FACTORS INFLUENCING THE ADOPTION OF DECISION SUPPORT SYSTEMS IN FARMING  

Don Kerra1), Arthur Poropat2), Louis Sanzogni3) 

1) Griffith University, Australia (d.kerr@mailbox.gu.edu.au)

2) Griffith University, Australia (d.kerr@mailbox.gu.edu.au)

3) Griffith University, Australia (d.kerr@mailbox.gu.edu.au)
Abstract

The paper proposes an analysis of factors that could help with future DSS development and improve their adoption rates by small rural industry. An overview of existing literature and practical problems associated with the adoption of decision support systems (DSS) by small rural businesses is discussed.  The analysis indicates that system developers need to have a good working knowledge of the target industry and understand the types of decisions that are made by managers in order to develop systems that will be used.  It is also essential the DSS have a commercial aim of making profits for the end-user and not be re-vamped research models developed under a scientific enquiry paradigm.  The review of the literature also determined that adoption rates can be influenced by cultural, educational and age factors as well as individual characteristics of information technology itself.  Managers needed more ownership in the process of DSS development.  The authors suggest that DSS adoption by small, owner-operated rural businesses is also dependent on the recruitment of a core of enthusiastic users who could champion the use of an appropriate DSS for their industry.
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1.
Introduction

The ultimate intention of expert systems, is to eventually replace expert decision making.  This aim has been achieved, to some extent, in narrow domains.  DSS on the other hand, differ to the extent that they are seen as a complementary electronic partner working in cooperation with the expert to improve the quality of decision making.  The areas where humans perform best are usually the areas in which expert systems are the weakest, and so an electronic/human partnership is seen as the most likely to suceed.  A partnership, where the human component (the expert at the practical/common sense level) works together with the electronic component (expert at the scientific/logical level) to achieve a solution.

DSS have been traditionally associated with large organisations. For example of 30 case studies in the textbook by Turban and Aronson (2001), 25 were based on large companies such as DuPont, Ford, Chrysler, etc.  Small businesses have the potential, we believe, through the use of DSS packages of obtaining similar competitive advantages attributed to the development and use or DSS in larger organisations.   

However Cox (1996) and Newman (1999) suggest that most DSS development targeted at small, agricultural businesses have been based on research models that have the primary aim of discovering and understanding relationships between data, or applied models that are used as a decision or policy making tool.  Many of these systems have not had widespread acceptance by end-users (Cox 1996), (Carayannis and Sagi 2000), (Kuhlmann and Brodersen 2001) and (Ohlmer et al 1998).  Cox (1996) outlined many of the problems associated with the adoption of DSS by farmers.  He suggests that these problems revolve around the different approaches to problem solving between professional researchers and farmers.  He also suggests that farmers are not as computer literate as professional researchers and that DSS have been too rigid because they are developed using a different paradigm, based on scientific knowledge and not practical knowledge as would be used by the farmer.  

These approaches to development have led to models used in DSS that have been described as too complex and over engineered for the problem they are meant to provide solutions for.  In addition, many farmers are not familiar with the jargon used and the variables needed for basic input into the models.  Carayannis and Sagi (2000) suggest that factors such as culture; educational level and age also affect a person’s propensity to adopt new technology.  Kuhlmann and Brodersen (2001) outline six individual characteristics of information technology (IT), which may have an influence on adoption rates amongst farmers in Germany.  These factors, we believe, could be equally relevant to end users in other parts of the world (Table one).

Table One: Factors that may influence adoption rates of information technology

	Factor
	Comment

	Profitability of IT 
	Kuhlmann and Brodersen (2001) suggest that adoption of IT increases with higher expected profits from using the system but many systems cannot accurately estimate returns because they depend on uncertain market and farming conditions.

	User friendly design and time requirements for IT usage
	Kuhlmann and Brodersen (2001) describe computer models that are difficult to handle and take hours to input data.  Cox (1996) similarly describes this situation as an over-engineered solution where the end-user does not require that level of complexity or detail.

