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ABSTRACT

Traditional software systems are developed in house to fit with a specific set of functions,
but it does not comply with various business needs, like expanding markets, increasing
competition and technology developments. Many organizations rely on Enterprise Resource
Planning (ERP) systems to manage and process their entire business requirements, including
a large size of applications. However, many ERP system implementations failed or were
terminated abruptly, because of budget overrun, high business risks under extend scope of
work, and takes a long time to implement. Most of the works include dealing with
customization off-the-shelf ERP package, or changing organization business process to suite
with the package. This thesis proposed a software development framework to develop
traditional systems to ERP systems. The aim of this framework is to provide a solution for
software companies to develop ERP systems from their own perspectives, and according to
specific ERP characteristics to fulfill their business needs. The framework utilizes the
software development life cycle focusing on functionality, procedures and business needs in
organizations, based on the specific ERP characteristics. The proposed framework is verified
by two case studies and survey questionnaires to get feedback from software companies
experts on the suitability of the framework implementation in the organizations. The results
indicated that around 81.86% found the framework is suitable for their needs. This thesis
contributes to the body of knowledge on in-house development of ERP systems based on
organizational perspective, business functionality, and best practices.
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ABSTRAK

Sistem perisian tradisional yang dibangunkan oleh sesuatu organisasi atau syarikat,
bertujuan untuk memenuhi fungsi tertentu syarikat tersebut didapati tidak mampu
memenuhi pelbagai fungsi perniagaan seperti peningkatan pasaran dan persaingan serta
perkembangan teknologi. Banyak organisasi bergantung kepada aplikasi sistem
“Enterprise Resourse Planning” (ERP) untuk mengurus dan memproses keperluan
perniagaan keseluruhan mereka, tanpa mengira saiz aplikasi tersebut. Walau
bagaimanapun, kebanyakan pelaksanaan sistem ERP ini, seringkali mengalami kegagalan
atau ditamatkan penggunaannya, kerana sistem ini memerlukan kos pengoperasian yang
besar dan berisiko tinggi untuk tidak memenuhi fungsi tugas yang diperlukan serta
mengambil masa yang lama untuk dilaksanakan. Kebanyakan proses kerja di dalam
system ERP semasa termasuk berurusan dengan penyesuaian pakej “off-the-shelf’ ERP
atau menukar proses perniagaan organisasi/syarikat mengikut kesuaian pakej tersebut.
Tesis ini mencadangkan agar pembangunan sebuah rangka kerja pembangunan perisian
tradisional kepada sistem ERP yang memenuhi keperluan organisasi/syarikat
dilaksanakan. Tujuan rangka kerja ini adalah untuk mendapatkan penyelesaian bagi
syarikat-syarikat perisian untuk membangunkan sistem ERP dari perspektif
organisasi/syarikat sendiri, mengikut ciri-ciri ERP yang dikenalpasti sesuai dengan
keperluan perniagaan mereka. Kajian ini mencadangkan satu rangka kerja untuk
membangunkan sistem ERP dengan menggunakan kitar hayat pembangunan perisian,
dengan memberi tumpuan kepada fungsi, prosedur, dan keperluan perniagaan dalam
organisasi untuk mencapai dan menyesuaikannya dengan ciri-ciri ERP terbaik. Rangka
kerja yang dicadangkan telah disahkan oleh dua kaedah kajian melalui temubual bersama
pakar dan kajian soal selidik untuk mendapatkan maklum balas daripada pakar-pakar
syarikat perisian mengenai kesuaian menggunapakai rangka kerja tersebut di dalam
organisasi mereka. Keputusan menunjukkan bahawa kira-kira 81,86% mendapati rangka
kerja tersebut adalah sesuai dengan keperluan organisasi. Oleh itu, tesis ini menyumbang
kepada pembangunan sistem ERP secara “in-house” berdasarkan kepada keperluan
organisasi dan fungsi perniagaan serta amalan terbaik dari perspektif organisasi/syarikat
tersebut.

