics of vertical SNS
(DMC Report, 2015).
Current research on third generation SNS is in its early stage, however. One analyzed
user interface design of image-based SNS (Kang, 2015) another studied the relationship
between psychological factors and continuous usage based on social presence theory (Lim,
2015). And one compared second and third generation SNS to analyze the impact of user
flow and decrease in usage (Lee, 2015). But it is difficult to find a study that analyzes
usage motive of image-based third generation SNS and especially positive research that
analyzes mutual relationship between motive and usage, that is based on Uses and
Gratification theory which is one of the most widely used approach of traditional media
research, is rare. Consequently, this study will focus on users’ usage pattern of Instagram, a
representative of the third generation SNS, and divide the usage behavior into 3 parts
(information acquisition, information proliferation, and information production) to find out
motive factors that affect each behavior and the difference in satisfaction of each behavior.
In addition, the study will compare Instagram with Facebook, which is a representative of
the second generation SNS and analyze motive factors of each service type and the
difference of application. In other words, this study will concentrate on difference among
motive factors that affect both existing SNS and image-based SNS, provide an exploratory
research model that proves SNS usage and satisfaction, and analyze it to suggest various
implications. The research will go along the following direction; (1)what the usage motive
for third generation SNS is, (2)how usage motive differs according to SNS usage
behavior(information acquisition, information proliferation, and information production),
2
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(3)how user satisfaction differs in SNS usage behavior, (4)how usage motive and behavior
differs between second and third generation SNS.
1.2 Research method
This study referred to previous research from the view of Uses and Gratification theory
to find out the impact of usage behaviors based on usage motive to user satisfaction and set
variables of SNS usage motive, usage behavior, and satisfaction. Based on it, the study
built a hypothesis and provided a research model. To test the hypothesis, survey
questionnaires were developed and conducted to second and third generation SNS users.
The results were analyzed via SPSS 21 and Smart PLS 2.0 and draw the conclusion.
2. THERETICAL BACKGROUND
In this part, usage motive, behavior, and user satisfaction were theoretically analyzed
through the definition of SNS and the Uses and Gratification theory.
2.1
SNS (Social Network Service)
2.1.1 Definition of SNS
Social media is “an open online platform where individuals can share thoughts,
experiences, and information and where they can create or expand relationship with other
people on a network since the arrival of the Web 2.0 era” (Wikipedia, 2015). Since SNS
has multiple types and is created through various ways, academia and organizations do not
have a single definition (Lee, 2014).
2.1.2 Categorization of SNS
Having a mechanism where users interactively create and spread contents, SNS can be
categorized based on user, purpose, and function. KISDI(2012) classifies SNS into 8 types
based on different functions.Table 2. SNS Service classification category
[Table 2] SNS Service functional category

SNS classification
Base of profile
Base of business

Base of blog

Vertical

Function
-That was available to anyone who
wanted to engage in that.
-General SNS
Business SNS service aim at work,
relation, promote
A blog is a discussion or informational
site published on the World Wide Web
consisting of discrete entries ("posts")
typically displayed in reverse
chronological order.
Photos, videos, reviews, and vertical
center of UCC services in certain areas
3

483

Service
Cyworld, MySpace, Google
Plus, Facebook, Bebo, etc.
Now link, LinkedIn, business
space, etc.
Nate barrel, Yahoo !360,
Windows Live Spaces, Naver
blogs, Google blog, etc.
YouTube, Naver Music,
Flickr, Africantv, Daum Pot,
Pinterest, Instagram, etc.

Base of cooperation
Base of
communication
Base of interest
Microblogging

Base of cooperation work service

Wikipedia, Google Calendar,
Notes springs, Naver
intellectuals, etc.
SayClub, NateOn, driver D.,
Meebo, etc.

Chat, email, video, and user keonpeo
Flushing connection between
communication-oriented services.
Depending on sectoral topics of interest Dog harvesters, wine log,
Trend wheat, etc.
Short short form large social
Twitter, Tumbler, Me2day,
networking services services services
Sina Dos, etc.
targeting the niche market.

The source of the KRNIC (Korea Network Information Center), 2012(restructure)

Users of the existing SNS have been experiencing inconvenience in terms of time and
usage since it provided uniform and limited services in a text-oriented environment to
users. Vertical SNS, however, facilitates easier access to preferred information from an
information overflow through a function called curation where users can share interests on
a specific topic. Also, psychological pressure is decreased when creating contents, due to
its image-based property of contents. This image-oriented vertical SNS satisfies existing
users’ needs of solving SNS fatigue and acting as a new SNS with a clear purpose, along
with an environment where higher quality image contents can be created through the
development of smartphone camera function, in-house developed camera filter functions
offered by the SNS, and a social atmosphere where people take photos for the purpose of
sharing.
2.1.3 Previous study on SNS
SNS is studied in various ways due to its social influence. One study categorized
properties of SNS into openness, promptness, interactivity, and economic feasibility and
empirically analyzed how it affects usefulness, convenience, pleasure and usage motive
perceived in SNS (Oh, 2012). Another study investigated impact on user satisfaction and
motive of consistent use through a view of information system, properties of SNS, and
users’ cognitive perspective (Kim, 2011). Also, Jaebeom based on the Technology
Acceptance model and research on factors that impact SNS usage motive; properties of
SNS were divided into social impact, pleasure, convenience, and usefulness (Jaebeom,
2013). Next, how these properties of SNS affect SNS user satisfaction and continuous
usage motive was examined aiming at Korean and Chinese consumers. Another study
classified properties of image-based SNS into self-expression, interactivity, promptness,
and information exploration and analyzed the impact on user satisfaction based on mutual
experience (Kim, 2014).
These various studies show that user satisfaction plays an important role as a leading
variable of usage motive and loyalty. Thus, this study will focus on user satisfaction and
investigate which SNS usage motive and usage behavior affect user satisfaction of SNS.
4
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2.2

Uses and gratification

2.2.1 Definition of Uses and Gratification Theory
Uses and Gratification theory is an approach in the field of mass communication
research that was first used by an American scholar in communications in 1959. It is a
theory that takes a perspective of ‘what the recipients do with media’ instead of ‘what the
media does to the recipient.’ In other words, it considers users of media as an active agent
rather than a passive recipient of media (Sung, 2012). Therefore, Users and Gratification
Theory explains individual motive, desire, and satisfaction of media use (Katz et al., 1974)
and focuses on why people use media and how they use it (Klapper, 1963). According to
this theory, people select a specific media because of psychological factors such as motive,
and these factors affect actual usage behavior of media (Rosengren, 1974; Flaherty et al,
1998). In other words, it reveals that usage motive is a meaningful factor that affects the
use of media (Papacharissi et al., 2011).
Consequently, Uses and Gratification theory, which focuses on users of media, is
suitable for exploratory research on media usage behavior that the recipient’s usage motive
can arouse (Shim et al., 2014). This theory was also chosen to be a framework of this study
because Uses and Gratification Theory was thought to be appropriate to examine the
impact among the usage motive, behavior, and satisfaction of an individual that uses SNS.
2.2.2 Usage motive of SNS
Usage motive can be appropriate leading variables to explain various usage forms of
different media (Kim et al., 2008). A study divided usage motive of social media into
playful, functional, psychological, social, and economic motives(Kim et al., 2013) and
another study claimed the usage motive of a cyber community, which is a former version
of social media, are pursuit of information, creation of a homogeneous group,
establishment of identity, personal interest, interaction with others (Kim, 2012). In addition,
a study by Wang classified usage motive of SNS into functional, playful, social, and
psychological motives (Wang, 2004). Another study by Poon and Leung claimed usage
motive of SNS as maintaining relationship, mood regulation, and expression of negative
emotions (Poon et al., 2011). Last but not least, one study derived usage motive of social
media to be for killing time, entertainment purposes, sharing of information, bonding with
colleagues, making new friends, and to strengthen professionalism.
2.2.3 Usage behavior of SNS
There have been various analyses by a number of researchers about usage behavior of
SNS. A passive behavior where users only read the contents provided and do not give back
any feedback, even without any trace is called ‘lurking’ and such users are ‘lurkers’
(Burnett, 2000). Dijkerman viewed that online consumer participatory behaviors vary by
steps from consumption of information, setting an opinion, and deriving information that
arrive to cooperation (Dijkerman, 2006). Another study divided users’ application of
online social network into three types; information acquisition, information proliferation,
5
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and information production, where information acquisition is the lowest level of
application (Rha, 2010). Information proliferation is referred to behavior such as leaving
comments or sharing, where users do not create their own contents but move the original
contents to another platform or user (Choi et al., 2008).
3. RESERCH MODEL AND HYPOTHESIS
In this part, the theoretical research model of this study derived through previous studies
is provided and hypothesis that solves the research question mentioned in the introduction
is described.
3.1

Research model

Based on the theoretical environment aforementioned, this study aims to figure out the
relationship between usage motive, behavior, and user satisfaction of SNS. First, main
motive factors of SNS usage were derived from literature study focusing on Uses and
Gratification Theory. As a result, entertainment, information search, maintaining
relationships, creating new relationships, and self-expression were set as dependent
variables that affect SNS usage behavior. Similarly, SNS usage behavior was derived to be
information acquisition, information proliferation, and information production from
literature study. Lastly, the variable that is affected by usage motive followed by usage
behavior was set as user satisfaction of SNS. The model that empirically analyzes such
idea is illustrated in figure 1.

[Figure 1] research model

3.2

Research hypothesis

3.2.1 Relationship between usage motive and usage behavior
This study applies Uses and Gratification Theory to analyze the relationship between
usage motive and behavior, and another relationship between behavior and user
6
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satisfaction. Rubin explained that according to the Uses and Gratification Theory, users use
media in an intentional, goal-oriented and motive-oriented way to satisfy their own social
needs and psychological desire (Rubin, 2002). In other words, media usage behavior of an
individual is determined by individual motive. Another study showed that media usage
motive is a significant factor that affects media usage behavior (Papacharissi et al., ?). Also,
various studies verify that different motive factors lead to different media usage behaviors.
Haridakis claimed that different usage behavior exists in watching and sharing of YouTube
videos according to different usage motive of users (Haridakis, 2009). Therefore, in this
study, SNS usage motive is divided into entertainment, information search, maintaining
relationships, creating new relationships, and self-expression and set the following
hypothesis that these motives will affect SNS usage behaviors (information acquisition,
information proliferation, and information production)
[Table 3] Hypothesis 1

Hypothesis
H1-1
H1-2

Detail content
Joy motive factor will positively affect information-acquiring behavior.
Information search motive factor will positively affect information
acquiring behavior.

H1-3

Personal relationships motive factor will positively affect information
acquiring behavior
Relationship formation motive factor will positively affect information
acquiring behavior
Self-expression motive factor will positively affect information
acquiring behavior

H1-4
H1-5
H2-1
H2-2
H2-3
H2-4
H2-5
H3-1
H3-2

Joy motive factor will positively affect information proliferating
behavior.
Information search motive factor will positively affect information
proliferating behavior
Personal relationships motive factor will positively affect information
proliferating behavior
Relationship formation motive factor will positively affect information
proliferating behavior
Self-expression motive factor will positively affect information
proliferating behavior
Joy motive factor will positively affect information-producing behavior.
Information search motive factor will positively affect information
producing behavior.

H3-3

Personal relationships motive factor will positively affect information
producing behavior

H3-4

Relationship formation motive factor will positively affect information
7
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H3-5

producing behavior
Self-expression motive factor will positively affect information
producing behavior

3.2.2 Relationship between SNS usage behavior and user satisfaction
In previous studies on Uses and Gratification Theory, fulfillment of media usage and
behavior was assumed to be the measure of satisfaction (Cho et al., 2014). Similarly, it
could be said that difference in user satisfaction according to SNS usage behavior exists as
different motive factors exist in SNS usage behavior. One study classified the use of online
comments into reading and writing and claimed that satisfaction differs in each case (Kim
et al., 2008). Another study about social watching divided the watching behavior into
reading and writing, and claimed that receiving behavior like reading had a positive effect
both on contents and communication satisfaction but proliferating behavior like writing
had a negative effect on contents satisfaction (Cho et al., 2014). Based on these studies,
this study set the following hypothesis that SNS usage behavior will have a positive effect
on SNS satisfaction.
[Table 4] Hypothesis 2

Hypothesis
H4-1
H4-2
H4-3

Detail content
Information acquiring behavior will positively effect satisfaction.
Information proliferating behavior will positively effect satisfaction.
Information producing behavior will positively effect satisfaction.

4.RESEARCH METHOD
In this part, variables used in this study are defined, criteria where variables will be
measured are explained, and the data collected from the sample are summarized.
4.1

Operational definition of research variables and measurement criteria

Based on the aforementioned theoretical background, this study clarified the definition
of variables that suit the purpose of the study and set measurement criteria of variables as
shown in Table 5.
[Table 5] Operational definitions of variables

Variable
Joy
Information
search
Personal
relationships

Operational definition
Desire to get the fun through the use of SNS
Desire to obtain information through the use of SNS
T
hrough the use of SNS desire to communicate with my
friends, co-workers
8
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Reference
Greenverg, 1974
Choi Young,2011
Imjaewon, 2015
Park, Ji Young,2014
Roo Jin
Dan,2015

Relationship
Formation

Through the use of SNS desire to communicate with
people established a new relationship

Somck, 2011
Lee Sang
gyu ,2013
Na Joug
SelfThe desire to express themselves through the use of
yean,2010
expression
SNS
Shin
sunyoung,2015
Park hyen
The user information is found in the SNS, access,
ju,2006
Get the
search,
act
to
obtain
information
from
search
Na
Joug
information
yean,2010
Na Joug
Proliferate the
It acts to share the knowledge and information to
yean,2010
information
others in the SNS
Gong
Jaehyeong ,2014
Produce the
Update your information in the new consumer himself
Lee
information
SNS and maintenance actions
Huijeong ,2012
Satisfaction
In utilizing the degree of SNS users feel satisfied
Kim & R, 1997
To measure the variables that construct the theoretical model, a total of 45 measurement
criteria were developed through selecting reasonable and reliable questionnaires in
previous studies and modifying them to fit the contents of this study. Also, a pre-test was
conducted to 30 participants to figure out whether each questionnaire was composed in a
comprehensive manner. Questionnaires that were found to have some error in this step
were edited and used for the final version of questionnaires. Each questionnaire was
measure in a five point Likert scale, and 45 measurement criteria used in this study are
shown in the following Table 6.
[Table 6] Measuring research variables

Variable

Reference
I use SNS, because It’s fun.

Joy

I use SNS to enjoy my leisure time.
I use SNS because by eliminating the tedious hours
I use SNS because they feeling interested for me.

Se doon woo,
2015
Greenberg, 1974
Rubin, 1983

I use SNS as good for me.
I use the SNS to obtain new information or content.
Information
search

I use the SNS in order to obtain various information
from others.
I use SNS to know about the social issues that
happened recently.
I use SNS to know about the social issues that
9

489

ImJeawon, 2015
Choi
Young,2011
Kim nam,2010
Brandtzag &

happened recently

Heim, 2009

I use SNS to know about the social issues in real
time.
I use SNS to maintain relationships with
acquaintances such as friends, colleagues.
I use SNS to contact with distant friends.
Personal
relationships

I use SNS to form a consensus and acquaintances
such as friends, colleagues.
I use SNS to communicate with frequently can not
meet acquaintances.

Roojindan, 2015
Parkgiyoung,
2014

I use SNS, because such acquaintances friends,
colleagues use the SNS.
I use the SNS for me to bear with people of similar
interests, relationships and tendencies.
I use SNS to communicate with others and entering
into a relationship.
Relationship
formation

Lim Jiyeong,
2015
Roojindan, 2015

I use SNS for entering into relationships with new
people.

Lee Sanggyu,
2013

I use SNS to form a consensus with other people in
the areas that I like.

Smock, 2011
Li Yuan, 2014

I use SNS as it helps to know a lot of people.
I use SNS to express my situation.
SNS I use to express my feelings.
Self-expression

I use SNS to express my knowledge and ability.
I use SNS to express what I any man.

Shinsunyoung,
2015
Najoungyean,
2010
Leejiyeun, 2013

I use SNS to express to the people my good image.

Kim Jiyeon,
2014

I read an article written by someone else uploaded
from the SNS.

Na Jongyeon,
2010

Get

I read the messages sent by others in the SNS

the

I see the pictures uploaded by others in the SNS.

information

I see others who have uploaded videos on SNS.
I search for people or a particular post in the SNS. (G
Insta hashtag search, people search from your friends
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Choi Ayeong &
Na Jongyeon,
2010
Kim Nami &
Lee Subeom,

/ Facebook search / search Post)

2011

I danda others commented on a post uploaded on the
SNS.

Na Jongyeon,
2010

Proliferated

I press the "Like" others upload the post in the SNS.

Choi Ayeong &

the

I tag friends in posts uploaded by others in the SNS.

Na Jongyeon,
2010

information

I share a post from someone else uploaded SNS.
I tag friends in comments in the SNS.

Produce
the
Information

I write for the publication in the SNS.
I posted pictures from the SNS.
I uploaded a video on SNS,
I operate a specific page in the SNS.
I'm offline activity through SNS.

Kim Nami &
Lee Subeom,
2011
Na Jongyeon,
2010
Choi
Ayeong,2010
Kim Nami,2011

I am satisfied with the services provided by the SNS.
I am satisfied with the fun provided by the SNS.
Satisfaction

Overall, I am satisfied with the SNS.
I am satisfied with the communication through the
SNS.

KimJiyean,
2014
Simmisun, 2000
Kim & Rubin,
1997

I am satisfied to using the SNS.
4.2 Data collection and sample properties
For verification purposes, unit of analysis was set as an individual and participants
answering the survey questionnaires were restricted to users of second and third generation
SNS, Facebook and Instagram respectively. The survey was conducted through an online
survey-specialized company for four days, from November 25, 2015 to November 29,
2015, and a total of 314 surveys were collected to use for analysis. Five questionnaires for
nine criteria each in both usage motive and behavior were included, and participants
needed to answer on a five-point scale on the degree of agreement, 1 being ‘highly unlikely’
and 5 being ‘highly likely.’ Questionnaires used to analyze the participant were about the
gender, age, level of education, number of friends in their SNS, and SNS usage time. The
demographic distribution is shown in Table 7.
[Table 7]

Demographics
Gender

The demographic characteristic

Catalogue

Sample nember
148

Male
11

491

%
47.13

Age

Education

Using time

SNS friend
number

Using Sns

Female
Teenagers
Twenties
Trigenerian
Forties
More then fifties
Middle school
High school
Jiunoir college
Undergraduste
Graduate and higher
Half-hour
~ 1 hour
~ 2 hour
~ 3 hour
~ 4 hour
More then 4 hour
Number of people 50
Number of people 50-100
Number of people 100-200
Number of people 200-300
Number of people 300-400
Number of people mare then
400~
Facebook
Instargram

166
16
152
94
40
12
5
38
60
191
20
46
83
87
51
19
28
98
88
61
37
14
16

52.87
5.10
48.41
29.94
12.74
3.82
1.59
12.10
19.11
60.83
6.37
14.65
26.43
27.71
16.24
6.05
8.92
31.21
28.03
19.43
11.78
4.46
5.10

159
155

40.64
49.34

5. DATA ANALYSIS AND RESULT
In this part, analytic methods such as reliability analysis, validity analysis, and
correlation analysis were used to test the hypothesis and empirically analyze the result.
5.1 Component analysis
Exploratory factor analysis was conducted from collected survey data through SPSS 2.0.
VARIMAX, which is an orthogonal solution, was used for the factor analysis. During the
first analysis, criteria such as information acquisition 2, proliferation 5, production 4 and 5
were below factor loading 0.5, so after eliminating these criteria, another factor analysis
was conducted. As a result, factors were classified into nine types as shown in Table 6, and
each factor was verified to be above factor loading 0.5. Next, validity analysis was
performed to verify internal consistency among each factors classified through the factor
analysis. Generally, regarding internal consistency, it is believed to be valid when the
Cronbach’s alpha value is above 0.7 (Nunnally, 1978). Based on such standard, all nine
variables were proven to be valid since each Cronbach’s alpha value was higher than 0.7,
and therefore could be analyzed as reliable.
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[Table 8] Principal Component Analysis

Ingredient
1
P4

.830

P2

.822

P3

.770

P5

.769

P1

.758

2

3

4

5

6

7

8

9

Cronbach Alpha

.930

C4

.841

C2

.823

C1

.809

C3

.758

C5

.733

.897

SA
T3
SA
T5

.796

SA
T4

.721

SA
T1

.781
.876

.713
.697

SA
T2
J1

.814

J4

.738

.864
13
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J2

.731

J5

.726

J3

.704

I1

.787

I5

.765

I4

.763

I3

.733

I2

.717

.860

S3

.849

S5

.838

S4

.691

S1

.603

.880

R4

.798

R5

.710

R3

.686

R1

.671

R2

.521

.884

A3

.834

A4

.774

A1

.745

A2

.567

.788

M2

.800

M1

.732

M3

.523

5.2

.875

Measurement model

Validity of the research model can be verified through convergent validity and
discriminant validity (Hair, 1998). Convergent validity is examined with composing
factors’ composite reliability and Average Variance Extracted (AVE), whereas
discriminant validity is examined by comparing the correlation among composing factors
14
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with the AVE value (Fornell et al., 1981). Generally, composite reliability above 0.8
together with AVE above 0.5 can be considered to be convergent valid (Hair, 1998;
Nunnally, 1978). In this study, Smart PLS 2.0 was used for factor analysis verification, and
as a result, the research model of this study was convergent valid with the composite
reliability and AVE above 0.8 and 0.5 respectively, as shown in Table 9.
[Table 9] Confirmatory factor analysis

