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2.1.0 Objectives of the Lesson

The objective of this lesson is to familiarize students with the process of

developing systems. A brief discussion of major activities undertaken under each phase

of system development process will be made so as to give an idea to the students as to

the spectrum of major challenges and tasks involved in system development process.

2.1.1 Introduction

The system approach is a way of looking at how the elements of an entity are

coordinated and managed, and how they interact and achieve their goals. The form of

any system will be the result of a particular system’s goals, components and

environment but the principles of operation will be the same for any system. To

understand system development, we need to recognize that a candidate system has a

life cycle, much like a living system or a new product. Systems analysis and design are

based on the system life cycle. The Systems Development Life Cycle (SDLC) has many

phases. The analyst must progress from one stage to another methodically, answering

key questions and achieving results in each stage.

2.1.2 Systems Development Life Cycle

The methodology of developing system is popularly called System Development
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Life Cycle. It is a conceptual under used in project management that describes the

stages involved in an information system development project. Immaterial to the fact

that the programmers, the users or an outside vendor develops the software, this

general process can be summarized in terms of sequential stages or phases. A word of

caution regarding life cycle activities, we isolate and sequence these activities for

learning purposes but in real life they overlap and highly interrelated, for example,

when the analyst is evaluating an existing operation he/she is probably thinking about

an alternative way that would improve the system or wondering whether a given piece

of hardware would be a critical cost item to consider for a candidate system. Therefore,

there can easily be overlap during any phase of the cycle. In fact, it may act as a basis

for modifying earlier steps taken.

We now describe each of these steps.

2.1.2.1 Recognition of Need or Problem Identification

One must know what the problem is before it can be solved. The basis for a

candidate system is recognition of a need for improving an information system or a

procedure. For example, a supervisor may want to investigate the system flow in

purchasing or a bank president has been getting complaints about the long lines in

the drive - in. This need leads to a preliminary survey or an initial investigation to

determine whether an alternative system can solve the problem. It entails looking into

the duplication of effort bottlenecks, inefficient existing procedures or whether parts

of the existing system would be candidates for computerization. If the problem is

serious enough, management may want to have an analyst look at it, such an

assignment implies a commitment, especially if the analyst hired from the outside. In

larger environments, where formal procedures are the norm, the analyst’s first task is

to prepare a statement specifying the scope and objective of the problem. He/she then

reviews it with the user for accuracy at this stage, only a rough estimate of the

development cost of the project may be reached. However, an accurate cost of the next

phase – the feasibility study – can be produced.

2.1.2.2 Project Selection

The project has to be identified before it can be solved. The basis for an

alternative system is the recognition of a need for improving an information system or

a procedure. The idea for change originates in the environment or within the firm due

to any of the following reasons:

. Speed of processing needed to be improved

. Increased workload

. To cut down on cost of processing

. Requirement of increased accuracy/reliability of output reports generated

. Security of processing
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System Development Life Cycle Activities

Stage Key Question Result 
 

1 Recognition of need 
Preliminary 
survey/ Initial 
investigation 

What is the problem or 
opportunity? 

Statement of scope and 
Objectives 
Performance criteria 

2 
 

Feasibility study 
Evaluation of 
existing 
System and 
procedures 
Analysis alternative 
Candidate system 
Cost estimates 

What are the user’s 
demonstrable needs? 
Is the problem worth 
solving? 
How can the problem be 
Redefined? 
 

Technical/behavioral 
Feasibility 
Cost/benefit analysis 
System scope and 
objectives 
Statement of new scope 
and 
Objectives 

3 
Analysis 
Detailed evaluation 
of 
Present system 
Data collection 

What must be done to 
solve the problem? 
 
What are the facts? 
 

Logical model of system 
e.g., data dictionary, data 
flow diagram 
Pertient data 
 

4 Design 
General design 
specifications 
Detailed design 
specifications 
Output 
Input 
Files 
Procedures 

Does the user approve 
the System? 

Implementation schedule 
Approval of system by 
user 
 

5 Program 
construction 
Testing 
Unit testing 
Combined module 
Testing 
User acceptance 
Testing 

How well do individual 
programs/modules test 
out? 
 
How ready are programs 
for acceptance test? 
 

Programs 
Security, audit, and 
operating 
Procedures 
Actual hardware use 
Formal system test 
 

6 Implementation 
User training 
File/System 
conversion 
 

What is the actual 
operation? 
Are user manuals ready? 
Are there delays in lading 
Files? 

Training program 
User-friendly 
documentation 
 

7 Post-
implementation 
Evaluation and 
Maintenance, 
Enhancements  

Is the key system 
running? 
Should the system be 
modified? 

User requirements met 
User standards met 
Satisfied user 
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Environment based ideas originate from customers, vendors, government

sources etc.  For example, new unemployment compensation regulations may make it

necessary to change the reporting procedure, format and content of various reports as

well as the file structures. Customer complaints about the delivery of orders may

prompt an investigation of the delivery schedule, the experience of the truck drivers or

the volume of the orders to be delivered. Ideas for change may also come from within

the organization’s top management or from the users. When investigated each of these

ideas may lead to a problem definition which leads to the first step in the system life

cycle process.

The objective of this phase is to answer the following questions:

1. What is the problem (or opportunity) perceived?

2. What are the goals to be achieved by the solution?

3. What are the benefits which will result from achieving the solution?

These details may be recorded in an informal note or in a formal document.

This document would be called the Project Request Form. A request to receive assistance

from an information system can be made for many reasons but in each case someone,

a manager, an employee or a systems specialist initiates the request. The project

proposal submitted by the users to the project selection committee is a critical element

while launching a systems study.

2.1.2.3 Initial Investigation

When a request to change, improve or enhance an existing system is made, the

next systems activity, that is the preliminary investigation begins. Because there is a

possibility for a stream of requests, standard procedures must be established to deal

with them. The ‘initial investigation’ is one way to handle this. The objective is to

determine whether the request is valid and feasible before a recommendation is made

to either do nothing or improve or modify the existing system or build a new one.

The purpose of the preliminary investigation is to evaluate the project requests.

It is not a design study. It is collecting the information that permits the committee

members to evaluate the merits of the project request and to make an informal

judgement about the feasibility of the proposed project.

The following activities should be accomplished during the preliminary

investigation:

1. Clarify and understand the project request

What is being done? What is required? Why? Is there an underlying reason

different from the one the requester identifies? For example, the user justifies a request

for developing of an account receivable system based on the requirement of faster

processing. However, the preliminary investigation may reveal that the need for better

control of cash handling outweighs the need for speed. Lost checks and not speed of

processing are the real problems but the requester has not described the specific need

clearly.
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2. Determine the size of the project

For example, does a request for a course-registration project call for new

development or for modification of the existing system? The investigation conducted

for a solution will also gather the details useful in estimating the amount of time and

number of people required to develop the project. Since many enhancements of existing

system are costly, they are treated in the same way as a new project by the project

selection committee.

3. Assess costs and benefits of alternative approaches

For example, what are the estimated costs for developing a patient information

system, as requested by the hospital’s chief of staff? What expenses will be incurred to

train the medical and nursing personnel and install the system? Will the proposed

system reduce the operating costs? Is it likely that the cost of error will decrease?

4. Determine the technical and operational feasibility of alternative approaches

For example, does the necessary technology to link office word processing

systems to the main computer exist or can it be acquired? How workable is the request

to enable administrative assistants to retrieve sales information from the main system

and insert it directly into type written reports prepared on a word processor?

5. Report the findings to the management, with recommendations outlining

the acceptance or rejection of the proposal

For example, a proposal for the installation of an order entry system should be

modified to allow all salespersons to submit their orders through ordinary telephone

connections directly into the computer. The modifications will improve the usefulness

of the system and increase the financial benefits of the organization.

2.1.2.4 Feasibility Study

Depending on the results of the initial investigation, the survey is expanded to

a more detailed feasibility study. As we shall learn, a feasibility study is a test of a

system proposal according to its workability impact on the organization, ability to

meet user needs, and effective use of resources. It focuses on three major questions:

I. What are the user’s demonstrable needs and how does a candidate

system meet them?

II. What resources are available for given candidate systems? Is the problem

worth solving?

III. What is the likely impact of the candidate system on the organization?

How will it fit within the organization’s master MIS plan?

Each of these questions must be answered carefully. They revolve around

investigation and evaluation of the problem, identification and description of candidate

systems, specification of performance and the cost of each system and final selection

of the best system.

The objective of a feasibility study is not to solve the problem but to acquire a

sense of its scope. During the study, the problem definition is crystallized and aspects
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of the problem to be included in the system are determined. Consequently, costs and

benefits are estimated with greater accuracy at this stage.

The result of the feasibility study is a formal proposal. This is simply a report -

a formal document detailing the nature and scope of the proposed solution. The proposal

summarizes what is known and what is going to be done. It consists of the following:

1. Statement of the Problem – a carefully worded statement of the problem

that led to analysis.

2. Summary of Findings and Recommendations – a list of the major findings

and recommendations of the study. It is ideal for the user who required

quick access to the results of the analysis of the system under study.

Conclusions are stated, followed by a list of the recommendations and a

justification for them.

3. Details of Findings – An outline of the methods and procedures undertaken

by the existing system, followed by coverage of objectives & procedures of

the candidate system. Included are also discussions of output reports,

file structures and costs and benefits of the candidate system.

4. Recommendations and Conclusions – special recommendations

regarding the candidate system, including the personal assignments

costs, project schedules, and target dates.

In the feasibility study, we consider the following:

. Economic Feasibility

. Technical Feasibility

. Behavioural Feasibility

Let’s briefly review each consideration and how it relates to the systems effort.

Economic Feasibility

Economic analysis is the most frequently used method for evaluating the

effectiveness of a candidate system. More commonly known as cost/benefit analysis,

the procedure is to determine the benefits and savings that are expected from a

candidate system and compare them with costs. If benefits outweigh costs, then the

decision is made to design and implement the system. Otherwise, further justification

or alterations in the proposed system will have to be made if it is to have a chance of

being approved. This is an ongoing effort that improves in accuracy at each phase of

the system life cycle.

Technical Feasibility

Technical feasibility centers around the existing computer system (hardware,

software etc.) and to what extent it can support the proposed addition. For example, if

the current computer is operating at 80 per cent capacity – an arbitrary ceiling – then

running another application could overload the system or require additional hardware.

This involves financial considerations to accommodate technical enhancements. If

the budget is a serious constraint, then the project is judged not feasible.
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Behavioral Feasibility

People are inherently resistant to change and computers have been known to

facilitate change. An estimate should be made of how strong a reaction the user staff

is likely to have towards the development of a computerized system. It is common

knowledge that computer installations have something to do with turnover, transfers,

retraining and changes in employee job status. Therefore, it is understandable that

the introduction of a candidate system requires special effort to educate, sell and train

the staff on new ways of conducting business.

After the proposal is viewed by management it becomes a formal agreement

that paves the way for actual design and implementation. This is a crucial decision

point in the life cycle. Many projects die here, whereas the more promising ones continue

through implementation. Changes in the proposal are made in writing, depending on

the complexity, size and cost of the project. It is simply common sense to verify changes

before committing the project to design.

2.1.2.5 Systems Analysis

This phase is a detailed appraisal of the existing system and includes finding

out how the system works and what it does. It includes finding out in more detail what

the system problems are and what users require of new or changed system.

In the systems analysis phase, the systems analyst or the systems development

team determines what the new system should accomplish. This phase includes two

steps: analyzing the existing system and determining the needs of the new system. A

study of the existing system helps determine which activities currently being performed

should be continued in the new system. This step can be simple if the current system

is well documented but unfortunately, most systems are not well documented. Therefore,

a major part of the analysis of the existing system is to document it. If the original

system is computerized, the current hardware needs to be examined to see whether it

is adequate to do the job. An unexpected but valuable benefit of the systems analysis

phase is that it points out problems that have not been studied so far. This analysis

may be the first time that the analyst or a group of people have sat down and talked

about the actual process. The discussions can result in new insights and problems

that were not part of the preliminary investigation. The results of the analysis of the

existing system are merged with the needs of the new system. Determining the new

needs requires many of the systems analyst’s tools, for example, interviews, observation

and questionnaire, etc. Training, experience and common sense are required for

collection of the information needed to do the analysis. Information is gathered during

this phase with the help of many information gathering techniques. These include

interviewing the users, questionnaires and observation methods etc. The people who

use the new system and the people responsible for the new system can best describe

its needs. The systems analyst, therefore, should interview the workers who use the

data. The managers are also interviewed, as they are the ones who see a wider picture
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of the system that will fit into the company’s overall operations. This user involvement

is very much essential. In addition, analysts must spend considerable time examining

components, such as the various forms used in the system, as well as the operation of

existing systems. Data collected in the analysis is based upon available files, decision

points and transaction handled by the present system.

So, system analysis is a detailed study of the various operations performed by

a system and their relationship within and outside of the system. System analysis

also defines the boundaries of the system. Following this phase, the analyst should be

familiar with the detailed operation of the system and what is required of the new

system. Analysis determines whether or not a proposed system should be considered.

Once analysis is completed, analyst has a complete, clear understanding of what is to

be done. This phase results in a detailed model of the system, which describes the

system functions, data and information flows. The output of this phase includes detailed

explanation of the user requirements and changes in the objectives for the new system.

2.1.2.6 System Design

After the systems analysis phase has determined how the current system works

and what the needs of the new system are, the systems design begins. The systems

design phase converts the general requirements defined in the analysis phase into

detailed specifications for the new system.

System design is the most challenging phase of the system life cycle. The system

design describes the final system and the process by which it is developed. It refers to

the technical specifications (similar to an architect’s blueprints) that will be applied in

implementing the proposed system. It also includes the construction of programs and

program testing. Here, format of output is determined. Sample input, output is

presented. Also, along with it design of input data and master files is done. Until now,

the analyst has been using general business knowledge, knowledge about the specific

operations involved and an ability to get information from people. The detailed

specifications of the systems design include hardware needs, data descriptions,

communications specifications and software needs for each step of the operations

necessary for the new system. The design phase therefore requires detailed knowledge

about computer hardware, software, data handling and communications needs for

each step. Tools which are used in these are flow chart, report layout, etc.

Implementation plan is also decided upon. Method of data capture is also elaborated

in this. Justification of the system, estimate and impact of the system on to an

organisation are documented.

System design usually proceeds in two steps: Conceptual design and Detailed design.

a) Conceptual Design

During this phase, the conceptual solutions proposed by the feasibility study

are looked at in more detail. Major new functions are proposed and change to existing

functions defined. Important inputs and outputs are also defined and performance
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requirements are specified. Thus, in case of computerizing the   function, we may

consider such decisions as whether to place the actual ordering on the computer or to

have manual ordering and only use the computer for dissemination of information. At

the conclusion of conceptual design, we may know what we need in order to build the

system. This may include the size of the computer and the software needed to put the

system together. It will also state which software can be purchased off-the-shelf and

which requires new programs to be developed. The design may also suggest whether

the computer should be rented or purchased and whether programs are to be developed

using internal programmers or external software development agencies.

b) Detailed Design

It is only when a conceptual design is chosen that detailed design starts. During

the detailed design, the database and program modules are designed and detailed

user procedures are documented. The interaction between the system users and

computers is also defined. These interfaces define exactly what the user will be expected

to do to use the system. Thus, the output of this phase includes a proposed equipment

configuration together with specifications for the database and computer programs.

The user manual is also prepared during this phase.

The main outputs of the design phase are input design, output design, database

design and processing design. All above should be documented. This should be

presented to management along with main features of design, the objectives, cost and

benefit expected. Operational procedures and documentation should be completed.

Security and audit procedures must be developed. It is the most creative phase in the

system life cycle.

2.1.2.7 System Development and Implementation

This is the phase in which computer based system is constructed from the

specifications prepared in the design phase. Hardware is acquired and installed during

this phase. All necessary procedures, manuals, software specifications and other

documentation are completed. This is analogous to the actual construction of a house

from the architect’s blueprints prepared in the design phase.

In the systems implementation phase, the organisation adopts the new system.

Ongoing maintenance or support is required to keep the new system running properly

until it is time to replace it with another system. Implementation also covers user

training, site preparation and file conversion. During the final testing, user acceptance

is tested followed by user training. The user is trained and the complete system is

tested for operational readiness. System testing checks the readiness and accuracy of

the system to access, update and retrieve data from new files. The programs become

available, test data are read into the computer and processed against the files provided

for testing. Most conversions, a parallel run is conducted where new system run

simultaneously with the old system. The new system is installed, replacing the old

one. Users are properly trained before they are put into the actual operation. At the
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end of this phase, users are provided with a working system. This includes the set of

working programs and an initialized database. In addition, any system documentation

describing the programs is also completed. The implementation phase is analogous to

moving into and living in the new house that we have built. Implementation can take

one of the following forms:

. Implementation (in one go) of a computer system to replace a manual

system. A direct conversion requires stopping the old system and then

starting the new system. It is the most risky type of conversion but may

be necessary in some situations.

. Implementation of a new computer system to replace an existing one or

in other words, up gradation of the existing system.

. Implementation of a modified application to replace an existing one.

. Phased implementation occurs when the new system is implemented in

different time periods, one part at a time. After one part of the new

system is running, another piece is implemented.

Major issues in the implementation

Main issues in the implementation are conversion, training and change over.

a) Conversion

It means changing from one system to another. The objective is to put the

tested system into operation. It involves creating computer compatible files, training

the operating staff and installing the system. The conversion phase begins with a

review of the project plan, the system test documentation and implementation plan.

Conversion plan is finalized and approved. Files are converted and parallel processing

between the existing system and the new system is initiated. Result of computer runs

and operations for the new system are logged on a special form. Assuming no problem,

parallel processing is discontinued. Implementation results are documented. Conversion

completes here. File conversion involves capturing data and creating a computer file

from existing files. Once it is determined the next step is to specify the data to be

converted. The files to be copied must be identified by name. This is the only way by

which the accuracy of the copying will be verified.

b) User Training

The two factors are taken into consideration: user capabilities and nature of the

system installed. User must be informed of how the whole system works, objectives of

the system along with documentation, files and procedures. User must be instructed

how to perform their new tasks. Training sessions must provide user the specific skills

required in their new job. The sessions for this should be short and regular once containing

the practical. The tools which are useful in the user training are manuals which provide

detailed information for reference, visual tools such as flow charts for better explanation.

c) Change Over

The entire process and new system need to be evaluated to see whether the
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problem that initiated the new system was corrected. Even if the system is working

properly and many people seem happy with it, the new system is not successful unless

it solves the original problem. The change over from the old to the new system may

take place when the system has been proved to the satisfaction of the system analyst

and the other activities have been completed. Users are satisfied with the results of

the system tests, training and reference manual.

2.1.2.8 System Evaluation and Maintenance

After installation phase is completed and user is adjusted to the change create

by the system, evaluation and maintenance begins. After the evaluation, the new

system requires continuous support and maintenance until the system is replaced.

Regardless of how good a system is, modifications are usually necessary. Evaluation

of the system is performed to identify its strengths and weaknesses. The actual

evaluation can occur along any one of the following dimensions:

(i) Operational Evaluation: Assessment of the manner in which the system

functions,

(ii) Organisational Impact: Identification and measurement of benefits to

the organisation in such areas as financial concerns, operational

efficiency and competitive impact.

(iii) User Manager Assessment: Evaluation of the attitudes of senior

manager and user within the organisation, as well as end-users.

(iv) Development Performance: Evaluation of the development process in

accordance with such yardsticks as overall development time and effort,

conformance  to budgets and standards and other project management criteria.

In the newly designed system, if the new information is inconsistent with the

design specifications then the changes have to be incorporated to meet the requirements.

The evaluation of the system takes place after the system is implemented. It evaluates

the new system to see if it has indeed satisfied the goals set for it. The system is

examined to see if the benefits expected of it have been realized. If they have not, a

study is made to see why not. Part of this study is the life cycle itself. It is important at

this stage to go back to the original goals of the project. Post-evaluation may suggest

minor changes to be made to the system. In exceptional cases, where the system is

performing badly, post-evaluation may suggest a total redesign of the system.

Maintenance is necessary to eliminate errors in the system during its working

life and to tune the system to any variations in its working environment. There are

always some errors detected that must be corrected. Changes are made to remove

these errors and deficiencies. If a major change to the system is required, a new

project may have to be set up to carry out the change. This new project will then follow

all the above system development life cycle activities.

Hardware also requires periodic maintenance to keep in time with design
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specification. The importance of maintenance is to continue to bring the new system

to standards. User priorities, changes in organizational requirements or environmental

factors also call for system enhancements. To contrast maintenance with enhancement,

if a bank decided to increase its service charges for checking accounts from Rs.30 to

Rs.40 for a minimum balance of Rs.3,000, it is maintenance. However, if the same

bank decided to create a personal loan on negative balances when customers overdraw

their account, it is enhancement. This change requires evaluation, program

modifications and future testing.

2.1.3 Role of Systems Analyst

A systems analyst is a person who conducts a study, identifies activities and

objectives and determines a procedure to achieve the objectives. Designing and

implementing systems to suit organisational needs are the functions of the systems

analyst. He plays a major role in seeing business benefit from computer technology.

The analyst is a person with unique skills. He uses these skills to coordinate the

efforts of different type of persons in an organisation to achieve business goals.

A system analyst carries out the following job:

(a) The First and perhaps most difficult task of systems analyst is problem

definition. Business problems are quite difficult to define. It is also true that

problems cannot be solved until they are precisely and clearly defined.

(b) Initially a systems analyst does not know how to solve a specific problem. He

must consult with managers, users and other data processing professionals in

defining problems and developing solutions. He uses various methods for data

gathering to get the correct solution of a problem.

(c) Having gathered the data relating to a problem, the systems analyst analyses

them and thinks of plan to solve it. He may not come up personally with the

best way of solving a problem but pulls together other people’s ideas and refines

them until a workable solution is achieved.

(d) Systems analysts coordinate the process of developing solutions. Since many

problems have number of solutions, the systems analyst must evaluate the

merit of such proposed solutions before recommending one to the management

(e) Systems analysts are often referred to as planners.  A key part of the systems

analyst’s job is to develop a plan to meet the management’s objectives.

(f) When the plan has been accepted, systems analyst is responsible for designing

it so that management’s goal could be achieved. Systems design is a time

consuming, complex and precise task.

(g) Systems must be thoroughly tested. The systems analyst often coordinates the

testing procedures and helps in deciding whether or not the new system is

meeting standards established in the planning phase.

2.1.4 Glossary

SDLC Systems development life cycle
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Systems Analysis a detailed appraisal of the existing system and

includes finding out how the system works and

what it does

System Design converts the general requirements defined in the

analysis phase into detailed specifications for

the new system

Conceptual Design Logical design

Detailed Design the database and program modules are designed

and detailed user procedures are documented.

Conversion changing from existing system to new system.

System Evaluation Study of the system to identify its strengths and

weaknesses

Maintenance tune the system to any variations in its working

environment

Systems Analyst a person who conducts System development life

cycle activities

2.1.5 Summary

The system approach is a way of looking at how the elements of an entity are

coordinated and managed, and how they interact and achieve their goals. The form of

any system will be the result of a particular system’s goals, components and

environment; but the principles of operation will be the same for any system. Systems

within an organisation are an integral part of the organisation. They reflect the

organisation’s objectives. To start system analysis and design, an informed awareness

of the organisation is necessary. This provides a view into the management’s working

and decision-making. The organisation must be studied for its dependence on older

structures and how independent are the new changes of the older structure. The

organisation chart must also be studied in detail and all the line functions and the

support functions must be identified. The organisation chart may or may not be

indicative of the flow of control. The task of the analyst should be to identify the real

lines of communication. This exercise provides knowledge about how changes

introduced in one area may affect the work of others. The analyst must also look at

the environment under which the organisation operates. One must also look at the

organisation’s position within its industry, the labour relationships in the industry,

and the effect of government policies on the industry.

The starting point for building a new system is the anticipation of future benefits

by improving the operations of the old system. The goal of any computer-based system

is to enable organisation to perform efficiently as it helps in taking prompt and better

decisions. Next is the refinement of that idea into a specific statement of what the

proposed system should accomplish, how the automation should help and what parts

of the system will be automated. Analysts and designers decide how to create computer
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programs that accomplish the functions on specific hardware. The technical staff either

writes the programs or buys them. The organisation acquires whatever hardware is

needed. The programs are tested to ensure the correct functions are performed in the

correct manner. While designing a system, the analyst must also take care to determine

the form of output. Management will be more interested in the way the output is

generated. Many a times, the analyst will have to design his input based on the output

desired by the management. This may have to be followed several times before one

arrives at a feasible solution. Ultimately, it will be the end user who can comment on

the effectiveness of the system.

A team implements the new system in the organisation through a process

involving user training and conversion from the previous system to new system. System

then goes into operation and is modified as necessary for further improvements in

business systems. One of the most critical factors for success in any project is to

convince people to accept the change. The analyst must get rid of the fear of change in

people. The analyst must answer all possible queries of people and stress on the

benefits to them and always keep them informed of the real picture. He must also

involve them in the decision making in the areas concerning to their work. He must

provide support to the people in terms of training them and making them understand

the system. This should be done not only during implementation, but the analyst

must also make himself available for any queries or problems the user may face after

that. Wherever possible the analyst must give full cooperation and support to the

people in the organisation.

2.1.6 Suggested Readings

1. V. Rajaraman, “Analysis & Design of Information Systems”, Prentice

Hall of India Pvt. Ltd.

2. James A. Senn,” Analysis & Design of Information Systems”, McGraw-

Hill Publishing Co.

3. Pankaj Jalote, “An Integrated Approach to Software Engineering”, Narosa

Publishing House

4. Henry Lucas, “The Analysis, Design and Implementation of Information

Systems”, McGraw-Hill International

2.1.7 Important Questions

1. Define the following terms:

(a) Systems Approach

(b) System Analysis

(c) System Design

2. “Feasibility study of any system is an important and necessary part of

system development life cycle”. Justify this statement.

3. Discuss the difference between implementation and post-implementation

maintenance with supporting examples?
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4. What is the end product of each system analysis phase? Explain the

purpose and contents of each of these products.

5. Identify and briefly describe the purpose of system design phase.

6. “Identification and analysis of problem is one of the most important

aspects of any system development.” Justify this statement with

supportive example.

7. Write short notes on following:

a) Feasibility study

b) Analysis

c) Design

d) Implementation

e) Evaluation and maintenance.
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2.2.14 Important Questions

2.2.0 Objectives of the Lesson

This lesson provides an overview of the more common system development

Process Models, used to guide the analysis, design, development and maintenance of

information systems. This lesson will explore the similarities and differences among

these various models and will also discuss how different approaches are chosen and

combined to address practical situations.

2.2.1 Introduction

Professional system developers and the customers they serve share a common

goal of building information systems that effectively support business process objectives.

16
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In order to ensure that cost-effective, quality systems are developed which address an

organization’s business needs, developers employ some kind of system development Process

Model to direct the project’s life cycle. There are many different methods and techniques

used to direct the life cycle of a software development project and most real-world models

are customized adaptations of the generic models. While each is designed for a specific

purpose or reason, most have similar goals and share many common tasks.

Typical activities performed include the following:

. System conceptualization

. System requirements and benefits analysis

. Project adoption and project scoping

. System design

. Specification of software requirements

. Architectural design

. Detailed design

. Unit development

. Software integration & testing

. System integration & testing

. Installation at site

. Site testing and acceptance

. Training and documentation

. Implementation

. Maintenance

2.2.2 Process Model/Life-Cycle Variations

While nearly all system development efforts engage in some combination of the

above tasks, they can be differentiated by the feedback and control methods employed

during development and the timing of activities. Most system development Process

Models in use today have evolved from three primary approaches: Ad-hoc Development,

Waterfall Model, and the Iterative process.

2.2.3 Ad-hoc Development

Early systems development often took place in a rather chaotic and haphazard

manner, relying entirely on the skills and experience of the individual staff members

performing the work. Today, many organizations still practice Ad-hoc Development

either entirely or for a certain subset of their development (e.g. small projects). The

Software Engineering Institute at Carnegie Mellon University points out that with Ad-

hoc Process Models, “process capability is unpredictable because the software process

is constantly changed or modified as the work progresses. Schedules, budgets,

functionality, and product quality are generally inconsistent. Performance depends

on the capabilities of individuals and varies with their innate skills, knowledge and

motivations. There are few stable software processes in evidence, and performance

can be predicted only by individual rather than organizational capability. Even in
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undisciplined organizations, however, some individual software projects produce

excellent results. When such projects succeed, it is generally through the heroic efforts

of a dedicated team, rather than through repeating the proven methods of an

organization with a mature software process. In the absence of an organization-wide

software process, repeating results depends entirely on having the same individuals

available for the next project. Success that rests solely on the availability of specific

individuals provides no basis for long-term productivity and quality improvement

throughout an organization.”

2.2.4 The Waterfall Model

The waterfall model is a sequential software development model in which

development is seen as flowing steadily downwards (like a waterfall) through the phases

of requirements analysis, design, implementation, testing (validation), integration and

maintenance. The origin of the term “waterfall” is often cited to be an article published

in 1970 by W. W. Royce; ironically, Royce himself advocated an iterative approach to

software development and did not even use the term “waterfall”. Royce originally

described what is now known as the waterfall model as an example of a method that

he argued “is risky and invites failure”.

The Waterfall Model is the earliest method of structured system development.

Although it has come under attack in recent years for being too rigid and unrealistic

when it comes to quickly meeting customer’s needs, the Waterfall Model is still widely

used. It is attributed with providing the theoretical basis for other Process Models,

because it most closely resembles a “generic” model for software development.

Figure: Waterfall Model
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To follow the waterfall model, one proceeds from one phase to the next in a

purely sequential manner. For example, one first completes “requirements

specification” - they set in stone the requirements of the software. When and only

when the requirements are fully completed, one proceeds to design. The software in

question is designed and a “blueprint” is drawn for implementers (coders) to follow -

this design should be a plan for implementing the requirements given. When and only

when the design is fully completed, an implementation of that design is made by coders.

Towards the later stages of this implementation phase, disparate software components

produced by different teams are integrated. For example, one team may have been

working on the “web page” component of the application and another team may have

been working on the “server” component of the application. These components must

be integrated together to produce the whole system. After the implementation and

integration phases are complete, the software product is tested and debugged; any

faults introduced in earlier phases are removed here. Then the software product is

installed, and later maintained to introduce new functionality and remove bugs.

Thus the waterfall model maintains that one should move to a phase only when

its preceding phase is completed and perfected. Phases of development in the waterfall

model are thus discrete, and there is no jumping back and forth or overlap between

them.

The Waterfall Model consists of the following steps:

System Conceptualization: System Conceptualization refers to the

consideration of all aspects of the targeted business function or process, with the

goals of determining how each of those aspects relates with one another and which

aspects will be incorporated into the system.

Systems Analysis: This step refers to the gathering of system requirements,

with the goal of determining how these requirements will be accommodated in the system.

Extensive communication between the customer and the developer is essential.

System Design: Once the requirements have been collected and analyzed, it is

necessary to identify in detail how the system will be constructed to perform necessary

tasks. More specifically, the System Design phase is focused on the data requirements

(what information will be processed in the system?), the software construction (how

will the application be constructed?) and the interface construction (what will the

system look like? What standards will be followed?).

Coding: Also known as programming, this step involves the creation of the

system software. Requirements and systems specifications from the System Design

step are translated into machine readable computer code.

Testing: As the software is created and added to the developing system, testing

is performed to ensure that it is working correctly and efficiently. Testing is generally

focused on two areas: internal efficiency and external effectiveness. The goal of external

effectiveness testing is to verify that the software is functioning according to system
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design, and that it is performing all necessary functions or sub-functions. The goal of

internal testing is to make sure that the computer code is efficient, standardized and

well documented. Testing can be a labor-intensive process, due to its iterative nature.

2.2.4.1 Advantages of the Waterfall Model

Time spent early on in software production can lead to greater economy later

on in the software lifecycle, that is, it has been shown many times that a bug found in

the early stages of the production lifecycle (such as requirements specification or

design) is more economical (cheaper in terms of money, effort and time) to fix than the

same bug found later on in the process. It is known that a requirements defect that is

left undetected until construction or maintenance will cost 50 to 200 times as much

to fix as it would have cost to fix at requirements time. This should be obvious to some

people, if a program design is impossible to implement, it is easier to fix the design at

the design stage than to realize months down the track when program components

are being integrated that all the work done so far has to be scrapped because of a

broken design. This is the central idea behind the waterfall model - time spent early

on making sure that requirements and design are absolutely correct is very useful in

economic terms as it will save you much time and effort later. A further argument for

the waterfall model is that it places emphasis on documentation (such as requirements

documents and design documents) as well as source code. Some prefer the waterfall

model for its simple and arguably more disciplined approach. Rather than what the

waterfall adherent sees as “chaos” the waterfall model provides a structured approach;

the model itself progresses linearly through discrete, easily understandable and

explainable “phases” and is thus easy to understand; it also provides easily markable

“milestones” in the development process. It is perhaps for this reason that the waterfall

model is used as a beginning example of a development model in many software

engineering texts and courses.

