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Abstract


Developing software applications now requires a different set of tools and methods from those that were once the mainstay of most IT developers.  Continual changes in the business environment and shifts in the markets have pressured organizations to implement applications in shorter timeframes and carefully assess their life expectancies.  As a result, methods, techniques and tools that allow developers to quickly respond to changes will need to be adopted.  Changes in development practices should be reflected in academic IT/IS programs.  The results of a survey conducted by this study suggest that IT professionals expect graduates to possess skills and knowledge of data warehousing/data mining, prototyping, and rapid application development (RAD) tools. 

1. Introduction


Advances in information technology (IT) have opened greater opportunities for its competitive application. Databases have become more economical to build and implement, and a more user-friendly emphasis of software has made manipulating the data easier. In addition, the maturation of telecommunication and network technologies has allowed organizations to share data across distances either within themselves or with other organizations.  IT now provides many organizations with both immediate and long-term business solutions [3].  In several instances, organizations have proactively used IT to quickly identify and target under- and untapped markets, particularly with business to consumer (B2C) and business to business (B2B) e-business applications.  Due to the nature of today's rapidly changing business environment, organizations must respond quickly to changes or anticipate them before they occur. As a result, software applications must be developed within shorter timeframes, often spanning no more than three months from inception to user acceptance.  To ensure they can immediately seize opportunities, organizations have turned to online analytical processing (OLAP) and data mining tools in conjunction with data warehousing, and non-procedural and GUI languages (i.e., 4GLs) as opposed to coding in procedural language programs, such as COBOL.  When coupled with a less regimented approach to software development, such as those promoted by RAD (rapid application development) and prototyping, organizations have the ability to move quickly.  Thus, it is becoming more apparent that greater emphasis has been directed toward nontraditional methods for developing systems and software applications in practice.

Often, organizations turn to university IT and information systems (IS) programs to fill their needs for knowledgeable IT/IS personnel who will help ensure their business success and longevity.  IT/IS graduates from colleges and schools of business usually hold an advantage over their computer science counterparts during recruitment since they possess backgrounds that help in seeking and understanding business requirements.  However, given the limited resources that most academic institutes face, many IT/IS curricular programs tend to focus on more traditional and mainstream topics.  For example, a systems development course tends to be a cornerstone of most IT/IS programs.  Based upon the content of current systems analysis and design textbooks that cater to the needs of academic programs, most programs will promote the virtues of a regimented approach for designing, developing and implementing new systems using traditional structured (i.e., hierarchical) methods and tools.  Yet, many organizations are opting for off-the-self (OTS) software systems and few are developing systems from scratch.  As an alternative, should IT/IS curricula planners be redirecting their thoughts and placing greater emphasis on methods, techniques and tools for the quick and rapid development of software applications?  If this is the case, what skills and knowledge should an IT/IS graduate possess? This paper reports the results of a survey of IT/IS professionals that examined the need for topic coverage in five areas: data warehousing/mining, 4GLs, prototyping, and OLAP and RAD tools.  

2. Background


Keeping abreast of and planning for IT is key to an organization's survival in today's rapidly changing business environment [13].  IT along with its development and implementation methods must be chosen for their ability to move the organization toward meeting new challenges and taking advantage of new opportunities.  Cooper [7] suggests various development methods, techniques and tools can be adopted to change the organization's IT structure and promote creativity within it.  Such adoptions may be able to better direct and focus the organization toward opportunities that were not previously possible [2], [4], [5].   However, adopting new methods, techniques and tools alone may not necessarily produce the desired results.  Surveys have reported that nearly half of all systems development projects fail (i.e., abandoned, completed but were not fully used) [14], [18].  Although numerous factors have been identified, communication problems between developers and end-users, and between the development team and senior management, and poorly communicated goals and deliverables were commonly cited [18].   Poor communication led to other problems, such as task-disorientation, misdirected efforts resulting in delays, poor management practices and dysfunctional team processes [18].  In their study, Anderson and Narasimhan [1] concluded that the quality of communication could predict the success or failure of a project.  Thus, good communication must be embodied in newer development methods, techniques and tools, especially when systems and applications must be completed and delivered within short timeframes.   