	Credibility
	Simplification of models could give the perception to the end-user of being less trustworthy or reliable.

	Adaptation of IT to farm situation (or any other small business situation)
	There are many different variables associated with different businesses, for example in farming soil type, climate and plant breeds all vary from farm to farm.

	Up-to-date information
	Information needs to be relevant and timely and this can be a major challenge, as software would have to be continually updated. 

	Knowledge of the user
	If the software expects prior knowledge, then user acceptance will be lower.  Cox  (1996) described this aspect, as over-engineered solutions that asked and provided more than that the end-user needed.


Adapted from Kuhlmann and Brodersen (2001) and Cox (1996)

Other factors affecting adoption rates include a lack of ownership in the final product.  Cox (1996) and Thong (2001) suggest that this is due to lack of involvement in the development process and a lack of knowledge of how the system operates.  This lack of knowledge of the operations of models often leads to the description of a “black box” (Hart and Wyatte 1993).  Because of their very practical approach to problem solving (Ohlmer et al 1998), farmers are wary of “black box” models and this, combined with the over-engineered solutions described by Cox (1996), leads to skepticism of product output and possible non-adoption. 

2.
Different approaches to innovation

This type of approach, where the expert designs the system before trying to get the farmer to adopt it, is what Shaw (1994) refers to as a producer-dominated approach to innovation.  In producer-dominated innovations the ‘expert’ is responsible for identifying needs, developing solutions, and building and proving prototypes.  Only then is the potential user called in for their reaction: typically a purchase decision (or not).  Such an approach almost inevitably leads to “black boxes”, and runs the risk of ‘solutions’ which fail to meet felt needs of users.  Shaw contrasts this approach with “user-dominated” innovations where the user of the innovation, in this case the farmer, is responsible for each of these steps.  Naturally user-dominated innovations are more likely to be accepted by the particular user.  However, the user’s lack of specialist expertise in the field of innovation, in this case decision-support systems, may lead to less than optimal technological design and often to idiosyncratic approaches of comparatively low value to other users.

Such difference in perspective in the supplier-customer relationship has been shown to be extremely problematic in traditional areas of business such as automotive manufacturing.  Distance between supplier and customer leads to miscommunication and mistrust which in complicated supply chains can have consequences which tend to compound.   Womack, Jones and Roos (1990) in their account of the automotive industry highlight the process by which, as each party tries to second-guess the other, errors in planning and negotiation accumulate.  With their reduced ability to effectively discuss issues of standards suppliers and customers increasingly haggle about price rather than quality.  Ultimately everyone suffers as unreliability and supply-chain complexity increases alongside increasing concerns by end-users about the value of what they receive.  

Poor supplier-customer communication has also been shown to deleteriously affect the development of IT. When discussing the value of collaboration between suppliers of computerised business systems and their customers, Wilson (1999) suggested that there are a range of potential pitfalls in this industry.  Some suppliers for example become complacent when they have established relationships with their customers and cease to ensure that their offerings match customer needs. Customers on the other hand can be fearful that a supplier who knows too much about their business while still supplying their competitors may be a source of threat, by either inadvertently letting crucial information slip, or by building into their product key concepts which may be valuable but as yet unknown to their competitors, thus reducing competitive advantage.  This fear leads to reduced information sharing which in turn increases the chances of inappropriate software design.

This is contrasted with one of the key features of successful innovations cited by Rothwell  (1994).  Successful innovations have a strong market orientation, especially strong customer linkages and, where possible, potential customers are included in the process of developing the innovation. Customer participation contributes to the ability of the innovation to satisfy user-needs by ensuring that the product is more likely to confer economic benefits.  This is particularly the case if the customers included in the developmental process are what Rothwell refers to as 'leading-edge users', who are technologically sophisticated and demanding.  The clearest illustration occurs when the contributing customer becomes a de facto co-inventor where even at lower levels of involvement their contribution significantly enhances the acceptability of the innovation.