ii

ACKNOWLEDGMENTS

I would like to express my sincere gratitude to Allah the almighty for his blessings and
guidance throughout my PhD study program at UTeM. Praise to Allah, for giving me this
opportunity, the strength and the patience to complete my thesis finally, after all the
challenges and difficulties.
In preparing this thesis, I received many help from various people including researchers,
academics, practitioners, administrators and fellow students. They have contributed
towards my understanding and thought. In particular, I would like to express my sincere
appreciations and thanks to my supervisor Associate Professor Dr. Burairah Hussin, for his
motivation, encouragement, guidance, advices and support.
My gracious gratitude goes to my mother for her support and doaa; my love and
appreciations to my wife for her endless emotional support and understanding of my
struggle to complete my PhD studies. To my family, friends and peers, I am indebted to
your strong support.
My appreciations to the examiners, chairpersons and academics at various stages of my
study for their invaluable comments, corrections and suggestions to improve my thesis and
study. Last but not least my sincere admiration and thanks to those that have directly and
indirectly help my studies.

iii

TABLE OF CONTENTS
PAGE
DECLERATION
DEDICATION
ABSTRACT
ABSTRAK
ACKNOWLEDGMENTS
TABLE OF CONTENTS
LIST OF TABLES
LIST OF FIGURES
LIST OF APPENDICES
LIST OF ABBREVIATIONS
LIST OF PUBLICATIONS

i
ii
iii
iv
viii
ix
xi
xii
xiii

CHAPTER
1.

INTRODUCTION
1.1
Research Background
1.2
Problem Statement
1.3
Research Questions
1.4
Research Objectives
1.5
Relationship between Research Problems, Questions, and objectives
1.6
Significance of Study
1.7
Organization of Thesis
1.8
Summary

1
1
9
10
10
11
11
12
13

2.

LITERATURE REVIEW
2.1
Introduction
2.2
Traditional Systems
2.3
ERP Systems
2.3.1
ERP Systems Evolution
2.3.2
ERP Advantages
2.3.3
Adoption of ERP Systems
2.3.4
Why ERP Systems Fail
2.4
ERP System Components
2.5
ERP System Modules
2.5.1
Finance
2.5.2
Controlling
2.5.3
Quality Management
2.5.4
Distribution
2.5.5
Materials Management
2.5.6
Manufacturing and Logistics
2.5.7
Sales
2.5.8
Human Resources Management (HRM)
2.6
General ERP System Characteristics
2.7
Main Characteristics of ERP Systems
2.7.1
Flexibility and Adaptability
2.7.2
Integration
2.7.3
Complexity

14
14
14
15
19
20
21
24
25
26
27
27
27
27
27
28
28
28
28
31
32
34
35

iv

2.8
2.9

2.10
2.11

2.12

2.13
2.14
2.15
3.

2.7.4
Software Packages
2.7.5
Completeness
2.7.6
Change Process
2.7.7
Best Practices
2.7.8
Openness
Comparison between ERP Systems and Traditional Systems
ERP Implementation
2.9.1
ERP Implementation Phases
2.9.2
Implementation Critical Success Factors
Major Vendors of ERP Systems
General Software Process Models
2.11.1 Waterfall Model
2.11.2 Iterative Model
2.11.3 Prototype Model
2.11.4 Evolutionary or Incremental Model
2.11.5 Spiral Model
2.11.6 Rapid Application Development Model (RAD)
2.11.7 Reuse-Oriented Model
2.11.8 Agile Software Model (XP)
Software Process Models against ERP Characteristics
2.12.1 Waterfall Model
2.12.2 Iterative Model (Prototype, Spiral, Increment, RAD, and
Ruse Oriented)
2.12.3 Extreme Programming (XP)
Software Process Models for ERP Systems
Research Gaps
Chapter Summary

