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Abstrak

Dalam kejuruteraan perisian (SE), pasukan memainkan peranan yang penting dalam
menentukan kejayaan projek. Untuk memastikan hasil yang optimum projek pasukan
bekerja pada, ia adalah penting untuk memastikan bahawa pasukan itu terdiri daripada
ahli-ahli dengan ciri-ciri betul. Dalam satu pasukan memberikan peranan yang betul
kepada setiap ahli pasukan untuk memastikan bahawa individu yang paling sesuai
dipilih untuk tugas-tugas tertentu dan usaha mereka menyumbang maksimum kepada
prestasi pasukan secara keseluruhan. Salah satu peranan pasukan lazim adalah Belbin
peranan pasukan. Belbin dibangunkan teori ini untuk pembentukan pasukan yang
berjaya. Teori ini tertumpu kepada peranan pasukan dan bagaimana mereka harus
dipadankan untuk mengelakkan konflik dan membina pasukan bunyi yang diurus secara
optimum. Oleh itu, matlamat utama kajian ini adalah untuk membangunkan satu
pasukan perisian kaedah pembentukan automatik berdasarkan Belbin pasukan Peranan
dengan menggunakan teknik kabur. Teknik kabur dipilih kerana ia membolehkan
menganalisis data tidak tepat dan mengelaskan kriteria yang dipilih. Dalam kajian ini,
dua peranan dalam peranan Belbin pasukan, yang Pembentuk (Sh) dan Plant (PI) dipilih
untuk memberikan peranan tertentu dalam pasukan perisian - ketua pasukan dan
programmer, masing-masing. Peranan ini dipilinh kerana gabungan peranan ini dapat
menentukan ahli-ahli pasukan yang berkesan dalam pasukan SE. Pembentukan pasukan
perisian automatik yang dicadangkan ketika itu dinilai dengan menggunakan kajian
pakar. Para peserta terdiri daripada 12 pemaju perisian daripada Asiacell Syarikat
Telekomunikasi di Kurdistan Rantau Kerajaan Irag (KRG). Keputusan menunjukkan
bahawa kaedah ini berguna untuk digunakan bagi membentuk pasukan SE dalam
suasana industri. Pembentukan pasukan yang dicadangkan automatik perisian boleh
menjadi alat yang berguna untuk pengurus apabila memberikan ahli pasukan baru untuk
projek perisian. Selain itu, dengan menggunakan kaedah yang dicadangkan, ia boleh
membantu pembuat keputusan khusus pengurus untuk membentuk pasukan yang
berkesan dan sama rata. Pasukan yang berkesan dan sama boleh mempunyai peluang
yang sama untuk mengalami kerja-kerja pasukan yang baik dan dengan itu, untuk
menjadi pasukan yang berjaya.

Kata kunci: Pembentukan pasukan, Belbin peranan pasukan, Teknik kabur,
Pembentukan pasukan Automasi, Kejuruteraan perisian.



Abstract

In software engineering (SE), team plays an important role in determining the project
success. To ensure the optimal outcome of the project the team is working on, it is
essential to ensure that the team comprises of the members with right characteristics. In
a team assigning the right role to each team member in order to make certain that the
most appropriate individuals are chosen for specific tasks and their efforts contribute
maximum to the overall team performance. One of the prevalent team roles is Belbin
team role. Belbin developed this theory for formation a successful team. This theory is
centered on the team roles and how they should be matched in order to avoid conflicts
and build sound teams that are optimally managed. Therefore, the main aim of this study
is to develop an automated software team formation method based on Belbin Team Role
by using a Fuzzy technique. Fuzzy technique was chosen because it allows analyzing of
imprecise data and classifying selected criteria. In this study, two roles in Belbin Team
role, which are Shaper (Sh) and Plant (Pl) were chosen to assign the specific role in
software team — team leader and programmer, respectively. These roles were chosen
because the combination of these roles is able to determine effective team members in
SE team. The proposed automated software team formation was then evaluated using an
expert review. The participants consist of 12 software developers from Asiacell
Telecommunication Company in Kurdistan Region Government of Irag (KRG). The
results demonstrate that the method is useful to be used for forming SE team in
industrial setting. The proposed automated software team formation can serve as a useful
tool for managers when assigning new team members to a software project. In addition,
by using the proposed method, it can help decision makers specifically managers to form
effective and equal teams. Effective and equal teams can have an equal chance to
experience good team work and thus, to be a successful team.

Keywords: Team formation, Belbin team role, Fuzzy technique, Automated team
formation, Software engineering.



Acknowledgement

In the name of Allah, the Most Merciful and the Most Gracious, | give praise and thanks

to Him for giving me the strength to complete this research.