2.2.4.2 Problems associated with the Waterfall Model

Although the Waterfall Model has been used extensively over the years in the

production of many quality systems, it is not without its problems. In recent years it

has come under attack, due to its rigid design and inflexible procedure. Criticisms fall

into the following categories:

1. Real projects rarely follow the sequential flow that the model proposes. The

waterfall model is argued by many to be a bad idea in practice, mainly because

of their belief that it is impossible to get one phase of a software product’s

lifecycle “perfected” before moving on to the next phases and learning from

them or at least, the belief that this is impossible for any non-trivial program.

2. At the beginning of most projects there is often a great deal of uncertainty

about requirements and goals, It is, therefore, difficult for customers to identify

these criteria on a detailed level. The model does not accommodate this natural

uncertainty very well.
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3. The idea behind the waterfall model may be “measure twice; cut once” and

those opposed to the waterfall model argue that this idea tends to fall apart

when the problem being measured is constantly changing due to requirement

modifications and new realizations about the problem itself.

4. Developing a system using the Waterfall Model can be a long, painstaking process

that does not yield a working version of the system until late in the process.

5. It is difficult to estimate time and cost for each phase of the development process

without doing some “recon” work in that phase, unless those estimating time

and cost are highly experienced with the type of software product in question.

6. The waterfall model brings no formal means of exercising management control

over a project and planning control and risk management are not covered within

the model itself.

2.2.5 Iterative Enhancement and Incremental Model

Iterative enhancement and Incremental development is a software development

process developed in response to the weaknesses of the more traditional waterfall

model. The two most well known iterative development frameworks are the Rational

Unified Process and the Dynamic Systems Development Method. The problems with

the Waterfall Model created a demand for a new method of developing systems which

could provide faster results, require less up-front information and offer greater flexibility.

The basic idea behind iterative enhancement is to develop a software system

incrementally, allowing the developer to take advantage of what was being learned

during the development of earlier, incremental and deliverable versions of the system.

Learning comes from both the development and use of the system, where possible.

Key steps in the process were to start with a simple implementation of a subset of the

software requirements and iteratively enhance the evolving sequence of versions until

the full system is implemented. At each iteration, design modifications are made and

new functional capabilities are added.

With Iterative Development, the project is divided into small parts. This allows

the development team to demonstrate results earlier on in the process and obtain

valuable feedback from system users. Often, each iteration is actually a mini-Waterfall

process with the feedback from one phase providing vital information for the design of

the next phase. In a variation of this model, the software products which are produced

at the end of each step (or series of steps) can go into production immediately as

incremental releases.
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Figure: Iterative Development

2.2.5.1 Problems associated with the Iterative Model

While the Iterative Model addresses many of the problems associated with the

Waterfall Model, it does present new challenges.

1. The user community needs to be actively involved throughout the project.

While this involvement is a positive for the project, it is demanding on

the time of the staff and can add project delay.

2. Communication and coordination skills take center stage in project

development.

3. Informal requests for improvement after each phase may lead to

confusion - a controlled mechanism for handling substantive requests

needs to be developed.

4. The Iterative Model can lead to “scope creep,” since user feedback following

each phase may lead to increased customer demands. As users see the

system develop, they may realize the potential of other system capabilities

which would enhance their work.
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2.2.5.2 Variations on Iterative Development

A number of Process Models have evolved from the Iterative approach. All of these

methods produce some demonstrable software product early on in the process in order

to obtain valuable feedback from system users or other members of the project team.

Several of these methods are described below.

2.2.6 Prototyping Model

Prototyping model is a systems development method in which a prototyping is

built, tested andthen reworked as necessory until an acceptable outcame is achieved

from whichthe complate system canbe developed. The Prototyping Model was developed

on the assumption that it is often difficult to know all of your requirements at the

beginning of a project. Typically, users know many of the objectives that they wish to

address with a system, but they do not know all the nuances of the data, nor do they

know the details of the system features and capabilities. The Prototyping Model allows

for these conditions, and offers a development approach that yields results without

first requiring all information up-front. When using the Prototyping Model, the developer

builds a simplified version of the proposed system and presents it to the customer for

consideration as part of the development process. The customer in turn provides

feedback to the developer, who goes back to refine the system requirements to

incorporate the additional information. Often, the prototype code is thrown away and

entirely new programs are developed once requirements are identified.

There are a few different approaches that may be followed when using the

Prototyping Model:

. creation of the major user interfaces without any substantive coding in

the background in order to give the users a “feel” for what the system

will look like,

. development of an abbreviated version of the system that performs a

limited subset of functions; development of a paper system (depicting

proposed screens, reports, relationships etc.), or

. Use of an existing system or system components to demonstrate some

functions that will be included in the developed system.

Prototyping is comprised of the following steps:

Requirements Definition/Collection: Similar to the Conceptualization phase

of the Waterfall Model, but not as comprehensive. The information collected is usually

limited to a subset of the complete system requirements.

Design: Once the initial layer of requirements information is collected, or new

information is gathered, it is rapidly integrated into a new or existing design so that it

may be folded into the prototype.

Prototype Creation/Modification: The information from the design is rapidly

rolled into a prototype. This may mean the creation/modification of paper information,

new coding, or modifications to existing coding.
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Assessment: The prototype is presented to the customer for review. Comments

and suggestions are collected from the customer.

Prototype Refinement: Information collected from the customer is digested

and the prototype is refined. The developer revises the prototype to make it more

effective and efficient.

System Implementation: In most cases, the system is rewritten once

requirements are understood. Sometimes, the Iterative process eventually produces a

working system that can be the cornerstone for the fully functional system.

2.2.6.1 Problems associated with the Prototyping Model

Criticisms of the Prototyping Model generally fall into the following categories:

1. Prototyping can lead to false expectations: Prototyping often creates

a situation where the customer mistakenly believes that the system is

“finished” when in fact it is not. More specifically, when using the

Prototyping Model, the pre-implementation versions of a system are really

nothing more than one-dimensional structures. The necessary, behind-

the-scenes work such as database normalization, documentation,

testing, and reviews for efficiency have not been done. Thus the necessary

underpinnings for the system are not in place.

2. Prototyping can lead to poorly designed systems: Because the primary

goal of Prototyping is rapid development, the design of the system can

sometimes suffer because the system is built in a series of “layers” without

a global consideration of the integration of all other components. While

initial software development is often built to be a “throwaway,” attempting

to retroactively produce a solid system design can sometimes be

problematic.

2.2.6.2 Variation of the Prototyping Model

A popular variation of the Prototyping Model is called Rapid Application

Development (RAD). RAD introduces strict time limits on each development phase

and relies heavily on rapid application tools which allow for quick development. James

Martin developed the Rapid Application Development approach during the 1980s at

IBM and finally formalized it by publishing a book in 1991. Rapid Application

Development systems commonly have these advantages: increased speed of development

and increased quality. The speed increases can be achieved using a variety of methods

including, rapid prototyping, virtualization of system related routines, the use of CASE

tools and other techniques. Quality, as defined by RAD, is both the degree to which a

delivered application meets the needs of users as well as the degree to which a delivered

system has low maintenance costs. RAD increases quality through the involvement of

the user in the analysis and design stages. Some systems also deliver advantages of

interoperability, extensibility, and portability. Early RAD systems had two primary

disadvantages: reduced Scalability and reduced features. Reduced scalability occurs
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because a RAD developed application starts as a prototype and evolves into a finished

application. Reduced features occur due to time boxing, where features are pushed

to later versions in order to finish a release in a short amount of time.

2.2.7 The Exploratory Model

In some situations it is very difficult, if not impossible, to identify any of the

requirements for a system at the beginning of the project. Theoretical areas such as

Artificial Intelligence are candidates for using the Exploratory Model, because much of

the research in these areas is based on guess-work, estimation, and hypothesis. In

these cases, an assumption is made as to how the system might work and then rapid

iterations are used to quickly incorporate suggested changes and build a usable system.

A distinguishing characteristic of the Exploratory Model is the absence of precise

specifications. Validation is based on adequacy of the end result and not on its

adherence to pre-conceived requirements. The Exploratory Model is extremely simple

in its construction; it is composed of the following steps:

Initial Specification Development: Using whatever information is immediately

available, a brief System Specification is created to provide a rudimentary starting point.

System Construction/Modification: A system is created and/or modified

according to whatever information is available.

System Test: The system is tested to see what it does, what can be learned

from it, and how it may be improved.

System Implementation: After many iterations of the previous two steps

produce satisfactory results, the system is dubbed as “finished” and implemented.

There are numerous criticisms of the Exploratory Model:

1. It is limited to use with very high-level languages that allow for rapid

development, such as LISP.

2. It is difficult to measure or predict its cost-effectiveness.

3. As with the Prototyping Model, the use of the Exploratory Model often

yields inefficient or crudely designed systems, since no forethought is

given as to how to produce a streamlined system.

2.2.8 The Spiral Model

The spiral model is a software development process combining elements of

both design and prototyping-in-stages, in an effort to combine advantages of top-

down and bottom-up concepts. The spiral model was defined by Barry Boehm in his

article “A Spiral Model of Software Development and Enhancement” from 1985. This

model was not the first model to discuss iterative development, but it was the first

model to explain why the iteration matters. As originally envisioned, the iterations

were typically 6 months to 2 years long. Each phase starts with a design goal and ends

with the client (who may be internal) reviewing the progress thus far. Analysis and

engineering efforts are applied at each phase of the project, with an eye toward the

end goal of the project.
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The Spiral Model was designed to include the best features from the Waterfall

and Prototyping Models, and introduces a new component - risk-assessment. The term

“spiral” is used to describe the process that is followed as the development of the

system takes place. Similar to the Prototyping Model, an initial version of the system is

developed, and then repetitively modified based on input received from customer

evaluations. Unlike the Prototyping Model, however, the development of each version

of the system is carefully designed using the steps involved in the Waterfall Model.

With each iteration around the spiral (beginning at the center and working outward),

progressively more complete versions of the system are built.

Figure: Spiral Model

Risk assessment is included as a step in the development process as a means

of evaluating each version of the system to determine whether or not development

should continue. If the customer decides that any identified risks are too great, the

project may be halted. For example, if a substantial increase in cost or project completion

time is identified during one phase of risk assessment, the customer or the developer

may decide that it does not make sense to continue with the project, since the increased

cost or lengthened timeframe may make continuation of the project impractical or

unfeasible. The spiral model is used most often in large projects (by companies such

as IBM, Microsoft, Patni Computer Systems and Tata Consultancy Services) and needs

constant review to stay on target.

The Spiral Model is made up of the following steps:

Project Objectives: Similar to the system conception phase of the Waterfall

Model. Objectives are determined, possible obstacles are identified and alternative

approaches are weighed.

Risk Assessment: Possible alternatives are examined by the developer, and

associated risks/problems are identified. Resolutions of the risks are evaluated and

weighed in the consideration of project continuation. Sometimes prototyping is used

to clarify needs.

Engineering & Production: Detailed requirements are determined and the

software piece is developed.

Planning and Management: The customer is given an opportunity to analyze the

results of the version created in the Engineering step and to offer feedback to the developer.



PGDCA Paper-627

2.2.8.1 Advantages of the Spiral Model

1. Estimates (i.e. budget, schedule, etc.) get more realistic as work

progresses, because important issues are discovered earlier.

2. It is more able to cope with the nearly inevitable changes that software

development generally entails.

3. Software engineers who can get restless with protracted design processes

can get their hands in and start working on a project earlier.

2.2.8.2 Problems associated with the Spiral Model

Due to the relative newness of the Spiral Model, it is difficult to assess its

strengths and weaknesses. However, the risk assessment component of the Spiral

Model provides both developers and customers with a measuring tool that earlier

Process Models do not have. The measurement of risk is a feature that occurs everyday

in real-life situations, but not as often in the system development industry. The practical

nature of this tool helps to make the Spiral Model a more realistic Process Model than

some of its predecessors.

2.2.9 The Reuse Model

The basic premise behind the Reuse Model is that systems should be built

using existing components, as opposed to custom-building new components. The Reuse

Model is clearly suited to Object-Oriented computing environments, which have become

one of the premiere technologies in today’s system development industry.

Within the Reuse Model, libraries of software modules are maintained that can

be copied for use in any system. These components are of two types: procedural modules

and database modules. When building a new system, the developer will “borrow” a

copy of a module from the system library and then plug it into a function or procedure.

If the needed module is not available, the developer will build it, and store a copy in

the system library for future usage. If the modules are well engineered, the developer

with minimal changes can implement them.

The Reuse Model consists of the following steps:

Definition of Requirements: Initial system requirements are collected. These

requirements are usually a subset of complete system requirements.

Definition of Objects: The objects, which can support the necessary system

components, are identified.

Collection of Objects: The system libraries are scanned to determine whether

or not the needed objects are available. Copies of the needed objects are downloaded

from the system.

Creation of Customized Objects: Objects that have been identified as needed,

but that are not available in the library are created.

Prototype Assembly: A prototype version of the system is created and/or

modified using the necessary objects.

Prototype Evaluation: The prototype is evaluated to determine if it adequately
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addresses customer needs and requirements.

Requirements Refinement: Requirements are further refined as a more detailed

version of the prototype is created.

Objects Refinement: Objects are refined to reflect the changes in the requirements.

2.2.9.1 Problems Associated with the Reuse Model

A general criticism of the Reuse Model is that it is limited for use in object-

oriented development environments. Although this environment is rapidly growing in

popularity, it is currently used in only a minority of system development applications.

2.2.10 Creating and Combining Models

In many cases, parts and procedures from various Process Models are integrated

to support system development. This occurs because most models were designed to

provide a framework for achieving success only under a certain set of circumstances.

When the circumstances change beyond the limits of the model, the results from

using it are no longer predictable. When this situation occurs it is sometimes necessary

to alter the existing model to accommodate the change in circumstances, or adopt or

combine different models to accommodate the new circumstances. The selection of an

appropriate Process Model hinges primarily on two factors: organizational environment

and the nature of the application. It is suggested that suitable approaches to system

analysis, design, development, and implementation be based on the relationship

between the information system and its organizational environment.

Four categories of relationships are identified:

. The Unchanging Environment: Information requirements are unchanging for

the lifetime of the system (e.g. those depending on scientific algorithms).

Requirements can be stated unambiguously and comprehensively. A high degree

of accuracy is essential. In this environment, formal methods (such as the

Waterfall or Spiral Models) would provide the completeness and precision

required by the system.

. The Turbulent Environment: The organization is undergoing constant change

and system requirements are always changing. A system developed on the

basis of the conventional Waterfall Model would be, in part,  already obsolete

by the time it is implemented. Many business systems fall into this category.

Successful methods would include those, which incorporate rapid development,

some throwaway code (such as in Prototyping), the maximum use of reusable

code, and a highly modular design.

. The Uncertain Environment: The requirements of the system are unknown or

uncertain. It is not possible to define requirements accurately ahead of time because

the situation is new or the system being employed is highly innovative. Here, the

development methods must emphasize learning. Experimental Process Models,

which take advantage of prototyping and rapid development, are most appropriate.

. The Adaptive Environment: The environment may change in reaction to the system
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being developed, thus initiating a changed set of requirements. Teaching systems

and expert systems fall into this category. For these systems, adaptation is key and

the methodology must allow for a straightforward introduction of new rules.

2.2.11 Glossary

Process Model system development technique

Prototyping a simplified version of the proposed system

RAD Rapid Application Development

CASE Computer-Assisted Software Engineering

LISP LISt Processing (a high-level language)

2.2.12 Summary

The evolution of system development Process Models has reflected the

changing needs of computer customers. As customers demanded faster results,

more involvement in the development process, and the inclusion of measures to

determine risks and effectiveness, the methods for developing systems changed.

In addition, the software and hardware tools used in the industry changed and

continue to change substantially. Faster networks and hardware supported the

use of smarter and faster operating systems that paved the way for new languages

and databases and applications that were far more powerful than any predecessors.

These rapid and numerous changes in the system development environment

simultaneously spawned the development of more practical new Process Models

and the demise of older models that were no longer useful. Early systems

development often took place in a rather chaotic and haphazard manner, relying

entirely on the skills and experience of the individual staff members performing

the work. With Ad-hoc development, process capability is unpredictable because

the software process is constantly changed or modified as the work progresses.

But many organizations still practice Ad-hoc development for small projects. The

Waterfall Model is the earliest method of structured system development. The

waterfall model is a sequential software development model in which development

is seen as flowing steadily downwards through the different phases of system

development. To follow the waterfall model, one proceeds from one phase to the

next in a purely sequential manner. The central idea behind the waterfall model

is that the time spent early on making sure that requirements and design are

absolutely correct is very useful in economic terms as it will save you much time

and effort later. The waterfall model also places great emphasis on documentation.

This model fails when the problem being measured is constantly changing due to

requirement modifications. Also developing a system using the Waterfall Model

can be a long, painstaking process that does not yield a working version of the

system until late in the process. To combat the problems of Waterfall model,

Iterative enhancement and Incremental development strategy was suggested. The

basic idea behind iterative enhancement is to develop a software system
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incrementally, allowing the developer to take advantage of what was being learned

during the development of earlier, incremental, deliverable versions of the system.

The project is divided into small parts. Each part is incrementally developed.

With this approach, the user community needs to be actively involved throughout

the project. One variation of the Iterative development model is the Prototyping

Model. Prototyping model was developed on the assumption that it is often difficult

to know all of your requirements at the beginning of a project, and offers a

development approach that yields results without first requiring all information

up-front. When using the Prototyping Model, the developer builds a simplified

version of the proposed system and presents it to the customer for consideration

as part of the development process. The customer in turn provides feedback to

the developer, who goes back to refine the system requirements to incorporate

the additional information. Because the primary goal of Prototyping is rapid

development, the design of the system can sometimes suffer. A popular variation

of the Prototyping Model is called Rapid Application Development (RAD). The Spiral

Model was designed to include the best features from the Waterfall and Prototyping

Models. Similar to the Prototyping Model, an initial version of the system is

developed, and then repetitively modified based on input received from customer

evaluations. Unlike the Prototyping Model, however, the development of each

version of the system is carefully designed using the steps involved in the Waterfall

Model. Risk assessment is included as a step in the development process. With

Spiral model, estimates (i.e. budget, schedule, etc.) get more realistic and it is

more able to cope with the nearly inevitable changes. The Reuse Model is based

on the concept that systems should be built using existing components, as opposed

to custom-building new components. Libraries of software modules are maintained

that can be copied for use in any system. But Reuse model is limited for use in

object-oriented development environments. The selection of an appropriate Process

Model hinges primarily on two factors: organizational environment and the nature

of the application. It is suggested that suitable approaches to system analysis,

design, development, and implementation be based on the relationship between

the information system and its organizational environment.

2.2.13 Suggested books

1. Gordon B. Davis, M.H. Olson, “Management Information Systems:

Conceptual Foundations, Structure & Development”, McGraw-Hill

Book Co.

2. D.P. Goyal, “Management Information Systems: Managerial

Perspectives”, Macmillan India Ltd.

3. James A. Senn,” Analysis & Design of Information Systems”, McGraw-

Hill Publishing Co.

4. Pankaj Jalote, “An Integrated Approach to Software Engineering”, Narosa



PGDCA Paper-631

Publishing House

5. Henry Lucas, “The Analysis, Design and Implementation of  information

Systems”, McGraw-Hill International

2.2.14 Important Questions

1. What are the various system development approaches? Briefly discuss

giving the relative advantages and problems of each.

2. Elaborate the Waterfall Model in detail? What are the problems associated

with waterfall model?

3. How Prototyping is different from Spiral model?

4. What do you mean by Iterative enhancement? What are its advantages

and limitations?
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2.3.0  Objectives of the Lesson  

 In this lesson, we will discuss the most important activity of systems analysis, 

called the requirements definition phase. We will discuss the various strategies used 

to elicit user’s requirements and their respective merits and demerits. 

2.3.1 Introduction 

 Systems analysis is a detailed study of the various operations performed by the 

system and their relationship within and outside of the system. A key question is - 

what must be done to solve the problem? One aspect of analysis is defining the 

boundaries of the system and determining whether or not a candidate system should 

consider other related systems. During analysis, data are collected on available files, 

decision points and transactions handled by the present system. It requires special 

skills and sensitivity to the subjects being interviewed. Bias in data collection and 

interpretation can be problem. Training, experience and common sense are required 

for collection of the information needed to do the analysis. Once analysis is completed, 

the analyst has a firm understanding of what is to be done. This phase results in a 

detailed model of the system, which describes the system functions, data and 

information flows. The output of this phase includes detailed explanation of the user 

requirements and changes in the objectives for the new system. 

2.3.2 Requirements Determination 

 Requirements determination involves studying the current business system to 

determine how it works and where improvements should be made. The study results 

in an evaluation of how current methods are working and whether adjustments are 
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necessary or possible. These studies consider both manual and computer methods 

and are not merely computer studies. 

 A requirement is a feature which must be included in a new system. It may 

include a way of capturing or processing data, producing information, controlling a 

business activity or supporting management. The determination of requirements 

therefore, entails studying the existing system and collecting details about it to find 

out what these requirements are. However, as Systems analysts do not work as 

managers or employees in user departments (such as marketing, purchasing, 

manufacturing or accounting), they do not have the same base of facts and details as 

managers and users in those areas. Therefore, an early step in the investigation is to 

understand the situation under study. 

2.3.3 Activities in Requirements Determination 

 Three major activities are combined in requirements determination, namely: 

 Requirements Anticipation 

 Requirements Investigation 

 Requirements Specification 

These activities are described in the table below. 

Activity Description 

Requirements 

Anticipation 

Foreseeing systems characteristics based on previous 

experience. May cause the analyst to investigate areas 

and issues that could otherwise be overlooked. 

Requirements 

Investigation 

Study and documentation of the current system, using 

fact-finding techniques, data flow analysis and decision 

analysis. 

Requirements 

Specification 

Analysis of data describing the system to determine how 

well it is performing, what requirements must be met 

and strategies for fulfilling them. 
  

 All three activities are important and must be performed correctly as the 

quality of the work at this stage determines to a large extent the quality of the final 

system. 

2.3.4 Determining Basic Requirements 

 Analysts structure their investigation by seeking answers to four major 

questions: 

1. What is the basic business process? 

2. What data are used or produced during that process? 

3. What are the limits imposed by time and the volume of work? 

4. What performance controls are used? 
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2.3.4.1 Understanding the process 

 Beginning with the basics, analysts must ask questions which describe and 

provide a background of fundamental details about the system. 

For example: 

 What is the purpose of this business activity? 

 What steps are performed? 

 Where are they performed? 

 Who performs them? 

 How long does it take? 

 How often is performed? 

 Who uses the resulting information? 

2.3.4.2 Identify Data Used and Information Produced 

 Analysts next need to determine which data are used to perform each activity. 

For example, to reorder stock, the buyer might require data describing:  

 the quantity of an item on hand 

 expected demand for the item 

 supplier name  

 item cost 

 To know when to place an order, the buyer would also consider the necessary 

lead time (how far in advance to order an item so it is delivered in time). 

 Most business transactions produce additional information which is useful to 

managers in evaluating employee, business and systems performance and may be 

useful in a different context to both management and analyst. For example, data 

about stock reordering may also provide information about warehouse demands, 

purchasing practices, sales and cash flow. 

2.3.4.3 Determine Process Timing and Volume 

 The frequency of business activities varies greatly. For example, some activities, 

such as paying taxes, occur only a few times a year, whereas paying employees may 

be a weekly activity. Therefore, analysts should learn how often the activity is 

repeated. Knowing whether an activity occurs frequently may lead the analyst to raise 

many additional questions to determine the reason for the frequency and its effect on 

business activities. 

 Probably the easiest way to get this information is to identify the reason for the 

activity : What causes the activity to be performed? This is sometimes referred to as 

the trigger function. Activities may be triggered by customers (through orders, 

telephone calls or letters), by events (the completion of an application to open a new 

bank, charge or credit account) and by the passage of time (the ending of the day, 

week or month). Unless analysts know what triggers an activity, the reason for the 
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activity may be misunderstood and the activity afforded either more or less 

significance in the system than it deserves. 

 The volume of items to be handled may increase the amount of time needed to 

complete the activity. Savings Banks prepare consumer account statements 

(summaries of deposits, withdrawals etc.) only four times a year. Although the 

frequency of this activity is very low the volume of work is very high. The sheer 

quantity of items making up an activity can produce special problems for the analyst 

to study even though the activity occurs infrequently. 

2.3.4.4 Identify Controls 

 In business situations that are well controlled either by management or process 

monitoring, determining whether an activity has been performed properly may be no 

problem. But during the analysis stage, analysts must examine control methods: 

 Are there specific performance standards? 

 Who compares performance against standards? 

 How are mistakes caught? 

 How are errors handled? 

 Are the errors excessive? 

Weak or missing controls are an important discovery in any systems investigation. 

2.3.4.5 Organisation-Wide Requirements 

 In business, departments depend on each other to provide services, 

manufacture products and satisfy customers. Therefore, the work that one 

department does affects other departments. When analysts study systems for one 

department, they also assess the implications for other departments that interact with 

the system under investigation. Sometimes systems involve work that takes place 

across several departments. In other instances, systems that operate separately 

depend on data provided from other departments. It is the analyst’s responsibility to 

identify dependencies between departments and determine how a systems project may 

affect them. 

2.3.5 Strategies for Requirements Definition 

 The specific methods analysts use for collecting data about requirements are 

called fact-finding. Fact-finding means learning as much as possible about the present 

system. Fact-finding is the formal process of using research, interviews, 

questionnaires, sampling and other techniques to collect information about systems, 

requirements and preferences. It is also called information gathering or data 

collections. Tools, such as data and process models, document facts and conclusions 

are drawn from facts. If you can’t collect the facts, you can’t use the tools. The 

common fact-finding techniques are: 

1. Review of written (existing) documents 

2. On-site observations 
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3. Interviews  

4. Questionnaires 

5. Research and site visits. 

 Usually these techniques will be used in combination during a study to ensure 

an accurate and comprehensive study is undertaken. 

2.3.5.1 Written Information Analysis 

 In order to establish the current operation of a business system the project 

team should attempt to gather facts from whatever documentation is available. 

Gaining knowledge about the business and the information environment in this way 

not only familiarizes the project team with the task at hand, but provides a basis for 

effective, knowledgeable interviewing later on (i.e. not appearing ignorant in the 

interviews). Available pertinent documentation should be reviewed. This might 

include: 

1. Business Documentation 

a. Annual reports 

b. Business plans and forecasts 

c. Organisation charts and manuals 

d. Company handbooks and manuals 

e. Advertising literature 

2. Current Systems Environment Documentation 

a. Systems descriptions 

b. Data administration guidelines 

c. System architecture documentation 

d. System Flowcharts and DB specifications 

e. Information systems organisation charts 

f. User manuals 

3. Current Technical environment documentation 

a. Hardware distribution lists 

b. Capacity planning documents 

c. System Software lists 

d. Data network documentation 

e. Performance statistics 

f. Hardware and software acquisition plans. 

 In short, all available written material that describes the business and 

information environments should be considered. In addition the documents that 

provide important information should be catalogued for future reference. But 

unfortunately, most manuals are not up to data or may not be readable. Day-to-day 

problems may have forced changes that are not reflected in the manual. Furthermore, 
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people have a tendency to ignore procedures and find shortcuts as long as the 

outcome is satisfactory. 

2.3.5.2 Observation 

 Another fact - finding method used by the systems analyst is on-site or direct 

observation. Observation allows analysts to gain information. They cannot obtain by 

any other fact-finding method. Through observation, analysts can obtain first hand 

information about how activities are carried out. This method is most useful when 

analysts need to actually observe how documents are handled, how processes are 

carried out and whether specified steps are actually followed. Experienced observers 

know what to look for and how to assess the significance of what they see. 

 On-site observation is the most difficult fact finding technique. It requires 

intrusion into the user’s area and can cause adverse reaction by the user’s staff if not 

handled properly. The analyst observes the physical layout of the current system, the 

location and movement of people and the work flow. He/she is alert to the behaviors 

of the users staff and of the people with whom they come into contact. A change in 

behavior provides an experienced analyst with clauses that can help put the behavior 

observed in perspective. 

2.3.5.3 Interviews 

 Analysts use interviews to collect information from individuals or from groups. 

The respondents are generally current users of the existing system or potential users 

of the proposed system. In some instances, the respondents may be managers or 

employees who provide data for the proposed system or who will be affected by it. 

Although some analysts prefer the interview to other fact-finding techniques, it is not 

always the best source of application data. Because of the time required for 

interviewing, other methods must also be used to gather the information needed to 

conduct an investigation. 

 It is important to remember that respondents and analysts converse during an 

interview - respondents are not being interrogated. Interviews provide analysts with 

opportunities for gathering information from respondents who have been chosen for 

their knowledge of the system under study. This method is often the best source of 

qualitative information (opinions, policies and subjective descriptions of activities and 

problems). Other fact-finding methods are likely to be more useful for collecting 

quantitative data (numbers, frequencies and quantities). 

 This method of fact-finding can be especially helpful for gathering information 

from individuals who do not communicate effectively in writing or who may not have 

the time to complete questionnaires. Interviews allow analysts to discover areas of 

misunderstanding, unrealistic expectations and even indications of resistance to the 

proposed system. 
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 One of the questions we should ask ourselves before we begin interviewing is 

whom should we actually interview? 

 In general, there are three categories of individuals to be interviewed: 

1. Senior executives - These interviews serve both to confirm the project teams 

understanding of the business and to reinforce top management commitment to 

the project. 

2. Middle managers - These individuals are interviewed to obtain a greater 

understanding of the specifics of the problem. 

3. Other Company personnel - While information is being gathered, it may become 

clear that persons outside of top & middle management can contribute critical 

information. These individuals may be identified during interview or in written 

documentation. 

 Obviously, the number of people to be interviewed & the category of people to 

be interviewed will depend upon the business problem under investigation. 

 The actual mechanics by which interviews are set up is, of course, dependent 

on the culture of the organisation. In some circumstances, a phone call to the 

prospective interviewee will suffice; in others, a more formal appointment system may 

be required. 

 In general, interviews are best conducted in the interviewee’s office or, at least, 

in a location the interviewee considers their home territory. Such a setting should 

result in greater openness during the interview. 

 Let us consider the two forms of interviews that can be used: 

 (a) unstructured 

 (b) structured 

 Unstructured interviews, using a question-and-answer format, are appropriate 

when analysts want to acquire general information about a system. This format 

encourages respondents to share their feelings, ideas and beliefs. 

Advantages: 

a. Interviewer has greater flexibility in wording questions to suit  

  respondent (e.g. “State the time frame aspect of your scheduling  

  commitment” or “Are you busy at work?” 

b. Interviewer can pursue areas that arise spontaneously during interview. 

c. May produce information about areas that were overlooked or not  

  thought to be important. 

Disadvantages: 

a. May be inefficient use of both respondent and interviewer time. 

b. Interviewers may introduce their biases in questions or reporting results. 

c. Extraneous information may be gathered. 

d. Analysis and interpretation of results may be lengthy. 
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e. Takes extra time to collect essential facts. 

 Structured interviews use standardized questions in either an open-response or 

closed response format. The former allows respondents to answer in their own words; 

the latter uses a set of prescribed answers. 

Following are the advantages & disadvantages of structured interviews. 

Advantages: 

a. Ensures uniform wording of questions for all respondents. 

b. Easy to administer and evaluate. 

c. More objective evaluation of both respondents and answers to questions. 

d. Limited interviewer training needed. 

e. Results in shorter interviews. 

Disadvantages: 

a. Cost of preparation is high. 

b. Respondents may not accept high level of structure and mechanical 

  posing of questions. 

c. High level of structure may not be suitable for all situations. 

d. High level of structure reduces respondent spontaneity and ability of 

  interviewer to follow up on comments of interviewee. 

 In terms of how to physically carry out an interview, one technique often used 

is that of a two-person interviewing team. One member acts as the interview leader 

and is responsible for asking questions and directing the course of the discussion. 

The other member acts as a note taker and is responsible for recording pertinent facts 

elicited during the interview as well as monitoring the interviews momentum. 

Criteria for a successful interview: 

Planning: 

a. Set a schedule of interviews. 

b. Research the interview 

c. Allocate a fixed time period for the interview. 

Conducting an interview: 

a. Arrive at the scheduled time. 

b. Do not exceed the specified time period. 

c. Conduct the interview on the interviewees ground. 

d. Do not attempt to demonstrate your own knowledge. 

2.3.5.4 Questionnaires  

 The questionnaire is a method of data collection which can be used by the 

analyst in situations where it is impossible to interview all desired respondents 

because either the physical distances or the number of desired respondents are too 

large. It can also be that the nature of the information required lends itself to this 
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form of collection. A questionnaire is defined as a series of questions for obtaining 

information on a particular subject. 

 Questionnaires can be conveyed to respondents by mail, telephone or in 

person. Interviewer contact with the respondent has the advantage of allowing 

explanation of questions and an increase in the likelihood of accurate responses. 

 A mailed questionnaire usually has a lower response rate than the other two 

methods. 

 In constructing a questionnaire three types of questions may be used: 

 open ended (or free format) 

 fixed format 

 mixed format 

An open-ended question is one which simply asks for a response. A fixed-format 

question provides a range of responses from which a choice is to be made. The mixed-

format question combines the free and fixed formats within one question. 