RESEARCH METHODOLOGY
3.1
Introduction
3.2
Research Framework Design
3.3
Framework Structure and Components
3.3.1
Planning Phase
3.3.1.1 Define Project Objective
3.3.1.2 Define Project Scope
3.3.1.3 Define Project Package
3.3.1.4 Create a Project Schedule
3.3.1.5 Study the Organization Infrastructure
3.3.1.6
Establish Implementation Team and Trained
3.3.1.7 Prepare Risk Plan
3.3.1.8 Prepare Test Cases
3.3.2
Preparation Phase
3.3.2.1 Organization Structure
3.3.2.2 People Structure
3.3.2.3 Technology Infrastructure
3.3.3
Analysis Phase
3.3.3.1 Analyze Organization Requirements
3.3.3.2 Analyze Requirements Specification
3.3.3.3 Decompose Requirements into subsystems
3.3.3.4 Analyze Process Sequence
v

36
37
38
38
39
41
44
46
47
50
51
52
55
56
58
59
61
62
63
68
68
70
74
75
85
87
88
88
88
91
93
95
95
95
96
96
96
97
97
98
99
100
101
102
103
103
104
104

3.4

3.5
4.

3.3.3.5 Verify Business Process Activities
3.3.4
Design Phase
3.3.4.1 Design System Architecture
3.3.4.2 Partition System into Subsystem
3.3.4.3 Build Prototype
3.3.4.4 Verify System Design
3.3.5
Coding Phase
3.3.5.1 Building the System
3.3.5.2 Testing and Integrating Modules
3.3.5.3 Build Interfaces
3.3.5.4 System Approval to Next Phase
3.3.6
Packaging Phase
3.3.7
Implementation Phase
3.3.7.1 Organization Ready to Implement
3.3.7.2 Training End Users and Management
3.3.7.3 Incremental Implementation
3.3.7.4 User Acceptance Tests
3.3.7.5 Data Conversion
3.3.7.6 Run Pilot System
3.3.7.7 System Go-Live
3.3.8
Operation & Support Phase
3.3.8.1 System Support Center
3.3.8.2 System Upgrading
3.3.8.3 System Maintenance
Source of Data for Case Study
3.4.1
Company A Overview
3.4.2
Company B Overview
Chapter Summary

EVALUATION OF THE PROPOSED FRAMEWORK
4.1 Introduction
4.2 Empirical Study
4.2.1
Sample Selection
4.2.2
Data Collection
4.3 Company A
4.3.1
Company Modules or Systems
4.3.2
Company Software Process Model
4.3.3
Difficulties and Problems Facing ERP Development in
Company A
4.3.4
Comparison between Framework and Company A Model
4.3.4.1 Planning Phase
4.3.4.2 Preparation Phase
4.3.4.3 Analysis Phase
4.3.4.4 Design Phase
4.3.4.5 Coding Phase
4.3.4.6 Packaging Phase
4.3.4.7 Implementation Phase
4.3.4.8 Operation and Support Phase
4.4 Company B
4.4.1
Company Modules or Systems
vi

104
105
105
106
106
107
107
108
108
109
109
109
110
111
111
112
113
113
113
114
114
115
115
115
117
117
118
120
121
121
121
121
122
122
122
123
123
124
126
127
129
129
129
130
130
131
132
132

4.4.2
4.4.3

4.5
4.6

Company Software process Model
Difficulties and Problems Facing ERP Development in
Company B
4.4.4
Comparison between Framework and Company B Model
4.4.4.1 Planning Phase
4.4.4.2 Preparing Phase
4.4.4.3 Analysis Phase
4.4.4.4 Design Phase
4.4.4.5 Coding Phase
4.4.4.6 Packaging Phase
4.4.4.7 Implementation Phase
4.4.4.8 Operation & Support Phase
Empirical Study Results
Chapter Summary

132
132
133
135
137
138
139
139
140
140
142
142
145

5.

RESULTS AND DISCUSSION
5.1 Introduction
5.2 Source of Data for Survey
5.3 Survey Questionnaires
5.3.1
Sample Selection
5.3.2
Survey Data Collection
5.3.3
Demographics of Respondents
5.3.4
Reliability Test
5.3.5
Survey Results
5.3.6
Results Analysis
5.3.6.1 Two Sample T-Test
5.3.6.2 ANOVA single factor test
5.4 Chapter Summary

146
146
146
148
149
149
149
150
150
154
154
155
161

6.