I would like to express my gratitude to my supervisor Dr. Mazni Binti Omar, who was
abundantly helpful and offered invaluable assistance, support and guidance, there are no
words to describe my gratitude and appreciations. Furthermore, 1 would like to thank Dr.
Mazida Binti Ahmed, the co- supervisor for her efforts to accomplish this work

successfully.

I would like to express my most sincere and warmest gratitude to my family. Words
cannot express how grateful I am to my mother Aho Raheem for giving me pray and to
patient for | have been far away from her during my studies, my brothers Baker, Ali,
Othman, Rebwar, Yosif and Omar. And my sisters Nabat, Golabakh and Negar, your

prayers and blessings were with me all the way, so thank you is the least I can say.

Deeply from my heart with love and faith, I would like to thank my lovely wife and my
best friend Mrs. Vian Abdulmajeed Ahmed for all of your love and support and for your
outstanding. | highly appreciated patience day and night throughout the time of my
study. Without your support, 1 would never be able to accomplish this work. To my cute
son (Adam), thank you for his patient for not have been able to spend enough time with
him during the course of study. They accompany me to spend the most memorable time
in my life. Thanks to them support and encourage. | am so proud of you. May Allah

bless my lovely family.

Finally, | Dedicate this thesis to the spirit of my father Hasan Abdulrahman (may Allah
have mercy on him); who taught me the value of education and who made sacrifices for
us, there children. You have successfully made me the person I am becoming. You will

always be remembered.



Table of Content

PErMISSION 10 USE ...eiiiiiie ittt ettt e et e et e e snb e e anteeeannee s i
ADSTIAK ...ttt et e e et e e e reeeanes I
N 01 - Tod PP SR TRRSTSRTR ii
ACKNOWIBAGEMENT ...t v
LI 1o (o) 041 (= | SRS v
TS 0 N o] L= SRS viii
LSE OF FIGUIE ..ttt ettt IX
LISt OF APPENUICES ...ttt ettt IX
LiSt OF ADDIEVIALIONS ....ecivviieiiiee e e et e et eesnreee s Xi
CHAPTER ONE ... .ot e e e e e e e e s et e e e e e e e e e e e ennnees 1
INTRODUCGTION ..ot e e e e e e e e s e e e e e e e e e e s e ssbrrrraaeeeeeaeaas 1
1.1 OVervieW .., ... B 1
1.2 Background 0f the STUAY ......ccciveiiiiir et 1
1.3 Problem Statement ... o e e e e e e e 6
1.4 RESLAICH QUESTIONS ... ciieeeee it ettt eesssbae e e e s etee e sassnb e e e e s erbeesaeasnereeeessrbeeeenan 11
1.5 RESEAICH ODJECTIVES ... vt e it as e ae e s e e snne e 11
1.6 SCOPE OF STUAY ...t e e sree e 11
1.7 SIgNIficant OFf STUAY.......coviieiee e 12
1.8 Contributions OF STUAY .......ccvveiiiieccee e 13

1.8.1  Theoretical CONtriBULIONS .........coiiiiiiiiiiiiiie e 13

1.8.2  Practical ContribULIONS ..........cceviiiiiiiiiiiic e 13
1.9 TRESIS SITUCKUIE. ...ttt 14
1.10 SUIMMIAIY .ttt ettt e e e e e e e st e et e e e e e s s et bbb e et e e e e e e s antbbbneaaaaeeeesans 15
CHAPTER TWO ...ttt ettt et et anaeennee s 16
LITERATURE REVIEW.......oiiiiiiiiiiie ettt 16
2.1 OVEIVIBW .ttt et e et e ettt et e e enb e e enbe e e ennes 16
2.2 Definition OF TEAMS ......ooiiiiiieie e 16
2.3 The benefit Of teaM ......oooiiii 18
24 Related works on team formation ............cccoeeiiiie e 19



2.5 Method for team FOrmMatiON .. ..... e 21

2.5.1  Random-fOrmMatioN.........c.cooiuieiiiiieiiii e 21

2.5.2  Self-TOrmation ..........cccoiiieiie e 21

2.5.3 Intelligent-formation (Instructor- formation).............ccccocvviieniieninn. 22

2.6 Automated Team FOrmMAatioN.........cc.eeiireiiiie e 23
2.7 Software ENgiNeering TEAMS ..........coiviiiieiiieiii e 24
2.8 BeIDIN TNEOTY ..o 26
2.7.1  Belbin TeaM ROIES ..ot 27