An Open ended question: 

 

 

A Fixed format question: 

 

 

 

 

 

 

 

 

What kind of computer do you currently have installed? 

 

 Name    Model   Quantity 

  

     

Do you feel that the computer-based inventory control system has 

improved the company’s ability to satisfy customer orders? 

 

Strongly Agree Agree No Opinion Disagree Strongly Disagree 
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A Mixed-Format Question: 

 

 

 Care should be taken to ensure that an open-ended question can be answered 

quickly, briefly, accurately and in common terminology. If the question requires an 

essay in response then it should not be on a questionnaire. 

 When structuring fixed-format questions the response categories should be 

balanced between affirmative and negative and one response should allow for self-

disqualification from the question. This will allow a person who feels unable to answer 

the question with any knowledge to at least indicate that they have bothered to read 

the question. 

 Another example of fixed format questions is the multiple choice type: 

 

 Regardless of the type of question used, the questionnaire should conform to 

the general rules: 

 It should not be too long. The longer the questionnaire, the less likely people are to 

complete it. 

 Confidentiality of responses (where necessary) should be ensured and 

communicated to the respondents. 

 The use and purpose of the questionnaire should be explained to the respondents. 

 The way in which potential respondents are selected is critical to the value of 

the results. Clearly, when the sample population is small compared with the total, 

that sample must be as representative as possible. 

The project task took longer than estimated because of: 

 

1. Inaccurate original time estimates 

2. Unforeseen software difficulties 

3. Unforeseen hardware difficulties 

4. Inadequate staff levels 

5. Other (Please explain) 

 ........................................................................................................... 

 ........................................................................................................... 

 ........................................................................................................... 

Various work hour methods are being considered for this 

organisation. Which do you prefer: 

a. fixed hours for everyone 

b. flexi time with midday core hours for everyone 

c. flexi time with two-hour-range starting time. 
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 Considerable care must be taken to ensure uniformity (where these items may 

interfere) in demography, application area, ethnic backgrounds etc. 

Advantages of Questionnaires: 

a. high volume of responses 

b. inexpensive 

c. standardised wording 

d. anonymous 

e. fast 

Disadvantages of Questionnaires: 

a. limitations on the types of questions (e.g. not suitable for probing questions) 

b. misinterpretation  

c. low return rate 

2.3.5.5 Research and Site Visits 

 Now with recent advances in cyberspace, you don’t even have to leave your desk 

to do it. Exploring the Internet and World Wide Web (WWW) via your personal 

computer can provide you with immeasurable amounts of information. Corporations 

have also recognized the power and benefit of the Internet and now use it as an 

effective means of communicating with their employees. 

2.3.6 Glossary 

Structured 

analysis  

 

development method  

 

Requirements 

determination 

studying the current business system to determine how it 

works 

Fact-finding learning about the present system 

Questionnaire a method of data collection 

WWW World Wide Web 
 

2.3.7 Summary 

 Fact-finding means learning as much as possible about the present system. 

Fact-finding is the formal process of using research, interviews, questionnaires, 

sampling and other techniques to collect information about systems, requirements 

and preferences. It is also called information gathering or data collections. Tools, such 

as data and process models, document facts and conclusions are drawn from facts. If 

you can’t collect the facts, you can’t use the tools. Fact  finding skills must be learned 

and practiced. The common fact-finding techniques are sampling of written (existing) 

documents, On-site observations, Interview, Questionnaires and Research and site 

visits. When available, all documentation on data carriers (forms, records, reports, 

manuals, etc) is organised and evaluated. Included in procedures manuals are the 
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requirements of the system, which helps in determining to what extent they are met 

by the present system. In the on-site or direct observation method, the analyst’s role 

is that of an information seeker. The purpose of on-site observation is to get as close 

as possible to the “real” system being studied. But an On-site observation is the most 

difficult fact finding technique and is less effective for learning about people’s 

perceptions, feelings and motivations. The alternative is the personal interview and 

the questionnaire. In either method heavy reliance is placed on the interviewee’s 

report for information about the job, the present system or experience. In an 

interview, since the analyst and the interviewees meet face to face, there is an 

opportunity for greater flexibility in eliciting information. The interviewers are also in a 

natural position to observe the subjects and the situation to which they are 

responding. In contrast, the information obtained through a questionnaire is limited 

to the written responses of the subjects to predefined question. Questionnaires 

economically gather data from both large and small groups of people. Properly 

constructed, they do not take long to complete and statistical results can be quickly 

tabulated. Development of a questionnaire requires in depth planning and usually 

more then one daft is necessary. Also with recent advances in cyberspace, you don’t 

even have to leave your desk to do it. Exploring the Internet and World Wide Web via 

your personal computer can provide you with immeasurable amounts of information. 

As data are collected, they must be organized and evaluated and conclusion drawn for 

preparing a report to the user for final review and approval. Many tools are used for 

data organization, which will be discussed in detail in the next lesson. 

2.3.8 Suggested Readings 

1. James A. Senn, ”Analysis & Design of Information Systems”, McGraw-Hill 

Publishing Co. 

2. Pankaj Jalote, “An Integrated Approach to Software Engineering”, Narosa 

Publishing House 

3. Henry Lucas, “The Analysis, Design and Implementation of Information 

Systems”, McGraw-Hill International  

2.3.9 Important Questions 

1. What is a system requirement? How are requirements determined? 

2. Why are systems analysts often at a disadvantage compared with managers of 

departments when systems investigations are being conducted? 

3. What type of information is best obtained through interview? 

4. What role does observation play in systems investigations? 
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2.4.0  Objectives of the Lesson  

 We shall learn about some logical system models and tools that are used in 

structured system analysis. 

2.4.1 Introduction 

 Structured analysis is a development method for the analysis of existing manual or 

automated systems, leading to the development of specifications for a new or modified 

system. The underlying objective in structured analysis is to organize the tasks associated 

with requirements determination to provide an accurate and complete understanding of a 

current situation.  

 The word structure in structured analysis means: 

1. The method attempts to structure the requirements determination process, beginning 

with documentation of the existing system. 

2. The process is organised in such a way that it attempts to include all relevant details 

that describe the current system. 

3. It is easy to verify when relevant details have been omitted. 

4. The identification of requirements will be similar among individual analysts and will 

include the best solutions and strategies for systems development opportunities. 

5. The working papers produced to document the existing and proposed systems are 

effective communication devices. 
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 This method of analysis has become synonymous with data flow analysis which 

provides a tool for documenting an existing system and determining information 

requirements in a structured manner. 

2.4.2 Tools of Structured Analysis  

 Data flow diagrams, data dictionary and process descriptions are the main tools for 

structured analysis. 

2.4.2.1 Data Flow Diagrams (DFDs): Data flow diagrams are widely used graphic tools 

for describing the movement of data within or outside the system. As a DFD consists of a 

series of bubbles joined by lines, it is also known as a ‘bubble chart’.  

2.4.2.2 Data Dictionary: Data dictionary is an organised list of terms and their 

definitions for all the data elements and data structures that are pertinent to the system. 

It stores the names along with their descriptions of all data used in a system. 

2.4.2.3 Process Descriptions: Process descriptions are another major tool of structured 

analysis that describes the sequence of different processes in the system. Structured 

English (pseudo-code), decision tree and decision table are commonly used process 

descriptions. 

2.4.3 Data Flow Diagrams 

 A picture is worth a thousand words. A data flow diagram (DFD) is a graphical 

representation of the “flow” of data through an information system. A data flow diagram 

can also be used for the visualization of data processing. It is common practice for a 

designer to draw a context-level DFD first which shows the interaction between the system 

and outside entities. This context-level DFD is then “exploded” to show more detail of the 

system being modeled. Data flow diagrams are one of the three essential perspectives of 

SSADM. The sponsor of a project and the end users will need to be briefed and consulted 

throughout all stages of a systems evolution. With a dataflow diagram, users are able to 

visualize how the system will operate, what the system will accomplish and how the 

system will be implemented. Old system dataflow diagrams can be drawn up and 

compared with the new systems dataflow diagrams to draw comparisons to implement a 

more efficient system. Dataflow diagrams can be used to provide the end user with a 

physical idea of where the data they input, ultimately has an effect upon the structure of 

the whole system from order to dispatch to restock how any system is developed can be 

determined through a dataflow diagram. 

2.4.3.1 Physical and Logical DFDs 

 There are two types of data flow diagrams, namely physical data flow diagrams and 

logical data flow diagrams and it is important to distinguish clearly between the two: 

 Physical Data Flow Diagram is an implementation-dependent view of the current 

system, showing what tasks are carried out and how they are performed. Physical 

characteristics can include: 

 Names of people 

 Form and document names or numbers 

 Names of departments 



PGDCA  PGDCA-6 46

 Master and transaction files 

 Equipment and devices used 

 Locations 

 Names of procedures 

 Logical Data Flow Diagram is an implementation-independent view of a system, 

focusing on the flow of data between processes without regard for the specific devices, 

storage locations or people in the system. The physical characteristics listed above for 

physical data flow diagrams will not be specified. 

2.4.3.2 Data Flow Notation 

 Although the use of data flow diagrams is common to a number of analysis and 

design methodologies the notation used in each instance varies slightly.  

 There are generally five symbols used to construct data flow diagrams: 

1. Data Flow:  Data move in a specific direction from an origin to a destination in the 

form of a document, letter, telephone call or virtually any medium. The data flow can be 

thought of as a ‘packet’ of data. 

 
sales order

 
  

 At the highest level DFD, one arrow may represent several data flows, which may 

be decomposed into individual flows at the lower levels. 

 There are some validation rules about where data flows may or may not travel. 

 Data stores may not be linked by data flows, flows must travel from one to another via 

a process. 

 External entities may not send or receive data flows directly to or from a data store: 

they must communicate via a process. 

 Data cannot be generated by a process or be swallowed by a process, documents may 

be swallowed or generated, but there must be an output that is related directly to all 

inputs to the process. 

2. Physical flow:  Used to represent the flow of physical items in the system. 

 

Goods

 
 

3. External Entities: External sources or destinations of data, which may be people, 

programs, organisations or other entities which interact with the system but are outside 

its boundary. They may be external to the whole company, such as customers, Inland 

Revenue etc. or just external to the application area. Thus if we are modelling a Sales 

Office system, Accounts & Despatch areas would be shown as external entities. Each 
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external entity communicates in some way with the system, so there is always a flow of 

data shown between a process in the system and an external entity. 

Supplier

   

Supplier

 
 

 It may be desirable for the sake of clarity to duplicate an external entity on the 

diagram, rather than have arrows from all points converging on one entity. If that is the 

case, put a small line along the top of the entity. 

4. Data Store:  Here data are stored or referenced by a process in the system. The data 

store may represent computerised or non-computerised devices. It may be a filing cabinet, 

an in-tray, a card index, a reference book or a computer file. Anywhere that data is stored 

and retrieved is a data-store. 

 The notation is simple, a long, open-ended rectangle with a box at the left end. The 

box is labelled with an alpha prefix and a number. The alpha is either D (for an automated 

data store) or M (for a manual/card data store). The number has no significance; it is 

purely a reference. The rectangle is labelled with a description of the contents of the data 

store. 

 

D1 Stock file
  

D1 Stock File

 
 

 Again, for the sake of tidiness, you wish to show the data store in more than one 

part of the diagram, add a bar on the left hand box. Each occurrence of the box should 

display the additional bar. 

5. Process: A process is an activity that receives data and carries out some form of 

transformation or manipulation before outputting it again. The activity may be carrying 

out calculations, creating a new document from information that triggered the process or 

amending the document. It is depicted by a box divided into three parts: the upper left 

position is given a number. This has no significance other than as a reference number, it 

does not imply priority or sequence. The longer top rectangle beside it names the location 

where the processing takes place. This may on an overview DFD, be a broad term, Sales 

Accounts etc. As the DFDs become more detailed so do these descriptions. 

 The rest of the box describes what is happening in the process. The rule here is to 

keep the description as concise and meaningful as possible. Use an imperative verb with 

an object but make the verb specific. ‘Process...’ and ‘Update...’ are too vague and give 

little clue as to what is meant. ‘Calculate...’, ‘Add...’ or ‘Validate...’ give a clearer picture of 

what is happening. 
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Calculate VAT

6 Sales

 
 

2.4.3.3 Developing a DFD 

1. The system designer makes a context level DFD, which shows the interaction (data 

flows) between the system (represented by one process) and the system environment 

(represented by terminators).  

2. The system is decomposed in lower level DFD into a set of processes, data stores, and 

the data flows between these processes and data stores.  

3. Each process is then decomposed into an even lower level diagram containing its sub-

processes.  

4. This approach then continues on the subsequent sub-processes, until a necessary and 

sufficient level of detail is reached.  

 
An Example of a Data Flow Diagram 

2.4.4 Data Dictionary 

 Data dictionary is a repository of data about data (metadata). It contains 

information about each of the component of DFDS, data stores, processes and data flows. 

Data dictionary (DD) is an integral part of system specifications, since without it DFDs are 

just pictures with no details e.g. 
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Data flows: 

Emp_no: Char (6) 

Emp_details: Emp_Empa_add + Emp_det 

Data stores: 

Emp_record: Emp_no + Emp_no+Emp_add+Emp_doc 

Process: 

do while not end of empmaster 

open emp_master 

gotop 

get emp_det 

2.4.4.1 Basic Notations used for DD 

Notation Meaning 

 

= is equivalent of 

 

+ Add 

 

[ ] either or 

 

( ) optional entry 

 

Alias Another nature 

 

 

2.4.4.2 Need of Data Dictionary 

 A data dictionary defines each term (called a data element) encountered during the 

analysis and design of a new system. Data elements can describe files, data flows, or 

processes. For example, suppose you want to print the vendor’s name and address at the 

bottom of a cheque. The data dictionary might define vendor’s name and address as 

follows: 

 Vendor name and address = Vendor name + Street + City + State + Pin + Phone + 

Fax + email 

 This definition becomes a part of the data dictionary that ultimately will list all key 

terms used to describe various data flows and files. 

Get empted 

4 
Empted Emp_no 

Emp-master 
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2.4.4.3 Rules of Data Dictionary 

 Four rules govern the construction of data dictionary entries: 

1. Words should be defined to stand for what they mean and not the variable names by 

which they may be described in the program; use CLIENT_NAME not ABCPQ or 

CODE06. Capitalization of words helps them to stand out and may be of assistance. 

2. Each word must be unique, we cannot have two definitions of the same client name. 

3. Aliases or synonyms are allowed when two or more entries show the same meaning. A 

vendor number may also be called a customer number. However, aliases should be 

used only when absolutely necessary. 

4. Self-defining words should not be decomposed. We can even decompose a dictionary 

definition. For instance, we might write 

 Vendor name  = Company name, Individual’s name 

      which we might further decompose to 

 Company name  = (Contact) + Business name 

 Individual’s name = Last name + First name + (Middle initial) 

 After defining a term, say, VENDOR NUMBER, we list any aliases or synonyms, 

describe the term verbally, specify its length and data type and list the data stores where 

the term is found (see following figure). Some terms may have no aliases, may be found in 

many files or may be limited to specific values. Some self-defining or obvious words and 

terms may not require inclusion in the data dictionary. For example, we all know what a 

PIN code and middle initial are. Data dictionaries seldom include information such as the 

number of records in file, the frequency a process will run or security factors such as 

passwords users must enter to gain access to sensitive data. Rather, data dictionaries 

offer definitions of words and terms relevant to a system, not statistical facts about the 

system. Data dictionaries allow analysts to define precisely what they mean by a 

particular file, data flow or process. Some commercial software packages, usually called 

Data Dictionary Systems (or DDS) help analysts maintain their dictionaries with the help 

of the computer. These systems keep track of each term, its definition, which systems or 

programs use the term, aliases, the number of times a particular term is used and the size 

of the term can be tied to commercial data managers. 

DATA ELEMENT NAME: VENDOR_NUMBER 
 

ALIASES: None 
 

DESCRIPTION: Unique identifier for vendors in the accounts 

payable system. 
 

FORMAT: Alphanumeric, six characters. 
 

DATAFLOWS: Vendor master 

Accounts payable open item   

Accounts payable open adjustments 

Cheque reconciliation 
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REPORTS: Alphabetic vendor list 

Numeric vendor list 

A/P transaction register 

Open item 

Vendor account inquiry 

Cash requirements 

Pre-cheque-writing 

Cheque register 

Vendor analysis 

2.4.4.4 Types of Data Dictionary 

 There are two kinds of data dictionaries: 

(i) Integrated and 

(ii) Stand-alone. 

 The integrated dictionary is related to one database management system. To the 

extent the organisation data is under this DBMS it is global or organisation wide. 

However, very few enterprises have all their data eggs in one basket, so the dictionary 

documentation (metadata) can be considered as local and fragmented. 

 The stand-alone dictionary is not tied to any one DBMS, although it may have 

special advantages for one DBMS, such as the IBM DB-DC Data Dictionary, which has 

special features related to the IBM, IMS, DBMS but is still a stand-alone variety of 

dictionary. 

2.4.4.5 Data Dictionary Functions 

 Both these types of dictionaries can be identified by functions as passive, active or 

inline. Viewed either way, by type or function, the differences are striking. Passive, active 

and in-line dictionaries differ functionally as follows: 

Passive Data Dictionaries: The functionally passive dictionary performs documentation 

only. This variety of dictionary could be maintained as a manual rather than an 

automated database. For more than limited documentation use, the automated passive 

dictionary has clear advantages. From the organisational view the documentation function 

is the most important dictionary service with the most potential benefits, so the passive 

dictionary should not be thought of negatively. It has more limited functionality but may 

perform its critical function of global documentation best of all. 

Active Data Dictionaries: Besides supporting documentation to one degree or another, 

the active data dictionary supports program and operations development by exporting 

database definitions and program data storage definitions for languages such as COBOL 

and Job Control Language (JCL) for execution-time performance.  

In-line Data Dictionaries: An in-line data dictionary is active during program execution, 

performing such feats as transaction validation and editing. Such a dictionary would 

always have some documentation value but documentation across the organisation about 
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the organisation functions and activities and all the organisation information data stores 

is not likely.  

2.4.4.6 Importance of Data Dictionary 

 Data dictionary is an important tool for structured analysis as it offers following 

advantages: 

1. It is a valuable reference for designing the system. It is used to build the database and 

write programs during design phase. 

2. It assists in communicating meanings of different elements, terms and procedures. 

3. It facilitates analysis in determining additions and changes in the system. 

4. It helps the analyst to record the details of each element and data structure. 

5. It is used to locate errors in the system descriptions. 

6. It is also a useful reference document during implementation of the system. 

2.4.5 Process Descriptions  

 After defining all the data elements and data structures in the data dictionary, the 

systems analyst begins to describe the processes. Process descriptions are the tools for 

documenting the procedures and describing the system logic. They contain the logic used 

to process the input data for getting the output. The commonly used process description 

tools are: 

a) Structured English: Used to describe a procedure in simple English statements. 

b) Decision Tree: Used to describe a set of conditions and actions diagrammatically. 

c) Decision Table: Used to describe a set of conditions and actions in a tabular form. 

2.4.5.1 Structured English 

 Structured English uses narrative statements to describe a procedure. It is a 

modified form of English used to specify the logic of information processes. Structured 

English uses a subset of English which include Action verbs, Noun phrases but no 

adjectives or adverbs. It is read like English. No specific standards exist for writing in 

structured English.   

 

FOR EACH new-student 

 

  LOCATE student-details in student 

   IF FOUND 

    REJECT new-student as “Student record already exists” 

   ELSE 

    STORE new-student in student-details 

           

An Example of Structured English 

Structured English uses three basic types of statements: 

a) Sequence Structures: They include a set of instructions that are carried out one after 

another and do not depend on any condition. 
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b) Decision Structures: They include one or more sets of instructions that are carried 

out depending upon one or more conditions. They generally use the phrase IF THEN 

ELSE to carry out different actions. 

c) Iteration Structures: They include a set of instructions that are repeated until a 

particular condition occurs. They generally use the phrase DO WHILE ...ENDDO to 

repeat a set of instructions. 

The examples of these three types of statements are illustrated in following Table. 

Examples of Three Types of Statements 

 

Sequential 

Structure: 

Decision Structure: Iteration Structure 

Accept employee code 

Accept employee 

name 

Accept other details 

Store data 

If Basic_Pay <=1000 

 HRA = 500 

Else 

 If Basic_Pay <= 

3000 

 HRA = 1000 

Else 

 HRA = 1500 

Endif 

Endif 

Ans = “Y” 

Do while Ans = “Y” 

 Accept employee 

code 

 Accept employee 

name 

 Accpet other details  

 Display “Continue      

                              (Y/N)?” 

 Accept Ans 

Enddo 

2.4.5.2 Decision Tables 

 Decision tables are a precise yet compact way to model complicated logic. Decision 

tables, like if-then-else and switch-case statements, associate conditions with actions to 

perform. But, unlike the control structures found in traditional programming languages, 

decision tables can associate many independent conditions with several actions in an 

elegant way. 

Decision tables are typically divided into four quadrants, as shown below: 

 

The four quadrants 

Conditions Condition alternatives 

Actions Action entries 

 

 Each decision corresponds to a variable, relation or predicate whose possible 

values are listed among the condition alternatives. Each action is a procedure or operation 

to perform and the entries specify whether (or in what order) the action is to be performed 

for the set of condition alternatives the entry corresponds to. Many decision tables include 

in their condition alternatives the “don't care” symbol, a hyphen. Using don’t cares can 
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simplify decision tables, especially when a given condition has little influence on the 

actions to be performed. In some cases, entire conditions thought to be important initially 

are found to be irrelevant when none of the conditions influence which actions are 

performed. 

 Aside from the basic four quadrant structure, decision tables vary widely in the 

way the condition alternatives and action entries are represented. Some decision tables 

use simple true/false values to represent the alternatives to a condition (akin to if-then-

else), other tables may use numbered alternatives (akin to switch-case) and some tables 

even use fuzzy logic or probabilistic representations for condition alternatives. In a similar 

way, action entries can simply represent whether an action is to be performed (check the 

actions to perform) or in more advanced decision tables, the sequencing of actions to 

perform (number the actions to perform). 

 The limited-entry decision table is the simplest to describe. The condition 

alternatives are simple Boolean values and the action entries are check-marks, 

representing which of the actions in a given column are to be performed. 

 The following is an example of a limited-entry decision table. A technical support 

company writes a decision table to diagnose printer problems based upon symptoms 

described to them over the phone from their clients. 

 

Printer troubleshooter 

Conditions 

Printer does not print Y Y Y Y N N N N 

A red light is flashing Y Y N N Y Y N N 

Printer is unrecognized Y N Y N Y N Y N 

Actions 

Check the power cable     X           

Check the printer-computer cable X   X           

Ensure printer software is installed X   X   X   X   

Check/replace ink X X     X X     

Check for paper jam   X   X         

2.4.5.3 Decision Trees 

 Decision Trees are excellent tools for helping you to choose between several courses 

of action. They provide a highly effective structure within which you can lay out options 

and investigate the possible outcomes of choosing those options. They also help you to 

form a balanced picture of the risks and rewards associated with each possible course of 

action.  
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 You start a Decision Tree with a decision that you need to make. Draw a small 

square to represent this towards the left of a large piece of paper. From this box draw out 

lines towards the right for each possible solution and write that solution along the line. 

Keep the lines apart as far as possible so that you can expand your thoughts. At the end 

of each line, consider the results. If the result of taking that decision is uncertain, draw a 

small circle. If the result is another decision that you need to make, draw another square. 

Squares represent decisions and circles represent uncertain outcomes. Write the decision 

or factor above the square or circle. If you have completed the solution at the end of the 

line, just leave it blank. 

 Starting from the new decision squares on your diagram, draw out lines 

representing the options that you could select. From the circles draw lines representing 

possible outcomes. Again make a brief note on the line saying what it means. Keep on 

doing this until you have drawn out as many of the possible outcomes and decisions as 

you can see leading on from the original decisions. 

An example of the sort of thing you will end up with is shown in Figure 1: 
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 Once you have done this, review your tree diagram. Challenge each square and 

circle to see if there are any solutions or outcomes you have not considered. If there are, 

draw them in. If necessary, redraft your tree if parts of it are too congested or untidy. You 

should now have a good understanding of the range of possible outcomes of your 

decisions. 

 Now this decision tree is evaluated. This is where you can work out which option 

has the greatest worth to you. Start by assigning a cash value or score to each possible 

outcome. Estimate how much you think it would be worth to you if that outcome came 

about. 

 Next look at each circle (representing an uncertainty point) and estimate the 

probability of each outcome. If you use percentages, the total must come to 100% at each 

circle. If you use fractions, these must add up to 1. If you have data on past events you 

may be able to make rigorous estimates of the probabilities. Otherwise, write down your 

best guess. 

This will give you a tree like the one shown in Figure 2: 
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 Once you have worked out the value of the outcomes and have assessed the 

probability of the outcomes of uncertainty, it is time to start calculating the values that 

will help you make your decision. Start on the right hand side of the decision tree and 

work back towards the left. As you complete a set of calculations on a node (decision 

square or uncertainty circle), all you need to do is to record the result. You can ignore all 

the calculations that lead to that result from then on. 

 Where you are calculating the value of uncertain outcomes (circles on the diagram), 

do this by multiplying the value of the outcomes by their probability. The total for that 

node of the tree is the total of these values. 

In the example in Figure 2, the value for ‘new product, thorough development’ is: 

  

0.4 (probability good outcome) x £500,000 (value) = £200,000 

0.4 (probability moderate outcome) x £25,000 (value) = £10,000 

0.2 (probability poor outcome) x £1,000 (value) = £200 

+ £210,200 

 Figure 3 shows the calculation of uncertain outcome nodes: 

  

 
Note that the values calculated for each node are shown in the boxes. 
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 When you are evaluating a decision node, write down the cost of each option along 

each decision line. Then subtract the cost from the outcome value that you have already 

calculated. This will give you a value that represents the benefit of that decision. 

 Note that amounts already spent do not count for this analysis - these are “sunk 

costs” and should not be factored into the decision. When you have calculated these 

decision benefits, choose the option that has the largest benefit and take that as the 

decision made. This is the value of that decision node. 

Figure 4 shows this calculation of decision nodes in our example: 

  

 In this example, the benefit we previously calculated for ‘new product, thorough 

development’ was £210,000. We estimate the future cost of this approach as £75,000. 

This gives a net benefit of £135,000. 
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 The net benefit of ‘new product, rapid development’ was £15,700. On this branch 

we therefore choose the most valuable option, ‘new product, thorough development’, and 

allocate this value to the decision node. By applying this technique  we can see that the 

best option is to develop a new product. It is worth much more to us to take our time and 

get the product right, than to rush the product to market. It is better just to improve our 

existing products than to botch a new product, even though it costs us less. 

2.4.6 Glossary 

Structured analysis a systems development method 

DFD Data Flow Diagram 

Data dictionary an organized list of terms and their definitions for all the 

data elements 

SSADM Structured Systems Analysis and Design Methodology 

Metadata data about data 

DD Data dictionary  

JCL Job Control Language  

Structured English  a modified form of English used to specify the logic of 

information processes 

2.4.7 Summary 

 Structured analysis is a development method for the analysis of existing manual or 

automated systems, leading to the development of specifications for a new or modified 

system. The underlying objective in structured analysis is to organize the tasks associated 

with requirements determination to provide an accurate and complete understanding of a 

current situation. Data flow diagrams, data dictionary and process descriptions are the 

main tools for structured analysis.  

 A data flow diagram (DFD) is a graphical representation of the “flow” of data 

through an information system. Data flow diagrams are one of the three essential 

perspectives of SSADM. With a dataflow diagram, users are able to visualize how the 

system will operate, what the system will accomplish and how the system will be 

implemented. There are two types of data flow diagrams, namely physical data flow 

diagrams and logical data flow diagrams. To draw a DFD, the system designer makes a 

context level DFD. The system is decomposed in lower level DFD. Each process is then 

decomposed into an even lower level diagram containing its sub-processes until a 

necessary and sufficient level of detail is reached. Data dictionary is a repository of data 

about data (metadata). It contains information about each of the component of DFDS, 

data stores, processes and data flows. A data dictionary defines each term (called a data 

element) encountered during the analysis and design of a new system. Data dictionary is 

an important tool for structured analysis as it is used to build the database and write 

programs during design phase. It also facilitates analysis in determining additions and 

changes in the system and helps the analyst to record the details of each element and 

data structure. After defining all the data elements and data structures in the data 
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dictionary, the systems analyst begins to describe the processes. Process descriptions are 

the tools for documenting the procedures and describing the system logic. The commonly 

used process description tools are: Structured English, Decision Tree and Decision Table. 

 Structured English uses narrative statements to describe a procedure. It is a 

modified form of English used to specify the logic of information processes. Decision tables 

are a precise yet compact way to model complicated logic. Decision tables, like if-then-else 

and switch-case statements, associate conditions with actions to perform. Decision Trees 

provide a highly effective structure within which you can lay out options and investigate 

the possible outcomes of choosing those options. 

2.4.8 Suggested Readings 

1. C.Ashworth & M.Goodland, “SSADM- A Practical Approach”, Tata McGraw-Hill. 

2. D.E.Avison & G.Fitzgerald, “Information Systems Development”, Blackwell.  

3. David A. Marca, “Structured Analysis and Design Technique”, Tata McGraw-Hill. 

4. Philip L. Weaver, “Practical SSADM”, Pitman 

2.4.9 Important Questions 

1. Explain the graphic and text notations used in Data Flow Diagrams.  

2. What are the principles of Data Flow Diagram (DFD) modeling?  

3. Give a definition of data dictionary.  

4. Why is a data dictionary important in systems analysis?  

5. What information does a data dictionary provide about a data element?  

6. What is a decision table? What are the components of a decision table?  

7. Under what conditions is a decision table a good modeling tool for process 

specifications?  
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2.5.0  Objectives of the Lesson 

 The basic objective of this lesson is to understand the purpose of system design 

phase. The major activities undertaken in the design phase as well as the process of 

system design is also explained. 

2.5.1  Introduction 

 The systems objectives outlined during the feasibility study serve as the basis from 

which the work of system design is initiated. Much of the activities involved at this stage 

are of technical nature requiring a certain degree of experience in designing systems, 

sound knowledge of computer related technology and thorough understanding of 

computers available in the market and the various facilities provided by the vendors. 

Nevertheless, a system cannot be designed in isolation without the active involvement of 

the user. The user has a vital role to play at this stage too. As we know that data collected 

during feasibility study will be utilized systematically during the system design. It should, 

however, be kept in mind that detailed study of the existing system is not necessarily over 

with the completion of the feasibility study. Depending on the plan of feasibility study, the 

level of detailed study will vary and the system design stage will also vary in the amount of 

investigation that still needs to be done. This investigation is generally an urgent activity 

during the system design as the designer needs to study minute details in all aspects of 

the system. Sometimes, but rarely, this investigation may form a separate stage between 

Feasibility Study and Computer System Design. Designing a new system is a creative 

process which calls for logical as well as lateral thinking. The logical approach involves 
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systematic moves towards the end-product keeping in mind the capabilities of the 

personnel and the equipment at each decision making step. Lateral thought implies 

encompassing of ideas beyond the usual functions and equipment. This is to ensure that 

no efforts are being made to fit previous solutions into new situations. 

2.5.2  System Design Considerations 

 The system design process is not a step-by-step adherence of clear procedures and 

guidelines. Though, certain clear procedures and guidelines have emerged in recent days, 

but still much of design work depends on knowledge and experience of the designer. When 

designer starts working on system design, he will face different type of problems. Many of 

these will be due to constraints imposed by the user or limitations of the hardware and 

software available in the market. Sometimes, it is difficult to enumerate the complexity of 

the problems and solutions thereof since the variety of likely problems is so great and no 

solutions are exactly similar. However, following considerations should be kept in mind 

during the system designing phase: 

2.5.2.1 Design Objectives 

 The primary objective of the design is to deliver the requirements as specified in the 

feasibility report. In general, the following design objectives should be kept in mind: 

a) Practicality: The system must be stable and can be operated by people with average 

intelligence. 

b) Efficiency: This involves accuracy, timeliness and comprehensiveness of the system 

output. 

c) Cost: It is desirable to aim for a system with a minimum cost subject to the condition 

that it must satisfy all the requirements. 

d) Flexibility: The system should be modifiable depending on the changing need of the 

user. Such modifications should not entail extensive reconstructing or recreation of 

software. It should also be portable to different computer systems. 

e) Security: This is very important aspect of the design and should cover areas of 

hardware reliability, fall back procedures, physical security of data and provision for 

detection of fraud and abuse. 

 System design involves first logical design and then physical construction of the 

system. The logical design describes the structure and characteristics of features, like the 

outputs, inputs, files, databases and procedures. The physical construction, which follows 

the logical design, produces actual program software, files and a working system. 

2.5.2.2 Design Constraints 

The designer normally will work under following constraints: 

Hardware The existing hardware will obviously affect the system design. 

Software The available software (operating system, utilities, language etc.) 

in the market will constrain the design. 

