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Synopsis

A systems development process is commonly defined by the methodology adopted. Given the many methodologies available, this choice of methodology and its implementation can lead to systems success or failure. Inherent in the choice of methodology is a set of tools and techniques to be used in the systems development process.

The difficult choice in choosing a methodology is the lack of research available in their effectiveness. Researchers know that the effectiveness of methodologies has not been empirically tested. This is due to the lack of agreement on the frameworks for, and objectives of, comparing methodologies.

A selected methodology, including its tools and techniques, will outline the steps, or processes, that need to be followed to meet the organisations requirements with respect to time, money and usability in delivering an information system. Methodologies, tools and techniques fall into various categories, and four methodologies are examined at a high level. Three of these techniques have roots in an academic environment, with the fourth having been developed due to a commercial need.

This paper illustrates the problems encountered in developing, choosing and using a methodology, and highlights the need for further research.
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1. Introduction

Information systems development, and management of the development process, plays an important role in the responsibilities of an information systems practitioner. When faced with a problem that can be solved with computerisation, the practitioner must evaluate the situation and decide on the approach taken. This will depend heavily on the business environment, its context and the available resources. From a systems developers perspective, the approach taken will determine the likelihood of success or failure of the development project.

Once the need for development is identified, certain decisions need to be made. Firstly, a decision to develop the system or to purchase a packaged solution arises. Secondly, assuming that an organisation decides to develop the system, a plan its analysis and development should be constructed and followed. This plan, or methodology, will include a structure that specifies exactly how the project will be planned, managed, controlled and evaluated.

Many existing methodologies can be used, depending on the environment. If the environment is unique, an existing methodology can be adapted or used as the basis for the methodology. Large proportions of the methodologies in use today are derivatives of, or borrow heavily from, other methodologies. As every organisation and problem is unique, so too should be its approach to choosing or developing a methodology.

What is a methodology?

Diverse opinion exists on what a methodology is; its definition is therefore important before discussing methodologies being used for systems development. 

A comprehensive definition from Avison et al. defines a methodology as:

“a collection of procedures, techniques, tools and documentation aids which will help the systems developers in their efforts to implement a new information system. A methodology will consist of phases, themselves consisting of sub-phases, which will guide the systems developers in their choice of the techniques that might be appropriate at each stage of the project and also help them plan, manage, control and evaluate information systems projects”.

Russo et al. [1993] believes a methodology is "a systematic approach to conducting at least one complete phase (e.g., design; testing) of software production, consisting of a set of guidelines, activities, techniques and tools, based on a particular philosophy of system development and the target system" .
From the definitions above, it becomes clear that distinctions exist between processes, techniques and tools, and that their specific combination, based upon a sound theoretical basis, defines a unique way to develop information systems. Avison et al. [1995] believes that it is these combinations of tools and techniques that give different methodologies such varied outcomes to the systems development process.

1.1. Techniques

Some techniques enable system developers to understand and analyse problem situations, data and processes (see Appendix A). Other techniques illustrate hierarchical structures and relationships between them. Many techniques exist, and are used in various processes in most methodologies (see Appendix B).

1.2. Tools

Tools are computer-based applications used to automate certain techniques. These tools can be used to manage projects, databases, meta-data, ‘process information’ (meta-data and process flows) and diagrams. CASE tools are a broad category of tools, defined as “any computer software and/or system which is specifically designed to support any sub-stage, stage, or stages of the information systems development process of a computer-based information system or any aspect of the management of these tasks and processes” [Avison et al., 1995].

The need for a Methodology

Understanding what people are looking for in a methodology allows one to identify its role in the systems development life cycle. Avison et al.[1995] lists three main categories of rationale:

1. A better end product

People want a methodology to improve the end product of the development process; they want better information systems.

2. A better development process

This means that there is a desire to increase the ability to control and manage the development process, according to the organisations needs.

3. A standardised approach

The goal of having a common tested approach throughout an organisation can be realised.

