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Abstract

The purpose of this paper is to examine how Software Engineering Capability Maturity Model (SW-CMM) contributes the process of information technology development. The paper first goes over the information systems development process to explain the key components and processes in information systems development. Then SE-CMM is examined and it’s key components and phases are discussed in details. Following the introduction to both information systems development process and SE-CMM, the key advantages of SE-CMM in information systems development process are discussed to examine how information systems development benefits from SE-CMM. Some disadvantages and constrains of SE-CMM are also discussed to foresee the possible further improvement in SE-CMM. Finally, conclusions and some recommendations are made for improving information systems development process.

Introduction

As information technology is being more extensively and intensively applied to business processes to enhance the overall business competitiveness, the process of developing information systems has become an issue drawing increasing attention from both information technology department and managers at top and various business unit levels. An important result of information systems development process is application software, which is designed to support organizational functions or processes. As information systems analysis and design is a complex organizational process whereby computer-based information systems are developed and maintained, information systems development projects are often unsuccessful due to the failure to meet user’s requirements, exceeding the estimated time schedule, high cost compared to the benefits realized, and difficulty and high cost to maintain the system developed (Necco, et al., 1987). Therefore, there has been a continuing need to improve the process for developing these systems. 

With the purpose of making measured improvements in software engineering capabilities, the Software Engineering Institute, a federally funded research and development center sponsored by the U.S. Department of Defense, developed the Capability Maturity Model for Software (CMM or SW-CMM) for judging the maturity of the software processes of an organization and for identifying the key practices that are required to increase the maturity of these processes. The SW-CMM is a framework that describes the key elements of an effective software process. Furthermore, it describes an evolutionary improvement path from an ad hoc, immature process to a mature, disciplined process. It also establishes five levels of capability maturity as criteria to evaluate enterprise’s software development capability, which facilitates improvements and optimization in information systems development process in an organization.

The purpose of this paper is to examine information systems development process and analyze how Software Capability Maturity Model facilitates and improves information system development process. Both the strength and weakness of CMM will be discussed to show how CMM is facilitating information system development process and its potential improvements as well.

Information Systems Development

Information Systems Development 

Reviewing the prior information system literature, there have been various definitions of information systems. But the key concept behind all those variations is that a information system is a set of interrelated components comprising people, machines, and or methods organized to collect, manipulate, and disseminate data and convert them to information to meet a certain objective. Xu (2000) defined information systems from functional and structural perspectives. To better serve the purpose of this article, the structural definition of information system by Xu is adopted, which is a system consists of a collection of data, models, processes, technology and people, all forming a cohesive structure which serves some organizational purpose or function (Xu, 2000). With the fast development and diffusion of information technology, information systems have become ubiquitous in almost all types of organizations. These information systems can be classified into four groups that are distinguished from each other on the basis of what the system does or by the technology used to construct the system: transaction processing systems, management information systems, decision support systems, and expert systems (Hoffer, 2002). 

As human society is getting more and more heavily relied on information systems, information systems development is gaining increasing attentions from both practitioners and academic researchers. Information systems development in a broader view is a complex organizational process that a team of business and system professionals uses to develop and maintain computer-based information systems. It encompasses activities from the business requirements analysis, design and development of Information systems through to Information system implementation, maintenance. 

Approaches of Information Systems Development

As information systems development is a complex process, many organizations find it beneficial to use a standard set of steps to manage and control information systems development process. This standard set of steps is called information systems development methodology. A methodology controls what activities should be in each step. It also controls the procedure of system development by stating sequential order or the iteration of development phases. The more important control from methodology is the control on product quality. Rigorously following the specified activities and procedures in a methodology will improve the product quality and help get the project done in an effective and efficient manner.