AVE

Composite
Reliability

Joy

0.652

0.903

0.866

Information search

0.642

0.900

0.861

Personal relationships

0.708

0.924

0.897

Relationship Formation

0.683

0.915

0.884

Self-expression

0.782

0.947

0.930

Get the information

0.621

0.867

0.227

0.797

Proliferated the
information

0.736

0.917

0.386

0.880

Produce the information

0.803

0.924

0.442

0.877

Satisfaction

0.669

0.910

0.311

0.875

R Square

Cronbach’s
Alpha

In the Partial Least Square (PLS) method, discriminant validity is examined by comparing
the AVE value and the correlation coefficient of each factor. It is regarded to be
discriminant valid when the AVE of each factor is bigger than the square of correlation
coefficient of that factor. As this was the case in this study, discriminant validity was
verified, as shown in Table 10.
[Table 10] The variable between correlation coefficient for AVE values

Perso
nalrelati
onshi
ps
Personalrelationships

0.68

Relationship
-Formation

0.30

Relat
ionsh
ip Form
ation

Satisf
actio
n

Self
exp
ress
ion

0.71
15
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Produce
the
informat
ion

Infor
matio
nsearc
h

Prolif
erate
d the
infor
matio
n

Get
-the
info
rma
tion

J
o
y

Satisfaction

0.18

0.10

0.67

Selfexpression

0.34

0.24

0.16

0.78

Produce the
information

0.24

0.08

0.14

0.41

0.80

Information
search

0.21

0.03

0.11

0.04

0.04

0.64

Proliferated
the
information

0.27

0.19

0.15

0.27

0.28

0.13

0.74

Get the
information

0.07

0.04

0.20

0.02

0.05

0.11

0.06

0.62

Joy

0.12

0.04

0.27

0.10

0.08

0.18

0.09

0.18

0.65

5.3 Structural model analysis and result
To test the hypothesis, PLS was used and Smart PLS 2.0 was the analytical tool.
Through structural model analysis, path coefficient and coefficient of determination
regarding internal variables were derived, and a total of 314 survey results was
bootstrapped into 1,000 to test the significance of the theory. Test results of the structural
model are illustrated in the following Table 11.
[Table 11] Hypothesis Testing Results

Hypothesis

Path

Coefficient

T-value

Adopt

H1-1

Joy à Get the information

0.349***

5.818

Selection

0.150*

1.993

Selection

0.120

1.738

Rejected

0.058

0.707

Rejected

H1-2

H1-3

H1-4

Information search à
Get the information
Personal relationships à
Get the information
Relationship Formation à
Get the information
16
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H1-5
H2-1
H2-2

H2-3

H2-4

H2-5
H3-1
H3-2

H3-3

H3-4

H3-5

Self-expression à
Get the information
Joyà Proliferated the information
Information search à
Proliferated the information
Personal relationships à
Proliferated the information
Relationship Formation à
Proliferated the information
Self-expression à
Proliferated the information
Joy à Produce the information
Information search à
Produce the information
Personal relationships à
Produce the information
Relationship Formation à
Produce the information
Self-expression à
Produce the information

-0.086

1.353

Rejected

0.038

0.589

Rejected

0.181*

2.496

Selection

0.177**

2.722

Selection

0.151

1.904

Rejected

0.296***

4.567

Selection

0.063

1.134

Rejected

-0.044

0.706

Rejected

-0.123*

2.084

Selection

0.244***

3.413

Selection

0.545***

9.649

Selection

H4-1

Get the information à Satisfaction

0.363***

7.441

Selection

H4-2

Proliferated the information à
Satisfaction

0.196**

3.081

Selection

H4-3

Produce the information à
Satisfaction

0.188**

2.724

Selection

p<0.001***, p<0.01**, p<0.05*
17
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As a result of the statistical analysis, 11 out of 18 hypotheses were accepted and 7
rejected. The fitness of PLS structural model is examined with the R square value of the
internal variable. The degree of effect of the R square value is classified into high, if bigger
than 0.26, medium, if bigger than 0.13 but smaller than 0.26, and low, if bigger than 0.02
but smaller than 0.13 (Cohen, 1988). In this study, information acquiring behavior has a
medium level fitness with 0.227, and information proliferation (0.386), information
production (0.442), and satisfaction (0.311) have a high level of fitness with all higher than
0.26. It can be concluded that the fitness of structural model exists. The following figure 2
summarizes the hypothesis test. Next, to identify the difference between Facebook and
Instagram, where each represent the second and third generation SNS, 159 Facebook
samples and 155 Instagram samples were divided and additional structural model analysis
was conducted. The result of the analysis is provided in the following figure 3 and 4, and
the summarized results of two analyses are shown in Table 11.

[Figure 2] model results

18
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[Figure 3] Facebook model results

[Figure 4] Instagram model results
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[Figure 5] Facebook vs Instagram model results

[Table 12] Compare hypothesis-testing results between SNS

20
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Hypothesis
H1-1
H1-2
H1-3
H1-4
H1-5
H2-1
H2-2
H2-3
H2-4
H2-5
H3-1
H3-2
H3-3
H3-4
H3-5
H4-1
H4-2
H4-3

Path
coefficient
0.281**
0.238**
0.281**
-0.144
-0.208*
0.136
0.088
-0.118
0.132
0.486***
-0.024
-0.013
-0.079
0.194*
0.645***
0.298***
0.137
0.195

Facebook
T-value

Adopt

3.220
2.329
2.692
1.110
2.063
1.511
0.843
1.151
1.110
5.649
0.319
0.184
0.849
2.088
8.852
4.391
1.145
1.457

Selection
Selection
Selection
Rejected
Selection
Rejected
Rejected
Rejected
Rejected
Selection
Rejected
Rejected
Rejected
Selection
Selection
Selection
Rejected
Rejected

Path
coefficient
0.371***
0.147
-0.003
0.157
0.043
-0.051
0.272***
0.316***
0.166
0.258***
0.174
-0.087
-0.091
0.274*
0.391***
0.390***
0.222**
0.242***

Instagram
T-value

Adopt

4.143
1.469
0.039
1.568
0.578
0.704
3.388
4.468
1.645
3.478
1.959
0.842
1.123
2.571
4.094
5.592
3.080
3.468

Selection
Rejected
Rejected
Rejected
Rejected
Rejected
Selection
Selection
Rejected
Selection
Rejected
Rejected
Rejected
Selection
Selection
Selection
Selection
Selection

p<0.001***, p<0.01**, p<0.05*

6.CONCLUSION
6.1 Research result
This study empirically analyzed the relationship of SNS usage motive, behavior and user
satisfaction, based on the Uses and Gratification Theory. Also, motives that affect usage
behavior and behaviors that affect satisfaction were compared between the second and
third generation SNS. Entertainment, information search, maintaining relationships,
creating new relationships, and self-expression were selected to be five usage motives of
SNS. To figure out how these factors affect SNS usage behavior, which are information
acquisition, proliferation, and production, and to empirically analyze how these behaviors
affect SNS satisfaction, a survey was conducted to 314 SNS users. The result was
statistically analyzed through SPSS 21 and Smart PLS 2.0. In short, five motive factors had
a statistically significant effect to three usage behaviors, and the following result could be
derived. First, among the five SNS usage motives, entertainment and information search
positively affected information acquiring behavior. It is possible to interpret that to some
users the current SNS only provides one-way information, which was the role of traditional
media. In second generation SNS such as Facebook, some users unilaterally consume
contents created in a specific page, and these users who mainly acquire information use
SNS to spend their leisure time and find information instead if creating social relationships.
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On the other hand, in factors such as maintaining relationship, creating relationship, and
self-expression, they did not affect the information acquiring behavior. This seems to be
due to the fact that the information acquiring behavior itself is one that only consumes
contents rather than utilizes social functions that SNS provides. Second, information search,
maintaining social relationships, and self-expression positively affect the information
proliferating behavior. Users who proliferate information have motive to pursue
information and maintain relationship with acquaintances so they tend to share trendy
contents with their acquaintances or leave comments. This is interpreted as users wanting
to express their ability, knowledge, and image by sharing contents that show a specific
information or knowledge. In addition, instead of sharing such contents to the random
public, they share contents with specific persons and this indicates that maintaining
relationship rather than creating a new one is the motive that affects the information
proliferating behavior. Third, motive to maintain social relationship negatively affects
information creating behavior. In fact, this could verify the adverse social effect of SNS.
Unlike studies in the past claiming SNS positively affect maintaining social relationships;
users do not create contents on SNS because of the pressure that unwanted people might
see their SNS, such as colleagues in the workplace. From the fact that the maintaining
relationship motive factor that acted positively in the information proliferating behavior
actually negatively affects information creating behavior, it could be indicated that motive
factors that affect SNS usage behavior can differ correspondingly. Fourth, both creating
new relationships and self-expression motive factors positively affect information
producing behavior, but entertainment and information search motives do not affect such
behavior. It could be interpreted that in the process of uploading contents on SNS about
something that one already knows, entertainment or desire to search information weaken,
whereas self-expression through creating contents and social desire to create new
relationship are greatly fulfilled. Fifth, through between-group comparison of Instagram
and Facebook users, it was found that in Facebook, only the information acquiring
behavior positively affected satisfaction behavior among three behaviors, but the three all
positively affected satisfaction in Instagram. It is thought to be the result of the
characteristic of the second generation SNS where there are more circumstances of users’
passively consuming contents than sharing contents because of information overflow.
Therefore, second generation SNS users can be fatigued just by consuming various and
extreme amount of information and do not feel the need to create additional information or
share, and it could be found that second generation SNS do not fulfill the users’ needs. It
could be interpreted as evidence of the phenomenon where users shift to third generation
SNS. In the view of Uses and Gratification theory, SNS users are shifting to another
generation because the existing second generation cannot suffice their needs. In short,
media recipients utilize media in a goal-oriented way and decide media acceptance based
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on their needs. And thus, media that cannot fulfill the recipients’ needs will no longer be
used.
6.2 Implication
Theoretical and practical implications can be derived from the result of this study. First,
based on Uses and Gratification theory, SNS usage behavior was divided in three, and the
impact it gets from usage motive and the effect it creates on satisfaction were studied.
Unlike previous research where SNS users were defined as one group, this study could
subdivide users by classifying usage behaviors, derived usage motive that cause behavior,
and identify the difference each behavior affects satisfaction. And thus a different result
from previous research where users were classified as a single group could be deducted,
because users who acquire information and who produce information had a different
motive. Therefore, it is meaningful that this study divided SNS users according to three
behaviors and identified that factors that affect each behavior are different. Second, second
and third generation SNS that have different properties were compared and analyzed.
Especially, it is meaningful that usage motive of the third generation SNS was realized and
difference between second generations SNS was provided, where studies on third
generation SNS are still in its early stage. Also, Uses and Gratification theory was used to
explain the paradigm shift from second to third generation SNS. In short, a conclusion was
made that users move to media where they can fully satisfy the needs that the previous
media could not. Third, it was identified that the motive factor that affects SNS usage
behavior differs. It is believed to help corporations that manage SNS to strategically decide
which function they should focus on providing. Users who actually share and create
contents could be deemed more important than users who only acquire information, since
SNS is operated through a mechanism where users instead of providers create their own
contents. As the number of content providers increases, there will be more users who wish
to acquire information or pleasure through those contents and thus will bring about the
growth of SNS. Hence, if the service identifies and satisfies motive factors that affect
information proliferation and creation, SNS will be more stable. For example, to utilize
that motive to maintain social relationships positively affect information proliferating
behavior, users could be more satisfied if Instagram added or adopted messenger functions
that facilitate social relationships. Fourth, this study could be especially helpful to the
business side planning to launch a new service, since it provided strategic direction
regarding planning a service. As mentioned in the above theoretical background, the type
of SNS is becoming more diverse as the number of SNS users is increasing. In this
situation, it is important to identify the usage motive of service users to plan a competitive
service. In this study, motive factors that affect Facebook and Instagram users were found
to differ. With this information, planning a competitive service could be possible by
identifying the properties of the service trying to launch and providing contents that can
satisfy users’ needs. For example, if the service planning to launch focuses on the social
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function such as Facebook and has a media property of providing contents, users will
obtain satisfaction through information acquiring behavior, and the business should
consider contents provision plan that can suffice entertainment or information search
motive that affect such behavior.
6.3

Limitation and future research direction

This study analyzed relationship of motive factors, usage behaviors, and satisfaction.
Despite the theoretical and practical implications, there are some limitations in the research
process. To resolve such limitations, further research more wide and diverse is necessary.
The limitations of this study are as follows.
First, even though five motive factors that affect SNS usage were deduced, it is a stretch
to say all motive factors have been identified. In future research, it would be meaningful to
investigate more diverse motive factors and study the relationship with the usage behavior.
Also, in addition to motive factors, properties of SNS, personal factors, and environmental
factors examined together will implicate more significant results. Second, meticulous
examination in SNS usage behavior is necessary. This study divided SNS usage behavior
into information acquisition, proliferation, and production, and included more detailed
activities inside each behavior. However, these activity types need to be subdivided more
specifically.
Third, this study selected Facebook and Instagram which have the biggest amount of
service users to identify the difference between second and third generation SNS. However,
the range of SNS is so broad and there are so many various services, and thus the two
chosen services cannot fully each represent the second and third generation SNS. If further
studies empirically analyze more diverse services in second and third generation SNS,
more accurate results regarding motive, behavior, and satisfaction of SNS would be
derived.
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OPERATIONAL STRATEGIES FOR IMPROVING SUPPLY
CHAIN RESILIENCE BY INNOVATIVE PRODUCTION
ARCHITECTURE
Cui, Yu
Faculty of Management, Otemon Gakuin University

ABSTRACT
In this study, first of all, we follow previous researches related to the theme through organizing
and analyzing topics of Emergency, Supply Chain Risk, and Resilient Supply Chain
sequentially and systematically. With the review and understanding on the related concepts of
SCR, we conclude a suite of fundamental and common key points in order to establish Resilient
Supply Chain. Furthermore, we provide a conceptual diagram for raising Supply Chain
Resilience through previous research achievements. In the latter part of the paper, through
analysis of illustrations, we ascertain main causes of supply chain disruptions and the dilemma
manufacturing enterprises are faced to. After that, with analysis on product structure Matrix,
we illustrate the pros and cons of different patterns and the trends of their developments. Last
but not least, we propose the manufacturing patter Semi-Open & Semi-Closed Integral as the
best strategy to resolve supply chain disruptions and raise Supply Chain Resilience. In our
future research, the reification of Semi-Open & Semi-Closed Integral and the detailed list of
collective implementation strategies will be concluded.
KEYWORDS
Emergency, Risk Management, Supply Chain Resilience, Integral and Modular Product
Structures
INTRODUCTION
The effective operations of supply chains rely on the efficient and effective sharing of
information with linked enterprises involved. With the impulsion of ICT innovation and the
prevalence of ubiquitous society, the implementation and research of Supply Chain
Management (SCM) have stepped into the so called SCM 2.0 generation, which comprises
Internet of Things (IoT) and other forms and being the most prosperous. On the other hand,
companies must take the influences of risks arising from emergencies into consideration in
strategic decision making. Most companies concentrate on profit and efficiency, and neglect
the occurrences of risks. Supply risks include the reliability of the suppliers, the availability of
the raw material, supply lead time, and supply delivery issues (disruption). Tchankova (2002)
states that risk management has become a main part of the organization’s activities and its main
aim is to help all other management activities to achieve the organization’s aims directly and
efficiently. We also had insights of that, with all kinds of business disruptions that have
happened recently (e.g., terrorist attacks, hurricanes, earthquakes, and SARS), business
continuity and supply chain risk become as important a criterion as cost reduction in SCM.
Fortunately, increasing amount of academics and managers have paid attention to supply chain
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risk management and the mitigation of it in recent years. In this paper, Supply Chain Risk,
Emergency Management and Resilient Supply Chain are discussed firstly.
THE STUDIES OF SUPPLY CHAIN RISK MANAGEMENT
Ghoshal (1987) classifies risks in a widely way as: macroeconomic risks related to significant
economic shifts in wage rates, interest rates, exchange rates, and prices; policy risks associated
with unexpected actions of national governments; competitive risks associated with uncertainty
about competitor activities in foreign markets; and resource risks related to unpredicted
differences in resource requirements in foreign markets. Christopher and Peck (2004) suggest
that there are four categories of supply chain risk: supply, demand, operational, and security
risks. In detail, supply risk refers to the distribution of outcomes related to adverse events in
inbound supply that influence the ability of the focal firm to satisfy customer demand (in terms
of both quantity and quality) within anticipated costs and time, or leads to threats to customer
life and safety. Examples of supply risks include unsmooth supply, store storage issues, quality
problems, and price fluctuations.
Unlike risks generated within a business, inter-firm risks arise in relation to the flow of raw
materials, products, and information between businesses. These include demand risks and
supply risks. When the capital, material and information flow of business downstream supply
chain is influenced by potential factor, these factor lead to the generation of demand risks.
Generally speaking, any fluctuation of capital, material or information flow could cause the
demand risks. Supply risks refer to the demand risks of upstream businesses and are associated
with the upstream product or information flow of core enterprises. Supply risks originate from
upstream enterprises in a supply chain and comprise the potential or present disarrangements
originating from the flow of raw materials, accessory parts and information.
Considerable evidences have proved that fail to manage supply chain risks effectively can exert
a significant negative impact on organizations, leading to sharp downturns in their share prices,
which can be hard to recover from, while meanwhile, generating conflict amongst stakeholders.
Cousins et al. (2004) point out that consequences can include not only financial losses but also
reductions in product quality, damages to property and equipment, loss of reputation among
suppliers and the general public, and delays in delivery.
Environmental factors involve changes of environment, such as the changes of natural
environment, changes of internal business environment and external environment. Natural
environmental changes include natural disasters such as earthquakes, tsunamis, or hurricanes,
and outbreaks of diseases such as the 3.11 Great East Japan Earthquake and Thailand Flood in
2011. They are usually uncontrollable and unpredictable, and because they only infrequently
occur, many businesses ignore their severe consequences. Changes in internal business
environments refer to changes of business itself, such as the changes of business policy.
Changes in external environments involve changes in business supply or demand and the
influences caused by other businesses’ changes.
THE STUDIES ON EMERGENCY
The management of emergencies in supply chains was initially researched by Jens Clausen and
his colleagues, who state that operations management can be applied in a new field, which is
called Disruption (as the same meaning of emergency) Management. That is to say, since
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emergencies can lead the implementation of operating plans to deviate from the real situation,
when the deviation exceeds a critical level, the original plans must be arranged extremely
(Clausen et al., 2001). And what is conducted at that time is the management of emergency.
Their studies and the concept of emergency or disruption management have been widely
influential and are quoted extensively in the related disciplines.
When emergencies happen, they make the supply chain vulnerabilities that are connected to
supply chain risks clear. The important factors related to supply chain vulnerabilities can be
summarized as follows: (1) operational methodologies emphasizing on efficiency rather than
validity, (2) trend of globalizing supply chains, (3) integration and centralization of production
and distribution, (4) generalization of outsourcing, (5) centralization of suppliers, (6) dynamic
variations in demand, and (7) insufficiency of transparency in control measures among
members of supply chains. In addition, since SCR is also an adaptation level of the whole supply
chain to the environmental changes, flexibility and agility are crucial as well.
THE STUDIES ON SUPPLY CHAIN RESILIENCE (SCR)
Holling (1973) was one of the first researchers to notice that systems have two distinct
properties: resilience and stability. Resilience determines the ability of systems to absorb
changes, has been investigated in multiple disciplines, and has congruence around specific
characteristics. In material sciences, resilience characterizes the ability of a material to return
to its original state after an alteration or deformation. According to Sapountzaki (2007), in
behavioral sciences, the adaptive characteristic of resilience is also found and is described as a
"dynamic process indicating the adaptive functioning of individuals at risk." Resilience is
widely seen as involving the ability to adapt to adversity (Stewart, 2009). According to Pettit et
al. (2010), the zone of resilience can be defined as that in which the desired balance between
vulnerability and capability are achieved, and it is proposed that firms will be most profitable
over the long term.
Research into SCR must take on a broad perspective to capture the dynamics of turbulence and
complexity. Gunderson (2000) define resilience as the capacity of a system to go through
disturbances while maintaining its functions and controls. The United Nations International
Strategy for Disaster Reduction defines resilience in a more comprehensive way: the capability
of a system, community or society potentially exposed to hazards to adapt, by resisting or
changing so as to reach and maintain an acceptable level of functioning and structure. Stewart
et al. (2009) define resilience as a process linking a set of adaptive capabilities to a positive
trajectory of functioning and adaptation after a disturbance. Given the destructive nature of
certain hazards, this definition provides an extensive scope of recovery and does not incorporate
a return to pre-hazard performance. This extensive contextual domain for resilience is important,
because there may be times when returning to pre-hazard levels of performance is not in the
best interests of stakeholders (Stewart et al., 2009).
The effective operation of a resilient supply chain relies on the efficient and effective sharing
of information with the linked enterprises involved. Information systems are confronted with
the dynamical characteristics that it ceaselessly restructures with the integration, operation flow
and organizational structure of link enterprises on supply chain. Requirements regarding the
resilience and integration of supply chains tend to be even more demanding.
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ESSENTIAL CAPABILITIES OF RESILIENT SUPPLY CHAIN
During the occurrence of emergencies, core supply chain enterprises can utilize information
technology to establish information sharing online trading system for distribution enterprises
and downstream customers. Information sharing platform joins downstream customers and
upstream suppliers into the supply chain management system, and equips them with functions
such as online ordering, new product inquiry, information feedback, process monitoring,
account settlement, and sales promotion. Meanwhile, core enterprises can target downstream
customers of different scales and set up appropriate services on the basis of information
platform so as to promote sales and services. Information platforms also allow upstream
suppliers to join and engage in a resilient supply chain management system. When emergencies
happen, the platform allows for the analysis and arrangement of inventory and sales data, and
assists in the realization of automatic remind of order quantity, variety and distribution in
resilient management system.
Core enterprises and related departments can inquire, monitor, and audit business operation
information and the settlement process, and on the basis of this, core enterprises’ unified
management and monitor ability over supply chain upstream and downstream enterprises can
be upgraded to a great extent.