Shaw (1994) likewise cited significant advantages of involving users in the supplier’s research and development effort.  These advantages include enhancing the supplier's R&D efforts by effectively co-opting users into the development team leading to optimisation of the design specification, shortening the process of users learning and accepting the innovation, and developing an on-going relationship leading to future enhancements of the product.  He states that these advantages have been observed with products as varied as coal loaders and endoscopes.  Shaw’s ideas are in harmony with and are also an extension of the common IT practice of beta-testing.  

Advantages also accrue to the users.  Hartley (2000) observes that users benefit by gaining greater access to specialist knowledge held by suppliers, effectively receiving training in the process.  Most users value the opportunity of making suppliers aware of the needs of their end-customers as well as their own, resulting in suppliers having greater appreciation of the industry’s value chain.  This sharing of information leads to both greater trust and increased motivation on the part of the supplier to meet user needs.  Relationships improve and in the long run everyone benefits.

Nonetheless there are a range of barriers to supplier-customer cooperation.  These barriers include internal politics in user organisations (Hartley, 2000), a problem less likely to be encountered in the farm sector where many farms are comparatively small.  However, there are internal conflicts of significance in the farm sector which have been observed to impact upon innovation adoption.  An example that has been frequently experienced by the lead author is conflict between a husband and wife within the farming team, where the husband is more likely to make overall decisions about the farm but the wife is more likely to be the actual operator of any decision support system developed.  This type of conflict can significantly impede software development.  

It is also important to recognise that businesses often adopt innovations for reasons other than effectiveness or efficiency; serendipity, desperation and mimicry or following band-wagons are as likely to be motivations for adopting innovations as is considered strategic choice (O’Neill, Pouder & Buchholtz, 1998). Research by Walsh & Ungson (1991) found that organisations more quickly adopt innovations that match their organisational memory.  In other words if the business does not have experience with a particular technology it is likely to use something with which it is familiar in preference.  This is related to the common finding that organisations are more likely to adopt innovations from those with whom they frequently interact and with whom they are most alike (O’Neill et al, 1998) or with whom they share a similar culture (Hartley, 2000).  

3.
Improving the situation

However, effective development of DSS provides opportunities to overcome these barriers.  Bechek and Brea (2001) present a framework for thinking about software in which the two axes represent the ease of structuring business processes on the one hand, and how well developed the software market is on the other hand.  Knowledge management and community management software are emerging areas, linked to hard-to-structure processes such as product development, and in the case of this article, DSS.  The fuzziness of this area requires collaborative approaches such as those described previously, which if conducted effectively provide interactions which allow developers to enter the culture and organisational memory of farmers as users.  

Unfortunately developers of DSS are typically more familiar with design methodologies that are useful in well-developed markets with easy-to-structure problems.  It takes a major shift of mind-set to recognise that traditional less-collaborative approaches are fundamentally inadequate for this sort of technological development.  Yet these weaknesses can be turned into strengths if developers of DSS consciously adopt a collaborative approach.  

Consequently the effective development and acceptance of DSS must involve end users at all stages of development.  Evolutionary prototyping is one method of assuring that end users have significant input in the developed product.  Prototyping does make the development process faster and allows significant end-user involvement (O’Brien 1999).  However, because the process is highly iterative and the code is constantly changing, the process can lead to redundancies in code and problems with logic flows unless effective development tools are used.  A decision support system project initiated without using such tools may become difficult to develop and maintain.  

Object oriented development tools such as Visual Basic(, combined with the use of expert system shells such as Visual Rule Studio
 are examples of such tools.  Visual Basic allows the user interface to be easily modified, while Visual Rule Studio allows the heuristics or “rules of thumb” to be separated from the interface code and eventually stored as a dynamic library link file within a completed application.  Visual Rule Studio is an ActiveX third party product developed for Visual Basic.  These products are cited for illustrative purposes only as there are many other examples of other expert system shells on the market that are able to do a similar job.    