Budget The budget allocated for the project will affect the scope and depth 

of design. 
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Time-scale The new system may be required by a particular time (e.g. the 

start of a financial year). This may put a constraint on the 

designer to find the best design. 

Interface The new system may require some data from another 

computerized system or may provide data to another system in 

which case the files must be  compatible in format and the system 

must operate with a certain processing cycle. 

2.5.3 Principles of System Design  

 System design for large applications like MIS is a complex task. The design is 

based on the following basic principles: 

2.5.3.1 Problem Partitioning: While designing a system for complex problems, the 

problem is broken down into small manageable pieces (modules) that could be solved 

separately.  Some of the modules may depend upon each other but it is expected that 

most modules must be independent of each other, so that they can be easily maintained. 

This principle of design is known as problem partitioning. 

2.5.3.2 Abstraction: Abstraction is a concept related to problem partitioning. While 

partitioning the problem, the designer focuses on one module at a time, without knowing 

the internal details of other modules. This principle of design that defines the overall 

external behavior of the system or component without knowing the internal details of that 

system or component is called abstraction. Abstraction may either be function-based or 

data based. In functional abstraction, a component is specified by the function it performs 

while in data abstraction, a component is specified by the data that system uses. 

Structured design methodology is based on functional abstraction, while object-oriented 

design methodology is based on data abstraction.  

2.5.3.3 Top-down Design: A system is a hierarchy of components (modules) with highest 

level component corresponding to the complete system. A design, that starts from the 

highest level component of the hierarchy and decomposes it into lower levels, is known as 

top-down design. In top-down design approach, the lower levels are decomposed further 

and further until the desired level is achieved. 

2.5.3.4 Bottom-up Design: A design that starts from the lowest level component of 

hierarchy and proceeds to higher level component is known as down-up design. The 

down-up design approach is basically based on the principle of abstraction. 

2.5.3.5 Modular: A modular system consists of discrete components and each component 

must support abstraction. A system is considered modular on the following criteria: 

a) Coupling: Coupling is the strength of interconnections between modules. A module is said to be 

highly coupled, when it is strongly dependent on other modules. It means that in order to modify 

such modules, one must understand the interdependent modules. A module is said to be loosely 

coupled, when it is weekly dependent on other modules. It means that changes to one module will 

have a minimal effect on other modules. It is obvious from the above discussion, that all the 

modules must be loosely coupled for a good design, so that they can be modified separately. 
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b) Cohesion: Cohesion is the strength of different elements within a module. A module is 

said to be highly cohesive, when the different elements of a module are tightly bounded 

within the module. A module is said to be loosely cohesive, when the elements are 

weekly bounded within the module. A good design should have highly cohesive 

modules. 

2.5.4 Processing Techniques 

The processing options available to the designers are: 

 Batch processing 

 Real-time processing 

 On-line processing 

 It is quite interesting to note that a combination of these is often found to be ideal 

in traditional data processing applications. This increases through-put of the system as 

also brings down the response time of on-line activities. In most of the business 

applications, 24-hour data is acceptable enough and hence it is possible to update 

voluminous data after office-hours in batch mode. 

2.5.5 Design Methodologies 

 The scope of the systems design is guided by the framework for the new system 

developed during analysis. More clearly defined logical method for developing system that 

meets user requirements has led to new techniques and methodologies that 

fundamentally attempt to do the following: 

 improve productivity of analysts and programmers 

 improve documentation and subsequent maintenance and enhancements 

 cut down drastically on cost overruns and delays 

 improve communication among the user, analyst, designs and programmer 

 standardize the approach to analysis and design 

 simplify design by segmentation 

2.5.6 Structured Design 

 Structured design is a data flow based methodology. The approach begins with a 

system specification that identifies inputs and outputs and describes the functional 

aspects of the system. The specifications then are used as a basis for the graphic 

representation. The next step is the definition of the modules and their relationships to 

one another in a form called a structure chart, using a data dictionary and other 

structured tools.  

 Logical design proceeds from the top down. General features, such as reports and 

inputs are identified first. Then each is studied individually and in more detail. Hence, the 

structured design partitions a program into small, independent modules. They are 

arranged in a hierarchy that approximates a model of the business area and is organized 

in a top-down manner. Thus, structured design is an attempt to minimize the complexity 

and make a problem manageable by subdividing it into smaller segments, which is called 

modularisation or decomposition. In this way, structuring minimizes intuitive reasoning 

and promotes maintainable systems. 
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 A design is said to be top-down if it consists of a hierarchy of modules, with each 

module having a single entry and a single exit subroutine. The primary advantages of this 

design are as follows: 

1. Critical interfaces are tested first 

2. Yearly versions of the design, though incomplete are useful enough to resemble the 

real system. 

3. Structuring the design provides control and improves morale. 

4. The procedural characteristics define the order that determines processing. 

2.5.7 Major System Design Activities 

 Several development activities are carried out during structured design. They are 

data base design, implementation planning, system test preparation, system interface 

specification and user documentation. 

(a) Data base design:  This activity deals with the design of the physical database. A 

key is to determine how the access paths are to be implemented. 

(b) Program design: In conjunction with database design is a decision on the 

programming language to be used and the flowcharting, coding and debugging 

procedure prior to conversion. The operating system limits the programming 

languages that will run on the system. 

(c) System and program test preparation: Each aspect of the system has a separate 

test requirement. System testing is done after all programming and testing is 

completed. The test cases cover every aspect of the proposed system, actual 

operations and user interface and so on. System and program test requirements 

become a part of design specifications - a pre-requisite to implementation. In 

contrast to the system testing is acceptance testing, which puts the system 

through a procedure design to convince the user that the proposed system will 

meet the stated requirements. Acceptance testing is technically similar to system 

testing but politically it is different. Acceptance testing is conducted in the 

presence of the user, audit representatives or the entire staff. 

(d) System Interface Specification: This phase specifies for the user how information 

should enter and leave the system. The designer offers the user various options. By 

the end of the design, formats have to be agreed upon so that machine-machine 

and human-machine protocols are well defined prior to implementation. Before the 

system is ready for implementation, user documentation in the form of an 

operator's manual must be prepared. The manual provides instructions on how to 

install and operate the system, how to provide input, how to access, update or 

retrieve information, how to display or print output, in what format and so on. 

(e) Audit Considerations: A well-designed system should have controls to ensure 

proper operation and routine auditing. A proposed system’s failure often results 

from a lack of emphasis on data control. When designing the system, standards of 

accuracy, consistency and maintainability must be specified to eliminate errors 

and control for fraud. A system design introduces new control elements and 
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changes the control procedures. In a manual system, internal control depends on 

human judgment, personal care and division of labour. In a computer-based 

system, the number of persons involved is considerably reduced. A software 

package is an effective substitute for human judgement in processing routines and 

error checks. An important function of system controls is to provide an audit trail. 

An audit trail is a routine designed to allow the analyst, user or auditor to verify a 

process or an area in the new system. In a manual system, the audit trail includes 

journals, ledgers and other documents that the auditor uses to trace transactions 

through the system. In a computerized system, record content and format 

frequently make it difficult to trace a transaction completely. The systems analyst 

must be familiar with basic auditing or work closely with an auditor to ensure an 

effective audit trail during the design phase.  

(f) Documentation: For auditing a system in a proper way, documentation is 

required. Documentation is the basis for the review of internal controls by internal 

or independent auditors. It also provides a reference for system maintenance. 

Analysts take lot of time in preparing the documentation. 

Thus, the main aim of auditing is to check that controls built into the design of 

proposed systems ensure its integrity. Audit considerations must be incorporated 

at an early stage in the system development so that changes can be made in time. 

2.5.8 The Process of Design 

 The design phase focuses on the detailed implementation of the system 

recommended in the feasibility study. Emphasis is on translating performance 

specifications into design specifications. The design phase is a transition from a user-

oriented document (system proposal) to a document oriented to the programmers or data 

base personnel.  

2.5.8.1 Logical and Physical Design 

 Systems design goes through two phases of development i.e. logical and physical 

design. As we saw in Lesson 11, a data flow diagram shows the logical flow of a system 

and defines the boundaries of the system. For a candidate system, it describes the inputs 

(source), outputs (destination), data bases (data stores) and procedures (data flows), all in 

a format that meets the user’s requirements. When analysts prepare the logical system 

design, they specify the user needs at a level of detail that virtually determines the 

information flow into and out of the system and the required data resources. The design 

covers the following: 

1. Reviews the current physical system - its data flows, file content, volumes, frequencies, 

etc. 

2. Prepares output specifications - that is, determines the format, content and frequency 

of reports, including terminal specifications and locations.  

3. Prepares input specifications - format, content and most of the input functions. This 

includes determining the flow of the document from the input data source to the 

actual input location, 
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4. Prepares edit, security and control specifications. This includes speeding the rules for 

edit correction, backup procedures and the controls that ensure processing and file 

integrity. 

5. Specifies the implementation plan. 

6. Prepares a logical design walkthrough of the information flow, output, input, controls 

and implementation plan. 

7. Reviews benefits, costs, target dates and system constraints.  

 Following logical design is physical design. This produces the working system by 

defining the design specifications that tell programmers exactly what the candidate 

system must do. In turn, the programmer writes the necessary programs or modifies the 

software package that accepts input from the user, performs the necessary calculation 

through the existing file or data base, produces the report on a hard copy or displays it on 

a screen and maintains an updated data are at all times. Specially, physical system 

design consists of the following steps:  

1. Design the physical-system. 

(a) Specify input/output media. 

(b) Design the database and specify backup procedures. 

(c) Design physical information flow through the system and a physical design 

walkthrough. 

2. Plan system implementation.       

(a) Prepare a conversion schedule and a target date. 

(b) Determine training procedure, courses and timetable. 

3. Devise a test and implementation plan and specify and new hardware/software. 
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2.5.8.2 Modularization and Specification 

 System models play an important role in systems development. As a systems 

analyst or user, you will constantly deal with unstructured problems. One way to 

structure such problems is to draw models. A model is a representation of reality. Just as 

a picture is worth a thousand words, most system models are pictorial representations of 

reality. Model can be built for existing systems as a way to better understand those 

systems or for proposed systems as a way to document business requirements or 

technical designs.  

2.5.8.3 Modularisation 

 In structure design a program is segmented into small, independent modules. 

These are arranged in a hierarchy that approximates a model of the business area and is 

organised in a top-down manner with the details shown at the bottom. Thus, in 

structured design, we try to minimize the complexity of the problem and make it 

manageable by sub-dividing it into smaller segments which is called modularisation or 

decomposition. This has been shown as below. 

 
Decomposition  

2.5.8.4 Logical Models 

 Logical models show what a system is or does. They are implementation 

independent, that is, they depict the system independent of any technical implementation. 

As such, logical models illustrate the essence of the system. Popular synonyms include 

essential model, conceptual model, and business model. 

2.5.8.5 Physical Models 

 Physical models show not only what a system is or does but also how the system is 

physically and technically implemented. They are implementation-dependent because they 

reflect technology choices and the limitations of those technology choices. Synonyms 

include implementation model and technical model. 

Issue  

of  

Journals 

Receipt 
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Journals 
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 Systems analysts have long recognized the value of separating business and 

technical concerns. That is why they use logical system models to depict business 

requirements and physical system models to depict technical designs. Systems analysis 

activities tend to focus on the logical system models for the following reasons: 

 Logical models remove biases that are the result of the way the current system is 

implemented or the way that any one person thinks the system might be implemented. 

Thus, we overcome the “we’ve always done it that way” syndrome. Consequently, 

logical models encourage creativity.  

 Logical models reduce the risk of missing business requirements because we are too 

preoccupied with technical details. Such errors can be costly to correct after the 

system is implemented. By separating what the system must do from how the system 

will do it we can better analyse the requirements for completeness, accuracy, and 

consistency. 

 Logical models allow us to communicate with end-users in non-technical or less 

technical languages. Thus, we don’t lose requirements in the technical jargon of the 

computing discipline. Here we will focus exclusively on logical process modeling.   

2.5.8.6 Process Modeling 

 Process modeling is a technique for organizing and documenting the structure and 

flow of data through a system’s processes and/or the logic, policies and procedures to be 

implemented by a system’s processes. Process modeling originated in classical software 

engineering methods. In lesson 11, we have discussed in detail a systems analysis process 

model, called Data Flow Diagrams (DFDs).  

2.5.8.7 Process Decomposition  

 A complex system is usually too difficult to fully understand when viewed as a 

whole (meaning, as a single process). Therefore, in systems analysis we separate a system 

into its component subsystems, which in turn are decomposed into smaller subsystems, 

until such a time as we have identified manageable subsets of the overall system (see 

following figure). We call this technique decomposition. Decomposition is the act of 

breaking a system into its component subsystems, processes and sub-processes. Each 

level of abstraction reveals more or less detail (as desired) about the overall system or a 

subset of that system.  
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2.5.8.8 Structure Chart Notations 

The following notations are used in a structure chart: 

(i) Rectangle: A rectangular box is used to represent a module. The module name is 

written inside the rectangular box. 

(ii) Arrows: They indicate the control relationships between calling and called modules 

with an arrow pointing towards called module. They also indicate the transfer of 

data or information between modules. 

(iii) Circles: Circles represent two types of data parameters - data couples and control 

flags. Data couples are the data items moved from one module to another. They are 

represented by an arrow with an empty circular tail. Control flags are the flags that 

assist to control the logic of the two modules. They are represented by an arrow 

with a filled circular tail. 
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(iv) Loop: It indicates that the instructions of called module are repeated until a given 

condition is satisfied. 

(v) Small Diamond: A small diamond below the rectangular box indicates that one of 

the modules is being called depending upon the validity of given condition. 

Structure Chart Notation 

2.5.8.9 Converting DFD to Structure Charts 

 Structure charts are drawn on the basis of logical DFD. The following two 

strategies have been developed for converting data flow diagrams to structure charts: 

a) Transform Analysis 

b) Transaction Analysis 

 Generally, both strategies are used to convert DFDs to structure charts. There are 

two types of constructs that are used while drawing structure charts. Two such 

constructs are transform-centered and transaction-centered constructs. 

 In transform-centered construct, the main module calls three types of modules, 

i.e., input, transform and output modules as illustrated in following figure. Input modules 

send inputs to the main-module and transform modules receive these inputs and process 

them. The output modules receive the processed data and give output data.  
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A Transform-centered Construct 

 In transaction-centered construct, the main module calls one input, one output 

and one of the different transaction modules depending upon the transaction type of input 

module as illustrated in following figure. 

 

 
A Transaction-centered Construct 

 

2.5.8.10 File Design 

 The basic factors to be considered in the selection of file media and file 

organisation method are: 

 the method of processing for updating files 

 size of the file 

 file inquiry capabilities 

 activity ratio of records in the file 

 file volatility and 

 the response time 

 In batch processing, the sequential method of processing, using magnetic tapes is 

employed. This method of updating involves re-creation of the master file every time the 

file is updated. In order to reduce the set-up time, the updating of the file is done after 

accumulation of a fairly large batch of transactions. Following figure illustrates the 

updating procedure. 
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Updating File in Batch Processing 

 

The method of random processing is used to update the files as the transactions occur. 

This is a widely used method for on-line processing of files through remote terminals.  

 

 
Udating Direct Access Files 

 

 On-line processing allows for dispersing input/output terminals throughout the 

organization, so that various users can have access to the files. This can also be used in a 

batch processing mode where several files can be updated simultaneously, as illustrated 

in figure below. While the new open order file is created from a batched file of current 

orders, the customer file and the product file are accessed simultaneously and updated. 
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Simultaneous Vodatine oF Multiple File 

 Magnetic tape and magnetic disk can accommodate large Files. Magnetic tape is 

more convenient and economical for holding large Files, particularly when the records are 

processed sequentially in a batch mode. The magnetic disk can also hold large volumes of 

data, but it is relatively expensive. However, it is really suited for on-line processing. In 

designing the files, the growth potential should be taken into account. The inquiry 

capabilities relate to the ease of referring to a specific record in File without any alteration. 

Direct Access Storage Devices (DASD) can quickly handle file inquiries. A teletype or CRT 

is used to enter the inquiry specifying the record and the information desired. After the 

record in the file is accessed, the desired information is communicated by the CPU to the 

CRT or the teletypewriter. All these steps are completed within a few seconds after 

entering the inquiry. The time interval between entering so inquiry and getting the reply is 

called response time. Some applications require a fast response as in the case of airline or 

hotel reservations, stock quotations in stock exchange, etc. The most suitable medium for 

such purposes is the DASD. 

 The activity ratio of a file is an important feature in file design. It is a measure of 

the proportion of records processed in an updating run. A file with high activity ratio can 

be processed more economically using the sequential processing method. If more than 

thirty per cent of the records in a file are used for updating, the activity ratio is considered 

high. 

 Random or direct accessing is more suitable for updating files whose activity ratio 

is low, i.e., less than thirty per cent. 

 Another characteristic of a file is its volatility, which indicates the additions, 

deletions and changes to the file. When a file is accessed frequently, as in banks, stock 

exchanges, airlines, etc. in a working period, the file is regarded as highly volatile. 

 Before designing the file, the analyst should consider specific aspects relating to a 

file. These aspects should be recorded on a work sheet as shown below: 
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 The above file work sheet should be accompanied by detailed record layouts, which 

describe in detail the layout of the records in the file. 

2.5.8.11 Database Design 

 As we have discussed that the organization selected for a particular file mainly 

depends on the nature of the application for which it will be used. Historically, files have 

been designed based on specific application. Payroll files are created containing all the 

data pertinent to a company’s payroll system. Similarly, individual files are created for use 

with the company’s personnel, accounts receivable, inventory and other systems. If the 

data contained on these files are not carefully delineated, it is very likely that the same 

data will appear on several of these files. In other words, these files would contain 

redundant data. For example, both a company’s personnel file and payroll file could 

contain the name and address of each employee. This would mean that a simple change of 
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address would have to be processed twice and possibly three or four times, depending on 

the number of other files on which these data appear. Clearly, it would be more practical 

to have each employee’s name and address on one file from which it can be accessed by 

all programs requiring these data. This would reduce the amount of redundant data and 

minimize the possibility that data contained on a file might be inaccurate because they 

were never updated. This is but one of the reasons that database technology was 

developed. 

 A database can be thought of as a set of logically related files organised to facilitate 

access by one or more applications programs and to minimize data redundancy. In other 

words, a database can be defined as a stored collection of data, organised on the basis of 

relationships in the data rather than the convenience of storage structures. It is not a 

replacement for files. 

Some general objectives in establishing a database are as follows: 

 Eliminate redundant data as much as possible. 

 Integrate existing data files. 

 Share data among all users. 

 Incorporate changes easily and quickly. 

 Simplify the use of data files. 

 Lower the cost of storing and retrieving data. 

 Improve accuracy and consistency. 

 Provide data security from unauthorized use. 

 Exercise central control over standards. 

 In addition to the database itself, a set of programs is necessary to facilitate adding 

new data as well as modifying and retrieving existing data within a database. This set of 

programs is referred to as a Data Base Management System (DBMS). A database 

management system merges data into one pool shared by all systems so that any change 

automatically affects all relevant systems. The following figures define the difference 

between the traditional file systems and database management system. 

 

 
Traditional File System 
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Data Base Management System 

 

Specific advantages of data base are: 

1. File Consolidation: Pooling data reduces redundancy and inconsistency and 

promotes cooperation among different users. Since data bases link records together 

logically, a data change in one system will cascade through all the other system using 

the data. 

2. Program and file independence: This feature separates the definition of the files from 

their programs, allowing a programmer to concentrate on the logic of the program 

instead of precisely how to store and retrieve data. 

3. Access Versatility: Users can retrieve data in many ways. They enjoy the best of both 

worlds - sequential access for reporting data in a prescribed order and random access 

for rapid retrieval of a specific record. 

4. Data Security: Usually a DBMS includes a password system that controls access to 

sensitive data. By limiting their access to read-only, write-only, or specified records or 

even fields in records, passwords can prevent certain users from retrieving 

unauthorized data. 

5. Program Development: Programmers must use standard names for data items rather 

than invent their own from program to program. This allows the programmer to focus 

on desired function. 

6. Program Maintenance: Changes and repairs to a system are relatively easy. 

7. Special Information: Special-purpose report generators can produce reports with 

minimum effort. 
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2.5.9 Glossary 

abstraction The principle design that defines the overall external 

behavior of the system or component without knowing the 

internal details of that system or component 

top-down 

design 

A design, that starts from the highest level component of the 

hierarchy and decomposes it into lower levels 

bottom-up 

design 

A design that starts from the lowest level component of 

hierarchy and proceeds to higher level component 

Coupling the strength of interconnections between modules 

Cohesion the strength of different elements within a module 

Structured 

design 

a data flow based methodology 

Modularisation make a problem manageable by subdividing it into smaller 

segments 

DASD Direct Access Storage Devices  

File activity 

ratio 

a measure of the proportion of records processed in an 

updating run 

volatility indicates the additions, deletions and changes to the file 

DBMS Data Base Management System 

2.5.10 Summary 

 The main objective of the system design is to produce system specifications, which 

can then be converted into an information system for use in the organization. However, 

the system design is a creative activity and is considered to evolve through two different 

levels of design, i.e. conceptual design and detailed design. The conceptual design which 

is also called feasibility design sets the direction for the MIS project and provides 

performance requirements. The output of the conceptual design, i.e. performance 

specifications is taken as an input to the detailed design to produce system specifications. 

The system specifications thus generated are handed over to the computer programmers 

for translating into a physical information system. The system specifications provide all 

details of inputs, outputs, files, database, controls and procedures. For ensuring an 

effective, efficient and successful MIS, the system analyst must not rush through this 

phase, rather each and every step must be undertaken very carefully to prepare a 

meticulous system design. 

2.5.11 Suggested Readings 

1. V. Rajaraman, “Analysis & Design of Information Systems”, Prentice Hall of India 

Pvt. Ltd. 

2. Chris Gane, T. Sarson, “Structured Systems Analysis, Tools and Techniques”, 

Prentice Hall 

2.5.12 Important Questions 

1. What are different principles of system design? 
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2. What are the different design objectives? 

3. Describe the designing process. 

4. DBMS has become an essential system of data management for all organisations. 

Discuss why. 

5. Name the different methods of organising files. Which one of these methods is 

considered best for fastest retrieval of records? 

6. Explain the organisation of a sequential file with a suitable example. Describe the 

advantages and disadvantages of a sequential file organisation. 

7. Explain direct file organisation using hashing of keys. Describe its advantages and 

disadvantages. 

8. Explain the different areas of disk storage in sequential files. Discuss their use in 

indexed sequential files. 

9. Write the differences between following terms: 

 (a) Top down design and Bottom up design 

 (b) Coupling and Cohesion  
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2.6.0 Objectives of the Lesson 

 The basic objective of this lesson is to explain in detail the various activities and the 

process of conceptual and detailed MIS design. 

2.6.1 Introduction 

 Design is defined as both “the process of defining the architecture, components, 

interfaces and other characteristics of a system or component” and “the result of (that) 

process.” Viewed as a process, software design is the software engineering life cycle activity 

in which software requirements are analyzed in order to produce a description of the 

software’s internal structure that will serve as the basis for its construction. More 

precisely, a software design (the result) must describe the software architecture, that is, 

how software is decomposed and organized into components and the interfaces between 

those components. It must also describe the components at a level of detail that enable 

their construction. Software design plays an important role in developing software: it 

allows software engineers to produce various models that form a kind of blueprint of the 

solution to be implemented. We can analyze and evaluate these models to determine 

whether or not they will allow us to fulfill the various requirements. We can also examine 

and evaluate various alternative solutions and trade-offs. Finally, we can use the resulting 

models to plan the subsequent development activities, in addition to using them as input 

and the starting point of construction and testing. 

 In a software life cycle process, software design consists of two activities that fit 

between software requirements analysis and software construction: 

 Software architectural design (sometimes called top level design or conceptual 

design): describing software’s top-level structure and organization and identifying 

the various components 

 Software detailed design: describing each component sufficiently to allow for its 

construction.  
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2.6.2  Conceptual MIS Design  

 Conceptual design is sometimes called feasibility design, gross design or top-level 

design. All these terms carry a portion of the complete meaning of this phase of MIS 

development. Because the conceptual design sets the direction for the MIS project, it is 

vital that managers participate heavily at this stage. The conceptual design should not be 

relinquished to technicians. 

 The process of doing the conceptual design involves showing the feasibility of 

meeting the management objectives for the MIS, painting the broad-brush picture of the 

system, showing how the system will work at a gross or high level.  The output of the 

conceptual design phase is a set of documents describing the MIS in sufficient detail for 

the technicians to begin their work on detailed design. 

The conceptual design phase takes as input: 

1. A crisp statement of a management information requirement and  

2. A set of management objectives for the MIS.  

2.6.3 Process of Conceptual MIS Design 

The key tasks performed during conceptual design are: 

1. Defining the problem(s) in more detail 

2. Refining the management objectives to set system objectives 

3. Establishing system constraints 

4. Determining information needs and sources 

5. Developing alternative designs and selecting one 

6. Documenting the conceptual system design  

2.6.3.1 Define the Problems 

 Problems undoubtedly exist in any dynamic business. What are usually lacking are 

clear definitions of the problems and a priority system for their solution. Therefore, 

management must take the first step in MIS design by formulating problems to be solved.  

 The mission statement for the business as a whole leads to objectives for the 

general business. From the objectives we derive plans. Associated with each business 

objective and business plan are information needs. These information needs are the 

problems to be solved by the MIS function. These general statements of need are seldom 

clear enough or sufficient for starting the design process. We must go through an iterative 

process of 

1. Stating the information need 

2. Asking questions about that need 

3. Suggesting interpretations of that need 

4. Detailing the original statement 

5. Reviewing the more detailed statement of need with management 

 The steps just listed are repeated until we really understand the information need 

and the problem to be solved. The phases of a project overlap and flow into one another. 

The process of problem refinement just discussed flows naturally into (and overlaps with) 

setting system objectives. 
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2.6.3.2 Set System Objectives 

 Despite our understanding of the nature of objectives in the operating activities of 

the company, it is frequently quite difficult to state objectives for systems that cut across 

all functional areas. 

 Unlike the technician, who frequently turns to topics such as file structure and 

retrieval techniques and who views the objectives of a subsystem only in terms of its input 

to a larger system, the manager must define system objectives in terms of legitimacy of 

information demands and not in terms of the satisfaction of demands that are not related 

to an objective. Systems analysts (and computer sales representatives) tend to stress 

processing efficiency, and staff and functional supervisors commonly believe that their 

objective is “to complete the required report on time for management use.” This view 

disregards the real objective of the systems design - management effectiveness. The value 

of systems lies in the benefits to their users, not in mere efficiency of transactions. We 

have witnessed the design of information systems in several government agencies where 

the system objective was the automation of hundreds of reports, without regard to 

management of the many tasks related to functional or resource subsystems represented 

by the reports (e.g., training, employee relations, recruitment, staffing, etc.). Such focus on 

the automation of records or the processing of existing data overlooks the true objectives of 

the operational organizational entity represented by the subsystem. 

 Yet it is not an easy matter to determine the real objectives of an information 

system any more than it is easy to determine the objectives of the operational system 

served by it. A common fallacy in stating objectives is to emphasize the obvious or to state 

objectives in vague terms: “reduce costs”, “improve efficiency”, "keep accurate records”, 

“meet the production schedule”. When asked for his objectives a university administrator 

may reply, “Provide quality education,” and a government bureaucrat may say, “Provide 

more jobs for the unemployed”; yet in neither case is the objective stated in terms specific 

enough to provide a measure of performance of the system or to design an information 

system to help achieve the objective. 

 Despite its difficulty, being specific is necessary. System objectives must ultimately 

be stated in terms of the objectives of the department, group, function, or manager to be 

served in terms of the functions the information system is to perform. In other words, 

system objectives should be expressed in terms of what managers can do after their 

information requirements have been met. Such expression may use descriptive 

statements, flowcharts, or any other means that will convey to management the objectives 

that the systems designer must meet to develop the system. If possible, the objectives 

should be stated in quantitative rather than qualitative terms so that alternative system 

designs as well as system performance can be measured for effectiveness. That is, a 

statement of objectives should include exactly what it is that the system is supposed to 

accomplish and the means by which it will subsequently be evaluated.  

 Listed below is an additional group of functional subsystems and a hypothetical 

statement of objectives for each.  
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Subsystem Objective 

Inventory Optimize inventory costs through the design of decision rules 

containing optimum reorder points, safety stock levels, and 

reorder quantities, each capable of continuous and automatic 

reassessment. 

Accounts payable Pay 100 percent of invoices before due date. 

Purchasing 

 

Provide performance information on buyer's price negotiations 

with suppliers so that purchase variance can be controlled 

within set limits. 

Production 

control 

Identify cost and quantity variances within one day to 

institute closer control over these variables. 

Project control 

 

Identify performance against plan so that events, costs, and 

specifications of the project can be met. 
 

 In summary, the first steps in systems design attempt to answer the questions: 

“What is the purpose of the system?” “Why is it needed?” “What is it expected to do?” “Who 

are the users and what are their objectives?” These questions relate to the what of systems 

design and the remainder of the steps relate to how it is to be achieved. 

 Finally, the establishment of management information system objectives cannot be 

divorced from a consideration of organizational objectives, near term and long range. Over 

the near term, system objectives can usually be framed in terms of management planning 

and control and decision making: lowering costs, strengthening operating controls, 

improving data flow and meeting customer and external requirements. These short-range 

system objectives must, however, take into account the environment in which a business 

will be operating 5 to 10 years hence. Today’s system design must take account of 

tomorrow’s environment. 

2.6.3.3 Establish System Constraints 

 The iterative nature of the systems design process is easily understood when we 

consider the third step in the process - establishing constraints. Sometimes called problem 

boundaries or restrictions, constraints enable the designer to stipulate the conditions 

under which objectives may be attained and to consider the limitations that restrict the 

design. To state it another way, constraints, which are provided by the manager-user or 

the designer himself, limit freedom of action in designing a system to achieve the objective. 

It is clear then that a constant review of objectives is necessary when considering system 

constraints. Indeed the two steps of setting objectives and establishing constraints may be 

considered together as one. 

 Although constraints may be viewed as a negative limitation on systems design, 

there is a positive benefit as well. We should not let our desire to design sophisticated 

systems run away with reality, or make promises that cannot be kept. Identification of the 

problem or setting the objective may be evident, but the solution is not always easy. 

Moreover, the designer who thinks that his system can run the organization is as 
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mistaken as the manager who believes that he can run his organization without a system. 

Establishing constraints will help to ensure that the design is realistic. 

 Constraints may be classified as internal or external to the organization.  

(a) Internal Constraints: If top management support is not obtained for the systems 

concept and for the notion that computer-based information systems are vital for 

management planning and control, the type of design effort cannot be implemented. A 

good environment for information systems must be set, and one essential ingredient is the 

approval and support of top management. This constraint definitely influences the kind of 

system the manager-user may design. 

 Organizational and policy considerations frequently set limits on objectives and 

modify an intended approach to design of a system. The structure of the organization and 

the managers occupying various positions influence information flow and use of system 

outputs. In a decentralized multi-plant organization with a wide product line, the design of 

common systems in cost accounting or production control is obviously less acceptable 

than in a more centralized organization with fewer products. An additional organizational 

difficulty is related to the turnover of managers. More than one head of computer 

operations has stated that his major difficulty is the abandonment or redesign of systems 

due to the turnover among manager-users. Also, company policies frequently define or 

limit the approach to systems design. Among these policies are those concerned with 

product and service, research and development, production, marketing, finance, and 

personnel. For example, a “promote from within” personnel policy would have an impact 

on the type of systems design to build a skills inventory. Other important considerations in 

design are those concerning audits. 

 Personnel needs and personnel availability are a major limiting factor in both the 

design and utilization of information systems. Computer and systems skills are among the 

most critical in the nation; rare indeed is the manager who admits to having sufficient 

personnel to design, implement, and operate the systems desired. Additional 

considerations concern the nature of the work force and the skill mix of users. Elaborate 

and sophisticated systems are of little value if they cannot be put to use. 

 Perhaps the most significant constraint of all is the one concerning people. “People 

problems” is probably the fact most often mentioned where failure to achieve expected 

results is concerned. Here we have the difficulties associated with the natural human 

reaction to change, the antagonism and the lack of interest and support frequently met in 

systems design and operation. Automation, computer systems, and systems design often 

call for the realignment of people and facilities, organizational changes and individual job 

changes. Therefore, these reactions are to be expected and should be anticipated in 

designing systems to achieve the objective. 

 Cost is a major resource limitation. The cost to achieve the objective should be 

compared with the benefits to be derived. You do not want to spend Rs.20, 000 to save 

Rs.10, 000. Although a cost-benefit analysis is frequently difficult, some approach to 

priority setting must be undertaken. Considerations similar to those surrounding cost 
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apply also to the use of other resources. Computer capacity and other facilities relating to 

operation of data processing systems should be utilized in an optimum way. 

Self-imposed restrictions are those placed on the design by the manager or the designer. In 

designing the system to achieve the objective, the manager may have to scale down several 

requirements to make the system fit with other outputs, equipment or constraints. 