Fig. 1 Essential capabilities for achieving SCR (Source: Cui and Ota, “The prerequisites for achieving
Supply Chain Resilience”, 2013)

In the Figure 1, Cui and Ota (2013) state there are necessary capabilities for achieving SCR
upside, and key points which represent supply chain vulnerabilities are lined up downside.
Moreover, supply chain vulnerabilities are disclosed in accordance with internal and external
interruptions of supply chain, so that barriers may interrupt operations of the whole supply chain
and the recovery from supply chain disruptions (Cui and Ota, 2013). Therefore, with equipping
essential capabilities for implementing SCR, it is able to remove the supply chain vulnerabilities
and promptly recover from emergencies and damages of the entire supply chain.
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APPLICABLE OPERATION STRATEGIES FOR DIFFERENT PRODUCTION
SYSTEMS
Emergencies occur on a frequent basis recently, and disasters such as massive earthquakes and
tsunamis bring down serious issues for enterprises of supply chains. For example, the most
recent cases are Tianjin explosion of China in September of 2015 and Kumamoto earthquake
of Japan in April of 2016. There were a number of international supply chains disrupted in
Electronic and Automobile industries, and a great deal of Japanese companies had suffered
from the disasters. However, there were more instances of supply chain disruption happened in
2011, and both hit a lot of manufacturers in the world. The two catastrophes were the 3.11 Great
East Japan Earthquake and floods in Thailand in 2011.
Furthermore, for Japanese firms, the disadvantage trigged by the Great East Japan Earthquake
is enormously shattering than that trigged by the floods fatality of Thailand. The factor is not
only by the differences in nature and scale of fatalities, but also by the reason of a great amount
of products and parts made in Thailand can also be manufactured by alternate sources in
alternate locations, unlike the parts created in Japan.
As the comparison of the handlings of Japanese and other firms of countries after supply chain
fragmentations, there were critical reasons be found depended on their respective production
systems, especially in manufacturing industry. Which is to say, Japanese companies tend to
take operation strategies based on integral product architectures, in comparison of other
companies conduct their operation strategies based on modular product architectures. Fujimoto
(2007) created a matrix for providing insight on the differences and relationship between
integral and modular product architectures with Closed and Open platforms perceptively (see
Fig.2).

Fig. 2 Basic Types of Product Architecture (Source: Adopted from “Architecture-Based
Comparative Advantage – A Design Information View of Manufacturing”, 2007)
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Fig. 2 explicitly indicates, lower left quadrant, as the Open-Integral Area, is the only exception;
while the other three quadrants all have corresponding products or service as exemplification.
Take automobiles as an illustration, this is an industry demanding high integration, which can
be learned thoroughly from recent supply chain disruptions of Japan automobiles industry
caused by emergencies. Furthermore, industries of tablets, smart phones and compact
appliances are also confronted with similar issues.
On the other hand, in closed-modular area, the products recorded in this quadrant also request
great integration; nonetheless, their manufacture process is optional or alternative due to the
fact that the structure type of their products is modular. For example, Lego demands integration
of high-precision in material, mold and other spheres, nevertheless, throughout the manufacture
process, owing to the characteristic of product structure itself and modular, it is probable for it
to adopt interface of high compatibility to accomplish product manufacture with efficiency and
artifice.
Another zone to be focused on is Open-Modular Area at lower right quadrant. Products or
service in this quadrant all have possession of high variousness and interchange capacity. Take
PC and Bicycles for instance, because both of them are on a platform which is highly open and
in possession of distinct industry standard, the structural property of product enable them great
selectivity and interface to finish the whole processes of production and service flexibly,
efficiently and extensively.

Fig. 3 New Configuration of Integral and Modular Production Systems

However, in the research of Fujimoto (2007), the lower left quadrant, which is located at the
Open-Integral Area, is entirely excluded. In other words, there is no existence of Open-Integral.
This may be accepted ten years ago, and even now, nevertheless, this type of manufacture
pattern is approximately unworkable for most enterprises. In the meantime, though high
integration brings strong competitive strength to enterprises is a common sense, we are
generally helpless due to the fact that closed pattern during disruptions is not what we wish for.
When we notice speedy correspondence brought by extensive, delicate and efficient open-
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modular type and taste the strength and significance of elasticity in depth, we may doubt about
its low threshold and resilience.
In summary, when enterprises are confronted with continuous supply chain disruptions, what
we have to take into account is the issues in Open-Integral field. First of all, if we re-study
certain industries, we may notice that several proactive enterprises have been exploiting the
field of Open-Integral, transferring it from impossible into possible. As is known to all, Apple
has been performing the structure of Integral and carrying it out to the extreme, which can be
examined explicitly from its high quality products and experiences provided to customers.
Meanwhile, we also notice that as great as 90% of the manufacture and assembling of its mobile
electronics including Smartphone, Tablet, Smartwatch and etc. are ordered or consigned from
diverse manufacturers all over the world; some of them are even the competitors of Apple in
the meantime. This cannot be defined definitely as open, however, as there are numerous
enterprises to cooperate with and so many components to be supplied from them, a semi-open
platform is extremely essential to support it. Furthermore, to ensure high quality and
competitive strength of its products, procurement policies of Apple are also extraordinarily
strict. These efforts enable Apple to collaborate with various suppliers and even competitors on
a relatively open platform. And it is possible for Apple to pursue extraordinary product quality
and user experience based on its persistence to Integral structure.
On the other hand, we also notice that a great deal of existing Closed-Integral industries such
as battery vehicle and Aircraft are progressively shifting to Open-Modular as a result of
technological innovations and advancement of enterprisers. Instances embrace Tesla`s
electrical automobile, SpaceX and 3D printer’s products etc. Consequently, in Fig. 3, a fresh
field “Semi-open & Semi-Closed Integral” is raised to take the place of the Open-Integral field,
which is the operational strategy to multiply Supply Chain Resilience and assure competitive
strength of enterprises. Accordingly, the scope of Open-Modular will become spacious as
Social-Coordinative Techniques progressing unceasingly, delivering greater collaborative
space and alternatives to enterprises in enlarging Supply Chain Resilience.
CONCLUSIONS
In this paper, we first discuss on supply chain risks, emergency, and then resilient supply chain,
particularly, we bring up a conceptual diagram for enlarging Supply Chain Resilience through
preceding research achievements. In the latter part of the paper, through investigations on
illustrations, we ascertain main causations of supply chain disruptions and the predicament
manufacturing enterprises are confronted with. Following that, with exploration on product
structure Matrix, we clarify merits and demerits of assorted patterns and their tendency in
developments. Last but not least, the manufacturing pattern Semi-open & Semi-Closed Integral
is presented as the most appropriate tactic to resolve supply chain disruptions and multiply
Supply Chain Resilience. In our future research, the concretization of Semi-open & SemiClosed Integral and the specific list of collective implementation procedures will be
summarized.
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ABSTRACT
This paper studies how a retailer decides the length of wholesale products from an upstream
manufacturer. We consider a vertically related market with two product varieties in which
each retailer determines the number of product varieties and makes an order to the manufacturer. The manufacturer may open its online store by which it encroaches upon the resale
market. We use a monopoly retailer case to show that anticipating the online store’s encroachment, a retailer may be willing to shorten its product line, although it can choose a
full-length one. In a duopoly retailers case, we show that retailers may make their product
lines completely overlapped, partially overlapped, or non-overlapped. Moreover, the total
surplus may decrease as the number of varieties in the resale market increases.
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INTRODUCTION
In a traditional manner, a manufacturer is often thought to decide its preferred product line
to be distributed through retailers. However, recent markets pay more attention to cases in
which dominant retailers possess strong channel power that the manufacturer has to adjust
production line in favor of the retailers’ orders (Kadiyali et al., 2000). Losing power in
the traditional wholesale channel, more upstream manufacturers begin to consider taking
the benefit of Internet commercial and adopting online channels through which they gain
additional profits. Such emergence of manufacturer’s multi-channel marketing brings the
traditional retailers new challenges that they face competition from the potential online stores
(Tannenbaum, 1995; Dixon and Quinn, 2004), which is sometimes referred to as “franchise
encroachment” (Arya et al., 2007; Emerson, 2010). Benefiting from drop-shipping (Randall
et al., 2006), the manufacturer’s online stores can simply decide which product variety to put
on the Internet whenever necessary. However, due to inconveniences in inventory and limits
in display spaces in traditional resale channels, the retailer must prudently decide which
variety to order from the manufacturer.
Our objective is to identify how an incumbent retailer exercises its buyer power of specifying product line when facing potential entry of upstream manufacturer’s online store, and
how the consequences affect the social welfare. Although the online store brings the manufacturer additional channel profits, it causes intrabrand competition against the incumbent
retailer, harming the profit from the wholesale channel. Realizing this channel trade-off, the
manufacturer strategically chooses its online store’s product line. To illustrate, suppose that
the manufacturer carries two varieties. When there is only one variety in the wholesale channel, it is possible that the manufacturer sells only a different variety in the online channel (a
partial encroachment). In this way, because the retailer and the online store are differentiated
in product line, the direct intrabrand competition is alleviated. However, when there are already both varieties in the wholesale channel, no matter which variety the online store sells
there always exists overlapping part. Then, the intrabrand competition is always direct and
intense, which cannot be alleviated by a partial encroachment. Without any benefit from a
2
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partial encroachment, the manufacture never sells only one variety online. Instead, it chooses either selling both varieties online (a full encroachment) or completely shutting down the
online channel. The key to summarize these facts is that the manufacturer uses the online
store as a tool to keep a balanced channel distribution of product varieties. It does not expect
either variety to be oversupplied.
Anticipating the manufacturer’s two encroaching patterns (partial or full), the retailer strategically manages its product line in order to alleviate the negative effect from the online
store’s encroachment. When online retail cost is low enough, the encroachment is inevitable.
Realizing this, the retailer would rather abandon a part of product line so as to induce the
manufacture’s partial encroachment. Although losing profits from a shrunk range, the resulting partial encroachment is less harmful, which enables the retailer to stay differentiated with
the online store, keeping an adequate profitability in a short product line. This result gains
wider significance if we consider an oligopoly downstream market where retailers’ strategic
interactions play an important role. Suppose the simplest duopoly retailer case, when online
retail cost is low enough, the retailers tend to make their product lines overlapped in only
one variety, as if declaring a relatively higher profitability of the less supplied variety. In
this way, the retailers induce the online store’s partial encroachment instead of a full one.
Alternatively, when online retail cost is high enough, the retailers may tend to make their
product line non-overlapped so as to make a balanced variety distribution in the wholesale
channel, which stimulates the manufacturer’s incentive for shutting down its online channel.
Actually, our results can be easily found in several real-world cases in which physical
retailers sell certain products’ limited versions which are not sold by manufactures’ online
stores. For example, a dominant physical retailer in Japan, “Japan Consumers’ Cooperate Union (JCCU),” sells several customized models of Panasonic’s notebook computers, Casio’s
electronic dictionaries, and Cannon’s laser printers in main universities, targeting college
users. But these models are not sold by respective manufacturer’s online stores. Fashion
magazines sold in physical stores are always bundled with CDs, small samples, or supplemental materials. However, online subscribers are often not given these additional bonuses.
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Moreover, our study provides implications in explaining why some retail stores choose overlapping product lines, while some others choose to be differentiated.
For the manufacture’s side, we show that committing not to run an online store can sometimes be beneficial. Although sacrificing channel profits from the online store, a manufacturer can benefit from stimulating the retailers’ incentive for enlarging product lines, which
enhances channel efficiency when physical retailers are more adapted to resale activities. Finally, we show that even though a full encroachment results in more varieties in the resale
market than a partial one does, it may result in a worse social welfare. This phenomenon
occurs when the physical retailers are much more adapted to resale activities than the online store and different varieties are close substitutes. Although a full encroachment is more
pro-competitive than a partial one, it reallocates more share to the inefficient online channel,
which causes considerable social loss and may even be a dominant effect.
Our study has managerial implications for both retailers and manufacturers’ strategies.
First, although we often observe retailers competing with each other in product diversity so
as to attract more consumers with different variety preferences, our results imply that the
head-to-head competition in enlarging product lines can sometimes be inefficient even when
the product variety expansion does not require additional costs. When facing a weak online
stores, it may be more important for retailers to better coordinate with each other so that
the sale of different varieties can be distributed in balance. Second, even though the online
retail cost is relatively low, it is an important issue for a manufacturer to assure its upstream
retailers that they are safe in keeping a full-length product line and that their territories will
not be encroached upon. For the social planners, our research shows an opposite side of the
manufacture’s online retailing. When varieties are too close substitutes, it is important for
social planners to well organize the product variety distribution so that different varieties can
be specialized in different channels and the overlapping problems do not occur.
Now, we discuss the theoretical literature. To the best of my knowledge, our research is
the first attempt discussing retailers’ product line choices while considering manufacturer’s
direct marketing. However, there are several papers with results and methodologies that are
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closely related to ours. Dukes et al. (2009) consider a similar setting in which two retailers
decide their respective product line from a multi-product manufacturer. The longer the product line is, the higher assortment cost is incurred. It is shown that one of the retailers may
unilaterally cut its product line so as to induce the rival retailer to carry the full-length line
with higher assortment costs. Although similar results that retailers do not choose full-length
product line are derived, the intuitions behind are different–in the current work, product line
expansion does not require additional costs. Moner-Colonques et al. (2011) consider a case
with two single-product manufacturers and two retailers. Retailers’ product line expansion
means a multi-sourcing manner. The authors provide us with a theoretical explanation why
some retailers choose overlapping product lines. Inderst and Shaffer (2007) considers retailers’ incentives for “single-sourcing” purchasing strategy (cutting product line) and their
cross-border mergers under cases of different bargaining powers. Gabrielsen and Sørgard
(1999) allow monopoly retailer to decide whether producers should have exclusive dealership (or not) under a linear contract manner. Mills (2015) considers a similar setting but
under a nonlinear contract setting, while contract terms are decided by negotiations between
the monopoly retailer and either or both suppliers. Gabrielsen and Sørgard (2007) consider
retailers’ incentives for carrying private labels in a setting of vertically differentiated products. Although all these works focus on buyer power in product line choices, the upstream
manufacturer’s incentive of direct marketing is not considered. Our work complements the
literature by taking into account the incentive that a manufacturer strategically recaptures the
channel power.1
Arya et al. (2007) may be among the earliest attempts theoretically discussing the manufacturer’s encroaching behaviour. A manufacturer encroaches upon a retailer’s territory if
its retail cost is low enough. The encroachment may even benefit the retailer because the
manufacturer resets a lower wholesale price to maintain the retailer’s demand to an adequate
level. This benefit exists only if the retailer decides its quantity before the manufacturer does
1

For parallel researches, Inderst and Shaffer (2010) discusses how a supplier uses different contract forms
(based on the share it receives of a retailer’s total purchases, or on how much a retailer purchases of its products)
when retailers have out-sourcing options. Milliou and Sandonı́s (2015) studies the relationship between multiproduct manufacturers’ mergers and their incentive for enlarging product line.
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so that the retailer’s output reaches the Stackelberg leader’s level.2 On the basis of the main
structure of Arya et al. (2007), we consider manufacture’s encroachment problem in which a
retailer decides its preferred product line, but assume quantities to be simultaneously decided so as to remove the Stackelberg leader’s advantage and to focus on the effect of product
line choices. Mizuno (2012) considers a case in which two manufacturers distribute their
products to n retailers by competing for a wholesale market, while simultaneously deciding
whether to encroach upon the resale market (or not). Li et al. (2015) considers a model with
n vertical supply chains and analyzes each manufacturer’s incentive to encroach.3 By considering retailers’ channel power in product line choices, we add several new insights into
this literature.
The remaining paper is organized as follows. Section 2 introduces a basic model with
one manufacturer owned online store and one retailer, from which we see how the retailer
employs different variety orders to affect the manufacturer owned online store’s encroachment. Section 3 extends the basic model to a duopoly retailers case. The retailers’ variety
orders in equilibrium and some related propositions will be derived. Section 4 concludes the
paper.

MONOPOLY CASE
We start with a simplest monopoly retailer case and demonstrate a basic result–the retailer’s
product line choice affects the online store’s encroachment.
2

Liao (2014) extends this model by considering a signalling game in which the manufacturer has private
information on its own retail cost, and shows that in a separating equilibrium of retail competition, the manufacturer signals its inefficiency in retail behaviour by setting a lower wholesale price than that under complete
information.
3
Some other parallel literature discusses the manufacturer’s direct selling channel in the Salop (1979)
setting. In Balasubramanian (1998), the consumers buy products from the conventional retailers incurring
location-dependent transportation cost, and are charged a fixed freight per unit that is irrelevant of location,
if they buy from a direct seller. Shulman (2014) considers Balasubramanian’s setting in a vertically related
market. The direct seller can either buy wholesale products from the authorized retailers who are supplied
by the manufacturer, which is referred to as a “gray-market,” or buy wholesale products directly from the
manufacturer.
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The basic model
Let’s consider a standard vertically related market consisting of one manufacture M, and one
retailer R. The manufacturer produces imperfect substitutable products X and Y, and the
retailer orders either or both varieties from the manufacturer. The products are distributed
to the retailer who sells them to consumers through a wholesale channel. Additionally, the
manufacturer can also open its online store and encroach upon the retailer’s territory by
directly supplying either or both product varieties to consumers. We call the competition
between the retailer and the online store the intrabrand competition. The retailer’s retail
cost is normalized to zero, and the online store’s when the encroachment occurs is c >
0.4 The manufacturer’s production cost and the fixed cost of introducing both varieties are
normalized to zero for simplicity. We assume that a representative consumer’s utility to be
quadratic with the form
1
u(QX , QY ) = a(QX + QY ) − (Q2X + 2γQX QY + Q2Y ),
2
where Qn is the aggregate quantity of variety n with n = X or Y, the parameter γ ∈ (0, 1)
denotes the substitutability between two varieties. The products of the same variety are
perfect substitutes whether they are sold by the retailer or the online store.5 Then, the
consumer demand is represented by a linear downward sloping inverse demand function
pn = a − Qn − γQ−n , where n and −n are different varieties.
Let B denote both varieties, and N denote none of the varieties. N cannot be the retailer’s
strategy because it gains profits only when it orders wholesale products and sells them to
consumers, but this is not the case for the manufacturer because it still gains profits from the
wholesale channel even if it does not open an online store. The game proceeds as follows:
In period 1, the retailer orders variety X or both (B).6 In period 2, the manufacturer decides
4

This assumption theoretically follows the setting of Arya et al. (2007). In real world cases, online stores
usually need to bear higher operating costs than physical stores. Unlike the physical stores, because consumers
cannot physically inspect a product before ordering, the online stores have to undertake the risk of returns and
redress. Besides, they have to endeavor to make consumers learn about the products as much as they can when
browsing the Internet (Lieber and Syverson, 2010).
5
This assumption is made for analytical simplicity. The main propositions still hold if we allow for the
imperfect substitutability for the same variety sold by the retailer or the online store.
6
By symmetry, because it is the same that the retailer chooses either X or Y, we can consider either case
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whether (or not) to open the online store (N if not to open), or which variety(ies) to sell
through the online store: X, Y, or both (B). Then, the manufacturer sets the corresponding
wholesale price(s) wn . In period 3, the wholesale products are delivered to the retailer, and
the retailer simultaneously competes with the online store in quantity if the encroachment
occurs; otherwise the retailer monopolizes the resale market.7
The timing assumption of the retailer’s early variety ordering are observed in many industries, especially those in which retailers need to regard product line design as a long-term
issue and forecast potential challenges, such as an online store owned by the manufacturer,
long before the market forms (e.g. the apparel industry) (Iyer and Bergen, 1997). One explanation is that it is costly for a traditional retailer to take the consequences of an inappropriate
variety order.8 However, with advantages in inventory, display and product line adjustment,
an online store often regards product line design as a short-term issue. Notice that our results
still hold if the retailer and the manufacture simultaneously decide their respective product
line.

Equilibrium product variety
Define K ⊆ {X, Y} \ ∅, and L ⊆ {X, Y}. Denote the retailer’s variety choice, r ∈ {X, B},
and the manufacturer’s, m ∈ {N, X, Y, B}. Any pair the retailer and the manufacturer’s variety
choices, rm, defines a product line system. There may be seven different product line systems
rm
in period 3: rm ∈ {XN, XX, XY, XB, BN, BY, BB}.9 Let qrm
nR and qnM be the retailer and the

online store’s selling quantities of variety n, where n = X or Y. In period 3, the retailer
chooses qrm
nR to maximize its profit which is given by:
X
rm
πrm
=
[pn (Qn , Q−n ) − wrm
n ]qnR ;
R

(1)

n∈K

instead of both.
7
For simplicity, we assume that the manufacturer cannot reject the retailer’s order. If we allow for the
possibility of rejection, it becomes the case in which the manufacturer appoints the variety(ies) to the retailer.
If the retailer is appointed with both varieties, it has alternatives to sell one variety or both. We find the results
still hold whether the manufacturer has rejective option or not.
8
For example, the retailers are less likely to order those “very-low-demand” varieties which cannot cover
the fixed cost of storing them. However, it is not the case for the online stores because the demand comes from
a larger geographic market (Lieber and Syverson, 2010).
9
By symmetry, BX is equal to BY.
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If the manufacturer does not open the online store, its profit is only from the wholesale
channel, which is given by:
πrm
M =

X

rm
qrm
nR wn ;

(2)

n∈K

otherwise, it competes with the retailer in the resale market and chooses qrm
nM (m , N) to
maximize its profit which is given by:
πrm
M

=

X

[p (Q , Q
n0

n0

−n0

)−

c]qrm
n0 M

n0 ∈L

+

X

rm
qrm
nR wn .