Methodologies differ in the set of objectives that they attempt to meet, and Avison et al. [1995] have listed what they regard as the key requirements:

1. To accurately record the requirements for an information system.

2. To provide a organised method of development, so that progress can be monitored.

3. To provide an information system within the limited time and cost constraints.

4. To produce a well documented, easy to maintain system.

5. To provide an indication of changes that need to be made as early as possible in the development process.

6. To provide a system that people will use comfortably.

Song [1994] expressed the need to identify the effectiveness of the methodologies in achieving their objectives. He shows that the success of development projects is highly dependent upon environmental factors (e.g. the experience of the practitioners). Other research conducted to determine the effectiveness of systems development methodologies by Russo et al. [1993] make 2 assumptions. These are: 

1. Methodologies are used, useful and effective.

2. Frameworks within which methodologies are developed are inherently useful.

These assumptions are made to facilitate comparison within a conceptual framework, rather that a realistic environment. This is due to an inadequate base of information, which Russo et al. [1993] believes is due to an inherent lack of empirical research. They then continue to identify six areas where empirical research needs to be conducted in order to answer these questions about the effectiveness and objectives of methodologies. They are:

· Do system developers use a methodology? If not, then what do they use (if anything)?

· How do methodologies develop?

· Why is a particular methodology chosen?

· Do methodologies work?

· What are the conditions that make a methodology successful?

· Are methodologies obsolete?

Once these questions have been answered, further research can be conducted. Until then, and for the purposes of this essay, the authors will assume that methodologies are indeed useful, and their use is widespread. 

Categorising Methodologies

Once the critical decision to develop software is made, the choice of methodology determines the nature of the systems development process. Today, many methodologies exist, many of them differing with regards to their inputs, outputs, requirements and processes. Although methodologies exist to solve organisational problems, they differ in their respective approaches, processes, tools and techniques.

To broadly differentiate methodologies, the authors will use three categories to classify them. These are:

1. Academic methodologies.

2. Commercial methodologies.

3. Homegrown / Hybrid methodologies.

Criteria to categorise methodologies do not exist. The authors believe that the root requirement or reason for a methodology should primarily determine its category. Secondary criteria should be the approaches to disseminating the methodology (e.g. via papers, journals, Internet) and a tertiary criterion is the cost of acquiring knowledge about the methodology.

The homegrown or hybrid category requires special mention. It is used as a general placeholder for methodologies that extensively borrow or inherit from a root methodology (that is to say, one that is either academic or commercial in nature), and whose use is not necessarily widespread.

To illustrate the differences in methodologies, four methodologies are examined at a high level in this paper. The methodologies studied are Structured Systems Analysis and Design Method (SSADM), Information Engineering (IE), Yourden Systems Method (YSM), and Rapid Application Development (RAD). According to the author’s criteria for categorising methodologies, IE, RAD and YSM are academic methodologies, and SSADM is a commercial methodology. These methodologies were chosen for their different approaches, their widespread use and their relatively defined structure. 

Structured Systems Analysis and Design Method

Developed in the UK in 1980, Structured Systems Analysis and Design Method (SSADM) was jointly developed by the private sector
 and the UK government
, and is freely available from CCTA, who own the copyright [SSADM, 1998]. It was developed as a highly structured methodology, to be used for the analysis and design of systems that were to be used in a similarly structured environment. It was primarily intended for use by the UK civil service, and in 1983 it's use was mandated [Industrial Experience Project Group (1), 1998].

1.3. How does SSADM work?

SSADM consists of 5 modules, each with several stages [Avison et al., 1995]. The 5 stages are:

1. Feasibility study

This phase examines the feasibility of the project in terms of technology, time and cost. There are four steps in this phase; firstly, preparation must be made for the study. Following this, the problem is defined (drawing a contrast between the requirements and the current position). An optimally feasible option amongst two or more solutions is chosen, and a final feasibility report is assembled.

2. Requirements analysis

This phase analyses the requirements of the system, from two perspectives; that of investigating the current environment and listing the business system options.

3. Requirements specification

This phase specifies the requirements of the system, and guides the design stages through the logical system specification and the physical design.

4. Logical system specification

Two parallel stages occur in this phase; an examination of the technical system options available, and the creation of a logical design of the new system.

