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Abstract

Abstract
Software engineering organizations face a struggle for daily survival in an extremely
volatile climate. Numerous times it has been shown that the quality of a service or
product could make the difference between an organization existing or closing down.
The way in which quality is approached in any organization is part of a strategy;
unbeknown to the managers and employees in many instances. Even though there are
numerous books, articles, internet sites and other sources devoted to the subject of
quality, total quality management, and strategic planning, not many of these
information sources link quality and the strategy of the organization in such a way as
to consider the quality of the organization’s products and services to be a major factor
of strategic survival – or even the very existence of the organization.
Quality is known under various names and terms in organizations, these terms and
definitions will be investigated to grasp the true meaning of software quality and
strategy as it concerns modern software engineering organizations. The tools and
techniques required to improve and measure strategy and quality will also be
scrutinized. One dominant factor about quality and strategy should be borne in mind,
and that is that these programs depend on teamwork and management support as the
major underlying framework.
There are many tools and techniques that leaders and members of software teams can
employ, but one of the most important factors is to gain a picture of the total process
of continuous improvement and measurement. For this reason the author has included
a large section on Jack Welch, who managed to use continuous improvement
techniques to create one of the best, and biggest international organizations in recent
years. It is vital that all people realize that they need an improvement and
measurement model, and they need guidance in using such a model.
This dissertation investigates the reasoning behind implementing strategic quality
processes in software engineering organizations. Following the investigation into the
necessity for a quality strategy, the methods, processes, tools and techniques that are
required for a strategic quality framework (improvement and measurement model) for
software engineering organizations will be researched to provide a basic framework
and guidance in implementing such a model.
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Opsomming

Opsomming
Sagteware ontwikkelingsorganisasies word daagliks in die gesig gestaar deur ‘n geveg
om oorlewing in ‘n baie onstuimige ekonomiese klimaat. Menige male is dit al bewys
dat die kwaliteit van ‘n diens of produk die verskil kan maak tussen ‘n organisasie wat
vandag bestaan, of môre hulle deure sluit. Die manier waarop kwaliteit benader word
in enige organisasie is deel van ‘n strategie; of die bestuur en werknemers hiervan
bewus is of nie. Selfs al is daar baie boeke, artikels, webwerwe and ander bronne
inligting beskikbaar oor kwaliteit, kwaliteitsbestuur, strategiese beplanning en
bestuur, is daar relatief min gedoen om die kwaliteit van die organisasie se dienste en
produkte te beskou as ‘n kritiese faktor van strategiese oorlewing – nog minder
oorlewing van die organisasie.
Kwaliteit is bekend onder verskeie vaandels, en hierdie terme en definisies is
ondersoek om die ware betekenis van sagteware kwaliteit en strategie te verstaan,
soos dit betrekking het op moderne sagteware ontwikkelings organisasies. Die
gereedskap en tegnieke om strategie en kwaliteit te verbeter en meet het ook onder die
vergrootglas gekom. Een van die dominante faktore omtrent kwaliteit en strategie wat
in gedagte gehou moet word, is dat al hierdie programme aandring op spanwerk en
ondersteuning van die bestuur as die onderliggende raamwerk.
Daar is vele tegnieke en metodes wat leiers en spanlede van sagteware spanne kan
inspan om die kwaliteit van sagteware te verbeter, maar een van die mees belangrikste
faktore is om ‘n geheelbeeld van die totale proses van kontinue verbetering en meting
te verkry. Om hierdie rede het die skrywer ‘n groot gedeelte gewy aan die
korporatiewe strateeg Jack Welch, wat kontinue verbeteringstegnieke gebruik het om
een van die beste en grootste internasionale organisasies in onlangse jare te skep. Dit
is belangrik dat mense besef dat hulle ‘n verbeterings- en metingsmodel nodig het, en
dat hulle leiding kry om so ‘n model toe te pas.
Hierdie verhandeling ondersoek die denkwyse agter strategiese kwaliteitsprosesse in
sagteware ontwikkelingsorganisasies. Die metodes, tegnieke, en prosesse wat nodig is
vir ‘n strategiese kwaliteitsraamwerk word ook ondersoek vir sagteware
ontwikkelingsorganisasies om ‘n basiese raamwerk en aanwysings te verskaf om so ‘n
model toe te pas.
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Dedication

Dedication
To all engineers working in the software engineering arena, trying to make things
better for all.
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Quotation

“Our circuits are so overloaded by the technology that keeps us wired
– the cell phones and modems and fax machines – that we’ve lost the
capacity to daydream.” – James Atlas

iv

Table of Contents

Table of Contents
ABSTRACT .............................................................................................................................. I
OPSOMMING ........................................................................................................................ II
DEDICATION ....................................................................................................................... III
TABLE OF CONTENTS ........................................................................................................V
LIST OF FIGURES............................................................................................................ XIV
LIST OF TABLES.............................................................................................................. XVI
ABOUT THE AUTHOR................................................................................................. XVIII
PREFACE ........................................................................................................................... XIX
LIST OF ABBREVIATIONS AND SYMBOLS................................................................XX

Introduction..............................................1
1.

INTRODUCTION AND RESEARCH APPROACH ....................................................2

1.1

EXECUTIVE SUMMARY ..............................................................................2

1.2

RESEARCH OBJECTIVES.............................................................................4

1.3

THE RESEARCH PROCESS ..........................................................................5

1.4

THE RESEARCH DESIGN AND METHODOLOGY .................................11

1.5

AN OVERVIEW OF THE DISSERTATION STRUCTURE .......................12

1.6

CONCLUSION ..............................................................................................13

Part One..................................................15
2.

STRATEGIC MANAGEMENT ....................................................................................16

2.1

INTRODUCTION ..........................................................................................16

2.2

DEFINITIONS ...............................................................................................17

2.2.1

Strategy ....................................................................................................17

2.2.2

Strategic Culture ......................................................................................17

2.2.3

Management.............................................................................................17

2.2.4

Strategic Management .............................................................................18

2.2.5

Organizations ...........................................................................................18

2.2.6

Organizational Competence.....................................................................18

2.2.7

Competence Building...............................................................................18
v

Table of Contents

2.2.8

Competence Leveraging ..........................................................................18

2.2.9

Resources .................................................................................................19

2.2.10 Stakeholders.............................................................................................19
2.2.11 Value Creation and Distribution ..............................................................19
2.3

TOOLS AND TECHNIQUES FOR STRATEGIC MANAGEMENT..........19

2.3.1

Activity Based Costing ............................................................................19

2.3.2

Adoption Curves ......................................................................................20

2.3.3

Balanced Scorecard..................................................................................21

2.3.4

Benchmarking ..........................................................................................21

2.3.5

Business Process Re-Engineering............................................................22

2.3.6

Client Retention .......................................................................................22

2.3.7

Competitor Analysis ................................................................................23

2.3.8

Core Competencies ..................................................................................24

2.3.9

Customer Service Guarantees ..................................................................25

2.3.10 Economic Value Added ...........................................................................25
2.3.11 Flat Organizations....................................................................................26
2.3.12 Innovation ................................................................................................26
2.3.13 Lessons from Jack Welch ........................................................................26
2.3.14 Mass Customization.................................................................................27
2.3.15 Mission and Vision Statements................................................................28
2.3.16 Pay for Performance ................................................................................28
2.3.17 Porter 5 Forces Model..............................................................................29
2.3.18 Portfolio Analysis ....................................................................................29
2.3.19 Satisfaction Surveys.................................................................................31
2.3.20 Scenario Planning ....................................................................................31
2.3.21 Self-Directed Teams ................................................................................32
2.3.22 Strategic Alliances ...................................................................................32
2.3.23 Target Marketing .....................................................................................33
2.3.24 Time Based Competition .........................................................................33
2.3.25 Total Quality Management ......................................................................33
2.3.26 Value Chain Analysis ..............................................................................34
2.4

LESSONS FROM JACK WELCH ................................................................35

2.4.1

Background ..............................................................................................35

2.4.2

Make the Managers Lead.........................................................................36
vi

Table of Contents

2.4.3

Mobilize the Workforce...........................................................................39

2.4.4

Gain a Competitive Advantage................................................................41

2.4.5

Pursue Shareholder Value........................................................................41

2.4.6

Exploit the Forces of Change...................................................................42

2.5

2.5.1

Customer Perspective...............................................................................44

2.5.2

Internal Business Perspective ..................................................................46

2.5.3

Innovation and Learning Perspective.......................................................47

2.5.4

Financial Perspective ...............................................................................49

2.5.5

Measures that Move Organizations Forward...........................................51

2.6

ACHIEVING STRATEGIC OBJECTIVES ..................................................51

2.6.1

The Strategic Logic of Organizations ......................................................51

2.6.2

Defining the Business Concept................................................................56

2.6.3

Implementing Strategies ..........................................................................57

2.7
3.

THE BALANCED SCORECARD.................................................................42

CONCLUSION ..............................................................................................58

QUALITY MANAGEMENT .........................................................................................60

3.1

INTRODUCTION ..........................................................................................60

3.2

DEFINITIONS ...............................................................................................61

3.2.1

Quality......................................................................................................61

3.2.2

Quality Assurance....................................................................................61

3.2.3

Quality Assurance System .......................................................................61

3.2.4

Quality Audit ...........................................................................................62

3.2.5

Quality Control ........................................................................................62

3.2.6

Quality Costs............................................................................................62

3.3

QUALITY CONCEPTS AND TERMINOLOGY .........................................63

3.3.1

Environmental Effects and Interfaces ......................................................63

3.3.2

Human Failures/Human Reliability .........................................................64

3.3.3

Inspection and Test ..................................................................................65

3.4

QUALITY MANAGEMENT APPROACHES..............................................65

3.4.1

ISO 9000 ..................................................................................................66

3.4.2

ISO 9001 ..................................................................................................66

3.4.3

Total Quality Management ......................................................................67

3.4.4

Zero Defects.............................................................................................69
vii

Table of Contents

3.4.5

Quality Circles .........................................................................................70

3.4.6

Six Sigma .................................................................................................71

3.4.7

Quality Awards and Benchmarking.........................................................72

3.4.8

Australian Technology Network..............................................................72

3.5

4.

QUALITY MANAGEMENT TOOLS AND TECHNIQUES.......................73

3.5.1

Quality Function Deployment..................................................................73

3.5.2

Statistical Process Control .......................................................................76

3.5.3

Cause-and-Effect Diagrams .....................................................................76

3.5.4

Histogram.................................................................................................77

3.5.5

Pareto Charts and Analysis ......................................................................77

3.5.6

Data Analysis ...........................................................................................78

3.5.7

Brainstorming ..........................................................................................78

3.6

ORGANIZATION STRUCTURE .................................................................79

3.7

RESPONSIBILITIES FOR QUALITY DEPARTMENTS ...........................82

3.7.1

Setting Organizational and Production Quality Standards ......................82

3.7.2

Monitoring Production Quality Performance and Costs..........................82

3.7.3

Quality Training.......................................................................................82

3.7.4

Specialist Services ...................................................................................83

3.8

TEAM INVOLVEMENT AND COMMITMENT ........................................83

3.9

CONCLUSION ..............................................................................................84

SOFTWARE ENGINEERING ......................................................................................86

4.1

INTRODUCTION ..........................................................................................86

4.2

THE EARLY YEARS ....................................................................................88

4.3

SOFTWARE APPLICATIONS .....................................................................90

4.4

SOFTWARE MYTHS....................................................................................91

4.5

SOFTWARE PROBLEMS.............................................................................92

4.6

SOFTWARE DEVELOPMENT METHODOLOGIES.................................93

4.7

SOFTWARE RELIABILITY.........................................................................95

4.8

IMPACT OF CHANGES TO SOFTWARE ..................................................97

4.9

SEI CAPABILITY MATURITY MODEL ....................................................97

4.10 CONCLUSION ............................................................................................101

viii

Table of Contents
5.

SOFTWARE QUALITY ..............................................................................................102

5.1

INTRODUCTION ........................................................................................102

5.2

SOFTWARE QUALITY DEFINITIONS ....................................................104

5.2.1

Software Quality ....................................................................................104

5.2.2

Software Reliability ...............................................................................105

5.2.3

Software Reliability Metrics ..................................................................105

5.2.4

Software Failures ...................................................................................106

5.2.5

Software Defects....................................................................................107

5.2.6

Software Quality Factors .......................................................................108

5.3

THE NEED FOR QUALITY IN SOFTWARE ...........................................109

5.4

MODELS OF QUALITY.............................................................................109

5.4.1

Hierarchical Models...............................................................................109

5.4.2

McCall’s Model .....................................................................................111

5.4.3

Boehm’s Model......................................................................................113

5.4.4

Common Characteristics........................................................................114

5.5

TQM FOR SOFTWARE DEVELOPMENT ...............................................115

5.6

THE REQUIREMENTS OF ISO 9001 ........................................................117

5.6.1

Management Responsibility...................................................................117

5.6.2

Quality System.......................................................................................118

5.6.3

Contract Review.....................................................................................119

5.6.4

Design Control .......................................................................................119

5.6.5

Document Control..................................................................................120

5.6.6

Purchasing..............................................................................................120

5.6.7

Purchaser Supplied Product ...................................................................121

5.6.8

Product Identification.............................................................................121

5.6.9

Process Control ......................................................................................121

5.6.10 Inspection and Testing ...........................................................................122
5.6.11 Inspection, Measurement and Test Equipment......................................122
5.6.12 Inspection and Test Status .....................................................................122
5.6.13 Control of Non-Conforming Product.....................................................123
5.6.14 Corrective Action...................................................................................123
5.6.15 Handling, Storage, Packaging and Delivery ..........................................123
5.6.16 Quality Records .....................................................................................123
5.6.17 Quality Audits........................................................................................124
ix

Table of Contents

5.6.18 Training..................................................................................................124
5.6.19 Servicing ................................................................................................124
5.6.20 Statistical Techniques ............................................................................124
5.7

A STRATEGIC VIEW OF SOFTWARE QUALITY .................................124

5.8

CONCLUSION ............................................................................................126

Part Two ...............................................128
6.

STRATEGIC QUALITY FRAMEWORK.................................................................129

6.1

INTRODUCTION ........................................................................................129

6.2

ADVANTAGES AND DISADVANTAGES OF A QUALITY STRATEGY
130

6.3

SELLING THE STRATEGY TO MANAGEMENT...................................131

6.4

THE STRATEGIC SOFTWARE QUALITY FRAMEWORK ...................132

6.4.1

Determine the Software Quality Strategy ..............................................132

6.4.2

Planning for the Software Quality Strategy ...........................................135

6.4.3

Implementing the Software Quality Strategy ........................................137

6.4.4

Controlling the Software Quality Strategy ............................................138

6.4.5

Strategic Quality Process Framework....................................................138

6.5

6.5.1

Software Requirements Definition ........................................................141

6.5.2

Design Guidelines..................................................................................141

6.5.3

Software Quality Assurance Plan ..........................................................142

6.5.4

Software Reviews ..................................................................................143

6.5.5

Statistical Quality Assurance .................................................................144

6.6
7.

STEPS TO BETTER QUALITY .................................................................141

CONCLUSION ............................................................................................145

CONCLUSION AND RECOMMENDATIONS ........................................................146

7.1

INTRODUCTION ........................................................................................146

7.2

CONCLUDING SUMMARY ......................................................................146

7.3

RECOMMENDATIONS..............................................................................147

x

Table of Contents

Appendices............................................149
APPENDIX A: THE MALCOLM BALDRIDGE NATIONAL QUALITY AWARD ..150
APPENDIX B: NORMAL DISTRIBUTION.....................................................................152
APPENDIX C: SAMPLE SOFTWARE QUALITY ASSURANCE PLAN ....................154

C.1 PURPOSE OF PLAN ...................................................................................154
C.2 REFERENCES .............................................................................................155
C.3 MANAGEMENT..........................................................................................155
C.3.1 Organization ...........................................................................................155
C.3.2 Tasks.......................................................................................................155
C.3.3 Responsibilities.......................................................................................155
C.4 DOCUMENTATION ...................................................................................155
C.4.1 Purpose ...................................................................................................155
C.4.2 Required Software Engineering Documents ..........................................155
C.4.3 Other Documents....................................................................................156
C.5 STANDARDS, PRACTICES AND CONVENTIONS................................156
C.5.1 Purpose ...................................................................................................156
C.5.2 Conventions ............................................................................................156
C.6 REVIEWS AND AUDITS ...........................................................................156
C.6.1 Purpose ...................................................................................................156
C.6.2 Review Requirements.............................................................................156
C.6.2.1 Software Requirements Review .......................................................156
C.6.2.2 Design Reviews................................................................................156
C.6.2.3 Software Validation and Verification Reviews................................157
C.6.2.4 Function Audit..................................................................................157
C.6.2.5 Physical Audit ..................................................................................157
C.6.2.6 In-Process Audit...............................................................................157
C.6.2.7 Management Reviews ......................................................................157
C.7 TEST .............................................................................................................157
C.8 PROBLEM REPORTING AND CORRECTIVE ACTION ........................157
C.9 TOOLS, TECHNIQUES AND METHODOLOGIES..................................157
C.10 CODE CONTROL......................................................................................157
C.11 MEDIA CONTROL....................................................................................158
C.12 SUPPLIER CONTROL ..............................................................................158
xi

Table of Contents

C.13 RECORDS COLLECTION, MAINTENANCE AND RETENTION........158
C.14 TRAINING .................................................................................................158
C.15 RISK MANAGEMENT..............................................................................158
APPENDIX D: SAMPLE SOFTWARE TEST PLAN......................................................159

D.1 TEST PLAN IDENTIFIER ..........................................................................159
D.2 INTRODUCTION ........................................................................................159
D.3 TEST ITEMS................................................................................................160
D.4 FEATURES TO BE TESTED......................................................................160
D.5 FEATURES NOT TO BE TESTED.............................................................160
D.6 APPROACH .................................................................................................160
D.7 ITEM PASS/FAIL CRITERIA.....................................................................160
D.8 SUSPENSION CRITERIA AND RESUMPTION REQUIREMENTS.......160
D.9 TEST DELIVERABLES ..............................................................................161
D.10 TESTING TASKS ......................................................................................161
D.11 ENVIRONMENTAL NEEDS....................................................................161
D.12 RESPONSIBILITIES .................................................................................161
D.13 STAFFING AND TRAINING NEEDS .....................................................161
D.14 SCHEDULE ...............................................................................................161
D.15 RISKS AND CONTINGENCIES ..............................................................162
D.16 APPROVALS .............................................................................................162
APPENDIX E: SAMPLE CODE REVIEW CHECKLIST ..............................................163
APPENDIX F: SAMPLE PROJECT PLAN REVIEW CHECKLIST ...........................165
APPENDIX G: SAMPLE REQUIREMENTS SPECIFICATION REVIEW
CHECKLIST ........................................................................................................................166
APPENDIX H: SAMPLE SOFTWARE CONFIGURATION MANAGEMENT PLAN
................................................................................................................................................168

H.1 INTRODUCTION ........................................................................................168
H.2 REFERENCE DOCUMENTS, DEFINITIONS AND ACRONYMS .........169
H.2.1 Reference Documents.............................................................................169
H.2.2 Glossary of Terms ..................................................................................169
H.2.3 Abbreviations and Acronyms.................................................................169
H.3 MANAGEMENT .........................................................................................170
H.3.1 Organization ...........................................................................................170
H.3.2 Responsibilities ......................................................................................170
xii

Table of Contents

H.3.3 Policies, Directives and Procedures .......................................................170
H.4 ACTIVITIES ................................................................................................170
H.4.1 Configuration Identification ...................................................................170
H.4.1.1

Identifying Configuration Items.......................................................170

H.4.1.2

Naming Configuration Items ...........................................................171

H.4.1.3

Acquiring Configuration Items ........................................................171

H.4.2 Configuration Control ............................................................................171
H.4.2.1

Requesting Changes.........................................................................171

H.4.2.2

Evaluating Changes..........................................................................171

H.4.2.3

Approving or Disapproving Changes ..............................................171

H.4.2.4

Implementing Changes ....................................................................171

H.4.3 Configuration Status Accounting ...........................................................171
H.4.4 Configuration Audits and Review..........................................................172
H.4.5 Interface Control.....................................................................................172
H.4.6 Subcontractor/Vendor Control ...............................................................172
H.5

RESOURCES ..............................................................................................172

H.5.1 Schedules................................................................................................172
H.5.2

Resources...............................................................................................173

H.6 PLAN MAINTENANCE..............................................................................173
H.7 PLAN APPROVALS....................................................................................173
APPENDIX I: SAMPLE WEEKLY REPORT .................................................................174
BIBLIOGRAPHY.................................................................................................................175

GLOSSARY OF TERMS ....................................................................................................184

xiii

List of Figures

List of Figures
Figure 1.1: The Research Process..................................................................................6
Figure 1.2: The Management-Research Question Hierarchy ........................................7
Figure 1.3: Formulating the Research Question ............................................................8
Figure 1.4: Formulating the Analysis and Interpretation of Results............................10
Figure 1.5: Dissertation Structure ................................................................................13
Figure 2.1: System Development Lifecycle Returns ...................................................20
Figure 2.2: Boston Consulting Group Growth-Share Matrix ......................................30
Figure 2.3: Value Chain Analysis................................................................................35
Figure 2.4: Staff Evaluation .........................................................................................39
Figure 2.5: The Three Components of a Strategic Logic.............................................52
Figure 2.6: Competence Groups ..................................................................................55
Figure 2.7: Defining the Business Who, What, and How............................................56
Figure 2.8: The Three Elements of the Business Concept...........................................57
Figure 3.1: Quality Costs .............................................................................................62
Figure 3.2: Environmental Effects ...............................................................................63
Figure 3.3: Team-Centered Total Quality Management..............................................69
Figure 3.4: Quality Function Deployment Chart .........................................................74
Figure 3.5: Basic Cause-and-Effect Diagram ..............................................................76
Figure 3.6: Frequency Histogram of a Random Sample..............................................77
Figure 3.7: Quality Assurance Based Organization.....................................................79
Figure 3.8: Engineering Based Organization...............................................................80
Figure 3.9: Matrix Organiztion ....................................................................................81
Figure 4.1: Software Engineering Layers ....................................................................87
Figure 4.2: Evolution of Software ...............................................................................88
Figure 4.3: Classic Waterfall Software Development Lifecycle .................................94
Figure 4.4: Hardware Failure Curve ............................................................................95
Figure 4.5: Idealized Software Failure Curve..............................................................95
Figure 4.6: Actual Software Failure Curve..................................................................96
Figure 4.7: The Impact of Change on Software...........................................................97
Figure 4.8: The Software Process ................................................................................98
Figure 5.1: Software System Inputs/Outputs .............................................................107
Figure 5.2: Hierarchical Model of Quality ................................................................110
xiv

List of Figures

Figure 5.3: Metrics Associated with Reliability ........................................................110
Figure 5.4: McCall’s Model of Software Quality ......................................................111
Figure 5.5: Boehm’s Model of Quality......................................................................113
Figure 6.1: Strategic Planning Process ......................................................................135
Figure 6.2: Strategic Quality Process Framework .....................................................139
Figure 6.3: Basic Strategic Quality Framework ........................................................140
Figure B.1: The s-normal (Gaussian) Distribution ....................................................152

xv

List of Tables

List of Tables
Table 2.1: Benchmarking Activities ............................................................................21
Table 2.2: Client Retention Process.............................................................................23
Table 2.3: Competitor Analysis ...................................................................................24
Table 2.4: Core Competency Requirements ................................................................24
Table 2.5: Flattening an Organization .........................................................................26
Table 2.6: Porter 5 Forces Model ................................................................................29
Table 2.7: Scenario Planning Process..........................................................................31
Table 2.8: Total Quality Management Process............................................................34
Table 2.9: 7-Point Programme for Management .........................................................37
Table 2.10: Empowering Management........................................................................38
Table 2.11: Organizational Efficiency Initiatives ........................................................40
Table 2.12: The Balanced Scorecard ...........................................................................48
Table 3.1: Clauses in ISO 9001 ...................................................................................67
Table 4.1: Software Applications ................................................................................90
Table 4.2: Common Software Problems ......................................................................93
Table 4.3: SEI Process Maturity Levels ......................................................................99
Table 4.4: Key Process Area Characteristics .............................................................100
Table 4.5: Process Maturity Key Performance Areas................................................100
Table 5.1: Important Software Quality Strategic Methods ........................................103
Table 5.2: Important Software Quality Tactical Methods .........................................104
Table 5.3: Software Failure Classification.................................................................107
Table 5.4: Software Defects.......................................................................................108
Table 5.5: Software Quality Factors ..........................................................................108
Table 5.6: McCall’s Criteria of Quality .....................................................................112
Table 5.7: Boehm’s Criteria of Quality .....................................................................114
Table 6.1: SEI Process Maturity Levels ....................................................................132
Table 6.2: Process Maturity Key Performance Areas................................................133
Table 6.3: Project Steps and TQM Tools...................................................................136
Table E.1: Sample Code Review ...............................................................................164
Table F.1: Project Plan Review .................................................................................165
Table G.1: Requirements Specification Review ........................................................167
xvi

List of Tables

Table I.1: Weekly Report...........................................................................................174

xvii

About the Author

About the Author
Roelof van Staden has been involved in the information technology industry since
1998. He holds a Bachelors degree (honours level) in Electrical and Electronical
Engineering from the Rand Afrikaans University, in Johannesburg, South Africa. He
has dealt with numerous applications of computing, including military applications,
banking systems, asset management systems, warehouse and logistics systems,
barcode and wireless software applications, enterprise resource planning applications,
and high-throughput data feeds and database management systems.
At the time this dissertation was in progress, the author was in the employ of one of
the major corporate and investment banking groups as a quality assurance manager
for their global front office technology department. His daily tasks involved
developing test plans, creating software configuration management models,
implementing test plans, software reviews, and management meetings amongst other
things. The author realized that the need for high quality software has become more
and more evident as the business needs changed – poor quality software will only
result in poor business results. No longer just another support function, the software
engineering process became a strategic objective.

xviii

Preface

Preface
Having worked as a software developer, software engineer and a quality assurance
manager, all in the past couple of the years, the author has come to realize that the
issues of quality management, quality software, and above all strategy, are sorely
lacking in the software industry in Southern Africa. The passion for a more
coordinated approach to the issues of quality in the software engineering profession
has led to the drive behind this research dissertation.
The topics that are covered have been selected in such a way as to answer questions
people ask frequently about organizational strategy, software and quality. This
dissertation aims to put solid knowledge and information in the place of many myths
that abound in the software engineering industry.
Some of the chapters cover practical issues and provide step-by-step suggestions for
improving the quality and processes in your own environment. There are even
answers to some of the more common questions that people ask, like why does
software crash? What is software reliability? Software quality? How do we improve
software quality? Is quality my responsibility? Is quality a strategic organizational
objective?
At the end of this dissertation there is a large, annotated glossary that is more than just
a handy reference of definitions; it includes some of the key concepts related to
strategy and quality topics that may assist in the field of quality assurance.
The information in this dissertation is not a complete reference work on all matters
related to software, quality, or strategy, but may equip the reader to make more sense
of the claims and counterclaims in strategy, quality, software and some general
management issues. One should be able to get more involved and proactive in quality
management and general improvements in the software engineering industry, and
even to make some informed decisions about your career if quality is your passion.
For more detailed information about a specific topic, the sources that are cited in the
list of references (bibliography) may be consulted.
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Chapter 1
Introduction and Research Approach
“The formulation of a problem is far more often essential than its
solution, which may be merely a matter of mathematical or
experimental skill. To raise new questions, new possibilities, to regard
old problems from a new angle requires creative imagination and
marks real advancement in science.” – Albert Einstein

1.

Introduction and Research Approach

1.1

EXECUTIVE SUMMARY

There are numerous books, articles, and Internet sites, that are devoted to the subject
of quality, total quality management, strategic planning and strategic management.
Not many of these information sources link quality and the strategy of any
organization in such a way as to consider the quality of the organization’s products
and services to be a major factor of strategic survival; even the very existence of the
organization [83].
In the modern economy, organizations face a struggle for daily survival in an
extremely volatile economic climate, yet it has been shown on numerous occasions
that the quality of a service or product could make the difference between an
organization existing today, or closing its doors this afternoon - permanently. Thus it
only makes sense to investigate the influence that quality processes, procedures,
methods, and in some instances just the word “quality”, has on many organizations,
and in particular software engineering organizations, and their strategies for economic
survival.
Software engineering organizations have never faced a tougher challenge in the
markets than the last couple of years. The huge losses that were experienced on the
world stock markets during and after the year 2000 made investors and the general
public very wary of the way in which they viewed the information technology
industry [33]. The tech-stock losses led to major re-organization and re-engineering of
processes. The next major hurdle for software engineering organizations will be to
2
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align their core processes with the business processes, in order to be market leaders in
order to achieve survival [15].
Quality is and probably always will be a hot topic in organizations. Quality is also
known under various different names and terms, such as improvement and
competitiveness. Most software engineering organizations have launched quality
management programs under titles such as the quality advantage, quality
improvement, quality systems, quality action, quality leadership and the like [40].
Quality programs such as total quality management (TQM) have produced significant
benefits and have one very obvious and dominant characteristic. These programs
depend on teamwork as the major strategy and underlying framework. Although the
team-centered characteristic is the most dominant, there are other factors to be aware
of [41]:
•

Customer Satisfaction.

•

Continuous Improvement.

•

Assessment and Measurement.

•

Supplier Performance.

•

Environmental Support.

•

Systems Support.

•

Training.

•

Innovation.

•

Financial Implications.

•

Ethics.

•

Services.

•

Products.