A primary objective of an IS undergraduate curriculum is to produce qualified and employable professionals who meet the needs of industry [6], [10].  This has been repeatedly been a major point of discussion raised at major conferences, such as those sponsored by the Association for Information Systems (AIS) and the Decision Sciences Institute (DSI), and by accreditation boards, such as the Association to Advance Collegiate Schools of Business (AACSB).  A key element in the definition of employable rests in the knowledge and skills imparted upon them through their education.  In recent years, researchers have reported a major shift in the skills employers seek in their candidates.  Organizational skills, such as the ability to communicate with others in the organization, and understand the business and its needs in the context of problem solving, have begun to take precedence over technical skills [8], [9], [11], [12], [17], [19], [20], [21].  The need for technical and pragmatic skills is still evident, although the focus may be shifting to accommodate a new IS paradigm, managing and coordinating as opposed to providing or acquiring IT resources [9], [15].

Leitheiser [12] proposed an integrative approach to defining curriculum content.  His model includes organizational and environmental factors that influence an organization's adoption of technology.  Organizational factors focus on business processes, the competitive environment, growth and their abidance to governmental regulations.  Environmental factors include the availability of technology, competitive service requirements and environmental constraints (i.e., legal, governmental, etc.).  Porter [19] suggests IT can be used to alter the industry structure, or create and improve new products or services.  Hence, the IT skills and knowledge that organizations seek in candidates reflect the courses of action they choose to remain competitive.  Although the emphasis for these skills and knowledge will differ throughout geographical locations, they are still vital to the adoption of IT.  The absence of a rich pool of candidates will limit what can be done with IT.  Thus, the challenge for most academic IT/IS departments is to create a curriculum that reflects professional practice within a cohesive framework.


The practice of developing systems and applications has changed dramatically within the past decade.  Many reasons can be attributed to the increased competition ushered in by the Internet and e-commerce.  Whereas, the traditional brick and mortar business operations permitted a comfortable leeway for businesses to react to competitive changes and market shifts, e-business does not afford such a luxury.  As a partner for Pricewaterhouse Coopers recently remarked, "if you have to react to the competition, it's too late."  By the time a business reacts to a change in its competitor's strategy with its own countermeasure, the competition will have already moved to a newer strategy.  Thus, developing systems and applications must be done quickly and without hindrances to understanding and meeting the information needs of the end-user. To ensure their success, IT/IS graduates entering the profession must possess the skills and knowledge that are reflected in practice.  In particular, greater emphasis must be placed on non-traditional IT/IS core skills, including data warehousing and data mining, fourth generation languages (4GLs), prototyping, online analytical processing (OLAP), and rapid application development (RAD).  Applying the wrong methods or tools will stymie the organization's efforts to react swiftly and appropriately.

3. A Survey of IT/IS Professionals


A national survey was conducted to seek an understanding of the current practices and the anticipated needs of IT/IS professionals.  In particular, the anticipated needs would suggest skills or knowledge that they would expect graduates to possess, and could be used by their organizations.  The five questions presented to them as they apply to curriculum development were:  How much emphasis should be placed on data warehousing and data mining?  How much emphasis should be placed on fourth generation languages (4GLs)?  How much emphasis should be placed on prototyping?  How much emphasis should be placed on OLAP (on-line analytical processing) tools? and How much emphasis should be placed on RAD (rapid application development) development tools and screen design facilities?  The questions were part of a 12-page survey that was mailed to IT and IS executives and managers of private, nonprofit and government organizations throughout the US.  The survey instrument was patterned after that used by Necco, Tsai and Gordon [16].  Although the response rate was low, 48 (out of 1,100-plus) organizations responded with 46 usable surveys.