5. Physical design

In the final stage of the SSADM methodology, the logical design is mapped onto a physical environment, facilitated using a Function Component Implementation Map (FCIM). In this phase, the role of the technologists is important, although analysts and users should verify the final design

Every stage has its own set of plans, timescales, controls and monitoring procedures. The stages also have defined activities that must be performed, and certain end products are expected from each stage. 

1.4. SSADM utilisation

SSADM acts as a guide for people who are designing a structured system, according to a given set of requirements. SSADM is also used to determine what support users will require from any extensions to the system being developed.

SSADM is useful [Industrial Experience Project Group (2), 1998] when:

· The problem areas are well known and pertinent.

· The objectives are clear, realistic and consistent.

· The requirements are consistent and useful.

· The communication is effective and reliable.

· It provides development personnel with detailed rules and guidelines to work to.

According to Avison et al. [1995] and the Industrial Experience Project Group [(2), 1998], the advantages of SSADM are:

· Meeting the user requirements - The methodology is very structured, and requires user involvement during the entire development process. As a result, user requirements are met.

· Easy to understand - Because users are involved at all stages of the development process, they are able to understand all the logic and reasoning behind the functionality in the system, and are able to modify it to be more efficient

· Flexible - SSADM has been used for large and small projects, and is tailorable and scalable.

· Teachable – SSADM is well defined, and is therefore more easily learnt. 

1.5. Why shouldn't SSADM be used?

SSADM is a very structured development methodology, and can cause end‑user dissatisfaction [Tang, 1999]. Various vendors have modified the SSADM methodology to overcome this dissatisfaction, but these are not true implementations of SSADM. SSADM has conventionally not been used for developing GUI applications, and only version 4.3, released in 1996 supports GUI application development directly.
2. Information Engineering

Clive Finkelstein coined the term Information Engineering (IE) in the late 1970’s [Hackathorn et al, 1988], and described it as a data modeling methodology. At the same time, Ian Palmer was publishing a similar methodology called CACI. Both these methodologies’ focus was placed on successfully identifying the underlying nature and structure of an organization’s data, in order to provide a stable basis upon which to build information systems. In the following decade, many approaches to IE evolved; by 1991, Martin stated that “IE should not be regarded as one rigid methodology but, rather, like software engineering, as a generic class of methodologies” [Avison et al, 1995].

The primary IE model consists of three components; data, activity and the interaction of the data and activities. These interactions can be modeled using a matrix, and range from top level to lower levels of abstraction. While IE can be undertaken manually, the complexity of organizations and the need to develop systems quickly means that in practice the support of CASE tools is imperative [Avison et al., 1995].

Today, IE is regarded as a comprehensive methodology, covering all aspects of the life cycle, which Hackathorn et al. [1988] believe facilitates the translation of an organization’s strategic focus into an information systems architecture (ISA). The ISA then becomes an architectured information system's blue print, on which systems development can be prioritized, coordinated and optimized. 

2.1. Four Levels of Information Engineering

Hackathorn et al. [1988] shows that there are many competing methods for performing IE. These different methods, all using the bottom-top approach, specify a range of required tasks that fall within four distinct levels. Avison et al. [1995] explains that the first two levels are technology independent, but levels three and four are dependent on the proposed technical environment.

Level 1 - Information strategy planning

This level involves the construction of an information architecture strategy which supports the overall objectives and needs of the organization. This is a fundamental starting point for the methodology. It implies that the organization’s information system should be designed to help meet the requirements of the corporate plan, and that information systems are of strategic importance to the organization. 

Level 2 - Business area analysis

Business area analysis involves the understanding of the individual business areas and determining their systems requirements. Each business area should be treated individually, and a detailed data and functional analysis should be performed. Avison et al. [1995] recommend that end user involvement be maximized at this stage to ensure the identification of their extrinsic knowledge. 

Level 3 - Systems planning and design

This level involves establishing the behavior of the desired system in a way that the user wants, and that is achievable using available technology. This level is divided into two sections:

1. Business system design.

2. Technical design.

Level 4 – Construction and cutover

This level involves building and implementing the system as required by the three previous levels. The construction phase looks at systems generation and systems verification. The cutover phase focuses on the controlled changeover from the existing systems and procedures to the new system.