2.7.2  Importance of Belbinteam role............cocooeviiiiiii 30

2.7.3  Application of Belbin Team Role...........ccccooiiiiiiiiin 31

2.7.3.1 Belbin Team Role in education.............ccccccocvevivreiinrennnn. 31

2.7.3.2 Belbin Team Role in indUStry .........c.cccoovvenieiieniieniieninnn 32

2.9 Belbin Team Role and Software Engineering Team..........cccoovvviieiieninenninnnn, 32
2.10 Comparing Belbin’s Team Role with Others Team Role ..........cccccvvvveiiiinnns 36
2.11  Techniques tO fOrmM TBAIM ......cceiiii ittt e e et e eee e eeee e 39
2.12  Overview and Comparison of Team Formation Techniques..............ccccccvv..ne. 41
2.13 U4 (T 0] L0 U S P 45
2.14 o T, A SO PR PP PPPPRRRR 51
CHAPTER THREE ...t 52
RESEARCH METHODOLOGY ...ccuviiiiiiiieiiiesiteie ettt nneas 52
3.1 INEFOAUCTION ... 52
3.2 Phase 1 - Conceptual StUAY ........cccoiviveiiiieiiec e 54
3.3 Phase 2 — Constructing automated software team formation method............... 55
3.3.1  Analysis of role characCteristics...........ccccocvvveiiiieiiiie e, 55

3.3.2  Construct an automated software team formation method ................. 58

3.4 Phase 3 — Evaluate the constructed method..............cccoocveiiiiiieiiinice, 59
35 Sampling TECANIQUE.........eii e 62
3.6 SUIMMIAIY .ttt ettt e e e e e e e st e et e e e e e s s et bbb e et e e e e e e s antbbbneaaaaeeeesans 64
CHAPTER FOUR ..ottt sttt nte et 65
DEVELOPMENT OF AN AUTOMATED SOFTWARE TEAM FORMATION USING
FUZZY TECHNIQUE ..... .ottt 65

Vi



4.1 OVEIVIBW ..ottt et e et e e e e e e e e e e e eeenns 65

4.2 Belbin Team Roles in Software ENGINEEriNg .........cccoviveiiiiiieniienieenee e 65
4.3 Belbin Team Role Self Perception Inventory (BTRSPI) ........cccoovvvviiiiiennnene, 68
4.4 Automated Software Team Formation Method Using Fuzzy Technique ......... 69
4.5 Prototype Development and their Operations...........ccccovcveeviveeiiieesiiee s 76
4.6 SUMMEIY ..ttt 79
CHAPTER FIVE ...ttt e e e e e e e e e ennnees 80
EVALUATION RESULT AND DISCUSSION......ccoeiiiiiiiiiiieceeee e 80
5.1 L@ T VT PSSP 80
5.2 Evaluation TEChNIQUE ..........ooiiiiiie e 80
5.3 Data ANAIYSIS ...t 81
5.3.1 Result of Usability of the Prototype ..........ccccevviiiiiiiiiiiiieeen 81

5.3.1.1 Demographic Profile for usability...........c.ccccooviniinnnnnn. 81

5.3.1.2 Instrument Reliability ..............ooooiiiiiiiiie e, 84

5.3.2 Result of Satisfaction of the Respondent to the Proposed Method .....86

5.3.2.1 Demographic Profile......cccccc..oooiiin i 86

5.3.2.2 Expert Satisfaction ReSURS ..........ccovviiiiiii e 88

5.4 SHAMAY 45t ... v ivereiti - L1dara - Malaywveimg oo 91
CHAPTER SEX ettt et et e enes 92
CONCLUSION AND RECOMMENDATION ....oooiiiiiiieiiecie e 92
6.1 OVEIVIBW ..ttt ettt ettt ettt e et et e st e e be e nbeennee s 92
6.2 Revisit the Research ODJECHIVES..........cocvveiiiiiiie e, 92
6.3 Study CONtrIBULION ......eeeiie e 94
6.4 Limitation of the StUdY..........cooriiii e 94
6.5 Recommendation and Future WOrk ...........cccooveiiiiiiiiicie e 95
6.6 SUIMMIAIY .ttt ettt e e e e e e e st e et e e e e e s s et bbb e et e e e e e e s antbbbneaaaaeeeesans 95
RETEIBINCES ...ttt ettt ettt et 96

vii



List of Tables

Table 2.1 Summary of benefit of team work................coiiiii 18
Table 2.2 Summary of related work about team formation.............................. 19
Table 2.3 Summary of Belbin Team Role adapted from Belbin (2013)............... 29

Table 2.4 The different approaches to understanding team roles...................... 36
Table 2.5 Compares the terminology used in the theories.............................. 37

Table 2.6 Summary of team formation technique...................ooiiiiiiiiiinnen. 39
Table 4.1 Analysis of Belbin Team Roles in Software Engineering................... 66
Table 5.1 Data Preparation during Usability Test of Prototype ..........cccoceeervveennne. 82
Table 5.2 Descriptive Statistics of Participants Demographic Profiles for Usability
TS I g ettt e e e e 82
Table 5.3 Descriptive Statistic of Usability of the Prototype........................ 84