Table 1 summaries the responses to the above questions.  The survey asked respondents to indicate on a 5-point Likert-type scale (from "do not teach" to "emphasize") the degree to which they believed the topics should be covered in IT/IS course studies.  Of the five questions, prototyping appears to be most the favored (mean = 3.83, median = 4) with 50 percent of the 42 respondents favoring a moderate to strong emphasis.  RAD development tools and screen design facilities garnered 19 of the 43 responses for a moderate to strong emphasis (mean = 3.91, median = 4).  Although the 19 responses represent less than half (44.2 percent), more respondents (12 or 27.9 percent) favored placing a strong emphasis on this topic than the others.  Data warehousing and data mining also drew the favor of most respondents.  Twenty of the 46 respondents (43.5 percent) indicated a moderate to strong emphasis (mean = 3.37, median = 4).  However, the responses appear to vary over a wider range.


Although they were generally favored, the results indicate a moderate emphasis should be placed on 4GLs (mean = 3.45, median = 3) and OLAP tools (mean = 3.36, median = 3).   The lack of support for these two may due to their proprietary nature (i.e., no presiding standards) and their emphases on developing specific skills that are not necessarily universally applicable.  Unlike prototyping, data warehousing/mining and RAD, knowledge of 4GLs and OLAP tools tend to be very software specific and lack an underlying conceptual foundation.  In many cases, though, an understanding of the intricacies of one software package may be transferred to another.  Yet, in contrast to the above three, these two are not linked to underlying concepts that drive their use.  Knowing how to use them does not necessarily infer knowledge about application development. Given the importance and abundance of other topics, the responses suggest that these could be sacrificed.  

Table 1.  Survey results

	
	Mean
	Do NOT Teach
	
	
	
	Emphasize

	Data warehousing/data mining (n = 46)
	3.37
	1 (2.2%)
	7 (15.2%)
	15 (32.6%)
	20 (43.5%)
	3 (6.5%)

	Fourth generation languages (n = 44)
	3.45
	0
	6 (13.6%)
	17 (38.6%)
	16 (36.4%)
	5 (11.4%)

	Prototyping (n = 42)
	3.83
	0
	2 (4.8%)
	11 (26.2%)
	21 (50.0%)
	8 (19.0%)

	On-line analytical processing tools (n = 44)
	3.36
	1 (2.3%)
	5 (11.4%)
	20 (45.5%)
	13 (29.5%)
	5 (11.4%)

	Rapid application development tools, screen design facilities (n = 43)
	3.91
	1 (2.3%)
	2 (4.7%)
	9 (20.9%)
	19 (44.2%)
	12 (27.9%)


4. Discussion


As organizations reengineer their processes to place IT into more integral roles, IT/IS graduates will be called upon to recognize and provide IT-based solutions. The trend toward e-business has forced many organizations to commit huge investments in resources to IT development, particularly with B2B applications.  The highly competitive nature of the business environment mandates quick responses to shifts in the market.  This translates to either reacting quickly or anticipating changes before they occur.  In the case of data mining, this means discovering new information about customers, identifying patterns in their spending habits before the competition, or simply predicting changes to the business environment, all being ad hoc tasks.  This creates a two-folded problem.  The information gained through mining can be used to better focus the organization and its portfolio of IT applications, and prioritize projects.  Yet, without having the resources available to support a data warehouse and/or data mining activities, the organization would not be able make such discoveries.  Half of the responding organizations recognize the importance of data warehousing and data mining, and believe they should be emphasized.  IT/IS graduates must be aware of not only the methods and tools that are available and can be used with data warehousing and data mining, but also when they are most appropriate to use.  


Changes in the business environment have also required organizations to reassess the size of the software applications they will build.  The practice of building large, monolithic systems that required long lead times and enormous resources has given way to smaller systems and software applications.  Generally, two factors must be considered: the life expectancy of the application, and the time to bring it online.  Because changes in the business environment occur frequently and continually, the anticipated life of an application may be very short, as short as six months.  To be cost-effective, organizations must usually weigh the cost of committing resources (i.e., financial, human) to its development against the financial benefits that can be expected throughout its life.  Obsolescence will eventually set in due to a competitive counterstrike or advances in technology that open greater opportunities.  RAD and prototyping work well with small projects and help ensure user requirements are more completely satisfied when the application is completed, especially when the specifications are not readily known.  They are frequently used to develop decision support systems and executive information systems (although not limited to them), situations that require developers to work closely with their users to gain greater insights into their information needs.  Although they may not extend the life of an application, they can maximize its usefulness.  Clearly, more than half the respondents endorse emphasizing prototyping (69 percent) and RAD (73.8 percent).  Since prototyping and RAD take opposing views of system development from the more regimented methodologies with predefined deliverables, such as SDLC, the results suggests that the latter may not be as frequently or widely used.  