(3)

n∈K

Solving the profit maximization problems in period 3, we obtain the equilibrium quantirm
rm
rm
rm
rm
rm
rm
rm
rm
ties, if the online store encroaches, qrm
nR (wn , w−n ) and qn0 M (wn , w−n ) (or qnR (wn ) and qn0 M (wn )).

In period 2, wn and w−n are decided by the manufacturer, anticipating the equilibrium
outcomes in period 3.When the manufacturer does not open the online store (XN and BN),
it solves its maximization problem by
max
rm rm

wn ,w−n

X

rm
rm
rm
qrm
nR (wn , w−n )wn ;

(4)

n∈K

When the online store encroaches (rm = XX, XY, XB, BY, or BB), the manufacturer solves
its maximization problem by
max
rm rm

wn ,w−n

X

rm
rm
rm
rm
rm
rm
[pn0 (Qn0 (wrm
n , w−n ), Q−n0 (wn , w−n )) − c]qn0 M (wn , w−n ) +

n0 ∈L

X

rm
rm
rm
qrm
nR (wn , w−n )wn . (5)

n∈K

The manufacturer decides whether to open the online store and the product line for the
online store based on the resulting profits. The equilibrium wholesale price, wn and w−n ,
are denoted in Table 1, where “I.S.” denotes the conditions for interior solutions. For cases
in which the manufacturer encroaches, c must be low enough. Moreover, for the BY case,
c mustn’t be too low (c/a > 5γ/(8 + 8γ)), otherwise wrm
X becomes so high that the retailer
BY
gives up supplying X. Thus, the BY case with qYR
= 0 becomes the XY case.

It is straightforward to find that given r = X or B, the wholesale prices decrease with
more product varieties sold online, which is summarized in the next proposition:
Proposition 1 Given the retailer’s variety order (X or B), the wholesale prices decrease
with more product varieties sold online.
9
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r
m
wrm
X
rm
wY
I.S .

X
N

X

Y

B

N

a
2

5a−c
10

(8−4γ2 +γ3 )a−γ3 c
2(8−3γ2 )

5a−c
10

a
2
a
2

\
a>0

c
a

\
≤

\
5
7

c
a

≤

8−2γ−γ2
8−γ2

\
c
a

≤

5
7+2γ

B
Y

a>0

c
a

∈

5a−c
10
5a−γc
10
5γ
( 8+8γ
, 57 ]

B
5a−c
10
5a−c
10
c
a

≤

5
7

Table 1: Equilibrium wholesale prices
Proposition 1 follows straightforward from Arya et al. (2007)’s main result that a manufacturer may strategically reduce the wholesale price when it encroaches upon the retailer’s
territory. The manufacturer gains profits from both the wholesale channel and the online
channel. In the current research, the increasing number of product varieties sold online intensifies the intrabrand competition, which causes a decrease in the manufacturer’s profits
in the wholesale channel. The manufacturer thus lowers the wholesale price to shift some
business back to the retailers so as to keep the wholesale demand at an adequate level. The
wholesale price conversely reflects how intensively the presence of online store causes intrabrand competition. The lower wholesale price is charged, the more badly the wholesale
channel is affected, the stronger incentive by which the manufacturer attempts to retrieve the
retailer’s demands.
For simplicity, we call the manufacturer’s encroachment with only one variety, a partial
encroachment; that with both varieties, a full encroachment. Taking the conditions for interior solutions into consideration and making sure that unilateral deviations do not take place
in each case, we find the equilibrium outcomes in period 2 as follows:
X

Lemma 1 (1) When the retailer orders variety X in period 1, there exist θ X (γ) and θ (γ),
X

with θ (γ) > θ X (γ), so that the online store
(i) fully encroaches if c/a ≤ θ X (γ),
X

(ii) partially encroaches with variety Y if θ X (γ) < c/a ≤ θ (γ),
X

(iii) is shut down if c/a > θ (γ);
(2) When the retailer orders both varieties in period 1, there exists θ B (γ), so that the
online store
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(a) The retailer orders X

(b) The retailer orders both varieties

Figure 1: The online store’s variety choice in period 2 when γ = 0.5
(i) fully encroaches if c/a ≤ θ B (γ),
(ii) is shut down in period 2 if c/a > θ B (γ),
X

where θ X (γ) < θ B (γ) < θ (γ).
Here, we don’t take a weakly dominated strategy as an equilibrium candidate. Figure 1
depicts the threshold values in Lemma 1. Please see calculations in Appendix 5.2.
Notice that given r = X or B, the manufacturer’s profit curve becomes steeper when it
sells more varieties online. This is because the increasing online retail cost incurs a higher
loss when the online store has a wider product range.
In (a) of Figure 1, given that the retailer orders only variety X, as the online retail cost
increases, the online store first stops selling variety X. The benefits of partial encroachment
with a different variety rather than a same one online come from two angles. First, the
manufacturer obtains higher shares in the wholesale channels when its online store indirectly
XX
compete with the retailer. Second, a higher wholesale price (wXY
X > wX ) refelcts a less

intensive intrabrand competition, implying a less profit loss in the wholesale channel.
BN
BY
B
In (b) of Figure 1, πBB
M , π M and π M intersects at θ (γ), implying that when different vari-

eties are evenly distributed in the wholesale channel (r = B), selling only one variety online
is a weakly dominated strategy for the manufacturer. This fact follows from the assumption
of symmetric online retail costs for both varieties. When the retailer orders both varieties and
the manufacturer starts the online channel and sells only variety Y, it lowers the wholesale
prices for both X an Y from wXBN = wYBN to wXBY and wYBY respectively. wYBY is lower than wXBY
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because the online store directly invades the retailer’s share in Y but indirectly in X. Then,
the partial encroachment causes intensive intrabrand competition in both varieties. However, if the online store additionally sells X, it only further decreases the wholesale price
of X (wYBB = wYBY , wXBB < wXBY ), implying that the additional sale of X by the online store
does not further intensify the intrabrand competition in Y. The additional sale of X by the
online store reduces its sale of Y through the cannibalization effect, which prevents retailer’s
sale of Y from decreasing sharply. Then, the manufacturer does not need to further reduce
the wholesale price of Y. We see that a full encroachment does not seriously cause more
profit loss in the wholesale channel than a partial one does. If selling one variety online is
profitable for the manufacturer than selling nothing, it always further sells the other variety.
Then, selling one variety is a weakly dominated strategy when r = B. If we assume that there
exists a positive real number τ such that selling X incurs more cost (c + τ) than selling Y, πBB
M
in (b) of Figure 1 shifts left downwards so that the range in which the online store sells only
the more efficient variety Y becomes wider. All results here still hold if the cost difference
τ is small enough so that the range of selling only Y online is neglectable. We assume the
symmetric online retail costs just for analytical simplicity.
The case that r = X can be seen as an unbalanced order, because only one variety is
distributed to the retailer; the case that r = B can be seen as a balanced order, because both
varieties are distributed. The manufacturer tends to keep balance of the variety distribution-it
may sell only the variety that is less distributed to the retailer (when r = X), but never sells
only one variety when both varieties are already evenly distributed (when r = B).
Lemma 1 shows how the retailer’s product line choice affects the manufacturer’s incentive for opening the online store. When the online retail cost is relatively low, the manufacturer considers whether (or not) it fully encroaches. The threshold values θ X (γ) < θ B (γ)
show that the manufacturer has a stronger incentive to do so when r = B than when r = X.
Reducing the number of varieties sold online affects the manufacturer’s profits form two angles: First, it alleviates the intrabrand competition and results in higher wholesale prices,
from which the manufacturer’s profit in the wholesale channel increases. Second, because of
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a narrower product line, the manufacturer’s profit in the online channel decreases. We first
BB
BB
see the wholesale channel. When the online store sells both varieties, wXB
X = wX = wY . But

when the online store decreases its varieties, the manufacturer sets higher wholesale prices
(wXBN and wYBN ) when r = B than that (wXY
X ) when r = X. This is because when r = B,
once the manufacturer reduces its varieties, it directly shuts down the online channel so that
the intrabrand competition is fully removed. Thus, the manufacturer’s gain in the wholesale
channel is lager when r = B than when r = X. However, the manufacturer’s loss in the
online channel is more severe when r = B than when r = X, because it loses profits from
both varieties in the former case. Because now the online retail cost is low so that the loss
dominates the gain, the manufacturer is more likely to keep full encroachment when r = B
than when r = X.
Remark 1 θ X (γ) < θ B (γ).
When the online retail cost is relatively high, the manufacturer considers whether (or
X

not) it shuts down the online store. The threshold values θ B (γ) < θ (γ) show that the manufacturer has a stronger incentive to do so when r = B than when r = X. Opening an online
store has two effects on the manufacturer’s profits: First, it incurs the intrabrand competition,
from which the manufacturer’s profit in the wholesale channel decreases. Second, it brings
the manufacturer additional profits in the online channel. We fist see the wholesale channel.
BN
BN
When the online store sells both varieties, wXN
X = wX = wY . But when the manufacturer

opens its online store, it sets lower wholesale prices (wXBB and wYBB ) when r = B than that
(wXY
X ) when r = X. This is because when r = B, the online store directly competes with the
(incumbent) retailer in both varieties, but when r = X, the online store can sell a different
variety so that the decreases in the retailer’s share is not that large. Thus, the manufacturer’s
loss in the wholesale channel is lager when r = B than when r = X. However, the manufacturer gains more profits in the online channel when r = B than when r = X, because it gains
profits from both varieties in the former case. Because now the online retail cost is high so
that the loss dominates the gain, the manufacturer is more likely to shut down its online store
when r = B than when r = X.
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X

Remark 2 θ B (γ) < θ (γ).

The retailer’s product line choice in equilibrium
In period 1, the retailer orders either variety X or both varieties, anticipating the manufacturer’s reaction in period 2. The following proposition shows the equilibrium variety outcome.
Proposition 2 In the monopoly retailer case, the equilibrium variety outcome is
(i) the retailer orders both varieties in period 1 and the online fully encroaches in period
2 if c/a ≤ θ X (γ) (hereafter the BB variety outcome);
(ii) the retailer orders variety X in period 1 and the online store partially encroaches
with variety Y in period 2 if θ X (γ) < c/a ≤ θ B (γ) (hereafter the XY variety outcome);
(iii) the retailer orders both varieties in period 1 and the online store is shut down in
period 2 if c/a > θ B (γ) (hereafter the BN variety outcome).

Figure 2: The variety choices rm in equilibrium
It is important for the retailer to consider two main issues in the ordering process: First,
ordering as more varieties as possible so as to obtain a wider product line; Second, weakening
the negative effect of the online store’s encroachment. When the retail cost is too low (c/a ≤
θ X (γ)), whether the retailer orders one variety or both cannot change the outcome that the
online store fully encroaches. Therefore, the retailer chooses a full-length product line. But
when the online retail cost is not that low (θ X (γ) < c/a ≤ θ B (γ)), the retailer can only order X
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Figure 3: The retailer and the manufacturer’s profit function when γ = 0.3
so as to stimulate the manufacturer’s incentive of encroaching with the less supplied variety
Y. However, if it orders both varieties, the manufacturer follows with a full encroachment.
Because now the online store is a relatively efficient one, alleviating the negative effect of
the encroachment is prior to enlarging product line. Therefore, although losing profits from
one variety, the retailer still benefits from making a mitigant market condition by inducing
less varieties sold by the online store. When the retail cost is very high (c/a ≥ θ B (γ)), the
retailer a full-length product line so as to induce the manufacturer to shut down the online
store. Then, the retailer fully removes the negative effect of the encroachment and obtains a
wider product line as well.
Concerning how the change of online retail cost affects the retailer and the manufacturer’s
profits (see Figure 3), we find that as the online retail cost increases, the retailer’s profit
always has an increasing tendency. This is because an increasing c makes the retailer more
competitive and gradually removes the manufacturer’s encroaching incentive. However, the
manufacturer’s profit does not always show a decreasing tendency, which is summarized in
the following proposition.
Proposition 3 As the online retail cost increases, the manufacturer’s profit drops at θ X (γ),
but upward jumps at θ B (γ).
When c just surpasses θ X (γ), the retailer and the online store begins to compete in different
varieties, which alleviates the intrabrand competition. However, because both variety Y in
the wholesale channel and variety X in the online channel are suddenly removed, the man15 531

ufacturer bears profit losses from both channels, which overweighs the positive effect from
alleviating the intrabrand competition. When c just surpasses θ B (γ), the profit from supplying variety Y through the online channel is suddenly replaced by that through the wholesale
channel. This replacement benefits the manufacturer from the following two aspects: First,
because the intrabrand competition is fully removed, the manufacturer obtains a higher profit
by specializing the wholesale channel. Second, the channel efficiency is improved because
Y is supplied by the efficient retailer instead of the costly online store.
Proposition 3 has further implications concerning the manufacturer’s encroaching decision. Suppose that there is a pre-determinate period, period 0. The upward jump feature
implies that when θ̂(γ) < c/a ≤ θ B (γ), it is better for the manufacturer to commit to the
retailer in period 0 that it will not open its online store, where θ̂(γ) is the threshold satisfying
BN
πXY
M = π M . Being guaranteed that the resale market will not be encroached upon, the retailer

chooses to carry both varieties. Without such a commitment, at θ B (γ), the encroachment makes the retailer reduce one variety and enforces the manufacturer to carry this variety
in an inefficient way, which implies a “lose-lose” consequence. The committing manner
enables the manufacturer to insure that both varieties are supplied efficiently. In Arya et
al. (2007), without considering the possibility that the retailer specifies its product line, because the manufacturer never encroaches if doing so causes profit decrease, such “lose-lose”
consequence never occurs.
Next we see how the consumer surplus (CS ) and the total surplus (T S ) are affected by
the retailer and the online store’s variety choices. Because the social loss only comes from
the online retail cost, the total surplus is the representative consumer’s gross utility net of the
total online retail cost, which is denoted by T S = U(QX , QY ) − (qXM + qY M )c. We find that
as c increases, the consumer surplus always decreases, but the total surplus upwards jumps
at θ B (γ). This fact is summarized in the following proposition.
Proposition 4 As c increases, the consumer surplus always shows an increasing tendency,
and the total surplus drops at θ X (γ), but upward jumps at θ B (γ).
Figure 4 depicts how c affects the consumer and the total surplus.
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Figure 4: The consumer and the total surplus when γ = 0.4
The increasing c gradually removes the manufacturer’s incentive of online retailing and
enhances the (incumbent) retailer’s market power who finally monopolizes the resale market. At θ X (γ), both the retailer and the online store reduce one variety and begin to indirectly
compete, which results in higher prices. This harms both the consumer and the total surpluses. At θ B (γ), the online store is shut down and the retailer becomes a monopolist of both
varieties. This drives up prices, which further decreases the consumer surplus. However, although the monopolization of the (incumbent) retailer decreases the gross utility U(QX , QY ),
the shutdown of the online channel fully removes the social loss, which results in a higher
total surplus.

EXTENSION: DUOPOLY RETAILER CASE
Our basic model tells us how a monopoly retailer decides its product line when its manufacturer can strategically recapture its channel power by employing an online channel. There
raises a question how the product line outcomes changes if there are additionally strategic
interactions between retail competitors. Then, it is naturally to consider a simple extension
with duopoly retailers. Suppose there are a monopoly manufacturer, M, two retailers, denoted by Ri , with i = 1 or 2.
To keep consistent with the benchmark model, we assume that all players are kept active
in the market so that N (order nothing) cannot be any retailer’s choice. Besides, we normalize both retailers’ resale cost for both varieties to zero. Define Ki ⊆ {X, Y} \ ∅. Denote each
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15
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a
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γ
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, 53 ]
a
c
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Table 2: Equilibrium wholesale prices
retailer’s variety choice ri ∈ {X, Y, B}, and the manufacturer’s, m ∈ {N, X, Y, B}. The game
proceeds as in the monopoly retailer case except that the retailers decide their respective
product line simultaneously and independently in period 1, and the manufacturer discriminates the retailers by offering different wholesale price wrni1 r2 m in period 2. The retailers’ order
combination r1 r2 in period 1 is simplified as follows: r1 r2 ∈ {XX, XY, XB, BB}.10

Equilibrium product variety
In period 3, the Cournot competition proceeds based on the product line system, r1 r2 m, which
are of fourteen cases: XXN, XXX, XXY, XXB, XY N, XYY, XY B, XBN, XBX, XBY, XBB,
BBN, BBY, BBB.11 The optimization system is the same as in the basic model.
In period 2, the manufacturer decides whether to open its online store and which variety(ies) to sell based on the resulting profits. The equilibrium wholesale price, wrni1 r2 m and
r1 r2 m
w−ni
, are denoted in Table 2, where “I.S.” denotes the conditions for interior solutions.
10
11

By symmetry, YY is equal to XX; Y X is equal to XY; Y B, BY and BY is equal to XB.
By symmetry, XY X is equal to XYY, BBX is equal to BBY.
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2

The online store encroaches only if its retail cost is low enough. Moreover, for the
interior solutions in the XBY case, the online retail cost must not be too low. When the
online store is very efficient in selling variety Y, even if R2 orders both varieties, it will be
XBY
so that R2 does not really sell Y. The XBY case with a corner
charged an unacceptable wY2
XBY
solution (qYR2
= 0) becomes the XXY case. Thus, we need the online retail cost to be higher

than θ XB (γ) ≡ γ/(2 + 2γ) in the XBY case. After several calculations, taking the corner
solutions into consideration and checking the manufacturer’s incentive for deviation, we find
the equilibrium outcomes in period 2 as follows:
XX

Lemma 2 (1) When both retailers order variety X in period 1, there exist θ XX (γ) and θ (γ),
XX

with θ (γ) > θ XX (γ), so that the online store
(i) fully encroaches in period 2 if c/a ≤ θ XX (γ),
XX

(ii) partially encroaches with variety Y in period 2 if θ XX (γ) < c/a ≤ θ (γ),
XX

(iii) is shut down in period 2 if c/a > θ (γ);
(2) When one retailer orders variety X, and the other one orders both varieties in period
XB

XB

1, there exist θ1XB (γ), θ2XB (γ), θ1 (γ) and θ2 (γ), so that the online store
(i) fully encroaches in period 2 when γ ≤ 0.690 if c/a ≤ θ1XB (γ), as well as when γ >
0.690 if c/a ≤ θ2XB (γ),
(ii) partially encroaches with variety Y in period 2 when γ ≤ 0.690 if θ1XB (γ) < c/a ≤
XB

XB

θ1 (γ), as well as when 0.69 ≤ γ ≤ 0.897 if θ XB (γ) < c/a ≤ θ1 (γ).
XB

(iii) is shut down in period 2 when γ ≤ 0.897 if c/a > θ1 (γ), as well as when γ > 0.897
XB

if c/a > θ2 (γ);
(3) When one retailer orders variety X and the other one orders variety Y in period 1,
there exist θ XY (γ), so that the online store
(i) fully encroaches in period 2 if c/a ≤ θ XY (γ),
(ii) is shut down in period 2 if c/a > θ XY (γ);
(4) When both retailers order both varieties in period 1, there exist θ BB (γ), so that the
online store
(i) fully encroaches in period 2 if c/a ≤ θ BB (γ),
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(a) r1 r2 = XX in period 1

(b) r1 r2 = XY in period 1

(c) r1 r2 = XB in period 1

(d) r1 r2 = BB in period 1

Figure 5: The online store’s variety choice in period 2 when γ = 0.5
(ii) is shut down in period 2 if c/a > θ BB (γ).
Please see calculations in Appendix 5.4. The ranges for equilibrium outcomes in period 2
are summarized in Figure 5. For simplicity in notation, we denote the upper bound and lower
XB

bound values of the XB case as θ (γ) and θ XB (γ) respectively.12
Following the logic of the monopoly retail case, the case that r1 r2 = XX or XB corresponds to that r = X in Section 2 (see (a) and (b) in Figure 5). These two cases can be seen
as the unbalanced orders, because variety X is distributed to both retailers, but Y is distributed to at most one retailer. Knowing that Y will be less supplied by the retailers comparing
XX

with X, the online store sells only Y when the c is intermediate (θ XX (γ) < c/a ≤ θ (γ) or
XB

XB

XX

θ XB (γ) < c/a ≤ θ (γ)). The threshold values, θ XX (γ) < θ XB (γ) < θ (γ) < θ (γ), imply
that a partial encroachment with Y is more likely to happen in the XX case than in the XB
case. This is because the distribution unbalance is more serious in the former case. In the
12 XB
θ1

XB

XB

and θ2XB (γ) are connected at γ = 0.690; θ1 and θ2 (γ) are connected at γ = 0.897.
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XB case, R2 ’s share of Y makes selling Y online less profitable for the manufacturer than in
the XX case.
The case that r1 r2 = XY or BB corresponds to that r = B in Section 2 (see (c) and (d)
in Figure 5). These two cases can be seen as the balanced orders, because both varieties are
evenly distributed to the retailers. Then, in order not to break such balance, the manufacturer
chooses either to fully encroaches or completely shut down the online channel. The threshold
values, θ BB (γ) < θ XY (γ), imply that a full encroachment is more likely to happen in the XY
case than in the BB case. In the XY case, the retailers are differentiated in product lines
so that the resale market before the presence of encroachment is less competitive for online
retailing, comparing with the BB case where retailers have overlapping product lines so that
they compete intensively.
Notice that in the case r1 r2 = XY, a partial encroachment is strictly dominated by a fully
encroachment or a shutdown of the online channel,13 which differs from the case r1 r2 = BB
in the duopoly retailers case and r = B in the basic model. Partially encroaching with
N
XYY
Y forces the manufacturer to reduce the wholesale prices of X and Y from wXY
X1 to wX1
XY N
XYY
and from xY2
to wY2
respectively. If the manufacturer additionally sells X online, there
B
XYY
would be in a lower wholesale price of X (wXY
X1 < wX1 ), but a higher wholesale price of Y
XY B
XYY
(wY2
> wY2
), implying that additionally selling X alleviates the intrabrand competition in