In order to produce a world-class quality strategy to enhance, strengthen, and improve
the organization’s competitive advantage, Kinlaw [44] states that:
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“…there are many tools that people need in order to undertake
improvement projects in a careful and systematic way. They need problemsolving tools, such as flow-charts and cause-and-effect diagrams. They
need to know to create run charts, histograms and Pareto charts. They
need statistical tools to control their systems. They need to know to plan
and collect data and how to use check sheets.”
But beyond all these particular tools, the leaders and members of teams need a picture
or overview of the total process of continuous improvement and measurement. They
need a way to visualize the interconnectedness of all the improvements that they
might make. In short, they need an improvement and measurement model and they
need guidance in using such a model [41].
This dissertation aims to investigate the reasoning behind implementing strategic
quality processes in software engineering organizations. Following the investigation
into the necessity for a quality strategy, the methods, processes, tools and techniques
that are required for a strategic quality framework methodology, (improvement and
measurement model), for software engineering organizations will be researched to
provide a basic framework and guidance in implementing such a methodology.
1.2

RESEARCH OBJECTIVES

The purpose of this research into strategic quality planning is to discover what the
benefits are to be derived from implementing quality processes and methods as part of
a software engineering organization’s strategic objectives. Strategic planning is a
management function aimed at the improvement of the organizational functions and
products [46], [68], [83].
Specifically, the author intends to investigate the tools and techniques for
implementing a quality strategy. Methods to determine whether the gains are
determinable, actionable, measurable and specific to any type of software engineering
organization will be discussed. After describing the quality strategy tools and
techniques, the author will illustrate how one can go about implementing a quality
strategy for a software engineering organization.
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1.3

THE RESEARCH PROCESS

The author approached the research process in this dissertation by following the
sequential process that Cooper and Schindler outline in Business Research Methods
[11]. The book points out that:
“Writers usually treat the research task as a sequential process involving
several clearly defined steps. No one claims that research requires
completion of each step before going to the next. Recycling, circumventing,
and skipping occur.”
Accordingly some steps in the research process were given more attention than other
steps, returning to some stages in the research process to clarify issues.
The research process was approached in this dissertation by using a simplistic version
of the question hierarchy as proposed by Cooper and Schindler. The research
approach was initiated by the discovery of a significant management dilemma that led
to a management question. The management question was then used to state the
management dilemma in terms of a question, to facilitate the solution of the
management dilemma.
The management question led to the research questions, which needed to be refined to
such a level as to be clear and concise enough to provide the guidance for the
management research. Only once the research questions were formulated, and the
relevant parties to the management dilemma agreed that the formulated research
questions are factually correct, could the research proposal be generated. This
approach is illustrated in Figure 1.1.
The management question is of paramount concern when approaching any research or
investigation; as Cooper and Schindler [11] points out:
“In our view of the research process, the management question – its
origin, selection, statement, exploration and refinement – is the critical
activity in the sequence.”
This statement is extremely important to remember, as the title of the dissertation is a
direct reflection of the management question, and all the research and effort that has
5
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gone into preparing this dissertation focuses exclusively on the highlighted
management question – strategic quality.

Discover the Management Dilemma
Define the Management Question
Discover the Research Question(s)

Exploration
Refine the Research Question(s)

Research
Proposal

Research Design Strategy
Data Collection Design

Sampling Design

Research Design
Question and Instrument Pilot Testing
Instrument Revision
Data Collection and Preparation
Data Analysis and Interpretation
Research Reporting

Analysis,
Interpretation and
Reporting

Management Decision

Source: Adapted by the author from Cooper and Schindler [11], Exhibit 3-1

Figure 1.1: The Research Process
The management question was used to restate the management dilemma in question
form, in order to enable one to proceed with the research process. Management
questions can be broadly divided into three categories:
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•

Choice of purpose or objectives.

•

Generation and evaluation of solutions.

•

Troubleshooting or control situation.

What symptoms cause management
concern?
What environmental stimuli raise
management interest?

1

Management
Dilemma

2

Management
Question

3

Research
Question(s)

4

Investigative
Questions

What does the manager need to know
to choose the best alternative from the
available courses of action?

5

Measurement
Questions

What should be asked or observed to
obtain the information the manager
needs?

6

Management
Decision

How can management eliminate the
negative symptoms?
How can management fully capitalize
on an opportunity?

What plausible courses of action are
available to management to correct
the problem/take advantage of the
opportunity?
Which should be considered?

What is the recommended course of
action, given the research findings?

Source: Adapted by the author from Cooper and Schindler [11], Exhibit 3-2

Figure 1.2: The Management-Research Question Hierarchy
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Figure 1.2 illustrates the management-question hierarchy that the author followed to
produce answers to the management question that was posed.
The author approached the management question very cautiously, as there is a
tremendous amount of literature focused on software engineering, software quality
and reliability and even strategic management. The difficult part was in establishing
the link between management strategy and software quality. Therefore most of the
focus in the research process and even research design sections were to ensure that the
management question was understood fully and to ensure that a good understanding
of the topic, as well as the potential myths and pitfalls were outlined.
According to Cooper and Schindler [11]:
“A research question is the hypothesis of choice that best states the
objective of the research study. It is a more specific management question
that must be answered. It may be more than one question, or just one. A
research process that answers this more specific question provides the
manager with the information necessary to make the decision he or she is
facing.”
The author utilized the first three steps in the management-research question hierarchy
as depicted in Figure 1.2 to arrive at the research question, as can be shown in
Figure 1.3:

Discover
Management
Dilemma

Define
Management
Question

•

Problem

•

•

Opportunity

•

•

Symptoms

•

Exploratory
information
Word the
dilemma
“How can the
organization…”

Define
Research
Question(s)
•
•

Alternate
actions
Research most
plausible
options

Source: Adapted by the author from Cooper and Schindler [11], Exhibit 3-3

Figure 1.3: Formulating the Research Question
8

Introduction and Research Approach

Following the basic research question methodology that Cooper and Schindler [11]
depicted in Figure 1.3, the author defined the management dilemma, management
question and research question as follows:
Management Dilemma
•

Lots of talk about quality without any real commitment to quality programmes.

•

Lack of understanding about what quality really means.

•

Quality processes do not form part of the normal product development cycle.

•

Quality is not seen as a “real” business function.

•

Also, quality not seen as an income generating function.

•

Quality is more of a sales tactic, than a real strategic tool.

•

Speculation that improved quality will not necessarily lead to improved sales and
profits.

Management Question
Should quality, and quality programmes become part of the organizational strategy,
and if so, how should the implementation of quality programmes in software
engineering organizations be approached?
Research Question(s)
•

Can quality become a method for strategically enhancing the organization to a
level above that of its competitors?

•

Should quality become part of the strategic plans of an organization?

•

How can one strategically plan for quality, if quality becomes part of the
organizational strategy?

•

How does one implement a quality programme in a software engineering
environment?

Having formulated the research questions, the answers to these problems needed to be
obtained by following a combination of investigative as well as descriptive research in
line with the methods outlined by Cooper and Schindler [11].
9
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Investigative
Questions

•
•
•

Specific
questions
Data collection
Guides research
design

Measurement
Questions

•
•

Questions to ask
respondents
Questions to
obtain
information

Conclusion
(Management
Decision)
Recommended
course of action,
given the findings.

Source: Adapted by the author from Cooper and Schindler [11], Exhibit 3-2

Figure 1.4: Formulating the Analysis and Interpretation of Results
The author utilized the last three steps in the management-research question hierarchy
as depicted in Figure 1.4 to arrive at the investigative and measurement questions.
According to Cooper and Schindler [11]:
“Investigative questions are questions the researcher must answer to
satisfactorily arrive at a conclusion about the research question. To
formulate them, the researcher takes a general research question and
breaks it into more specific questions about which to gather data.”
The main reason why the author considered investigative questions so important, is
because Cooper and Schindler [11] stated that:
“They are the foundation for creating the research data collection
instrument.”
Through the investigative questions, one should be able to arrive at a conclusion, or a
management decision, which should provide one with a reasonable course of action,
given the research findings. Following the basic research question methodology that
Cooper and Schindler [11] depicted in Figure 1.4, the author defined the investigative
questions as follows:

10

Introduction and Research Approach

Investigative Questions
•

What is strategic management?

•

What is software engineering?

•

What is quality?

•

What is software quality?

•

How is software quality measured?

•

How do we define an organizational strategy?

•

How do we include quality as part of the organizational strategy?

•

How can we implement a quality program as part of the organizational strategy?

The measurement and conclusion will be discussed in the conclusion at the end of this
chapter.
1.4

THE RESEARCH DESIGN AND METHODOLOGY

The author makes use of mostly descriptive research [11] to highlight the definitions
of key terms and concepts such as “quality” and “strategy” to aid in the attainment of
the stated objectives of the research. The bigger part of the dissertation relies on
descriptive research and literature studies as the mechanisms via which the underlying
fundamental concepts inherent in the dissertation are brought to the reader’s attention.
Four topics receive such treatment, being the disciplines of strategic management,
quality management, software engineering and software quality. The descriptive
research is then followed by the investigative research, which is the practical part of
the dissertation.
Throughout the dissertation numerous case studies and incidents in the real world will
be highlighted as examples of the need for an organized strategy in tackling quality
issues. For a more detailed description on the outline and structure of the dissertation
consult Section 1.5.
The term “strategy” or “strategic management” is used extensively throughout the
dissertation. The term “strategy” is used to describe the planning and tactics required
in order for an organization to be more competitive. In a similar manner, for the
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purposes of this dissertation, the term “strategic management” is used to describe the
management processes and tasks that are required to define the organization goals
for value creation, and the ways and means in which the organization will attempt to
achieve these goals. An example of a strategy could be the use of benchmarking tools
to determine the current state of the organizations’ technology. Following the use of
such tools, activities can then be improved, and monitored against a best practice
standard. This is similar to process monitoring and improvement processes as
described by total quality management processes [22], [39], [40].
The term “quality” is also used extensively throughout the dissertation. The author
finds that the ISO definition of quality is the most apt for this dissertation. The
International Standards Organization (ISO) [22] states that quality is:
“The totality of features and characteristics of a product or service that
bear on its ability to satisfy specified or implied needs.”
This definition will be assumed to be sufficient for the purposes of most (if not all)
discussions related to software quality and strategy within this dissertation. The
implementation of a strategic quality plan for software engineering organizations uses
this definition as the main focus of quality in software.
1.5

AN OVERVIEW OF THE DISSERTATION STRUCTURE

The dissertation was structured in such a way as to ensure that the topics flow
logically from one point to the next in order to maximize reader comprehension of the
topics presented. The topics are not naturally related to one another, so it is a good
idea to follow the structure of the dissertation in order to understand the applications
of the concepts.
The function of Part One of the dissertation, which includes Chapters Two to Five, is
to provide the reader with all the necessary background information regarding
strategic management, quality management, software engineering and software
quality concepts.
Part Two of the dissertation provides a practical method of improving the software
quality in a software engineering organization, using the concepts and techniques
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described in Part One of the dissertation. Part Two of the dissertation terminates with
Chapter 7: Conclusions and Recommendations.
A schematic outline of the dissertation is illustrated in Figure 1.5:
1. Introduction and Research Approach
2. Strategic Management
3. Quality Management

Part One
4. Software Engineering
5. Software Quality
6. Strategic Quality Framework

Part Two
7. Conclusions and Recommendations
Appendices, Glossary of Terms and
Bibliography
Source: Created by Author

Figure 1.5: Dissertation Structure
There are a number of additional features included in the dissertation to aid in the
readability and understanding. The features include:
•

A Glossary of Terms to explain the meaning of technical and management
concepts used in the dissertation.

•

A list of Appendices to include extra information regarding quality awards, as
well as numerous practical checklists to aid in improving the software quality in
any software engineering organization.

1.6

CONCLUSION

The research aims to provide a meaningful answer to the problem of the relationship
between quality and strategy, and to provide a framework (guidance) for
implementing a strategic quality plan for a software engineering organization.
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The results of this research will provide a management strategy for planning quality
activities within a software engineering environment to reduce development cycles,
effort and costs. Let us start with the meaning of strategy, and how management view
strategy as a means for organizational improvement.
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Chapter 2
Strategic Management
“A person who, seeing farther and probing deeper than other people,
…has energy enough to give effect to this extra vision.” – George
Bernard Shaw

2.

Strategic Management

2.1

INTRODUCTION

Organizations create value by offering products to markets and distribute value earned
in these markets to the providers of resources that sustain the organization’s valuecreation processes. All the employees in an organization need to have the same goal in
mind, together with an understanding of how their decisions can affect the
profitability and value for all the stakeholders [87].
In order to get everyone in the organization to change their behavior, to learn and to
enjoy working, and to find ways to improve the way the organization functions, it is
necessary to develop a strategy, and to implement the strategy [46], [78]. It needs to
be understood that a strategy’s main aim is to improve the accomplishments and
profitability of the organization in the short- and long-term on a sustainable basis.
One of the main ways to do this is to encourage employees to expand their
knowledge, and to improve their abilities to engage in business activities [87].
Approximately 70% of all strategies fail because the strategy was not executed
correctly [83], [87]. The importance of people supporting and understanding the
strategy cannot be overstated. One of the biggest benefits of a good organizational
strategy is that the employee’s skill is almost immediately improved. [87]
Employees often do not understand how the organization earns its money. As soon as
employees gain an insight into this, they can make better decisions to support the
organizational objective. The employees also know what their individual roles are,
and what effect their decisions can have on the organization [87].
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A map is just like a strategic framework, model or image, that helps to focus minds,
and helps people to take a particular course [15]. It should thus be apparent that to
make a real difference in the organizational strategy all the relevant people should be
well-informed as to the purpose of the organizational strategy, and that steps should
be taken to implement immediate change in order for the strategy to become effective.
But strategy is more than just words or action. The meanings and definitions behind
certain terms need to be understood before any action can be taken.
2.2

DEFINITIONS

For the purposes of clarity, most of the definitions were taken directly from the quoted
sources.
2.2.1 Strategy
According to the English Usage Dictionary [2], a strategy is the skilful planning or
tactics for winning a battle, contest, or competition. In engineering terminology, one
could define a strategy as a plan or tactics for improving current processes and
methods. In business terms, a strategy aims to improve the accomplishments and
profitability of the organization in the short- and long-term on a sustainable basis [87].
2.2.2 Strategic Culture
A strategic culture is one that is sensitive to the customer’s requirements, but also
recognizes the need for the organization to remain profitable while satisfying these
requirements [74].
2.2.3 Management
Management is the term that is used to denote the processes through which an
organization tries to maintain and improve its ability to create and distribute value by
coordinating the interactions of participants in the activities of the organization as a
system. The activities that managers try to coordinate may include both the internal
interactions among the organization’s own participants and the external interactions of
an organization’s participants with other people and organizations [78].
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2.2.4 Strategic Management
Strategic management refers to management processes that are concerned with two
major tasks:
•

Defining the organization’s goals for value creation and distribution.

•

Designing the way the organization will be composed, structured, and coordinated
in pursuing its goals for value creation and distribution. [16], [46], [78], [83]

2.2.5 Organizations
Organizations are collections of people who interact with each other in specific,
usually repeated ways over some period of time. To attract people to its activities and
thereby to assure its continued existence, an organization must bring some form of
benefit – whether psychological, social, cultural, professional, or economic – to the
people who participate in its activities [78], [83].
2.2.6 Organizational Competence
Organizational competence is the ability of an organization to sustain coordinated
deployments of resources in ways that help the organization to achieve its goals [78].
2.2.7 Competence Building
Competence building is any process by which an organization creates or accesses
qualitatively new kinds of resources (including new assets or new capabilities) or
develops new abilities to coordinate and deploy new or existing resources in ways that
help the organization achieve its goals for value creation and distribution [78].
2.2.8 Competence Leveraging
Competence leveraging is the use of an organization’s existing competencies to create
and distribute value in ways that do not require qualitative changes in the resources
the organization uses or in the ways it coordinates its resources. It is in effect, the
exercise of one or more of an organization’s current strategic options created by prior
competence building activities [78].
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2.2.9 Resources
Resources refer to any tangible or intangible assets and any human skills and
capabilities that are useful and available to an organization in pursuing its goals for
value creation and distribution [78].
2.2.10 Stakeholders
Stakeholders are individuals or other organizations that provide essential resources to
an organization and that therefore have an interest or stake in receiving some form of
value from the organization in return for the resources they provide [46], [53], [78].
2.2.11 Value Creation and Distribution
Value creation and distribution is the creation of benefits for participants in
organizational activities. Value distribution could also be used to describe the ways in
which the value that an organized activity creates is allocated among the participants
in the activity [78], [83].
2.3

TOOLS AND TECHNIQUES FOR STRATEGIC MANAGEMENT

This section addresses some of the tools and techniques that are useful in the
implementation of organizational strategies. These tools offer basic planning,
measurement and control insights into organizational strategies.
2.3.1 Activity Based Costing
A strategy must first be preceded by clear knowledge of how profits (or losses) are
currently being made by customer and by product or service offering. To understand
profit by customer and profit by product, revenue is relatively easy to determine in
most instances. Activity based costing (ABC) is the process of assigning costs traditional accounting systems often do not provide such data. Determine the
activities, group and allocate overhead costs by activity, assign costs to products and
customers based on usage of activity. Specific jobs can then be assigned to the
overhead costs based on the amount of activities that they consume. [43], [46], [83]
This is a powerful process as activity based costing [12], [43], [83]:
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•

Clearly indicates products and customers requiring added attention (watch for
premium pricing which may not be sustainable or may attract new niche market
entrants).

•

Indicates value destroying products and customers, often requiring repricing.

•

Indicates products and customers, which should not be made or serviced (clearly
understanding the interplay of fixed and variable costs and the role of marginal
costing).

2.3.2 Adoption Curves
Adoption curves provide a framework to determine the timing and amount of
investment in the next generation of technologies. It was founded in the concept of
SDLC (system development lifecycle) and adapted to indicate the discontinuities
between technologies or business models [19].
As funds are invested in new technologies, initially the returns are low. Once a critical
threshold or base is reached, then incremental efforts lead to relatively large returns.
Finally the technology reaches a stage where increased competition and reduced

Performance/Returns

profitability make the incremental returns on additional efforts non-viable.

Discontinuity

Effort
Source: Foster [19]

Figure 2.1: System Development Lifecycle Returns
Adoption curves such as shown in Figure 2.1, ensure an understanding of the
fundamental performance drivers of the technology. The organization needs to track
improvements or value added versus the effort expended in each driver. The limits of
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improvement of the technology needs to be determined and plotted on the S-curve to
manage the investment cycle and the allocation of resources accordingly (i.e. minimal
resources are allocated to mature technologies and the focus on investment in new
technologies is funded by returns from mature technologies) [19].
2.3.3 Balanced Scorecard
Research with twelve organizations at the leading edge of performance management
resulted in the formulation of a “balanced scorecard” – a set of measures to give top
managers a fast but comprehensive view of the business. The balanced scorecard
includes financial measures that tell the results of actions already taken. It
complements the financial measures with operational measures on customer
satisfaction, internal process and the organization’s innovation and improvement
activities, all operational measures that are the drivers of future financial performance
[41]. [79].
The balanced scorecard will be dealt with in a separate section in this dissertation.
2.3.4 Benchmarking
Benchmarking is a performance improvement process aimed at identifying best
practices, and rating organizations against these identified criteria. The aim is to
identify superior performance in units within a group, competitors (local or global) or
industries where parallels can be drawn. Such practices should then be incorporated
into the whole organization.
The activities of benchmarking are shown in Table 2.1:
Activities of Benchmarking
Identify the key activity to improve.
Identify Key Performance Indicators (KPI’s).
Choose and entity against which to benchmark (i.e. superior products).
Collect data on KPI’s and the supporting activities or processes.
Implement and monitor against best practice standards.
Source: Created by the Author from Boxwell [8]

Table 2.1: Benchmarking Activities
The activities shown in Table 2.1 can be used to improve performance, speed the
learning curve through imitation, overcome relative cost and performance
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disadvantages, and to become globally competitive [8], [49], [52]. The dissertation of
W.P. Lindeman [49] also indicates the importance of benchmarking, as he states:
“Benchmarking

is

the

cornerstone

of

business

performance

management, because no one can manage what is not measurable.”
Benchmarking also leads to the creation of balanced scorecards based on performance
measurements [49]. Thus benchmarking is a tool that should be used in conjunction
with balanced scorecards.
2.3.5 Business Process Re-Engineering
Business Process Re-Engineering is the re-design of key business processes to bring
about quantum improvements in productivity, cost, or value delivered to customers.
The processes often develop over time, largely unplanned or piecemeal, and the value
created by taking an end-to-end optimization view. This was popularized in the
80’s/90’s rollout of enterprise wide technology systems.
A simplified view of business process re-engineering is to:
•

Identify value propositions that customers truly value (e.g. delivery time).

•

Identify those processes that are involved.

•

Use cross-functional teams to redesign end-to-end these processes.

The target is often a combination of improved quality, improved cycle times or
reduced cost. The focus is on eliminating hand-overs, or unproductive, or insufficient
value adding tasks [25], [28].
2.3.6 Client Retention
It is always more cost effective to keep clients than lose existing clients and go find
new clients. Small changes in client retention rates often significantly impact the
financial results of an organization.
In order to perform a client retention analysis, one should explicitly link the impact of
customer loss (and the cost of replacement) to the financial impact. Thereafter one can
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create a client retention strategy by identifying the drivers of “defection” largely
based on why clients have defected to date. These reasons are often insidious and
relatively easy to fix once identified, e.g. a poor complaints department and high staff
turnover rates [49].
A process of client retention is shown in Table 2.2:
Step
1
2
3
4

Description
Identify target client retention rates.
Identify and eradicate the drivers of defections.
Build retention targets into incentives and budgets.
Create the “magic space” where the organization interacts with customers
to create a relationship building organization.
Source: Created by the Author from Liswood [49]

Table 2.2: Client Retention Process
Once the organization realizes that its client base has decreased, the organization
might embark on a strategy of increasing sales to existing clients (i.e. trying to sell
more to the clients that are left). This is not always a good strategy as the existing
client base might not be interested in new deals through the increased sales effort, and
sales might start dwindling soon [49].
2.3.7 Competitor Analysis
Competitor analysis is a formal and systematic process of reviewing and
understanding competitors in order to gain competitive advantage as an input into the
organizations own strategy (differentiated positioning often allows margin extraction
versus head-on-head competitive positioning). This is assessed at a strategic level and
derivations of the Boston Consulting Group (BCG) matrix can be used with multiple
axes as variables – or at the operational product or process level (with benchmarking
as a guiding principle). A process for performing a competitor analysis is shown in
Table 2.3:
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Step
1
2
3
4
5

Description
Identify the current or future competitors.
Gather public information.
Gather information internally in the organization about the knowledge of
competitors.
Develop a view of their strategies.
Perform a SWOT (strengths, weaknesses, opportunities, threats) analysis.
Source: Created by the Author from Keiser [42]

Table 2.3: Competitor Analysis
From this data, create distinctive grids conceptualizing competitive positioning.
Consider strategies and possible counter moves that are likely to be adopted.
The main goal for the organization is to focus on the weaknesses of their opposition,
in order to capitalize on these areas and to inhibit the strengths of their competitors.
Once the organization is faced with the realization that they do have some strong
competition in the market often motivates the organization to take action [42].
2.3.8 Core Competencies
A core competency is an attribute that a firm possesses that creates differentiated
value to the customer. This is often not easy to identify and creates a basis for
sustainable competitive advantage. Often these value creation activities are embodied
in the collective organization and are often not discreet but rather a bundle of
activities that have been linked in a way different to competitors to create customer
value [26], [27]. To be a core competency it should adhere to requirements as shown
in Table 2.4:
Core Competency Requirements
Does it make a significant difference to the value of the customer, actual or
perceived?
Is it difficult to imitate?
Able to leverage (replicate) into other markets or across business units?
Does it identify what the customers value?
Does it isolate the key abilities that deliver the value?
Does the set of activities compare well with those of competitors?
Does it understand which activities the customers truly value?
Does it nurture such activities to build competencies (either existing or those
strategically required)?
Is it a recognized technology?
Does it have procurement value?
Source: Created by the Author from Hamel [27]

Table 2.4: Core Competency Requirements
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Core competencies are often used to tie business units or functional areas together, to
enable the integration of processes and technologies in different units and to
encourage group learning and communication [26], [27].
2.3.9 Customer Service Guarantees
Customer service guarantees are commonly known as Service Level Agreements
(SLA’s). Customer needs should be understood measurably and objectively (e.g.
defect ratio, time to repair etc). The customer needs are then documented and
contracted to with the customer. The basis of this is to guarantee service delivery to
differentiate the offering [30].
The consequences of non-achievement of customer service guarantees are often
financial (i.e. penalties) and consistent non-performance often leads to contract
cancellation as it is so explicit. The objective benefits are that this could be considered
(in a form) the ultimate scorecard as the customer is doing the explicit scoring [30].
The organization benefits from focusing on delivering specific needs articulated by
the customers as well as what the benchmarks are. This methodology can be taken
back into the organization with explicit SLA’s between departments who are
dependent upon each other (e.g. production and sales). Further enhancements often
include gain-sharing models above targeted benchmarks [30].
2.3.10 Economic Value Added
The Economic Value Added model measures whether a corporation is creating or
destroying value by returning money in excess, or below, its required rate of return on
capital. This is primarily a shareholder measure. It can be done on past historic returns
or on future returns (based on discounting the cash flow streams from scenarios).
Previously what was known as SVA (shareholder value analysis) was popularized as
EVA by Joel Stern. Under SVA there were various sub-measures and ratios such as
ROCE (return on capital employed), RONA (return on net assets), and ROI (return on
investment) [82].
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2.3.11 Flat Organizations
Flattening organizations (or organizational structures) refers to the process of
removing hierarchies (often of non-value adding management layers) to create
empowered employees and an empowered and more responsive organization [63].
This process requires increased reliance on teamwork and staff with increased
responsibility and skill sets. The process is aided with documented knowledge
management methodologies in an organization [63].
A process to follow in flattening an organization is shown in Table 2.5:
Step
1
2
3
4
5
6

Description
Prepare the organization’s culture for change.
Organize teams around key business processes.
Transfer ownership to the teams with clear team leadership assigned.
Improve the skill levels of team members.
Create incentive-based remuneration structures.
Ensure that the culture supports information sharing, coaching and training.
Source: Created by the Author from Ostroff [63]

Table 2.5: Flattening an Organization
2.3.12 Innovation
Innovation proponents focus on the perspective that long-term sustainability only
comes from out-innovating the competition, be that in products, business processes or
business models. The innovation model is anti-incremental and research and
development (R&D) supportive. No real model exists other than certain hard targets
e.g. R&D% spend of turnover. More modern techniques and cultures allow innovative
cultures to thrive [46], [64].
There are several proponents hereof, the best known being Tom Peters. A derivation
hereof is the focus on the ‘learning organizations’ as outlined by Peter Senge in his
book “The Fifth Discipline”. [64]
2.3.13 Lessons from Jack Welch
Jack Welch was the CEO of General Electric and considered a guru on his aggressive
style of management. His message was primarily about getting ideas into action in the
pursuit of shareholder value.
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Some of the main ideas and methods behind Jack Welch’s management style were to
develop a vision for the business, and then to change the culture to achieve the vision.
One of the ways in which he achieved this was to insist that managers share their
ideas, information and experiences with their colleagues and to let people manage
their delegated business as they see fit [30].
Jack Welch set measurable goals for all-important measures, and treated them as solid
commitments that management must keep. A similar style could be adopted by
briefing oneself fully on everybody working in the same department and to recognize
employees [30]. Be tough, but do not be hard, with everyone with whom one may
have dealings. The lessons that could be learned from Jack Welch about corporate
strategy will be dealt with in a separate section.
2.3.14 Mass Customization
The mass customization model is based on delivering profiled information into a
production or delivery environment to derive customized goods and services. The key
is to add the most amount of customer value added through customization with adding
the least possible incremental cost to each market segment product [83]. Market
knowledge, technology platforms and responsive production and delivery systems
(flexible) often bring this about. (The software industry, especially the internet with
active server pages, are a prime example of personalized services).
An organization can introduce product sets that are segment-customized with
minimum setup or change over costs. This is often designed around components that
can be modularized so that the end product is customized. The organization structure
is then transformed to allow horizontal information flow (e.g. marketing needs to
production) with a focus on reducing time to market. The ultimate goal is within eversmaller segments, to ultimately cater for the segment of one without significantly
increased cost structures. If this is built into the process of interacting with the market
and customizing products seamlessly (e.g. web site personalization) then the ability to
respond quickly to changes in the market are quick and seamless [46].
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2.3.15 Mission and Vision Statements
A rich view of the future and the defined mission statement of the organization is
vital. The difference between mission and a vision is described as follows [12], [83]:
•

A mission statement defines the methods of doing business and its objectives.

•

The vision describes the desirable end state.

The way in which the mission statement and vision of the organization is defined
varies from organization to organization. It is not important how the mission and
vision are created, but how the mission and vision are used in the organization.
Internally it aligns the organization, provides a framework for decision-making, is
often motivational and gives a sense of common purpose. It serves to position the
organization to outside parties and to serve as a corporate customer relations tool.
By defining a mission statement, the organization has defined a general direction that
usually gives rise to organizational goals. Very often the mission statement is rooted
in the values of the organizational culture [12], [46].
2.3.16 Pay for Performance
The pay for performance technique is commonly used in management by objectives
(MBO) models. The compensation and remuneration models are linked directly to the
achievement of corporate, management and personal objectives with the focus to
create more directed effort, motivation and alignment between individual efforts and
the corporate objectives.
The pay for performance goals must be explicit, agreed, controllable and measurable.
The system must be aligned to how shareholders create value and must focus on two
aspects:
•

A performance measurement system. This should include financial and nonfinancial targets. It should also create a weighting of team based, and individual
based efforts [83].

•

A remuneration structure that rewards performance. Depending on the industry
and culture of the organization, the rewards should be both financial (with
28

Strategic Management

differing time frames created through the mix of bonuses/gain sharing or stock
option type structures) and non-financial rewards (e.g. recognition systems) [83].
As the pay for performance system impacts remuneration, the process must be
implemented carefully and with due consideration to organization specific dynamics.
If implemented incorrectly it could lead to increased cost levels without increased
output; if implemented correctly the true contributors are identified and secured and
the laggards identified and remunerated accordingly [40], [83].
2.3.17 Porter 5 Forces Model
The Porter 5 Forces model was developed by Michael Porter and was a landmark
work. It assesses the attractiveness, and hence sustainable profitability, of an industry.
The 5 forces identified by Porter affecting industry attractiveness that need to be
assessed are illustrated in Table 2.6:
Force
Intensity of competitive
rivalry

Description
Review the product likeness, concentration levels and
intensity of competitiveness or industry “management”.
To be assessed against barriers to entry but also review
regulatory barriers or competitor reactions to potential
entrants.
The ability to substitute products. Assess in terms of
product functionality, pricing, and likelihood of customer
substitution and technology changes.
Assess the impact of industry costs, and the leverage that
upstream players can exert. This is often assessed by
industry concentration, substitutability, or regulatory
frameworks.
This is assessed by buyer concentration, volume buying
power, substitutability, regulation or incentives to
bargain.