CONCLUSION
6.1 Achievments
6.2 Contribution
6.3 Limitation of the Research
6.4 Future Work

162
162
163
164
165

REFERENCES
APPENDICES

166
182

vii

LIST OF TABLES

TABLE

TITLE

PAGE

2.1

Stages of ERP system development

19

2.2

Summary of major reasons why an organization adopted ERP system

23

2.3

Cross-Reference between main characteristic and literatures

41

2.4

Frequency analysis of CSFs categories of literature

49

2.5

Comparison of process models (Qureshi and Hussain, 2008)

67

2.6

Evaluation of software process models that cover ERP characteristics

75

4.1

Comparison between proposed framework activities and company A&B

143

5.1

Demographic profiles of respondents

150

5.2

Summary of frequency and percent for each group

151

5.3

T-Test: Two sample assuming unequal variances (gender)

155

5.4

ANOVA single factor test (age group)

156

5.5

ANOVA single factor test (educational level)

157

5.6

ANOVA single factor test (occupational background)

158

5.7

ANOVA single factor test (general experience)

159

5.8

ANOVA single factor test (ERP experience)

160

5.9

Demographic Inferences

161

viii

LIST OF FIGURES

FIGURE

TITLE

PAGE

1.1

ERP systems concept (Rashid and Hossain, 2002)

4

2.1

Framework of ERP systems (Ibrahim, 2010)

18

2.2

ERP system modules (Openitmag, 2011)

26

2.3

ERP main characteristics regrouped under three dimension

32

2.4

Success factors of ERP implementation (Saini et al., 2010)

48

2.5

Waterfall model (Services, 2008)

53

2.6

Iterative software life cycle (Khan, 2008)

55

2.7

Prototype process model

57

2.8

Spiral model (Combination Linear and Iterative)

60

2.9

Enterprise system experience cycle

76

2.10

Divided software life cycle model

78

2.11

Process oriented ERP life cycle model (Nah et al., 2001)

79

2.12

ERP life cycle model (Ahituv et al., 2002)

80

2.13

CLBSD architecture structure

82

2.14

ERP system methodology (Khaleel & Sulaiman, 2013)

84

3.1

Overview of proposed software development framework

91

3.2

Generic ERP software development framework

92

3.3

Planning phase activities

94

ix

3.4

Analysis phase activities

103

3.5

Design phase activities

105

3.6

Coding phase activities

108

3.7

Implementation phase activities

111

3.8

Framework phases and ERP characteristics

116

5.1

Distribution for ICT companies according to their activities

147

5.2

Survey frequencies for answers group

152

5.3

Summary of the percentage for each group

152

5.4

Summary percent of total (4+5) for all phases

154

x

LIST OF APPENDICES

APPENDIX

TITLE

PAGE

A

Data collection questions

182

B

Evaluation survey questionnaire

183

C

Company A software process model

187

D

Company B software process model

193

E

Summary of answer questions for each phase

197

F

Summary of percent for answers

198

xi

LIST OF ABBREVIATIONS

BOM

- Bill of Material

BPR

- Business Process Reengineering

CBS

- Computer Based System

COTS

- Commercial Off-The-Shelf

CRM

- Customer Relationship Management

CSFs

- Critical Success Factors

DSLC

- Divided Software Life Cycle

ES

- Enterprise Systems

ERP

- Enterprise Resource Planning

EWS

- Enterprise Wide Systems

ICT

- Information and Communication Technology

IT

- Information Technology

MRP

- Material Requirement Planning

RAD

- Raped Application Development

RFP

- Request for proposal

SCM

- Supply Chain Management

SDLC

- System Development Life Cycle

SMEs

- Small to Medium Enterprises

XP

- eXtreme Programming

xii

LIST OF PUBLICATIONS

Some of research results contained in this thesis have been published as follows:
•

Zughoul, Basem and Hussin, Burairah 'Migration Traditional Projects Framework to
Enterprise Resource Planning System: An Empirical Study', e-Proceeding of
Software Engineering Postgraduates Workshop (SEPoW2013), pp. 98-102, 19
November 2013 City Campus Universiti Teknikal Malaysia Melaka, Malaysia.