One approach that can be applied to rural industries with a history of benchmarking is the development of benchmarking models that can be used to compare the performance of a target business with that of the whole industry.  Use of such models can give a non-threatening environment for evaluation of individual small business performance as they can be compared to the model output rather than to another business that could be known by individuals within the comparison group.  Developing benchmarks with farmers allows developers to improve their understanding of what is and is not important to potential users and allows for developers and farmers to jointly decide on what are the high-impact projects which should be focused on (Hartley, 2000). 

This collaborative approach to development requires new skills from the developer.  Effective collaboration in developing products or systems is based, among other things, on alignment of goals and values, mutual trust, and relationship building.  Relationship building requires regular reflection on the nature, value and health of the relationship and taking positive steps to enhance it (LaBerge & Svendsen, 2000). Smith and Ahmed (2000) add that the skills required for collaborative team development include effective communication and building on the ideas of others; leading, following, and sharing knowledge; and negotiation and conflict resolution skills for creating collaboration.  All things considered the development of effective DSS for small business operators such as farmers represents significant but worthwhile challenges for developers, not the least of which is the collaborative environment itself.  

4.
Conclusion

The approach presented in the paper has the potential of providing acceptable decision support applications to small business clients generally and farmers in particular, thus giving them an insight as to their viability in relation to the average benchmark based on expert opinion or model output for their industry.  To develop DSS that are used by the target industry, it is essential to form effective and enthusiastic cooperative structures which include both developers and users.  This can only be done if the industry is in favor of DSS development.   To this end, it is imperative that programs that can demonstrate the advantages of such developments are shown to a wider audience in other industries.  It is also important that such programs are evaluated on their potential application to other industries rather than being thought of as only relating to the specific industry they were developed for.  

The problem of producing models that are considered too simple and thus giving the perception to the user of being less trustworthy or reliable can be overcome to an extent by ensuring that the heuristics provided by the experts are adequately peer reviewed by other experts.  However, it is also central to the approach recommended here that a similarly rigorous review by farmers be conducted, albeit using review procedures  which reflect farming rather than DSS expert culture.  

For a successful implementation of a DSS, effective evaluation techniques must be established.  This has been problematic, as DSS have traditionally been difficult to evaluate as they are meant to be aids to decision making.  Unlike conventional computer programs that provide a step by step solution to a problem, a DSS can not offer a predefined solution path (Klien and Methlie 1990 TA \s "Klien and Methlie 1990" ).  In addition, the way in which they are used may change from time to time.  For example, during times of drought, the advice given by a DSS on stocking rates or over-utilisation of pastures may not be relevant as day to day management decisions under these circumstances may be more concerned with survival and could conflict with decisions needed for long term productivity increases.   In addition, Kuhlmann and Brodersen (2001) indicate that usage and interpretation of results can vary depending on market and/or farming conditions.
Harrison (1991 TA \l "Harrison (1991" \s "Harrison (1991" \c 1 ) discusses several statistical methods of testing expert systems and concludes that a reliance on statistical tests of the value of an expert system is unlikely to be useful, as they may not provide appropriate estimates of the target performance of the system.  He also suggests that more subjective procedures can be used for testing the reliability of outputs.  The evaluation of system performance by a panel of experts’ similar to the method described by Kerr et al (1999) was considered useful but he cautioned that obtaining consensus between panel members might be difficult.  
One solution to the adoption problem may be to simplify the models used to assist people make decisions.  Instead of devising models that can predict the level and efficiency of production from given inputs as has been the case in traditional DSS, why not use heuristics from experts to estimate the efficiency and profitability of a business based on accepted parameters.  In other words, use a top down systems approach rather than an analytical method based on data and experimental relationships.  The expertise of experienced researchers, advisors and practitioners can be harnessed to develop these top-down models based on heuristics.  It is important, however that this process be rigorous and peer reviewed as Kuhlmann and Brodersen (2001) have caution that this approach can produce simplified models that could give the perception to the end-user of being less trustworthy or reliable.
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