Y. Because now each variety is ordered by only one retailer, the demand in the wholesale
channel is small, which stimulates the manufacturer’s strong incentive for online retailing.
When the online store sells only Y, R2 ’s share is severely invaded so that the manufacturer
has to greatly lower the wholesale price of Y. However, if the manufacturer additionally
sells X online, the cannibalization effect diminishes the online sale of Y, thus alleviating the
negative impact on R2 ’s share in Y. Additionally selling X not only helps the manufacturer to
enlarge the online store’s product line, but also enhances the wholesale channel’s profit in Y.
If fully encroaching is more profitable than shutting down the online store, a manufacturer
never partially encroaches.
13 XY B
πM

X
and πXY
intersects at the point that is larger than θ XY (γ), implying that a partial encroachment with
M
either variety is a strictly dominated strategy for the manufacturer.
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The retailers’ variety orders at equilibrium
In period 1, the retailers decide which variety(ies) to order, anticipating the potential online
store’s encroachment. The equilibrium variety outcome in period 1 is summarized as follows:
Proposition 5 (i) the retailers order both varieties, and the online store fully encroaches
(hereafter the BBB outcome) if c/a ≤ θ XB (γ);
(ii) the retailers order X, and the online store partially encroaches with Y in period 2
XB

(hereafter the XXY outcome) if θ XX (γ) < c/a ≤ θ XB (γ), or if θ XB (γ) < c/a ≤ min{θ (γ), θ XB (γ)}.
(iii) one retailer orders X and the other retailer orders both varieties, and the online
store partially encroaches with Y (hereafter the XBY outcome) if max{θ XB (γ), θ XB (γ)} <
c/a ≤ θ BB (γ);
(iv) each retailer orders a different variety respectively, and the online store is shut down
XB

(hereafter the XY N outcome) if θ XY (γ) < c/a ≤ θ (γ);
(v) the retailers order both varieties, and the online store is shut down (hereafter the
BBN outcome) if c/a > θ BB (γ).
Here, because quantities are decided simultaneously, the encroachment always harms
the retailers’ profits. Although being charged charged lower wholesale prices, the retailers’
losses in market share can never be compensated.14 The main issue for each retailer is to
make a balance between enlarging product line and weakening the negative impact of the
online store’s encroachment.
When the online retail cost is too low (c/a ≤ θ XB (γ)), whether r1 r2 = BB or XB, the
online store always fully encroaches. Then, each retailer chooses a full-length product line
(the BBB outcome).
As the online retail cost gradually increases, the retailers’ unbalanced variety orders may induce the manufacturer’s partial encroachment instead of a full one. This is because the unbalanced orders provide the manufacturer with signal that variety Y would
be less supplied. Observing this, the manufacturer sells only Y so that the resulting in14

If the online store moves after the retailers, it is possible that the retailers’ shares loss caused by the
encroachment is compensated by being charged lower wholesale prices (see Arya et al., 2007).
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trabrand competition is not that intensive. In the range that θ XX (γ) < c/a ≤ θ XB (γ) or
XB

θ XB (γ) < c/a ≤ min{θ (γ), θ XB (γ)}, only when r1 r2 = XX does the online store partially
encroaches (the XXY outcome).15 Although both retailers give up variety Y, both of them
benefit from weakening the negative impact of the encroaching online store. In the range
that max{θ XB (γ), θ XB (γ)} < c/a ≤ θ BB (γ), either when r1 r2 = XX or XB, the online store’s
partial encroachment can be induced. In equilibrium, one retailer is willing to give up one
variety and let its retail rival have a full-length product line (the XBY outcome). Although the
retailer who cuts product line gains less profit than its retail rival does, it would loses more if
insisting on choosing a full-length line because the online store would thus fully encroach.
When the online retail cost is relatively high, the retailers’ balanced variety orders may
induce the manufacturer’s incentive for shutting its online store down, because running it
means a full encroachment, which seriously causes profit decrease in the wholesale chanXB

nel. In the range that θ XY (γ) < c/a ≤ θ (γ), the manufacturer partially encroaches when
receiving the unbalanced orders, but shuts down the online channel when r1 r2 = XY (the
XY N outcome). Given that one of the retailers orders one variety, the other one would spontaneously order the different variety. Although both of them give up the full-length product
line, their non-overlapping product line choices fully remove the online store’s partial encroachment and makes the competition between them indirect and mitigant. In the range
that c/a > θ BB (γ), the manufacture shuts down its online store when r1 r2 = BB (the BBN
outcome). No retailer would unilaterally reduce the number of varieties because this not only gives the retail rival the advantage in diversity but also results in the online store’s partial
XB

encroachment (when c/a ≤ θ (γ)).
Comparing the equilibrium ranges, we find the following three sets of variety outcomes
can coexist: the XXY and BBB outcomes, the XXY and BBN outcomes, the XY N and BBN
outcomes. This implies that there may exit coordination failure in some ranges, which is
summarized in the following corollary:
15

If θ XX (γ) < c/a ≤ θ XB (γ), when r1 r2 = XY, XB or BB, the online store sells both varieties. If θ XB (γ) <
XB

c/a ≤ min{θ (γ), θ XB (γ)}, when r1 r2 = XY or BB, the online store sells both varieties. But when r1 r2 = XB,
XBY
the online store sells only Y. Because when c/a ≤ θ XB (γ), R2 is offered an unacceptable wY2
so that its
XB
quantity of Y becomes zero. The r1 r2 m = XBY case with qYR2 = 0 becomes the XXY case.
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Corollary 1 The retailers’ coordination failure may occur in the following ranges, in which
each retailer’s profit is higher in the former outcome than the later one:
(i) If θ XX (γ) < c ≤ θ XB (γ), the XXY and BBB variety outcomes coexist;
XB

(ii) If θ BB (γ) < c ≤ min{θ XB (γ), θ (γ)}, the BBN and XXY variety outcomes coexist;
XB

(iii) If θ XY (γ) < c ≤ θ (γ), the XY N and BBN variety outcomes coexist.
Figure 6 depicts the variety outcomes in equilibrium. The shady areas denote the ranges in
which coordination failure may exist.

Figure 6: The variety outcomes r1 r2 m in equilibrium
In (i) of Corollary 1, although the BBB variety outcome brings each retailer profits from a
full-length product line, the resulting online store’s full encroachment makes the competition
too intensive. In (ii) of Corollary 1, comparing with the BBN variety outcome, the XXY
outcome not only removes each retailer’ profit from selling Y, but also incurs the online
store’s partial encroachment. In (iii) of Corollary 1, although both cases that r1 r2 = BB and
that r1 r2 = XY make the manufacturer shut down its online store, the former case is clearly
less beneficial than the later one because the competition in the later case is more mitigant.
Despite all these facts, neither retailer is willing to deviates from the less profitable variety
outcome.
Finally, we see the consumer surplus and the total surplus in the duopoly retailer case.
The consumer surplus here shows similar features to that in the monopoly retailer case. It
always shows a decreasing tendency as the online retail cost increases within the ranges in
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which each variety outcome exists. Moreover, it always downward jumps at some threshold
points where the number of varieties in the resale market decreases, or where the online store
is shut down by the manufacturer. However, the total surplus shows a distortion, which is
summarized in the following proposition.
Proposition 6 When γ > 0.751, the total surplus upward jumps at θ XX (γ), where the variety
outcome changes from BBB to XXY.

Figure 7: The total surplus when γ = 0.9
This proposition is counterintuitive at first glance because now less varieties in the resale
market may even benefit the whole society (see Figure 7). Recall that the social loss only
comes from the online store’s sale. We first see the XXY outcome. Assume γ is almost
zero so that different varieties are almost heterogeneous. Because the online store almost
independently monopolizes the market of Y, the social loss is very large. As γ grows larger,
the markets of X and Y become more related. Because the competition between the retailers
and the online store intensifies, the online retail cost shifts more business from the online
store to the retailers, which decreases the social loss. However, in the BBB outcome, because
the retailers and the online store always compete in the same variety, the impact of a growing
γ on the online store’s share is quite limited. When γ is large enough, the online store’s share
is less in the XXY outcome than that in the BBB outcome, implying less social loss in the
former case. When the variety outcome changes from BBB to XXY, although the decreasing
number of varieties in the resale market harms the consumer’s gross utility, U(QX , QY ), the
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total surplus may still get improved by saving social cost. Notice that in the duopoly retailer
XB

case, the shutdown of the online store (when c/a = θ (γ)) does not improve the total surplus
as in the monopoly retailer case (Proposition 4). This is because the partial encroachment
causes less social loss here than in the monopoly retailer case. Shutting down the online
store (removing the partial encroachment) is anti-competitive, which cannot be compensated
by the benefit from fully removing the social loss.

CONCLUDING REMARKS
Our paper discusses a market in which a retailer decides its product line from a manufacturer
who may encroach upon the resale market through an online store. We show an important
fact that the manufacturer uses the online channel as a tool to keep variety distribution balanced. Specifically, the manufacturer tends to use an online store to sell the variety which
is less supplied by the (incumbent) retailers, but not to start the online channel if the variety
distribution in the wholesale channel is already balanced. As discussed in the monopoly retailer model, if the online retail cost is moderately low, a retailer chooses a shorter product
line instead of a full-length one so as to induce the manufacturer’s incentive of selling less
supplied varieties through the online store. The retailer benefits from doing so by creating
itself a more mitigant market condition.
For analytical simplicity, we consider the case in which there are two varieties and at
most two retailers. It is mathematically difficult to consider a more general case because
we already have 27 types of subgames to consider under the two variety and two retailer
case. The situation becomes more complicated if we generalize either or both of the two
parameters to n. An attempt with the continuous product variety can be a possible way
to solve this difficulty. However, the results already have strong enough implications to
the more general case. Besides the assumption of horizontally differentiated products, it is
natural to extend this setting to the one with vertically differentiated products. If consumers
show their heterogeneity in evaluating product quality, and the (incumbent) retailer(s) can
decide products’ quality(ies) from the manufacturer who also decides the quality of products
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sold online, what would be the product quality outcomes, and how such outcomes affect
social welfare.
Moreover, as remarked in the previous part, the result that the online store never sells one
variety when receiving the retailers’ orders for both varieties follows from the assumption of
the symmetric retail cost. This is just for analytical simplicity. Our results still holds if the
retail cost gap between two varieties is small enough. How large the retail cost gap can be to
make our main results hold can be another interesting issue.
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ABSTRACT
Riding on the key findings of Yeung (2015) on reviewing 16 research papers on
innovative model and corporate social sustainability (CSR) innovation from 2010 to
2014 via qualitative and quantitative analysis of N' vivo to design a checklist to
building an innovative mindset for corporate sustainability with individual innovation,
organizational innovation, and innovative operation environment, this paper is to
identify expectations of undergraduate learners on skill development and school
accountability. Based on 84 questionnaires collected from learners studying in
business-related programmes, it is found that the highest expectation score is "a
school to help students develop understanding for direction in life with providing
relevant beyond class activities" Based on regression analysis, developing students’
creativity and developing students’ social responsible skills were found to
significantly influence school’s accountability. Besides, regression analysis also
indicated that developing students’ sense of cyclical flow, developing students’
entrepreneurship skills and developing students’ self-motivation were found to
significantly influence their development of creativity. The least preferable items were
helping students to develop a broad picture of the world's challenges. By
understanding the expectations of learners, it is time for school management and
teachers to explore innovative beyond class activities with creativity and social
responsibility to understand the direction in life. It is expected that responsible faculty
members can help learners to generate innovations in inputs, processes, products,
services for quality education. This research is managerially and strategically relevant
and topical. However, more practical innovations and sustainability-related education
and business practices from different perspectives are required to generate a holistic
picture to close gaps for developing a sustainable development mindset with SD
skills.
Key Words : Innovations, Sustainable Development (SD) Mindset, SD Skills
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Introduction
According to the definition of Brundtland Commission (1992) of the United Nations,
“sustainable development is development that meets the needs of the present without
compromising the ability of future generations to meet their own needs.” The basic
element of sustainability is the economic aspect to support the business in short term.
For business survival and expansion, issues relating to the customers, suppliers,
organizations, and the community must be considered in strategic planning, strategy
implementation, performance measurement and process review. Environmental
considerations in the core and supporting processes may also definitely contribute to
sustainable business.
Building on the lunch of the 1st Forum on Sustainable Development in Higher
Education in July 2015 and its follow-up events in “Women Entrepreneurs via Sociocultural Innovations” in September, 2015, the socio-environmental forum to arouse
the awareness of chemical knowledge in October., 2015; and the Entrepreneurial
Spirit Forum in January, 2016 held by the case tertiary institution in Hong Kong, the
author is going to explore the feasibility of building a Seamless Learning Platform
with Sustainable Development Mindset (SDM) with Innovations for Sustainable
Development Across Boundary for learners to increase their awareness of sustainable
development mindset and entrepreneurial spirit and implementation skills of projects
related to this area with an ultimate goal of helping young people and the community
at large about the importance of Sustainable Development Mindset in relation to
community issues, for example upward mobility of young people, sustainable lifestyle
and peace in the community.
“Sustainability mindset is a way of thinking and being that results from a
broad understanding of the ecosystem's manifestations, an introspective
focus on the personal values and the higher self, and finds its expression in actions for
the greater good of the whole.”
(source: http://www.business.nova.edu/leap/)
The outcomes of the seamless learning platform with SDM and innovations, focusing
on innovations in developing a mindset of being, thinking and acting for the
development of:
- Entrepreneurial skills (for example, implementation skills in video shooting),
- Sustainable skills (for example, a positive mindset with self-awareness of change),
and
- Tools (e.g. training, workshop, research..etc.) for improvement via developing
sustainable relationship between mentors (e.g. academics, industries and NGOs)
and mentees (e.g. learners from higher and secondary education from developed,
developing and under-developed countries) and the like to present good practices.
This paper aims to promote sustainable development mindset in skill development for
career development and innovative thinking in understanding a direction of life for
personal development beyond a traditional lecture setting through on-going dialogue
and inter-connected activities. The author is going to explore activities to build a
seamless learning platform to increase the awareness for SD mindset and innovations
with principles of responsible management education.
Skills Development for Future Challenges
Developing learners with critical thinking skills, problem-solving skills and
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communication skills is necessary in the 21st century. Educators involved in module
and programme design should have an understanding of how to integrate the latest
quality management tools into curriculum design to help learners develop practical
skills to keep pace with the changing needs of society. However, little has been
written about the integration of SDM into teaching pedagogy and learning
environment for skill development and personality development.
Scott (2005) claims that it is important to be responsive to the needs of society.
Weinstein and Barrett (2007) cite Braun (2004), who found that business students lack
critical-thinking skills. They claim that there are three ways of overcoming this
knowledge gap: case studies, course content and components underlying other
pedagogies e.g. theory, reflection and systems thinking. The use of systems thinking is
important for business students as they need to face the challenge of improving
products, services, processes and people in their future business lives. It is also crucial
for business educators, who need to develop business students’ critical thinking.
McLoughin (2004) feels that action learning should be central to pedagogy, rather
than an add-on. In his view, practice assessors and programme managers are essential
for helping students to learn, while the reflective process of marketing advisers is
useful for programme development.
Osborne (1999) notes that curriculum should cover the fundamental goals of
education and put them into action. A curriculum should act as a guide for teachers to
teach so that students can learn in a better, structured way. It is the responsibility of
educators to be accountable to the students, parents and the public. This is the very
center of schooling. Osborne (1999) also says that content, purpose, organization,
values and standards as expressed in a curriculum should be at the center of education.
Houston (2008) says that student learning is “the heart of quality” if quality is treated
as a transformational process based on experiences gained from curriculum and
teaching. He claims that a quality approach can guide educators towards an
understanding of the most fundamental processes in teaching and learning. In
Houston’s view, “quality [is] defined by customer satisfaction; quality [is] the
reduction of variation; and quality must be measurable.” (2008, p. 62) He also
suggests that the same kind of rationale should be applied to research and service,
with “a focus on improving processes of research and service towards learning rather
than assessing perceived quality of outputs” (Houston 2008, p. 69).
These ideas have received support from Holtzman and Kraft (2010), who also say that
business curricula have to be relevant to the needs of the business community, and
feedback on the curriculum can provide a direction for future revisions in business
courses and curricula. Hence, when designing the curriculum, the interests of learners,
parents, the community and the creation of innovative learning environment with
technology and SDM should be considered.
Sustainable Skills Development and Personality Development for Sustainable
Leader
Under economic and cultural globalization, there is an emerging need of building a
cross-border and cross-culture with interconnectivity learning platform. Marginson &
Marijk (2007) mentioned that future developments in the globalization of higher
education were difficult to predict as many variables, meta-policy questions and
issues appeared, including the potential for pluralization of power in global higher
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education; the future mobility of people, information and ideas; language of use and
the extent of cultural plurality in global exchange; and the future forms of academic
labor And, they highlighted that there were three kinds of potential global
transformation which were worth for us to consider about developing future
sustainable leaders. They were:
1) Global processes of an integrationist type – development of internet publishing,
formation of a global market in high value scientific labor.
2) Global systems and relationships that engender a pattern of common changes in
national higher education systems, leading again towards convergence and
integration, and
3) Parallel reforms by the different autonomous national governments, following
common ideas and templates, which tend to produce some convergence and also
facilitate inter-connectivity between different national higher education systems.”
(Marginson and Marijk, 2007, pp. 13-14)
Identifying common changes in higher education system with mobility of people
under globalization is important. Based on a seminar delivered by the President of
oikos International, Anita Negri (2016) in June, Hong Kong, she strongly emphasized
the importance of sustainable leadership. During the seminar, she highlighted the key
definition of sustainability, sustainability leaders and sustainable leadership as below:
- Sustainability: societal, environmental, cultural and economic.
- Sustainability Leaders: “individuals who are compelled to make a difference by
deepening their awareness of themselves in relation to the world around them, and
thus, adopt new ways of seeing, thinking and interacting that result in innovative,
sustainable solutions” (Visser & Courtice, 2011).
- Sustainable Leadership: “creates and preserves learning, sustains others, is
successful over time, socially just, resourceful and promotes diversity”
(Hargreaves & Fink, 2004).
Nesdies, Negri (2016) mentioned that that there were three main elements of life-long
learning, they are: foundational literacies, competencies and character qualities. Negri
(2016) mentioned that literacies and competencies have been covered in different
kinds of programme accreditation standards, however, ways to build learners’
character qualities need to be studied for sustainable leaders. These include curiosity,
initiative, persistence, adaptability, leadership, social and cultural awareness. In this
paper, it is expected to explore the use of innovative learning environment and
assessment with technology to enhance character qualities.
Innovations for Skills Development, Character Qualities and Sustainable
Leadership
Innovation is more than new products, services, processes with technological
development. It is an incremental, dynamic, operational and strategic process of
change with commitment for a better world. In 2011, Znidarsic and Jereb mentioned
that "innovation and knowledge are two key factors for sustainable development of
company or organization, particularly in the current period of economic crisis it is
crucial to promote lifelong learning and creativity to contribute innovative solutions to
serious problems." In the paper, five assumptions on innovation, lifelong learning
development, sustainable development and competitive advantage of organization
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were found to be positively correlated based on the data that they have collected from
Slovenian middle and large sized organizations. They also concluded that
globalization and competitiveness brought new challenges that called for innovative
responses in organizations and in society as a whole. The transformations taking
place in all societies require an increasing participation of the individual, an ability to
innovate and solve problems, a capacity to learn and opportunity to go on learning.
(Znidarsic and Jereb, 2011, p. 192). They pointed out that company sustainability
well relied on employees who needed to be inspired with an appropriate environment
to develop people's innovative thinking and employees had to use their knowledge
with innovative ideas. However, Lam (2002 quoted in Znidarsic and Jereb, 2011, p.
187) argued that implicit knowledge was difficult to create and transfer in the absence
of social interaction and labor mobility, constituting a most important source of
learning and sustainable competitive advantage in an increasingly globalised
knowledge-based economy.
Besides, Zain et al. (2011) put forward a new concept of 'sustainable humanitarian
mind' that referred to not only individuals having a high quality not only in terms of
knowledge, skills, attitudes, personality and enthusiasm but also individuals who were
highly concern and aware to keep the needs of future generations by considering the
environmental protection. "Change of mind to sustainable mindset not only through
the process of teaching and learning in the classroom, but to include outdoor activities
associated with daily lives.'(p. 666) Zain et al. (2011) mentioned that sustainable mind
referred to the mind characterized by love for the environment. "The term sustainable
mind can be defined as the thought, style and disciplined thinking that makes a
prosperous community as the development objectives through environment that is
clean, safe, with efficient systems and management, policies and practices in line with
the lifestyle of human nature. (Zaini, 2009a in Zain et al., 2011, . 666/667)
In fact, Naris and Wilfred (2009) shared a similar idea of the importance of people
development in 21st century. They mentioned that the thought of physical and
financial capital were sources of competitive advantage while human resources were
regarded as a cost was only applied in the past. With the current rapidly accelerating
rate of technological innovation in the global environment, organizations were forced
to invest more in human resources as sources of comparative advantage (Ukpere,
2009 quoted in Naris and Wilfred, 2009 p.880) They believed that organizations
could only survive in the global market if their business strategy was designed around
building a human resource foundation because people are the key drivers of today’s
business successes, (Noe, Hollenbeck, Gerhard and Wright, 2006: 20 quoted in Naris
and Wildfred, 2009). Therefore, higher education institutions and training service
providers need to explore how to increase the competencies of learners and employees
to respond to the changes triggered by globalization and advanced technological
explosion.
“The objective of staff development efforts should be to facilitate and support
staff to increase their performance and to serve the institutions needs.”
(Webb, 1996 in Naris and Wilfred, 2011, p.880)
Recent Sustainable Development in Asia
On 19th July, 2015, a tertiary educational institution in Hong Kong hosted a
Symposium on Sustainability and Bamboo with the Chief Secretary for
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Administration of HKSAR Government as one of their officiating guests. In the
opening speech of the Chief Secretary, it has been found HKSAR Government has
been promoting green building through a three “Ps” approach: people, policy and
partnership. For the first "P" is "people", formulating public policy to serve the people
of Hong Kong and to safeguard their interests. The second "P" is "policy", creating
policy to incorporate a sustainable built environment. The third P is "partnership",
providing incentives to encourage private developers to conduct green-building
assessments. The connectivity among people, environment and support of
stakeholders has been explicitly spelt out.
Furthermore, on 21st July, 2015, UNESCO, APEID Co-ordinator & Senior
Programme Specialist in Higher Education, Bangkok, also brought forward that
“Sustainable development was one of the most important cross-cutting values and
principles for all activities of higher education institutions (HEIs), including the three
main functions of teaching and learning, research, and social engagement, as well as
institutional planning and management” in the 1st Forum on Sustainable Development
in Higher Education in Hong Kong. He further pointed out that “HEIs could apply the
values and principles of sustainable development in their social engagement activities,
including advocacy and awareness raising activities, technology transfer and
incubation activities, and community engagement and empowerment activities.” The
President of the tertiary educational institution that organised the Forum mentioned
that many university students still did not see how they could fit into the environment
themselves proactively by embracing other social and economic factors.
The main ideas of the above mentioned keynote speech highlighted that community
engagement and empowerment activities, learning and research, 3Ps approach and
sustainable development are important in the knowledge-based economy. In fact,
these elements well respond to the definition of Sustainable development (SD) of the
World Commission on Environment and Development that “meeting the needs of the
present without compromising the ability of future generations to meet their own
needs." This paper aims to investigate the key elements of innovative capacity of
organizations with reference to Sustainability and Sustainable Development Goals of
United (UN) and UNESCO. In recent years, the relationship between innovations and
organization performance; innovations and SD have been receiving considerable
discussion.
In 2015, Kushins also highlighted the importance of empathetic design. He
emphasized that knowing others were truly feeling them, a true skill. Empathy is one
of the fundamental ways we understand and relate to each other, giving us the
capacity to sense and share the emotions of those around us.” (p. 118) When
designing activities to our learners beyond a traditional learning environment, it is
necessary to adopt human-centred empathic design approach to come up with a
solution that is suited for users.
“Empathy starts in the heart but eventually hooks up with the mind. It’s
innate, but it can be learned. Which means it can be taught. Which,
of course, means it can be designed.”
(Kushins, 2015, p. 118)
In response to increasing competition and youth unemployment, higher education
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institutions and training service providers of corporations have begun to study
constructive and effective ways to enhance sustainable development mndset,
sustainable leadership, character qualities with innovations in learning environment
with technology. Hence, the objectives of this paper are therefore to:
• Investigate the expectations of learners about skill development and learning
environment; and
• Identify the key elements of innovative learning environment.
The Study
Based on the literature of skill development, sustainable development and corporate
social responsibility (CSR), the author conducted a survey in 2016 on learning skills
of undergraduate students in a post-secondary institute in Hong Kong. The purpose of
the survey was to find out the expectations of students on skills development.
A questionnaire was designed to explore the expectations of college students on
sustainable skill development and questions about respondent's demographic
information. Items were rated on a 7-point likert scale, with 1 indicating "strongly
disagree" and 7 "strongly agree". The items relating to sustainable skill were
referenced from the literatures in sustainable skill and the inputs of the participants
who had presented their paper on the same topic in an UNESEO APEID conference.
After a review of the literature and the conference materials, items being frequently
mentioned were identified and then included in the questionnaire.
The questionnaire was designed with a total of 36 questions with 28 questions on
expectations of skills learnt – measuring what have been obtained from past learning
experience and 8 questions on the role of school in skill development. The questions
in the questionnaire are structured to encourage students to respond and to reflect their
learning experience as the questionnaires were distributed during the end of semester
two in an academic year for curriculum planning purpose. The questionnaire was
piloted tested and no major problems were identified. Respondents understood the
objective of the questionnaire and the wordings of the instrument with explanation on
skill learnt. The total number of questionnaires collected was 84 out of 138. The
return rate of questionnaire is 61 percent.
Subjects were 84 college students in a tertiary institute with major in business
administration undergraduate programe, Hong Kong. The survey was conducted in a
class. 84 completed questionnaires were collected. After removing some
questionnaires with invalid answers, 83 responses were left for analysis. Majority of
the respondents (86.7%) are aged between 20 and 22 while 13.3% are 23 to 25 years
of age. And the rest of the 2.4% are aged 19 or below. There is a slight difference
between the numbers of male and female respondents, with 45.8% for male and
54.2% for female.
Age
19 or below
20-22
23-25
Total