Threat of new entrants
Threat of substitutes
Bargaining power of
suppliers
Bargaining power of
buyers

Source: Created by the Author from Porter [68]

Table 2.6: Porter 5 Forces Model
The model is used to assess long-term returns in an industry. Often used for strategic
decisions to enter, exit or remain in a business unit or industry segment. This also
guides alignment decisions with regard to suppliers or buyers [68], [70].
2.3.18 Portfolio Analysis
The portfolio analysis model attempts to conceptualize and optimize a portfolio of
business units or products or activities. The model attempts to classify units into
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strong or weak performers or those with high growth potential. The underlying
purpose is to identify future resource allocation (e.g. potential star products requiring
investment) and accompanying strategies (e.g. cash generation from ‘cash cows’). It
attempts to balance portfolios, with some products generating cash to fund, future
high potential, units requiring cash investment support.
The model can use various axes or variables to create multiple views of activities. The
base analysis however originates in the Boston Consulting Group (BCG) grid which
ranks the competitive capability (usually indicated by current market share position)
versus the market attractiveness (i.e. high growth markets). The reasoning behind the
BCG matrix is to have high market shares in low growth industries (usually cash
generators) to fund high market shares in high growth markets (stars). An example of

Market share
Low
High

a BCG matrix is shown in Figure 2.1:
Cash cows

Stars

Dogs

Question
marks

Low
High
Market Growth Share
Source: Kotler [46], Figure 4.2

Figure 2.2: Boston Consulting Group Growth-Share Matrix
The assumption is that organizations want to be in high growth rate markets. It is also
assumed that high market shares for product result in sustainability and the ability to
extract a profit margin – resulting in the need to build Stars (high share value in the
right markets). Often these rapid growing markets require investment phases and this
is to be funded by Cash cows (i.e. high market shares in low growth stable markets).
The Dogs are often culled (i.e. low market shares in the wrong markets). Question
marks are in the correct high growth markets but a decision must be made as to the
attractiveness of investment to garner additional market share to move them over time
to the Stars quadrant [46].
The BCG matrix is used for investment decisions, resource and capital expenditure
allocations as well as determining cash generation requirements [46].
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2.3.19 Satisfaction Surveys
Satisfaction surveys (face to face, telephonic, electronic, etc.) and focus-groups are
some of the ways to identify, understand and anticipate how to fill customer needs.
The surveys are often left within a marketing department for feedback and is seldom
brought to a strategic level [79].
Satisfaction surveys are used to ascertain the ‘needs’ of customers. A feedback loop
monitoring system is required for measuring the achievement of certain benchmarks.
These surveys should be done irrespective of the subjective nature and sample sizes of
the benchmarking exercise. The process of measuring customer satisfaction should be
expanded to continually assess the developing needs of the market and how existing
products could be modified to service the emerging needs of clients [46], [79].
Software is notoriously user-unfriendly, and hence good service will go a long way to
build and enhance the relationship between the organization and their clients.
2.3.20 Scenario Planning
Scenario planning is used to build robust “what-ifs” by taking various alternative
views as to what may unfold in the future and then modeling these organizational
scenarios. These scenarios can either be static or more dynamic models (i.e. changing
various variables simultaneously). A process for scenario planning is shown in
Table 2.7:
Step
1
2
3

Description
Identify the baseline model.
Agree time frames for analysis and key variables that may change.
Model the circumstances, including the positioning and financial
consequences.
Source: Created by the Author from Wack [90]

Table 2.7: Scenario Planning Process
The process of being forced to think through more than just the one consensus view is
of immense value. It forces broad thinking and avoids “group think”. The process
identifies sensitivities to key variables and leverage points. Alternative strategies often
result in contingency planning [90].
Scenario planning creates deeper, richer future views and brings to the surface
implicit assumptions and widely held views that are often taken as fact without being
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thought through. It creates system or process thinking and often leads to Game Theory
implications of strategy and counter-strategy [90].
2.3.21 Self-Directed Teams
A self-directed team attempts to cut across the traditional functional or business unit
boundaries to take full responsibility for delivery. This either occurs on a project basis
or ongoing in key customer value adding activities. Teams work together, taking full
responsibility, often using a project management methodology [87].
The teams must have freedom beyond traditional boundaries in order to redesign
business processes and have input into all activities that will impact their focus area.
Through the creation of a self-directed team a leadership mentality is instilled in the
individuals and the responsibility of team players are usually expanded, with less
reliance on traditional management structures [87].
The self-directed team concept developed from the concept of flattening the
organizational structure and empowering employees. The focus area is therefore less
dependent on management and more on team motivation, the environment together
with increased attention to quality and any area requiring improvement [87].
2.3.22 Strategic Alliances
In the wave of globalization many firms are focusing on niche vertical markets rather
than horizontal expansion. This makes the need for “partnerships” and alliances more
pressing. Strategic alliances occur where firms, often within a value chain of a
solution, mutually commit resources and agree to work together to meet common
objectives. Kotler [46] describes the global partnership between fifteen airlines – Star
Alliance – allowing travelers to make hassle-free and seamless connections to
numerous destinations. This is a prime example of various organizations within the
same value chain works together to meet the common objective of integrated
connections for airline passengers.
The primary drivers for strategic alliances include accessing new markets (extending
the reach or the access of client bases), sharing resources and risks, or inhibiting the
positioning of competitors, often by being able to create dominant positions rapidly
through leveraging on the alliance partner’s reach or skills [46], [48], [83].
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Based on the strategy chosen for the strategic alliance, the organization must identify
where alliances could supplement the traditional approach of “going it alone”.
Organizations should evaluate potential partners and the possible synergy while
ensuring the strengthened strategic positioning through the alliance will not pose a
future threat. Finally, the strategic alliance should include an agreement with the
identified counter party with formal systems that measure the rollout against the preagreed objectives, being careful to manage the scope of the alliance [48], [83].
2.3.23 Target Marketing
Target marketing is the process of using information and profiling techniques to
develop ever-decreasing market segments and the differing needs therein, which are
targeted in order to satisfy customer requirements on a differentiated basis. Often
these initial segments are moved into tracking mechanisms to refine segmentation
knowledge and evolve the marketing strategies. An understanding of the customer
needs using existing data for information analysis can also be supplemented by focus
groups and point of sale tests [5], [46].
2.3.24 Time Based Competition
Time based competition aims to reduce the time taken to perform key business
processes that add value to customers. The focus is on identifying and re-engineering
those activities that slow delivery such as decision-making and non-value activities
[17]. The main focus is placed on reducing the time to market of new products and
services of the organization.
The procedural approach to mapping and shortening key activities often lead to faster
delivery times at lower cost. The focus areas are initially often pure operations, then
extending to delivery and logistics. The same methodology is then applied to new
product development. The so-called ‘new economy’ led to many processes being
automated or STP models (straight through processing) coming to market [17], [83].
2.3.25 Total Quality Management
Total quality management is a systematic approach to the delivery of products and
services based on customer needs and then ensuring that a zero defect specification
approach is taken in the pursuit thereof. This was a process popularized by the
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Japanese in the early 1980’s, together with continuous improvement processes and
quality assurance [20], [39], [68], [83].
The process for achieving total quality management can be simplified as shown in
Table 2.8:
Step
1
2
3
4
5

Description
Understand both current and future customer needs.
Design products and services to match these needs while attempting to
exceed expectations.
Identify areas in the business that hamper zero defect delivery.
Create processes and work with staff to work towards zero defects.
An incentive linked process must create feedback loops and QA monitoring
processes.
Source: Created by the Author from Taguchi [83]

Table 2.8: Total Quality Management Process
The goals of total quality management are numerous:
•

Customer satisfaction across all needs.

•

Increased productivity.

•

Lower rework.

•

Lower cost – ultimately competitive advantage.

The ultimate objective of total quality management is that if you are going to do it, do
it once and do it right [20], [38], [68], [83].
2.3.26 Value Chain Analysis
The value chain analysis model was developed by Michael Porter [46], [68]. The
value chain identifies the strategic activities that create value in a specific business
area [46]. Cost and performance should then be analyzed in order to try and improve
these business functions.
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Value chain analysis can be graphically depicted as shown in Figure 2.3:

Firm infrastructure
Human resources
Technology
Procurement
Inbound
Logistics

Operations

Value

Outbound
Logistics

Marketing
& Sales

Source: Adapted by the Author from Kotler [46], Figure 3-3, and Porter [65]

Figure 2.3: Value Chain Analysis
Value chain analysis examines the organization’s activities in terms of cost, the value
that the activities add for customers. The functions of the model include:
•

Identifying the business activities.

•

Assign costs to the business activities.

•

Understand the linkages between activities.

•

Understand the performance of the activities relative to competitors.

•

Identify what creates value for the customer.

•

Develop a strategy using the various activities that maximize differentiation value
to the buyer and minimizes increases in cost.

Value Chain Analysis focuses on the activity level to find sources of competitive
advantage to gain cost advantages or alternatively increases levels of differentiation
that are important to the buyer while limiting the increase in cost [46], [68].
2.4

LESSONS FROM JACK WELCH

2.4.1 Background
One of the best and probably most prolific corporate icons have been Jack Welch
[30]. Some of his principles and practices were based on the principles of total quality
management – Jack Welch also believed in continuous improvements, hence the
author used him as an example of a corporate strategist.
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Jack Welch can best be described as a corporate icon and leader who almost singlehandedly transformed General Electric (GE) into one of the world’s most valuable
organizations. Jack Welch took over General Electric in 1981 and the stock market
value was $13,9 billion. When he retired in 1999, the value had increased over 30
times to $410 billion. The organization’s stunning success was driven by many of
Welch’s principles – such as streamlining cost structures, concentrating on core
business with leadership positions and forcing responsibility down to subordinates
[30].
Jack Welch was born in 1936 and joined GE in the plastics division in 1960, from
where he won accolades for turning the 300 staff division around, and steadily
moving up the ranks, being seen as a “cage rattler” and a bit of a maverick. He
reduced the GE workforce by 100,000 staff (including 400 corporate planners). Jack
Welch was a hands on, confrontational, face-to-face manager who believed that “the
idea flow from the human spirit is absolutely unlimited” and spent endless hours
talking to those around him. This led to the achievement of short-term exceptional
profit growth and investments for future growth [30].
In a question as to which is more important, families of former employees or
shareholder value Jack Welch’s reply was: “In a global economy, you cannot manage
a company in a paternalistic way. If you do not sort out things in good time they will
eventually explode in your face, then you have to become brutal and cruel. GE won
for three straight years America’s most admired company. The attributes assessed
were admirable performance; innovativeness; employee talent; financial soundness;
use of corporate assets; long-term investment value; social responsibility and quality
of products and services” [30].
2.4.2 Make the Managers Lead
Jack Welch believed that in order to turn managers into leaders, a 7-point programme
for management is required [30], as shown in Table 2.9:
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Step
1
2
3
4
5
6
7

Force
Vision
Culture
Organization Structure
Bureaucracy
Empowerment
Quality
Boundaries

Description
Develop a vision for the business
Change the culture to achieve the vision
Flatten the organizational structure
Eliminate unnecessary bureaucracy
Empower individuals in the organization
Raise quality
Eliminate all boundaries
Source: Created by Author from Heller [30]

Table 2.9: 7-Point Programme for Management
Jack Welch felt that a leader’s job is to define direction and allocate resources, and his
7-point programme was used to drive this change in management thinking. It is
important to note that raising quality is seen as a key step in the process of turning
managers into better leaders.
Bureaucracy slows decision-making, blurs responsibility, and creates undoable jobs.
The layers of bureaucracy need to be removed and the span of control increased. In
theory small business units (SBU’s) makes the unwieldy manageable, yet the flaws
are often fatal: businesses and departments do not cooperate and the focus becomes
short term and bureaucracy and control often reign.
Meetings should be used to share information, but not to enforce bureaucracy.
Meeting leaders must discuss any relevant issues keep people alert for possible
problems. Meetings could also be used to pursue best practice in the organization
through the process of highlighting achievements and to point to successes that are
held up as best practices.
Leaders in the organization should be able to delegate responsibility through a
combination of hands-on and hands-off leadership, and monitor explicit and exact
performance targets. Leaders should also win the hearts and minds of those people
around them in order to empower middle management. This is key for productivity
gains. The steps that Jack Welch recommended for empowering management are
shown in Table 2.10:
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Step
1
2
3
4
5

Description
Free managers to manage and rise
Defeat bureaucracy and rigidity
Generate and use new ideas
Empower workers to flourish and grow
Accompany rewards by frank, face-to-face evaluations
Source: Created by Author from Heller [30]

Table 2.10: Empowering Management
A man like Jack Welch spent half his time on people issues, getting to know people
and how to energize them. A concept of Jack Welch was “E to the fourth power” –
Energy, Energize others, competitive Edge, and Execution [30].
Future leaders could be tested by moving them around to see how they react under
pressure. Traits to look for in leaders include energy, the ability to excite others, the
ability to define a vision, the ability to find change fun and not paralyzing, feeling
comfortable in any environment, and the ability to talk to all kinds of people. Jack
Welch felt that if the change isn’t big enough, bureaucracy could beat you. For this
reason he suggested that people:
•

Face reality as it is, not as you wish it were.

•

Be candid with everyone.

•

Don’t manage, lead.

•

Change before you have to.

•

If you don’t have a competitive advantage, don’t compete.

•

Control your own destiny, or someone else will.

On leading any type of team, the six basics include:
•

Pick the right people.

•

Have a clear purpose.

•

Put it in writing.

•

Work to a strict timetable.
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•

Plan action.

•

Act on the plan.

2.4.3 Mobilize the Workforce
Positive behavior can be reinforced (and even demanded) by living the values, being
an entrepreneur, hitting high targets, starting decisively, embracing change, doing
what you say, concentrating focus, managing on the facts, forgiving honest error and
organizing oneself. Jack Welch demanded high standards and used the evaluation

Motivation
Low
High

shown in Figure 2.4 to guide staff decisions [30]:
Can’t do/
Will do

Can do/
Will do

Can’t do/
Won’t do

Can do/
Won’t do

Low

High
Ability
Source: Heller [30]

Figure 2.4: Staff Evaluation
If people are in the can do/will do section, they are your top performers. People
evaluated to be in the can’t do/will do section should be trained to assist them in
gaining the ability to perform the required jobs as they are more than willing to
perform such tasks. People in the can do/won’t do section should be motivated to
perform better, and lastly, people in the can’t do/won’t do section should be reassigned. It is all about improving employee value and gaining competitive strength
[30].
Another evaluation method employed by Jack Welch is to richly reward the top 20%
of employees, look after and energize the key 70% of employees and re-assign or
even dismiss the bottom 10% of employees [30]. The last step of re-assignment or
even dismissal becomes more difficult each year, but could be an effective tool to rid
the organization of the worst performing employees.
The process of mobilizing the workforce is started by banishing traditional bosses and
managers. The new management team should have three ideals, namely speed,
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simplicity and self-confidence. It is important to remember that only changed
managers can lead a changed workforce. In the same manner, executives must live the
values of their organization. If executives try to achieve any objectives by force,
through being a tyrant, bully, or even autocratic, their stay will be short lived despite
making organizational targets. Organizational values are more important than meeting
goals in modern lean organizations Executives must remember to involve employees
in decision making, transferring ideas between different areas and to simplify
production and other organizational processes.
Organizational efficiency was driven through three initiatives as shown in Table 2.11:
Force
Workouts
Best practices
Process mapping

Description
Using workshops to generate ideas and proposals for
radical improvement and driving out non-value
activities.
Identification of both internal and external practices to
learn and benchmark against. Create experts, give
programmes a name and direction.
Motivate the workforce to succeed by mapping
processes and procedures to specific areas and people.
Source: Created by the Author from Heller [30]

Table 2.11: Organizational Efficiency Initiatives
Mobilization of the workforce is a continuous process that is based on empowerment.
Mobilization is what happens when people become excited about finding solutions to
their problems.
Jack Welch insisted that managers make their decisions clearly and simply. Managers
should also start off improvement teams on quick fixes to:
•

Eliminate administration issues.

•

Adopt total quality methods to save costs, raise productivity, and delight
customers.

•

Never relent in the insistent pursuit of better personal and organizational
performance.

•

Use quality programmes as the key means of management development.
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The quality of General Electric was to be made so special and valuable to their
customers, to be an important factor in their success, that General Electric products
became their only real value choice [30].
2.4.4 Gain a Competitive Advantage
Jack Welch believed that an organization must only compete where it can win, i.e. “be
number one or number two in your market, or else”. An organization must not
compare their returns versus a competitor’s returns in a specific market segment, but
rather compare the required return on capital. Organization must compete in the right
sectors and then compete only where it has a competitive advantage – “don’t play
with businesses that cannot win”. This no. 1 or no. 2 rule was a global view that Jack
Welch had [30]. “There will only be one standard for corporate success: international
market share”.
In order to gain a competitive edge, organizations should move into global markets
after building a domestic base. Acquisitions and the pooling of assets could be used to
strengthen local businesses for expansion [30].
2.4.5 Pursue Shareholder Value
Jack Welch felt that growth in shareholder value is the final deliverable in his
management strategy. To achieve growth in shareholder value, management should
clearly name and communicate the target profit levels of the organization. Thereafter
each business area is allowed to set their own targets. This view of sustained wealth
creation by Jack Welch comes from four tenets [46]:
•

Lead the market only from a number 1 or number 2 position.

•

The returns are to exceed inflation.

•

Create a unique selling proposition by giving value to customers that competitors
cannot.

•

Build on what the organization does best.

The other focus in the creation of shareholder value is a concept of “integrated
diversity”, meaning that businesses are run independently, yet pool their ideas, people,
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experiences, and best practices. This is a long-term emphasis. Jack Welch felt that
anybody can manage an organization short term, and anybody can manage long term,
but balancing these two things is what management is about [30].
General Electric used the principles (and not in its pure form) of EVA (economic
value added) to get managers to think like owners, i.e. the organization must earn
more on the capital employed than the cost of capital [30].
2.4.6 Exploit the Forces of Change
Managers should face the competition and understand that they are accountable as
they as managers “own” the business. Jack Welch challenged managers and
employees into change – he felt that change is key and will always be easier to
propose than to achieve. Managers need to distinguish between evolutionary change
and revolutionary change in the face of competitive threat [30].
Jack Welch realized that a big risk for any organization is the pursuit of too many
initiatives in too short a time [30]. The organization must be changed and educated
through the creation of themes and the communication of these themes. Organizations
need overarching themes to create change. If it is just somebody pushing a gimmick
or a programme, without an overarching theme, it will probably fail.
2.5

THE BALANCED SCORECARD

In the preceding section, the management style and strategies of Jack Welch were
discussed. This section aims to provide a technique for measuring and implementing
organizational strategies.
An organization’s measurement system strongly affects the behavior of managers and
employees. Managers should also understand that traditional accounting financial
measures like return-on-investment and earnings-per-share can give misleading
signals for continuous improvements and innovation – the activities that today’s
competitive environment demands [46].
Managers and academic researches have tried to remedy the inadequacies of current
performance measurement systems, by focusing on making financial measures more
relevant. Others have said, “Forget the financial measures. Improve operational
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measures like cycle times and defect times; the financial results will follow.”
However, managers should not have to choose between financial and operational
measures. No single measure can necessarily provide a clear performance target, or
focus attention on the critical areas of the business. Managers ostensibly need a
balanced presentation of both financial and operational measures [41].
The balanced scorecard is like the dials in an airplane cockpit: it gives
managers complex information at a glance [41].
The balanced scorecard was devised to provide top managers with a set of measures
that could give a fast but comprehensive view of the business – the balanced
scorecard [41], [46]. The balanced scorecard includes financial measures that depict
the results of actions already taken. It also complements the financial measures with
operational measures on customer satisfaction, internal processes, and the innovation
and improvement activities of the organization – operational measures that are the
drivers of future financial performance.
The balanced scorecard allows managers to look at the business from typically four
important perspectives. It provides answers to four basic questions [41]:
•

How do customers see us? (A customer perspective).

•

What must we excel at? (An internal perspective).

•

Can we continue to improve and create value? (An innovation and learning
perspective).

•

How do we look to shareholders? (A financial perspective).

While giving senior managers information from 4 different perspectives, the balanced
scorecard minimizes information overload by limiting the number of measures used.
Organizations rarely suffer from having too few measures. More commonly, they
keep adding new measures whenever an employee or a consultant makes any
worthwhile suggestions. The balanced scorecard forces managers to focus on the
handful of measures that are most critical for the organization.
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Several organizations have already adopted the balanced scorecard. Hewlett Packard
uses a customer-based scorecard to monitor approximately twenty business areas.
Sales and profits are monitored to identify areas where improvements in marketing
strategies could lead to improved financial results [46]. The early experiences using
the scorecard have demonstrated that it meets several managerial needs. The
scorecard brings together in a single management report, many of the seemingly
disparate elements of an organization’s competitive agenda: becoming customer
orientated, shortening response time, improving quality, emphasizing teamwork,
reducing new product launch times, and managing for the long term.
The scorecard can also be seen as a way to clarify and simplify the vision at the top of
the organization for operational purposes. It is always a good idea to start the design
of the balanced scorecard with the focus on a short list of critical indicators of current
and future performance.
2.5.1 Customer Perspective
The customer perspective is the way in which customers see the organization. The
importance can be found in the corporate mission statement of many organizations
that focus on the customer. “To be number one in delivering value to customers” is a
typical mission statement. How an organization is performing from its customers’
perspective has become, therefore, a priority for top management. The balanced
scorecard demands that managers translate their general mission statement on
customer service into specific measures that reflect the factors that really matter to
customers [41], [46].
Customers’ concerns tend to fall into four categories: time, quality, performance and
service, and cost. Lead time measures the time required for the organization to meet
its customers’ needs. For existing products, lead time can be measured from the time
the organization receives an order to the time it actually delivers the product or
service to the customer. For new products, lead time represents the time to market, or
how long it takes to bring a new product from the product definition stage to the start
of shipments [83]. Quality measures the defect level of incoming products as
perceived and measured by the customer. Quality could also measure on-time
delivery and the accuracy of the organization’s delivery forecasts [41]. The
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combination of performance and service measures how the organization’s products or
services contribute to creating value for its customers.
The balanced scorecard shows how the results are achieved: did the costs
of set-ups fail because of shorter set-up times or bigger batch sizes? [41]
In order to put the balanced scorecard to work organizations should articulate their
goals for time, quality, and performance and service. Once these goals have been
determined, these goals should be translated into specific measures. For example, the
organization should establish the general goals for customer performance and then
translate these general goals into specific goals and identify an appropriate measure
for each. These general goals could include reducing the time to market or developing
innovative products.
To track the specific goal of providing a continuous stream of attractive solutions, the
organization can measure the percent of sales from new products and the percent of
sales from proprietary products. This kind of information should be available
internally. Sometimes the organization will be forced to gather data from outside the
organization, for example, if the organization wanted to assess whether it was
achieving its goal of providing reliable, responsive supply, the organization will have
to turn to its customers.
Benchmark procedures are yet another technique organizations use to compare their
performance against competitors’ best practice [49], [83]. Many organizations have
introduced “best of breed” comparison programs: the organization looks to one
industry to find the best distribution system, to another industry for the lowest cost
payroll process, and then forms a composite of those best practices to set objectives
for its own performance.
In addition to measures of time, quality, performance and service, organizations
should remain sensitive to the cost of their products. Customers see price as only one
component of the cost they incur when dealing with their suppliers. Other supplierdriven costs range from ordering, scheduling delivery, and paying for the materials; to
receiving, inspecting, handling, and storing the materials, the scrap, rework, and
obsolescence caused by the materials, and schedule disruptions from incorrect
deliveries [41].
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2.5.2 Internal Business Perspective
Customer-based measures are important, but they must be translated into measures of
what the organization should do internally to meet its customers’ expectations (what
must the organization excel at?). After all, excellent customer performance derives
from the processes, the decisions, and the actions occurring throughout an
organization. Managers need to focus on those critical internal operations that enable
them to satisfy customer needs. The second part of the balanced scorecard gives
managers that internal perspective [41].
The internal measures for the balanced scorecard should stem from the business
processes that have the greatest impact on customer satisfaction – factors that affect
cycle time, quality, employee skills, and productivity, for example. Organizations
should also attempt to identify and measure their organization’s core competencies,
the critical technologies needed to ensure continued market leadership. Organizations
should then decide what processes and competencies they must excel at and specify
measures for each [41].
To achieve goals on cycle time, quality, productivity, and cost, managers must devise
measures that are influenced by employees’ actions. Since much of the action takes
place at the department and workstation levels, managers need to decompose overall
cycle time, quality, product, and cost measures to local levels. That way, the measures
link top management’s judgement about key internal processes and competencies to
the actions taken by individuals that affect overall corporate objectives. This linkage
ensures that employees at lower levels in the organization have clear targets for
actions, decisions, and improvement activities that will contribute to the
organization’s overall mission.
Information systems play an invaluable role in helping managers disseminate the
summary measures. When an unexpected signal appears on the balanced scorecard,
managers can query their information systems to find the source of the trouble. If the
aggregate measure for on-time delivery is poor, for example, managers with a good
information system can quickly look behind the aggregate measure until they can
identify late deliveries, day by day, by particular plant to an individual customer.
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If the information system is unresponsive, however, it can be the Achilles’ heel of
performance measurement. Some of the issues that managers might face are [41],
[46]:
•

The absence of an operational information system.

•

The scorecard information is not timely.

•

Reports are generally a week behind the organization’s routine management
meetings.

•

The measures have yet to be linked to measures for manager and employees at
lower levels of the organization.

Hewlett-Packard used a metric called breakeven time (BET) to measure the
effectiveness of its product development cycle. BET measures the time required for
all the accumulated expenses in the product and process development cycle (including
equipment acquisition) to be recovered by the product’s contribution margin (the
selling price less manufacturing, delivery, and selling expenses) [41], [46].
2.5.3 Innovation and Learning Perspective
The customer-based and internal business process measures on the balanced scorecard
identify the parameters that the organization considers most important for competitive
success. But the targets for success keep changing. Intense global competition
requires that organizations make continual improvements to their existing products
and processes and have the ability to introduce entirely new products with expanded
capabilities.
An organization’s ability to innovate, to improve, and learn ties directly to the
organization’s value. That is, only through the ability to launch new products, create
more value for customers, and improve operating efficiencies continually can an
organization penetrate new markets and increase revenues and margins – in short,
grow and thereby increase shareholder value [41], [46].
Many organizations use the percent of sales from new products as one of its
innovation and improvement measures. If sales from new products are trending
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downward, managers can explore whether products have arisen in new product
designs or new product introductions.

Business Balanced Scorecard
Financial Perspective

Customer Perspective

Goals

Measures

Goals

Measures

Survive

Cash flow

New products

Percent of sales from new
products

Responsive supply

Percent of sales from
proprietary products

Succeed
Prosper

Quarterly sales
growth and
operating income
by division
Increased market
share and ROE

Preferred supplier
Customer
partnership

On-time delivery (defined by
customer)
Ranking by key accounts
Number of cooperative
engineering efforts

Internal Business Perspective

Innovation and Learning Perspective

Goals

Goals

Measures

Technology
leadership

Time to develop next
generation

Manufacturing
learning

Process time to maturity

Technology
capability
Manufacturing
excellence
Design Productivity
New product
introduction

Measures
Manufacturing
geometry vs.
competition
Cycle time, unit
cost, yield
Engineering
efficiency
Actual introduction
schedule vs. plan

Product focus
Time to market

Percent of products that equal
80% of sales
New product introduction vs.
competition
Source: Kaplan [41]

Table 2.12: The Balanced Scorecard
Table 2.12 shows an example of a balanced scorecard that is used to measure the
financial perspective, customer perspective, internal business perspective and the
innovation and learning perspective in an organization.
One organization, Milliken & Co., required that managers make improvements within
a specific time period. Milliken did not want its “associates” (Milliken’s word for
employees) to rest on their laurels after winning the Malcolm Baldrige Award.
(Appendix A describes the Malcolm Baldridge National Quality Award in more
detail). Chairman and CEO Roger Milliken asked each plant to implement a “tenfour” improvement program to measure process defects, any missed deliveries, and
scrap. These identified areas were to be improved over the next four years as part of
its improvement program. These targets emphasize the role for continuous
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improvement in customer satisfaction and internal business processes

in

organizations [41].
2.5.4 Financial Perspective
Financial performance measures indicate whether the organization’s strategy,
implementation, and execution are contributing to bottom line improvement, and how
the organization looks to shareholders. Typical financial goals have to do with
profitability, growth, and shareholder value as shown in Table 2.12. Some
organizations state their financial goals simply: to survive, to succeed, and to prosper
[41]. Survival can be measured by cash flow, success by quarterly sales growth, and
operating income by division, and prosperity by increased market share by segment
and return on equity [46].
However, given today’s business environment, should senior managers even look at
the business from a financial perspective? Should they pay attention to short-term
financial measures like quarterly sales and operating income? Many have criticized
financial measures because of their well-documented inadequacies, their backwardlooking focus, and their inability to reflect contemporary value-creating actions [41].
Shareholder value analysis (SVA), which forecasts future cash flows and discounts
them back to an estimate of current value, is an attempt to make financial analysis
more forward looking. But SVA still is based on cash flow rather than on the
activities and processes that drive cash flow [46].
Assertions that financial measures are unnecessary are incorrect for at least two
reasons. A well-designed financial control system can actually enhance rather than
inhibit an organization’s total quality management program [68]. More important,
however, the alleged linkage between improved operating performance and financial
success is actually quite tenuous and uncertain as shown in the following example.
Over the three-year period between 1987 and 1990, a NYSE electronics company
made an order-of-magnitude improvement in quality and on-time delivery
performance. Outgoing defect rate dropped from 500 parts per million to 50, on-time
delivery improved from 70% to 96%, and yield jumped from 26% to 51%. Did these
breakthrough improvements in quality, productivity, and customer service provide
substantial benefits to the organization? Unfortunately not. During the same three49
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year period, the organization’s financial results showed little improvement, and its
stock price plummeted to one-third of its July 1987 value [41].
The considerable improvements in manufacturing capabilities had not been translated
into increased profitability. Slow releases of new products and a failure to expand
marketing to new and perhaps more demanding customers prevented the organization
from realizing the benefits of its manufacturing achievements. The operational
achievements were real, but the organization had failed to capitalize on them. The
organization should rather have focused on appropriate measures in the balanced
scorecard to try an achieve success.
Measures of customer satisfaction, internal business performance, and innovation and
improvement are derived from the organization’s particular view of the world and it’s
perspective on key success factors. However, the organizational view is not
necessarily correct. An excellent set of balanced scorecard measures does not
guarantee a winning strategy. The balanced scorecard can only translate an
organization’s strategy into specific measurable objectives. A failure to convert
improved operational performance, as measured in the scorecard, into improved
financial performance should send executives back to their drawing boards to rethink
the organization’s strategy or its implementation plans.
As one example, disappointing financial measures sometimes occur because
organizations do not always follow up their operational improvements with another
round of actions. Quality and cycle-time improvements can create excess capacity
[46]. Managers should be prepared to either put the excess capacity to work ore else
get rid of it. The excess capacity must be either used by boosting revenues or
eliminated by reducing expenses if operational improvements are to be brought down
to the bottom line [46].
Ideally, organizations should specify how improvements in quality, cycle time, quoted
lead times, delivery, and new product introduction will lead to higher market share,
operating margins, and asset turnover or to reduced operating expenses. The challenge
is to learn how to make such explicit linkage between operating and finance.
Exploring the complex dynamics will likely require simulation and cost modeling.