Usually, the manager will also restrict the amount of time and effort devoted to 

investigation. For example, the designer may want to design a pilot or test system around 

one product, one plant, or one portion of an operation before making it generally 

applicable elsewhere. Functional requirements also define constraints placed on the 

system by its users. The data requirements, the data volumes and the rate of processing 

are constraint imposed by the immediate users. More remote users impose constraints by 

the need to integrate with related systems. 

(b) External Constraints: Foremost among the considerations surrounding the external 

environment are those concerning the customer. Order entry, billing and other systems 

that interface with systems of the customer must be designed with the customer’s needs in 

mind. If certain outputs from the system are not acceptable to the customer, a definite 

limitation must be faced up to. The customer may require that bills be submitted in a form 

that provides input to his or her system of accounts payable. For example, standard 

progress reporting and billing procedures are among the requirements imposed for 

processing data under many military procurement programs. 

 A variety of additional external constraints should be considered in addition to the 

customer. The government (central, state, local) imposes, certain restrictions on the 

processing of data. Among these are the need to maintain the security of certain classes of 

information (e.g., personnel) to comply with law and regulation in the conduct of business 

(e.g., taxes, reporting) and to meet certain procedures regarding record keeping and 

reporting to stockholders (e.g., outside audit). Unions can and do affect the operation of 

systems involving members in matters such as compensation, grievances, and working 

conditions. Suppliers are also an important group to be considered when designing 

information systems because these systems frequently interface with that group. 

 In summary, it is important to recognize the constraints that have an impact on 

systems design. Having recognized them and made appropriate allowance in the design 

function, the manager will then be in a position to complete the remaining steps toward 

the design of an operating system that will achieve the objective he has previously 

determined. 

 The nature of constraints is illustrated here by stating a hypothetic constraint for 

each of our selected functional subsystems. 
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Subsystem Statement of Constraint 

 

Inventory 

 

Regardless of reorder points and reorder quantities, the supplier will 

not accept orders for less than carload lots for raw materials 7 and 12. 

Accounts 

payable 

The individual who prepares the check for payment of invoices must 

not be the same individual who approves payment. 

Purchasing It is not necessary to negotiate purchases in amounts under Rs. 500. 

Production 

control 

System output for shop control will be identified bydepartment only 

and not by the individual worker or supervisor. 

Project 

control 

We are required to report weekly to the Ministry of Defense any 

slippages in time or cost exceeding 10 percent of any event in the 

project control critical path. 
 

2.6.3.4 Determine Information Needs 

 A clear statement of information needs is fundamental and necessary to good 

systems design. Too many companies spend lavish sums on hardware and software to 

perpetuate existing systems or build sophisticated data banks, without first determining 

the real information needs of management: information that can increase the perception of 

managers in critical areas such as problems, alternatives, opportunities and plans. 

 Unless managers can provide the specifications for what they want out of an 

information system, the design effort will produce less than optimum results. If, on the 

other hand, the manager-user can define the objectives and spell out the items of 

information that are needed to reach the objective, he or she is then at least halfway home 

in systems design. Failure to be specific on these two steps probably accounts for the 

downfall of more design efforts than any other factor. If systems design begins without 

such clear-cut statements by the manager, systems analysts or technicians will provide 

their objectives and their information needs. 

 Yet it is not easy for a manager to spell out the specific information requirements of 

his or her job, and therein lies a basic frustration in the improvement of systems. In an 

attempt to get a clear statement of information needs the analyst frequently meets with an 

interviewing. 

 But it is difficult for getting managers to be specific about information needs. One 

approach, sometimes used by consultants, is to get top management to require in writing 

from subordinate managers a statement containing (1) a list of four or five major 

responsibilities for which the manager believes himself or herself to be accountable and (2) 

the four or five specific items of information that are required to carry out the 

responsibilities. These requirements could be framed in terms of duties performed or, 

decisions made; the idea is to get the manager to think of information needs. If this can be 

done, the information system is well on the way to being designed. 

 Another approach is avoidance of the direct question, “What information do you 

need?” Instead, the designer requests that the user describe what occurs in the decision-



PGDCA  PAPER-6 87

making process; then the designer concerns himself or herself with the identification of the 

questions that are to be resolved in the activity for which the system is being designed. 

This approach is also a good one for the manager-user, because the manager-user is 

intimately familiar with the operation and presumably with the difficult, decision 

operations in it. 

 One way of determining what managers do not need in the way of information is to 

cease issuing selected periodic reports or reduce their circulation list. If managers really 

use a report, they will complain and their names may be restored to the circulation list. 

 A manager needs information for a variety of reasons concerned with the 

management process. The type of need that he or she will have at various times and for 

various purposes depends largely upon two factors that we shall examine briefly: the 

personal managerial attributes of the individual manager and the organization 

environment in which decisions are made. 

(a)  Personal Attributes: If managers are aware of what computer-based systems can 

do, their information requests will probably be more sophisticated and more specific. Their 

knowledge of capabilities and costs places them in a much better position to aid in the 

design of a good system. 

 A manager’s technical background, leadership style and decision-making ability all 

affect the kind and amount of information required. Some prefer a great amount of detail; 

others like to decide with a minimum of detail and prefer personal consultation with 

subordinates. 

  “You tell me what I need to know” and “Get me all the facts” represent two opposite 

perceptions of information needs. This dichotomy is due partly to the fact that many 

managers are ignorant of what information they need. Another dimension of the problem is 

the widely differing views of managers regarding their obligation to disseminate 

information to subordinates and to groups outside the firm. The manager who cannot or 

will not delegate authority is likely to keep information closely held. 

(b)  Organizational Environment: Problems in communication and in controlling 

operations seem to be a function of the company’s size and the complexity of its 

organization. The larger, more complex firms require more formal information systems, 

and the information needs of these systems become more critical to operations. 

 There are three levels of management (i.e., strategic planning, management control, 

operational control) and the varying needs for information at each. Each level needs 

different types of information, generally in different form. Top levels need the one-time 

report, the summary, the single inquiry. The management control level needs the 

exception report, the summary, and a variety of regular reports for periodic evaluation. 

The operational control level requires the formal report with fixed procedures, the day-to-

day report of transactions, to maintain operational control of actions as they occur. 

Managers at all levels have changing information needs, depending on the nature and 

importance of the particular decision. 

 The more highly structured the organization, the easier it is to determine the 
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information needs. Where authority and responsibility are clearly spelled out, relationships 

understood and decision-making areas defined, the information needs of managers can be 

determined more easily. 

 Returning to our illustrative subsystems, some information needs might state as 

follows: 
 

Subsystem Information Needs 

 

Inventory Daily report on items that have fallen below minimum 

inventory level so that expediting action can be taken. 

Accounts 

payable 

 

Incoming invoices coded according to “days to due date,” 

because invoices should be paid no sooner than two days 

prior to due date to conserve cash. 

Purchasing 

 

The performance of each individual buyer, indicated by 

comparing actual purchases with hypothetical purchases at 

base or standard prices. 

Production 

control 

 

Exception report to identify by shop order and lot number 

the variances in cost and quantity that are over or under by 

5 percent. 

Project 

control 

 

Weekly report on progress against plan for the events in 

critical path. Also need to know where float exists in other 

events so that resources may be shifted. 
 

2.6.3.5 Determine Information Sources 

 The step of determining information needs is hardly completed before it is 

necessary to consider the information sources. Indeed, these two steps are overlapping 

and, as we stated before, iterative. 

 Although some systems require considerable external information, for most part the 

natural place to turn for information is inside the firm: books, records, files, statistical and 

accounting documents, and so on. Thus, most analysis refers to the step of determining 

information requirements as analyzing the present system. 

 The extent to which the existing system should be studied in a redesign effort of a 

new system has long been the subject of debate. One school of thought maintains that 

detailed analysis of the existing system should be a preliminary step to determining 

information requirements and that as much information as possible should be gathered 

and analyzed concerning the in-place system. This approach is justified on four grounds: 

1. A minor modification in the existing system may satisfy the information require-

 ments without a major redesign effort. 

2. A look at the existing system is required to determine the specific areas that need 

 improvement. 

3. Because most systems utilize some common sources of input, a study of existing 

 systems is necessary to determine these. 
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4. A study of existing systems is necessary to determine the data volume and costs 

 associated with new designs. 

 The second theory of systems design, sometimes called the “fresh approach” or the 

“logical approach,” holds that detail analysis of the existing system is not necessary 

because the new system will be substantially changed and should not be predicated on the 

restraints of the existing one. Moreover, too close an identification with existing systems 

may compromise objectivity in the construction of logical methods to satisfy the 

information needs required to meet the systems objectives. 

 The choice of one or a combination of these approaches by the manager or designer 

is probably a matter of the state-of-the-art of information systems in the company under 

study, the objectives and existing information sources of the subsystem being designed 

and the preferences of the actual manager. Sooner or later during design, some 

examination of existing company files as well as of external sources will become necessary, 

if only to determine the source to satisfy a portion of the new information needs or to 

integrate the subsystem under study with the total system for the organization. 

Analysis and Integration 

 During this step in systems design, the determination of information sources, the 

form of the new system begins to take shape. We must not only uncover information 

sources for the particular subsystem under consideration but also take into account how 

they fit into the overall integrative sources of information and techniques of analysis. 

Sources of information may be categorized as follows: 

1. Internal and external records. Internal records most often take the form of written 

materials and could include examples of inputs or outputs, file records, memoranda and 

letters, reports containing information about the existing system, and documentation of 

existing or planned systems. External data may come from a variety of sources such as 

trade publications, government statistics, and the like. 

2. Interviewing managers and operating personnel is a valuable method of identifying 

possible sources of information and of analyzing the existing system. This form of data 

gathering can be the most fruitful method of securing information, provided that it is 

conducted properly. Unlike the reading of written records, the gathering of facts from an 

interview involves human communication problems; these can be largely overcome by 

proper planning and by gaining the confidence of persons interviewed. 

3. Sampling and estimating methods may become necessary when the accumulation 

of data is so large that only a portion of it can be examined. The major advantages of 

sampling techniques lie in the saving of time and cost, particularly on nonrecurring events 

where data are not available. One frequently used form of sampling is work sampling, 

which can be used to analyze the actions of people, machines, or events in terms of time. 

Estimating is an acceptable method of analysis and is a timesaver; however, estimates 

should be checked to control totals or be verified by interview where possible. 

Information Sources - Summary 

 Now that information sources have been identified with information needs, the next 
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design step is to prepare a list that matches needs and sources. Such a list is evaluated 

and reevaluated until a final valid list of information sources is generated to match against 

previously determined information needs. This matching can take the form of a matrix 

diagram, a valuable device for the integration of subsystems as well as for use in the 

remainder of the systems design process.  

 Information sources can be further illustrated by giving examples of our selected 

subsystems: 
 

Subsystem   Information Sources 

 

Inventory need  Items falling below minimum inventory level 

 source 

 

Stock-level determination subsystem compares 

current balance against minimum inventory level 

Accounts payable need  Code invoices “days to due date” 

 source 

 

Coded upon entry into accounts payable 

subsystem  

Purchasing need  Performance of individual buyers 

 source 

 

Purchasing system compares outgoing purchase 

prices with predetermined standards 

Production control need  Cost variances over or under 5 percent 

 source Integration of costing with manufacturing 

applications: shop control, stores requisitioning, 

labor distribution, etc. 

Project control need  Progress against plan for events in critical path 

 source Project control subsystem 
 

2.6.3.6 Develop Alternative Conceptual Designs and Select One 

 The development of a concept of a system is a creative process that involves 

synthesizing knowledge into some particular pattern. In our case, the concept of an MIS 

would consist of the major decision points, patterns of information flow, channels of 

information and roles of managers and competitors. The concept must also include the 

relationship of the MIS to all functional operating systems, both existing and planned. The 

concept is a sketch of the structure or skeleton of the MIS, guiding and restricting the 

form of the detailed design. If conceptual design is the skeleton, then detailed design is the 

flesh. 

 Let us present a very simplified example of alternative conceptual designs. Consider 

a company that wishes to introduce a new compact car. Two teams of engineers are put to 

work to conceive a design. One concept produced is a sketch showing a three-wheeled 

vehicle of a specified maximum length, weight, and horsepower, with the engine in the 

rear. The other team produces a sketch and description of a four-wheeled vehicle with 

front engine drive and a specified minimum length, maximum weight, and horsepower 
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limits. It is obvious that each alternative concept of a system has advantages and 

disadvantages. Sometimes one concept will dominate all others by every major criterion. 

More often, a cursory evaluation will indicate that several concepts are not feasible or have 

little to recommend them. When there are several good contenders, careful evaluation of 

each is required.  

2.6.3.7 Document the System Concept 

 At this point, sufficient information has been accumulated to begin a more detailed 

description of the system concept. This description includes essentially a flowchart or 

other documentation of the flow of information through the system, the inputs and 

outputs, and a narrative description of the operations. 

 Here we are describing the manager’s participation in the system design and not 

the detailed specifications and documentation included in subsequent expansion by the 

designer. The manager’s involvement in the design process is analogous to the 

homeowner’s participation in the architect’s planning, where the basic design and many of 

the details are shaped by the wishes and needs of the person buying the house. So it is 

with a computer-based information system. The manager should be involved to the extent 

that the system provides the information required; the designer is concerned with the 

nature of the materials and equipment as well as with technical processing considerations. 

Details to be worked out later by the designer will include explicit instructions as to what 

data are to be captured and when, the files that are to be used, the details of how 

processing is to be done, what outputs will be generated by the system and how the 

outputs and files are to be distributed. 

2.6.3.8 Prepare the Conceptual Design Report 

 The conceptual design report is, in a sense, a proposal for the expenditure of funds 

and for organizational changes. Because it is directed to management, it should have a 

concise summary of the problems that necessitate the system, the objectives, the general 

nature of the system, reasons why the concept was selected over others, and the time and 

resources required to design and implement the system. Along with this summary, 

possibly in a separate volume or volumes, the documentation should be provided. In 

essence, the proposal shows performance specifications of the system. Performance 

specifications describe the functions that must be performed by the system and the means 

by which each function is measured. 

2.6.4 Detailed System Design 

 Once the scope and general configuration of the MIS have been established, the 

detailed design of the system may be started. The aim of the detailed design is to furnish a 

description of a system that achieves the goals of the conceptual system design 

requirements. This description consists of drawings, flowcharts, equipment and personnel 

specifications, procedures, support tasks, specification of information files, and 

organization and operating manuals required to run the system. Also part of the design is 

the documentation of analysis and testing, which justifies the design. The design must be 

sufficiently detailed that operating management and personnel can implement the system. 
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Whereas conceptual design gives the overall performance specifications for the MIS, the 

detailed design yields the construction and operating specifications. 

 The detailed design of an MIS is closely related to the design of operating systems. 

Sometimes, it is true, the operating system must be accepted without change and a new 

MIS appended to it. However, it is preferable to design both systems together. By drawing 

upon the analogy of engineering design, we can clarify the meaning of detailed design. The 

direct goal of engineering design is to furnish the engineering description of a tested and 

producible product. Engineering design consists of specifications in the form of drawings 

and specification reports for systems as a whole and for all components in the system. 

Further, justification documents in the form of reports of mathematical analysis and test 

results are part of the detailed design. Enough detail must be given so that engineering 

design documents and manufacturing drawings are sufficient for the shop to construct the 

product. The production of operating and maintenance instruction is also considered part 

of the design output. 

2.6.4.1 Inform and Involve the Organization 

 The first step in systems design is not a technical one. It is concerned with gaining 

support for the work that follows. Systems designers must have the support of most 

members of the organization to obtain information for the design of the system and to 

obtain acceptance of the final system. At a minimum, members of the organization should 

be informed of the objectives and nature of the study. It is preferable, if possible, to draw 

many members into the study, at least in some small way. Furthermore, it is desirable to 

reassure the employees, if possible, that changes will benefit them or that they will not 

suffer financially from the implementation of the system. Even so, the natural human 

resistance to change requires that sufficient information on general progress be 

disseminated to gradually accustom the employees to their future roles. 

 The contrary approach - that employees should not be disturbed during the system 

design, can be quite hazardous. When people are not informed, they seize upon bits of 

information, construct concepts that may be completely erroneous, and as a consequence 

often take up detrimental activities. The final system, when announced, may be met with 

shock, resentment and both open and covert resistance. 

2.6.4.2 Identify Dominant and Trade-Off Criteria 

 Dominant criteria for a system are those that make an activity so important that it 

overrides all other activities. For example, a dominant criterion might be that the system 

operates so that there is never a stock-out. This overrides the criterion of minimizing 

inventory cost. Such a criterion might hold for a company selling human blood, life-

preserving drugs or electric power. It might even hold for a company selling a consumer 

product where loss of a customer is permanent and all competitors have a no-stock-out 

policy. 

 Examples of other dominant criteria might be one-day customer service, zero-defect 

product, specified price range for products, maintenance of multiple sources of supply for 

all materials and components purchased or conformity of all research and engineering to 
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long-range corporate plans. It is obvious that identification of the dominant criteria is 

necessary before subsequent design steps can proceed. 

 Trade-off criteria are those in which the criterion for performance of an activity may 

be reduced to increase performance of another activity. For example, the criterion of low 

manufacturing costs might be balanced against that of long-range public image of the firm 

achieved by reduction in environmental pollution. Again, the criterion of producing styles 

or models for many segments of the market might be balanced against that of maintaining 

low manufacturing and service costs. 

 The reason for identifying dominant and trade-off criteria is that as the detailed 

design is developed, decision centers (managers or computers) must be identified to 

achieve such criteria or make trade-offs. The MIS must be designed to provide the 

information for the decisions or at lower and programmed levels to make the trade-offs. 

2.6.4.3 Define the Subsystems 

 We start the process of defining the subsystems with two principal blocks of 

information: (1) the conceptual design and (2) the dominant and trade-off performance 

criteria. Although the conceptual design requires some assumptions concerning the 

subsystems, it is necessary now to review these subsystems and to redefine them if it 

seems appropriate. Based upon the conceptual design, investigation of the detailed 

activities of each major activity block must be undertaken.  

If we could conceive of a hierarchy of activities such as: 

  

 

System 

    Subsystem 

     

    Functional component 

      

      Task 

       

       Subtask 

      

         Operation element 
  

 Then we would probably want to develop our activity network at the “functional 

component” level. Once activity networks have been developed to include each major 

activity of the conceptual design, the subsystems are then redefined. A subsystem may 

consist simply of the activities corresponding to a major block activity of the conceptual 

design, or some detailed activity blocks may be transferred from one group to another to 

make up the network of the subsystem. Any changes such as this will require a redefining 

of the major activity block in terms of its performance requirements. Quite often, however, 

a major block activity must be considered as comprising several subsystems. Grouping of 
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activities into a subsystem may be based upon various considerations, such as (1) 

common functions, (2) common techniques or procedures, (3) logical flow relationships, or 

(4) common inputs or outputs. 

The information for defining subsystems consists of: 

1. Dominant and trade-off criteria for the operating and the MIS systems as a whole 

2.  Available resources the company will commit  

3.  Required activities for achievement of systems operations and performance 

specifications 

4. Necessary control positions in the system 

5. Management decision points for system planning and control 

6. Information required for programmed decision making 

7. Specific output requirements of all systems 

The designer utilizes four principal sources for the design of the MIS. These are: 

1. Task force meetings 

2. Personal interviews 

3. Internal and external source documents 

4. Personal observation of operations and communications, when feasible 

2.6.4.4 Sketch the Detailed Operating Subsystems and Information Flows 

 The development of the detailed design is first carried out for the subsystem, 

functional, and task levels of detail. It is very similar to detailed engineering design, which 

requires trial and error, shifting operations to find good arrangements and performing 

calculations to check out the system. The equivalents of engineering sketches in MIS 

design are the flowcharts. There are three types of systems flowcharts: 

1. Task-oriented charts. These are block diagrams showing the relationships among the 

various tasks or activities. Subsequently, the detailed elemental steps required to 

complete an activity are analyzed and described step by step on an operation analysis 

form (sometimes called a flow-process chart). 

2. Forms-oriented charts. These charts identify the forms used in communicating or 

reporting and trace the flow of all copies through the organization. In some cases the 

chronological movement may receive emphasis. 

3. Program flowcharts (block diagrams). Prepared by the people who give instructions to 

the computer, the program flowchart is a fundamental tool of programming, designed 

to show the logical sequence of steps to be carried out by the computer. 

 The flowcharts are not the complete detailed design. They show primarily flows and 

relationships. Inputs and outputs are shown only in gross form. The quantitative relations 

among elements in the systems must be expressed in terms of mathematical models. 

Where this is not possible, detailed verbal descriptions must be used to actually develop 

the detailed operating design. The flowcharts are important, however, in developing the 

information necessary for managerial decisions with respect to the design for model 

constructions and for programmed decision making in system operation. 
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2.6.4.5 Determine the Degree of Automation of Each Operation 

 Each operation in the flowchart should next be examined to establish the level of 

automation possible and the level desired. We can automate most processes to different 

degrees, depending on management desires: 

1. No automation. People continue to do the work with at most manual aids. (A mechanic 

uses a wrench to put a nut on a bolt.) 

2. Work automated, control manual. Electromechanical devices now do the work, but they 

must be caused to do the work by some human intervention. (A tool and die maker sets 

up a lathe to shave off a thousandth of an inch, then starts the process, and leaves.) 

3. Work automated, feedback automated, control manual. We have added a feedback loop 

that gives the operator information but still relies on manual intervention to modify the 

process. (A badge reader that controls door access opens the door for valid badges and 

sounds an alarm in the security office for invalid badges.) 

4. Work automated, feedback automated, control automated. This system requires little or 

no human intervention after it is installed and started. (Many power management 

systems - air conditioning, heating, lights and humidity control - are fully automated 

and “correct” themselves as they operate.) 

 It is important to remember here that the highest possible degree of automation 

may not be the best for the firm and task in question. Each aspect of the MIS should be in 

support of the company’s objectives and should mesh with management’s desires for the 

function being automated. 

2.6.4.6 Inform and Involve the Organization Again 

 Although it is important not to disrupt the company’s main business as we build 

the MIS, this is an ideal time to do some work that increases the acceptance of the MIS 

being designed. Upper management should be given a brief overview of the design and a 

status of the design effort as a project. Lower-level management should be shown the 

system and subsystem flowcharts, requested to comment on their accuracy, and solicited 

for guidance on the degree of automation desired in each case. Although this may generate 

lots of argument and conflicting comments and guidance, it is a valuable tool for 

determining which managers are supportive and which ones are resisting change; it also 

starts to generate feelings of acceptance and ownership by the mere facts of participation 

and involvement. And, finally, good ideas and suggestions almost always emerge. Last, but 

by no means least important, explain the system in detail to the final users of the 

system/subsystem. Although this may be a tedious process, acceptance at this level is 

critical. If this is approached from an “I need your help and guidance” point of view, a flood 

of detailed suggestions will come out, pitfalls to avoid will be pointed out, and the 

acceptance and involvement process will have been started. 

2.6.4.7 Inputs, Outputs and Processing 

 Armed with the flow diagrams for each subsystem and a substantial amount of 

constructive criticism from the future users of the MIS, we are now prepared to put more 

flesh on the design. We turn to defining the subsystem inputs and outputs in more detail 
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and to providing a better description of how each subsystem will perform its task. 

(a) Inputs and Outputs: Forms 

 Each subsystem has requirements for information coming in and produces 

outgoing information to be used by another subsystem or an end user. These inputs and 

outputs are often forms, especially when forms are considered in the light of their modern 

definition: any standardized communication that is an essential link in an operating 

procedure is the equivalent of a form. This covers paper forms, punched cards such as 

those used by many large companies for billing, envelopes, mailing labels, microfilm and 

computer printouts of sales analysis reports. 

Two tasks face us here: 

1. Specify the inputs and outputs exactly. Also show where the information can be 

obtained or to whom it will go. 

2. Design forms that fulfill their function and are easy to use. 

A number of specific factors should be considered in forms design : 

1. The form should be attractive and easy to read. 

2.  Most forms should have a title. The title should be specific enough so that the 

function of the form may be determined, in most cases, without seeing the form.  

3.  Forms should have an identification number with the date of issuance.  

4.  Group information into related areas on the form.  

5. Arrange the items in that there is a logical flow from left to right and from top to 

bottom in filling out the form.  

6. The use of box items to be checked or coded improves the readability of the design.  

7. Provide sufficient space for entering data and do not bleed lines off the sides of the 

forms.  

8. Consider colored ink for captions to make variable data stand out.  

9. Routing instructions for each copy may be indicated by using a different color paper 

for each copy.  

10. Standard form sizes should be used.  

11. If the form is to be placed in a binder, leave adequate blank space at the top or 

sides. 

12. Multiple sheets may have carbon interleaves, or special no-carbon-required paper 

may be used.  

(b)  Inputs and Outputs: Database 

 The database is the data that must be obtained and usually stored for later 

retrieval for managerial decision-making. It also consists of data that will be utilized in 

programmed decision-making and real-time control. The database is derived from the 

needs of management for information to guide the total business system. We start with the 

study of management’s problems and information needs, develop flowcharts of systems 

that meet management's requirements and then detail the data requirements of the 

systems. 

 The database deserves careful attention because of its cost and operational impacts 
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on the MIS and the larger organization.  

(c)  Processing 

 A great deal of information has been gathered since the flowcharts for the 

subsystems were sketched. Inputs and outputs have been detailed. Numerous users have 

reviewed those flowcharts. At this point, corrections should be made to the subsystem 

flowcharts. In addition, each task specified inside the subsystem should be broken down 

further in either mathematical or narrative format. This process ties all the pieces of 

information we have gathered back to the original MIS goal. It also serves to re-verify the 

detailed design and add flesh to the outline. 

2.6.4.8 Early System Testing 

 There are three ways to get early feedback on the viability of the MIS just designed: 

 Modeling 

 Simulation 

 Test planning 

 We will consider each in turn. Their importance lies in the impact that early 

problem discovery has on project cost. A problem discovered at design time is much 

cheaper to fix than is one found after the system has been put into operation. 

(a)   Modeling  

 During our design efforts, we have quantified as much of the system as possible. 

We now attempt to determine quantitative ranges for inputs and outputs, quantitative 

relationships for the transfer functions and time and reliability responses for operations in 

the system. Decision models are developed in both mathematical equation form and 

decision table form. The purpose of modeling at this stage is to define the system more 

precisely and to improve it. 

  Besides the mathematical modeling of systems, logic tables may be 

developed for decision models. Such “decision tables” may include both quantitative and 

qualitative bases for decision-making. Decision tables are valuable for both design and 

documentation of systems.  

(b)  Simulation 

 For very small systems, the best test may be conversion to on-line operations. In 

very large systems, simulation of the entire system may be too complex and costly. 

However, for many systems and for subsystems and functional components of large 

systems, testing by simulation should be carried out. The alternative, conversion to the 

new system and debugging and redesigning during changeover, should be held to a 

minimum. It is costly and damaging to the morale of the people responsible for 

implementing the system. Simulation has a further advantage in permitting evaluation of 

the system against the criteria of the conceptual design performance specifications. 

(c)  Test Planning  

 When an individual or set of people layout detailed plans for verifying the final 

version of the MIS, errors and omissions often show up. A detailed plan for testing the MIS 

requires that the following types of questions be asked and answered in detail: 
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 Exactly which subsystems are available on various dates? 

 What are all of the external (user) interfaces? 

 What are some typical scenarios that can be tried out against the MIS? 

 Who are some likely test-subjects (users and managers)? 

 The process of asking and answering these questions makes the design more 

thorough and accurate. 

2.6.4.9 Software, Hardware and Tools 

 The software design should be done during this phase so that it will be available to 

merge with the larger system at the appropriate time. In fact, the coordination of the 

systems design group and the computer organization should start at the time of the 

conceptual design. Trained programmers should be on hand at the start of the detailed 

design work and at least nine months prior to installation. There are some principal steps 

in software development for systems over which management, through the systems 

designers, should maintain surveillance. These steps, carried out by the computer 

organization, are: 

1. Develop standards and procedures for programming. Standardized charting symbols, 

techniques, and records should be maintained. 

2. Study the conceptual design specifications and work with the system designers in 

the development of the detailed design. The computer programmers should be a part of 

the design team by contributing their expertise as needed. 

3. Develop the data processing logic and prepare the programming flowcharts. When the 

programming charts are completed, they should be reviewed by the systems design 

group. 

 Similarly, by now the system designers should be considering possible hardware 

configurations seriously. 

 Finally, the system designers need to look ahead to the implementation phase and 

decide if any tools, methodologies or procedures are needed. The tools should be planned 

for so they will be available when needed. 

2.6.4.10 Propose an Organization to Operate the System 

 The development of a new organization structure when the company executives and 

organization are in place is fraught with practical obstacles. Managers would consider it 

an imposition if the MIS group were to suggest regroupings, particularly if an individual 

manager’s position may be abolished. The MIS group should work with incumbent and top 

managers to suggest organizational changes that will correspond to requirements of the 

new system. The group should not attempt to press or sell reorganization. Major changes 

in organization are the prerogatives of top management. 

 Organization for systems management requires an outlook different from that of 

organization for functional component management. Subsystem managers should 

recognize that their main objective is that the subsystem should function in a way that is 

best for the whole system. Subsystem management requires knowledge of the dynamics of 

systems and of the need for trade-offs to optimize system performance. The manager must 
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be able to interface his or her subsystem operations effectively with coupled subsystems. 

 The hierarchy of management should follow the hierarchy of systems and 

subsystems rather than of technical disciplines. Assignment to activities by technical 

discipline should be primarily at the lower level, except for some overlay service systems 

such as financial planning and control. 

2.6.4.11 Document the Detailed Design 

 The end of the detailed design project is production of the documents that specify 

the system, its operation, and its design justification. Documentation consists of: 

1. A summary flowchart. 

2. Detailed flowcharts. 

3. Operations activity sheets showing inputs, outputs, and transfer functions.  

4. Specification of the database or master file. 

5. Computer hardware requirements. 

6. Software (programs). 

7. Personnel requirements by type of skill or discipline. 

8. Final (updated) performance specifications. 

9. Cost of installation and implementation of the system. 

10. Cost of operating the system per unit of time. 

11. Program for modification or termination of the system. 

12. An executive digest of the MIS design. This is a report that top management 

 can read rapidly to get the essence of the system, its potential for the 

 company, its cost, and its general configuration.  

 Some documentation should be on standardized forms. Input-output-activity 

diagrams or listings are an example. Obviously, standard symbols should be used on 

flowcharts and guidelines should be established for flowchart format. Some documentation 

is unique to a project, such as the database, and the format and classification of items 

should be determined by the needs of the particular user. Other documentation should 

simply follow good reporting style. 

2.6.5 Glossary 
 

conceptual design describing software’s top-level structure and organization 

and identifying the various components 

detailed design describing each component sufficiently to allow for its 

construction 

System Constraints problem boundaries or restrictions 

Dominant criteria  those that make an activity so important that it overrides 

all other activities 

Trade-off criteria  those in which the criterion for performance of an activity 

may be reduced to increase performance of another 

activity 
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2.6.6 Summary 

 System design is the software engineering life cycle activity in which software 

requirements are analyzed in order to produce a description of the software’s internal 

structure that will serve as the basis for its construction. Software design plays an 

important role in developing system. System design consists of two activities: conceptual 

design: describing software’s top-level structure and organization and identifying the 

various components, Software detailed design: describing each component sufficiently to 

allow for its construction. Conceptual design is sometimes called feasibility design, gross 

design, or top-level design. The conceptual design involves painting the broad-brush 

picture of the system and showing how the system will work at a gross or high level.  The 

key tasks performed during conceptual design are: Defining the problem in more detail, 

refining the management objectives to set system objectives, establishing system 

constraints, determining information needs and sources, developing alternative designs 

and selecting one and finally documenting the conceptual system design. The aim of the 

detailed design is to furnish a description of a system that achieves the goals of the 

conceptual system design requirements. The detailed design yields the construction and 

operating specifications. The basic activities undertaken during the detailed design include 

involving the organization, identifying dominant and trade-off criteria, define the 

subsystems, sketch the detailed operating subsystems and information flows, determine 

the degree of automation of each operation, propose an organization to operate the system 

and document the detailed design. 

2.6.7 Suggested Readings 

1. Robert G. Murdick, Joel E. Ross, James R. Claggett, “Information Systems for 

Modern Management”, Prentice Hall of India Pvt. Ltd. 

2. V. Rajaraman, “Analysis & Design of Information Systems”, Prentice Hall of India 

Pvt. Ltd. 

3. Chris Gane, T. Sarson, “Structured Systems Analysis, Tools and Techniques”, 

Prentice Hall 

2.6.8 Important Questions 

1. What do you mean by conceptual MIS design? Discuss various steps involved in the 

conceptual design of MIS. 

2. Distinguish between conceptual design and detailed design. Do you think, 

conceptual design should always precede detailed design? If yes, explain why. 

3. Discuss in detail the detailed MIS design. 
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2.7.0  Objectives of the Lesson 

 The basic aim of this lesson is to explain the process and major activities of the 

implementation stage. Various conversion methods, methods of user training and 

hardware and software selection criteria are discussed. 