Given that the four levels outlined above encompass the functions that are required to perform IE, Hackathorn et al. [1988] identifies confusion between the synthesis of these requirements, with the top-down decomposition of the organization objectives. Particularly, he identifies the problem of management frequently regarding the bottom-top and technically oriented aspects as irrelevant.

IE is a complex methodology, that makes extensive use of computers in its processes. It’s technical nature, inherited from traditional engineering concepts, requires skilled personnel to use it. If followed correctly, IE delivers stable, well-built systems that meet all user specifications, and are delivered timeously.
Yourden Systems Method

Originally based on the STRADIS methodology
, Yourden Systems Method (YSM) has evolved from a methodology that used functional decomposition (or top-down design) into one that utilises event partitioning.

Event partitioning is not a top-down or bottom-up approach, but rather one that analyses a problem from the middle outwards. Practitioners of YSM begin with a top-level context diagram to define the system boundaries (or scope), and then interview users. After the users have been interviewed, a list of the events to which the system must respond is constructed. Following this, modelling techniques like the ones mentioned in Appendix A and B are used to further document the system.

YSM’s approach is unique in that it analyses the activities of the organisation for which the system is being developed, and that of the proposed system itself. The YSM methodology says that it is beneficial to do so, as solutions for the problem of the organisation are contrasted with the solutions implemented in the system.

2.2. How does YSM work?

The following are the three phases used by YSM, with each phase having numerous sub-phases. 

1. Feasibility study

In this stage, the present system, its environment and the problems associated with it are examined in order to get a general understanding of the system. This stage attempts to analyse what the existing system does and how it interacts, not how the system itself works. This information is obtained by interviewing users.

2. Constructing the essential model 

The most important stage in YSM [Avison et al., 1995], essential modelling develops an enterprise and system essential model. The system essential model is a model of what the system must do to meet user requirements, but says nothing about how this is to be achieved. Together, these two models answer the questions of what the system will do, what data is used by the system and how the system should react to certain events.

3. Constructing the implementation model

Implementation models are used to make the “transition” from specifications to actual systems design. This phase starts the systems design process, and is limited by the technology available, performance requirements and their feasibility in implementation.

Rapid Applications Development

The need to develop information systems more quickly has been identified as a new trend, and is being driven by today's rapidly changing business needs. Avison et al. [1995] identify a shift towards a more customer-focused environment, and an increase in international competitiveness as key factors to this change in business environment. They also show that most systems being developed within a continuously changing organization experience a situation where the business and systems development cycles are substantially out of step.

Rapid Applications Development (RAD) is a methodology that has provided a way to speed up the systems development process. It is actually a combination of techniques and tools that together give it its particular characteristics. These are [Avison et al., 1995]:

· It is not based upon the traditional life cycle, but adopts an evolutionary or prototyping approach.

· It focuses on identifying important users, and involving them via workshops at early stages of development.

· It focuses on obtaining commitment from the business user.

· It requires a CASE tool with sophisticated repository capabilities.

2.3. RAD’s 4 phases of development

1. Requirements planning

RAD devotes considerable effort in the early stages of systems development to determining the requirements of the system, at both operational and strategic level. Joint Requirements Planning (JRP) is often used to determine high level management's requirements of systems at strategic levels.

2. User Design

This phase involves both analysis and design through the extensive use of Joint Application Design (JAD). This top-down approach to user design is based on the recognition that user requirements are difficult to define. Accuracy of analysis is ensured, via a combination of the right people, the right environment and the use of good prototyping tools (typically integrated CASE tools).

3. Construction Phase

RAD’s construction phase involves the generation of code according to the user's analysis and design. This should be performed by a small group of information systems professionals organized in a SWAT team, which Avison et al. [1995] define as a team who is “skilled with advanced tools”. RAD’s approach requires that the team work quickly, making maximum possible use of re-usable designs.

4. Cutover

Cutover involves the comprehensive testing of the system, using realistic data within operational situations. Users are also trained on the system, and organizational changes are implemented.