Table 5.4 Data Preparation Satisfaction of Respondent on the Designed method
Table 5.5 Descriptive Statistics of Participants’ Demographic Profiles for

SatisfaetioR-l4WING A . /1] .. Ui ... e . BN ... 87
Table 5.6 Descriptive - Statistic - of — Expert  Satisfaction . of - the Prototype

viii



Figure 2.1
Figure 2.2
Figure 2.3
Figure 2.4
Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4
Figure 4.1
technique
Figure 4.2
Figure 4.3
Figure 4.4
Figure 4.5
Figure 4.6
Figure 4.7
Figure 4.8
Figure 4.9

List of Figures

Fuzzification ProCess. ... ..ooueveiitiiii e 48
Roles Membership FUnctions............ccoovviiiiiiiiiiiiiiiiiieinns 48
Different Types of Fuzzy Set Membership Functions...................... 49
Process of applying Fuzzy............coooiiiiiiii i, 50
Research procedure..........ooviiiiii i 53
Steps of constructing method ... 59
Steps of expert review for Prototype usability activities.................... 61
Steps of expert revView actiVIties. .......vveetiitiieiet ettt eeeieeee 62

Steps for software engineering team formation method by fuzzy

.......................................................................................... 69
Team diagram depicting two inputs, rule base, one output................. 70
Membership functions for input fuzzification................................ 71
Represent of teamrule.........coooiii i e, 73
Membership functions for output Defuzzification........................... 74
Distributing membEr’s PrOCESS. .. uueuteenreenieanneentaiieaiaeaneeniianenns 75
Homepage of the prototype. ....vvvviriiiiiiiiiiiiiiie e eieeans 76
Shaper and Plant Team Roles Values............c. 0., 77
Generated Total Weight of the Participants...................ccccoeeivie.. 78



Appendix A
Appendix B
Appendix C
Appendix D
Appendix E

List of Appendices

The Belbin Self Perception Inventory (SPI)...................ccc.e.eee.. . 104

Usability QUEStIONNAITE. .......ovitiee ittt e 107
EXpert review questionnaire. ............ooveueeriirieiirieeeaeaneanenanns 111
Example of ( BTRSPI) report.........ccovviiiniiiiiiiiiieceeeeeae 114
Company supported letter..........oooviiiii i, 126



SE

KRG
ITRU
ME

CF

CO

IMP

PL

SH

SP

RI

T™W
MDT

IS
BTRSPI
FTSE-100
GBMs
MAUT
AHP
CBR
DEA
SMART
GO
SAW
TOPSIS
MCDM
SPI

List of Abbreviations

Software engineering

Kurdistan Region Government

Industrial Training Research Unit

Monitor Evaluator

Completer-Finisher

Coordinator

Implementer

Plant

Shaper

Specialist

Resource Investigator

Team worker

Multi-Dimensional Trust

Information System

Belbin Team Role Self-Perception Inventory
Financial Times Stock Exchange 100 Index
Group Balance Metrics

Multi-Attribute Utility Theory

Analytic Hierarchy Process

Case-Based Reasoning

Data Envelopment Analysis

Simple Multi-Attribute Rating Technique
Goal Programming

Simple Additive Weighting

Technique for Order Preferences by Similarity to Ideal Solutions
Multi Criteria Decision Making

Self-Perception Inventory

Xi



CHAPTER ONE

INTRODUCTION

1.1 Overview
This chapter introduces the background of study, followed by statement of the problem,
research questions, and objectives of the research. The research scope, significance and

contribution of the research are also presented.

1.2  Background of the Study

In software engineering (SE), team plays an important role in determining the project
success (Ebert & Neve, 2001; Ralph & Kelly, 2014). To ensure the optimal outcome of
the project the team is working on, it is essential to ensure that the team comprises of the
members with right characteristics (Syed-Abdullah, Omar, & Idris, 2011). According to
the prevalent definition, team is any group of small number of individuals with matching
skills and other characteristics, all of whom are dedicated to a common resolution,
performing objectives, as well as approach, for which the responsibilities they are jointly
accountable (Gilley, Morris, Waite, Coates, & Veliquette, 2010). When the team
members are able to cooperate, the entire unit can accomplish greater heights of thought
as well as preserve information better and longer than individuals that work quietly and

lonely.

Gibson (2009) also noted that the importance of a team lies in the ability of participation
in group endeavors to improve leadership skills and boost the morale of the team

members. This also facilitates efficiency in the processes and procedures, thus enhancing
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