2.7.1 Introduction 

 A crucial phase in the system life cycle is the successful implementation of the new 

system design. Implementation includes all those activities that take place to convert the 

old system into the new one or converting a new system design into operation. The new 

system may be completely new, replacing an existing manual or automated system or it 

may be a major modification to an existing system. In either case, proper implementation 

becomes necessary so that a reliable system based on the requirements of the 

organization can be provided. This involves creating computer-compatible files, training 

the operating staff, and installing hardware, terminals, and telecommunications network 

(where necessary) before the system is up and running. A critical factor in converting a 

new system design into operation is not disrupting the functioning of the organization. 

 Successful implementation may not guarantee improvement in the organisation 

using the new system, but improper installation will prevent it. It has been observed that 
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even the best system cannot show good results if the analysts managing the 

implementation do not attend to every important details. This is an area where the 

systems analysts need to work with utmost care. 

 In system implementation, user training is crucial for minimizing resistance to 

change and giving the new system a chance to prove its worth. Training aids, such as user 

- friendly manuals, a data dictionary, Job performance aids that communicate 

information about the new system and “help” screens provide the user with a good start 

on the new system. 

2.7.2 Types of Implementation 

There are three types of implementations: 

1. Implementation of a computer system to replace a manual system 

2. Implementation of a new computer system to replace the existing system. 

3. Implementation of a modified application to replace the existing one. 

2.7.3 Training of Personnel involved with System 

 Even a well designed system can succeed or fail because of the way it is operated 

and used. Therefore, the quality of training received by the personnel involved with the 

system in various capacities helps or binders and may even prevent the successful 

implementation of management information system. Those who are directly or indirectly 

related with the system development work must know in detail what their roles will be, 

how they can make efficient use of the system and what the system will or will not do for 

them. Both systems operators and users need training. 

2.7.3.1 Systems Operators Training 

 Running of the system successfully depends on the personnel working in the 

computer centre. They are responsible for providing the necessary support. Their training 

must ensure that they are able to handle all possible operations, both routine and extra-

ordinary in nature. 

 If the system calls for the installation of new equipment, such as a new computer 

system, special terminals or different data entry machines, the operators’ training should 

include such fundamentals as how to turn the equipment on and use it, how to power off 

and a knowledge of what constitutes normal operation. The operators should also be 

trained on different type of malfunctioning, how to recognise them and what steps should 

be taken whenever they arise. As part of their training, operators should be given both a 

troubleshooting list that identifies possible problems and remedies for them, as well as the 

names and telephone numbers of individuals to contact when unexpected or unusual 

problems arise. Training also involves familiarisation with run procedures, which involves 

working through the sequence of activities needed to use a new system on an ongoing 

basis. 

2.7.3.2 User Training 

 User may be trained on use of equipment, particularly in the case where, for 

example, a micro-computer is in use and the individual involved is billing operator and 

user. In such cases, user must be given training on how to operate on the system also. 
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Questions that may be trivial to the analyst, such as how to turn on a terminal, how to 

insert a diskette into a micro-computer, or when it is safe to turn off equipment without 

danger of data loss, are significant problems to new users who are not familiar with 

computers. 

 In most of the cases, user training deals with the operation of the system itself, 

with proper attention given to data handling techniques. It is imperative that users be 

properly trained in methods of entering transactions, editing data, formulating inquiries, 

deleting and inserting of records. No training is complete without familiarising users with 

simple systems maintenance activities. Weakness in any aspect of training may lead to 

awkward situations that create user frustration and errors. 

2.7.4  Training Methods 

 Training of operators and users can be organised in several different ways. Most 

important are among them are: 

(i) Vendor and in-service training 

(ii) In-house training 

2.7.4.1 Vendor and In-service Training 

 Often the best source of training on equipment is the vendor who supplies the 

equipment. Most vendors offer extensive educational programs as part of their services. 

For example, IBM offers complimentary two or three day’s short-term courses to 

purchasers of many of their mini and mainframes. The courses, offered by experienced 

trainers and sales personnel, cover all aspects of using the equipment, from how to turn it 

on and off, to the storage and retrieval of data. One session is kept for hands-on training 

also so that the participants can freely use the system in the presence of the trainers. 

 If special software such as teleprocessing package or database management system 

is being installed, sending personnel to off-site short term courses providing in-depth 

training is preferable to in-service training. These courses, which are generally provided by 

charging a fee, are presented to personnel from many organisations that are acquiring or 

using the same system. The benefit of sharing questions, problems and experiences with 

persons from other companies is substantial. 

2.7.4.2  In-house Training 

 The main advantage of offering in-house training is that instruction can be tailored 

according to the requirements of the organisation. Often the vendors negotiate fees and 

charges that are more economical so that company can involve more personnel in the 

training program than is possible when travel is required. However, the disadvantage of 

distracting telephone calls, business emergencies and other interruptions must not be 

overlooked. 

 The other common approach is to evaluate by taking case-study example that 

contains all sort of frequently encountered situations that system is able to handle. Then 

the user must use the system to handle the actual situations; that is, enter data as 

required, process the data and prepare the desired reports. 
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 Although high-quality training is an essential step in systems implementation, yet 

it is not sufficient by itself. 

2.7.5 Conversion 

 Conversion means changing from one system to another. The objective is to put the 

tested system into operation while holding costs, risks, and personnel irritation to a 

minimum. It involves: 

(a) Creating computer compatible files 

(b) Training the operating staff 

(c) Installing terminal and hardware 

 A crucial aspect of conversion is not to disrupt the functioning of the organization. 

Conversion should be exciting because it is the last step before the candidate system 

begins to show results.  

 Let us examine the steps that precede conversion: 

1. The user recognizes a need. 

2. The user then solicits help from the analyst, who does a study that leads to a 

proposal. 

3. The proposal has general specifications of software and hardware. A vendor is 

selected and a firm conversion date is set. 

4. The vendor or the project team begins to fit its solution to the user’s specification. 

5. Delays occur; bargaining for trade offs proceeds, but eventually the system is ready 

to install – often with little user involvement. 

6. The user has not been prepared for duplicate labour lost when both present and 

candidate systems run during conversion. The user attempts to do much of the “leg 

work” with his/her staff an overtime basis. 

7. With combination of poor training and tight deadlines, the user staff becomes 

short-tempered at being in an untenable position. 

8. Now the user is angry with the project team or the vendor, and the vendor’s staff is 

getting impatient with the user staff. Every one is blaming everyone else for this 

possible experience. 

 This is a usual scenario in the system implementation. Therefore, a proper 

implementation plan is required to be in place. 

2.7.6 Combating Resistance for Change 

 There are many reasons for this resistance. They are listed below: 

1. Change in job content. 

2. How to think along new lines. 

3. Change in personal relations patterns. 

4. Possible loss of self-esteem relative to the new job. 

5. Possible loss of one’s job. 

6. Loss of control of job content. 

This resistance can be minimized by the following methods: 

1. Identify and discuss the deficiencies of the present system. 
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2. Be honest in showing that how the new system will be beneficial. 

3. Establish the open communication channels between the user staff and the 

 technical staff. 

4. Invite and use employee participation in all phases of the conversion 

 process. 

2.7.7 Activity Network for Conversion 

 Several procedures and documents are unique to the conversion phase. As shown 

in following Figure, they include the following: 

1. Conversion begins with a review of the project plan, the system test 

documentation, and the implementation plan. The parties involved are the user, 

the project team, the programmers, and the operators. 

2. The conversion portion of the implementation plan is finalized and approved. 

3. Files are converted. 

4. Parallel processing between the existing and the new systems in initiated. 

5. Results of computer runs and operations for the new system are logged on a 

special form. 

6. Assuming no problems, parallel processing is discontinued. Implementation results 

are documented for reference. 

7. Conversion is completed. Plans for the post implementation maintenance activities, 

after these reviews, are prepared. Following the review, the new system becomes 

officially operational. 
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 Accompanying the procedures are activities that are unique to conversion as 

shown in Figure below. Before we discuss each activity, note that while doing the 

transition, the user should be discouraged from making changes or enhancements. 

 

 

 

 

 

 

 

Diagnose and 
correct 

discrepancies 

Project Plan 

System test 
documentation 

Implementation 
Plan 

Conversion 
portion of 

implementation 
plan finalized 

Perform file 
conversion 

Perform parallel 
processing 

Log results of 
conversion 

1 

1 

Any 

discrepancies  

No 

Discontinue parallel 
processing 

Complete 
conversion 

Prepare plan for 
post-

implementation 

Implementation 
results 

Implementation 
documentation 



PGDCA  PAPER-6 

 

107  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.7.8 Conversion Methods 

 Conversion is the process of changing from the old system to the new one. It must 

be properly planned and executed. Four methods are common in use. They are: parallel 

systems, direct conversion, pilot system and systems phase-in. Each method should be 

considered in the light of the opportunities that it offers and problems that it may create. 

 However, it may be possible that sometimes, we are forced to apply one method 

over others, even though other methods may be more beneficial. In general, systems 

conversion should be accomplished in shortest possible time. Long conversion periods 

create problems for all persons involved including both analysts and users. 

2.7.8.1 Parallel Systems 

 The most secure method of converting from an old to new system is to run both 

systems in parallel. Under this approach, users continue to operate the old system in the 

usual manner but they also start using the new system. This method is the safest one 

because it ensures that in case of any problems in using the new system, the organisation 

can still fall back to the old system without loss of time and money. 

The disadvantages of the parallel systems approach are: 

 It doubles operating costs 

 The new system may not get fair trial. 

2.7.8.2 Direct Conversion 

 This method converts from the old to the new system abruptly, sometimes over a 

weekend (even overnight). The old system is used until a planned conversion day, when it 

is replaced by the new system. There are no parallel activities. The organisation relies fully 

on the new system.  

The main disadvantages of this approach are:  

END 

Complete 
conversion 

C06 

Convert administrative 
procedures 

Convert physical facilities 

C05 

C04 C01 

Convert files 

C02 

Train personnel 

C03 

Convert forms and 
display 



PGDCA  PAPER-6 

 

108  

 

 No other system to fall back on, if difficulties arise with new system.  

 Wise and careful planning is required. 

2.7.8.3 Pilot System 

 Pilot approach is often preferred in the case of the new system which involves new 

techniques or some drastic changes in organisation performance. In this method, a 

working version of the system is implemented in one part of the organisation, such as a 

single work area or department. The users in this area are aware that they are piloting a 

new system and that changes can be made to improve the system. Based on the feedback, 

changes are made and the system is installed in the remaining departments of the 

organisation, either all at once (direct conversion method) or gradually (phase-in method). 

This approach provides experience and live test before implementation. 

2.7.8.4 Phase-in Method 

 This method is used when it is not possible to install a new system throughout an 

organisation all at once. The conversion of files, training of personnel or arrival of 

equipment may force the staging of the implementation over a period of time, ranging from 

weeks to months. It allows some users to take advantage of the new system early. Also it 

allows training and installation without unnecessary use of resources. 

2.7.9 Conversion and Operation Plans 

 After the system conversion is completed using any one of the methods mentioned 

above, the conversion plan starts. In the conversion plan, all the activities that must occur 

to implement the new system are properly defined and put it into operation. It identifies 

the persons responsible for each activity and includes a time schedule for each activity. 

During the pre-implementation stages, when the conversion is being planned, analysts 

should prepare a list of all tasks, including the following: 

 List all files of conversion 

 Identify, all data required to build new files during conversion 

 List all new documents and procedures used during conversion 

 Identify all controls to be made during conversion 

 Assign responsibility for each task 

 Verify conversion schedules 

 The conversion plan should anticipate possible problems and methods for 

controlling them. The missing documents, mixed data formats between current and new 

files, errors in data translation and situations that were overlooked during systems 

development are the common problems. The conversion manager must guard against the 

omission of steps in the conversion. This manager is also responsible for reviewing 

conversion plans, verifying the delivery of equipment, software and preparing the site. 

2.7.10 Site Preparation 

 A major aspect of conversion is the preparation of the systems site. Preparation 

activities include electrical and air-conditioning preparation, site layout and installation of 

the equipment. It is most desirable to have the site preparation completed prior to the 
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arrival of the equipment, since vendors are not in favour of delivering the system if the 

construction work is going on. 

 If the system is micro-computer, little of site preparation work is needed. However, 

the electric lines should be checked to ensure that they are free of static or power 

fluctuations. It is desirable to install a “clean” line that is not shared by any other 

equipment. Static electricity is very harmful for computers.  Carpet should be avoided in 

the computer room.  If carpet is necessary, it should be the anti-static type that will not 

allow static charge to build - up. The site layout should allow sufficient space for moving 

equipment in and setting it up for normal operation. Vendors will provide clearance 

requirements for performing service and maintenance and for air circulation. These 

requirements must be strictly adhered to or warranties can be voided and maintenance 

discontinued until specifications are met. 

2.7.11 File and Data Conversion 

 Data and file preparation consumes a large portion of conversion time. Not only 

must the data be converted to a format acceptable in the new system, but analysts must 

ensure that this is due without loss of detail or accuracy.  By using record counts, 

financial controls and cash totals, analysts are able to detect correct problems quickly, 

before they get out of control, even if the conversion involves data transmission. 

2.7.12 Hardware and Software Selection 

 A computer system consists of two main part, called hardware and software. 

Hardware use the component which you can touch and see e.g. monitor, mouse, 

keyboard, and while software is a set of instructions for solving any specific job. 

 There are different categories for hardware and software in the software 

development step. We must select proper hardware and software for the project.  

2.7.12.1 Major Phases in Selection of Hardware 

  There are various important factors for selection of hardware. These factors are:  

(1) Requirement analysis:  

 The first step in selection is understanding the user requirement with in the frame 

work of organization objectives and environment in which system is begin install. 

(1) System specification:  

 It must be clearly defined. This specification must show the actual application to 

be handled by the system & it must show input/output requirement along with file 

structure. 

(2) Request for proposal:  

  After the requirement analysis and system specification, a request for proposal is 

prepared and sent to select venders for bidding. 

(3) Evaluation and validation:  

 Evaluation phase ranks various vender proposals and determine best suited to the 

user requirements. It looks in to factor like price usability, technical supports. System 

validation makes sure that Vander can supply original part and machine. 
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(4) Vender selection: 

 This step determines vender with best combination of reputation, service record, 

training and delivery time. The selected venders are invited to give demo of their system. 

2.7.12.2 Major Phases in Selection of Software 

 Software selection is a critical part of system development. There are two methods 

of accepting software called custom made and off-the-shell packages. Some advantages of 

off- the-shell packages are:  

(1) A good package can make the system running quickly. 

(2) Package can be tested before purchasing it. 

(3) We can get package on time with low cost. 

Some Disadvantages of off-the-shell packages are:  

(1) These packages may not meet user requirements. 

(2) Some modifications are also required in these packages. 

2.7.12.3 Criteria for Software Selection 

 Criteria for the software selection depends upon the specifications of the system 

e.g. following are some of the specifications of software: 

1. Reliability: It means that system should give the result in the worst conditions. 

2. Functionality: It is the definition of the facilities, performance and the other 

factors that the user requires. 

3. Capacity: Capacity refers to the capability of the s/w package to handle the user’s 

requirements for size of files. 

4. Flexibility: it is measure of the effort required to modify an operational program 

5. Expandability: It means the ease with which software can be expanded or some 

new functions can be added in the software. 

2.7.12.4 Make vs. Buy decision 

 Purchasing software has benefits and drawbacks.  The key advantages of buying 

software are listed below: 

Advantages: 

1. The flexibility of modifying the system at will. 

2. Lower continuing cash outlays than those for a leased system due to cash savings 

from depreciation and investment tax credit. 

3. A lower total cash outflow if the user keeps the system longer than five year. 

Disadvantages: 

1. Initial high cost in relation to leasing. 

2. Insurance expense and various taxes, which are carried by the user. The 

maintenance agreement is also paid for by the user when the warranty expires. 

3. High overall risk. A poorly selected system means adapting to a “problem child”. 

Selling a used computer with flaws could be a real problem. 

2.7.13 Post-Implementation Review 

 Operational systems are quickly taken for granted. Every system requires periodic 

evaluation after implementation. A post-implementation review measures the system’s 
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performance against predefined requirements. Unlike system testing, which determines 

where the system fails so that the necessary adjustments can be made, a post-

implementation review determines how well the system continues to meet performance 

specifications. It is after the fact-after design and conversion are complete. It also provides 

information to determine whether major redesign is necessary.  

 A post-implementation review is an evaluation of a system in terms of the extent to 

which the system accomplishes stated objectives and actual project costs exceed initial 

estimates. It is usually a review of major problems that need converting and those that 

surfaced during the implementation phase. The primary responsibility for initiating the 

review lies with the user organization, which assigns special staff for this purpose.  

 Proposed projects are beneficial only if they can be turned into information systems 

that will meet the organisations’ operating requirements. Simply stated, this test of 

feasibility asks: If the system will work when it is developed and installed? Are there major 

barriers for implementation? 

The questions that will help to test the operational feasibility of a project are: 

1. Is there sufficient support for the project from the management? From the users? If 

the current system is well liked and used to the extent that persons will not be able to 

see reasons for a change, there may be resistance. 

2. Are current business methods acceptable to the users? If they are not, users may 

welcome a change that will bring about a more operational and useful system. 

3. Have the users been involved in the planning and development of the project? Early 

involvement reduces the chances or resistance to the system and change in general 

and increases the likelihood of successful projects. 

4. Will the proposed system causes harm? Will it produce poorer results in any respect or 

area? Will any lose of control result in any area? Will accessibility of information be 

lost? Will individual performance be poorer after implementation than before? Will 

customers be affected in an undesirable way? Will the system show slow performance 

in any areas? 

 All the operational aspects must be considered carefully because the issues that 

appear to be relatively minor in the beginning have ways of growing into major problems 

after implementation. To be judged feasible, a project proposal must pass through all 

these tests. e.g., a personnel record system that is financially feasible and operationally 

attractive is not feasible if the necessary technology does not exist. A medical system that 

can be developed at reasonable costs but the nurses will avoid using, cannot be judged 

operational feasible. 

2.7.14 Glossary 
 

data dictionary Data about data 

Pilot System a working version of the system 

IBM International Business Machines 
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2.7.15 Summary 

 Implementation means converting a new system design into operation. The 

objective of conversion is to put the tested system into operation while holding costs, 

risks, and personnel irritation to a minimum. A system administrator is responsible for 

the data planning, definition, architecture, and management. The new system may be 

completely new, replacing an existing manual or automated system or it may be a major 

modification to an existing system. User training is crucial for minimizing resistance to 

change. Those who are directly or indirectly related with the system development work 

must know in detail what their roles will be, how they can make efficient use of the system 

and what the system will or will not do for them. Both systems operators and users need 

training. Training of operators and users can be organized as Vendor and in-service 

training and In-house training. Four methods of conversion are common in use. They are: 

parallel systems, direct conversion, pilot system and systems phase-in. Each method 

should be considered in the light of the opportunities that it offers and problems that it 

may create. Under the parallel system approach, users continue to operate the old system 

in the usual manner but they also start using the new system. This method is the safest 

one. The direct conversion method converts from the old to the new system abruptly. Pilot 

approach is often preferred in the case of the new system which involves new techniques 

or some drastic changes in organisation performance. Under Phase In method, a working 

version of the system is implemented in one part of the organization. The conversion of 

files, training of personnel or arrival of equipment may force the staging of the 

implementation over a period of time. After the system conversion is completed, 

conversion plan starts. In the conversion plan, all the activities that must occur to 

implement the new system are properly defined and put it into operation. A major aspect 

of conversion is the preparation of the systems site. If the system is micro-computer, little 

of site preparation work is needed. Data and file preparation consumes a large portion of 

conversion time. Not only must the data be converted to a format acceptable in the new 

system, but analysts must ensure that this is due without loss of detail or accuracy.  A 

computer system consists of two main part, called hardware and software. We must select 

proper hardware and software for the project. A post-implementation review measures the 

system’s performance against predefined requirements. It is usually a review of major 

problems that need converting and those that surfaced during the implementation phase. 
 

2.7.16 Suggested Readings 

1. Robert G. Murdick, Joel E. Ross, James R. Claggett, “Information Systems for Modern 

Management”, Prentice Hall of India Pvt. Ltd. 

2. V. Rajaraman, “Analysis & Design of Information Systems”, Prentice Hall of India Pvt. 

Ltd. 

3. Chris Gane, T. Sarson, “Structured Systems Analysis, Tools and Techniques”, Prentice 

Hall of India. 
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2.7.17 Important Questions 

1. What is implementation? How does it differ from conversion? Elaborate. 

2. Explain the major activities in conversion. Which activity is the most important? Why? 

3. What is involved in converting files? Be specific. 

4. “After successful completion of a system development it is important to train the 

manpower for that system” Justify this statement with a practical example? 

5. What do you understand by conversion, draw the activity network for conversion? 

6. Why user training is important for well-managed administration and operation of a 

system? 

7. What is post-implementation review? Draw the activity network for it? 
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2.8.0 Objectives of the Lesson 

 In this lesson, students will learn about the most important activity of system 

development process, called MIS evaluation and maintenance. Various types of 

maintenance activities will be discussed. Also the process of maintenance will be lucidly 

explained. 

2.8.1 Introduction 

 It is impossible to produce systems of any size which do not need to be changed. 

Over the lifetime of a system, its original requirements will be modified to reflect changing 

user and customer needs. The system’s environment will change as new hardware is 

introduced. Errors, undiscovered during system validation, may emerge and require repair. 

System Evaluation measures the system’s performance against pre-defined requirements. 

It determines how well the system continues to meet performance specifications. The 

process of changing a system after it has been delivered and is in use is called system 

maintenance.  

2.8.2 System Evaluation 

 After the system is implemented and conversion is complete, a review should be 

conducted to determine whether the system is meeting expectations and where 

improvements are needed. A post implementation review measures the system’s 
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performance against pre-defined requirements. It determines how well the system 

continues to meet performance specifications. It also provides information to determine 

whether major re-design or modification is required. 

 A post-implementation review is an evaluation of a system in terms of the extent to 

which the system accomplishes stated objectives and actual project costs exceed initial 

estimates. It is usually a review of major problems that need converting and those that 

surfaced during the implementation phase. 

 The post implementation study begins with the review team, which gathers and 

reviews requests for evaluation. Unexpected change in the system that affects the user or 

system performance is a primary factor that prompts system review. Once request is filed, 

the user is asked how well the system is functioning to specifications or how well the 

measured benefits have been realized. Suggestions regarding changes and improvements 

are also asked for.  

 Operational systems are quickly taken for granted. Every system requires periodic 

evaluation after implementation. A post-implementation review measures the system’s 

performance against predefined requirements. Unlike testing, which determines the 

system failures so that the necessary adjustments can be made; a post-implementation 

review determines how well the system continues to meet performance specifications. 

 A post-implementation review is an evaluation of a system in terms of the extent to 

which the system accomplishes stated objectives and actual projects costs exceed initial 

estimates. 

2.8.3 Request for Review  

 The initiating study begins with the review team, which gathers and reviews 

requests for evaluation. It also files discrepancy notices after the system has been 

accepted. Unexpected change in the system that affects the user or system performance is 

a primary factor that prompts system review. Once a request is filed, the user is asked 

how well the system is functioning to specifications or how well the measured benefits 

have been realized. Suggestions regarding changes and improvements are also sought. 

This phase sets the stage for a formal post-implementation review.  

2.8.4 A Review Plan  

 The review team prepares a formal review plan around the objective(s) of the review, 

the type of evaluation to be carried out, and the time schedule required. An overall plan 

covers the following areas:  

1. Administrative plan - Review area objectives, operating costs, actual operating 

performance, and benefits.  

2. Personnel requirements plan - Review performance objectives and training 

performance to date.  

3. Hardware plan - Review performance specifications.  

4. Documentation review plan - Review the system development effort.  

 Once drafted, the review should be verified and approved by the requester or the 

 end user.  
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2.8.4.1 Administrative Plan  

 The review group probes the effect of the operational system on the administrative 

procedures of the user. The following activities are reviewed:  

1. User objectives. This is an extremely critical area since it is possible that over time 

either the system fails to meet the user's initial objectives or the user objectives change as 

a reflection of changes in the organizational objectives. We need to think in terms of 

problems and of further opportunities. The results of the evaluation are documented for 

future reference.  

2. Operating costs and benefits. Under the administrative plan, the cost structure 

of the system is closely reviewed. This includes a review of all costs and savings, a review 

and update of the non-cost benefits of the system and a current budget designed to 

manipulate the costs and savings of the system.  

2.8.4.2 Personnel Requirement Plan  

 This plan evaluates all activities involving system personnel and staff as they deal 

directly with the system. The emphasis is on productivity, morale and job satisfaction. 

After the plan is developed, the review group evaluates the following:  

1. Personnel performance objectives compared with current performance levels. Turnover, 

tardiness, and absenteeism are also evaluated. The results are documented and made 

available to the maintenance group for follow-up.  

2. Training performance. Through testing, interviews, and other data-gathering 

techniques, the review group attempts to answer questions about the adequacy of the 

training materials.  

2.8.4.3 Hardware Plan  

 The hardware of the new system is also reviewed, including terminals, CRT screens, 

software programs and the communication network. The primary target is a comparison 

of current performance specifications with design specifications. The outcome of the 

evaluation indicates any differences between expectations and realized results. It also 

points to any necessary modifications to be made.  

2.8.4.4 Documentation Review Plan  

 The reason for developing a documentation review plan is to evaluate the accuracy 

and completeness of the documentation compiled to date and its conformity with pre-

established documentation standards. Irregularities prompt action where changes in 

documentation would improve the format and content.  

2.8.5 System Maintenance 

 The process of changing a system after it has been delivered and is in use is called 

system maintenance. However, the point in time when an implementation of a system is 

finished and maintenance begins is not always clear. At some point, the new system 

which is available, being used and processing data, must be declared implemented, even if 

it is not yet perfect and the developers of the system and the users of the system must 

agree that the system has been delivered and sign an agreement to that effect. 
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 Maintenance is the last stage in the systems development life cycle. It should be 

noted that maintenance activities include aspects of other phases of the life cycle, such as 

defining new requirements, designing, coding, testing and so forth. 

 For example: The government recently introduced legislation to the effect that 

employees making charitable contributions through payroll deduction did not pay tax on 

the contributions up to a specified limit of contribution. In order to implement this legal 

requirement into the payroll, the exact details of the legislation had to be investigated and 

analysed, the payroll system had to be investigated and analysed to discover how changes 

would fit in with the existing processing method, the design of the system had to be 

amended to incorporate the planned changes and coding and testing followed. 

 Maintenance is the enigma of system development. It holds the software industry 

captive, tying up programming resources. Analysts and programmers spend far more time 

maintaining programs than they do writing them. Maintenance accounts for 50-80 

percent of total system development. Whereas the cost of hardware has steadily declined, 

the cost of producing programs has skyrocketed. This problem occurs across industry 

largely because software is a handmade product designed in an ad hoc fashion with few 

standards; it comes out late, is poorly documented, and therefore is difficult to maintain.  

2.8.6 Objectives of System Maintenance 

The fundamental objectives of system maintenance are: 

 To make predictable changes to existing programs to correct errors that were made 

during systems design or implementation. 

 To preserve those aspects of the programs that were correct and to avoid the 

possibility that “fixes” to programs cause other aspects of those programs to behave 

differently. 

 To avoid, as much as possible, degradation of system performance. Poor system 

maintenance can gradually erode system throughput and response time. 

 To complete the task as quickly as possible without sacrificing quality and reliability. 

Few operational information systems can afford to be down for any extended period. 

Even a few hours can cost millions of dollars. 

 To achieve these objectives, you need an appropriate understanding of the 

programs you are fixing and of the applications in which those programs participate. Lack 

of this understanding is often the downfall of systems maintenance. 

 How does system maintenance map to your information system building blocks? 

 Data – System maintenance may improve input data editing or correct a structural 

problem in the database. 

 Processes – Most system maintenance is program maintenance. 

 Interfaces – System maintenance may involve correcting problems related to how the 

application interfaces with the users or another system. 

2.8.7 Types of System Maintenance 

 Maintenance can be classified as corrective, adaptive, or perfective. Corrective 

maintenance means repairing processing or performance failures or making changes 
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because of previously uncorrected problems or: false assumptions. Adaptive maintenance 

means changing the program function. Perfective maintenance means enhancing the 

performance or modifying the program(s) to respond to the user's additional or changing 

needs.  Of these types, more time and money are spent on perfective than on corrective 

and adaptive maintenance together.  

 There are three basic categories of maintenance activities as defined by E. Swanson: 

2.8.7.1 Corrective Maintenance - Corrective maintenance is what one word typically 

associate with the maintenance of any kind.   performed to identify & correct software 

failures, performance failures and implementation failures. E.g. Software failure - income 

tax not calculated correctly on a payroll system. Performance failure - five minute 

response time when ten seconds is the company standard. Implementation failure - only 

three out of the five choices on a menu system  operational, or the spell-checker on a 

word processing package not installed  properly. 

2.8.7.2 Adaptive Maintenance - performed to adapt software to changes in the data, 

function or processing requirements. E.g. new legislation to change National Insurance 

contributions or amending a program to run on a different type of computer. 

2.8.7.3 Perfective Maintenance - performed to enhance performance & improve cost-

effectiveness, processing efficiency and maintainability. E.g. adding a graphical user 

interface to a text-based system to improve operator productivity or changing 

unstructured badly written code into structured commented code to improve 

maintainability. 

 It is difficult to find up-to-date figures for the relative effort devoted to these 

different types of maintenance. A survey by Lientz and Swanson (1980) discovered that 

about 65% of maintenance was perfective, 18% adaptive and 17% corrective. They also 

found that large organisations devoted at least 50% of their total programming effort to 

maintaining existing systems; subsequent figures suggest that this figure is gradually 

increasing and estimates of 80% of effort being devoted to maintenance activity are not 

uncommon. 
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 Maintenance of a system may become dormant eventually if there are no changes. 

Some routine systems continue producing the same information for years and need no 

attention until an expected program error causes a production problem. Other systems 

are continually being amended. For example: The insurance premiums for a given type of 

insurance policy are constantly changing and this means that the systems that support 

the calculation of these premiums are constantly changing. 

2.8.8 The Process of Maintenance  

 The maintenance process is triggered by a set of change requests from system 

users, management or customers. The cost and impact of these changes are assessed. If 

the proposed changes are accepted, a new release of the system is planned. This release 

will usually involve elements of adaptive, corrective and perfective maintenance. The 

changes are implemented and validated and a new version of the system is released. The 

process then iterates with a new set of changes proposed for the new release. 
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An overview of the maintenance process 

 Change requests sometimes relate to system problems that must be tackled 

urgently. For example, a fault in a customer's system may have to be quickly remedied to 

allow normal business to continue. The natural tendency in such situations is to adopt a 

process as shown below: 
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Emergency fault repair 

 This emergency repair approach is sometimes necessary if the reported problems 

affect system availability. However, the danger of this approach is that design documents 

are not updated. The code and design gradually become out-of-step. It is difficult to avoid 

this happening because of pressures to deal with emergency fixes to the software. If the 

person who makes the change leaves the team before the design is updated, it is then 

difficult to retro-fit the necessary design changes. 

 A further problem with emergency system repairs is that they have to be completed 

as quickly as possible. A workable solution rather than the best solution as far as the 



PGDCA  PAPER-6 

 

120 

 

 

system is concerned may be chosen. This process degrades the overall design of the 

system, making subsequent changes difficult to make correctly and safely. 

 Rather than viewing maintenance as a separate process, it should normally be 

considered as an iteration of the development process. New requirements must be 

formulated and validated, components of the system must be redesigned and 

implemented and part or all of the system must be tested. This implies a process model as 

shown below: 
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Maintenance as iterative development 
 

 This iterative development process is effective when changes are not urgent and 

can be batched. If emergency code repairs have to be carried out, the problems of 

document inconsistency and degraded structure can be avoided if the change request for 

the repair remains outstanding after the code faults have been fixed. It can then be re-

implemented more carefully after further analysis. Of course, the code of the repair may 

be reused. However, an alternative, better solution to the problem may be discovered 

when more time is available for analysis. 

2.8.9 System Maintenance Tasks 

 Following are the typical system maintenance task: 

2.8.9.1 Validate the Problem 

 System maintenance mini projects are triggered by the identification of the problem, 

usually called a bug. Most such bugs are identified by users when they discover some 

aspect of the system that does not appear to be working as it should. The first task of the 

systems analyst or programmer is to validate the problem. 

 Working with the users, the team should attempt to validate the problem by 

reproducing it. If the problem cannot be reproduced, the project should be suspended 

until the problem recurs and the user can explain the circumstances under which it 

occurred. The “as is” program is executed, as closely as possible approximating the 

circumstances and the data that was present when the problem was first encountered. In 

most cases, the user who encountered the problem should be the one who re-creates it. 

 One possible output is an unsubstantiated bug. In this scenario, the user could 

not re-create the error. To maintain a productive relationship with the user, the analyst 

should never make the user feel that it was his or her fault. Instead, the analyst should 

respect the possibility that the bug is still real and that it will eventually be validated. 

Should the error recur, the user should be coached to immediately document the exact 

sequence of events in detail or to call the analyst. Most importantly, the user should be 

instructed not to perform any subsequent action, if possible, that may prevent the error 

from being validated. 
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 In some cases the analyst confirms the error but recognizes it as a simple misuse 

or mistaken use of the program. In such cases, the appropriate output is corrective 

instructions to the user. 