50

Strategic Management

2.5.5 Measures that Move Organizations Forward
As organizations apply the balanced scorecard, they should understand that the
scorecard represents a fundamental change in the underlying assumptions about
performance measurement. Managers cannot necessarily implement the balanced
scorecard without the involvement of the senior managers who have the more
complete picture of the organization’s vision and priorities.
The balanced scorecard puts strategy – not control – at the centre.[41]
Traditional measurement systems have sprung from the finance function, hence the
systems tend to have a control bias [41]. The traditional performance measurement
systems specify the particular actions they want employees to take and then measures
the actions taken to see whether the employees have in fact taken those actions,
resulting a system that attempts to control behavior.
The balanced scorecard puts strategy and vision at the center, establishing goals,
assuming that people will adopt the behaviors necessary to arrive at these goals. This
new approach to perform measurement is consistent with the initiatives under way in
many organizations: cross-functional integration, customer-supplier partnerships,
global scale, continuous improvement, and team accountability rather than individual
accountability [41], [46].
The balanced scorecard can help managers comprehend at a high level the
interrelationships between the financial perspective, the customer perspective, internal
business perspective and innovation A better understanding of these interrelationships
can lead to improved organizational decision making. Ultimately, the balanced
scorecard attempts to keep organizations looking and moving forward, instead of
backward.
2.6

ACHIEVING STRATEGIC OBJECTIVES

2.6.1 The Strategic Logic of Organizations
Sanchez [78] defines strategic logic can be defined as the operative rationale of an
organization for achieving its goals through value-creation and distribution. Defining
and implementing a strategic logic of an organization is the most fundamental
responsibility of the organization’s strategic managers.
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A strategic logic consists of three interrelated components [78]:
•

A business concept that identifies the intended customers of the organization and
the product offers as well as key activities that the organization will use to create
value for those customers.

•

An organization concept that defines the resources the organization will use in its
value-creating activities, the organization design for coordinating its activities, the
controls it will use to monitor its value-creating activities, and the incentives – or
plan for value distribution – that the organization will offer to attract and motivate
resource providers in its value-creating process.

•

The core processes of product creation, product realization, stakeholder
development, and organizational transformation through which an organization
tries to create and distribute value on a sustainable basis.

The strategic logic of an organization can be graphically depicted as shown in
Figure 2.10:
Resources

Targeted
Preferences

Core Processes
Product Creation
Product Realization

Organization
Concept

Stakeholder Development

Business
Concept

Transformation

Organization
Design

Controls and
Incentives

Product Offer

Key Activities

Source: Sanchez [78], Figure 5.1

Figure 2.5: The Three Components of a Strategic Logic
Defining and implementing a viable strategic logic for value creation and distribution
in an organization could be an intellectually demanding task as it challenges strategic
managers to be insightful in their understanding of the markets for both products and
resources. The strategic managers also need to be creative in imagining better ways to
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attract both customers and resources to the organization for value-creation and
distribution [78].
The business concept can be seen as the “demand” side of the organization’s strategic
logic. The organization must be able to offer products and services that appeal to
some people who then become customers for the organization’s products or services.
Th basis behind the business concept is that every potential customer will have
preferences for certain kinds of goods and services, and that in order to persuade
people to buy its products or services, an organization must discover and serve well
the specific preferences of people who might become customers [46], [78].
Groups of people who share similar preferences (or wants) for a given kind of product
or service are known as market segments [46]. Each organization must choose which
preferences in a market it will try to serve, as no organization can be all things to all
people. A business concept is therefore founded on a strategic organizational decision
to undertake to serve certain identified preferences shared by the people who make up
a targeted market segment.
In order to carry out an organization’s business concept, managers should devise an
effective approach to organize and coordinate the organization’s value-creating
activities – the organization concept [78]. Identifying the resources needed to carry
out the business concept is a task of the management team. Resources are any assets
that are available and useful to an organization in its value-creating activities.
Resources include tangible assets like land, buildings, machines and equipment;
intangible assets like knowledge, capabilities, reputation, brands, relationships and
human assets (employees) [46], [53], [78].
Managers should also create an organization design for coordinating the
organization’s use of its resources in value-creating activities. In designing an
organization, managers should determine task allocations (who will do what), the
distribution of authority (who will decide what) and the information flows (who will
know what). Management feedback is essential, hence managers should establish
controls to measure and monitor the organization’s value-creating activities [78].
The organization’s business concept and organization concept determine the valuecreating and distribution activities that the organization will undertake and how it will
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attempt to perform them. The types of activities that any organization will be involved
with can be grouped into four fundamental categories of activities that are named the
core processes of an organization.
Product creation is the first core process. An organization decides, whether through
creativity or imitation, to create a product or products that the organization will offer
to markets [20], [88]. After the product has been designed, the product needs to be
produced and delivered to the organization’s customers. The product also needs to be
supported in various ways, including maintenance and repair services [6], [73], [88].
Product realization are all the activities that an organization undertakes to make,
deliver, service and support its product offers. Like product creation, product
realization is a core process that all organizations must sustain in order to survive
[78].
Stakeholder development is the process of attracting and developing resources. The
organization must attract and use many different kinds of resources to create and
realize product offers. The organization needs to develop relationships with providers
of many kinds of resources and should work with these resource providers to develop
specialized capabilities suited to the organization’s products and targeted market
segments [46], [78].
Transformation is the process by which an organization may undergo a change in the
way it makes sense of its environment, defines the best opportunities for creating
value, organizes its value-creation processes, distributes its value to its resource
providers, and undertakes other fundamental aspects of organizational life. Examples
of recent changes include movements such as total quality management (TQM),
business process re-engineering (BPR), environmental sustainability and social
responsibility [20], [68], [78]. All of these movements have changed management
thinking in general and the way in which organizations work [68], [78].
Every organization is unique, and hence it can be expected that each organization will
have at least some characteristic differences in its goals for and approaches to value
creation and distribution. Even though organizations are unique, certain patterns of
behavior suggest that the strategic logic of different organizations have important
elements in common. Concepts such as cognitive maps, dominant logics, and strategic
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groups suggest ways in which different organizations composed of different people
may nevertheless begin to share common cognitive elements in their strategic logics.
Kotler [46] mentions that organizations such as IKEA, Southwest Airlines and Dell
Computers are prime examples of strategic groups carrying out an organizational
strategy that will make the most profits. Typically these organizations are seen as
providing high value at a low cost in a specific market segment [46].
Competence groups could be used to identify the similarities and the differences in the
competence building and leveraging activities of organizations. Figure 2.6 indicates
that organizations in stable competence groups share similar competence building and
leveraging activities, suggesting that their strategic logic and competitive activities
have much in common [78].

Similar
Dissimilar Similar

Competence Groups

Current Competence Leveraging
Dissimilar

Stable

Converging

Competence Groups

Competence Groups

Diverging
Competence Groups

Not Competitors

Source: Sanchez [78], Figure 5.2

Figure 2.6: Competence Groups
Other organizations that currently engage in similar competence leveraging activities,
but exhibit important differences in the new competencies they are building, can be
categorized as constituting a diverging competence group, suggesting important
differences in the longer-term goals in their strategic logic and in the future
competitive activities of those organizations. Organizations currently engaged in
different competence leveraging activities but nonetheless building similar
competencies for the future are identified as being in converging competence groups
[78].
Organizations that do not have similar competence leveraging, nor similar
competence building activities are not competitors in product markets and do not form
a competence group.
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Understanding competence groups should aid managers in making decisions
regarding the structure and grouping of individuals. The groups of people can then be
aligned according to the strategic objectives of the organization, which will be much
easier to do once specific competence groups have been identified.
2.6.2 Defining the Business Concept
In order to define an effective business concept, strategic managers need to determine:
•

Who will be served by the organization (customers).

•

What will be offered to customers (products/services).

•

How will products and services be created and offered to customers.

Figure 2.7 suggests the overlap that defines the business of the organization will not
be able to serve all the potential customers equally well. Strategic managers must be
aware of this fact, and set boundaries on the groups of customers the organization will
try to serve. Extending the boundaries too far leads to unhappy customers [78].
Who
The business
defined

What

How
Source: Sanchez [78], Figure 6.1

Figure 2.7: Defining the Business Who, What, and How
Similarly, no organization can provide all the goods and services any group of
customers might need. Strategic managers must therefore determine the kinds of
products that the organization will create and offer to targeted customers.
Strategic managers should make important choices about how the organization will
provide its selected products to its targeted customers, the technologies it will apply,
the distribution channels it will use, the way its products will be serviced, its
customers supported, etc. Once these questions have been answered and a good “fit”
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of customers, products, and means identified a clear sense of the way an organization
will try to create value through its activities can be established [78].
Targeted Market
Preferences

Business
Concept
Product Offer

Key Activities
Source: Sanchez [78], Figure 6.2

Figure 2.8: The Three Elements of the Business Concept
As suggested in Figure 2.8 the nature of a business is defined by the targeted market
preferences, the product offers, and the key activities. Key activities are those
activities that an organization should perform well in order to create and deliver
product offers to the targeted markets and customers. The key activities in any
organization’s business concept become top priority concerns of management in
designing core processes in an organization’s strategic logic [78]. Hence, if quality
becomes a critical success factor, then the strategic management of the organization
needs to give serious attention to any and all issues of quality that affect the nature of
the business.
In designing organizations as value-creating open systems, strategic managers must
adhere to certain design principles. Two system design principles are outlined by
Sanchez [78]:
•

The three elements of a business concept – targeted market preferences, product
offer, and key activities – must be internally logically consistent.

•

Taken together, the three elements of a business concept – targeted market
preferences, product offer, and key activities – must have a clear, credible
rationale for superior value creation.

2.6.3 Implementing Strategies
In the case of a small organization, management may develop a strategy and then
implement the strategy by communicating it to all employees. In a large organization
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this is a more complex process, as a lot of detail has to reach employees at all levels in
the organization. If one looks at a bank, everyone, from the tellers who deal with the
public, right up to top-level management, needs to be informed about how their
behavior affects the welfare of the organization, and how changed behavior following
a new strategy can improve this [87].
Once everyone understands that a new strategy and approach is necessary, and by
stimulating the necessary decision-making, a strategy can then possibly be
implemented successfully. Things that need to be taken into account include
organizational growth, profitability, cash flow, even how planning is executed [78],
[87], [92].
Implementing a new strategy should be approached with the help of experts,
knowledgeable in the field of organization change. The more complex the
organizational structure, the more complex the communication process. The general
communication procedure is that the managing director discusses the strategy with
his/her management team, who will then go and distribute it to employees that they
manage [87].
The manner in which employees interpret messages depends on their reference
framework. This could possible lead to confusion and misinterpretation if the
reference framework of the management team and the employees differ. Therefore
even though people are working towards a common goal, they might not understand
how it can be done in the best possible manner. It is very important for the goals and
steps of a strategy to be communicated in such a way as to be understandable to all
levels of employees. This would lead to the influence of the strategy becoming more
visible to employees. The information about the strategy should become processed
information, that they may feel have not been forced onto them. Employees should be
made a part of the strategy according to their skill levels and expertise if it is possible
[20], [87].
2.7

CONCLUSION

In their book Competing for the Future, Gary Hamel and C.K. Pralahad [26] offers
some insights into business management for the 21st century. A forward-thinking
strategy is mentioned where organizations should “seize the future” rather than
58

Strategic Management

maintaining their status quo. They argue that organizations that are focused entirely
on the present are merely running in place, and will lose sight of the future, only to be
outpaced by their competitors.
The corporate icon Jack Welch also took a similar stance by developing a vision for
the business, and then changing the culture to achieve the vision, rather than waiting
for the organizational culture to drive the change. He had three methods to put ideas
into action; go for the three ideals of: speed, simplicity, and self-confidence.
Managers had to make their decisions clearly and quickly, and get improvement teams
started on implementing quick fixes.
One of the methods he firmly believed in was the adoption of total quality methods to
save costs, raise productivity, and delight customers. Employees should also never
relent in the insistent pursuit of better personal and organizational performance.
Another key factor of improvements was the use of quality programmes for
management development. These programmes helped General Electric to become the
market leader in the business areas they competed in, and there is no reason that a
similar strategy should not be effective in other environments [30].
Jack Welch believed in having a plan to become the best, and using best practices and
measurement control to drive performance on operational indicators.
Hall and Rosenthal [25] suggested that organizations need to go beyond “strategic
planning” and embracing “strategic architecture building”. Planning must not just
focus on the short-term of a percentage of market share here or there, but
organizations also should not just focus on forecasts in the attainment of unrealistic
goals. A better strategy would be to look at ways to enhance and improve existing
opportunities and competencies in the organization. This could lead to increased
productivity for the future, enabling the organization to rise to the challenge of new
demands from customers.
One of the ways to enhance and improve existing competencies in an organization is
to re-look the quality of the products and services that the organization supplies.
Quality is a difficult concept to pinpoint – the lack of quality is often the first
indication of a need for any type of improvement. In order to improve quality, one
firstly needs to understand the full meaning of quality...
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Chapter 3
Quality Management
“There is nothing either good or bad, but thinking makes it so.” –
William Shakespeare

3.

Quality Management

3.1

INTRODUCTION

Numerous definitions for the word quality exist, most notable being the link between
quality and user needs. Quality is still hard to define and difficult to measure, but is
most easily recognizable in its absence, such as when a piece of software is not
working, or when something new does not seem to work.
Some insights to remember about quality according to Gillies [22]:
•

Quality is not absolute, and can have many different meanings in different
situations.

•

Quality is multidimensional with many contributing factors and is thus difficult to
summarize in a simple, quantitative way.

•

Quality is generally subject to constraints such as cost and resources.

•

Quality is about acceptable compromises, such as reliability considered to be more
important than functionality.

•

Quality criteria are not independent and interact with each other causing conflicts.

The problem with quality definitions are the context-dependence of quality, the
ensuing is then an attempt to define quality and quality management in a more general
sense.
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3.2

DEFINITIONS

The definitions in this section were included to clarify some of the more general
quality terms that were used in this chapter of the dissertation. Most of the definitions
were sourced from the references cited.
3.2.1 Quality
The English Usage Dictionary [2] states that quality is the degree of goodness or
excellence. This definition is insufficient for the purposes of this dissertation as the
nature of “excellence” must be considered in more detail to make the definition more
effective.
According to Gillies [22] a more formal definition by the International Standards
Organization (ISO) states that quality is:
“The totality of features and characteristics of a product or service that
bear on its ability to satisfy specified or implied needs.”
This definition associates quality with the ability of a product or service to fulfill its
function through the features and characteristics of the product. This definition of
quality could be applied to products/system, from motor cars to software, and will be
the general definition used for quality in this dissertation unless otherwise noted.
3.2.2 Quality Assurance
Quality assurance consists of the auditing and reporting functions of management.
The aim of quality assurance is to provide management with the data necessary to be
informed about product quality meeting its goals [45]. Freeman-Bell [20] states that
quality assurance is also a method of managing all the activities that affect the quality
of goods or services in order to prevent faults.
3.2.3 Quality Assurance System
According to Kit [45] a quality assurance system can be defined as the organizational
structure, responsibilities, procedures, processes and resources
management.
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3.2.4 Quality Audit
A quality audit as stated by O’Connor [62] is an independent appraisal of all the
operations, processes and management activities that can affect the quality of a
product or service. The objective is to ensure that procedures are effective, that the
procedures are understood and that they are being followed.
3.2.5 Quality Control
Quality control is the process of variation control [20]. The reasoning behind quality
control is that all processes are monitored and controlled to ensure that they are
capable of meeting requirements – hence quality control consist out of a series of
inspections, reviews, and tests generated throughout the development life cycle to
guarantee that each work product meets the requirements placed upon it.
Quality control activities may be fully automated, manual, or a combination of
automated tools and human interaction [45]. Quality control brings with it the
principles of inspections with the consequent costs of possibly finding faulty products
[20].
3.2.6 Quality Costs
Quality costs include all the costs incurred in the pursuit of quality or in performing
quality related activities [20]. Cost of quality studies are conducted to know the
current cost of quality and to find out the opportunities for reducing the costs of
quality and to provide a basis for comparison [20], [45].
Quality Costs

Preventative
•
•
•
•

Quality Planning
Technical Reviews
Test Equipment
Training

Appraisal
•
•

Failure
•
•
•

In-Process
Inspection
Inter-Process
Inspection

Rework
Repair
Failure Mode
Analysis

External Failure
Cost
•
•
•
•

Complaint
Resolution
Product Return
and Replacement
Support
Warranty

Source: Kit [45]

Figure 3.1: Quality Costs
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Figure 3.1 depicts the four general groups of quality costs; preventative, appraisal,
failure, and external failure costs. These are general quality costs, and are typically
used in cost of quality studies.
3.3

QUALITY CONCEPTS AND TERMINOLOGY

This section on quality concepts and terminology describes some of the concepts
related to quality such as environmental effects and human reliability. These concepts
need to be grasped, as these factors contribute to a lack of perceived quality of
software.
3.3.1 Environmental Effects and Interfaces
The prevailing conditions of the environment in which any system is operating have a
profound effect on its perceived quality and reliability. The environment affects the
system when it is operating (active) or even switched off (static), or stored.
Sometimes the effects are even worse when the equipment is switched off (static) as
there is no heat to counteract the effects of moisture. This is particularly true for
electronic equipment such as computers and their interfaces. This leads to computer
equipment always being left switched on [31], [51].
Corrosive
Elements in the
Atmosphere

High Levels of
Humidity

Temperature
Extremes

Variations in
Pressure

Radiation
Mechanical
Vibrations and
Shock

Attack by Fungi
and Insects

Source: Hignett [31]

Figure 3.2: Environmental Effects
Figure 3.2 illustrates some of the environmental effects that might affect electronic
equipment such as computers. To achieve the highest reliability when using computer
and electronic equipment, it would be best to operate the system at a fairly constant
and medium value of temperature, say 20° +/- 5% Celsius, the sort of conditions in an
air-conditioned office.
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Humidity, the level of moisture in the air is another environment factor that needs to
be taken into account. It may vary from as little as 3% RH for deserts and arid
regions, up to nearly 100% Rh in the tropics. Relative humidity (RH) is the ratio of
the amount of water vapor present in the air to the amount that would saturate the air
at the same temperature [31].
All instruments and computers when transported and handled will experience
mechanical vibrations and shock to some degree. Atmospheric pressure variations are
important at high altitudes where the pressure falls to a low value, and can cause
leaking of seals in components. Usually the conditions around a working piece of
equipment are a combination of several environment factors, and the effects of all
must be carefully assessed during the design and development stage [31], [51].
Smith [81] describes the electromagnetic interference tests that are performed on
computer systems to test for data corruption due to mains and airborne interference.
This could lead to system-wide degradation of the system and is common with
electronic equipment.
3.3.2 Human Failures/Human Reliability
Hignett [31] discusses the modeling of human reliability and failures of protective
functions and risk. The protective function concerns human operations which promote
safety, whilst risk deals with maloperations which may lead to hazardous states.
O’Connor [62] also states that “human reliability” is used to cover the situations in
which people, as operators or maintainers, can affect the correct or safe operation of
systems. People are fallible, and can cause system failure in many ways.
It should be emphasized that in modeling human behavior the human element often
bridges the boundary between safeguard actions and the initiation of dangerous
demands. An alarm system, which relies on a human operator to take corrective
action, is significantly dependent on human reliability, which is uncertain over a large
range due to variable human reactions and transient extraneous influences. Such a
system is clearly not viable in major hazard situations [31].
When designing a system, human reliability and failures should be considered in the
design if there is a high possibility that human fallibility might affect reliability and
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safety. Factors such as incorrect operation, incorrect maintenance, the ability to detect
and respond to failure conditions, ergonomic and any other factors that might
influence safe operation should be taken into account during system design. [62].
Reliance on human operator performance could be significantly reduced by the
employment of hardware and software systems to monitor and apply corrective
actions and hence increase the confidence levels in system reliability performance.
However, it should be pointed out that automated systems of increasing complexity
require maintenance and modification at higher technical levels of human influence.
Elimination of dangerous human operator failures can be partly offset by failures of
the human element in design and maintenance.
3.3.3 Inspection and Test
The basic idea behind testing and inspection is that products are checked after
production to see if any faulty product can be detected and rejected. This method is
probably the oldest method that is in use, and will be in use for many years to come
[20], [22], [62].
Inspections pose a number of problems, such as only detecting problems at the end of
the production process. This could be due to the entire production line working
incorrectly. Inspections can also add a cost factor if products are to be inspected oneby-one, resulting in a cost to the customer [20], [62].
A culture of blame is common with inspection practices, as people will rather hide
mistakes than correct mistakes. Inspection also does not lend itself well to serviceoriented products, as inspections cannot always be performed on intangible products
that cannot be measured physically [20].
3.4

QUALITY MANAGEMENT APPROACHES

In order to guide organizations in their quests for better quality of products and
services, a number of initiatives and standards were created. This section describes
some of the better known approaches to quality.
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3.4.1 ISO 9000
The ISO 9000 quality assurance models treat an enterprise as a network of
interconnected processes. For a quality system to be ISO compliant, these processes
must address the areas identified in the standard, and must be documented and
practiced as described. Documenting a process helps an organization understand,
control and improve what is the opportunity to understand, control, and improve the
process network that offers the greatest benefit to organizations, that design and
implement ISO compliant quality systems [20], [38], [68].
ISO 9000 describes the elements of a quality assurance system in general terms.
These elements include the organizational structure, procedures, processes, and
resources needed to implement quality planning, quality control, quality assurance,
and quality improvement. However, ISO 9000 does not describe how an organization
should implement these quality system elements. Consequently, the challenge lies in
designing and implementing a quality assurance system that meets the standard and
fits the organization’s products, services, and culture [20], [38].
3.4.2 ISO 9001
ISO 9001 is the quality assurance standard that applies to software engineering, as
well as design and manufacturing. The standard contains twenty requirements that
must be present for an effective quality assurance system [45], [95].
The twenty requirements delineated by ISO 9001 [95] address the topics as shown in
Table 3.1:
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No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

ISO 9001 Requirements
Management responsibility.
Quality system.
Contract review.
Design control.
Document and data control.
Purchasing.
Control of customer supplied product.
Product identifications and trace ability.
Process control.
Inspection and testing.
Control of inspection, measuring and test equipment.
Inspection and test status.
Control of non-conforming product.
Corrective and preventive action.
Handling, storage, packaging, preservation and delivery.
Control for quality records.
Internal quality audits.
Training.
Servicing.
Statistical techniques.
Source: Freeman-Bell [20], Table 7.2

Table 3.1: Clauses in ISO 9001
Each of the aforementioned requirements gives rise to a need for a documented
procedure in the organization, defining the actions that will be taken to ensure that the
requirement will be met.
In order for a software organization to become registered to ISO 9001, it must
establish policies and procedures to address each of the requirements noted in Table
3.1, and then demonstrate that these policies and procedures are being followed.
Software quality is dealt with in a separate chapter.
3.4.3 Total Quality Management
The term total quality management (TQM) is often used to describe a system whereby
all the activities that contribute to product quality, not just production quality control,
are appraised and controlled by one manager. In this context quality is defined as the
totality of features which determines a product’s acceptability, and as such includes
appearance, performance, reliability, support, etc [20], [39], [62].
Under TQM the QA manager has very wide authority for setting and monitoring
quality standards, throughout all functions of the organization. The QA manager then
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reports directly to the managing director or chief executive. It remains essential for
line functions such as design, test, and production to retain responsibilities for their
contributions to quality. However, the QA manager is responsible for ensuring that
the total approach is coordinated, through the setting of standards, training and
performance monitoring [20], [39].
The total QA approach to quality can be very effective, particularly when applied to
correct a situation in which quality is perceived as being lower than required, but the
reasons cannot be pinned down.
A TQM approach demands exceptional talents of persuasiveness and ability from the
QA manager. It is easy for the QA manager and the whole organization to become
dissociated from corporate realities, and the authority of the QA manager might be
questioned by line departments and project managers [20], [39].
The most obvious solution to this problem is that the managing director or chief
executive should take the responsibility. This has an advantage of showing that
quality is a top level concern in the organization. All the quality functions can then be
integrated with design and production, coordination of standards and training through
a chief executive’s QA committee [20].
Kinlaw [44] suggests that an integrated approach of the quality functions and the rest
of the product lifecycle be used to ensure better quality. The integration of quality
with all the organizational functions is also known as a team-centered approach to
TQM and is shown in Figure 3.3:
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Systems Support
Source: Kinlaw [40], Figure I-1

Figure 3.3: Team-Centered Total Quality Management
The team-centered model for TQM as shown in Figure 3.3 displays the TQM
characteristics and depicts the interdependence on team development and performance
[44].
3.4.4 Zero Defects
The zero defects (ZD) approach to quality control was developed in the United States
in the 1960s. The zero defects approach is based upon the setting of quality control
standards, the publication of results, award presentations and poster campaigns. It is
an approach that attempts to ensure that all processes are performed without error, by
providing training and motivation to all of the people concerned [20], [62], [83].
Many successes were claimed for the ZD approach, but in reality it is hard to sustain
the initial enthusiasm for ZD. Also, very few managers exist that are able to set up
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and maintain a ZD programme. The difficulties experienced in trying to sustain a ZD
programme means that very few organizations are willing to implement ZD
programmes [62], [83].
3.4.5 Quality Circles
The quality circles movement started in Japan in the 1950s, and is now used
worldwide [62]. The idea is largely based on Drucker’s management teaching,
developed and taught for quality control application by W.E. Deming and K.
Ishikawa. It uses the methods of operator control, consistent with Drucker’s teaching,
that the most effective management is that nearest to the action. This is then combined
with basic statistical process control and problem solving methods to identify and
correct problems at their sources. Quality circles are an inherent part of the total
quality management approach [20], [62], [83].
In quality circles, the operator is considered to be the person closest to the process
he/she operates, and hence will likely understand the problems better. The problem is
that the person does not have the authority, knowledge or influence to make the
necessary changes, but the quality circle system organized the workers in smaller
groups to be able to give them the knowledge and influence. Quality circle teams
manage themselves, select their own leaders and members, and the problems to be
addressed. If the improvement methods are under their control, they introduce them,
otherwise their suggestions get recommended to management who must respond
positively.
Quality circles differ from zero defect approaches due to the fact that quality
motivation is a normal working practice at the individual and even team level in
quality circles. Zero defect approaches need to instill motivation through close
management involvement and support [62].
Analytical techniques and problem solution methods are generally taught to quality
circles to help identify problems and to generate solutions [20]. The seven tools of
quality that these quality circles make use of are [62]:
•

Brainstorming sessions, to identify and prioritize problems.

•

Data collection.
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•

Data analysis methods, such as trend charts and regression analysis.

•

Pareto charts.

•

Histograms.

•

Cause-and-effect (Ishikawa, or fishbone) diagrams.

•

Statistical process control (SPC) charts.

Quality circles should be organized with care, and trained properly. Management
support from senior and middle management should be provided to the quality circle.
Even so, quality circle recommendations should still be carefully assessed and only
actioned whenever they will be effective. If any quality circle recommendations are
not actioned, then good reasons should be given for not following those
recommendations.
Quality circles have proved to be highly successful in motivating people to produce
better quality, and has been part of the Japanese industrial revolution since the Second
World War [20], [34], [62], [83]. Introducing quality circles can be an effective
measure towards quality improvement in the organization if there does not exist a
formal quality control approach, as is often the case with small organizations [34],
[62].
3.4.6 Six Sigma
The six sigma approach was developed by the Motorola company in the 1980s [62],
[72]. The six sigma approach focuses on two specific areas (also known as a twopronged approach). The first area of focus is on processes – every process should
operate within 6σ limits. The 6σ limit implies that no more than approximately one
operation per million should be defective or wrong. This is a misleading statement
(and unrealistic) as it implies that every process follows the s-normal distribution [62].
The second focus area is the application of statistical and other measures to identify
any opportunity for process improvement [62]. In order to focus on statistical
methods, specialists should be trained or expert consultants hired to seek out
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opportunities. In order to focus on statistical measures, the support of management is
essential [72].
Similar to the zero defects approach, the six sigma approach has also been credited
with generating savings in several organizations [62]. The six sigma approach can be
costly as trained experts are required to guide employees in improving their tasks
[72].
3.4.7 Quality Awards and Benchmarking
One of the first national quality awards to be introduced were the Deming Awards in
Japan [62], [68], [83]. The Deming awards are presented every year to individuals,
groups, and organizations that achieve notable quality levels or improvements [68],
[83].
Later the idea was followed in the United States with the Baldridge Awards, named
after the late US Secretary for Trade [56], [57], [58], [59], [60], [62], [68], [89].
Organizations in the United States submit themselves to an assessment process, which
is conducted by independent assessors, to determine whether these organizations
achieve the highest scores in a range of categories. The Baldridge award winners
generally generate improvements as a result of their efforts to impress the assessors.
In Europe a different approach is used that is called the European Foundation of
Quality Management (EFQM). The EFQM has produced a self-assessment guide,
which organizations can use to conduct their own evaluations [62], [68].
3.4.8 Australian Technology Network
The Australian Technology Network (ATN) of Universities has developed a unique
approach to quality and planning that is underpinned by ten key operating principles
derived from research on how successful universities manage ongoing change [3].
The ATN quality and planning principles state the following:
•

A shared language and understanding of key quality terms and concepts.

•

It is clear which processes and systems are set up to prove quality, and which are
set up to improve quality.
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•

There are clear links between quality developments in core activities, and changes
in the infrastructure and administrative systems that support them.

•

Decision making about quality accreditation, improvement, and innovation is
responsive, agile, efficient, and evidence-based, not ad hoc or anecdotal.

•

There is an efficient and comprehensive set of tracking mechanisms in place
which is used to make informed decision about quality accreditation, improvement
and innovation.

•

Explicit attention is given to the core values, mission and objectives when
priorities for improvement and innovation are determined.

•

There are systems in place that ensure that agreed quality improvement and
innovation priorities are addressed promptly, wisely and collaboratively.

•

Careful attention is given to assuring and developing the quality of staff,
especially leaders.

•

The support given to staff during the implementation of key quality improvements
and innovations acknowledges that change is a learning process for all concerned
and not a single event.

•

Everyone involved understands that the process of quality assurance,
improvement and innovation unfolds in a cyclical and not a linear process.