•

Zughoul, Basem and Hussin, Burairah 'Factors Effecting Migration Traditional
Projects to Enterprise Resource Planning System (ERP)', International Review on
Computers & Software, Vol. 8, Issue 8, pp. 2005-2012, Aug 2013. (IF 0.218 Scopus)

•

Zughoul, Basem and Hussin, Burairah 'Migration Traditional Projects to Enterprise
Resource Planning System', International Review on Computers & Software, Vol. 7,
Issue 6, pp. 3162-3169, Nov 2012. (IF 0.218 Scopus)

xiii

CHAPTER 1

1. INTRODUCTION

1.1

Research Background
Today, public and private organizations are facing different challenges while

running their business. These challenges include expanding markets, increasing
competition, rising customer expectations, increasing needs for technology; and many
others. On the other hand, the shortages in budgets, radical change in the business
environment, demands in the development and integration of business processes, and the
fast growth of technology development are the new factors need to be considered.
Therefore, all these factors increased the pressure on organizations to reduce total costs in
the business supply chain in a shorter time. This could result to reducing inventories,
extending production choice, providing more reliable and better customer services,
improving quality and coordinating efficiently demand, supply and production. Thus, there
is a need for information system to manage all these aspects (Strong & Volkoff, 2004;
Iskanius, 2009).
Information Systems (IS) are an arrangement of several components such as
hardware, software, communications systems, people, process, and data. Therefore, most
organizations use information systems to interact and improve their day-to-day business
activities and operations, to support the problem solving and help decision making. Hence,
they become critical components for any successful organizations. Information systems
provide a high level of computers automation to carry out different business functions like
finance, accounting, marketing, human resources management, customer services and
operations (Jigeesh, 2011).
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To develop such systems, the organizations need to have an approach either to
develop or buy from vendors. Traditional information systems are known as custom built
software, in house developed software, or mainframe system based on organizational
requirements. Generally with this setting, the company retains full ownership rights of the
source code and security of information. Organizations develop the software according to
their requirements and needs. The traditional information systems emphasized on the
specifications of requirement analysis and everything that revolves around it, until delivery
of the business functions (Strong & Volkoff, 2004). The execution of this type of systems
according to business requirements needs a high cost, time and efforts for the organization
to achieve the competitive goals (Rizvi & Ahmad, 2008).
Furthermore, these systems are also suffering from important problems such as the
compatibility in developments of software and hardware, integration, redundancy of data
between modules making them difficult to maintain, and therefore can no longer meet the
organization's business needs (Bradley, 2008; Tariqi et al., 2010). To support the entire
business needs, there is a significant development in IS known as Enterprise Resource
Planning (ERP) systems or Enterprise Systems (ES), which are used to plan their resources
more effectively and manage traditional systems.
ERP system is defined as a software package, which attempts to integrate
company’s departments and functions into a central database in order to serve the different
departments’ needs, where these software packages can be customized according to the
organization needs (Esteves & Pastor, 1999; Ahituv et al., 2002; Botta-genoulaz & Millet,
2005; Kerimoglu & Bauoglu, 2006).
In addition, the ERP system is a commercial software package that brings many
benefits to an organization and supports most of the operations, through the integration of
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data that is coming from transactions-oriented and various business processes throughout
the organization (Markus & Tanis, 2000; Souza & Zwicker, 2009).
ERP systems are also known as multiple application modules, which integrate the
activities across functional departments and support the work processes and resources
management in organizations, such as human resources, sales, finance and production,
while providing cross-organization integration of data through embedded business
processes.
Rashid and Hossain (2002) and Supramaniam and Kuppusamy (2011) have both
shown that ERP systems or enterprise systems are software systems used for business
management and encompass modules which support functional areas such as planning,
manufacturing, sales, marketing, distribution, accounting, financial, human resource
management, project and inventory management, service and maintenance, transportation,
and e-business. The core of an enterprise system is a single comprehensive database or
central database, where the database collects and sends data into modular applications to
support all company's business activities. Consequently, when any new information is
entered in one module, the related information is automatically updated.
As a result, many companies change their IT strategies to maintain their
competitive advantages, with a belief that it responses for changing markets and delivering
better service at lower cost. One of the options is purchasing "off-the-shelf" integrated ERP
software packages instead of developing systems in-house (Ahituv et al., 2002). Software
packages must be configured to fit organizational structures and processes, by setting the
parameters within the boundaries of the provided functionality to match the functions and
processes with the organization’s cases (Brehm & Markus, 2000). Moreover, these
packages can bring significant benefits such as managing and integrating business
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processes across various functions, minimizing time sharing for the information, streamline
the business processes, and enhancing the competitive advantage (Choi et al., 2012).
The concept of the process is illustrated in the following diagram Davenport (1998)
as in Figure 1.1.