 The third possibility is that the bug is real. The analyst should do two things. First, 

the context of the bug should be examined by studying all relevant documentation in the 

repository. In other words, don’t try to fix what you don’t understand. Second, all 

subsequent maintenance will be performed on a copy of the program. The original 

program remains in the program library and can be used in production systems until it is 

fixed. 

2.8.9.2 Benchmark the Program 

 Given a copy of the program with a substantiated bug, the analyst should 

benchmark the program. A program is not all bad, or it would have never been placed into 

operation. System maintenance can result in unpredictable and undesirable side effects 

that impact the program’s or application’s overall functionality and performance. In other 

words, the solution can cause unexpected side effects. For this reason, before making any 

changes to programs, the programs should be executed and tested to establish a baseline 

against which the modified programs and applications can later be measured. 

 This task can be performed by either the systems analyst and/or programmer. 

Users should also participate to ensure the test is conducted as closely as possible under 

circumstances that simulate a normal working environment. 

 Test cases can be defined in either of two ways. First, past data may exist in the 

repository as a form of system knowledge. If so, that data should be re-executed to 

establish or verify the benchmark. Usually, the test data should also be analyzed for 

completeness and if necessary, revised. New test scenarios may have been identified since 

the system went into operation. Any revised test data should be recorded in the repository 

for subsequent maintenance projects. 

 Alternatively, test data can be automatically captured using a software-testing tool. 

As users enter test data, that data is recorded in a special type of repository as a test-

script. Later the analyst and user can document each test case in the same repository. 

Ultimately, the test script is executed against the program to test that the program 

executes properly and also to measure the program’s response time and/or throughput. 

SQA Suite by SQA Inc. is an example of one automated tool for testing. The test data and 

the benchmarks are stored in a test database for the next task. 

 The analyst or programmer needs to have good testing skills and may require 

training in test tools. 

2.8.9.3 Study and Debug the Program 

 The primary task in system maintenance is to make the required changes to the 

programs.  

 The primary task in system maintenance is to make the required changes to the 

programs. This task, performed by the application programmer, is not dissimilar from 

systems implementation. Essentially, the programmer responds to "bug-fix" requirements 
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that establish the expectation for fixing the problem. The programmer "debugs" (edits) a 

copy of the problem program. Changes are not made to the production program. The 

result is a corrected version of the program. This is a candidate release, meaning a 

candidate to become the next production version of the program.  

 Usually the original programmer is not making these changes. In fact, several 

programmers may have written parts of any given program that is now being debugged. 

Those programmers may no longer be available for clarification. Even if they are available, 

their memory of the application may not be sufficient or accurate. For this reason, the 

effective maintenance programmer requires system knowledge. Ideally, this knowledge 

comes from the repository, but that assumes that the knowledge has been properly 

maintained throughout the system's lifetime. Too often this is not true, especially for older 

systems. The programmer may need to seek out this knowledge or, in some cases, 

reconstruct the knowledge through analysis of the program.  

 Application and program knowledge usually comes from studying the source code. 

Program understanding can take considerable time. This activity is slowed by some 

combination of the following limitations:  

 Poor program structure. Examples include COBOL programs written with non-

structured techniques or Visual Basic or Java programs written with non-object-

oriented techniques.  

 Unstructured logic (from pre-structured era coding styles).  

 Prior maintenance (quick fixes and poorly designed extensions).  

 Dead code (instructions that cannot be reached or executed-often leftovers from prior 

testing and debugging).  

 Poor or inadequate documentation.  

 The purpose of application understanding is to see the big picture-that is, how the 

programs fit into the total application and how they interact with other programs. The 

purpose of program understanding is to gain insight into how the program works and 

doesn't work. You need to understand the fields (variables) and where and how they are 

used, and you need to determine the potential impact of changes throughout the program. 

Program understanding can also lead to better estimates of the time and resources that 

will be required to fix the errors.  

2.8.9.4 Test the Program 

 There is a big difference between editing a new program and editing an existing 

program. As the designer and creator of a new program, you are probably intimately 

familiar with the structure and logic of the program. By contrast, as the editor of the 

existing program, you are not nearly as familiar (or current) with that program. Changes 

that you make may have an undesirable ripple effect through other parts of the program 

or, worse still, other programs in the application and information system.  

 A candidate release of the program must be tested before it can be placed into 

operation as the next new version of the production program. The following tests are 

essential or recommended:  
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Unit testing (essential) ensures that the stand-alone program fixes the bug without 

undesirable side effect to the program. The test data and current performance that you 

recovered, created, edited or generated when the programs were benchmarked are used 

here.  

System testing (essential) ensures that the entire application, of which the modified 

program was a part, still works. Again, the test data and current performance are used 

here. 

Regression testing (recommended) extrapolates the impact of the changes on program 

and application throughput and response time from the before- and-after results using 

the test data and current performance.  

 Failed candidates are returned for additional debugging. Successful candidates are 

released for production. Older versions of the program are retained in the program library 

for version control. Version control is a process whereby a Liberian (usually software-

based) keeps track of changes made to programs. This allows recovery of prior versions of 

the programs if new versions cause unexpected problems. In other words, version control 

allows users to return to a previously accepted version of the system.  

 The high cost of system maintenance is due in large part, to failure to update 

system knowledge (in the repository) and program source code documentation (in the 

program library). Application documentation is usually the responsibility of the systems 

analyst who supports that application. Program documentation is usually the 

responsibility of the programmer who made the program changes.  

2.8.10 Maintenance versus Enhancement 

 Maintenance covers a wide range of activities, including correcting coding and 

design errors, updating documentation and test data, and upgrading user-support. Many 

activities classified as maintenance are actually enhancements. Maintenance means 

restoring something to its original condition. Unlike hardware, however, software does not 

wear out; it is corrected. In contrast, enhancement means adding, modifying, or 

redeveloping the code to support changes in the specifications. It is necessary to keep up 

with changing user needs and the operational environment.  

 Adapting an existing system to new requirements is the norm for all information 

systems. Business is change! The pace of change in today’s economy is accelerated and 

rapid response is the expectation. System enhancement requires the systems analyst to 

evaluate a new requirement to either effect change or direct the change request through 

an appropriate subset of the original systems development process. In some cases, the 

analyst may need to recover the system's existing physical structure as a preface to 

directing the change through systems redevelopment. We will examine two types of 

adaptive maintenance-system enhancement and systems reengineering.  

 System enhancement is an adaptive process. Most such enhancement is in 

response to one of the following events: 

 New business problems - a new or anticipated business problem will make a portion 

of the current system unusable or ineffective.  
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 New business requirements - a new business requirement e.g., new report, 

transaction, policy or event) is needed to sustain the value of the current system.  

 New technology requirements - a decision to consider or use a new technology (e.g. 

new software or version, or different type of hardware) in an existing system needs to 

be made.  

 New design requirements - an element of the existing system needs to be redesigned 

against the same business requirements (e.g. add new database tables or fields, add or 

change to a new user interface, etc.).  

 Systems enhancement is reactionary in nature - fix it when it breaks or when users 

or managers request change. System enhancement extends the useful life of an existing 

system by adapting it to inevitable change. 

2.8.11 Systems Operations and Support 

 Once a system has been implemented, it enters operations and support. Systems 

operation is the ongoing function in which the system operates until it is replaced. 

Systems support involves servicing, maintaining and improving a functional information 

system through its lifetime. Systems operation and support occur in parallel. Systems 

support is the ongoing technical support for users, as well as the maintenance required to 

fix any errors, omissions, or new requirements that may arise. Before an information 

system can be supported, it must first be in operation. Systems operation is the day-to-

day, week-to-week, month-to-month and year-to-year execution of an information 

system’s businesses processes and application programs. 

 An operational system is frequently called a production system. Systems operation 

and support is often ignored in systems analysis and design textbooks. Young analysts 

are often surprised to learn that half of their duties or more are associated with 

supporting production systems. All the system knowledge and working components of the 

system are important to its ongoing operation and support. Systems operations and 

support often require developers to revisit the activities, and hence the building blocks 

that were developed during systems analysis, design and implementation. 

 Unlike systems analysis, design and implementation, systems support cannot 

sensibly be decomposed into actual phases that a support project must perform. Rather, 

systems support consists of three ongoing activities. Each activity is a type of support 

project that is triggered by a particular problem, event or opportunity encountered with 

the implemented system. These activities are: 

2.8.11.1 Program maintenance: Unfortunately most systems suffer from software 

defects or bugs, errors that slipped through the testing of software. Regardless of how well 

designed, constructed and tested a system or application may be, errors or bugs will 

inevitably occur. Bugs can be caused by any of the following: 

 Poorly validated requirements. 

 Poorly communicated requirements. 

 Misinterpreted requirements. 

 Incorrectly implemented requirements or designs. 
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 Simple misuse of the programs. 

2.8.11.2 System recovery: From time to time, a system failure may result in a program 

“crash” and/or loss of data. Human error or a hardware or software failure may have 

caused this. The systems analyst or technical support specialists may then be called on to 

recover the system – that is, to restore a system’s files and databases and to restart the 

system. The systems analyst often fixes the system or acts as intermediary between the 

users and those who can fix the system.  

System recovery activities can be summarized as follows:  

1. In many cases the analyst can sit at the user’s terminal and recover the system. It may 

be something as simple as pressing a specific key or rebooting the user’s personal 

computer. The systems analyst may need to provide users with corrective instructions 

to prevent the crash from recurring. In some cases the analyst may arrange to observe 

the user during the next use of the program or application.  

2. In some cases the analyst must contact systems operations personnel to correct the 

problem. This is commonly required when servers are involved. An appropriate 

network administrator, database administrator or webmaster usually oversees such 

servers.  

3. In some cases the analyst may have to call data administration to recover lost or 

corrupted data files or databases. When recovering business data, it is not only the 

database that must be restored.  

a) Any transactions that occurred between the last backup and the database’s 

recovery must be reprocessed. This is sometimes called a roll forward.  

b) If the crash occurred during a transaction, and that transaction was partially 

completed, then any transactional updates to the database that occurred before 

the crash must be undone before reprocessing the complete transaction. This is 

sometimes called a roll back.  

4. Database management systems and transaction monitors provide facilities for 

transaction roll forward and roll back.  

5. In some cases the analyst may have to call network administration to fix a local, wide, 

or inter-networking problem. Network professionals can usually log out an account 

and reinitialize programs.  

6. In some cases the analyst may have to call technicians or vendor service 

representatives to fix hardware problems.  

7. In some cases the analyst will discover a possible software bug caused the crash. The 

analyst attempts to quickly isolate the bug and trap it (automatically or by coaching 

users to manually avoid it) so that it can't cause another crash. 

2.8.11.3 Technical support: Another relatively routine ongoing activity of systems 

support is technical support. No matter how well users have been trained or how well 

documentation has been written, users will require additional assistance. The systems 

analyst is generally on call to assist users with the day-to-day use of specific applications. 

In mission critical applications, the analyst must be on call day and night.  
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The most typical tasks include:  

 Routinely observing the use of the system.  

 Conducting user-satisfaction surveys and meetings.  

 Changing business procedures for clarification (written and in the repository).  

 Providing additional training as necessary.  

 Logging enhancement ideas and requests in the repository.  

2.8.12 Glossary 

System Evaluation determines how well the system continues to 

meet performance specifications 

System 

Maintenance 

The process of changing a system after it has 

been delivered and is in use 

Program fixes Repairs to the program 

Program  debug Removing errors from the program 

Program Crash 

 

Abnormal termination of the program 

2.8.13 Summary 

 System Evaluation measures the system’s performance against pre-defined 

requirements. It determines how well the system continues to meet performance 

specifications. A post implementation review measures the system’s performance against 

pre-defined requirements. It determines how well the system continues to meet 

performance specifications. It also provides information to determine whether major re-

design or modification is required. The post implementation study begins with the review 

team, which gathers and reviews requests for evaluation. The initiating study begins with 

the review team, which gathers and reviews requests for evaluation. Once a request is 

filed, the user is asked how well the system is functioning to specifications or how well the 

measured benefits have been realized. Suggestions regarding changes and improvements 

are also sought. The review team prepares a formal review plan.  

 Maintenance is the last stage in the systems development life cycle. The process of 

changing a system after it has been delivered and is in use is called system maintenance. 

However, there is a difference between system maintenance and system enhancement. 

Maintenance means restoring something to its original condition whereas enhancement 

means adding, modifying or redeveloping the code to support changes in the specifications.  

Maintenance accounts for 50-80 percent of total system development. The fundamental 

objectives of system maintenance are to make predictable changes to existing programs to 

correct errors that were made during systems design or implementation and to preserve 

those aspects of the programs that were correct. Maintenance can be classified as 

corrective, adaptive or perfective. Corrective maintenance means repairing processing or 

performance failures, Adaptive maintenance means changing the program function and 

Perfective maintenance means enhancing the performance or modifying the program. The 

maintenance process is triggered by a set of change requests from system users, 
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management or customers. The cost and impact of these changes are assessed. If the 

proposed changes are accepted, a new release of the system is planned. The changes are 

implemented and validated and a new version of the system is released. The process then 

iterates with a new set of changes proposed for the new release.  

 Once a system has been implemented, it enters operations and support. Systems 

support is the ongoing technical support for users, as well as the maintenance required to 

fix any errors, omissions or new requirements that may arise. Systems operation is the 

day-to-day, week-to-week, month-to-month and year-to-year execution of an information 

system’s businesses processes and application programs. Systems operations and support 

often require developers to revisit the activities. Systems support consists of three ongoing 

activities, Program maintenance, System recovery and Technical support. 

2.8.14 Suggested Readings 

1. Robert G. Murdick, Joel E. Ross, James R. Claggett, “Information Systems for Modern 

Management”, Prentice Hall of India Pvt. Ltd. 

2. V. Rajaraman, “Analysis & Design of Information Systems”, Prentice Hall of India Pvt. 

Ltd. 

3. Chris Gane, T. Sarson, “Structured Systems Analysis, Tools and Techniques”, Prentice 

Hall 

2.8.15 Important Questions 

1. Define the terms: system evaluation, system maintenance and system 

enhancement. 

2. What is post-implementation review? What is its importance? 

3. Define MIS maintenance. What are the types of maintenance activities? 

4. Explain the process of MIS maintenance. What the tasks performed during the 

maintenance phase? 

5. What do you mean by systems operations and support? What are the activities 

covered in systems operations and support? 
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2.9.0 Objectives of the Lesson 

 In this lesson we will discuss the process of information system planning. Related 

concepts, terms, challenges and principles of MIS planning will be explained in detail. Also 

the Nolan stage model of growth will be critically explained and a note on the treatment of 

information as a resource and its management will be explained. 

2.9.1 Introduction 

 The work of planning, building, and managing information systems can be viewed 

in work system terms and can be described, evaluated, and improved just like any other 

work system. The same issues apply, such as identifying the customer and product of the 

business process and finding a balance between the business process, participants, 

information, technology, and the results expected by the customer. 

2.9.2 Information System Planning 

 Planning is the process of deciding what will be done, who will do it, when they will 

do it, how it will be done, and what are the desired results. Following Table shows that 

information systems planning requires addressing these questions at several levels. At the 

strategic level, the questions are about the firms overall priorities and goals for 

information systems and the technical and organizational approaches that will be used. At 

the project level, the questions boil down to two types of concerns: first, what specific 

capabilities are required in each system, and second, who will do what and when will they 

do it to produce the specific results needed in a specific project, such as building a new 
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sales tracking system or retraining users of a customer service system that has been 

changed. 
 

Planning Questions for Information Systems 
 

Issue  

 

Strategic level Project level 

 

Who? • What are the responsibilities of the 

IS department and the user 

departments?  

• Who will work on each protect? 

 

 • Which vendors will perform major 

functions that are outsourced? 

• Who will decide how the business 

process should operate 

  • Who will manage and support the 

system after it is in operation? 

What? • What are the major things that the 

IS department must do so that the 

firm can accomplish its goals? 

• What specific capabilities are 

required in the information system? 

 

  • What will be the individual steps in 

each project? 

When? • What are the major completion dates 

that the firm can rely upon? 

• When will the individual steps in 

each project be completed? 

How? • What technology will be used to do 

the work? 

• What technology must be available 

so that the work can be done well?  

• How will system development 

techniques be used to produce the 

desired results? 

 • What capabilities must the firm have 

to compete in the future? 

• How will the IS department and 

user departments work together on 

the project? 

Desired 

results? 

• How will business processes change 

in terms of detailed operation and 

controllable results? 

• What will be the deliverable results 

from each step in each protect? 

 
  

 Information system planning should be an integral part of business planning. 

Business planning is the process of identifying the firm’s goals, objectives and priorities 

and developing action plans for accomplishing those goals and objectives. Information 

systems planning is the part of business planning concerned with deploying the firms 

information systems resources, including people, hardware and software. Following figure 

illustrates the similarity between information system planning and planning in various 

functional areas. The goals, objectives and priorities of the business should drive all the 

plans. Furthermore, although each plan is produced by specialists in a particular 

department, all the plans should support the same strategy and goals. From this 

viewpoint, the unique aspect of the MIS plan is that it concentrates on MIS projects. 
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2.9.3 Challenges in MIS Planning 

 The specific steps and procedures for creating an MIS plan vary from company  

to company, depending on factors such as the way the company manages its various 

planning and control cycles and the extent to which IT professionals are centralized or 

dispersed into the business units. Often missing from explanations of MIS procedures, 

policies and standards is the way the procedures and policies address the major 

challenges in MIS planning. 

2.9.3.1 Difficulty Foreseeing and Assessing Opportunities 

 It is sometimes said that MIS strategies become apparent only after they have been 

accomplished. Consider the Sabre reservation system, which is often considered a major 

factor in American Airlines’ competitive success. That system was not initially designed as 

a major competitive strategy. Rather, it evolved through four distinct stages over 30 years. 

It began in the early 1960s as a response to American Airlines’ inability to use manual 

methods to monitor its inventory of available seats. Although a technical achievement for 

the time, it was a far cry from the powerful system later accused of presenting biased 

displays to travel agents so they would see and select American Airlines flights for their 

clients. The point of this example is that it is usually difficult to foresee the way 

information system innovations will develop. As with many complex products, users 

typically identify new uses and possible improvements that the inventor never imagined. 

Consequently, MIS plans should be reviewed periodically and systems should be designed 

to be flexible and extendable. 

2.9.3.2 Difficulty Assuring Consistency with Organizational Plans and Objectives 

 A fundamental problem with MIS planning is that individual departments within 

companies have their own priorities and business practices and often have difficulty 

working toward a mutually beneficial plan. This issue is especially significant if a large 

 Competition 

 Resources 

 Ambitions 

BUSINESS PLAN 

 Sales & Marketing Plan 

 Production Plan 

 Finance Plan 

 Human Resource Plan 

 Information System Plan 

 History 

 Ability to 

change 
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organization attempts to develop an information architecture and infrastructure that 

spans departmental boundaries. Even if mutual benefits seem likely, the process of 

developing the plans takes a lot of time and effort and the rewards may be distributed 

unevenly. 

2.9.3.3 Difficulty Building Systems 

 Large information systems are complex creations that often take years to build and 

involve many organizational, political and technical tradeoffs. In many system 

development efforts, only a small cadre truly understands what the system is trying to do 

and how it will operate both organizationally and technically. It is not surprising that even 

major business organizations such as American Airlines, Bank of America, and the 

London Stock Exchange have suffered costly project failures. For every failure reported in 

the press, many smaller failures are never reported, and for every unreported failure there 

are many semi failures, systems that were developed and installed but never came close to 

accomplishing their goals. The difficulty of building systems is one of the reasons MIS 

investments require management attention. 

2.9.3.4 Difficulty Maintaining Information System Performance 

 Regardless of whether the system performs as it was designed, the customer may 

be dissatisfied for a variety of reasons. The products and services produced by the 

information system may not have the cost, quality, responsiveness, reliability, and 

conformance expected by its customers. The business processes within the system may 

lag in productivity, flexibility or security. Participants can cause problems through 

anything from inattention to criminality. The information in the system can cause 

problems due to anything from occasional inaccuracy to fraud. Furthermore, the 

technology can impede or stop the business process by degrading or failing. Each of these 

problems can be anticipated to some extent and a preventive response can be planned, 

but at the cost of more effort, more attention, more expense and less flexibility. 

2.9.3.5 Difficulty Collaborating with System Builders 

 Business professionals and IT professionals sometimes talk past each other as if 

they come from different worlds. Non-specialists talking to lawyers, doctors, or scientists 

often recognize the resulting frustrations. Specialists may have trouble translating their 

specialized knowledge and worldview into terms non-specialists genuinely understand. 

Non-specialists may feel they can’t speak the lingo and can’t even explain their concerns, 

no less engage in a genuine dialogue about alternatives. Even if they trust the specialists, 

they are left with a queasy feeling of operating too much on trust and too little on mutual 

understanding. 

 Attaining a genuine dialogue is important because the business professionals and 

the IT professionals each bring knowledge and understanding essential for system 

success. Many IT professionals have worked on different types of information systems and 

maybe able to suggest approaches the business professionals would not have imagined. 

They know what is easy and difficult to do with computers. They know how to analyze, 

design, program and debug computerized systems. They know what it takes to make an 
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information system maintainable over time. Business professionals have the most direct 

experience of the business problem but may not have much experience articulating the 

problem systematically. Even if they can use spreadsheets and data analysis tools 

proficiently, they may not appreciate the problems of building maintainable systems for 

supporting business processes. Quite justifiably, they often want a quick solution to their 

business problem and lack patience for the delays required to build robust systems. 

2.9.4 Principles for MIS Planning 

 A series of management principles apply to MIS planning: 

2.9.4.1 Support the Firm’s Business Strategy with Appropriate Technical  

    Architecture, Standards, and Policies 

 Finding the right balance between what should be decided centrally and what 

should be decided locally is one of the major issues related to planning, building, and 

managing information systems. If people or departments plan, build and manage their 

own systems their own way, opportunities for coordination and economies of scale are 

lost. In large companies, immense amounts of time and effort have been wasted trying to 

bridge technical gaps and inconsistencies between multiple systems that all do roughly 

the same thing, such as generate paychecks or keep track of purchases. If central 

authorities make too many decisions about systems, however, some of the best knowledge 

about differing local needs and conditions will be ignored. Individuals or departments with 

genuinely different needs will then have to do extra work to get around the shortcomings 

of whatever was decided centrally. 

 Although different firms have come to different conclusions about the balance 

between centralization and decentralization, most have concluded that some issues 

should be decided centrally. The key issues involve tools for building and maintaining 

systems, the general architecture for information and technical standards such as what 

personal computers and operating systems to use. With today’s rapid organizational 

change, consistent decisions in these areas make it much easier to keep information 

systems operating effectively even as the business reorganizes. 

2.9.4.2 Evaluate Technology as a Component of a Larger System 

 Specific hardware and software products should always be evaluated in their own 

right and as a component of an overall system. Having the latest microprocessor may not 

change system performance at all if the system continues using old software whose 

internal design cannot take advantage of the new microprocessor’s speed. Likewise, the 

latest hardware and software may have little impact if the training and support for 

participants is inadequate or if the right data is not available. 

2.9.4.3 Recognize Life Cycle Costs, Not just Acquisition Costs 

 The costs of any information system typically far exceed the cost of acquiring the 

hardware and software. A typical large company’s costs related to personal computers are 

several times what the computer itself might cost. The difference consists of costs 

incurred to install the computer and use it effectively. These costs are related to wiring the 

computer to a network, buying software, training users and providing support for users. 
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2.9.4.4 Design Information Systems to be Maintainable 

 Anyone who has ever tried to remodel a house recognizes the value of designing 

information systems to be maintainable. The difficulty of doing the home improvements 

depends on what you find when you tear open the wall. The work is much easier if you 

have an accurate blueprint or wiring diagram telling you where to look and what to 

expect. Information system users whose main computer experience is with their own 

spreadsheets often have trouble understanding why it takes so long to build and 

implement information systems. Unlike spreadsheet models developed for temporary, 

personal use in analyzing a current situation, many information systems must last for 

years and must be maintainable long after the original system builders have moved to 

other jobs. This requires that the systems be constructed and documented carefully, and 

that the documentation be updated whenever the system is changed. In general, it is also 

easier to maintain systems if the parts are simpler and are designed as modular 

components meant to be plugged into other components that are consistent with accepted 

industry standards. 

2.9.4.5 Recognize the Human Side of Technology Use 

 People are part of the system. A technically spectacular system may still fail if its 

human participants are unwilling or unable to play their part effectively. Similarly, even 

technically primitive systems can often be very successful when supported and 

understood by active participants. The human side of technology use is one of the reasons 

the process of designing systems and implementing them in organizations requires 

involvement and commitment by system participants and their management. Processes 

for planning, building and managing systems should be designed accordingly. 

2.9.4.6 Support and Control the Technical System 

 Important as the human side of the system is, the technical side should also be 

supported and controlled. Information systems need care and maintenance in much the 

same way as cars or houses. If care and maintenance are ignored, systems gradually 

degrade and become more prone to failure from overloaded databases, incorrect data, 

faulty documentation or human error. This leads to the question of who should do 

maintenance work. The trend toward decentralization and outsourcing leaves less of this 

work in the hands of centralized groups. These groups often have greater technical depth 

than individual functional departments and greater company allegiance than outsourcing 

vendors who have their own external business agendas. Consequently, the support and 

control of technical systems is just as much a planning issue as deciding what new 

information systems to build. 

2.9.5 Planning Role of the MIS and User Departments 

 A firm’s information systems department is usually responsible for producing the 

MIS plan in conjunction with the user departments, such as marketing and finance. As 

happens in other departments, managers in the MIS department start the planning 

process by reviewing their progress on the existing plan. They look at special problems, 

such as systems approaching obsolescence. They confer with managers in the user 
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departments to learn about user priorities and needs for system improvements, new 

systems and user support. MIS department managers also look at the needs of their own 

department such as training, hiring and personnel development. 

 Many questions and issues arise as an initial MIS plan is produced and reviewed. 

Users are often frustrated by how long it takes to build new systems and how much effort 

it takes to make what might seem like small changes to existing systems. The MIS 

department often feels frustrated by its inability to keep up with many of the business's 

pressing problems. It is especially important to allocate resources carefully because most 

firms don’t come close to having the IT resources needed to develop all of the information 

systems that people in the company say they need. It is not unusual for a central MIS 

department to have over a two-year backlog of committed projects, with many other 

requests simply turned down or never submitted formally because of the minimal chance 

that they would be acted upon. In the late 1990s, the need to devote resources to the Y2K 

problem created even more pressure on MIS departments. 

2.9.5.1 Chief Information Officer 

 Recognizing the importance of information systems in corporate success, some 

firms have designated the head of the MIS department the chief information officer (CIO), 

just as the head of finance is the CFO and the chief executive of the company is the CEO. 

By leading the IS function, the CIO has special responsibility for making sure that the MIS 

plan supports the firm's business plan and provides long-term direction for the firm's 

system related efforts. 

 The role of CIO calls for a rare mix of business skills and technical knowledge. 

CIOs too focused on computer technology may have trouble being accepted as business 

professionals working for the overall good of the firm. CIOs too focused on general 

business issues may have trouble resolving the technical issues in creating a practical 

plan for adopting new technologies essential for future business practices.  

2.9.5.2 User Roles in MIS Planning 

 Even though the MIS department compiles the MIS plan, members of user 

departments also have important planning responsibilities. Because information systems 

exist to help them do their work, they have to ensure that the right systems are developed 

and are used effectively and efficiently. Members of user departments participate in MIS 

planning in various roles including sponsor, champion and steering committee member. 

 Sponsors are senior managers who recognize the importance of an information 

system and make sure resources are allocated for building and maintaining the 

system. In addition to funding, the crucial resource is people from the user 

department who would be doing their regular work if they were not working on the 

information system project. For example, an accounting manager might spend 

months as the user representative in a project building a new accounting 

information system. 

 Champions are individuals who recognize the importance of an information system 

and exert effort to make sure that the system is recognized as important by others 



PGDCA  PAPER-6 135

in the organization. Champions may not have direct control of resources for the 

system, even though they promote its success. 

2.9.5.3 Project Roles of MIS Professionals 

  MIS projects vary greatly in size and complexity. In small system development 

projects, just a single person or several people may play all the necessary roles without 

defining them explicitly. For example, if a small business buys and uses an accounting 

package, a user or MIS professional may purchase it from a software vendor, install it on a 

personal computer, train other users and consult the vendor’s customer support staff for 

questions. Various roles may be combined into a single person’s job responsibilities in this 

way. 

  In large projects involving hundreds or even thousands of people, many distinct 

roles are assigned to individuals. Common roles in typical major projects are briefly 

defined. Teams of analysts, programmers and possibly, programmer-analysts produce the 

application software. Technical writers produce the user documentation. Computer 

operators keep the computer systems running and make sure the reports are produced at 

the right times. The system manager makes sure that the computer system itself is 

maintained. The user support staff makes sure that the users are trained and are 

receiving benefits.  

 Project managers manage the people doing the work to make sure that project 

goals are accomplished. Among other things, project managers develop schedules, monitor 

work for completeness and quality and help in resolving conflicts and questions that arise. 

Project managers in MIS departments typically started as programmers or systems 

analysts and showed they could take responsibility for larger parts of projects. 

 Application programmers convert a general understanding or written description of 

a business problem into a set of programs that accomplish the required computer 

processing. Their jobs include designing the programs and database, coding and testing 

the programs and producing the related program documentation. 

 Systems analysts perform the analysis to decide how a new or updated system can 

help solve a business problem or exploit a business opportunity. They communicate part 

of the results to programmers who write the programs. 

 Programmer-analysts play the role of both programmer and analyst in situations 

where it is more effective to combine these rates. 

 Computer operators make sure that a computer is running, that tapes and 

removable disks are loaded and unloaded and that fobs such as backups and database 

reconfigurations are performed on time. 

 Database administrators control the definition of all items m a shared database 

and monitor the performance of the database. 

 System managers manage computer installations and make sure that the 

hardware is configured properly and that the operators do their jobs. 



PGDCA  PAPER-6 136

 Systems programmers write programs related to the operating system and internal 

operation of the computer system. This is a more specialized fob than programmer, which 

generally refers to someone who produces programs related to business applications. 

 User support staffs help the users use the system by providing training, answering 

questions and collecting change requests. 

 Many of the same roles apply even if the project involves acquiring and installing 

an application package sold by a software vendor. For example, systems analysts still 

need to determine the requirements and the user support staff still has to train the users. 

Programming may also be required to tailor the purchased software to the firms needs or 

to link the resulting data to the firm’s other internal systems. 

 This introduction to MIS planning started by saying that planning is the process of 

deciding what will be done, who will do it, when they will do it, how it will be done and 

what are the desired results. Thus far we have seen some of the roles in MIS planning and 

the types of projects the plan includes.  

2.9.6 MIS Planning Techniques 

 For very small projects, commonsense techniques for planning and documenting 

the plans for the MIS project are sufficient.  

 The planning techniques rest on some fundamental management premises. The 

first is that all work can be planned and controlled. The second is that the greater the 

difficulty in planning the work, the greater the need for such planning. Techniques exist 

for a rational approach to planning the design and implementation of large systems. The 

third premise is that the assignment of project management to a project manager with 

wide responsibilities is an important factor in increasing the probability of success of a 

project. However, the project manager may direct the activities of a program without 

having direct-line command over all persons involved in the program. He achieves this by 

means of a clearly defined work breakdown structure for the project. 

2.9.6.1 Work Breakdown Structure 

 A fundamental concept in project management is the work breakdown structure, 

which starts with the total end result desired and terminates with the individual detailed 

tasks. The project breakdown structure is a natural decomposition of the project end 

result. It is created in a level-by-level breakdown from: 

1. System to subsystem 

2. Subsystem to task 

3. Task to subtask 

4. Subtask to work package. 

 The work breakdown structure, referred to as WBS, starts with a word description 

of the entire project and is then decomposed by word descriptions for each element of 

each subdivision. The organizational structure should have no influence on the 

development of the WBS. The primary question to be answered is, “What is to be 

accomplished?” Next, an acceptable way of classifying the work must be found. The 

classification should be such that natural systems and components are identified and 
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milestone tasks for accomplishing their design are related. Neither gaps nor overlaps must 

be allowed, yet the structure should interlock all tasks and work packages. 

 The smallest element in the WBS, usually appearing at the lowest level is the work 

package, a paragraph description of the work that is to be done to achieve an intermediate 

goal. Requirements of time, resources and cost are listed, including definite dates for 

starting and completing the work – a short duration compared with that of the total 

project. The breakdown of the project into work packages, each assigned to a single 

responsible manager, provides the means for control of the entire project. 

2.9.6.2 Sequence Planning 

 The relationships among tasks must be set forth by a chronological ordering, 

starting with the terminal task of the project and working backward. As each task is set 

down, it is necessary to determine what immediately preceding tasks must first be 

completed. When a network of events has been established, estimates of the time required 

to complete each event, based upon the work package information, may be entered. 