3.5

QUALITY MANAGEMENT TOOLS AND TECHNIQUES

Quality tools and techniques were created to aid organizations and individuals in their
pursuit of better quality. Some of the more commonly used quality tools and
techniques are described in this section.
3.5.1 Quality Function Deployment
Quality function deployment (QFD) is a technique that incorporates customer
requirements into the design of a product. QFD covers aspects such as customer
preferences for look and feel, and is a useful and systematic way to highlight the
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design, the process, and the control activities that are necessary to ensure reliability,
and also quality in the product [46], [62], [83].
QFD is a process that begins with a team consisting of the key marketing, design,
production, reliability and quality staff working their way through the project plan or
specifications, in an attempt to identify the features that will require control, the
control methods and the responsible people. Any constraints and risks should also be
identified, as well as the resources needed. No analysis or detailed planning is
performed during the QFD process, but the methods to be employed should be
identified [62], [83].

Correlation Matrix

Feature 5

Feature 6

Feature 7

4

5

6

7

Option 5

Option 6

Option 7

Benchmark

Feature 4

2

Option 3

3

Option 4

Feature 2

1

Option 2

Feature 3

Feature 1

A
B
C
D
E
F
G

Correlation
Matrix

Requirements

Value
Requirement A
Requirement B
Requirement C
Requirement D
Requirement E
Requirement F
Requirement G

Option 1

Importance

Features

Total Rating

Options
Source: O’Connor [62], Figure 7.1

Figure 3.4: Quality Function Deployment Chart
Charts and matrices are commonly used as part of the QFD. These charts and matrices
enable the requirements, control methods, responsibilities, constraints, etc. to be listed
in a tabular form, as all these requirements relate to design, analysis, test, production,
etc. Figure 3.4 is an example of a QFD chart:
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Requirements are rated on an importance scale (1-5) on the chart, linked to the design
features that can affect them. Each feature is in turn rated against its contribution to
each requirement, and a total rating of each feature is derived, by multiplying each
rating with the importance value, and then adding these values. This process will
highlight the most critical design factors [62], [83].
A “benchmark” column (also called a competitive assessment or evaluation) could be
used to rate each requirement, as perceived by potential customers, against those of
competitive products. Multiple benchmarks could be used for each different
competitor. Adding a benchmarking column is a useful way of showing how the
requirements relate to marketing perspectives [62], [83].
The correlation matrices indicate the extent to which requirements and features
interact; plus signs (+) indicate positive correlation, and minus signs (-) negative
correlation. This indicates if the requirements affect one another in some manner. Any
minus signs in the correlation matrix indicate conflicting requirements, hence
necessitating further modeling. The options section is used to include the variables
that need to be included in such work [62], [83].
The shape of the QFD chart has led to it being called the “House of Quality” due to its
house-like appearance [83]. It should be remembered, however, that quality is used
here in the widest sense – to include all aspects of the product that will affect its
reputation and cost.
Through the use of QFD charts, every aspect of design and production, analysis, test,
production process control, final inspection, packaging, maintenance and other
functions can be systematically evaluated and planned for, always in relation to the
more important product requirements. Requirements or features that are not important
will show up as being minor issues for quality purposes, which could lead to cost
reductions, and even reliability improvements [62].
The QFD chart is just another quality tool, and should be adjusted to suit the
environment and application for which it is being used.
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3.5.2 Statistical Process Control
Shewhart developed the methods of statistical process control (SPC) with the
emphasis on using the data and charting methods to identify and reduce assignable
variation, and to keep processes in control. SPC is the term used for the measurement
and control of production variability [62]. Statistical process control essentially
evaluates the output of a process to determine its acceptability [83].
SPC rely heavily on the s-normal distribution (see Appendix B for an explanation of
the s-normal distribution). Samples from the process under investigation are taken
regularly and compared with a predetermined standard. Any variations should be
corrected, and follow-up action taken to ensure that all the problems have been
corrected [83]. Conventional SPC methods are often simplified and should be
approached with caution [62].
3.5.3 Cause-and-Effect Diagrams
The cause-and-effect diagram was invented by K.Ishikawa as an aid to structuring and
recording problem-solving and process improvement efforts [20], [62], [83]. The
diagram is also called a fishbone or Ishikawa diagram. The main problem is indicated
on a horizontal line, and possible causes are shown as branches, which in turn can
have sub-causes, indicated by sub-branches, and so on [20], [62]. An example of a
generic fishbone diagram is shown in Figure 3.5:
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Figure 3.5: Basic Cause-and-Effect Diagram
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Some of the more common categories used in the cause-and-effect diagram are men,
methods, materials, machines and environment. The categories on the diagram should
generally not exceed six. There is no maximum for the causes.
3.5.4 Histogram
A histogram is a plot (bar chart) of measured data or values that vary about an average
[62], [83]. A histogram is a graphical method of keeping count of how often
something happens. This will provide one with a representation such as shown in

Frequency

Figure 3.6:

Value
Source: O’Connor [62], Figure 2.3

Figure 3.6: Frequency Histogram of a Random Sample
If more samples are taken, then the width of the vertical bars will be narrower, giving
a much better indication of the results of the measurement samples. A histogram has
the advantage of giving a visual indication of the relevant sizes of the samples shown
on one chart, combining a lot of information into a more compact visualization. As
more samples are taken, this can be added to the histogram, without redrawing the
complete diagram, allowing data to be gathered over a long period of time [20].
3.5.5 Pareto Charts and Analysis
The Pareto principle states that there is a “significant few and the insignificant many”
and is also known as the 80:20 rule, due to a few causes giving rise to a majority of
effects [20], [62]. It is often found that a large proportion of failures in a product are
due to a small number of causes, i.e. 80% of failures arises from 20% of all the faults.
Therefore, if one analyzes the failure data, one should be able to determine how to
solve the largest proportion of the overall failures with the most economical use of
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resources [20, [62], [83]. Using the Pareto principles for analysis helps to focus on the
main issues and to prioritize work effort [20].
3.5.6 Data Analysis
Data analysis can provide many meaningful insights and forecasts into processes and
procedures [53]. It should be borne in mind that these mathematical and statistical
data analysis processes have limitations. Mathematical models do not necessarily
reflect reality in the way that deterministic, physics-based formulae do [62]. Hence it
is necessary to remember that some of the issues to remember when applying
statistical methods to engineering are [62]:
•

Real variation is seldom s-normal.

•

The most important variation is usually that in the tails, where there is inevitably
less (or even no) data, the data is more uncertain, and where conventional
statistical models can be most misleading.

•

Variation can change over time, so that the patterns measured at one time might
not represent the true situation at another.

•

There may be interaction effects between variables, causing combined effects that
are more significant than those of individual variations.

3.5.7 Brainstorming
The brainstorming approach is associated with the Taguchi method, and can be used
for multiple applications, not just quality purposes [20], [83]. In brainstorming
sessions, all the people involved in the design of a product and its production
processes meet and suggest which are the likely important control factors, and plan
the experimental framework.
The team should consider all sources of variation, deterministic, functional, random,
and their likely ranges during the brainstorming sessions, so that the most appropriate
and cost-effective approach is determined. The team generally needs a person who is
skilled and experienced in the design and analysis of statistical experiments. It is
important to create an atmosphere of trust and teamwork, and the whole team must
agree with the plan once it has been finalized [20], [62].
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3.6

ORGANIZATION STRUCTURE

The author has described the definitions, tools and techniques used by management
teams in the pursuit of quality in the previous paragraphs. Another topic that is
equally important in grasping how quality management is applied in organizations is
the actual structure of the organization. Without the correct people in place, the best
policies, procedures and strategies may still fail. Hence the subject of organizational
structure needs to be touched upon before highlighting other important aspects of
quality management.
Many different activities contribute to the quality of a product, and it is difficult to be
categorical about the optimum organizational structure to ensure effective
management of quality. Design, development, production, quality control, control of
subcontractors and maintenance all play a part in the quality and reliability of
products. All the activities need to be coordinated, and resources applied in relation to
the requirements of the product. Quality management functions should be integrated
with project management functions to ensure that the necessary attention is given to
the quality functions. Once the quality management functions are integrated with the
project management functions, resources and time should be allocated to achieve the
desired quality.
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Figure 3.7: Quality Assurance Based Organization
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A quality assurance (QA) based organization as shown in Figure 3.7 places the
responsibility for issues such as reliability, quality audits, data analysis, and general
quality control with the QA management, which then controls the quality of design,
maintenance etc [62]. This organizational form is based upon the definition of quality
as the totality of features which bear upon a product’s ability to satisfy the
requirement [62]. There should be a close cooperation with other engineering
departments for the purposes of quality control; this leads to a common failure data
collection and analysis system to be used.
The QA based organization as shown in Figure 3.7 allows easier integration of some
tasks that are common to design, development and production. Failure data systems,
statistical methods, test tools and methods are very similar in application and could be
re-used for multiple products and projects.
There are many other forms of organization structures, such as the pure product
organization, the matrix organization, and a mixed organization structure [48], [53],
[62]. The most important approach should be a team-based approach to quality, right
from the start of the project, irrespective of the organizational structure [38].

Product Manager
Etc.
Marketing
Manager

Reliability
Engineering

Parts Evaluation and
Failure Analysis

Engineering
Manager

Design

Development

Environmental
Test

Production
Manager

Production

Design
Assurance

Test and
Inspection

QA Manager

Procedures and
Audit

QC Data
Analysis

Statistical
Engineering

Source: O’Connor [62], Figure 15.6

Figure 3.8: Engineering Based Organization
One structure that is also fairly common is the engineering based organization form,
shown in Figure 3.8. The main functions of the QA team is the focus on quality
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procedures,

audits and data analysis, while the issues of quality in design and

reliability now falls under the control of the engineering manager.
In the engineering based organization the QA manager is just responsible for
controlling production quality and may report directly to the product manager or to
the production manager [32], [62]. This is not an ideal situation for software
engineering environments as the QA manager and his team need to be part of all the
development, design and requirement efforts. If the quality assurance functions are
part of the development and production process at the final stages of the product
lifecycle, the QA team do not add value, and hence this approach should be avoided.
The most suitable organization structure in the author’s opinion that would bring the
greatest benefits in terms of quality is the matrix organization as shown in Figure 3.9:
Managing Director
Etc.
Program Manager

Manufacturing

Marketing

Finance

Quality

PM1

# People

# People

# People

# People

PM2

# People

# People

# People

# People

PM3

# People

# People

# People

# People

Source: Adapted from Meredith [53], Figure 4.3

Figure 3.9: Matrix Organiztion
The individuals necessary for each different project manager (PM1, PM2, etc) to
perform marketing, manufacturing and quality functions will come from their
respective functional divisions, and are assigned to the project full-time or part-time,
depending on the project’s needs. It is important to note that the project manager
controls when and what these people will do, while the functional managers control
who will be assigned to the project and what technology will be used [53].
The type of organization that is finally decided upon depends on where the
responsibility for quality activities in the organization mainly lies in relation to the
effort that is considered necessary and sufficient during design and developmental
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stages. The type of organizational structure is actually less important than the need to
ensure that the quality activities are integrated with all activities in the organization.
3.7

RESPONSIBILITIES FOR QUALITY DEPARTMENTS

The responsibilities outlined in this section should not be seen as an exhaustive list of
the QA department’s responsibilities. The explanations are merely intended to explain
some of the more general functions that a QA department would perform as part of
their daily duties.
3.7.1 Setting Organizational and Production Quality Standards
The quality manager should decide on the production quality standards to be met in
the organization [20], [62]. The quality standards may be decided upon by the
customer, as is increasingly the case in both commercial and non-commercial
organizations. [62].
The quality standards should apply to the resources, production processes and
functions required to create a product. It is the task of the quality manager to decide
on the quality methods to be used in inspections and conformance tests [62].
3.7.2 Monitoring Production Quality Performance and Costs
The quality manager should be satisfied that the quality objectives are being met, or
that action is being taken to ensure this [20], [62]. These include quality cost
objectives [83].
QA staff is responsible for the monitoring of functions such as defect reporting, data
analysis, inspections and testing. The QA department should prepare quality reports,
and should monitor and assist with problem-solving [62].
3.7.3 Quality Training
Quality control training is typically the responsibility of the quality manager. Training
is an important part of the quality process as basic quality concepts should be
employed by all the employees of the organization [20], [62].
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3.7.4 Specialist Services
The Newport Group [55] states that a critical success factor in achieving continuous
quality assurance in dynamic application environments is having the flexibility to
draw on the right expertise at the right time, from within the organization as well as
from qualified services organizations.
Quality departments provide services such as vendor appraisal, resource assessment,
data collection, reporting and analysis. Using an integrated approach to quality
engineering yields the greatest benefits during the manufacture, support and
maintenance of a product [62].
3.8

TEAM INVOLVEMENT AND COMMITMENT

Quality improvement is more than just meeting the required standards that have been
set in the organization. Constant improvement and measurement is also concerned
with any factor that could affect the quality of services and products in the
organization. In order to become a more quality focused organization, the following
list of factors need to be considered [44]:
•

The leadership styles of supervisors, managers and executives.

•

The activities of entrepreneurs.

•

The flexibility of organizations and their capacities to change.

•

The aggressive acquisition of new technology.

•

The planning processes of organizations.

•

The control systems in organizations.

•

The visions of executives.

•

The cultures of organizations.

All these causes are valid, but they do not capture the day-to-day reality of
improvement. Kinlaw [44] states that:
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“…,improvement, however it is conceived, planned, or initiated, almost
invariably comes down to the cooperative actions of teams of people.”
The statement made by Kinlaw [44] relates to the ISO requirement of having
management commitment for the quality processes that are implemented in the
organization. Management commitment is one of the most important requirements if
the quality strategy in an organization is to succeed.
3.9

CONCLUSION

The last half of the twentieth century has been marked by a revolution in the way that
quality has affected lives. Many people are unaware of the benefits that an increase in
quality has brought to general living standards, and the methods that have brought
about this upswing.
Many reasons could be cited for this revolution, such as people just showing what
they can achieve, or can do; another driving force has been the awareness that people
have started to show in more durable, reliable, high-quality goods, leading to a
consumer-driven approach to quality. This drive for higher quality goods and services
led to formal definitions of quality, together with quality processes, tools, techniques,
procedures and standards such as ISO 9000 described in this chapter.
The Japanese people were among the first in the world to realize that quality should
be driven from management levels all the way down to the employees. The Deming
quality award originated in Japan, and soon afterwards similar quality initiatives
spread around the world. One of the most notable being the Malcolm Baldridge
National Quality Award in the United States of America (see Appendix A for more
details on the Malcolm Baldridge National Quality Award). The Japanese decision to
make quality and reliability national priorities have borne fruit that other countries
struggle to mimic [38], [62], [83].
Managers such as Peter Drucker and W.E. Deming showed that continuous
improvement could be achieved while costs are reduced and production increased, all
at the same time, thereby changing the way people traditionally thought about quality
and production processes [62]. To implement a quality assurance system successfully
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takes solid planning, reliable tools, the appropriate experience and expertise. Above
all, quality management should become an ongoing process.
The ISO 9000 standard includes management responsibility and involvement as a
prime requirement. This agrees with authors such as O’Connor [62] who states that
the quality approach should be a total approach, requiring a management philosophy
that inspires, supports, trusts, teaches and leads, and does not inhibit, frighten or
constrain.
In this chapter the author gave a brief overview of general quality principles, tools and
techniques. One should realize that without these basic concepts, software quality
would not have evolved to its present state. Before one looks at the concepts of
software quality, software engineering needs to be examined in order to grasp the
subtleties that make the quality of software such a unique topic.
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Chapter 4
Software Engineering
Knowledge is power, and the computer is an amplifier of that
power…The American computer industry has been innovative, vital
successful. It is, in a way, the ideal industry. It creates value by
transforming the brainpower of knowledge workers, with little
consumption of energy and raw materials. Today, we dominate the
world’s ideas and markets in this most important of all modern
technologies. But what about tomorrow? – Feigenbaum and
McCorduck

4.

Software Engineering

4.1

INTRODUCTION

Pressman [71] describes a software process as a framework for the tasks that are
required to build high-quality software. The issue that arises is that a software process
defines the approach that is taken as software is engineered, but software engineering
also defines technologies for the process, the technical and non-technical methods, the
tools and people.
The IEEE [25] has developed a comprehensive definition that states:
Software Engineering: (1) The application of a systematic, disciplined,
quantifiable approach to the development, operation, and maintenance of
software; that is, that application of engineering to software. (2) The study
of approaches as in (1).
Another interesting definition of software engineering has been stated by Fritz Bauer
[54]:
Software engineering is the establishment and use of sound engineering
principles in order to obtain economically software that is reliable and
works efficiently on real machines.
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These definitions of software engineering does not address software quality per se, but
it does mention engineering principles such as reliability, which can be used as the
baseline for starting a discussion about quality in software engineering, Engineering
principles covers issues such as customer satisfaction, on-time product delivery,
measurement and metrics, and mature processes, hence this will become the starting
point for a quality strategy.
Software engineering can be considered a layered technology as shown in Figure 4.1:

Tools
Methods
Processes
A Quality Focus
Source: Pressman [71], Figure 2.1

Figure 4.1: Software Engineering Layers
Figure 4.1 illustrates that the organizational approach to engineering (including
software engineering) should rest on a commitment to quality. Any quality philosophy
leads to continuous process improvements, and this ultimately leads to mature
approaches to software engineering [71].
The key process areas that lead to effective delivery of software depends on the
process layer. The process layer includes the management control of software projects
and establishes methods in which software work products are produced, milestones
are established and change is managed [71].
The software engineering methods provide the knowledge (how to) for actually
building the software. Basic principles such as requirements analysis, design, program
construction, testing and maintenance are all part of the methods. These basic
principles govern each area of the software technology and include modeling
activities and other descriptive techniques. Software tools such as code generators,
compilers and automated testing applications provide automated or semi-automated
support for the processes and the methods [71].
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CASE tools are commonly used to combine hardware, software, and a software
engineering database to create software engineering environments that are analogous
to CAD/CAE for hardware [71].
The Software Engineering Institute (SEI) has developed the Capability Maturity
Model (CMM) over the past two decades. This initiative has had a tremendous impact
on efforts to improve software engineering practices [9], [22], [71], [81]. The CMM
has generated a lot of debate, but even so, it provides a very good indicator of the
attributes that must exist when solid software engineering is practiced [71], [81].
4.2

THE EARLY YEARS

Software fulfills many roles, both as a product and as a means to deliver products.
Software has undergone many changes throughout the latter part of the twentieth
century, driven to an extent by hardware developments, changes in computing
architectures, increases in memory and storage devices, and a wide variety of input
and output devices. Together with these advances in sophistication, problems and
complexities started to arise for the people tasked with building complex systems out
of a dazzling array of building blocks [71].
The Early Years
•
•

•

The Second Era

Batch Orientation
Limited Distribution
Custom Software

1950

•
•
•

•

1960

Multi-user
Real-time
Database
Product Software

The Third Era
•
•
•
•

1970

Distributed Systems
Embedded
Low Cost Hardware
Consumer Impact

1980

The Fourth Era
•
•
•
•
•
•

1990

Powerful desktop
solutions
Object-Orientation
Expert Systems
AI
Parallel Computing
Network Computers

2000

Source: Pressman [71], Figure 1.1

Figure 4.2: Evolution of Software
Figure 4.2 illustrates the historical milestones in software development, and shows
that in the past 50 years there have been major changes, advances, and technical
innovations as far as software engineering is concerned.
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During the early years of software evolution, software was used primarily for
scientific (number-crunching) applications. Software was not seen as part of the main
organizational activities, but more of an afterthought. Software development was
considered an art due to the lack of any formal systematic methods and procedures.
Software only came to the attention of management once costs escalated due to
schedule slippage [71].
The second era of software evolution ranged from the mid-1960s to the late 1970s.
Software engineering organizations became more common. New software
applications came into being, such as product software, multiprogramming, multi-user
systems, not only mainframe applications. Software engineering organizations began
selling mass-produced software in order to make a quick profit, leading to issues with
software which resulted in the need for software maintenance [71].
The third era began in the mid-1970s and introduced distributed computing, local and
global networks, high-bandwidth digital communications and instant data access.
Advances in computer hardware occurred rapidly during this period along with
increasing capabilities of software. Personal computers was not yet common, hence
software was still only developed for business and academic purposes. The one
exception to this rule was microprocessors that started to be used in any electrical
device, from automobiles to microwaves. At the end of the third era personal
computers did become a reality due to the decline in price of computer hardware [71].
The fourth era started moving away from individual computing to powerful
networked computing architectures that feature a decentralized client/server
environment. Even though rapid advances have taken place in the software
engineering industry, numerous issues still plague the software industry [71]:
•

Software cannot tap the full potential of the hardware.

•

The demand for newer, better programs is still bigger than the ability to supply
programs.

•

The reliability of software need to increase as one cannot build software that has a
high enough reliability and quality to match the requirements of most customers.
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These are just a few issues that we face today in the world of software engineering,
and by realizing that there are issues that we face, we are in a better position to come
up with solutions to these challenges.
4.3

SOFTWARE APPLICATIONS

Software can generally be applied to any situation where a pre-specified set of
procedural steps (algorithm) has been defined. Modern software now includes expert
systems and artificial network software that are applied to non-procedural situations.
The different types of data (information content) together with the order and timing
(determinacy) of data determines the nature of most software applications [71].
It is important to remember that as software complexity grows, the clear definition of
the type of software disappears, but there are several general types of applications as
shown in Table 4.1:
Application
System Software
Real-Time Software
Business Software
Engineering and
Scientific Software

Embedded Software

Personal Computer
Software
Artificial Intelligence
Software

Description
Collection of programs written to service other programs.
Compilers, editors, file management utilities, etc.
Programs that monitor/analyze/control real world events
as they occur.
Business information processing.
Payroll, accounts payable/receivable, inventory, etc.
Number-crunching algorithms.
Astronomy, CAD, CAM, stress analysis, biology,
manufacturing, etc.
Software residing in read-only memory to control
products for the consumer and industrial markets.
Performs limited and esoteric functions, or even provide
significant function and control capability, depending on
application.
Microwave ovens, television sets, automobile controls,
etc.
Word processing, spreadsheets, computer graphics,
multimedia, entertainment, database management,
personal and business financial applications.
Non-numerical algorithms solves complex problems that
are not amenable to computation or straightforward
analysis.
Source: Adapted from Pressman [71], Section 1.2.3

Table 4.1: Software Applications
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This table is not exhaustive, and should only be used as a guideline, as the field of
software engineering is evolving, and this will lead to numerous other types of
software applications in the future.
4.4

SOFTWARE MYTHS

Many of the modern-day issues that software practitioners face can be traced back to a
mythology that arose during the early years of software development. Software
developers spread rumors that had some elements of truth, but were generally
misleading and caused problems for managers and technical people alike [71].
One of the most common management myths that anyone in software engineering will
encounter, and it is also one of the key reasons for starting this dissertation, is that
managers feel that there are a number of standards and procedures for software
engineering, and that this will enable the software team to develop high-quality
software applications. The existence of a quality standard does not guarantee high
quality software, as these standards and procedures might be outdated, and the
modern processes and procedures cannot conform to the “old” way of doing things.
Another simple problem is that these standards and procedures are rarely complete,
and in many cases simply outlines an academic exercise in standardsm [71].
Another common software myth (and probably one of the most widely known) is the
“Mongolian Horde Concept” [10]. If a project gets behind schedule, more
programmers are added to catch up. This has been shown by Brooks [10] to be a huge
mistake. New people that are added to a software project need to be trained by the
existing staff complement, thereby reducing productive time that could have been
spent on software development effort. In the long run, however, this strategy might
pay off, but only if the process has been well planned and coordinated [10], [53].
One only has to read through internet newsgroups, websites, computer magazines,
Dilbert cartoons, and talk to other software professionals to realize that the amount of
software myths is ever increasing, and to realize that there is a definite need to correct
some of the myths.
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4.5

SOFTWARE PROBLEMS

Almost all electronic devices nowadays has some sort of “code” or software running
on it. Think about washing machines, microwave ovens, engine management systems,
etc. The problem is, software is generally full of bugs and faults [81]. Generally
software is acknowledged as not being very reliable. Many of these errors can be
avoided if only people are willing to take the initiative, and make software more
reliable and of a better quality [4], [81]. This can only happen if people are going to
be made responsible for the consequences of their poor quality software.
Poor quality software can lead to financial losses, or even worse, to death and injury
or people. In 1997 a Korean passenger plane crashed when the height-warning system
failed to work properly – 228 people died. In 2000 more than 30 000 trucks and
tractors, and more than 6 000 school buses in America were recalled due to poor
quality software controlling the brake systems [2].
Another example is the 1999 Mars landing craft that was destroyed when poor quality
software shut the engines off 30m above the surface of the planet. The estimated loss
was $165 million. Some organizations in the USA estimate that unreliable and poor
quality software costs the country $59 000 million per year [2].
According to the Software QA/Test Resource Center the main reason that is being
given for this unfortunate set of events is that software is generally not tested very
well [33]. Other conditions that are cited include [33], [71], [81]:
•

The complexity of modern software packages.

•

The pressure to get the software product to market.

•

The software industry does not accept any liability for errors.

•

Poor work methodologies.

•

Miscommunication or even no communication at all.

•

Egos, because people like to believe that they are capable of many things.

•

Poorly documented code.
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•

Software development tools that are flawed and contain bugs.

In general people spend about 50% of their time to write a program, and then the other
50% of their time trying to find the errors. In some programs that have been tested,
more than 10 faults per 1000 lines are observed, which equates to 10 000 faults for a
program that has 1 million lines of code [4].
Five common problems in the software development process are shown in Table 4.2:
Problem
Poor requirements
Unrealistic schedule

Description
Unclear, incomplete, and too general requirements.
Too much work crammed into too little time.
No one knows if the program is any good until the
customer complains or the system crashes.
Requests to pile on new features after development is
under way.
If the software developers do not know what is needed, or
if the customer have erroneous expectations, then
problems are guaranteed.

Inadequate testing
Featuritis
Miscommunication

Source: Created by the Author from Hower [33]

Table 4.2: Common Software Problems
The good thing about software development, is that there are a number of initiatives
that one can follow when trying to achieve higher levels of reliability and quality:
•

SEI – Software Engineering Institute.

•

CMM – Capability Maturity Model.

•

ISO 9001.

•

IEEE Standards for Software.

•

ANSI – American National Standards Institute.

4.6

SOFTWARE DEVELOPMENT METHODOLOGIES

In the software engineering industry, there are several methodologies that are being
used to develop software [40], [61], [71], . Some of these are:
•

The classic waterfall development cycle.

•

Booch and Rumbaugh.
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•

Extreme Programming (XP).

•

The Rational Unified Process (RUP), incorporating the Unified Modeling
Language (UML) to develop software specifications.

The most important, and generic, is the classic waterfall software development cycle,
as shown in Figure 4.3:
Requirements Definition and Analysis
Preliminary Design
Detailed Design
Code and Unit Testing
Integration and System Testing
Acceptance Testing
Maintenance and Operation
Software End of Life (Decommissioning)
Source: Created by the Author from Pressman [71]

Figure 4.3: Classic Waterfall Software Development Lifecycle
The main reason for only elaborating on the waterfall software development cycle, is
that all the development methodologies follow this mindset in some way or another,
and just add iterations and loops to the process. Knowing the whole process is
important, because one needs to know when to introduce quality requirements, and
how to enforce this during the life of the product.
Quality requirement analysis should be done in conjunction with the normal software
requirement analysis and definition, as this takes place right at the beginning of the
software development phase, and cannot be introduced successfully into the project at
a later stage. The sooner the requirements are drawn up, the sooner people will
understand the challenges that are facing them, and what they need to do in order to
be able to achieve the quality goals that they have set for themselves.

94

Software Engineering

4.7

SOFTWARE RELIABILITY

One of the software myths is that “software does not wear out”, which is factually
true, but practically incorrect. Software does deteriorate with age, and this is one of
the reasons why software reliability has become an important topic in the past two
decades. Software deterioration is due to the fact that the environment surrounding the
software application changes (hardware upgrades, software upgrades, data corruption,
etc), causing the software to crash or experience failures.

Wear-Out

Failure Rate

Infant Mortality

Time
Source: Pressman [71], Figure 1.2

Figure 4.4: Hardware Failure Curve
The “bathtub” curve, shown in Figure 4.4 depicts hardware failures, indicating that
hardware exhibits high failure rates early in its life (design or manufacturing defects)
[62], [71], [73]. As the defects are corrected, the failure rate drops to a steady-state
level for some time. As time passes the hardware will start to experience rising failure
rates. This is simply the graphical depiction of hardware that is starting to wear out

Failure Rate

[62], [73].

Failure rate continues at
same rate till
obsolescence

Time
Source: Pressman [71], Figure 1.4

Figure 4.5: Idealized Software Failure Curve
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Software, on the other hand, is not susceptible to the environmental factors that affect
hardware. Hence, in theory the failure curve for software should look something as
shown in Figure 4.5. Defects such as incorrect logic that are not discovered will lead
to high failure rates early in the life of software. However, in the ideal world these
will be discovered and fixed, which leads to the flattening of the failure curve for
software [71].
In the real world, software will undergo maintenance (change) which will lead to new
defects being introduced, causing the failure rate to increase (spike), not decrease, as
shown in Figure 4.6. In order for the curve to return to the original steady-state
idealized curve, more changes are requested, causing the curve to increase and spike
again. This leads to an increase in the minimum failure rate, which depicts the
deterioration of the software due to change [71]. This is a highly simplified model of
software failures, but it does illustrate one important point – software does not wear
out…but the software can deteriorate.

Failure Rate

Increased Failure Rate
(Side Effects)

Actual Curve

Change
Idealized Curve
Time
Source: Pressman [71], Figure 1.3

Figure 4.6: Actual Software Failure Curve
An important aspect of wear illustrates one of the major differences between software
and hardware. If and when a hardware component wears out, it is replaced by a spare
part. Software does not have “spare parts”. Any error in software indicates an error in
the design, code or the process through which the design was implemented in machine
code. Hence software maintenance involves more complex processes than the simple
replacement of a hardware item.
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4.8

IMPACT OF CHANGES TO SOFTWARE

Software requirements often change, and the impact of the changes to the software is
not always felt till late in the software development lifecycle.