Figure 1.1 : ERP systems concept (Rashid & Hossain, 2002)

ERP systems are currently in high demand by both manufacturing and service
organizations, as they provide a tightly integrated solution to the needs of organization
from information systems (Shehab et al., 2004). Hence, ERP systems are becoming a
standard information system, irrespective of the size and nature of the organization.
4

Different studies pointed out those ERP systems have become one of the largest IT
investments in the late 1990s (Al-Mashari et al., 2003). It is not an easy task to understand
an ERP system in business activities within complex organization. Thus, some authors
have classified ERP system into technological and operational factors as shown below (AlMashari et al., 2003):
•

Technological factor: different systems (hardware/software) should be replaced
because of the maintenance and integration difficulty, and as the consequences of
the systems do not meet business needs.

•

Operational factors: customer satisfaction, improvement of process, simplification
of complex process and standardization of process.
ERP systems support most industries including airlines, banking, hospitality,

insurance, manufacturing, telecommunications, utilities, services and education. Besides its
success and usefulness, ERP implementation needs to be managed and planned properly
because it may affect every aspect of organizational performance and functioning (Tariqi et
al., 2010).
Generally, ERP systems are software packages developed by independent vendors
and implemented by the same vendors or third party consultant to meet the organization's
business needs, which carries changes in organization structure, business process and how
people work. In addition, some of the ERP implementations require all efforts together to
redesign work process (O'Leary, 2002; Barki et al., 2005).The ERP systems have the
ability to automate and integrate the business processes of an organization, to share
common data and practices across the organization, and to produce and access information
in real time (Nah et al., 2001).
Many companies consider and rely on ERP systems to manage and process their
business data despite the high cost associated with the enterprise software (Borovskiy
5

&Zeier, 2009). Also (Sumner, 2005) presented four reasons that urge organizations to
implement ERP system, namely (1) simplifying and standardizing systems, (2) replacing
legacy systems, (3) gaining strategic advantage, and (4) improving interaction between
suppliers and customers. It is reported that ERP system market was $16.67 billion in 2005
and forecasted to be over $21 billion in 2010 (Leon, 2008). Over 35 hundred million U.S.
dollar has been invested in the deployment of ERP, and over 60,000 companies have
already implemented ERP system in the whole world (Chen et al., 2011).
The implementation of information systems like ERP system is a complex, difficult,
of high risk and expensive. Thus, it places tremendous demands on corporate time and
resources, including associated massive changes in organizational structure, business
process and people work. Such constraints occur because ERP contains multiple
applications, needs large development teams, and usually requires a long time for its
implementation. Moreover, it is possible to combine the implementation of new
information system with redesigning work processes.
However, it also reported that ERP systems suffer from some major defects in its
implementation because of the complexity of the system or the cost involved during
installation (Bansal & Negi, 2008). Therefore, many ERP implementations have been
classified as a failure because they did not achieve the organization’s goals (Appuswamy,
2000; Umble & Haft, 2003; Cordeiro & Mar, 2008).
ERP systems development is difficult since it usually requires huge investments of
time, costs and efforts (O'Leary, 2002; Barki et al., 2005). In addition, ERP system
implementation has extremely high costs and time-consuming, therefore, companies look
for consultants to implement their ERP system in hope for reducing costs and saving time.
Hence, the selection of ERP consultant turns out to be a key-success factor to attain the
goal; otherwise it will lead to a fail in ERP system (Tsai et al., 2009a).
6