N
2
70
11
83

%
2.4
84.3
13.3
100.0
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Gender
Male
Female
Total

N
38
45
83

%
45.8
54.2
100.0

The Cronbach’s alphas for question 1 to 35 were above 0.98, indicating that there is a
high degree of internal consistency in the scales.
Reliability Statistics
Cronbach's
Alpha Based
on
Cronbach's
Standardized
Alpha
Items
.983
.984

N of Items
65

Ranked mean
Students’ preferences on issues that school should do were obtained by ranking the
mean scores of the variables. It was showed that helping students to develop
understanding direction for works with providing relevant beyond class activities was
most preferable to the respondents (mean=5.33). Helping students develop a sense of
both-and logic (mean=5.16) and bringing forth programs and policies to enrich CSRrelated knowledge to teachers (mean=5.15) were also important elements for those
respondents. The least preferable items were helping students develop a sense of
connecting the dots (mean=4.93), helping students to develop technological skills to
solve new problems with providing relevant beyond class activities (mean=4.93),
helping students to develop self-discipline with providing relevant beyond class
activities (mean=4.91) and helping students to develop a broad picture of the world's
challenges (mean=4.86).
Q20. I feel the school should help students develop
understanding direction for works with providing relevant
beyond class activities.
Q4. I feel the school should help students develop a sense of
both-and logic.
Q30. I think the school should bring forth programs and
policies to enrich CSR-related knowledge to teachers.
Q12. I feel the school should help students develop values in
action.
Q28. I feel the school should help students develop analytical
skills to understand contemporary issues with providing
relevant beyond class activities.
Q27. I feel the school should help teachers develop social
responsible skills to help students to become a social
responsible person to make impacts to the society.
Q14. I feel the school should help students develop
organizational contributions.
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N

Mean

SD

84

5.33

1.245

83

5.16

1.330

60

5.15

.954

84

5.14

1.132

82

5.13

1.205

83

5.12

1.087

84

5.11

1.193

Q19. I feel the school should help students develop
understanding for direction in life with providing relevant
beyond class activities.
Q9. I feel the school should help students develop
mindfulness.
Q7. I feel the school should help students develop a sense of
long-term thinking.
Q13. I feel the school should help students develop personal
contributions.
Q18. I feel the school should help students develop selfmotivation with providing relevant beyond class activities.
Q26. I feel the school should help students develop creativity
to identify new solutions for new problems with providing
relevant beyond class activities.
Q8. I feel the school should help students develop a sense of
larger purpose.
Q21. I feel the school should help students develop
understanding of social responsibility with providing relevant
beyond class activities.
Q23. I feel the school should help students develop empathy to
accommodate others with providing relevant beyond class
activities.
Q32. I think good management is correlated to commitment of
CSR.
Q.2 I feel the school should help students develop
understanding the current impacts of our societal actions.
Q.22 I feel the school should help students develop
understanding of self-responsibility with providing relevant
beyond class activities.
Q.15 I feel the school should help students develop integrity
with providing relevant beyond class activities.
Q.34 I think transparency is correlated to commitment of CSR.
Q.10 I feel the school should help students develop
introspection.
Q.17 I feel the school should help students develop
entrepreneurship skills with providing relevant beyond class
activities.
Q.24 I feel the school should help students develop system
thinking to solve problems with providing relevant beyond
class activities.
Q.29 I think the school should bring forth programs and
policies to enrich CSR-related knowledge to students.
Q.35 I think more meaningful social activities that the schools
in, more preferences will be given to them.
Q.6 I feel the school should help students develop a sense of
cyclical flow.
Q.31 I think the school should be accountable to their
performance.
Q.33 I think accountability is correlated to commitment of
CSR.
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84

5.10

1.209

83

5.08

1.202

84

5.07

1.404

84

5.06

1.186

83

5.06

1.119

83

5.06

1.097

84

5.05

1.241

84

5.05

1.171

84

5.05

1.118

82

5.05

1.196

84

5.04

1.227

84

5.04

1.294

84

5.02

1.270

82

5.02

1.176

82

5.01

1.106

84

5.01

1.146

84

4.98

1.161

82

4.98

1.133

82

4.98

1.227

84

4.96

1.284

82

4.96

1.242

82

4.96

1.149

Q.5 I feel the school should help students develop a sense of
interconnectedness.
Q.11 I feel the school should help students develop
preferences.
Q.3 I feel the school should help students develop a sense of
connecting the dots.
Q.25 I feel the school should help students develop
technological skills to solve new problems with providing
relevant beyond class activities
Q.16 I feel the school should help students develop selfdiscipline with providing relevant beyond class activities.
Q.1 I feel the school should help students develop a broad
picture of the world's challenges.

83

4.94

1.183

83

4.94

1.409

84

4.93

1.342

83

4.93

1.305

84

4.91

1.199

84

4.86

1.441

Regression analysis
Regression analyses were performed on some selected variables. Result indicated that two
independent variables －developing students’ creativity (Q.26) and developing students’
social responsible skills (Q.27), were found to significantly influence school’s accountability
(Q.31). Regression analysis shows that creativity and social responsible can explain 56
percent of school accountability to performance.
Model Summary
Model R
.756a

1

R Square

Adjusted R Square

Std. Error of the Estimate

.572

.561

.8230

a. Predictors: (Constant), Q27, Q26
ANOVAa
Model
1

Sum of Squares df

Mean Square F

Sig.

Regression

71.377

2

35.688

.000b

Residual

53.514

79

.677

Total

124.890

81

52.685

a. Dependent Variable: Q31
b. Predictors: (Constant), Q27, Q26
Coefficientsa

Model

Standardized
Unstandardized Coefficients Coefficients
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t

Sig.

1

B

Std. Error

(Constant)

.354

.458

Q26

.445

.134

Q27

.462

.136

Beta
.772

.443

.395

3.322

.001

.405

3.404

.001

a. Dependent Variable: Q31

Result of the second regression analysis indicated that three independent variables －
developing students’ sense of cyclical flow (Q.6), developing students’ entrepreneurship
skills (Q.17) and developing students’ self-motivation (Q.18) were found to significantly
influence their development of creativity (Q.26). Regression analysis shows that sense of
cyclical flow, entrepreneurial skills and students’ self-motivation can explain 64 percent of
development of creativity.
Model Summary
Model R
.809a

1

R Square

Adjusted R Square

Std. Error of the Estimate

.654

.641

.6576

a. Predictors: (Constant), Q18, Q6, Q17
ANOVAa
Model
1

Sum of Squares Df

Mean Square F

Sig.

Regression

63.834

3

21.278

.000b

Residual

33.727

78

.432

Total

97.561

81

a. Dependent Variable: Q26
Q17

49.209

b. Predictors: (Constant), Q18, Q6,

Coefficientsa
Standardized
Unstandardized Coefficients Coefficients
Model
1

(Constant)

B

Std. Error

.632

.374

556

Beta

t

Sig.

1.690

.095

Q6

.242

.076

.282

3.188

.002

Q17

.272

.094

.281

2.905

.005

Q18

.366

.090

.373

4.056

.000

a. Dependent Variable: Q26

Result of the last regression analysis indicated that among the 11 independent variables,
developing students’ mindfulness (Q.9), developing students’ self-discipline (Q.16) and
developing students’ understanding for direction in life (Q.19) were found to significantly
influence their development of social responsible skills (Q.27). Regression analysis shows
that developing students’ mindfulness, self-discipline and understanding in life can explain
66 percent of development of social responsible skills.
Model Summary

Model R
.849a

1

R Square

Adjusted R
Square

Std. Error of the
Estimate

.722

.656

.5238

a. Predictors: (Constant), Q30, Q22, Q12, Q9, Q23, Q19, Q16,
Q14, Q10, Q29, Q21
ANOVAa
Model
1

Sum of Squares df

Mean Square F

Sig.

Regression

33.409

11

3.037

.000b

Residual

12.896

47

.274

Total

46.305

58

11.069

a. Dependent Variable: Q27
b. Predictors: (Constant), Q30, Q22, Q12, Q9, Q23, Q19, Q16, Q14, Q10, Q29, Q21
Coefficientsa
Standardized
Unstandardized Coefficients Coefficients
Model
1

(Constant)

B

Std. Error

.418

.492
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Beta

t

Sig.

.851

.399

Q9

.224

.111

.242

2.023

.049

Q10

-.171

.112

-.199

-1.532

.132

Q12

.011

.107

.012

.101

.920

Q14

.075

.107

.090

.697

.489

Q16

.230

.097

.284

2.370

.022

Q19

.209

.100

.246

2.099

.041

Q21

.157

.132

.178

1.187

.241

Q22

-.049

.079

-.069

-.625

.535

Q23

.229

.110

.262

2.085

.043

Q29

.066

.148

.066

.448

.656

Q30

-.062

.123

-.067

-.506

.615

a. Dependent Variable: Q27

Throughout the period of the study, the author has engaged students, industry leaders
and local and international NGOs in video production with contents related to social
responsibility, sustainable development mindset and entrepreneurial spirit. Videos that
have been produced are related to cosmetic and retail industries, social enterprise on
public transport and student perception on sustainability. These videos have been
released by International Inter-governmental offices and positive comments have been
received from students, teachers, industry practitioners and NGOs about this kind of
beyond class activities to nurture students’ creativity, system thinking, a sense of
social responsibility and understanding of the community.
After seeking comments from video production participants, the author has developed
the following rubrics to enhance students’ creativity and a sense of social
responsibility. Future study on validating video assessment rubrics with qualitative
and quantitative data is recommended. (See appendix)
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Conclusions, discussion and limitations
With literature on sustainable development, curriculum design, quality management
and demonstration of quantitative findings, educators shall realize that learners expect
an accountable school should help students to develop understanding direction for
works with providing relevant beyond class activities was most preferable to the
respondents (mean=5.33). Helping students develop a sense of both-and logic
(mean=5.16) and bringing forth programs and policies to enrich CSR-related
knowledge to teachers (mean=5.15) were also important elements for those
respondents. And, regression analysis also indicated that developing students’ sense of
cyclical flow, developing students’ entrepreneurship skills and developing students’
self-motivation were found to significantly influence their development of creativity.
It is recommended school management and faculty members should develop
innovative and seamless learning opportunities beyond traditional class setting with
elements of self-motivation, entrepreneurial spirit and cyclical flow to trigger
students’ creativity and mindfulness, self-discipline and a sense of direction in life to
develop a sense of social responsibility.
Hence, educators who are responsible for designing curriculum for undergraduate
students need to:
- Develop system thinking through both and logic with skills of
interconnectedness with relevant local and overseas academic and industry
partners for innovative beyond class activities;
- Understand the meaning of life and works in a programme integrated with the
generic disciplines or elective modules with the specific disciplines for both
and logic; and whole person development; and
- Review, verify and validate ways to develop students’ character qualities
besides foundational literacy skills and competency with relevant assessment
rubrics for a sustainable leader.
Though quantitative analysis of student expectations was conducted in this study, it is
recommended to validate the video assessment rubrics (Appendix) in the process of
curriculum design for nurturing sustainable leaders for the future.
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Appendix - Rubrics for Video Assessment on Sustainable Development Mindset
Task Description:
Students, Administrative Staff and Teachers will work together as a “Team of Innovative Sustainable Development Pioneer” for a
video project on sustainable development (SD) that details specific aspects of knowledge, skills, attitude, perspectives and values
of SD. The video should include appropriate visual aids, for example, texts, photographs, music, graphs, and the like with
interactions of audience showing audience expression of “like”, “dislikes”, “impacts”, and “non-impacts”. The project needs to
demonstrate how to apply design thinking, system thinking, and ecosystem into building a sustainable development mindset.
ACTIVITY

Exemplary (4)

Proficient (3)

Partially Proficient (2)

Incomplete(1)

Concept

Has a clear picture of sustainable
development issues with impacts
shown.

Has a fairly clear picture of
what trying to achieve.

Has developed an
awareness of SD issues, but
no clear focus has emerged.

Little effort has been spent on
developing awareness of SD
issues and refining a mindset of
SD.
Unclear on the goals and how
the project objectives will be met.

Adequate description of what
perspectives and values in
relation to sustainable
development mindset.

Storyboard

The storyboard illustrates the
video presentation structure with
SD issue(s) addressed in relation
to sustainable development
goals (SDGs)
Notes to show dialogue of
involved stakeholders with text
description for institutional
inspirations

Content

The content includes a clear
statement of sustainable issue(s)
with
integrated sustainable issues, for
example, campus experience on

Can describe SD issues overall but
has trouble describing rationale of
choosing and evaluating how
the work contributing to SD
mindset.
The storyboard includes sketches
of video scene and includes text for
each theme
Descriptions of background audio,
photos and the like for each scene
are provided, and notes about
proposed shots and dialogue.

Information is presented as a
connected theme with accurate,
current supporting information that
contributes to
understanding integrated
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Goals of the project / video
product not clearly defined.

The sketches on the
storyboard are not in logical
sequence to highlight SD
issues and do not provide
complete descriptions of the
video scenes with relevant
text, photos, and the like, or
notes about the dialogue.

The content does not
present a clearly stated
theme
with some supporting
information on integrated

There is no evidence of a
storyboard or script.

Content lacks a central theme,
clear point of view and logical
sequence of information related
to
integrated sustainable issues, for
example, campus experience on

POINTS

sustainability in higher education,
A framework of sustainable
development mindset for higher
education and/ or business
sector established

sustainable issues, for example,
campus experience on
sustainability in higher education,
A framework of sustainable
development mindset for higher
education and/ or business sector
established in a fair way

Final Score

564

sustainable issues, for
example, campus
experience on sustainability
in higher education,
A framework of sustainable
development mindset for
higher education and/
or business sector seems
hard to beestablished
n

sustainability in higher education,
A framework of sustainable
development mindset for higher
education and/ or business
sector is hardly to be established

MULTIPLE-LEVEL INTERMITTENT SKUS’ DEMAND FORECASTING AND
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Lei Ming, Guanghua School of Management, China, leiming@gsm.pku.edu.cn
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ABSTRACT
In recent years, more and more Chinses companies, especially state owned companies, have
experienced from decentralized procurement to centralized procurement in order to achieve
scale advantages such as cost saving and so on. However centralized procurement needs more
requirements in management and many companies have found it hard to achieve centralization.
Taking the STATE GRID Corporation of China for example, centralized procurement requires
more time to negotiation, inviting bids, evaluating bids and so on. It will be more than three
months between demand submitting and purchasing. The long lead time will induce a lot of
problems such as bullwhip effect, in which demand forecasting and inventory control are the
most important issues. After analyzing the procurement data from ERP system, we find that the
demand of SKUs have the following properties: high dimension, intermittency, high volatility
which is difficult to forecast and manage. In this paper, we reviewed the intermittent demand
forecasting methods and compare item level aggregation and disaggregation forecasting
methods and temporal aggregation and disaggregation forecasting methods in this case. And
then we combined this two methods to generate more precise forecasting results. After
forecasting research, we perform a real data based inventory simulation experiment to evaluate
the benefits of the forecasting methods of this paper. The results indicate that the combination
of this two methods is better than the previous forecasting methods in inventory performance.
KEYWORDS
Intermittent demand forecasting, Inventory control, Multi-level demand
1. INTRODUCTION
In power grid construction industry, Forecasting is very important in decision support system,
especially in material planning process. There are a large amount of construction projects each
year in the STATE GRID Corporation of China, among which material planning is facing a lot
of uncertainties such as project changes, new project by government, technological changes,
emergencies disasters and so on. These uncertainties make the demand more volatile. Apart
from that, different project has different portfolio of materials and the number of material is
huge which make the demand appeared some gaps in monthly time series which is called
intermittency in literature (Croston 1974; AA Syntetos and JE Boylan, 2001;). The high
volatility and intermittency makes demand forecasting very difficult. The aim of this paper is
to find an appropriate strategy for forecasting materials’ demand in STATE GRID Corporation
of China. The main objectives are listed as follows: 1) clarify the demand properties of materials
in STATE GRID Corporation of China. 2) Compare the forecasting accuracy of different
forecasting strategies for the case and find appropriate forecasting strategy. 3) Compare the
inventory efficiency of different forecasting strategies by simulations.
Fig 1 gives a typical example of material’s monthly demand. As we can see, the demand is
intermittency and the non-zero demand points are distributed in a large range with high
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volatility. This kind of demand has been studied for a long time and many scholars have done
a lot of research in forecasting literature. Croston (Croston 1974) is among the first scholars to
analyze the intermittency of demand and proposed the new forecasting method to deal with
intermittent demand. However, Croston’s model has some limitations and many scholar have
proposed more forecasting methods for intermittent demand from then on, such as extended
Croston model, hierarchical forecasting method, temporal aggregation method, ADIDA method,
MAPA method and so on. This paper summarize these forecasting methods and compare the
merits and weakness of each method and select the most suitable forecasting method for the
case of the STATE GRID Corporation of China.
The main contribution of this paper are listed below: 1) As far as we are concerned, we could
hardly find relevant study focus on material forecasting in power grid construction industry.
This study will give some managerial implications for power grid and other relevant companies.
2) This study includes a large quantity of materials and this materials have different demand
patterns. The heterogeneity of demand pattern give us convenient to analyze the correlation
among forecasting error and other properties of demand. In this paper, we discuss the impact
of intermittency and volatility on forecasting error. 3) The paper do not only find a suitable
forecasting method for the case but also summarize the methods selection rules which can be
applied in similar situations. 4) To best of our knowledge, there is no research have compared
the performance of hierarchical forecasting and temporal aggregation methods for forecasting
intermittent demand and our research fills this gap empirically.
The rest of the paper organized as follows: Section 2 provide the literature review about
basic forecasting models and forecasting methods for intermittent demand. Section 3 gives the
forecasting method and error measures. Section 4 describes the case and the summary of the
data. Section 5 shows the main results and discussion. Section 6 is the inventory simulation
results. Section 7 is the conclusion and future study.