Many approaches have been used over the years to develop information systems due to the different types of information systems and different types of organizations. The traditional and most commonly adopted approach is Software Development Life Cycle (SDLC). SDLC approach breaks the overall process into sequentially ordered set of phases marking the progress of the systems analysis and design efforts. In general, SDLC approach include the following sequentially ordered phases in information systems development process: 1) Project identification and selection; 2) Project initiation and planning; 3) Analysis; 4) Design; 5) Implementation; 6) Maintenance. SDLC enables systems projects to be planned and controlled in a business-like manner to ensure that users and managers get the systems they want in a reasonable period of time and at acceptable cost (Necco, 1987). However, criticisms of traditional SDLC argues that it is too difficult to go back after the milestone of a certain phase, usually in the form of a deliverable or pre-specified output, is reached, and it often tends to focus too little time on good analysis and design, which result in extensive maintenance and therefore unnecessary developing cost (Hoffer, 2002). Given these problems, there have been some other approaches developed by information systems analysts to complement the traditional SDLC. These approaches include the structured approach, object-oriented analysis and design, prototyping, joint applications development (JAD), and so on. 

The existence of various types of information systems plus different organizations with different capabilities in developing information systems, information system development process has become a complex issue. While information system development methodology is important in information systems development process, information systems development is a complex process comprising other important elements involved in quality control and project management, which are much more than only methodology. As these variations in information systems development methodology implicate that there is not likely a single “silver bullet” solution to the essential difficulties of developing software, Software Engineering Institute put together a set of ideas that become the Capability Maturity Model (CMM) for software. It was intended to be a coherent, ordered set of incremental improvements packaged into a roadmap that showed how effective practices could be built on one another in a logical progression.

Capability Maturity Model (CMM)

Basics of Capability Maturity Model

The CMM was originally developed to assist the U.S. Department of Defense (DoD) in software acquisition. The rationale was to include likely contractor performance as a factor in contract awards. This model for determining likely contract performance also became a guide or framework for software process improvement. It used to judge the maturity of the software processes of an organization and to identify the key practices that are required to increase the maturity of these processes. It describes the principles and practices underlying software process maturity and is intended to help software organizations improve the maturity of their software processes in terms of an evolutionary path from ad hoc, chaotic processes to mature, disciplined software processes. The CMM is organized into five maturity levels consisting of initial, repeatable, defined, managed, and optimizing.

At the initial level, the software process is characterized as ad hoc, and occasionally even chaotic. Few processes are defined, and success depends on individual effort and heroics. Organizations at repeatable level (Level 2) have established management processes o track cost, schedule, and functionality, and earlier success on projects can be repeated with similar applications. When comes up to the defined level (Level 3), a standard software process for the organization is formed by documenting, standardizing, and integrating both management and engineering activities. Software development process at managed level (Level 4) collects detailed measures of the software process and product quality to quantitatively understand and control the process and procedure. The highest level, which is optimizing, contains continuous process improvement enabled by quantitative feedback from the process and from piloting innovative ideas and technologies. 

Except for Level 1, each maturity level is decomposed into several key process areas that indicate the areas an organization should focus on to improve its software process (Appendix 1). As an organization moves up on this five-level ladder, it incorporates the key processes at the corresponding level and becomes more mature in its information development process. 

The key process areas at Level 2 focus on the software project's concerns related to establishing basic project management controls. These processes include Requirements Management, Software Project Planning, Software Project Tracking and Oversight, Software Subcontract Management, Software Quality Assurance, and Software Configuration Management. Level 3 goes beyond project management by including both project and organizational issues, as the organization establishes an infrastructure that institutionalizes effective software engineering and management processes across all projects. They are Organization Process Focus, Organization Process Definition, Training Program, Integrated Software Management, Software Product Engineering, Intergroup Coordination, and Peer Reviews. The key process areas at Level 4 focus on establishing a quantitative understanding of both the software process and the software work products being built. They are Quantitative Process Management and Software Quality Management. Level 5 cover the issues that both the organization and the projects must address to implement continual, measurable software process improvement. They are Defect Prevention, Technology Change Management, and Process Change Management. (http://www.sei.cmu.edu/cmm/cmm.sum.html) 

According to SEI, there are totally 1970 organizations in the world has assessed with CMM and more than 50 percent of these organizations are from USA and their off shore development centers (Appendix 2).(http://www.exu.ilstu.edu/spin/presentations/Prabhuus_presentation.pdf)

Benefits of CMM

There is now substantial evidence of the business benefits of CMM-based software and a growing understanding of the factors that contribute to a successful improvement effort. In the past years, numerous empirical studies of organizations using CMM have been conducted by SEI and others. The most broadly supported claim is that CMM-based SPI has substantial business benefits for those moving from the initial through the defined levels (Herbsleb, 1997). Extensive studies have showed that organizations implementing CMM have achieved tremendous benefits in terms of productivity, calendar time, quality, and business value (Appendix 3). 