Cost to Change

60 - 100x

1.5 – 6x
1x
Definition

Development

After Release
Source: Pressman [71], Figure 1.5

Figure 4.7: The Impact of Change on Software
If serious attention is given early in the development cycle to ensure that the project
definition is clear, changes can be accommodated relatively easily. The customer will
be able to review the requirements and will be able to recommend modifications with
relatively little cost impact. If the changes are requested during the software design
phase, then the costs escalate rapidly. The reasons are that resources are now
committed and have already started working on the project, and a design framework is
in place that will have to be changed. Once the project has reached the
implementation (coding, testing) stage, any change will lead to severe impacts on cost
[71].
Figure 4.7 also indicates the costs associated with changes requested once the
software application has been placed into production. The costs are estimated at an
optimistic factor of between 60 and 100 times the cost of changes requested at the
time of project definition. This can lead to an exponential cost increase [71].
4.9

SEI CAPABILITY MATURITY MODEL

According to Pressman [71], the majority of software processes can be graphically
depicted as shown in Figure 4.8:
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Common Process Framework
Framework Activities
Task Sets
• Tasks
• Milestones, Deliverable
• SQA Points

Umbrella Activities

Source: Pressman [71], Figure 2.2

Figure 4.8: The Software Process
The common process framework is defined through the framework activities that are
applicable to all software projects, regardless of their size or complexity. Task sets are
collections of software engineering work tasks, project milestones, software work
products and deliverables, and quality assurance points. This enables the framework
to be adapted to the unique characteristics of the software project and the
requirements of the project team. Umbrella activities overlay the process model and
are independent of any framework activity and typically occur throughout the process.
The activities include software quality assurance, software configuration management
and measurement [71].
The Software Engineering Institute has developed a maturity model that describes the
process maturity of software engineering organizations [40]. This is a comprehensive
model that is based on a set of software engineering capabilities that should be present
as organizations reach different levels of process maturity. An assessment
questionnaire and a five-point grading scheme is used to determine an organization’s
current state of process maturity. The reason for using the grading scheme is to
determine compliance with a capability maturity model (such as the SEI CMM
model) that defines key activities required at different levels of process maturity [71].
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Level

Description

1

Initial

2

Repeatable

3

Defined

4

Managed

5

Optimizing

Definition
The software process is characterized as ad hoc, and
occasionally even chaotic. Few processes are defined,
and success depends on individual effort.
Basic project management processes are established to
track cost, schedule, and functionality. The necessary
process discipline is in place to repeat earlier successes
on projects with similar applications.
The software process for both management and
engineering activities is documented, standardized, and
integrated into an organization-wide software process.
All projects use a documented and approved version of
the organization’s process for developing and
maintaining software. This level includes all
characteristics defined for level 2.
Detailed measures of the software process and product
quality are collected. Both the software process and
products are quantitatively understood and controlled
using detailed measures. This level includes all
characteristics defined for level 3.
Continuous process improvement is enabled by
quantitative feedback from the process and from testing
innovative ideas and technologies. This level includes all
characteristics defined for level 4.
Source: Created by the Author from Pressman [71]

Table 4.3: SEI Process Maturity Levels
Table 4.3 defines the SEI process maturity levels. These levels provide a measure of
the global effectiveness of an organization’s software engineering practices. The five
levels are the results of the SEI assessment questionnaire that is based on the CMM.
The SEI has also associated key process areas (KPA’s) with each of the maturity
levels. The KPA’s describe the software engineering functions that must be present to
satisfy good practice at each level. Table 4.4 identifies the KPA characteristics.
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Characteristic
Goals

Description
The overall objectives that the KPA must achieve.
Requirements that must be met to achieve the goals,
and that provide proof of intent to comply with the
goals.
The things that must be in place to enable the
organization to meet the commitments.

Commitments
Abilities
Activities

The specific tasks that are required to achieve the
KPA function.

Methods for Monitoring
Implementation
Methods for Verifying
Implementation

The manner in which the activities are monitored as
they are put into place.
The manner in which proper practice for the KPA
can be verified.
Source: Created by the Author from Pressman [71]

Table 4.4: Key Process Area Characteristics
The KPA’s are mapped into different levels of the process maturity. The KPA’s that
should be achieved at different levels of each process maturity are defined as shown
in Table 4.5:
Level

Definition

2

Repeatable

3

Defined

4

Managed

5

Optimizing

Key Performance Area
Software Configuration Management
Software Quality Assurance
Software Subcontract Management
Software Project Tracking and Oversight
Software Project Planning
Requirements Management
Peer Reviews
Intergroup Coordination
Software Product Engineering
Integrated Software Management
Training Program
Organization Process Definition
Organization Process Focus
Software Quality Management
Quantitative Process Management
Process Change Management
Technology Change Management
Defect Prevention
Source: Created by the Author from Pressman [71]

Table 4.5: Process Maturity Key Performance Areas
Each of the KPA’s is defined by a set of key practices that contribute to satisfying its
goals. The key practices are policies, procedures and activities that must occur before
a key process area has been fully instituted. The SEI defines key indicators as “those
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key practices or components of key practices that offer the greatest insight into
whether the goals of a key process area have been achieved” [71].
4.10 CONCLUSION
Software is the key element in the evolution of computer-based systems and products.
Software has developed from specialized problem-solving and information analysis
tools to an industry in itself. However this legacy has also created a number of
problems that are still in existence, even today. Software can be a limiting factor in
the evolution of computer-based systems if the software engineering process is not
approached with a quality frame of mind [71].
The major intent of software engineering is to provide a framework for building
software of a higher quality, yet it seems that it has not always made good on this
promise. The next step to evaluate in the search for software excellence is how quality
relates to software, and how quality of software can be improved…
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Chapter 5
Software Quality
The problem of quality management is not what people don’t know
about it. The problem is what they think they do know… – Philip
Crosby

5.

Software Quality

5.1

INTRODUCTION

Any software engineering approach should have one goal in mind, and that should be
to produce high-quality software.
Software quality is an extremely problematic area when compared to areas such as
manufacturing [40], [81]. IT professionals have been asked why software quality is so
different from other types of quality, and it was suggested that each type of product
has its own set of quality demands, but that computer software was notably
problematic for the following reasons [40], [71], [81]:
•

Software does not have a physical existence.

•

There is seemingly a lack of client needs from the start of the project.

•

The client needs change many times over the duration of the project.

•

There are rapid changes in the hardware and software during the lifetime of the
project.

•

Customers have high expectations with respect to adaptability.

•

It is considered as an intellectual object.

The expectations of the customers with regard to adaptability and flexibility adds to
the issues experienced with software quality.
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According to Pressman [71] and other authors such as Kit [45] the term software
quality assurance (SQA) refers to the umbrella activity that is applied throughout the
software process. SQA encompasses (1) a quality management approach, (2) effective
software engineering technology (methods and tools), (3) formal technical reviews
that are applied throughout the software process, (4) a multi-tiered testing strategy, (5)
control of software documentation and the changes made to it, (6) a procedure to
assure compliance with software development standards (when applicable), and (7)
measurement and reporting mechanisms.
In software development, quality of design encompasses requirements, specifications,
and the design of the system. Quality of conformance is an issue focused primarily on
implementation. If the implementation follows the design, and the system meet its
requirements and performance goals, it leads to high quality [71], [81].
In order to create high quality software systems and applications, one needs to apply
methods that are effective in helping one achieve quality. Methods that are
misleading, ineffective, or just plain counterproductive should be avoided.
Management methods, such as software quality assurance, reliability engineering, etc.
will be either strategic or tactical. The strategic principles and methods prepare the
organization for the work that must be done in the future [78], [83].
The most important strategic methods are shown in Table 5.1:
Important Strategic Methods
Top or upper management commitment to the quality management strategy
through all functions and phases.
An effective organization and people.
Effective quality methods, capabilities and procedures.
Supplier, subcontractor, and vendor development.
Training, including management, technology and the tactical methods must
be consistent with the organization and procedures.
Research.
Source: Created by the Author

Table 5.1: Important Software Quality Strategic Methods
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Some important tactical methods are shown in Table 5.2:
Important Tactical Methods
Reliability design analysis, and the effective use of CASE tools.
Failure reporting and criticality analysis systems (FRACAS).
Quality control and continuous improvement.
Maintenance planning and methods.

2/3
3
3
3
3

Source: Created by the Author

Table 5.2: Important Software Quality Tactical Methods
The software quality methods should be applied over the long term, as the methods do
not generate benefits right away. The time scales for effective payback can be
anything from a few months to a couple of years, depending on the size of the system,
and the benefits can continue to grow as time increases. It is imperative that the
quality methods be managed appropriately, and be protected from short-term costcutting, as is seemingly the way of the software industry.
Specific quality outputs such as software quality assurance plans, software
configuration management plans, test plans and release methodology will not be
discussed in this dissertation. The reader should consult the numerous volumes of
work on these subject matters if more information is required [7], [9], [22], [24], [33],
[36], [37], [40], [45], [53], [61], [62], [68], [71], [81], [83], [91]. Appendix C outlines
a sample software quality assurance plan which may provide readers with a basic
outline of some of the concepts of a software quality assurance plan.
It should also be remembered that the main focus of increased quality is an increase
in customer satisfaction, and hence quality awards should be approached with caution,
as these may not lead to real benefits for the organization’s customers.
5.2

SOFTWARE QUALITY DEFINITIONS

This section on software quality was included in order to clarify some of the more
general software quality terms and definitions used in this chapter of the dissertation.
Most of the definitions were sourced from the references cited.
5.2.1 Software Quality
The ISO definition for quality that states that software quality is:
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“The totality of features and characteristics of a product or service that
bear on its ability to satisfy specified or implied needs.”
This definition can be used for software, but there are a number of definitions that
have been developed that refer specifically to software. The Department of Defense in
the United States defines software quality as “the degree to which the attributes of the
software enable it to perform it’s intended end use"” and combines the need to
provide a good solution with the requirement to answer the right question. [22]
The software engineering view is taken from IEEE Standard P1601 [71], which states
that:
“Software quality is the degree to which software possesses a desired
combination of attributes.”
This standard states that defining software quality is equivalent to defining a list of
software quality attributes required for that system. The standard also states that:
“The final software quality of a system is a function of all the preceding
phases of the software development cycle.”
This supports the concept that quality must be built-in during design. General
agreement has it that most of the quality is determined by earlier phases of
development [37].
5.2.2 Software Reliability
Reliability is one of the quality attributes required of software, due to the various
applications of software. Software reliability can be defined as the probability of
failure-free operation for a specified time, in a specified environment, for a given
purpose or the ability of a program to perform a required function under stated
conditions for a stated period of time [62].
5.2.3 Software Reliability Metrics
One needs to decide on the metrics in assessing the reliability of software systems in
order to quantitatively define the reliability of such systems. Hardware metrics based
upon the design being correct can typically not be used for software as hardware
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metrics assume that the design is 100% correct. Hardware metrics are also generally
based upon component failures, and the need to repair or replace a component once it
has failed.
Although a failure may have occurred in software, the system could still be available.
This is another major differentiating factor from mechanical systems in general, as a
mechanical failure would lead to the mechanical system being unavailable for use.
The reliability metrics that is used most commonly for software reliability metrics
include:
•

Probability of Failure on Demand (POFOD). This is commonly used for safetycritical or non-stop systems.

•

Rate of Occurrences of Faults (ROCOF). This is commonly used for operating and
transactional systems.

•

Mean Time to Failure (MTTF). This is commonly used for systems with long
(time-based) transactional operations.

•

Availability. This is commonly used to measure continuously running systems
such as telephone exchanges.

5.2.4 Software Failures
Software failures are defined as an unexpected runtime behavior observed by a user of
the software system [71]. Figure 5.1 shows the input/output mapping of a typical
software system, and what happens when erroneous input is entered.
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Input 1

Input 2

ERROR

Software System

Output 1

Output 2

ERROR

Source: Created by the Author

Figure 5.1: Software System Inputs/Outputs
Software faults are characteristics inherent in the software that causes failures to
occur. Faults do not necessarily cause failures. Faults only cause failures if the faulty
part of the software is used. If the faulty part of the software is never used, then the
fault will not be noticed, and hence no failure will be observed, as shown in
Figure 5.1. Faulty software can still be very reliable.
Software failures can be classified in various classes of failures as described in
Table 5.3:
Failure Class
Transient
Permanent
Recoverable

Description
Occurs only with certain inputs
Occurs with all inputs
System can recover without operator intervention
Operator intervention is required to recover from
the failure
Failure does not corrupt system data or state
Failure corrupts system state or data

Unrecoverable
Non-Corrupting
Corrupting

Source: Created by the Author from Pressman [71]

Table 5.3: Software Failure Classification
5.2.5 Software Defects
Software defects can be classified into different types as shown in Table 5.4. Defects
can be uncovered as software is being developed or after the software has been
released to its end user [45].
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Software Defects
Incomplete specifications.
Misinterpretation of customer communication.
Intentional deviation from specifications.
Violation of programming standards.
Error in data representation.
Inconsistent module interface.
Error in design logic.
Incomplete testing.
Inaccurate or incomplete documentation.
Error in programming language translation or design.
Ambiguous or inconsistent human-computer interface.
Source: Create by the Author

Table 5.4: Software Defects
5.2.6 Software Quality Factors
Software quality factors, are factors that have been identified in the United States
military standard DOD-STD-2167 as shown in Table 5.5:
Quality Factor
Correctness
Efficiency
Flexibility
Integrity
Interoperability
Maintainability
Portability
Reusability
Testability
Usability

Description
The measure in which software is free from defects
and from coding defects.
The measure to which software performs its
intended functions with a minimum consumption of
computing resources.
The ease with which software can accept
enhancements or be modified.
The extent to which software prevents or controls
unauthorized access and modifications to data or
code.
The ability of two or more products to exchange
information.
The ease with which software can be maintained.
The ease with which software can be transferred
from one computer system or environment to
another.
The extent to which a module can be used in
multiple applications.
The ease with which software can be tested.
The extent to which software incorporates human
engineering capabilities and features.
Source: Created by the Authort from DOD-STD-2167

Table 5.5: Software Quality Factors
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5.3

THE NEED FOR QUALITY IN SOFTWARE

Software quality is easier to distinguish by it’s absence, than by the existence of
quality. Statements such as “I’m sorry, but the computer’s down, so we cannot take
your booking” is heard quite often, as people are became more dependant on
computers and software to carry out everyday work and tasks. One of the easiest ways
to define poor software quality is through the unavailability of the system. On the
other hand, even if we have a system that runs 24 hours a day, 7 days a week, it could
be considered a poor quality system if the usability of the system is poor.
The lack of quality has led to increased costs. A Price Waterhouse study [37] found
that problem-solving accounted for more than 50% of the total effort in the software
industry. The problem solving included problem resolution during testing, changing
functionality to meet misunderstood requirements and the maintenance on production
systems.
Not only does the lack of quality lead to increased costs, but also to the loss of time.
The initial cost of considering quality from the start of a project would be far less if
quality is only considered when the software system is delivered to the customer.
5.4

MODELS OF QUALITY

This section on models of quality describes two software quality models, namely
McCall’s and Boehm’s models of quality. These models are useful as they depict
some of the quality factors that users may require of software. These models could
also be used to conduct an audit of the quality requirements defined for a software
system.
5.4.1 Hierarchical Models
To be able to compare quality in different situations, models of quality need to be
established. The idea of a hierarchical model of software quality dates back to 1970.
The IBM PC was not yet born, and computing was still centralized within distributed
mainframe computing centers. The Boehm and McCall models are typically of this
era [22].
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A hierarchical model of software criteria is based upon a set of quality criteria, each
of which has a set of measures or metrics associated with it. This type of model is
shown in Figure 5.5:
Quality Factor

Quality Criterion

Quality Criterion

Quality Criterion

e.g. Reliability

e.g. Maintainability

e.g. Usability

Quality Metrics

Quality Metrics

Quality Metrics
Source: Gillies [22], Figure 2.3

Figure 5.2: Hierarchical Model of Quality
A few examples of quality criteria that is typically employed, include reliability,
maintainability, and usability. There are a number of issues relating to the criteria of
quality such as:
•

The criteria of quality to be employed.

•

The inter-relation between the criteria of quality.

•

The association of the quality metrics into a meaningful overall measure of
quality.

An example of the metrics linked to each characteristic is shown in Figure 5.3:

Reliability

Accuracy

Consistency

Error Tolerance

Simplicity

Source: Gillies[22], Figure 2.4

Figure 5.3: Metrics Associated with Reliability
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5.4.2 McCall’s Model
The model was first proposed by McCall in 1977. McCall’s model is shown in Figure
5.4:

Maintainability

Portability

Flexibility
Testability

Reusability
Product
Revision

Product
Transition

Interoperability

Product
Operations
Correctness
Reliability
Efficiency
Integrity
Usability
Source: Gillies [22], Figure 2.5

Figure 5.4: McCall’s Model of Software Quality
This model is aimed at system developers, to be used during the development process.
However, in an early attempt to bridge the gap between users and developers, the
criteria were chosen in an attempt to reflect the users’ views as well as the developers’
priorities. The criteria appear to be technically oriented, but they are described by a
series of questions which define them in terms acceptable to non-specialist managers.
McCall’s model identifies three areas of software work: production operation, product
revision and product transition, as shown in Figure 5.4.
•

Product operation requires that the software product is user friendly, operates
efficiently, and that the results produced are correct.
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•

Product revision is concerned with error correction, maintenance and flexibility of
the system. This is important because it is generally considered to be the most
costly part of software development [22].

•

Product transition may not be important in all applications of the software system.
The move towards distributed processing and the rapid rate of change in hardware
are likely to increase its importance.

McCall’s quality criteria are described in Table 5.6.
Quality Criteria
Usability
Integrity
Efficiency

Description
Ease of use of the software.
Protection of the program from unauthorized use.
Use of resources, e.g. execution and storage
efficiency.

Correctness

Extent to which a program fulfils it’s specifications.

Reliability

Ability not to fail.
The effort required to locate and fix a fault in the
program within it’s operating environment.
Ease of making changes to due to changes in the
operating environment.
Ease of testing the program, to ensure that it is errorfree and meets it’s specification.
The effort required to transfer a program from one
environment to another.
The ease of reusing software in a different context.
The effort required to couple the system to another
system.

Maintainability
Flexibility
Testability
Portability
Reusability
Interoperability

Source: Adapted from Gillies [22], Table 2.3

Table 5.6: McCall’s Criteria of Quality
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5.4.3 Boehm’s Model
Boehm’s model was defined to provide a set of “well-defined, well-differentiated
characteristics of software quality” [22].

Device Independence
Portability
Self Containedness
Accuracy
Completeness
Reliability
Robustness/Integrity
Consistency
Accountability

General
Utility

Efficiency
As-is Utility

Device Efficiency
Accessibility

Human
Engineering

Communicativeness

Testability

Self Descriptiveness
Structuredness

Maintainability

Understandability
Conciseness
Modifiability

Legibility
Augmentability
Source: Gillies [22], Figure 2.7

Figure 5.5: Boehm’s Model of Quality
The model is hierarchical in nature, and the hierarchy is extended, so that the quality
criteria are subdivided as shown in Figure 5.5. The first division is made according to
the uses made of the system. These are classed as “general” or “as is” utility, where
the “as is” utilities are a subtype of the general utilities, roughly equating to the
product operation criteria of McCall’s model. There are two levels of actual quality
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criteria, the intermediate level being further split into primitive characteristics which
are amenable to measurement [22].
Boehm’s model is based upon a much larger set of criteria than McCall’s shown in
Figure 5.5. The set of criteria that Boehm’s model refers to is shown in Table 5.7:
Boehm’s Quality Criteria
Usability
Clarity
Efficiency
Reliability
Modifiability
Reusability
Modularity
Documentation
Resilience
Correctness
Maintainability
Portability
Interoperability
Understandability
Integrity
Validity
Flexibility
Generality
Economy
Source: Gillies [22], Table 2.4

Table 5.7: Boehm’s Criteria of Quality
5.4.4 Common Characteristics
McCall and Boehm’s models share a number of common characteristics arising from
the hierarchical nature:
•

The quality models focus on the parts that designers of software systems can more
readily analyze. Most of the quality criteria are connected with the technical
aspects of software quality.

•

These hierarchical models cannot be tested or validated until the software system
is developed.

•

The measurement of overall quality is achieved by a weighted summation of the
characteristics.
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The nature of the software application should determine the relative importance of
these quality criteria. In the quality models the characteristics are closely related. The
solution to seek is an optimum balance of quality factors, rather than an ideal solution
[22].
5.5

TQM FOR SOFTWARE DEVELOPMENT

Total quality management focus on four focus areas: customer satisfaction, process
improvement, a quality culture (human focus) and measurement and analysis. In order
to apply TQM successfully in software engineering organizations, the differences that
exist between the manufacturing and software development sectors need to be taken
into account.
One of the main differences between manufacturing and software development
organizations Clients play a big role in the development of software, more so than in
the manufacturing sector. The problem arises due to the adaptability of computers and
software systems. The needs of the user typically change rapidly and the software is
expected to respond to these changes, without affecting the quality of the software in
any way.
Applying the techniques of TQM depends on addressing the people and the processes
that are involved in the software engineering organizations. Typically, people and
processes are linked in software development.
Development processes that are part of a TQM system should be systematic and well
understood by all the parties involved. Most of the software development
methodologies place a strong emphasis on the gathering of user requirements and
verifying that the design process accurately reflects those requirements. Following
this type of software development methodology does not always produce the results
desired by users [22]. There seems to be a need for an element of prototyping in a
development cycle, as users are not able to visualize the software products in the way
that they can visualize a manufactured artifact.
One solution to this problem is the use of CASE tools and methodologies
encompassed in an iterative loop such as the spiral development method described by
Kan [40]. The requirements analysis phase for such methodologies is replaced by a
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broader iterative cycle, which aims to promote user involvement in the actual process
of software development. Initial requirements are set in consultation with the users.
The system specifications are not intended to be comprehensive or cast in stone. The
basis (groundwork) for an initial system (alpha version) should evolve through the
evaluation by users. Producing a faithful representation of the user requirements in the
implemented code represents a good “match to specification” quality. This means that
high quality should be achieved if the specification evolves, rather than remaining
static. Strict change control procedures should accompany this iterative methodology
to protect the integrity of the software system [22].
Using an iterative approach may improve cost-benefit and on-time delivery through
the early identification of problems in the resulting software system. Another benefit
to be derived from such an approach is early delivery of the system. This allows the
user to start using the system and train users before the formal deadline.
TQM is also concerned with changing people and organizations rather than just the
production procedures in the organizations. This means that the implementation of a
quality system such as TQM in a software engineering organization depends on
change occurring in both the organization, as well as the people within the
organization [22].
One of the principal barriers to quality in software development is the relationship
between the client and the developer. At one end of the scale, the relationship is
adversarial in nature, and the client is regarded as a necessary evil [22]. This typically
results in limited user input. Given the vital importance of user requirements in
software development, this is often disastrous for the long term user satisfaction with
the product, and the result is that it becomes another technical success that fails to be
perceived as a quality product by the user.
Changing the attitudes of development teams and making system requirements more
dynamic and flexible are key to the success of a TQM approach in the software
engineering industry.
System engineers and developers need to recognize that non-technical and business
people can make a real and valid input to the system development process. Ideas,
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knowledge and expertise could be gained. The involvement of users should be seen as
a fruitful partnership in search of a better product. A better mindset would be a
recognition that all the groups involved in the development of software are critically
dependent on one another [22].
5.6

THE REQUIREMENTS OF ISO 9001

Once an organization has decided to improve the quality of a product or service, it
needs to implement a quality system to manage the quality functions. Various types of
quality systems are found within organizations, such as the six sigma and zero defects
approaches, all varying in their levels of effectiveness. Standards for quality systems
have been in existence for almost twenty years or more (ISO 9001 dates back to
1987). Many of these standards and approaches have been incorporated in the ISO
standards, as the ISO standards addresses the organization concepts along with quality
concepts [37].
A summary of the main requirements of ISO 9001 as they relate to software
development is discussed in this section [71], [95]. These items are largely common
sense, and very few people would dispute that they should occur. The quality system
is the method of ensuring that they do.
5.6.1 Management Responsibility
The section on management responsibility states that management should have an
effective quality policy. The responsibility and authority of the employees whose
work affects quality should be defined. A management representative, independent of
the development process, should be responsible for the quality system.
The effectiveness of the quality system should be reviewed by audits. General quality
aims and objectives should be listed in a prominent organizational document, such as
the annual report. More detailed quality aims and objectives should be stated in the
quality manual. A short guide to the quality manual should exist. Training courses for
staff should be held to introduce them to the quality system being used in the
organization.
Accurate (and up-to-date) job descriptions must be maintained by the organization
detailing broad staff responsibilities. A staffing section should be included in the
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project plan describing project-specific responsibilities for all the staff involved in the
project – both development and quality assurance staff.
Documentation of any software tools for implementing quality controls should be
provided to the staff together with training for the software tools used for
implementing quality controls. Training in quality control activities, such as system
testing or technical reviewing should be provided.
Procedures for hiring staff required to carry out project-specific or once-off quality
controls is part of the management responsibility. A senior manager should be made
responsible for overseeing the operation of the organization’s quality system and it’s
adherence to ISO 9001.
Regular reviews of the effectiveness of the quality system, based on documents such
as project debriefing reports and summary project audit reports, reviews of training
courses and quality tools should be held as far as possible. Quality assurance should
be performed independently of the software projects if the organization has enough
resources.
5.6.2 Quality System
The section on a quality system states that documented standards, procedures and
guidelines should exist that have to be adapted and adopted for all the software
projects. A standard and procedure should exist that describes how auditing is used to
check that project standards and procedures are being adhered to by individual
projects. A sample software quality assurance plan is shown in Appendix C to aid in
the development of quality procedures and guidelines for software engineering
organizations.
The production of quality records which detail that a particular quality control has
been carried out includes the collection and retention of quality records, typically
describing defects on a phase-by-phase basis during the project. The quality system
should also produce a quality plan for every project describing the quality attributes
for the software system that each project produces.
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5.6.3 Contract Review
The section on contract review states that an organization must review the contract to
ensure that it is understood, and that the organization is able to carry out its
obligations before it enters into a contractual agreement. A technical review of the
customer statement of requirements should be prepared as part of the requirements
analysis.
Documentation of the interaction between the customer and the developer should be
maintained. Standards and procedures for carrying out a feasibility study should exist.
Requirements reviews should be used to determine infeasible requirements. Project
plan reviews should be used to determine whether a project plan provides an adequate
framework for the production of a software system with the desired quality attributes.
(See Appendix C for an example of a software quality assurance plan).
Requirements specifications should be produced containing all the customer
requirements. Traceability should be built into project documents so that the customer
requirements can be traced to program code via the system design and detailed design.
5.6.4 Design Control
The section on design control states that the software design process should be
properly controlled. Designs and design input should be verified as sufficient and
correct by performing test activities (Appendix D shows an example of a software test
plan to be used for verification and validation activities). Design output must be of the
required quality. Any design changes should be controlled. Validation and verification
activities such as code reviews applied to designs should be described in the quality
manual. (Appendix E shows an example of a software code review checklist).
Traceability between the requirements specification and the design should be built
into project documentation. The interface between the design team and other agencies
should be documented in the project plan. Procedures should be available to govern
the progress of querying the requirements which are fed into the design process.
(Appendix G shows an example of a requirements specification review checklist that
can be used for validating requirements).
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There must be explicit documentation produced which reflects the fact that the input
to the design process – the requirements specification – has been satisfied by the
design. The design must come under configuration control, i.e. all changes to the
design must be rigorously reviewed, applied, checked and documented.
The outputs from a development phase such as a subsystem design should be
documented and reviewed. If any developmental item such as a subsystem design is
found not to conform to requirements, it should be tagged and not used until it does
conform to requirements.
5.6.5 Document Control
The section on document control states that proper procedures for document approval,
issue and removal should exist. Any changes to documentation should be controlled
and placed under formal change control. The documentation standards and procedures
should be contained in the quality system to enable staff concerned with evaluating
change to decide whether a change should be approved or disapproved (See the
software configuration management plan as outlined in Appendix Q for an example of
a document control procedure.).
The configuration management facilities offered by the quality system should be
capable of keeping version data and change history data for all documentation.
5.6.6 Purchasing
The section on purchasing states that any purchased material, including brought-in
software, should be checked as conforming to requirements. The same level of
requirements specification used on a project should be employed to communicate with
software subcontractors. A proper software acceptance procedure should be adopted
for all software purchased.
There should be explicit evidence that subcontractors are capable of producing
software of the same quality as the developed software. The same level of change
control should be adopted for purchased software that is employed for developed
software. Acceptance testing should be applied to any external software purchased.
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5.6.7 Purchaser Supplied Product
The section on purchaser supplied product states that any material supplied by a
purchaser, for example, client-provided software, must be properly managed
(configuration management) and tested. Any software supplied by the system
purchaser should also be checked as rigorously as the software that is being
developed.
Software supplied by the system purchaser should be placed under configuration
control for product identification purposes. Purchaser supplied software should be
accompanied by a requirements specification and a design if possible.
5.6.8 Product Identification
The section on product identification states that the product must be identifiable at all
stages of the software engineering process, i.e. configuration management. Each
element of the system, be it documentation or code, should be uniquely identified with
as much traceability as possible built in between the elements of a system. Version
control should be applied to all the elements of a software system. (Appendix H is an
example of a software configuration management plan that can be applied to any
software engineering organization).
5.6.9 Process Control
The section on process control states that the entire software engineering process
should be properly managed. Quality requirements for the software project should be
identified in a quality plan, including any tasks which affect quality control. All the
tasks should be specified and associated with planning information such as duration
and sequence in time.
Documentation such as project plans and quality standards describing the
developmental tasks to be carried out should be provided for the staff responsible for
such tasks. Facilities for monitoring the execution and completion of a task via the
project plan should be provided. Facilities should be provided to enable quality staff
to check that a quality control has been carried out correctly; for example, there
should be standards for auditing in place in the quality manual.
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Standards should be provided for all the software engineering tasks which affect
software quality. The project should specify an adequate development methodology
and good practices for task such as design. These methodologies and practices should
be publicized in the quality manual. If any special processes are identified during
planning, these processes should be marked as such in any contractual documents.
5.6.10 Inspection and Testing
The section on inspection and testing states that the quality system should provide
checks that no system or part of a system is released to the customer unless it has been
checked as conforming to requirements. This requires effective testing, such as
module, system and acceptance testing. Test records should be maintained for all
executed tests. The quality system should ensure that the developer documents those
parts of a system which have not been tested adequately. (See Appendix D for more
information on a software test plan).
Adequate testing, such as unit testing, should be carried out in advance of acceptance
testing. Documentation should be provided for testers which not only details the
test(s) to be carried out, but what the outcome of the tests should be. Final acceptance
tests should be derived from the quality attributes described in the quality plan.
Documentation should be generated which confirms that a system or part of a system
has passed all the tests applied to it.
5.6.11 Inspection, Measurement and Test Equipment
The inspection, measurement and test equipment section states that if any such
equipment is used during the software engineering process, then such equipment
should be properly maintained and calibrated. For tools that are developed internally,
the same quality process that is used for the project on which the tools are to be used
should be employed during their development.
5.6.12 Inspection and Test Status
The inspection and test status section states that the status of all software items should
be identified. In software engineering terms, this implies configuration management
and release control. Software that is undergoing tests should be documented with the
test status.
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5.6.13 Control of Non-Conforming Product
The section on control of non-conforming product states that untested or faulty
software should be kept out of released products. Adequate tests should be
implemented, to ensure that a maintenance change, or a change to a baselined item,
has not affected any other parts of the item which should not be affected by the
change.
5.6.14 Corrective Action
The section on corrective action states that if any defects are found in a software
project, then the cause of the defect should be investigated and documented.
Corrective action should be performed and should not only affect the part of the
system in which a defect was found, but should lead to the modification of all
connected documents (such as designs). (See Appendix I for an example of a weekly
report that can be used to document any defects that are found in a software system).
Developers should monitor the cause of defects in order to improve developmental
practices and the quality system. Standards and procedures should exist to govern the
rework that may occur when a defect is discovered.
5.6.15 Handling, Storage, Packaging and Delivery
The section on handling, storage, packaging and delivery should describe the
standards and procedures that are in place to ensure that the software contains the
correct versions of the components of the software system to be delivered. Other
issues such as storage media being damaged (tapes unreeling in the post, compact
discs getting scratched or bent) does not occur during handling, storage, packaging
and delivery.
5.6.16 Quality Records
The section on quality records states that quality records should be maintained for all
projects. The quality records should describe whether a particular quality control has
checked that a specific quality attribute has been built into the software system. The
steps taken to control the quality of the process should also be recorded for
confirmation of quality checks.
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5.6.17 Quality Audits
The section on quality audits states that audits of the quality system should be carried
out to ensure the quality system is effective. The quality system should contain
standards and procedures to determine the conduct, frequency, and relevant
documentation of quality audits, together with details on how the results of an audit
are to be used.
5.6.18 Training
The section on training states that quality training needs should be identified, and then
met. The organization should have a training plan covering not only the training needs
of individuals, but also those of the entire organization. The training plan should be
reviewed periodically and training records should be available to any staff that carries
out project planning activities.
5.6.19 Servicing
The section on servicing states that the developer should have standards and
procedures to ensure that any services specified in a contract are being delivered to
the customer if a software product is being serviced.
5.6.20 Statistical Techniques
The section on statistical techniques states that appropriate statistical techniques
should be used for prediction. The statistical techniques that are used should be
mature.
5.7