Due to their iterative nature, both prototyping and RAD promote communication between the developers and end-users.  Each iteration provides opportunities to correctly ascertain greater details of the system or application, and gives developers a means to acknowledge the end-user's requests through feedback.  The benefits and advantages of both methods have been sufficiently tested and documented in numerous studies.  Thus, in addition to working well with small projects, prototyping and RAD help ensure greater success of the project.  However, the key to success lies not just in their adoption, but in knowing how to manage them.  Understanding how these methods promote interactions between the developers and end-users, and support the communication of vital information both within the development team, and between the developers and end-users are critical to their success.  


Continual environmental changes also force organizations to consider the required time to complete the application.  In many cases, executives of major corporations have indicated their standards have been lowered to three to six months, often depending on competitive factors. Questions, such as "what are the chances the application will be obsolete upon its completion?" and "what is the application's life expectancy once it is in use?", are typically asked.  By extending the time to bring an application online, organizations reduce their windows of opportunity and face greater risks of obsolescence prior to delivery.  To reduce this risk, applications must be smaller and focused toward specific tasks to fit into shorter delivery timeframes.  Even if the application were to become obsolete shortly before or upon its completion, the loss in resources would be more palatable.  However, pressures to produce applications more quickly may be fueled by the need to remain competitive or to gain a competitive edge. Although RAD and prototyping cannot stave off obsolescence, they have the advantage of being flexible to accommodate short timeframes, yet thorough in identifying requirements.  


The current practice of building smaller applications should be reflected in IT/IS curricula.   The results of the survey suggest that graduates should be knowledgeable of data mining in conjunction with data warehousing, prototyping and RAD tools.  In contrast to OLAP tools and 4GLs, these are concept driven.  In many cases, recruiters will seek graduates who possess good conceptual foundations that their organizations can easily build upon.  When deemed necessary, IT managers will direct and train their employees in specialized areas, some of which may be proprietary.  However, a good conceptual foundation adds a dimension of understanding for the appropriateness of a tool and how it can be used to produce a desired result.  Thus, understanding the significance of prototyping and RAD in contrast to the more regimented systems development life cycle provides valuable insights into the proper management of small projects.  Changes in development practice should be reflected in the IT/IS curricular programs. 

5. Summary

Recent changes in the ways business is conducted have required IT developers to adopt different methods and tools, particularly as e-business becomes more pervasive and the standard for operations.  The trend toward smaller software applications that can be developed in short timeframes and without the commitment of enormous amounts of resources has become evident in recent years.  A survey of IT/IS professionals confirms this trend and indicates that methods, such as prototyping and RAD, are becoming increasingly important to IT/IS curricula.  More than half the respondents favored placing greater emphases on both.  Fewer systems development projects will entail lengthy schedules and high-risk systems that may become obsolete before they are completed.  Methodologies, such the systems development life cycle (SDLC), are often associated with large projects and may now be used less frequently.  


Methods, such as prototyping and RAD, promote communication between developers and end-users by their nature (i.e., iterative tasks).  With quick turnaround times required nowadays, good communication is vital to the success of a project.  End-users can better describe their information needs when they can interact with a working model and take ownership when they are involved with the system's or application's development.  By the same token, developers can focus their efforts toward end-user needs.  Thus, prototyping and RAD help ensure the development's success.

Favorable responses to data mining (in conjunction with data warehousing) suggest that information processing has become more ad hoc.  This is consistent with the move toward less regimentation in systems and application development.  For IT/IS academic programs to remain vital sources of employable graduates, these changes in practice must be reflected in their curricula.    
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