Fig 1 A typical monthly demand pattern of materials in one company of STATE GRID Corporation

2. LITERATURE REVIEW
Demand Forecasting is very important in material planning. Forecasting error will bring a lot
of trouble for supply chain management such as inventory cost, bullwhip effect, supply chain
relationship and so on. That is why forecasting is very popular both in academic and industry
until now.
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There are a large number of forecasting methods applied in business practice, among which
time series methods are most widely used. According to the review of time series forecasting
methods(De Gooijer and Hyndman 2006), the most common time series forecasting models are
listed below: Exponential smoothing models, ARIMA models, Seasonality State space and
structural models and the Kalman filter, Nonlinear models, Long memory models,
ARCH/GARCH models, Count data forecasting models, Combining models and so on.
However, when it comes to intermittent demand forecasting, this conventional time series
model performs not well in most cases.
In order to find better forecasting methods for intermittent demand, Croston estimated the
size of demand and the demand frequency separately, which overcome the drawbacks of
exponential smoothing method (Croston 1974), which has gained popularity among scholars
for decades ((Johnston and Boylan 1996b, 1996a). Syntetos identified a causes of unexpected
performance of Croston’s model and gave some modification to the model (Syntetos and
Boylan 2001). Other modifications about Croston’s model can be seen in variety of literature
(Snyder 2002; Eaves and Kingsman 2004; Leven and Segerstedt 2004; Boylan and Syntetos
2007).
Apart from Croston’s model, more and more different forecasting methods have been
proposed to deal with intermittent demand and they performed better than Croston’s model.
Willemain showed that forecasting with bootstrapping method are more accurate than
exponential smoothing method and Croston’s method in some condition (Willemain et al. 2004).
Quintana proposed an adaptive exponential smoothing method with Kalman filter weighting
function to forecast lumpy demand, which achieved smaller errors than conventional
exponential smoothing methods(Quintana and Leung 2007). Altay used modified Holt's method
to forecast intermittent demand and compare the results with modified Croston’s method.
Results showed that modified Holt’s method is better when we care more about the service
quality and the later one is better when we need minimize the inventory level (Altay et al. 2008).
With the development of intellectual algorithm and machine learning, more and more
complexed model has been applied in intermittent demand forecasting such as: neural network
model(Carmo and Rodrigues 2004; Amin-Naseri et al. 2008; Gutierrez et al. 2008; Kourentzes
2013), support vector machine(SVM) model(Hua and Zhang 2006; Bao et al. 2006) and so on.
All the forecasting methods we reviewed above are designed for only single item scenario
and most of results are derived by simulation. Nevertheless, most company procure multiple
items in real business. Thus forecasting methods should take multi-item procurement into
consideration. To the best of our knowledge, there two stream of research in multi-item based
demand forecasting. One stream of literature argue that different item has different demand
pattern. When we forecast the future demand of one item, it’s better for us to study the demand
pattern first and then select proper forecasting method for it. Williams proposed the idea of
characterizing the demand pattern first and his work classify products by demand type and stock
control policies (Williams 1984). Syntetos and his colleages(Syntetos et al. 2005) began to
categorize the demand by each forecasting methods’ expected mean square error under some
conditions and this kind of idea was improved by Boylan later(Boylan et al. 2008).
Another stream of literalture to forecast intermittent or lumpy demand with multiple items
is hierarchical forecasting method. In most business cases, we need to forecast many related
time series that has hierarchical structure. Hierarchical structure has different definitions in
different research, among which the hierarchical structure has two main aspect: item level
hierarchical structure and time level hierarchical.
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Item level hierarchical structure consists of item–level demand and group level demand
which is aggregated demand of two or more items (Moon et al. 2012). The major approaches
to deal with hierarchical forecasting are top-down method, bottom-up method and
combinational method (Hyndman et al. 2011). Top-down method starts from forecasting the
aggregated time series and then disaggregating the forecasts by historical proportions while
bottom-up method is converse prosses of top-down method. There many literatures in this area
have discussed the performance of this two methods. Grunfeld(Grunfeld and Griliches 1960)
proved that aggregated data forecasts was more accurate than disaggregated data which
indicated that top-down method is better than bottom-up method. This argument is protested by
the following literature (Narasimhan 1995; Fliedner 1999). However, there are still a bunch of
papers argued that aggregated data may induce information loss and disaggregated data will
make a better forecasts (Orcutt et al. 1968; Edwards and Orcutt 1969). Discussion about this
two methods never ends. Recent study began to compare the two method in different cases and
try to find best aggregation level to forecasting (Zotteri et al. 2005; Hyndman et al. 2011; Sbrana
and Silvestrini 2013). In our case, the item level demand is intermittent and lumpy, which make
prediction much more difficult due to the volatility and intermittency of data.In terms of
intermittent demand, empirical study aggregated data has lower valatility and intermittency,
which will generate more reliable forecasting results (Moon et al. 2012) while the analitical
research showed that there was no significant difference between the two forecasting methods
in most cases (Widiarta et al. 2009). Although there is no agreement in selection of this two
methods, Hierarchical forecasting strategy become more and more popular in literatures(Moon
et al. 2012; Rostami-Tabar et al. 2015).
The recent intermittent demand forecasting literature have applied the temporal aggregation
and disaggregation method. Temporal aggregation means aggregate the data into lower
frequency “time buckets”, which can reduce the volatility of data and increase forecasting
accuracy. The discussion of temporal aggregation dates back to 1970s (Brewer 1973; Weiss
1984). As time aggregation can reduce zero demand effectively, more and more scholars
introduce time aggregation in intermittent demand forecasting (Nikolopoulos et al. 2011; Babai
et al. 2012; Rostami-Tabar et al. 2013; Kourentzes et al. 2014). Similar to cross-sectional
aggregation, temporal aggregation will lose some information. There two major way to reduce
the side effect of information loss: 1) using forecasting horizon aggregation (Mohammadipour
and Boylan 2012), 2) aggregation and disaggregation method (Nikolopoulos et al. 2011;
Spithourakis et al. 2014; Kourentzes et al. 2014). Forecasting horizon aggregation has some
limitations: 1) the aggregation level will influence the forecasting accuracy(Kourentzes et al.
2014; Nikolopoulos et al. 2011), forecasting horizon will not allow us to choose the best
aggregation level; 2) in real cases, forecasting horizon may change over time, in which we can
not perform aggregation forecasting. In this way aggregate and disaggregate method has
become more and more popular. (Nikolopoulos et al. 2011) proposed aggregate-disaggregate
intermittent demand approach (ADIDA) and showed that ADIDA will offer considerable
improvements in view of forecasting accuracy and discussed the optimal aggregation level.
(Kourentzes et al. 2014) take multiple aggregation level into consideration and combine the
forecasting results of different levels. The results showed that combined forecasting accuracy
is better than single aggregate and disaggregate method and the proposed method gets rid of
aggregation level selection. In this paper, we apply multiple temporal aggregation level and
then disaggregate the forecasts into fundamental “time buckets” and then combine the results
of different aggregation level, which mainly comes from Kourentzes’ research (Kourentzes et
al. 2014).

568

To the best of our knowledge, no research have combined the two level aggregation and
disaggregation methods in intermittent demand forecasting problem. In this paper we apply
item level aggregation and disaggregation methods, temporal aggregation and disaggregation
methods and the combination of this two level aggregation and disaggregation methods in
intermittent demand forecasting. Apart from comparing the forecasting results of different
methods, this paper compare the inventory performance of this methods under “Order Upto
Level” strategy, which widely used in literature (M. Zied Babai et al 2012; S Moon et al., 2012).
3. FORECASTING METHODS
3.1 Bottom-up method
Explential smoothing (ES) has been wildly used both in research and business practice and it
performs better than moving average method and other complicated methods when using
hierachical forecasting(Fliedner 1999; Moon et al. 2012). In this paper, we take ES as the
fundamental forecasting method. In Bottom-up method, the forecasting stretagy as follows:
yˆi ,t 1  yˆi ,t   ( yi ,t  yˆi ,t )

(1)

where yi ,t is the demand of item i at time t (i=1,2,…,n; t=1,2,…,T), yˆi ,t is the forecasted
demand of item i at time t (i=1,2,…,n; t=1,2,…,T), yˆi ,1 =yi ,t ,   [0,1] and start with 0.5,  is
selected by Akaike’s Information Criterion(Moon et al. 2012). The group level forecasts is the
summation of all the items’ forecasts in the group.
3.2 Top-down method
Top-down method starts from estimating the most aggregated demand and then separate the
aggregated forecasts into item level demand forecasts by some proportions. There two
proportions have been used in literature and been shown good performance.
Top-down 1:
T

fˆi ,T  t  FˆT  t

yi ,t

Y
t 1

t

n

(2)

Top-down 2:
T

fˆi ,T  t  FˆT  t

y
t 1
T

i ,t

Y
t 1

(3)

t

Top-down3:
fˆi ,T  t  FˆT  t

yˆi ,T  t
n

 yˆi,T t
i 1
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(4)

where yi ,t is the demand of item i at time t (i=1,2,…,n; t=1,2,…,T); Yt is the aggregated
demand of a group of n items at time t. FˆT  t is aggregated forecasts at time T+t; fˆi ,T  t is item
level forecasts at time T+t.
3.3 Combinational method
Combinational method combines the Top-down forecasts and bottom-up forecasts, there also
two combination methods:
Combinational method 1:
n
1
 yˆ
fˆ ic,1T  t   FˆT  t   yˆi ,T  t  n i ,T  t
2
i 1

 yˆi,T t

(5)

i 1

where fˆi ,T  t is item level forecasts of demand i; FˆT  t is aggregated forecasts of a group of n
items.
Combinational method 2:
n

 yˆ
fˆ ic,2T  t   w1 FˆT  t  w2  yˆi ,T t  n i ,T  t
i 1


 yˆi,T t

(6)

i 1

where the weight of top-down method is w1 and the weight of bottom-up method is w2 . the
weights of this two methods is related to the inverse of the sum of squared errors (SSE).
w1 =

1/SSE1
1/SSE1  1/SSE 2

, w2 =

1/SSE 2
, where SSE1 is the SSE of aggregated forecasting
1/SSE1  1/SSE 2

method, SSE 2 is the SSE of the summed item level forecasting method.
3.4 MAPA
MAPA can be viewed as temporal aggregation method, temporal aggregation method only use
one specific aggregation level where as MAPA use multiple aggregation level and combine the
forecasting results of different aggregation level, which showed good performance in same
case(Kourentzes et al. 2014). The model is shown below:
Denote yi[k],j as the temporal aggregation of time series yi ,t (i=1,2,…,n; t=1,2,…,T) where [k]
means the aggregation level is k periods. Specifically, yi[1],j =yi ,t and generally yi[k],j =

1 ik
 yi,t if
k t 1 (i 1) k

n/k is integer while if n/k is not integer we will remove n  n / k   k from the original time
series in order to form complete aggregation buckets. The next step is to forecast aggregated
time series yi[k],j (k=1,2,…,K) by exponential smoothing method and get forecasts of different
aggregation level denoted by yˆi[k],T  h (h is forecasting periods). Then we combine this forecasts
to generate the final forecasting results. There two combination methods in this paper:
Unweighted mean:
yˆi ,T  h =

1 K [k]
 yˆi,T  h
K k 1

Weighted mean:
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(7)

K

yˆi ,T  h = wk yˆi[k],T  h

(8)

k 1

where w1 =

K 1
1
, wk =
2K
2K

.

3.5 MAPA with item level aggregation and disaggregation methods
The combination of item level and temporal level aggregation and disaggregation methods is
that we forecasting the time series in gourp level demand with multiple temporal aggregation
degree and combine the multiple temporal aggregation degree results by equation (7) and (8)
and then disaggregate the group level forecasting results by three top-down methods and two
combinatoinal methods by equation (2)-(6). the forecasting process is described in fig. 2

Fig. 2 the forecasting process of two level aggregation and disaggregation methods

3.6 Forecasting accuracy
There are a large number of forecasting accuracy measurements both in literature and business
practice. As reviewed by Prestwich(Prestwich et al. 2014), the most common measurements,
mean error group (ME, MSE, RMSE,MAE,MdAE), is useful for comparing different methods
on one time series, not for comparing cross different time series. Another popular measures is
mean absolute percentage error (MAPE) group (MAPE, MdAPE, RMSPE,RMdSPE,
sMAPE,sMdAPE) which are widely used in industries. However if the demand at one time is
0, we cannot use these measurements, which is not suitable for intermittent demand forecasting.
In order to measure the forecasting error for intermittent demand as well as comparing
forecasting accuracy, this paper proposes a measurement which is similar to scaled errors in
Prestwich’s paper(Prestwich et al. 2014).
denote a time series by { yt , t=1,2…,T} and the forecasting result is { yˆ t , t=1,2…,T},the
forecasting measurement is errort 

yt  yˆt
n 1

y
t 1

t 1

 yt / (n  1)

.

4. DATA DESCRIPTION
The STATE GRID Corporation of China need to buy a large number of materials for power
grid construction and overhaul every year. Our data comes from one province electric power
company of STATE GRID and including monthly demand of 1708 different materials from
Apirl-2012 to August-2015. However, many materials’ demand is 0 in some months. To sum
up, we ought to have 70028 observations among which 54920 observations is 0 which means
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that our time series are vary intermittency. The zero demand brings difficulty in forecasting
which makes material planning and inventory management more complicated. The purpose of
this paper is to find a proper forecasting strategy for the demand.
A large proportion of the 1708 items only have positive demand in one or two months during
our study period which is not proper for model forecasting. So we select 289 items with more
observations for this study. These items show hierarchical structure and can be divided into 48
groups according to the material coding system of STATE GRID Corporation of China. These
289 items are divided into 48 groups, in which 10 groups only have one item and we don’t
discuss these groups in top-down method. More detailed information is listed in table 1
Table 1 shows the number of items in each group, varying from 1 to 42. There some
problems in hierarchical forecasting are still debating in literature such as group size, item
classification and so on. In this paper we use the grouping rules of STATE GRID for two
reasons: 1, this classification will give more management implications to the company; 2, the
heterogeneity of grouping can provide an empirical evidence to find which group size is better.
The basic statistics of all the items and groups are listed in Table 2, where std/mean means
the ratio of the standard deviation to the mean of the time series, zero rate means how many
zero demand in the time series. Comparing the statistic features of 289 item and 48 group, it is
obvious that the volatility and intermittency of group level data is smaller than item level data,
the distribution of group level time series are more similar to normal distribution. The same
conclusion is also existed in temporal aggregation, as temporal aggregation level goes from two
months to four months, the sta/mean and zero rate become smaller, the distribution of time
series are more similar to normal distribution.
group
id
G1
G2
G3
G4
G5
G6
G7
G8
G9
G10
G11
G12

std/mean
zero rate
skewness

No. of
items
12
7
1
1
11
5
3
1
2
1
9
1

Table 1 hierachical information of items and groups
group
No. of items group id No. of items group id No. of items
id
G13
1
G25
4
G37
1
G14
2
G26
7
G38
3
G15
8
G27
2
G39
12
G16
3
G28
3
G40
4
G17
4
G29
4
G41
13
G18
16
G30
4
G42
42
G19
6
G31
2
G43
8
G20
8
G32
2
G44
4
G21
17
G33
2
G45
12
G22
20
G34
1
G46
4
G23
3
G35
3
G47
5
G24
1
G36
3
G48
1
Table 2 the statistic features of the data
Panel A: 289 item time series
Max
Min
Var
5.026
0.818
0.509
0.884
0.023
0.0428
6.177
0.48
1.176
Panel B: 48 group time series
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Mean
1.828
0.36
2.46

std/mean
zero rate
skewness

Max
4.373
0.604
4.571

std/mean
zero rate
skewness

Max
3.563
0.395
4.172

std/mean
zero rate
skewness

3.204
0.256
3.282

std/mean
zero rate
skewness

Max
3.053
0.163
2.665

Min
Var
0.811
0.385
0
0.03
0.589
0.828
Panel C1: temporal aggregation of two months
Min
Var
0.611
0.278
0
0.011
0.198
0.607
Panel C2: temporal aggregation of three months

Mean
1.499
0.197
1.965

0.496
0.219
0
0.0035
-0.501
0.552
Panel C3: temporal aggregation of four months
Min
Var
0.331
0.207
0
0.002
-0.760
0.433

1.180
0.066
1.113

Mean
1.431
0.120
1.719

Mean
1.076
0.037
0.930

5. FORECASTING RESULTS
This section gives the forecasting results of basic exponential smoothing method, top down
method, combinational method and time aggregation method for 289 materials in one province
electric power company of STATE GRID for the 3years with 48 groups of measurements.
Before building forecasting model, we remove linear trend and seasonal components from
original demand series for the reason that SES is generally used in the time series without linear
trend and seasonal features(Moon et al. 2012). We use Matlab 7.11.0 to realize the forecasting
model.
5.1 Basic exponential smothing method
The distribution of MASE in 289 items is showed in Fig. 3 and the mean of MASE of all the
items is 0.8103. In orrder to analyze the relation between forecasting accuracy and intermittency,
this paper analyzes the correlation between MASE of SES, intermittency and volatility, which
is showed in Table 3. The results indicate that there is significant positive correlation between
the forecasting error and demand intermittency, which means that the more zero demand in a
time series, the less accurate is the forecasting result. The forecast error is also significant
positive correlated with volatility, which suggest that smaller volatility will induce better
forecasts.
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The distribution of simple exponential smoothing method
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Fig 3 The distribution of MASE for 289 items by simple exponential smoothing method

5.2 Item level aggregation and disaggregation methods
In this paper, we use three different item level aggregation and disaggregation methods namely
bottom up, top down and combinational methods. In bottom up method, the item level forecasts
is simply SES and the group level forecasts is the group aggregation of SES. In top down
method, the group level forecasts is SES and the item level forecasts are the disaggregation of
group level forecasts, in which we apply two disaggregation rules listed in part three. The
combinational method is the combination of bottom up and top down methods, in which two
combination rules is applied seen in part three.
Table 3 correlation matrix between MASE of SES, intermittency relative volatility
MASE
Intermittency
Volatility
MASE
1
Intermittency
0.421***
1
Volatility
0.222***
0.758***
1

Notes: Intermittency is measured by the number of zero demand and volatility is the ratio between standard variance and
average demand. ***, p<0.01
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The distribution of forecasting accuracy of 289 items
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Fig 4 The distribution of MASE for 289 items by item level aggregation and disaggregation methods

In this paper, the forecasting error is measured by MASE and GMRAE. Fig 2 displayed the
distribution of error for 289 items based on MASE by hierarchical forecasting method. The
distributions are derived by kernel estimation. Compared to SES method, all the hierarchical
forecasting method cannot generate better forecasting results. Among all the four hierarchical
methods, the mean MASE of all the hierarchical forecasting method is presented in Table 4 and
the results show that Combinational method 1 will give more accurate forecasts than other
method, which is consistent with previous study that equal weight rule always performs
better(Moon et al. 2012).In addition, we also analyze the GMRAE for 289 items, in which we
choose SES forecasting method as basic forecasting method, which are showed in Table 4. As
we can see in Table 4, Combinational method 1 outperforms the basic forecasting method a
little and other methods cannot give better forecasting results in terms of GMRAE as well.
Fig 5 present the distribution of MASE for 48 groups among which three methods (Bottom
up method, Top down methods and Combinational method 1) get similar forecasting accuracy
and combinational method 2 shows a fat tail. The mean MASE and GMRAE of all item level
aggregation and disaggregation methods is given in Table 4 and the results indicate that the
forecasting accuracy is of little difference among all the item level aggregation and
disaggregation methods in group level.
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The distribution of forecasting accuracy of 48 groups
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Fig 5 The distribution of MASE for 48 groups by item level aggregation and disaggregation methods
Table 4 The mean forecasting error of item level aggregation and disaggregation methods
Top down
Top down Top down Combinational Combinational
Mehtod
SES
method 1
method 2
method 3
method 1
method 2
MASE
0.7904
0.8559
0.9013
0.8421
0.8133
0.8110
GMRAE
1.0000
1.0679
1.1406
1.0388
1.0208
1.0208
Group
0.8002
0.8048
0.8048
0.8048
0.7998
0.8545
MASE
Group
1.0000
1.0030
1.0030
1.0030
0.9941
1.0882
GMRAE