Productivity

Introduction of CMM into an organization in a short-term increases cost of information systems development as managerial activities and human resources required by CMM are more than the regular expenses of the organization before adopting CMM. However, the overall cost in a long run is greatly reduced since the higher-quality product requires much less maintaining cost, and the reusable applications and repeatable practices maintained by a more mature organization at higher CMM level would help reduce redundancy and unnecessary workload. Many of the initial benefits from CMM-based improvement programs result from eliminating rework (Paulk, 1991). Early defect detection enabled by CMM also provides enormous savings of cost of rework. By one recent estimate, for example, the cost of fixing a defect discovered pre-release is approximately $50 per line of code, while the cost of fixing a defect discovered post-release is about $4000 per line of code (Herbsleb, 1997). 
Calendar Time
In an immature software organization, software processes are generally chaotic and the focus is on solving immediate crises. Schedules and budgets are routinely exceeded because they are not based on realistic estimates. Low-maturity AD organizations usually estimate shorter development schedules, which pleases executives. On the other hand, a mature software organization possesses an organization-wide ability for managing software development and maintenance processes. For example, by achieving CMM Level 2, projects can set realistic expectations, commit to attainable deadlines. In addition, since project managers track progress against planned schedules, they can detect schedule slippages much earlier when it is still possible to take corrective action. 

Quality
Quality of information systems varies in different organizations at different CMM levels. There are many factors influencing the information development process, which in turn affect the final product quality. In an immature organization, there is no objective basis for judging product quality or for solving product or process problems. Therefore, product quality is difficult to predict. Activities intended to enhance quality such as reviews and testing are often curtailed or eliminated when projects fall behind schedule. When hard deadlines are imposed, product functionality and quality are often compromised to meet the schedule. In a mature organization, managers monitor the quality of the software products and the process that produced them. There is an objective, quantitative basis for judging product quality and analyzing problems with the product and process. Krishnan (1996) examined the relationship of CMM process maturity and software quality and his statistical analysis of data fro a large software development laboratory in a Fortune 100 company showed that process maturity significantly increased quality. 

Business Value

Business value refers to the ratio between investment in CMM and the dollar value generated by using CMM. The bottom-line of implementing CMM in an organization is that value returns on each dollar invested. The above discussion in productivity and quality has strong implication that CMM is creating much greater business value for organizations by saving cost and improving product quality. Climbing up towards the higher levels of CMM, organizations would gain much more values than it does in lower level. The research conducted by Herbsleb and some other authors indicate that organizations adopting CMM is gaining returns that are four to eight times of their original investment (Herbsleb, et al. 1997). Moreover, the business value would be much greater if we take intangible benefits into consideration. 

First, the repeatable practices to be applied to similar applications in the future would save tremendous cost for organizations in the future development process.  Schedules and budgets are based on historical performance and are more realistic and participants with better understanding obtained from previous experience would better consistently follow the disciplined process, and the necessary infrastructure exists to support the process. So the potential productivity provided to the future development process would generate additional business value.  The second benefit is that as a software organization gains in software process maturity, it institutionalizes its software process via policies, standards, and organizational structures. Institutionalization entails building an infrastructure and a corporate culture that supports the methods, practices, and procedures. As Bardoloi stated, “the immediate change it brings about in an organization's culture and mentality, thereby helping it to climb up the CMM ladder” (http://www.projectperfect.com.au/info_cmm.php). Furthermore, the standardized practices and procedures have made international cooperation in information systems development more extensive and measurable. More and more organizations are participating international competitions by adopting CMM. Organizations from developing countries such India and China are gaining more and more market share in information systems development market. Companies in developed countries are also saving tremendous values by outsourcing their projects to overseas organizations that have reached a certain CMM level. 
Criticism of CMM