 There are a number of time paths through a network that run from the starting 

event to the terminal event. The longest is called the critical path. On the basis of 

management decisions, resources may be added or redeployed to change the length of 

time of a current critical path to yield a new one, thus gaining time by a trade-off involving 

increased costs. The final network is sometimes called the master project network plan. 

2.9.6.3 Master Program Schedule 

 The master program schedule (MPS) is a management document giving the 

calendar dates for milestones (major tasks and critical path minor tasks), thus providing 

the control points for management review. The MPS may be in the form of a Gantt chart 

for small MIS projects or in machine printout for large projects whose networks have been 

programmed for computer analysis and reporting. In the latter case, the MPS is derived 

from the network schedule by establishing a calendar data for the starting event. 

2.9.6.4 Budgeting 

 The establishment of cost and resource targets for a planned series of periods in 

advance is project budgeting. Although cost constraints may be applied in a top-down 

fashion during planning, such constraints must be reconciled with a bottom-up approach 

through the work breakdown structure. Reconciliation is accomplished by either (1) 

allocating more funds or (2) narrowing and reducing the scope of the work and redefining 

the objectives of the project. 

 Cushioning should not be added to the resource costs because meaningful 

measures of control depend upon realistic goals. However, because experience has shown 

that project cost overruns are far more common than under-runs, a contingency fund 

should be budgeted to cover unanticipated problems. The project manager’s use of the 

contingency fund is also a measure of his performance. 

2.9.6.5 Reporting and controlling 

 Control of the project means control of performance/cost/time (P/C/T). These 

elements, P/C/T, must be reported in a way that lies them all together, otherwise the 
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report is meaningless. Consider, for instance, a project in which performance and costs 

are on target. It is possible for such a project to be behind and in trouble from the time 

standpoint. On the other hand, a project may show an overrun of costs as of a particular 

date, yet if the work performance is ahead of schedule, this is good news instead of bad 

news. 

2.9.6.6 Reporting Techniques 

The reporting system for a project is its own MIS. Some methods of project reporting are: 

1. Integrated P/C/T chart 

2. Financial schedules and variance reports 

3. Time-scaled network plans and computerized reports based on them 

4. Problem analysis and trend charts 

5. Progress reports 

6. Project control room and computerized graphic systems 

7. Design review meetings and reference designs 

 Control is difficult if the only reports are written narratives requiring interpretation 

by management. At the other extreme, reams of computer data reports are equally poor. 

Managers prefer graphic displays, which reduce large amounts of complex information 

into easily understood pictorial form. Comparisons and trends of major variables are also 

effective in communicating. Graphic display must be designed to guard against too gross a 

level of reporting, however, or else growing problems may be obscured. 

 Other problems in reporting are the use of complex grammatical structure; high fog 

index of writing; excessive and unexplained abbreviations, codes and symbols and too 

much technical jargon. Projects may fail if the project manager and his or her technical 

specialists do not make clear to management what is happening and how the money is 

being spent. 

2.9.7 The Nolan Stage Model 

 The Nolan Stage Model developed by Richard Nolan back in the 1970’s is an 

important theory to understand. The Nolan stage model is still useful because of the 

questions it raises for companies during the development and implementation of 

information strategies. The stage theory was originally developed to help managers 

understand the role and evolution of computers in their organisation. Originally it evolved 

from the discovery that plotting the annual expenditures on IT of an organisation over 

time formed a classic “S-shaped” curve – the familiar learning or experience curve. The 

theory holds that every organisation must traverse the stages of learning in a sequential 

manner. The theory also leads to a contention that by managing the pathway through the 

stages integration and maturity can be achieved more efficiently, more effectively and 

perhaps more rapidly. Integration is a key issue in the stages model – integration involves 

the use of IT to support business processes and the use of IT to link business processes. 

Integration is perhaps the end result of effective automation and business process 

engineering – ultimately it may be the key to future business transformation.  The 
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management requirement is one of understanding the required balance between control 

and organisational slack. 

  Control is all about management control – using clear documented strategies, 

employing strict budgets, the use of feasibility justifications, the creation of a managed 

portfolio of systems, the use of strict project management allied to more structured 

lifecycle techniques – and so on.  In short the environment focuses on meeting targets for 

cost, time and quality.  Slack is concerned with a freeing up of the environment in which 

development takes place – innovation is the key – resources can be given over to projects 

in a more discretionary way – the IT and IS resource is expanded so that capability to 

build is expanded. Greater capability means that more projects, higher risk projects and 

more strategic projects can be undertaken. Underlying the whole model is the view that 

the past is the key to the future – in other words the patterns and mistakes of the past 

may happen again – the processes that give rise to them therefore must be managed. This 

gives rise to two implications: 

  We need to manage through the pathway from initiation to maturity for each new 

technology that we assimilate 

 We need to manage our way through individual projects or systems implementation for 

the same reasons 

 Nolan’s Stages of Growth Model identifies six stages of growth that organizations 

could pass through over time, in their use of information processing technology: 

1. Initiation  

2. Contagion  

3. Control  

4. Integration  

5. Data administration  

6. Maturity  

These can be described as follows: 

Stage 1 – Initiation: The first cautious use of a new technology 

 low expenditures for data processing 

 small user involvement 

 lax management control 

 emphasis on functional applications to reduce costs 

Stage 2 – Contagion: The enthusiastic adoption of computers in a range of areas 

 proliferation of applications  

 users superficially enthusiastic about using DP 

 management control even more lax 

 rapid growth of budgets 

 treatment of the computer by management as just a machine 

 rapid growth of computer use throughout the organisation's functional areas  

 computer use is plagued by crisis after crisis 
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Stage 3 – Control: A reaction against excessive and uncontrolled expenditures of time 

and money on computer systems. 

 but no going back on computer use 

 DP department is raised higher in the organisation 

 centralized controls placed on the systems 

 applications often incompatible or inadequate 

 use of database and communications, often with negative general management 

reaction 

 end-user frustration 

Stage 4 – Integration: Using new technology to integrate systems that were previously 

disparate 

 rise of control by the users 

 large DP budget growth 

 demand for on-line database facilities 

 DP dept. operates like a computer utility  

 formal planning and control within DP 

 users more accountable for their applications 

 use of steering committees, applications financial planning  

 DP has better management controls, standards and project management 

Stage 5 – Data Administration: A new emphasis on managing corporate data rather than 

IT 

 identification of data similarities, its usage, and its meanings within the whole 

organisation 

 applications portfolio is integrated into the organisation 

 DP department serves more as an administrator of data resources than of 

machines.  

 use of term IT/IS rather than DP 

Stage 6 – Maturity: Systems that reflect the real information needs of the organisation 

 use of data resources to develop competitive and opportunistic applications 

 DP organisation viewed solely as a data resource function 

 DP emphasis on data resource strategic planning 

 ultimately users and DP department jointly responsible for the use of data 

resources within the organisation 

 Learning seems to be a key component in the model – indeed which is where Nolan 

started in the analysis of the S curve. What the model tells us is that learning begins with 

the IT technologists – they learn about the new technology – the learning then moves on to 

the users who learn how to apply the technology in their jobs and to support the business 

processes. In fact the model is more complex than this in that the learning shifts several 

times through the six stages. 
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2.9.8 Information Resource Management 

 The management of information systems in many organizations is experiencing a 

transition from information processing to information as a strategic resource and to an 

expanded role for information technology. This expanded role is often termed as 

information resource management (IRM). The term usually includes the related activities 

of data processing, data communications and office automation. 

There are two reasons for the shift in emphasis from information processing to 

information resource management. One is the stage of development of the information 

systems function and the other is based on technological developments. The Nolan stage 

theory, presented above, described stages of information system use in organizations. In 

the six stage theory, the idea is presented that after the first three stages of initiation, 

contagion and control; there is a transition from management of computers to 

management of organizational data sources. In the maturity stage, the application 

portfolio mirrors organizational processes, there is joint information systems-user 

accountability for information resources, and there is a match between information 

system structure and organizational structure. 

 The technology explanation for the shift to information resource management is 

that technologies which in the past could be managed separately are now highly 

interdependent and should be the responsibility of a single organizational authority. For 

example, the technologies for voice and data telecommunications were separate. Now an 

organizationally efficient telecommunications system must consider both forms as highly 

interdependent. Office automation, when first introduced, typically referred only to the 

replacement of typewriters by word processors; now office automation is highly 

interrelated with both data processing and telecommunications. Therefore, there is an 

organizational theory basis for assigning all three functions to a single organizational 

function, namely information resources.  

 The following are the component activities that make up the overall information 

resource function: 

1. Data processing: Data processing is any computer process that converts data into 

information. The processing is usually assumed to be automated and running on a 

mainframe, minicomputer, microcomputer or personal computer. Because data are most 

useful when well-presented and actually informative, data-processing systems are often 

referred to as information systems to emphasize their practicality. Nevertheless, both 

terms are roughly synonymous, performing similar conversions; data-processing systems 

typically manipulate raw data into information and likewise information systems typically 

take raw data as input to produce information as output. 

2. Telecommunications: Traditionally, data communications have been the 

responsibility of data processing operations, while voice communications were assigned 

elsewhere. The advances in communication technology support corporate-wide 

telecommunications capabilities that integrate voice and data communications. Data 
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communications are also an integral component of both data processing and office 

automation applications. 

3. Office automation: This component typically began as the word processing 

function under the responsibility of office administrators who were separate from data 

processing function. Intelligent workstations integrate word processing with data 

processing and frequently involve access to the corporate database. Local area networks 

and wide area communications are key components for integrating office automation 

functions and providing access to data processing facilities. 

2.9.9 Glossary 
 

IS Information Systems 

CIO Chief Information Officer 

CFO Chief Finance Officer 

CEO Chief Executive Officer 

WBS Work Breakdown Structure 

Critical Path The longest time path through a network 

MPS Master Program Schedule 

P/C/T Performance/cost/time 

IRM Information Resource Management 
 

2.9.10 Summary 

 Planning is the process of deciding what will be done, who will do it, when they will 

do it, how it will be done and what are the desired results. Information system planning 

should be an integral part of business planning. Business planning is the process of 

identifying the firm's goals, objectives and priorities and developing action plans for 

accomplishing those goals and objectives. Information systems planning is the part of 

business planning concerned with deploying the firms information systems resources, 

including people, hardware and software. The goals, objectives, and priorities of the 

business should drive all the plans. There are certain challenges in MIS planning like it is 

usually difficult to foresee the way information system innovations will develop. Therefore, 

MIS plans should be reviewed periodically and systems should be designed to be flexible 

and extendable. Another problem with MIS planning is that individual departments within 

companies have their own priorities and business practices and often have difficulty 

working toward a mutually beneficial plan. The difficulty of building systems is one of the 

reasons MIS investments require management attention. Regardless of whether the 

system performs as it was designed, the customer may be dissatisfied for a variety of 

reasons such as gaps in cost, quality, responsiveness, reliability and conformance. 

Business professionals are non-specialists and IT professionals are specialists and they 

come from different worlds. Attaining a genuine dialogue is important because the 

business professionals and the IT professionals each bring knowledge and understanding 

essential for system success. 
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 Finding the right balance between what should be decided centrally and what 

should be decided locally is one of the major issues related to planning, building and 

managing information systems. Specific hardware and software products should always 

be evaluated in their own right and as a component of an overall system. The latest 

hardware and software may have little impact if the training and support for participants 

is inadequate or if the right data is not available. Information systems must last for years 

and must be maintainable long after the original system builders have moved to other 

jobs. This requires that the systems be constructed and documented carefully and that 

the documentation be updated whenever the system is changed. People are part of the 

system thus process of designing systems requires involvement and commitment by 

system participants and their management. 

 A firm’s information systems department is usually responsible for producing the 

MIS plan in conjunction with the user departments, such as marketing and finance. It is 

especially important to allocate resources carefully. Even though the MIS department 

compiles the MIS plan, members of user departments also have important planning 

responsibilities. Members of user departments participate in MIS planning in various roles 

including sponsor, champion and steering committee member. 

For very small projects, commonsense techniques for planning and documenting the 

plans for the MIS project are sufficient. Techniques exist for a rational approach to 

planning the design and implementation of large systems. A fundamental technique in 

project management is the work breakdown structure, starts with a word description of 

the entire project and is then decomposed by word descriptions for each element of each 

subdivision. The breakdown of the project into work packages, each assigned to a single 

responsible manager, provides the means for control of the entire project. Sequence 

Planning is used to establish a network of events and estimates of the time required to 

complete each event, based upon the work package information. The master program 

schedule (MPS) is a management document giving the calendar dates for milestones, thus 

providing the control points for management review. Project budgeting is done to establish 

the cost and resource targets for a planned series of periods in advance. Also a 

contingency fund should be budgeted to cover unanticipated problems. Control of the 

project means control of performance/cost/time, for which many techniques such as 

Integrated P/C/T chart, Financial schedules and variance reports, Time-scaled network 

plans and Problem analysis and trend charts etc. are used.  

 The stage model developed by Richard Nolan back in the 1970’s is an important 

theory, which was originally developed to help managers understand the role and 

evolution of computers in their organisation. The theory holds that every organisation 

must traverse the stages of learning in a sequential manner. Nolan’s Stages of Growth 

Model identifies six stages of growth that organizations could pass through over time, 

Initiation, Contagion, Control, Integration, Data administration and Maturity.  

 The management of information systems in many organizations is experiencing a 

transition from information processing to information as a strategic resource and to an 
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expanded role for information technology. This expanded role is often termed as 

information resource management (IRM). 

2.9.11 Suggested Readings 

1. Robert G. Murdick, Joel E. Ross, James R. Claggett, “Information Systems for 

Modern Management”, Prentice Hall of India Pvt. Ltd. 

2. Gordon B. Davis, M.H. Olson, “Management Information Systems: Conceptual 

Foundations, Structure & Development”, McGraw-Hill Book Co. 

3. D.P. Goyal, “Management Information Systems: Managerial Perspectives”, 

Macmillan India Ltd. 

2.9.12 Important Questions 

1. What do you mean by Planning? Briefly justify the importance of the planning 

function. 

2. Define and discuss the Nolan Stage model of growth. Give its implications. 

3. “Information is being treated as a strategic resource nowadays in organizations.” 

Justify. 
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2.10.0 Objectives of the lesson 

 This lesson presents a contemporary theory about strategic uses of corporations’ 

internal information systems, primarily from Porter’s theories relating to competitive 

strategy. This leads to discussion of systems which transcend the boundaries of particular 

organisations and are associated with cooperation between them. The process whereby 

strategic information systems are created or identified is then examined.  

2.10.1 Introduction 

 During the last 15 years, an area has developed within the Information Systems 

discipline which is generally referred to as ‘strategic information systems’. It concerns 

itself with systems whose importance to the organisation extends beyond merely assisting 

it to perform its existing functions efficiently, or even just effectively. A strategic 

information system is instrumental in the organization’s achievement of its competitive or 

other strategic objectives.  

 The information revolution has been taking place everywhere. Unfortunately, the 

present management information systems (MIS) are not designed in a way that gives 

companies information regarding technology to manage their technology strategy. Earl 

distinguishes between the data processing (DP) era (the first 30 years of computing) and 

the (subsequent and still current) Information Technology (IT) era. One characteristic of 

the IT era, Earl and others explained, is that IT is regarded as a management function 

alongside finance, accounting, production, marketing and the like. Ward’s model consists 
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of three eras: a DP era, a management information systems (MIS) era and a strategic 

information system (SIS) era. During the DP era, IT is used primarily to improve 

operational efficiency by automating information-based processes. In the MIS era, the 

prime objective is to increase management effectiveness by satisfying management 

information requirements. And in the SIS era, the prime objective in using IT is to improve 

competitiveness by changing the nature of the business. The situation can be better 

explained in Table 1. 

 

Table 1  Functional focus of MIS 

 

Period FinanceAccounting Production Marketing Human 

Resource 

Technology 

DP Era  X X    

MIS Era X X X X X  

SIS Era X  X X X X 

2.10.2 Strategic Information System 

 A Strategic Information System (SIS) is a type of Information System that is aligned 

with business strategy and structure. The alignment increases the capability to respond 

faster to environmental changes and thus creates a competitive advantage. An early 

example was the favorable position afforded American and United Airlines by their 

reservation systems, Sabre and Apollo. For many years these two systems ensured that 

the two carrier’s flights appeared on the first screens observed by travel agents, thus 

increasing their bookings relative to competitors. A major source of controversy 

surrounding SIS is their sustainability. 

 Strategic Information System is a system to manage information and assist in 

strategic decision making. A strategic information system has been defined as, “The 

information system to support or change enterprise’s strategy.” by Charles Wiseman. 

Model of 3-era information system by Galliers & Somogyi 

 Data Processing (DP) [efficiency] — Improved efficiency by means of automating back 

office data processing functions.  

 Management Information Systems (MIS) [effectiveness] — Improved information flows 

and transfers.  

 Strategic Information System (SIS) [competitiveness] — Enhance competitiveness of 

the organization through the application of IT to business processes. Davenport’s point 

of view is that “Information is power and people are unlikely to give it away”.  

Strategic information system is different from other systems as:  

 they change the way the firm competes.  

 they have an external (outward looking) focus.  

 they are associated with higher project risk.  

 they are innovative (and not easily copied).  



PGDCA  PAPER-6 147

2.10.3 Origins 

 The role of Information Systems (IS) has developed during the years. The original 

conception was of automation of existing manual and pre-computer mechanical 

processes. This was quickly succeeded by the rationalisation and integration of systems. 

In both of these forms, IS was regarded primarily as an operational support tool and 

secondarily as a service to management.  

 During the 1980s, an additional potential was discovered. It was found that, in 

some cases, information technology (IT) had been critical to the implementation of an 

organisation’s strategy. The dominant sense in which the term is used is that a strategic 

information system is an information system which supports an organisation in fulfilling 

its business goals.  

 An alternative interpretation of the term is that it is not necessary a particular IS, 

but rather the combination of those parts of an organisation’s cluster of information 

systems which provide information into its strategic planning processes. The functions 

involved include the gathering, maintenance and analysis of data concerning internal 

resources and intelligence about competitors, suppliers, customers, government and other 

relevant organisations.  

2.10.4 SIS Framework 

 A detailed study of the SIS frameworks reveals that the majority of them are based 

on the work of Michael Porter and Gregory Parsons. In Porter’s value chain model, for 

instance, SIS provides an analysis for technology development through improving 

products and processes and/or R&D. But the framework does not precisely prescribe 

particular technologies or their applications.  

 Parson’s tri-level framework (industry level, firm level and strategy level) mainly 

shapes the impact of IT on the firm and industry. The framework rather helps shifting the 

focus from technology strategy to the firm’s strategy. Development of a framework of 

technology information should, therefore, complement the domain of MIS in a broad 

sense. Graphically, the situation can be described in Figure 1.  

 

 
Figure 1: Technology Information (TI) contributing to the domain of MIS 

 

2.10.5 Strategic Information Systems Planning 

 Information System (IS) planning has evolved over the last twenty-five years. In the 

late 1970s, primary objectives were to improve communications between computer users 

and MIS (Management Information Systems) department increase top management 

support for computing and identifying new and payback computer applications. In the late 
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1980s, two new objectives emerged. They are identification of strategic IS applications - 

those that give the organization a competitive advantage and development of organization-

wide information architecture. Strategic Information System Planning (SISP) has become 

an increasingly important issue for both researchers and practitioners. In supply of key 

issues over the past ten years, SISP has consistently remained among the top ten issues. 

Lederer and Sethi have given two simultaneously performed approaches to SISP. On the 

one hand, SISP helps organization use IS in innovative ways to build barriers against new 

entrants, change the basis of competition, generate new products, built- in switching cost. 

As such SISP promotes innovation and creativity. On the other hand, SISP is a process of 

identifying a portfolio of computer based applications to assist an organization in 

executing its current business plans and thus realizing its existing business goals. The 

distinction between the two approaches results in the former being referred to as 

attempting to impact organizational strategies and the latter as attempting to align MIS 

objectives with organizational goals. 

2.10.6 Brief Review of SISP Models 

 Various frameworks are developed by the researchers to help the practitioners to 

identify IS strategy. An evolutionary model suggested by Nolan (1979) is a well-known six-

stage model with the help of which an organization is able to see where it stands and 

where it is heading in terms of computerization. IS strategies can be formulated depending 

on the type of stage the organization is in with respect to IT. The model omits to 

encompass human and technological dimension. Critical Success Factor (CSF) analysis 

suggested by Rockart and Business System Process (BSP), an IBM or proprietary 

technique, are the techniques suggested for information requirements of the 

organizations. CSFs are the key activities for any organization in which performance must 

be satisfactory if the business is to survive and flourish. Its weakness is that it needs very 

skilled and prescriptive interviews to do the abstracting of CSF from senior managers. It is 

usually impossible to build a true picture of organization information requirements using 

only CSFs. CSF is more useful in designing support systems for isolated senior executives 

than in resolving company wide issues of integrated information systems. A further 

difficulty associated with CSF analysis is that the resultant decision may ignore any 

resource constraints surrounding their management. BSP is a lengthy process that offers 

a structured approach to planning via a number of defined stages that lead from the 

identification of business processes to a definition of required data structures. It involves 

top-down planning followed by bottom-up implementation. From the top-down, 

organization’s business mission, objectives and functions are recognized. It analyzes the 

processes for organization’s data needs. From the bottom-up, data currently needed to 

perform the processes are identified. The final BSP output describes an overall 

information system architecture comprised of databases and applications as well as the 

installation schedule of individual systems. Rather than identifying isolated applications 

projects, BSP takes a coordinated inter-system view. It is a business-oriented approach. 

Despite these advantages; BSP has limitations. It was designed for centralized 
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environments. This is not surprising, considering that it was developed and promoted by 

IBM during a period when firm’s principal products were main frame computers. Nothing 

in the original methodology helps an organization if its computing resources has become 

organizationally or physically decentralized. 

2.10.7 Competitive Information System 

 A variety of interpretations of strategy exist, most of which have a great deal to do 

with competition between corporations. Chamberlin’s theory of monopolistic competition 

sees corporations as being heterogeneous and competing on the basis of asset differences, 

such as technical knowledge, reputation, ability for teamwork, organisational culture and 

skills, and other ‘invisible assets’. Competition therefore means cultivating unique 

strengths and capabilities, and defending them against imitation by other firms. Another 

alternative sees competition as a process linked to innovation in product, market or 

technology. 

 The context within which SIS theory emerged was the competitive strategy 

framework put forward by Porter. Competitive strategy is an enterprise’s plan for 

achieving sustainable competitive advantage over, or reducing the edge of its adversaries. 

In Porter’s view, the performance of individual corporations is determined by the extent to 

which they cope with and manipulate the five key ‘forces’ which make up the industry 

structure:  

 the bargaining power of suppliers;  

 the bargaining power of buyer;  

 the threat of new entrants;  

 the threat of substitute products; and  

 rivalry among existing firms.  

 Enterprises, through their strategies, can influence the five forces and the industry 

structure at least to some extent.  

There are two basic strategic stances that enterprises can adopt:  

 low cost 

 product differentiation.  

 In the long run, firms succeed relative to their competitors if they possess 

sustainable competitive advantage in either of these two subject to reaching some 

threshold of adequacy in the other. Another important consideration in positioning is 

‘competitive scope’ or the breadth of the enterprise’s target markets within its industry, 

i.e. the range of product varieties it offers, the distribution channels it employs, the types 

of buyers it serves, the geographic areas in which it sells and the array of related 

industries in which it competes.  

 Under Porter’s framework, enterprises have four generic strategies available to 

them whereby they can attain above-average performance. They are:  

 cost leadership;  

 differentiation;  

 cost focus; and  
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 focused differentiation.  

 According to Porter, competitive advantage grows out of the way an enterprise 

organises and performs discrete activities. The operations of any enterprise can be divided 

into a series of activities such as salespeople making sales calls, service technicians 

performing repairs, scientists in the laboratory designing products or processes, and 

treasurers raising capital. By performing these activities, enterprises create value for their 

customers. The ultimate value an enterprise creates is measured by the amount 

customers are willing to pay for its product or services. A firm is profitable if this value 

exceeds the collective cost of performing all of the required activities. To gain competitive 

advantage over its rivals, a firm must either provide comparable value to the customer but 

perform activities more efficiently than its competitors (lower cost) or perform activities in 

a unique way that creates greater buyer value and commands a premium price 

(differentiation).  

Many differentiation bases exist, classified into four major groups:  

 product (quality, features, options, style, brand name, packaging, sizes, services, 

warranties, returns);  

 price (list, discounts, allowances, payment period, credit terms);  

 place (channels, coverage, locations, inventory, transport); and  

 promotion (advertising, personal selling, sales promotion, publicity).  

 IT can be used to support or sharpen the firm’s product through these various 

attributes. Of especial importance is ‘product differentiation’. This is the degree to which 

buyers perceive products from alternative suppliers to be different or as it is expressed by 

economic theory, the degree to which buyers perceive imperfections in product 

substitutability. The buyers of differentiated products may have to pay a price when 

satisfying their preference for something special, in return for greater added-value. The 

connection between the producer and buyers may be reinforced, at least to the level of 

customer loyalty and perhaps to the point of establishing a partnership between them. 

Such a relationship imposes ‘switching costs’ on the buyer because its internal processes 

become adapted to the beneficial peculiarities of the particular factor of production and 

use of an alternative would force internal changes. Hence product differentiation also 

serves as an entry barrier. In addition, a continuous process of product differentiation 

may produce an additional cost advantage over competitors and potential entrants, 

through intellectual property protections, such as patents and the cost of imitation.  

 The activities performed by a particular enterprise can be analysed into primary 

activities, which directly add value to the enterprise’s factors of production, which are 

together referred to as the ‘value chain’ and supporting activities. The primary value-

adding activities include those involved in the production, marketing delivery and 

servicing of the product. They are linked, generally, in a chain. Support activities include 

those providing purchased inputs, technology, human resources or overall infrastructure 

functions to support the primary activities.  
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 By coordinating linked activities, an enterprise should be able to reduce 

transaction costs, gather better information for control purposes and substitute less costly 

operations in one activity for more costly ones elsewhere. Coordinating linked activities is 

also an important way to reduce the combined time required to perform them. Hence co-

ordination is increasingly important to competitive advantage. Gaining competitive 

advantage requires that an enterprise’s value chain be managed as a system rather than 

as a collection of separate parts. Reconfiguring the value chain, by re-locating, re-

ordering, re-grouping or even eliminating activities is often at the root of a major 

improvement in competitive position.  

2.10.8 Cooperative Supra-Organisational Systems  

 The original orientation of SIS was towards internal systems. Subsequently, 

attention switched to cooperation among enterprises. Cooperation may take place along 

the industry value-chain, across industry segments or between industries. Cooperation 

may be relatively informal, situational or short-term in nature and based on mutual 

understanding or it may take the shape of a more formalised joint venture or alliance.  

 Cooperation and alliances are fundamentally competitive in nature, in that teams 

of corporations with at least some degree of common interest seek to gain an advantage 

over or neutralise the advantage of a single enterprise or another team of cooperating or 

allied enterprises.  

 Transaction cost economics explains the cooperative relationship among 

enterprises. It sees them as attempts to increase the utilisation of fixed resources such as 

productive capacity, managerial capability and technological know-how, through closer 

integration of decisions and hence improved coordination among economic activities that 

are not jointly owned: economies of scope and scale enable transaction costs to be 

reduced. Transaction costs consist of coordination costs and transaction risks. 

Coordination costs are the costs of coordinating decisions and operations among economic 

activities, in order to improve resource efficiency. This includes costs to establish and 

operate information channels and decision processes.  

 Transaction risk is the possibility of opportunistic behaviour by a party to the 

relationship leading to uncertainty surrounding the level and division of the benefits from 

the increased integration of decisions and operations. Transaction risk can be divided into 

three sub-categories:  

 transaction-specific capital;  

 information asymmetries; and  

 loss of resource control.  

 Traditional transaction cost theory assumes that increasing explicit coordination 

requires specialised sunk investments to decrease coordination costs but that the sunk 

nature of these investments substantially increases transaction risk.  

 The application of IT tends to reduce the coordination costs by reducing the costs 

of accumulating, storing and communicating information. It is necessary, however, to 

mitigate transaction risk as well, e.g. through modularity and replicability of knowledge, 
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open standards, intuitive user interfaces and interconnection among networks. However, 

codified information is much easier to duplicate and transfer without any security 

measures.  

 IT-facilitated cooperation among enterprises generally takes one of the following 

forms:  

 vertical quasi-integration, whereby existing relationships with customers and 

suppliers can become more tightly coupled. 

 outsourcing, whereby activities previously performed within one enterprise due to 

high transaction risk may be shifted to third-party providers, in order to benefit from 

the higher production economics, such as scale and specialisation, of those providers; 

and  

 Quasi-diversification, whereby enterprises cooperate across markets or across 

industries in order to leverage their key resources in new areas, exploiting increased 

economics of scale and scope in those resources. Relationships with other firms that 

were previously not possible due to high coordination costs or high transaction risk 

may become feasible.  

2.10.9 IS as a facilitator for knowledge transfer 

 The low cost of computers and networks has created a potential infrastructure for 

information transfer and opened up important knowledge management opportunities. The 

communication and storage capabilities of networked computers make them knowledge 

enablers. Through sources such as e-mail, the Internet and intranets information in 

computers and networks can point to people with knowledge and connect people who 

need to share knowledge over distances. Hence, information systems seems to offer 

human beings and the organizations for which they work, fast, cheap and broad sources 

of data and means of communication to enable them to generate and share knowledge. 

However, many issues concerned with the human aspects of the use of computer based 

systems remains problematic despite technological advances. An enhanced ability to 

collect and process data or to communicate electronically across time and space does not 

necessarily lead to improved human communication and action. 

 An aspect that has to be considered when developing an information system that 

shall facilitate the transfer of knowledge is that the larger and more complex the 

organization is, the less likely it is to find the best expertise at any location nearby. 

However, in a large organization the chances increase that “right” knowledge exists 

somewhere in the organization but it decreases the likelihood that the personnel will know 

how and where to find it. 

 Companies with information systems that support knowledge transfer understand 

that knowledge management and information technology are not synonymous. However, 

information technology can facilitate the solving of problems related to managing 

knowledge. Hence, these companies’ knowledge management programs are often long-

term efforts that involve all aspects of the area and links with other strategic decisions as 

well. 
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 An information system, as described above, can point to people with knowledge 

and connect people who need to share knowledge. Nevertheless, the sharing of knowledge 

is dependent on interaction between the knowledge bearer and the knowledge seeker. 

Thus, the use of an information system as a facilitator for knowledge transfer may depend 

on issues such as organizational defensive routines like ‘knowledge is power’, power 

structures and reward systems supporting knowledge sharing. Another barrier may be 

lack of accurate information on the availability of people referred to in the information 

system and people hiding personally uninteresting competencies to avoid unwanted 

assignments. 

2.10.10 Glossary 

IS Information Systems 

DP Data Processing 

IT Information Technology 

SIS Strategic Information System 

SISP Strategic Information System Planning 

CSF Critical Success Factor 

BSP Business System Process 
 

2.10.11 Summary 

 Strategic information system is a topic which is very important and highly 

dynamic. This lesson has presented an interpretation of the emergence and development 

of theory in the area and of current and emerging themes. Particularly significant tensions 

exist between the relevance of research outcomes and the rigour of research processes 

and the literature must be used with an especially critical eye.  

 Organisations seek to gain significant advantages by employing SIS to alter the 

internal structure or the entire industry structure. Several frameworks exist which are 

intended to assist understanding of the use of SIS based on the industry organisation, 

value chain and strategic thrusts. Organisations seek competitive advantages over other 

rivals along the whole industry value chain. Generic strategies have been proposed.  

 Despite the usefulness of these frameworks applied to the search for competitive 

advantages, these frameworks are market-oriented and are not suitable to explain SIS 

developed in other non-market-oriented industries, such as government. Another 

deficiency of these frameworks is the concentration on competitive advantage to the 

exclusion of other perspectives. As a result of industry-wide adoption of SIS, the questions 

of sustainability of competitive advantage and of competitive necessity arise. This in turn 

leads to cooperative arrangements, including alliances and at a more abstract level, 

collaboration.  

 IT has become a significant factor in the operation and planning of information-

based enterprises. Strategic information systems theory has done much to enable the 

description, explanation and prediction of behaviour. There remain significant weaknesses 

which need to be addressed.  
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2.10.12 Suggested Readings 

1. Robert G. Murdick, Joel E. Ross, James R. Claggett, “Information Systems for 

Modern Management”, Prentice Hall of India Pvt. Ltd. 

2. Gordon B. Davis, M.H. Olson, “Management Information Systems: Conceptual 

Foundations, Structure & Development”, TaTa McGraw-Hill Book Co. 

3. D.P. Goyal, “Management Information Systems: Managerial Perspectives”, 

Macmillan India Ltd. 

2.10.13 Important Questions 

1. Give different changing concepts of the role of information systems in an 

organization. 

2. What are Strategic information systems? What are its characteristics that 

distinguish SIS from traditional information systems? 

3. Discuss the basic competitive strategies. How can an information system help 

organisations pursue each of these strategies? 

4. Explain how IS acts as a facilitator for knowledge transfer in organisations. 
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