A STRATEGIC VIEW OF SOFTWARE QUALITY

To understand how software quality is viewed as a strategic objective, the history of
software development sheds some light on this. In the 1970s software quality was
concerned with how well the software met the technical requirements contained in the
specification, emphasizing conformance to specification view of quality. This gave
rise to the development models of McCall and Boehm [22].
In the 1980s, the idea of fitness for purpose had already become important in software
quality research. Software people talked about “business correctness” and needed to
justify its existence in terms of a return on the resources employed. In this sense, the
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software engineering environment (IT) is not much different to other industries as is
commonly thought. Juran mentions the issue of fitness for purpose in manufacturing
in the 1940s [39].
The way that software is used in organizations has changed from mainframe
computing, to distributed architectures and powerful desktop computers. A modern
view of the software environment is a more strategic view, one that supports the
overall business strategy of the organization. Software has become a strategic
objective, changing the scope of software quality to be more strategic in nature. Even
if one defines software quality in general terms as fitness for purpose [39], a strategic
view of quality might be defined as the degree to which the software engineering
function fulfills its objective of enabling the business strategy to be achieved [22].
The purpose of the software engineering approach is defined within the information
technology (IT) strategy of the organization. Fitness for purpose is therefore the match
between the IT and business strategies. (This is also sometimes described as IT
effectiveness). The IT strategy should include the totality of the software engineering
effort within an organization, thus representing how effectively an organization is
making use of software technology, and how this is reflected in the achievement of
the overall business objectives.
Resolving the contributions from IT changes and management changes are tricky, IT
changes not accompanied by management changes are less likely to be effective. IT
often has to play an enabling role in management changes. Sometimes this
encouragement of management change is a valuable part of IT practice [22].
The consideration of IT effectiveness rather than simply software quality reflects a
certain maturity in the technology. Traditionally investment has been justified in
terms of increased efficiency, but a more sophisticated role for IT in today’s
commercial environments means that the justification for investment rests upon more
sophisticated arguments and forms part of an organization’s strategic decision making
process.
Many of the claimed benefits for IT do not appear explicitly on a balance sheet, e.g.
better decision making, better response time to customers. There is a need to
distinguish effectiveness from efficiency. IT efficiency is the ability of the IT function
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to enable the organization to reap short-term explicit financial benefits which should
appear on the balance sheet. Examples include savings in staff costs, increased
production for the same staff cost, etc.
IT effectiveness is sometimes concerned with concepts such as competitive edge,
organizational image, and quality of decision making. Two of the general IT concepts
to consider for IT effectiveness are productivity and quality. Productivity is visible
and quantifiable, whilst quality is much less so. Another distinction that may be made
is that quality and effectiveness are long term, while productivity and efficiency show
immediate benefits [22].
5.8

CONCLUSION

Software quality is an interesting and important field due to the conflicting views and
methods that people take in order to try and improve the quality of modern software.
An interesting view is that taken by Gillies [22], by saying that quality is determined
by people, because:
•

People and organizations have problems that are tackled by computer software.

•

People define the problems and specify the solutions.

•

People implement the designs and produce code (most of the time).

•

People test the code.

•

People use the final systems and make judgements about the overall quality of the
solution.

The tools, processes and quality management systems are all aids to enhancing
quality, provided that the people are capable and motivated towards their effective
use. The largest barrier to the effective introduction of CASE tools with their promise
of higher quality systems remains the impact upon human working practices. Whilst
part of the development process, e.g. the implementation of designs to produce code,
may be improved by automation, most tasks remain in the human domain, although
the tools and systems may provide effective aids [22].
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Thus, the context of quality should be seen in the context of assisting people and
enabling people to carrying out their functions effectively. This is where the existence
of an organizational quality strategy should pay positive dividends.
The concepts of software quality was examined, together with software quality
models such as McCall and Boehm. Failures and quality factors were described to
assist one in identifying some of the more common reasons for a lack of software
quality, together quality factors which can increase the quality of a software system if
considered right from project inception.
One of the key motivating factors behind quality initiatives is to save the organization
money and time. The one major message that can be communicated out of all this is,
that the initial cost of considering quality, right from the start, is far less than that of
discovering down the road that quality was treated as an optional extra. If quality is
overlooked, ignored, shelved, then the organization will find itself mired in a morass
of hassle that may cost it a great deal more to clean up.
Software quality aims to ensure the software system fulfills the requirements of the
customer. In order to ensure that the software quality lives up to the claims a
coordinated effort is required. This leads us to the next step in the search for higher
quality software, a strategic quality framework.
The software engineering functions in an organization aims to enable the business
strategy to be achieved.
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Chapter 6
Strategic Quality Framework
“The ancestor of every action is a thought.” – Ralph Waldo Emerson

“The great end of life is not knowledge but action.” – Thomas Henry
Huxley

6.

Strategic Quality Framework

6.1

INTRODUCTION

The two quotes cited above summarize the goal of this chapter – action. What good is
knowledge without being able to put it to good use. This section on a strategic quality
framework aims to combine the ideas of strategy and quality into a strategic quality
framework for software engineering organizations. The tools, strategies and
methodologies for implementing a quality framework for quality will be addressed.
The author did not delve into the intricacies of testing, configuration management,
promotion models, etc, because it was felt that there is more than ample information
on such topics available in both the literature and on the world wide web [7], [9], [21],
[22], [24], [25], [33], [36], [37], [40], [45], [55], [61], [71], [81], [93]. Instead, the
focus falls on the implementation, or in some cases, the non-implementation of a
framework to allow software engineering organizations to start measuring and
improving the quality of their products and services, to ultimately become the quality
leaders in their respective fields.
It has been mentioned on numerous occasions in the dissertation that management
commitment to a quality strategy and process is vital if any organization is to
implement such a process successfully.
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6.2

ADVANTAGES AND DISADVANTAGES OF A QUALITY STRATEGY

Even though the advantages outweigh the disadvantages of implementing a quality
strategy for software engineering organizations, it is still worth noting that there are
some definite short-term disadvantages in implementing a quality strategy.
•

Time is spent on improving quality and drawing up quality management strategies
that could be spent on other projects.

•

Money is spent on the quality management efforts that does not improve quality in
the near future.

•

People are now taken off other projects to work on the quality management
strategy, leading to a decrease in development efforts.

These are some of the perceived disadvantages of implementing a quality
management strategy, and are a real risk to the benefits and improvements that could
be made to any software engineering project. Time and money are the main factors
behind the reasoning of the disadvantages.
Management should adopt the quality strategy and explain the tangible benefits that
could be given to customers if the strategy is to be implemented in the organization.
Only once the strategy has been implemented, and a period of time has passed, may
the benefits start to become clearer.
Some of the advantages of developing a quality management strategy are that it shows
that management and the people working on the relevant software systems are
committed to improving the quality, reliability and availability of the software
systems. This could all lead to:
•

Increased stability of the system.

•

Improved availability and uptime of the software system.

•

Fewer visible faults. This does not mean that the software will necessarily be
error-free; it merely means there are no visible faults in the sections of the
software that is mostly used.
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•

Less frustration on the part of the users of the software.

•

Improved relations between the end-users of the software system, and the people
that develop and maintain the software.

When a pro-active approach is taken to managing quality, quality can be expected to
improve.
6.3

SELLING THE STRATEGY TO MANAGEMENT

In order to be able to perform the quality management strategy effectively, one needs
to obtain the required funding. Management should approve this funding to provide
one with the money necessary to perform tasks effectively and timeously.
This can be a daunting and formidable task as one needs to:
•

Gain managerial approval to fund new positions for the people to be involved in
the quality strategy.

•

Train the staff to be involved.

•

Build databases of crucial support information.

•

Gain commitment from all other supporting departments.

Investments in quality yield significant returns and can add value, but one needs to
sell these contributions as capacity assurance, quality, reliability and customer
satisfaction to management. Often one will need to re-educate, rather than sell this
strategy to management.
Generating a quality strategy will not be enough to create changes in any
organization. It does not even matter how good the strategy is, as the strategy will not
necessarily sell itself. A person must be able to convince other people of the merits of
a quality strategy otherwise it will not benefit the organization.
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6.4

THE STRATEGIC SOFTWARE QUALITY FRAMEWORK

6.4.1 Determine the Software Quality Strategy
One of the management responsibilities is to define the responsibilities, the quality
policy, and the quality strategy for maintaining or improving the quality of the
organization’s products or services [83]. The software quality policy should relate to
their commitment and positive belief of the quality philosophies, principles and
practices. The quality policy is the first substantial visible evidence that management
is serious about what they want to achieve with quality. This policy is a guideline of
what to be done, not how, and should have the power to assist. It is also extremely
important that such a quality policy be applied organization wide.
The strategy that needs to be undertaken when dealing with software quality depends
on the state of the software engineering processes in the organization.
Level

Description

1

Initial

2

Repeatable

3

Defined

4

Managed

5

Optimizing

Definition
The software process is characterized as ad hoc, and
occasionally even chaotic. Few processes are defined,
and success depends on individual effort.
Basic project management processes are established to
track cost, schedule, and functionality. The necessary
process discipline is in place to repeat earlier successes
on projects with similar applications.
The software process for both management and
engineering activities is documented, standardized, and
integrated into an organization-wide software process.
All projects use a documented and approved version of
the organization’s process for developing and
maintaining software. This level includes all
characteristics defined for level 2.
Detailed measures of the software process and product
quality are collected. Both the software process and
products are quantitatively understood and controlled
using detailed measures. This level includes all
characteristics defined for level 3.
Continuous process improvement is enabled by
quantitative feedback from the process and from testing
innovative ideas and technologies. This level includes all
characteristics defined for level 4.
Source: Created by the Author from Pressman [71]

Table 6.1: SEI Process Maturity Levels
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The SEI process maturity levels are repeated here from Chapter 5 to assist the reader
in determining the level of maturity of the organization. The SEI process maturity
levels are shown in Table 6.1.
Very few organizations are at level 5, and even if the organization is at a very high
level or maturity, this indicates that continuous improvements are constantly taking
place – exactly the kind of mentality needed to keep on improving the quality levels
[40].
Once the level of maturity of the organization has been determined using Table 6.1,
the quality department of the organization needs to decide on measures to reach a
higher level of quality in the CMM model.
Table 6.2 shows the key performance areas that are required for the organization to
attain a specific level on the SEI CMM grading system. The key performance areas
can be used as a guideline to assist the organization in reaching a higher level on the
CMM process maturity scale. Table 6.2 can be used as a guideline for basic quality
activities in the organization, as these functions and activities build on one another
[40].
Level

Definition

2

Repeatable

3

Defined

4

Managed

5

Optimizing

Key Performance Area
Software configuration management
Software quality assurance
Software subcontract management
Software project tracking and oversight
Software project planning
Requirements management
Peer reviews
Intergroup coordination
Software product engineering
Integrated software management
Training program
Organization process definition
Organization process focus
Software quality management
Quantitative process management
Process change management
Technology change management
Defect prevention
Source: Created by the Author from Pressman [71]

Table 6.2: Process Maturity Key Performance Areas

133

Strategic Quality Framework

The key practices are policies, procedures and activities that must occur before a key
process area has been fully instituted. The quality department is responsible for the
definition of the software quality policies, and the planning and implementation of the
software quality procedures and activities.
Only proceed with the next steps of the quality framework once the quality plan has
full management commitment, and the need for quality is realized. Management
commitment is essential for the successful implementation of the quality plan.
The quality policy serves as the integrating factor that quantifies the guiding
principles of the mission statement into quality objectives. The policy may be
scrutinized by both internal and external parties. This means that the organization will
have to deliver what it promises or risk affecting its survival as mentioned in Chapter
5. The quality policy should be developed in conjunction with all employees within
the organization. The policy illustrates the serious intention of top management, and
as such should be written down and distributed to all employees.
The following factors need to be considered in developing a quality policy [38]:
•

Who, what and where are the customers?

•

What products/services do they require, and when?

•

What are the competitors’ intentions and what does their quality policy indicate?

•

What is the focus of the quality mission?

•

Who should be involved in developing the quality policy and who is going to lead
its formation?

•

Should the supplier(s) be involved?

The overall approach is to develop a policy that can be accepted organization wide.
The development of the organizational quality policy should not preclude the
formulation of localized quality policies at departmental level. The sub-policies at
departmental level should be ancillary to the quality policy. The formulation of sub-
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policies should be encouraged as it leads to further involvement of staff at operations
level.
6.4.2 Planning for the Software Quality Strategy
Kotler [46] outlines methods for achieving the goals of a new strategy. Although his
methods are based on marketing principles, the basic ideas can be applied to another
situation for which a strategy is devised. The basic process is based on a feedback
loop, with the planning phase being the first major milestone in the process. Once the
process has been planned, it needs to be implemented. Once the process has been
implemented, the control and measurement section of the process is entered. At each
of the planning and implementation stages, feedback is given, resulting in an
improved process [46].
The basic process is shown in Figure 6.1:

Planning

Implementing

Controlling

Corporate Planning

Organizing

Measuring Results

Division Planning

Implementing

Diagnosing Results

Business Planning

Taking Corrective Action

Product Planning

Source: Kotler [46], Figure 4.1

Figure 6.1: Strategic Planning Process
This methodology should also be applied when implementing a quality strategy for a
software engineering organization.
Quality planning may result in implementation over a longer period of time. It is the
author’s view that a total quality management (TQM) type of approach as described in
Chapter 5 may also be appropriate for continuous quality improvements in software
engineering organizations. To this end, Kinlaw [44] states that:
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“Improving work processes is the only way to achieve substantive and
long-term effects in the quality of services and products.”
With this in mind, the following steps shown in Table 6.3 can be used as the outline
for a quality improvement process.
Step Detail

1

Understand the opportunity or problem

2

Define the specific improvement target

3

Define strategies to reach the target

4

Design the data links

5

Design the response process to use data
from the data links

6

Determine how the project will be
managed

TQM Tools
Models
Brainstorming
Nominal group technique
Surveys
Flow charts
Cause- and effect diagrams
Pareto charts
Histograms
Run charts
Scatter diagrams
Control charts
Flow charts
Cause- and effect Diagrams
Pareto harts
Histograms
Scatter diagrams
Models
Brainstorming
Nominal group technique
Cause- and effect diagrams
Surveys
Observations
Devices (mechanical,
electronic, pneumatic,
optical)
Interviews
Pareto charts
Histograms
Control charts
Project management sheets
Milestone charts
Source: Kinlaw [44], Figure 3-1

Table 6.3: Project Steps and TQM Tools
Some of the tools that can be used for the attainment of each goal is also shown in
Table 6.3. This is not meant to be the definitive guide to quality improvement, but
should be used as a guideline. Use the SEI key performance areas as tools to drive the
changes in quality processes in a software engineering environment. The goals are the
targets to be achieved, and should be [78]:
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•

Determinable.

•

Actionable.

•

Measurable.

•

Specific.

Use these measures to define the quality goals for the organization. Use the action
plans to implement the quality framework. These plans should relate to the
implementation issues and outcomes, and should account for details of each
implementation. The project plan review checklist that is shown in Appendix F can be
used to determine if the goals are indeed measurable, specific, and actionable.
6.4.3 Implementing the Software Quality Strategy
It is important that every person in an organization understands the strategy of the
organization, so that they can plan for it. Ueckerman [87] cites mr. Shukri Cornelius,
managing director of BTS Africa as saying:
“Employees often do not understand how an organization earns its income.
As soon as they gain an insight therein, they can start to make wellinformed choices.”
A major part of the planning process should be a campaign to increase the awareness
of staff to issues such as quality and the effect that better quality can have on the
organization. This should be made into a learning process, with the people actually
performing quality tasks hands-on, as this increases the effectiveness of the learning
process [87].
By participating in the quality initiatives of the organization, employees gain valuable
experience of the profit drivers, and the effects of the quality strategy on the
organization. Employees should start to see the short- and long-term benefits of the
strategy [87].
Implementation, which is the actual doing part, is different from the final stage in the
quality framework – controlling (measuring, diagnosing, taking corrective action). If
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sufficient planning has not taken place before the implementation phase, then the
work carried out could be wasted.
6.4.4 Controlling the Software Quality Strategy
Quality plans require continuous monitoring in order to determine their effectiveness.
This means that for all levels of the quality plan there should be monitoring systems.
It is a bottom-up process, where the development of the quality plan is a top-down
process. One of the crucial elements of the quality plan is the generation and
recording of quality data. The quality data can be generated using quality tools, to
provide statistical as well as real measures of quality performance [40].
Monitoring and evaluating quality data should also be used to perform strategic and
operational quality plan evaluations. These measures can check the viability and
effectiveness of the designed quality plan against the measured outcomes. Using such
monitoring systems should ensure that organizational issues of the quality plan can be
addressed. Quality audits also need to occur at this stage, meaning independent and
formal reviews of quality related performance issues of the quality plan.
All these processes will be subject to continuous improvement. This process will
evaluate the content of the quality plan and the outcomes to date.
6.4.5 Strategic Quality Process Framework
The preceding sections describe the individual steps that culminate in the creation of
the author’s strategic quality process framework. The basic outline of the process
framework is shown in Figure 6.2. The first step in the strategic quality process
framework is the establishment of an organizational policy regarding the quality of
the software products and services of the software engineering organization. Deciding
on a quality strategy is the most important step in the process, as all the preceding
steps rely on the guidance provided by the strategy.
The second step in the strategic quality process framework is to plan for the quality
strategy. The planning activities should be characterized by project management
activities such as brainstorming, the use of Pareto charts, Ishikawa diagrams, models,
PERT charts, etc.
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The third step following the planning activities is the implementation stage of the
strategic quality process framework. Activities such as requirements analysis,
software design and development should take place during the third stage conforming
to the policies and procedures that were decided upon during the planning stage.
The fourth and final step in the process framework measures and controls the
activities that take place during the entire process. Statistical methods and software
testing activities should aim to ensure that the software quality lives up to the promise
of the quality strategy.
The measurement and control activities of the process framework should provide
ongoing feedback to all other activities as shown in Figure 6.2. The main aim of the
quality process framework is to create an organization strategy for the software
engineering organization that will lead to lasting gains in the quality of the software
engineering process, activities, services and products.

Deciding on an organizational
quality strategy

Develop the strategic quality
plan

Implement the quality strategy

Measure and control the
quality strategy

Source: Created by the Author

Figure 6.2: Strategic Quality Process Framework
A more detailed representation of the strategic quality framework is shown in Figure
6.3. The figure shown in Figure 6.3 is not in a process format, but illustrates some of
the functions, processes and methods that would typically be associated with the
intermediate steps of the quality process, i.e. measurement and control would make
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use of statistical methods to provide measurement data to management. The
framework should be seen as a dynamic framework, adapting to the needs of the
organization implementing a quality strategy.

Organizational strategy
Management commitment
Organizational
quality strategy

Quality department
SEI CMM levels
Software quality
management

Strategic quality
plan

Strategic
Quality
Framework for
Software

Software quality policies
and procedures
Software quality system
Training

Quality strategy
implementation
methods and tools

Project management
Requirements management
Software development
methodologies
Statistical process control

Quality strategy
measurement and
control

Statistical quality assurance
Reliability growth models
Software testing

Source: Created by the Author

Figure 6.3: Basic Strategic Quality Framework
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6.5

STEPS TO BETTER QUALITY

This section highlights some of the tools and techniques that the author has found to
be helpful in the elimination of software problems and issues. These are only a few of
the numerous tools and techniques available.
6.5.1 Software Requirements Definition
According to O’Connor [62] the way to draw up meaningful requirements for any
type of system is to focus on applying the following rules to the requirement
specification:
•

The requirements must be clear and concise.

•

The requirements must be realistic.

•

The requirements and requirement metrics must be verifiable.

Smith states that [81] most failures occur due to inadequate or incorrect requirements
specifications. This situation can be realized if proper tools are used by people trained
to draft requirements specifications.
6.5.2 Design Guidelines
Hoschette [32] states that the design process varies from organization to organization
and from product to product. Hence only some general guidelines are given to be able
to design a better product. He has given a number of useful design guidelines that
should be useful in most situations, and can also be used to eliminate mistakes and
identify problem areas.
•

Before starting a design, write down all the requirements placed on the design or
product. Summarize the requirements in a table or matrix for easy review. The list
should include requirements such as performance, interfaces, inputs/outputs,
safety, operating conditions, special conditions, reliability, test requirements,
customer use, rework and maintainability amongst others.

•

Get agreement on the product requirements from your system engineer and/or
supervisor.
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•

Generate a list or table of different approaches that you might use for the design.

•

Show the various design approaches to people in the organization to find out what
they think.

•

Analyze the design.

•

Create a mock product of the design if possible.

•

Identify contingency plans in case something goes wrong.

•

Keep track of product costs during design stages.

•

Before committing to any design, develop a build and test plan. (See Appendix D
for an outline of a software test plan.)

•

Write down and document designs.

6.5.3 Software Quality Assurance Plan
The software quality assurance (SQA) plan should be developed during project
planning and reviewed by all interested parties. Quality assurance activities performed
by the software engineering team and the SQA group are governed by the plan [36].
An example of a software quality assurance plan is included in Appendix C.
The plan should establish inter alia:
•

Evaluations to be performed.

•

Audits and reviews to be performed.

•

Standards that are applicable to the project.

•

Procedures for error reporting and tracking.

•

Documents to be produced by the SQA group.

•

Feedback provided to the software project team.
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6.5.4 Software Reviews
Software reviews are a filter for the software engineering process. Reviews are
intended to detect errors that software engineers and developers overlook during the
creation of software. Reviews are intended to supplement software testing activities
[45].
The main goals of a software review are to:
•

Point out needed improvement in the product of a single person or group.

•

Fix those parts of the code where improvement is needed.

A formal technical review is a software quality assurance activity (software review)
that is performed by the software engineers. A formal technical review is actually a
group of activities like walkthroughs, inspection, and small group technical
assessment of software which is conducted as formal meetings [45].
The aim of the formal technical review is to:
•

Unearth errors in functions and logic of the software.

•

Check that the software under review meets its requirements.

•

Make sure that the software is developed according to predefined standards.

•

Achieve software development in a uniform manner.

Formal technical reviews should generally conform to the following guidelines:
•

The review meeting should not include more then 3 or 4 people.

•

The duration of the review meeting should be agreed upon.

•

All the people that are invited to attend the review meeting should prepare for the
technical review before attending.

•

A proper agenda should be set for the review meeting, and followed.

After the review meeting has been conducted, the attendees should decide to:
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•

Accept the product that is being developed without modifications.

•

Reject the product that is being developed.

•

Accept the product, with modifications.

The technical review report should be able to:
•

Identify problem areas within the product.

•

Serve as an action item checklist.

Some review guidelines to remember are:
•

Review the product, not the producer.

•

Set an agenda and follow it.

•

Limit any debates.

•

Take written notes.

•

Limit the number of participants, and insist on advance preparation.

•

Conduct meaningful training for all reviewers.

•

Compare the new reviews with old ones.

•

Find out problem areas but do not try to solve them. (It is to be done after the
review meetings.)

6.5.5 Statistical Quality Assurance
Statistical quality assurance can be implemented by taking the following steps [20],
[40], [62]:
•

Collect and group defect information in software.

•

Trace each defect to its underlying cause, such as violation of standards, improper
communication, etc.
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•

Once the important causes have been identified, corrective measures should be
taken.

6.6

CONCLUSION

Quality assurance is an essential activity for any business that produces products to be
used by others. Software developers and consultants will agree that high-quality
software is an important goal [45]. In order to produce software systems of a high
quality, a strategic quality framework is essential to coordinate all the activities
perceived to be necessary in the development of the software system. The basic
strategic quality process framework consists out of four sequential steps as shown in
Figure 6.2. The four steps include:
•

The development of an organizational software quality strategy.

•

Planning the process of improving the software quality in conjunction with the
organizational quality strategy.

•

Implementation of the software quality strategy in the software engineering
organization.

•

The measurement and control of the software quality strategy.

The first three steps (strategizing, planning and implementation) require constant
feedback from the measurement and control step to ensure that the software quality
strategy is kept aligned with the organizational objectives. Regular measurement will
enable the organization to respond in a quick and efficient manner to any deficiencies
in the first three steps of the software quality process framework.
The software quality process framework is a guideline that organizations should adapt
to their specific requirements. Thus, the software quality framework lends itself well
to adaptation and improvement efforts.
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Chapter 7
Conclusion and Recommendations
“Don’t find fault, find a remedy.” – Henry Ford

7.

Conclusion and Recommendations

7.1

INTRODUCTION

The quotation by Henry Ford stating that one should try and find solutions (a remedy)
and not faults, defines the essence of research – the discovery of solutions to
problems. Software engineering organizations face a challenge in the delivery of high
quality software to customers, even though solutions do exist for the problem of
software lacking quality attributes.
Activities such as software testing, software configuration management, release
management and quality initiatives such as the SEI capability maturity model all
address specific issues of software quality management [9], [22], [24], [25], [33],
[36], [37], [40], [45], [55], [61], [62], [71], [81].
A software quality strategy is essential for obtaining management approval on the
direction the organization is to take in their software quality endeavours. Quality
needs to be a part of the organization’s strategic objectives.
7.2

CONCLUDING SUMMARY

Whether a software engineering organization tries to improve its market share, a
product or service through strategic planning, there are only a limited number of keys
to success. The organization will need business-oriented people who acts in
accordance with the organizational strategy to focus on clients and markets, who can
work together as a team, who has the driving force and ability to bring plans to
fruition, and constantly strives for profitability and excellence. Only a proper strategy
can make this happen [87].
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Introducing a quality strategy in the organization indicates commitment from the
management team for the improvement of the organization’s products and services.
The quality strategy should be part of the bigger organizational strategy. Tools and
techniques such as the balanced scorecards, satisfaction surveys, benchmarking, etc.
can be used to define the quality strategy of the organization.
General quality concepts such as ISO 9000 and total quality management (TQM)
were investigated in show that these do apply software engineering organizations and
software engineering processes and methodologies. The software engineering process
should contain a quality layer (as shown in Figure 4.1) in order to ensure customer
satisfaction and on-time product delivery.
Software quality definitions were examined, leading to the conclusion that the quality
of software is determined by the level of conformance to requirements, or
expectations of the customer. Software quality models illustrate some views that
authors such as McCall and Boehm used to compare quality. These models led the
author to create his strategic quality framework for software engineering activities.
The model aims to align the organization strategy with the software engineering
strategy as it relates to quality of the software systems. The strategic quality
framework is based upon a feedback process to ensure that corrective measures can be
taken to keep on improving all aspects of the software engineering process to provide
software that is of a better quality.
Quality assurance is an essential activity for software engineering organizations that
produce software products and systems. Software developers and consultants
generally agree that high-quality software is an important goal [45]. In order to
produce software systems of a high quality, a strategic quality framework as created
by the author is essential to coordinate all the activities necessary in the development
of the software system.
7.3

RECOMMENDATIONS

The strategic software quality framework is a guideline for the improvement of the
quality of software engineering products and services. The framework should be
adapted to suit the organization where it is to be applied, adding or removing quality
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functions and processes that will not add value to the overall objectives of the
organization. The framework features a measurement and control feedback loop, and
the process of examining quality data should be performed on a regular basis to
ensure that the framework is indeed improving the quality of products and services.
The topics of quality and strategy and the links between the two offer a wealth of
research opportunities. The effect of organizational strategies on quality efforts should
be investigated further, in an attempt to measure and define the benefits that are
gained from adopting such practices. The software engineering industry is a fast paced
environment, and moving towards an approach of improved quality is exciting and
challenging.
The dissertation focused on the theoretical aspects of implementing a strategic quality
plan for a software engineering organization. A practical implementation of a quality
strategy for a software engineering organization should offer a wealth of opportunities
for further research. Students of organizational change, strategic management, quality
control, and software engineering processes could all participate in strategic quality
studies. This may just lead to a change in the way organizations operate in the future.
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Appendix A: The Malcolm Baldridge National Quality
Award
The United States Congress of 1987 established the Malcolm Baldridge National
Quality Award to promote quality awareness, recognize the quality achievements of
United States organizations, and to publicize successful quality strategies. Throughout
the years the criteria for the award have evolved to represent a general performance
and business excellence model. The award had the effect of shaping how people and
organizations operate and work [40], [57], [58], [59], [60], [83].
The Malcolm Baldridge National Quality Award is in memory of the late Malcolm
Baldridge, who was nominated by president Ronald Reagan of the USA to be
Secretary of Commerce on December 1980. Baldridge took the initiative in creating a
strategy for creating managerial excellence, which would lead to a long-term
improvement of the economy, efficiency and effectiveness of government [56].
Around the world, countries followed suit, and have adopted their own versions of the
Malcolm Baldridge National Quality Award. Japan’s quality award is known as the
Deming Prize, and also launched the Japan Quality Award [40], [57], [58], [59], [60],
[83].
The benefits for an organization entering for a quality award is that it will guide the
organization in its quality initiative. Organizations adopt the criteria of the award to
win customers, to grow, and to remain competitive in a world market place.
The seven criteria for the Malcolm Baldridge National Quality Award are as follows
[57], [58], [59]:
•

Leadership.