During the evolution of the RAD methodology, many different methods have been developed which derive their structure from RAD. An example is Dynamic Systems Development Method (DSDM).

2.4. Dynamic Systems Development Method

DSDM is a framework of control for the development of IT systems, within strict time constraints. The framework was defined by a UK consortium [DSDM, 1998] that required the definition of a set of tools and techniques within the RAD methodology.  The DSDM lifecycle is iterative and incremental; this moves away from the traditional waterfall approach. DSDM [1998] explain that while the waterfall approach is appropriate for many systems development projects, a system suitable for RAD with strict time constraints cannot use the waterfall life cycle.

Framework for Evaluating Development Methodologies

Traditionally, emphasis has been placed on the development of new methodologies, and frameworks for their selection. There has been limited evaluation of methodologies’ success in a realistic environment.

One of the difficulties of comparing methodologies is that a common framework for comparison does not exist. Research by Russou et al. [1993] shows that most comparisons of methodologies are flawed, due to the disregard for the frameworks within which the respective methodologies were developed. Avison et al. [1995] believe differently; they state that it is meaningless to compare methodologies without clearly stating the purpose of the comparison in advance. He [Avison et al., 1995] then identifies seven key areas which differentiate methodologies:

1. Philosophy – distinguishes a methodology from a method.

2. Model – shows the methodologies way of viewing the world. The way that it chooses to represent the important factors of the information systems in the organisation.

3. Techniques and tools – used within the methodology.

4. Scope – stages of the life cycle of systems development which the methodology covers.

5. Output – deliverables at key stages and nature of delivered product.

6. Practice – the use of methodologies, type of users and their skill level. Uses can be of either a commercial or academic nature.

7. Product – what value is added by the methodology by using support, tools and documentation.

As a solution to facilitate comparison, Hackathorn et al. [1993] define a framework for comparing methodologies. This involves the plotting of methodologies between two axes. These axes form what Hackathorn et al. [1993] terms the D-B space. The axes are defined as:

Y axis (depth)
- An expanded sequence of the traditional systems development life cycle, ranging from tools (as the simplest), techniques (as intermediate) and methodology (as the most complex).

X axis (breadth) - The conceptual depth of the methods, ranging from organisational analysis (as the first step) to systems implementation (as the final step).

Plotting methodologies on the D-B space allows a common framework for the comparison of methodologies, which has proved to be useful.

Conclusion

When an organisation initiates a systems development project, a set of tools, techniques and processes form the structure of the project. Methodologies define this structure, and exist to direct the sequence and use of these components. These methodologies differ greatly, based on their combination and use of these components in their respective context.

The authors believe that the success of development projects is linked to its individual context. This necessitates a range of methodologies, each one appropriate to a particular environment and situation. As the strategic use of information systems has grown, so too has the complexity of the environment and the requirements on methodologies. This has resulted in the increasing number and specialisation of methodologies.

With emphasis placed on developing a successful methodology, importance has not been placed on the research to evaluate these methodologies in a realistic environment. The reason has been that frameworks differ with respect to how methodologies and their objectives can be compared.

For effective systems development, information systems practitioners require a body of research that evaluates the effectiveness of methodologies, allowing them to choose one appropriate for their development needs. This can only occur reliably when the individual methodologies can be proved to be useful and effective in achieving the development objectives.
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Appendix A – Use of techniques in specific areas

The following table categories specific techniques according to specific areas in system development analysis.

Problem situation analysis
Data analysis
Process analysis
Hierarchical structures and relationship analysis

Rich pictures
Entity modelling
Entity life cycle modelling
Structure diagrams

Root definitions
Normalisation

Matrices

Conceptual models
Data flow diagrams



Appendix B – Classification of techniques

Table from Avison et al. [1995]

Stage
Overall
Data
Processes

Strategy
Rich pictures



Analysis
Rich pictures

Objects

Matrices

Structure diagrams
Entity modelling
Data flow diagrams

Entity life cycle

Process logic

Root definitions

Conceptual models

Logical design
Objects

Matrices

Structure diagrams
Normalisation

Entity modelling
Process logic

Program / database design
Objects

Matrices

Structure diagrams
Normalisation
Process logic
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