5.3 MAPA and the combination of MAPA with item level aggregation and disaggregation
methods
In this paper, we set K=2,3,4 and use two weighting method to forecast the demand in which
MASE and GMRAE are applied to measure the forecasting error. The distribution of
forecasting error is showed in Fig 6 - Fig 11 and the mean MASE and mean GMRAE is showed
in Table 5.
For MAPA methods, the results indicate that both MASE and GMRAE prove that MAPA is
better than SES method. The distribution of MASE shows that MAPA methods always has
“thinner tail” and “bigger had” than SES and as K switch from 2 to 4, the distribution moves to
left which means lower error. Table 5 shows that K=3 has lowest mean MASE in unweighted
methods and K=4 has lowest mean MASE in weighted methods and the mean MASE of all the
MAPA methods are smaller than SES method. The distribution of GMARE and mean GMARE
in Table 5 also give the same conclusions as above.
For the combination of MAPA with item level aggregation and disaggregation methods.
All the methods except MAPA methods with top-down 2 method outperforms the base model.
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Fig 7-Fig. 11 present the distribution of the forecasting accuracy of all the methods. From the
figures, we can see that MAPA methods with combination 2 are more accurate and stable.
Table 5 shows the mean forecasting error of all the methods for 289 items and the results
confirms that MAPA methods with combination 2 will generate smaller forecasting error than
other methods. However, all the methods are no better than MAPA methods.
The distribution of forecasting accuracy of 289 items
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Fig 6 The distribution of MASE for 289 items by MAPA methods
The distribution of forecasting accuracy of 289 items
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Fig 7 The distribution of MASE for 289 items by MAPA methods with top-down 1
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The distribution of forecasting accuracy of 289 items
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Fig 8 The distribution of MASE for 289 items by MAPA methods with top-down 2
The distribution of forecasting accuracy of 289 items
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Fig 9 The distribution of MASE for 289 items by MAPA methods with top-down 3
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The distribution of forecasting accuracy of 289 items
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Fig 10 The distribution of MASE for 289 items by MAPA methods with combination 1
The distribution of forecasting accuracy of 289 items
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Fig 11 The distribution of MASE for 289 items by MAPA methods with combination 2
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Table 5 The mean forecasting error of MAPA for 289 items

MAPA

MAPA +
top-down 1

MAPA +
top-down 2

MAPA +
top-down 3

MAPA +
combination 1

MAPA +
combination 2

Mehtod

T=2
eaqualweight

T=2
“K”
weight

T=3
eaqualweight

T=3
“K” weight

T=4
equal-weight

T=4
“K” weight

MASE

0.7733

0.7906

0.7519

0.7790

0.7651

0.7694

GMRAE

0.9438

0.9730

0.9164

0.9555

0.9588

0.9479

MASE

0.8387

0.8617

0.8007

0.8409

0.8343

0.8258

GMRAE

1.0180

1.0386

0.9703

1.0123

1.0211

1.0066

MASE

0.9941

1.0501

0.9284

1.0138

0.9856

0.9977

GMRAE

1.0733

1.1058

1.0300

1.0818

1.1088

1.0830

MASE

0.8769

0.9134

0.8177

0.8828

0.8924

0.8859

GMRAE

0.9973

1.0246

0.9532

0.9975

1.0308

1.0025

MASE

0.8616

0.8646

0.8445

0.8518

0.8959

0.8442

GMRAE

1.0358

1.0223

1.0349

1.0208

1.1126

1.0184

MASE

0.8218

0.8470

0.7804

0.8239

0.8176

0.8179

GMRAE

0.9811

0.9991

0.9503

0.9814

1.0013

0.9841

5.4 Discussions
Fig3 shows the forecasting error (measured by MASE) of basic exponential smoothing method.
As we can see, the distribution of forecasting error has a “fat tail” at larger value which means
that there are a large part of items in our case will not get good forecasts. The results indicate
that SES is not a good strategy for forecasting intermittent demand which is supported by a
large number of studies (Willemain et al. 2004; Boylan and Syntetos 2007; Teunter and Duncan
2009). Table 3 also shows a significant correlation between intermittency and MASE. In order
to eliminate the bad performance of SES, this paper applies two level aggregation and
disaggregation methods and the combination of them.
We uses three kinds of forecasting strategy in item level aggregation and disaggregation
methods, namely bottom up method, top down methods and combinational methods. In our
case, we both study the item level and group level demand. Although a stream of literature
showed that item level aggregation and disaggregation methods will improve the forecasting
accuracy for intermittent demand (Hyndman et al. 2011; Moon et al. 2012), the results of our
case shows the other side. As we can see in Fig 4 and Fig 5, the forecasting errors of Top down
methods are not better than SES method both in item level and group level. The mean error in
Table 4 also support this conclusion. The first reason is that item level aggregation and
disaggregation methods include aggregating and disaggregating process, which will introduce
bias in final forecasting results such as disaggregating weight and combination weight. The
difference between top down method 1, top down method 2, top down method 3 as well as the
difference between combinational method 1 and combinational method 2 show that the
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weighting strategy is vital important. We find that equal weight strategy performs better which
is supported by previous literature(Moon et al. 2012). The second reason is that item level
aggregation is less powerful to reduce zero rate and variation which is showed in Table 2,
however the two factors is significant correlated with forecasting error showed in Table 3. That
is why item level aggregation and disaggregation forecasting strategy is not a good choice in
our case.
Nevertheless, MAPA methods show a good performance in our case. As displayed in Fig 6,
all the distribution of forecasting error of MAPA methods is better than SES method, which is
supported by Table 5. As showed in Table 2 the temporal aggregation is more powerful in
reducing zero rate and variation, which indicate that reducing this two factor is useful in
forecasting intermittent demand. This paper discussed the forecasting error of different
temporal aggregation level, namely 2 months, 3 months and 4 months. The mean error in Table
5 showed that 3 months aggregation level has the lowest forecasting error. It is obviously that
higher temporal aggregation level will reduce zero rate and variance better which is beneficial
for demand forecasting. However, higher temporal aggregation also means smaller sample size
which will induce more uncertainty in forecasting. In this way we need to find a balance
between this two effects and the optimal aggregation level in our case is 3 months.
The combination of MAPA and item level aggregation and disaggregation methods is also
useful to reduce the forecasting error comparing the base model. However the results are not
better than MAPA methods. As we can see in Fig 7- Fig 11 and Table 5 the best strategy is the
MAPA with combination2 method and the max temporal aggregation level and disaggregation
level is 3-months which keeps the same with MAPA methods.
6. INVENTORY PERFORMANCE
One of the important issues of forecasting is to improve the efficiency of inventory. And this
metric of analysis is widely used in forecasting literature (M. Zied Babai et al 2012; S Moon et
al., 2012) . The relative papers discussed the inventory efficiency by inventory cost, service
target, average inventory level, average stock out and etc. In our case, we use order-up-to-level
strategy for the simulation.
We assume that leadtime L=1 month, if we order at the beginning of one month, the material
we will arrive at the beginning of next month. We assume the demand within one month is
average distributed across time and we exam the inventory level at the first day of each month.
At the first time point of simulation, we don’t have forecasting information, we suppose the
initial inventory can cover the first two months exactly. After the first time point, we use
forecasting information to update the order-up-to-level and use the updated inventory level to
decide the order quantity. Previous demand that cannot served should have the first priority to
use the new ordered materials. In the simulation we use three service target namely 1 sigama,
2 sigama, 3 sigama and compare the inventory level and service level for all the methods
discussed in this paper.
Fig 12 shows the inventory performance of all the methods. Fig 12-1 is the results of item
level aggregation and disaggregation methods. As we can see in the figure, only top down 1
method outperform the base forecasting method a little, which is the same with the forecasting
error.
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Fig 12-1

Fig 12-2

Fig 12-3

Fig 12-4

Fig 12-5

Fig 12-7
Fig 12-6

Fig 12 the inventory performance of all the methods
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Fig 12-2 - Fig12-7 are the inventory performance of MAPA and MAPA with item level
aggregation and disaggregation methods among witch 12-2 is equal weighting for different time
buckets synthesis with maximum temporal aggregation level 2, 12-3 is “K” weighting for
different time buckets synthesis with maximum temporal aggregation level 2, 12-4 is equal
weighting for different time buckets synthesis with maximum temporal aggregation level 3, 125 is “K” weighting for different time buckets synthesis with maximum temporal aggregation
level 3, 12-6 is equal weighting for different time buckets synthesis with maximum temporal
aggregation level 2, 12-6 is e “K” weighting for different time buckets synthesis with maximum
temporal aggregation level 2. Although, the forecasting error of MAPA with item level
aggregation and disaggregation methods are not better than MAPA methods, the inventory
results showed that MAPA with top down 1 method has better MAPA in inventory performance
and the best maximum temporal aggregation level 4.
7. CONCLUSIONS AND FUTURE STUDY
7.1 Conclusions
In our case intermittency will decrease the forecasting accuracy of SES method. Item
aggregating and disaggregating methods are not better than SES in terms of forecasting
accuracy because in our case many items’ demand are highly correlated and item level
aggregation is not useful to decrease the intermittency. Time aggregating can reduce
intermittency effectively and time aggregating and disaggregating methods performs generally
better than SES. When combine the two aggregating and disaggregating methods, it will get
more accurate forecasting result than SES and item aggregating and disaggregating methods.
In consideration of forecasting accuracy, the best strategy is time aggregating and
disaggregating methods with maximum time buckets T=3.
In terms of inventory simulation. Top-down 1 methods performs better than SES in item
aggregating and disaggregating methods. Most time aggregating and disaggregating methods
and combines of two aggregating and disaggregating methods performs better than SES. In
consideration of inventory efficiency, the best strategy is combine time aggregating and
disaggregating methods with Top-down 1 method with maximum time buckets T=4.
7.2 Future study
In our case, we find that item aggregating and disaggregating is not useful in increasing
forecasting accuracy which is contradict to some previous research. We find whether
aggregating is effective in reducing intermittency of demand is a key factor. However, more
study is needed to discuss the reason why this methods performs good in some times eries
pattern but bad in other time series pattern.
Although, multi time buckets synthesized time aggregating and disaggregating methods
overcome the problem of time aggregation level selection. In our paper, forecasting accuracy
is not monotone increasing with maximum time buckets increase. We find that when T gets
bigger, the demand points shrink rapidly, which will introduce uncertainty of forecasting model.
In order to over come the side effect of shrinkage, we need infinite observations, which is not
practical. So more study is needed to discuss the best T in this methods.
In our paper, we only use order-up-to level inventory control strategy. More inventory
strategy should be studied and find the best one for our forecasting strategy.
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EVALUATING CORRELATION COEFFICIENTS
OF UNIFORM RANDOM VARIABLES
Ray-Shine Lee, Shine-In Quantitative Research, 15202 Normandie Avenue Irvine California
92604-2970 USA, (1-949)-378-3628, rayphduf@yahoo.com
ABSTRACT
The purpose of this paper is to evaluate the correlation limits of various pairs of uniform random variables. Starting from a classical copula function with absolute correlation limit 13 , the
research measures the changes of dependence relationships from modifying quotient transforms
of two vectors of independent double exponential random variables. The absolute correlation
limit found within the first vector is quite close to 12 , but that of the second vector is above 23 .
The research process indicates that the use of quotient transform is an interesting approach of
presenting and exploring a class of flexible dependence functions.

KEYWORDS
Uniform distribution, Laplace distribution, copula model.
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1. INTRODUCTION
When reviewing mathematical statistics for graduate students in related quantitative courses,
it seems actually analyzing two mutually dependent uniform random variables is capable of
motivating them for higher-level research with multivariate data.
For example of exposition, let us refer to the classic research of (Morgenstern, 1956) and the
impressed instruction in (Mood, Graybill and Boes, 1974, pp. 142–143) on a pair of uniform random
variables .p; q/ having correlation in the interval Œ

1 1
; .
3 3

The joint probability density function

admits the expression
f .p; q/ D 1 C ˛.4pq

2p

2q C 1/I

˛ 2 Œ 1; 1:

(1.1)

In contrast to this formula, can we find another elementary example to have a correlation
interval Œ

1 1
; ?
2 2

For theoretical interests, and the advanced methods to respond this request,

readers are referred to (Johnson and Kotz, 1972), (Lee, 1983), (Kotz, Balakrishnan, and Johnson, 2000),
(Nelsen, 2006), (Durante and Sempi, 2015), among others.

2. PROPOSED METHOD
At the beginning of this research project, it was found that if .w1 ; w2 / are independent double
exponential random variables (Laplace distributions), the ratio jw1 j=.jw1 j C jw2 j/ is uniformly
distributed.1 In light of this function relation, it is practical to construct two uniform random
variables of substantiative positive dependence with similar ratios. To proceed, three double
exponential random variables fwi g3iD1 shall be applied; note that f .wi / D

1
e jwi j .
2

The in-

terested construction is to examine the transformation from .w1 ; w2 ; w3 / to .g; x; y/, where
g D jw1 j C jw2 j, x D jw1 j=.jw1 j C jw2 j/, and y D jw1 j=.jw1 j C jw3 j/. One can verify that
1

Z

f .g; x; y/ dg D

f .x; y/ D
0

2xy
D
.x C y xy/3
.1

2xy
.1 x/.1

y//3

:

In contrast to E.pq/=5/18 if ˛ D 1, the corresponding product moment E.xy/ is equal to
As a consequence, the correlation of .x; y/ is 4

2

(2.1)
2
3

3.

39 D 0:4784.

It should be noted that if the definition of y is changed to the complement jw3 j=.jw1 jCjw3 j/,
the correlation of .x; y/ is negative and equals to 0.4784. Hence, it is very probable that trying
1

To argue that this particular distribution assumption is sufficient and necessary would have to impose
additional functional conditions. It seems that this fact is true in the family of exponential-power random
variables.
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a mixture of these two cases can help reach the desired correlation interval Œ

1 1
; 
2 2

gradually.

This action requires inclusion of a mixing parameter  below. The formulated function of .x; y/
with parameter  is written
f1 .x; y/ D

.1

2xy
.1 x/.1

y//3

C

2.1 /x.1 y/
I
.1 .1 x/y/3

 2 Œ0; 1:

(2.2)

3. MODIFIED METHOD
The research continues to search for the function form satisfying the correlation bound Œ

1 1
; .
2 2

When reviewing the functional foundation of f .p; q/, it was noticed that the generic question
of finding Œ

1 1
; 
3 3

f1 .p; q/ D 1 C

has another solution:

˛
.5p 4
4

1/.5q 4

1/I

˛ 2 Œ 1; 1:

(3.1)

It should be noted that at non-zero value of ˛ the shapes of f .p; q/ and f1 .p; q/ have nontrivial
differences appeared on a graph.2 Nevertheless, the included product component of f1 .p; q/ is
found more compatible and convenient, in contrast to that of f .p; q/, when solving the question
of Œ

1 1
; ;
2 2

it requires censoring the component on the reduced area of Œ 14 ; 34 . One can verify

that if
f .x; y/ D

2xy
˛
C .5x 4
3
.x C y xy/
4

where ˛ D 1572864.79

1/.5y 4

1/I. 14  x  43 /I. 41  y  34 /;

(3.2)

8 2 /=97969 D 0:6930, then the correlation of .x; y/ is 21 . Figure 1,

consisting of four pictured functions, is prepared to verify the essential differences of modified
surfaces.
If this construction method is acceptable, the solution proposed for the question would take
the form
f2 .x; y/ D f .x; y/ C .1

/f .x; 1

y/I

 2 Œ0; 1:

(3.3)

To make the above f .x; y/ and f2 .x; y/ comparable with the original f .p; q/ and other approximations (having the two symmetric modes), one may apply the adjustment of averaging
the expressions of f .x; y/ and f .1

x; 1

y/. It should be quickly criticized that, while the

averaging procedure is trivial on f .p; q/, it does affect and lengthen the equation of f1 .p; q/
under the same condition.3
2

Notice that f .p; q/ D f ..1 p/; .1 q// but f1 .p; q/ requires a minor modification for having this
symmetric character.
3
At this time, let us also ignore the discontinuity effect accompanied with the truncated use of the
higher-order product component .5p 4 1/.5q 4 1/.
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4. CONTINUAL RESEARCH AND THE IMPROVEMENTS
In this section, our research consideration involves a number of distribution properties of x D
jw1 j=.jw1 j C jw2 j/ and y D jw1 j=.jw1 j C jw3 j/. First, it should be emphasized that the joint
xy/3 is F .x; y/ D xy=.x C y

distribution function implied by f .x; y/ D 2xy=.x C y

The second is this relationship suggests the generalization F .x; y/ D xy=.x C y

xy/.
xy/˛ ,

˛ 2 Œ 1; 1, and yields
f .x; y/ D

2xyC.1 ˛/.x 2 Cy 2 /C˛.˛ 1/xyC.1 ˛/2 x 2 y 2 .˛ 1/.˛ 2/xy.xCy/
:
.xCy xy/˛C2
1
; 0:4784
3

However, the determined correlation bound Œ

(4.1)

does not support this step of adjust-

ment.
Thirdly, it should be noted that f .x; y/ D 2xy=.x C y
g.x; y/ D

.2 ˇ/2xy
I ˇ < 2:
x C y ˇxy

(4.2)

From the marginal distribution functions F .x/ D .ˇ
2/y=Œ.ˇ

xy/3 is a member of the function

1/y

2/x=Œ.ˇ

1/x

1 and F .y/ D .ˇ

1, it is obvious that only at ˇ D 1 the two random variables are uniformly

distributed. If we apply the probability transform to .x; y/, the constructed pairs are found to
have a common joint probability density function identical to the f .x; y/ D 2xy=.xCy xy/3 .
To examine another improvement method, the definitions of .x; y/ are changed to
xD

jw1 j C 21 jw2 j
jw1 j C 12 jw2 j C jw3 j C 12 jw4 j

;

yD

jw1 j C 21 jw2 j
jw1 j C 12 jw2 j C jw3 j C 12 jw5 j

:

(4.3)

The current f .x; y/ is found by solving convolution integrals. It is written
f .x; y/ D

xy
16
Œ
3 .2xC2y 2xy/3

xy
.2xC2y 3xy/3

C

8xy
.xCyC3jx yj/3

8xy
:
.xCyC2xyC3jx yj/3

(4.4)

But the common marginal probability density function of x and y is different from that of the
uniform random variable supported on Œ0; 1. Let F .z/ denote the current marginal distribution
evaluated with the argument z. One can verify that the function form of F .z/ is simple:
F .z/ D 5z C

4
4
C
zC1 z 2

2:

(4.5)

The simplicity of this F .z/ permits us to apply the transformation from .x; y/ to .xQ D
F .x/; yQ D F .y//, for fulfilling the required marginal uniformity. It should be expressed that
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here the quantile function of F .z/ can be determined from a known solution of the cubic equation methods. This approach of requiring an attached inverse-function transform to uniformity
seems laborious. But indeed the method is also adequate to examine the consequence of replacing the original distribution of fwi g3iD1 to the standard normal random variables and the
impact to the main result of Section 2. The determined f .x; y/ objectively is only of theoretical interest, since it lengthen the formula of the solution and the correlation bound equal to
Œ 0:4760; 0:4760 is not wider than the former Œ 0:4784; 0:4784.
Back to the case of double exponential random variables, the correlation coefficient of .x;
Q y/
Q
found from a simulation is equal to 0:84. But the accurate correlation number should be 0.8375
if the double integral of E.xQ y/
Q is numerically computed. As a consequence, this approach is
capable of yielding a formal solution to the intended question of correlation interval Œ

1 1
; .
2 2

When making extra effort to understand the above f .x; y/, an interesting simple construction
of the desired function form is written
f .x; y/ D

8xy
.x C y C jx

yj/3

:

(4.6)

In this special situation, the implied distribution function of x and y may be reduced to F .z/ D
1
.3
2

z/z: In addition, while the correlation of .x; y/ is 7=11, the correlation of .x;
Q y/
Q is equal

to 27=40 D 0:675. In fact, one can also express the determined function of .x;
Q y/
Q as
3 9
.
2 4

8Œ1

f .x;
Q y/
Q D
Œ3

. 49

1

. 49

2x/
Q 2

1
2 Œ1

2x/
Q

3 9
.
2 4

1

2y/
Q 2 C j. 49

2y/
Q
1

2x/
Q 2

1
2

. 49

1

:

(4.7)

2y/
Q 2 j3

It should be further confirmed that the function f .x; y/ D 8xy=.x C y C jx

yj/3 is a

member of
f .x; y/ D
If

4. C 1/xy
I 1<
.x C y C jx yj/3

< 1:

(4.8)

¤ 1, the marginal distribution function of x and y takes the representation

F .z/ D

2
.

1/2

C

z
1

C

2. C 1/
:
1/2 Œ.
1/z . C 1/

.

(4.9)

Consequently, it is found
lim Corr .x;
Q y/
Q D
! 1

and if

0:6304; lim Corr .x;
Q y/
Q D 1;
!1

 42 then the correlation of .x;
Q y/
Q is greater than 0:99.
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(4.10)

The above investigation has not considered the appearance of both jx

yj and xy in the

denominator. The joint probability density function appropriate for this circumstance is
f .x; y/ D

8. C 1/xy
.x C y C 2xy C jx

yj/3

I 1<

< 1:

(4.11)

However, it is found investigating this case throughly can be skipped. The underlying reason is
deduced again from considering the special case

D 1 as follows. The representation of F .x/

and F .y/ is F .z/ D 1C.z C1/ 2 .z 1/. After applying the probability integral transform from
.x; y/ to .x;
Q y/,
Q the resultant functions of .x;
Q y/
Q are in effect identical to the previous example
of f .x;
Q y/
Q with correlation 0.675.
In a recent review of this paper, an effort of simplification is made on the joint distribution
F .x; y/ D xy=.x C y
F .x; y/ D

xy/˛ , ˛ 2 Œ 1; 1, in terms of

xy
.x  C y 

x  y  /˛

;  D 54 ; ˛ 2 Œ0; 43 :

(4.12)

The correlation bound of the .x; y/ implied in this construction is found equal to Œ0; 0:5027.
5. CONCLUSIONS
This paper has evaluated the correlation limits for several interesting function surfaces of the
uniform random variables. Sometimes a mathematical statistician may confer a persistence to
choose other construction methods for the posed question. But the present author hopes that
the employed method of quotient transform can help present and maybe improve other possible
solution.
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