Although having achieved great success, CMM does not go without any criticism. One of criticisms that have received the most attention is that CMM-based information systems development process will be counterproductive, will cause the organization to become rigid and bureaucratic, making it more difficult to find creative solutions to technical problems. Noyes (2002) thinks that CMM tends to push companies toward a process model similar to the waterfall software development model, which the majority of the software industry recognizes as too rigid for real success. (http://www.fawcette.com/resources/managingdev/methodologies/cmm/, retrieved on November 24, 2003). It is also regarded rigid or bureaucratic in the way it sets up the key process. Baker (2001) argues that CMM establishes the role of Software Quality Assurance as “process police”, which causes the potential problems such as slavish enforcement of the process and the adversarial personnel relationships. He also thinks that SQA process role should expand as the organization matures. But SQA in CMM gives a little sense of an evolving role. So strictly following the practices and procedures can be costly and may not reflect the organization's specific process needs very well.  The overly prescriptive process will also sometimes actually increases unnecessary costs and slows release cycles.  
Another criticism about CMM is related to measurement. At level one and level two, performance measurement is not substantially required. Consequently organizations that are just beginning a process improvement effort often delay implementation of a measurement program. An organization can achieve maturity level three without understanding the true costs and benefits associated with process improvement.   It is possible that an organization focus too much on meeting the goals of the key practice areas but are not cost-effective from a business standpoint. If the implementation process is inefficient relative to the organizational needs, an organization may meet the goals, but at a cost that will outweigh any benefits. So measurement practices should be added to CMM incrementally from the very low level up to the very top to balance organizations’ attention to both meeting goals and cost-benefits analysis. Michael Diaz and Joseph Sligo pointed out in their article “How Software Process Improvement Helped Motorola” that keying process changes to metric analysis data is not addressed until CMM levels 4 and 5, and lower-maturity organizations focus on defining their core processes, not on improvement. They suggested that CMM could be improved by addressing some aspects of all KPAs even at the lower maturity levels (Diaz & Sligo, 1997). 

More criticisms come from the nature of CMM. CMM was originally established by Department of Defense to assess the software development capability of organization for the purpose of choosing potential contractor. So some of the requirements are overly stated for the purpose of selection, but are excessive and overwhelming to the actual needs for process improvement. In some government contracting circles this can be considered an acceptable cost of doing business because contract awards are often predicated on maturity level.  In most other business, however, it collapses when someone in management notices that there are significant expenditures without measurable returns beyond a process maturity level (http://www.softwaresixsigma.com). Some also argue that it is too complex for small businesses and small projects. For small businesses, CMM requires steep initial investment of resources including people, time, and money. It is also difficult to tailor to meet the specific requirements from a small business. It also too “document centric” for small business and it takes time to see the payoff of implementing CMM, which often impose unexpected burdens to small business.  

Conclusion

Information systems development is a complex process comprising not only technological expertise and analytical and designing methodology, but also issues of process improvement and project management. It is the reality that different types of information systems are developed for different purposes and the organizations differ in size and their information systems development capabilities. So there is no silver bullet universally true for any information systems development task.

The CMM represents a "common sense engineering" approach to software process improvement. The maturity levels, key process areas, common features, and key practices have been extensively discussed and reviewed within the software community. It represents a broad consensus of the software community and is a useful tool for guiding software process improvement efforts. The CMM provides a conceptual structure for improving the management and development of information systems products in a disciplined and consistent way. It can improve the likelihood with which a software organization can achieve its cost, quality, and productivity goals. However, CMM does not address all the issues of information systems development. Rigorously following the practices and procedures in CMM sometimes would make information systems development process too rigid and structured. Moreover, the overall model is too large and resource demanding for small businesses. The complexity also makes it difficult to tailor the model for specific project. 

While CMM as a standardized model need to remain comprehensive and well structured, adjustment is necessary during the implementation to make CMM model more flexible and adaptable to the specific project requirement and organizational characteristics. “the CMM cannot possibly fit the needs of all organizations equally and cannot be interpreted literally. An organization needs to use common sense when applying the CMM structure and enhance its own practices such that they meet the CMM goals” (Johnson & Brodman, 2000). It’s important for an organization to rigorously follow the key practices and procedures in CMM to achieve higher level of capability maturity level therefore increase its market competitive advantage. But at the same time, practitioners need to make their own judgments to flexibly implement the model to achieve the best result. 
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Appendix 1: Key Processes in SW-CMM
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Appendix 2: The Distribution of Organizations in CMM
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Appendix 3: Benefits of CMM in Some Organizations
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