•

Strategic Planning.

•

Customer and Market Focus.

•

Information and Analysis.

•

Human Resource Development and Management.
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•

Process Management.

•

Business Results.

The award has helped organizations improve their performance by focusing on two
major goals: delivering ever improving value to their customers; and improving the
organization’s overall performance. More then 2 million copies of the criteria have
been distributed since 1988 [57], [58], [59], [60].
For organizations to be successful in today’s environment, they not only need to read
and understand the Malcolm Baldridge National Quality Award, but they also need to
follow the guidelines.
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Appendix B: Normal Distribution
The most widely used model of the nature of variation is the mathematical function
known as the normal or Gaussian distribution. The s-normal partial differential
function is given by [62], [73]:
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Where µ is the location parameter, equal to the mean. The mode and the median are
coincident with the mean, as the p.d.f. is symmetrical. σ is the scale parameter, equal
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Source: O’Connor [62], Figure 2.7

Figure B.1: The s-normal (Gaussian) Distribution
A population that conforms to the s-normal distribution has variations which are
symmetrically disposed about the mean (i.e. the skewness is zero). Since the tails of
the s-normal distribution are symmetrical, a given spread includes equal values in the
left-hand, and right-hand tails [62], [73].
For s-normally distributed variables, about 68% of the population fall between +/-1
SD. About 95% fall between +/-2 SD, and about 99.7% between +/-3 SD.
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An important reason for the wide applicability of the s-normal distribution is the fact
that, when a value is subject to many additive sources of variation, irrespective of how
these variations are distributed, the resulting composite distribution can be shown to
approach the s-normal distribution. This is known as the central limit theorem. It
justifies the use of the s-normal distribution in many applications, including
engineering, particularly in quality control. The s-normal distribution is a close fit to
most quality control and some reliability observations, such as the sizes of machines
parts and the lives of items subject to wearout failures, as well as to natural
phenomena such as the heights of adults and strengths of materials [62], [73].

Φ(z) is the standardized normal c.d.f., i.e. µ = 0 and σ = 1. z represents the number of
SDs displacement from the mean. Any normal distribution can be evaluated from the
standardized normal distribution by calculating the standardized normal variate z,
where
z =

x − µ

… B.2

σ

And finding the appropriate value of Φ(z) [62], [73].
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Appendix C: Sample Software Quality Assurance Plan
Appendix C is an outline for a Software Quality Assurance (SQA) Plan, adapted from
the IEEE Standard for Software Quality Assurance Plans (ANSI/IEEE Standard 7301984 and 983-1986).
This sample Software Quality Assurance Plan serves as a template for SQA activities
for new software projects. Tailor the plan to your needs, removing explanatory
comments as you go along. Where you decide to omit a section, you might keep the
header, but insert a comment explaining why you omit the data.
Items that are intended to stay part of your document are in bold and normal;
explanatory comments are in italic text and should be removed. Text in parenthesis is
used where you should replace the text with your own wording.
C.1 PURPOSE OF PLAN
This section provides a simplified overview of the software quality assurance
activities so that those approving, performing, or interacting with the Software
Quality Assurance Plan can obtain a clear understanding of the SQA plan.
This section explains the purpose and content of the Software Quality Assurance Plan
(i.e. the methods and procedures for improving the quality of the software). The
Software Quality Assurance Plan documents the methods to be used for identifying
software items, controlling and measuring quality, and recording the quality status of
the software product. The plan should describe methods to be used for:
•

Project documents.

•

Models and diagrams.

•

Technical documents, such as specifications, test plans, etc.

•

User documents, e.g. help files.

•

Standards, conventions, practices, e.g. document standards, coding standards.

•

Reviews and audits.
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C.2 REFERENCES
Section 2 will provide a complete list of documents, standards and manuals
referenced elsewhere in the text of the Software Quality Assurance Plan. By
definition, some of these documents may originate outside this plan.
C.3 MANAGEMENT
This section provides information describing the allocations of responsibilities and
authorities for software quality assurance activities to organizations and individuals.
C.3.1 Organization
This section depicts the organizational context, both technical and managerial, within
which the prescribed software quality assurance activities are to be implemented.
C.3.2 Tasks
This section describes the software quality assurance tasks that need to be executed
by the organizational units and individuals.
C.3.3 Responsibilities
This section describes the allocation of software quality assurance activities to
organizational units.
C.4 DOCUMENTATION
Section 3 will provide a complete list of documents that forms part of the Software
Quality Assurance Plan.
C.4.1 Purpose
This section explains the purpose and content of the documents section.
C.4.2 Required Software Engineering Documents
This section lists all the required software engineering documents mentioned within
the context of the Software Quality Assurance Plan.
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C.4.3 Other Documents
This section lists all the required documents mentioned within the context of the
Software Quality Assurance Plan that does not form part of any software engineering
documents.
C.5 STANDARDS, PRACTICES AND CONVENTIONS
This section will provide a complete list of all the standards, practices and
conventions that forms part of the Software Quality Assurance Plan.
C.5.1 Purpose
This section explains the purpose and content of the standards, practices and
conventions section.
C.5.2 Conventions
This section lists all the conventions that are used within the Software Quality
Assurance Plan.
C.6 REVIEWS AND AUDITS
This section will provide an overview of the reviews and audits that forms part of the
Software Quality Assurance Plan.
C.6.1 Purpose
This section explains the purpose and content of the reviews and audits section.
C.6.2 Review Requirements
Identifies all the items needed for a review.
C.6.2.1 Software Requirements Review
This section lists all the functions and tasks required to perform a software
requirements review.
C.6.2.2 Design Reviews
This section lists all the functions and tasks required to perform a design review.
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C.6.2.3 Software Validation and Verification Reviews
This section lists all the functions and tasks required to perform software validation
and verification reviews.
C.6.2.4 Function Audit
This section lists all the functions and tasks required to perform a function audit.
C.6.2.5 Physical Audit
This section lists all the functions and tasks required to perform a physical audit.
C.6.2.6 In-Process Audit
This section lists all the functions and tasks required to perform an in-process audit.
C.6.2.7 Management Reviews
This section lists all the functions and tasks required to perform management reviews.
C.7 TEST
Identifies all functions and tasks required to test the software system as specified in
the scope of the SQA plan.
C.8 PROBLEM REPORTING AND CORRECTIVE ACTION
Identify, name and describe the problems experienced with the software system, and
provide possible solutions and corrective actions for identified problems.
C.9 TOOLS, TECHNIQUES AND METHODOLOGIES
Identifies all the tools, techniques and methodologies required by the Software
Quality Assurance Plan.
C.10 CODE CONTROL
Code control activities include requesting, evaluation, approval and disapproval of
changes to the software code. Changes could include both error correction and
enhancements.
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C.11 MEDIA CONTROL
This section identifies the methods to used for controlling all changes to any media.
C.12 SUPPLIER CONTROL
For acquired and supplied software, the Software Quality Assurance Plan shall must
define the activities to be performed to ensure that the suppliers provide products of a
good enough quality.
C.13 RECORDS COLLECTION, MAINTENANCE AND RETENTION
This section must describe how quality records will be maintained and stored for the
purposes as described in the Software Quality Assurance Plan.
C.14 TRAINING
This section must list all the training needs on both an organization and individual
level.
C.15 RISK MANAGEMENT
This section must list any risks and assumptions made in the Software Quality
Assurance Plan. Contingency plans should be specified for each risk identified.
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Appendix D: Sample Software Test Plan
Appendix D is an outline for a Software Test Plan, adapted from the IEEE Standard
for Software Test Plans (ANSI/IEEE Standard 829-1983). This standard describes a
test plan as a document describing the scope, approach, resources, and schedule of
intended testing activities. It identifies test items, the features to be tested, the testing
tasks, who will do each task, and any risks requiring contingency planning.
This sample Software Test Plan serves as a template for testing activities for new
software projects. Tailor the plan to your needs, removing explanatory comments as
you go along. Where you decide to omit a section, you might keep the header, but
insert a comment explaining why you omit the data.
Items that are intended to stay part of your document are in bold and normal;
explanatory comments are in italic text and should be removed. Text in parenthesis is
used where you should replace the text with your own wording.
D.1 TEST PLAN IDENTIFIER
A unique test plan identifier.
D.2 INTRODUCTION
Introduction information provides a simplified overview of the Software Test Plan
activities, so that those people approving, performing, or interacting with the
Software Test Plan can obtain a clear understanding of the test plan.
The introduction explains the purpose and content of the Software Test Plan (i.e. the
methodical testing and recording of all test results). The Software Test Plan
documents methods to be used for testing and recording test results and the test
status. The plan should describe methods to be used for:
•

Summary of the items and features to be tested.

•

Need for and history of each item (optional).

•

References to related documents such as project authorization, project plan, QA
plan, configuration management plan, relevant policies, relevant standards.
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•

References to lower level test plans.

D.3 TEST ITEMS
Lists all test items and their versions, characteristics of their transmittal media,
references to related documents such as requirements specification, design
specification, user’s guide, operations guide, installation guide. List all the references
to bug reports related to test items. List all items that are specifically not going to be
tested (optional).
D.4 FEATURES TO BE TESTED
List all software features and combinations of features to be tested, include references
to test-design specifications associated with each feature and combination of features.
D.5

FEATURES NOT TO BE TESTED

List all features and significant combinations of features which will not be tested,
include the reasons why those features will not be tested.
D.6 APPROACH
This section describes the overall approach to testing. For each major group of
features, or combinations of features, specify the approach, major activities,
techniques, and tools, which are to be used to test the groups. Specify a minimum
degree of comprehensiveness required, and identify which techniques will be used to
judge comprehensiveness. Specify any additional completion criteria. Specify
techniques, which are to be used to trace requirements. Identify significant constraints
on testing, such as test-item availability, testing-resource availability, and deadline.
D.7 ITEM PASS/FAIL CRITERIA
Specify the criteria to be used to suspend the testing activity.
D.8 SUSPENSION CRITERIA AND RESUMPTION REQUIREMENTS
Specify criteria to be used to suspend the testing activity, and specify testing activities,
which must be redone when testing is resumed.
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D.9 TEST DELIVERABLES
Identify the deliverable documents: test plan, test design specifications, test case
specifications, test procedure specifications, test item transmittal reports, test logs,
test incident reports, test summary reports. Identify test input and output data, as well
as the test tools (optional).
D.10 TESTING TASKS
Identify tasks necessary to prepare for and perform testing, including all the task
interdependencies and any special skills required.
D.11 ENVIRONMENTAL NEEDS
Specify necessary and desired properties of the test environment: physical
characteristics of the facilities including hardware, communications and system
software, the mode of usage (i.e. stand-alone), and any other software or supplies
needed. Specify the level of security, special test tools, and any other testing needs.
Identify the source for all needs which are not currently available.
D.12 RESPONSIBILITIES
Identify groups responsible for managing, designing, preparing, executing,
witnessing, checking and resolving, providing the test items identified in the Test
Items section, and groups responsible for providing the environmental needs
identified in the Environmental Needs section.
D.13 STAFFING AND TRAINING NEEDS
Specify staffing needs by skill level, and then identify training options for providing
the necessary skills.
D.14 SCHEDULE
Specify test milestones, item transmittal events. Estimate the time required to perform
each testing task. Schedule all the testing tasks and set the milestones, then for each
testing resource, specify its period of use.
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D.15 RISKS AND CONTINGENCIES
Identify the high-risk assumptions of the test plan, and specify contingency plans for
each.
D.16 APPROVALS
Specify the names and titles of all the people who must approve the plan. Provide
space for signatures and dates.
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Appendix E: Sample Code Review Checklist
Appendix E is an outline for a Code Review Checklist taken from Wiegers [93].
This sample Code Review Checklist serves as a template for code review activities for
new and existing software projects. Tailor the checklist to your needs, removing
explanatory comments as you go along. Where you decide to omit a section, you
might keep the header, but insert a comment explaining why you omit the data.
Items that are intended to stay part of your document are in bold and normal;
explanatory comments are in italic text and should be removed. Text in parenthesis is
used where you should replace the text with your own wording.

Code Review
Reviewer: [Reviewer name]
Meeting Date: [dd/MMM/yyyy]
Notes: [Any additional notes]

2/3

No.

Structure

S.1
S.2
S.3
S.4
S.5

Does the code completely and correctly implement the design?
Does the code conform to any pertinent coding standard?
Is the code well-structured, consistent in style, and consistently formatted?
Are there any uncalled or unneeded procedures or any unreachable code?
Are there any leftover stubs or test routines in the code?
Can any code be replaced by calls to external reusable components or library
functions?
Are there any blocks of code that could be condensed into a single procedure?
Is storage use efficient?
Are symbolics used rather than “magic number” constants or string constants?
Are any modules excessively complex and should be restructured or split into
multiple routines?

S.6
S.7
S.8
S.9
S.10

No.
D.1
D.2

2/3

Documentation
Is the code clearly and adequately documented with an easy-to-maintain
commenting style?
Are all comments consistent with the code?

2/3

No.

Variables

V.1
V.2
V.3

Are all variables properly defined with meaningful, consistent, clear names?
Do all assigned variables have proper type consistency or casting?
Are there any redundant or unused variables?

2/3

No.

Arithmetic Operations

A.1
A.2

A.4

Does the code avoid comparing floating-point numbers for equality?
Does the code systematically prevent rounding errors?
Does the code avoid additions and subtractions on numbers with greatly different
magnitudes?
Are divisors tested for zero or noise?

No.

Loops and Branches

L.1

Are all the loops, branches, and logic constructs complete, correct, and properly

A.3

2/3
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L.2
L.3
L.4
L.5
L.6
L.7
L.8

nested?
Are the most common cases tested first in the IF - - ELSEIF chains?
Are all cases covered in an IF - - ELSEIF or CASE block, including ELSE or
DEFAULT clauses?
Does every CASE statement have a default?
Are loop termination conditions obvious and invariably achievable?
Are indexes or subscripts properly initialized, just prior to the loop?
Can any statements that are enclosed within loops be placed outside the loops?
Does the code in the loop avoid manipulating the index variable or using it upon
exit from the loop?

2/3

No.

Defensive Programming

DP.1
DP.2
DP.3
DP.4
DP.5
DP.6
DP.7
DP.8

Are indexes, pointers, and subscripts tested against array, record, or file bounds?
Are imported data and input arguments tested for validity and completeness?
Are all output variables assigned?
Are the correct data operated on in each statement?
Is every memory allocation de-allocated?
Are timeouts or error traps used for external device access?
Are files checked for existence before attempting to access them?
Are all files and devices left in the correct state upon program termination?
Source: Wiegers [93]

Table E.1: Sample Code Review
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Appendix F: Sample Project Plan Review Checklist
Appendix F is an outline for a Project Plan Review Checklist taken from Wiegers
[93].
This sample Project Plan Review Checklist serves as a template for project plan
review activities for new and existing software projects. Tailor the checklist to your
needs, removing explanatory comments as you go along. Where you decide to omit a
section, you might keep the header, but insert a comment explaining why you omit the
data.
Items that are intended to stay part of your document are in bold and normal;
explanatory comments are in italic text and should be removed. Text in parenthesis is
used where you should replace the text with your own wording.

Project Plan Review
Reviewer: [Reviewer name]
Meeting Date: [dd/MMM/yyyy]
Notes: [Any additional notes]

No.
CL.1
CL.2
CL.3
CL.4

2/3

Clarity
Is the project plan appropriately decomposed, being neither too detailed, nor too
general?
Is the meaning of each plan component clear and unambiguous?
Is the relationship between plan components clear?
Is the document organized in a logical and clear way and consistent with and
applicable template or standard?

2/3

No.

Completeness

CM.1

CM.3
CM.4
CM.5
CM.6

Are all estimates documented, along with the method used for deriving them?
Does the project plan include all the items required by the applicable standard,
procedure or template?
Are relevant details missing from any plan components?
Are irrelevant details present in any plan components?
Are some plan components unnecessary?
Are all related or reference documents listed?

No.

Consistency

CN.1
CN.2
CN.3

Are related components within the plan consistent with each other?
Is the content of the plan consistent with the contents of all related documents?
Is the content consistent with the project’s scope and objectives?

CM.2

2/3

2/3

No.

Correctness

CR.1
CR.2
CR.3

Are any tasks missing from the work breakdown structure?
Are all estimates realistically achievable?
Are all assumptions that went into project planning stated and accurate?
Source: Wiegers [93]

Table F.1: Project Plan Review
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Appendix G: Sample Requirements Specification Review
Checklist
Appendix G is an outline for a Requirements Specification Review Checklist taken
from Wiegers [93].
This sample Requirements Specification Review Checklist serves as a template for
requirements specification review activities for new and existing software projects.
Tailor the checklist to your needs, removing explanatory comments as you go along.
Where you decide to omit a section, you might keep the header, but insert a comment
explaining why you omit the data.
Items that are intended to stay part of your document are in bold and normal;
explanatory comments are in italic text and should be removed. Text in parenthesis is
used where you should replace the text with your own wording.

Requirements Specification Review
Reviewer: [Reviewer name]
Meeting Date: [dd/MMM/yyyy]
Notes: [Any additional notes]

No.

Organization and Completeness

OC.1
OC.2
OC.3
OC.4
OC.5
OC.6
OC.7
OC.8

Are all internal cross-references to other requirements correct?
Are all requirements written at a consistent and appropriate level of detail?
Do the requirements provide an adequate basis for design?
Is the implementation priority of each requirement included?
Are all external hardware, software, and communication interfaces defined?
Have algorithms intrinsic to the functional requirements been defined?
Does the specification include all known customer, or system needs?
Is the expected behavior documented for all anticipated error conditions?

No.

Correctness

C.1
C.2
C.3
C.4
C.5
C.6
C.7
C.8

Do any requirements conflict with, or duplicate other requirements?
Is each requirement written in clear, concise, unambiguous language?
Is each requirement verifiable by testing, demonstration, review, or analysis?
Is each requirement in scope for the project?
Is each requirement free from content and grammatical errors?
Is any necessary information missing a requirement? If so, is it identified as TBD?
Can all of the requirements be implemented without known constraints?
Are any specified error messages unique and meaningful?

2/3

2/3

No.

Quality Attributes

QA.1
QA.2

Are all performance objectives properly specified?
Are all security and safety considerations properly specified?
Are other pertinent quality attribute goals explicitly documented and quantified,
with the acceptable tradeoffs specified?

QA.3

2/3

166

Appendix G: Requirements Specification Review Checklist

2/3

No.

Traceability

T.1

Is each requirement uniquely and correctly identified?
Is each software functional requirement traceable to a higher-level requirement
(e.g. system requirement, use case, etc)?

T.2

No.
SI.1
SI.2
SI.3

2/3

Special Issues
Are all requirements actually requirements, not design or implementation
solutions?
Are all time-critical functions identified, and timing criteria specified for them?
Have internationalization issues been adequately addressed?
Source: Wiegers [93]

Table G.1: Requirements Specification Review
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Appendix H: Sample Software Configuration Management
Plan
Appendix H is an outline for a Software Configuration Management Plan (SCMP).
The document is an outline for a Software Configuration Management Plan adapted
from the IEEE Standard for Software Configuration Management Plans (IEEE Std
828-1990) and the IEEE Guide to Software Configuration Management (IEEE Std
1042-1987).
This sample Software Configuration Management Plan serves as a template for
change control activities for new and existing software projects. Tailor the checklist to
your needs, removing explanatory comments as you go along. Where you decide to
omit a section, you might keep the header, but insert a comment explaining why you
omit the data.
Items that are intended to stay part of your document are in bold and normal;
explanatory comments are in italic text and should be removed. Text in parenthesis is
used where you should replace the text with your own wording.

H.1

INTRODUCTION

IEEE Standard 828 (Standard for Software Configuration Management Plans)
establishes the minimum required content of the Software Configuration Management
(SCM) Plan. These standards are supplemented by IEEE Standard 1042 (Guide to
Software Configuration Management) that provides approaches to good software
configuration management planning.
The Software Configuration Management Plan (SCMP) documents what software
configuration management activities are to be done, how they are to be done, who is
responsible for doing specific activities, when they are to happen, and what resources
are required.
Introduction information provides a simplified overview of the configuration
management activities so that those approving, performing, or interacting with the
Software Configuration Management Plan can obtain a clear understanding of the
SCM Plan.
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The introduction explains the purpose and content of the Configuration Management
Plan (i.e. the methodical storage and recording of all software components and
deliverables during development). The Software Configuration Management Plan
documents methods to be used for the identification of software items, control and
implementation of change, and recording and reporting change implementation
status. The plan should describe methods to be used for:
•

Identification of software configuration items.

•

Control and implementation of change.

•

Recording and reporting change and problem report implementation status.

•

Conducting configuration audits.

•

Review and approval cycles, as well as approval authority.

•

Identification of personnel responsible for configuration management.

H.2

REFERENCE DOCUMENTS, DEFINITIONS AND ACRONYMS

Section 2 will provide a complete list of documents referenced elsewhere in the text of
the SCM Plan. By definition, these documents originate outside the project. Also
included in this section is a glossary of project specific terms and their definitions and
a list of project-specific abbreviations and acronyms and their meaning.
H.2.1

Reference Documents

Lists all project-related documents referred to in the text of the SCM Plan.
H.2.2

Glossary of Terms

Lists and defines all terms that establish meaning within the context of the SCM Plan.
H.2.3

Abbreviations and Acronyms

Lists all alphabetical contractions and their definitions that appear within the text of
the SCM Plan.
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H.3

MANAGEMENT

This section provides information describing the allocations of responsibilities and
authorities for software configuration management activities to organizations and
individuals within the project structure.
H.3.1

Organization

This section depicts the organizational context, both technical and managerial, within
which the prescribed software configuration management activities are to be
implemented.
H.3.2

Responsibilities

Describes the allocation of software configuration management activities to
organizational units.
H.3.3

Policies, Directives and Procedures

Any external constraints, or requirements, placed on the SCM Plan by other policies,
directives, or procedures must be identified here. A detailed impact analysis should
accompany the identification of external constraints.
H.4

ACTIVITIES

Identifies all functions and tasks required to manage the configuration of the software
system as specified in the scope of the SCM Plan. Both technical and managerial
activities must be identified.
H.4.1

Configuration Identification

Identify, name, and describe the documented physical and functional characteristics
of the code, specification, design, and data elements to be controlled for the project.
The Plan must identify the items to be maintained in configuration management
control.
H.4.1.1 Identifying Configuration Items
Record the items to be controlled and their definitions as they evolve or are selected.
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H.4.1.2 Naming Configuration Items
Specify the identification system for assigning unique identifiers to each item to be
controlled.
H.4.1.3 Acquiring Configuration Items
Identify the controlled software libraries and describe how the code, documentation,
and data of the identified baselines are to be physically placed under control in the
appropriate library.
H.4.2

Configuration Control

Configuration control activities request, evaluate, approve or disapprove, and
implement changes to the software configuration items. Changes include both error
correction and enhancement. This section shall identify the records to be used for
tracking and documenting the sequence of steps for each change.
H.4.2.1 Requesting Changes
This section provides information describing the process for requesting changes to
software.
H.4.2.2 Evaluating Changes
This section provides information describing the process for evaluating changes to
software.
H.4.2.3 Approving or Disapproving Changes
This section provides information describing the process for approving or
disapproving changes to software.
H.4.2.4 Implementing Changes
This section provides information describing the process to be followed for
implementing changes to software.
H.4.3

Configuration Status Accounting

Record and report the status of configuration items. The following minimum data
elements should be tracked and reported for each configuration management item:
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•

Approved version.

•

Status of requested changes.

•

Implementation status of approved changes.

H.4.4

Configuration Audits and Review

Configuration audits determine the extent to which the actual configuration
management items reflect the required physical and functional characteristics.
Configuration reviews may also be designed as a management tool to ensure that a
software configuration management baseline is established.
H.4.5

Interface Control

Coordinate changes to the project’s configuration management items with changes to
interfacing items outside the scope of the SCM Plan.
H.4.6

Subcontractor/Vendor Control

For acquired software, the Software Configuration Management Plan shall describe
how the vendor software will be received, tested and placed under software
configuration management control.
For both subcontracted and acquired software, the SCM Plan must define the
activities to be performed to incorporate the externally developed items into project
configuration management and to coordinate changes to these items.
H.5

RESOURCES

Establishes the sequence and coordination for all the software configuration
management activities and all the events affecting the Plan’s implementation.
H.5.1

Schedules

Schedule information shall be expressed as absolute dates, as dates relative to other
project activities, as project milestones, or as a simple sequence of events. Graphic
representation can be particularly appropriate for conveying this information.
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H.5.2

Resources

Identifies the software tools, techniques, equipment, personnel, and training necessary
for the implementation of software configuration management activities.
H.6

PLAN MAINTENANCE

Identifies and describes the activities and responsibilities necessary to ensure
continued software configuration management planning during the life cycle of the
project. This section of the SCM Plan should state the following:
•

Who is responsible for monitoring the SCM Plan.

•

How frequently updates are to be applied.

•

How changes to the SCM Plan are to be evaluated and approved.

•

How changes to the SCM Plan are to be made and communicated.

H.7 PLAN APPROVALS
Specify all the names and titles of the people who must approve the plan. Provide
space for signatures and dates.
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Appendix I: Sample Weekly Report
Appendix I is an outline for a Weekly Report taken from Wiegers [93].
This sample Weekly Report serves as a template for general quality activities for new
and existing software projects. Tailor the checklist to your needs, removing
explanatory comments as you go along. Where you decide to omit a section, you
might keep the header, but insert a comment explaining why you omit the data.
Items that are intended to stay part of your document are in bold and normal;
explanatory comments are in italic text and should be removed. Text in parenthesis is
used where you should replace the text with your own wording.

Weekly Report
Prepared by: [Team name]
Group: [Group name]
Meeting Date: [dd/MMM/yyyy]
Notes: [Any additional notes]

Issues
System

Issue

Status

[System name]

[Issues]

[Status]

Possible Solution
[Possible solution]

Accomplishments
System

Accomplishments

[System name]

[Bulleted list of things accomplished for the week]

Next Week Priorities
System

Task

[System name]

[Bulleted list of tasks]

Source: Wiegers [93]

Table I.1: Weekly Report
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Glossary of Terms
The Glossary of Terms contains terms that are used frequently in the software quality
and strategic management fields. The terms were cited from their sources for purposes
of clarity.
Alpha Test: Also known as acceptance tests or system tests. Used to determine if a
system is ready to be deployed [9].
Balanced Scorecard: The balanced scorecard tracks the key elements of an
organization’s strategy – from continuous improvement and partnerships to teamwork
and global scale [41].
Beta Test: Tests of a system in the same configuration as it will subsequently run live
[9].
Business Concept: The definition of the intended customers of an organization, of the
product offers it will create for those customers, and of the key activities through
which the organization’s product offers will be brought to its intended customers [78].
C++: A programming language that is based on the idea of object-orientation, which
involves writing programs that are easily reusable in other systems [9].
Competence Groups: Groupings of firms by their current competence leveraging and
building activities to identify which firms are competitors now and which will be
competitors in the future [78].
Computer-Aided Software Engineering: Integrated tools that are used so that
information created by one, tool can be used by another; a system for the support of
software development [71].
Core Processes: The processes of product creation, product realization, and
stakeholder development through which an organization creates and distributes value,
plus periodic transforming processes that fundamentally change the way an
organization works [78].
Cumulative Distribution Function: The probability that a measured value will fall
between -∞ and x [61].
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Deliverables: What you propose to give to the user [9].
Financial Costs: The perceived total monetary costs of a customer’s purchase, use,
maintenance, and retirement of a product [78].
Functionality: What the software system does [9].
Gantt Chart: Standard project planning and control tool that shows tasks and when
they are to be done [9], [53].
Key Activities: The activities that are critical in successfully delivering the net
delivered customer value for customers in a targeted market segment [78].
Market Preferences: The preferred ways of satisfying basic needs that are usually
determined by consumer’s lifestyles and economic situations [78].
Market Segments: Groupings of potential customers with similar preferences [78].
Methodology: A proprietary approach to the development of a system [9].
Organization Concept: The definition of the resources, organization design, and
controls and incentives through which an organization intends to carry out its business
concept [78].
Outsourcing: Delegating a task to someone in a separate company or organization
[9].
Procedure: A set of instructions on a computer which describe how a particular
software task should be carried out [37].
Product Benefits: The perceived value of the functions, features, and performance
levels of a product that enable a user of the product to do things they could not
otherwise do, or could not do as well [78].
Quality Control: An activity that ensures that a particular quality factor is present in
a software system and its associated documentation [36].
Quality Factor: An aspect of a software product that is important to the customer
and/or the developer [36].
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Quality Function Deployment: A technique to identify all the factors which might
affect the ability of a design or product to satisfy the customer, and the methods and
responsibilities necessary to ensure control [62].
Quality Manual: A document that contains standards, procedures and guidelines
which can be adopted by a project manager for a particular software project [36].
Quality Plan: A plan that embodies the standards, procedures, and quality controls
that are to be used on a project [36].
Quality System: A system to ensure that quality factors identified at the beginning of
a project are present in a completed software system [36].
Regression Tests: Tests which are rerun of previous tests. Repeated because a system
has changed, to confirm that the changes have not damaged existing functionality [9].
Software Engineering: The application of a systematic, disciplined, quantifiable
approach to the development, operation, and maintenance of software; that is, the
application of engineering to software. Also the establishment and use of sound
engineering principles in order to obtain economically software that is reliable and
works efficiently on real machines [71].
Software Engineering Database: A repository containing important information
about analysis, design, program construction, and testing [71].
Software Quality Assurance: An umbrella activity that is applied throughout the
software process. SQA encompasses a quality management approach, effective
software engineering technology (methods and tools), formal technical reviews that
are applied throughout the software process, a multi-tiered testing strategy, control of
software documentation and the changes made to it, a procedure to assure compliance
with software development standards (when applicable), and measurement and
reporting mechanisms [71].
Standard: A description of the way in which a project document is structured and
how information in the document is presented [36].
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Strategic Logic: An organization’s operative rationale for achieving its goals through
its process of value creation and distribution [78].
Time Costs: The perceived costs of the time a customer might spend to acquire, use,
maintain, and retire a product [78].
Total Quality Management: A system whereby all the activities that contribute to
product quality, not just production quality control, are appraised and controlled by
one manager. In this context quality is defined as the totality of features which
determines a product’s acceptability, and as such includes appearance, performance,
reliability, support, etc [38], [62].
Validation: The process of evaluating software at the end of the software
development process to ensure compliance with software requirements [37].
Verification: The process of determining whether or not the products of a given
phase of the software development cycle fulfil the requirements established during the
previous phase [37].
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