A MATURITY MODEL FOR LEAN CONSTRUCTION:
THE CASE OF SRI LANKAN CONSTRUCTION
INDUSTRY

JKDDT Jayanetti

218040X

Doctor of Philosophy

Department of Building Economics

Faculty of Architecture

University of Moratuwa
Sri Lanka

March 2025



A MATURITY MODEL FOR LEAN CONSTRUCTION:
THE CASE OF SRI LANKAN CONSTRUCTION
INDUSTRY

JKDDT Jayanetti

218040X

Thesis submitted in partial fulfilment of the requirements for the degree

Doctor of Philosophy

Department of Building Economics

Faculty of Architecture

University of Moratuwa
Sri Lanka

March 2025



DECLARATION

| declare that this is my own work, and this thesis does not incorporate without
acknowledgement any material previously submitted for a degree or diploma in any
other University or Institute of higher learning and to the best of my knowledge and
belief it does not contain any material previously published or written by another
person except where the acknowledgement is made in the text. | retain the right to use

this content in whole or part in future works (such as articles or books).

Signature: Date: 07.03.2025
JKDDT Jayanetti

The above candidate has carried out research for the PhD thesis under my supervision.
I confirm that the declaration made above by the student is true and correct.

Name of Supervisor(s): Ch. QS. Prof. (Mrs.) B.A.K.S. Perera
Ch. QS. Prof. (Mrs.) K.G.A.S. Waidyasekara

Signature of the Supervisor: Date:07.03.2025



DEDICATION

| dedicate this thesis with all my heart to my beloved wife, parents,
parents-in-law, my sister, all my family members, friends and everyone
whose continuous support and unconditional love have been my constant
source of strength and inspiration.



ACKNOWLEDGEMENT

Completing this thesis has been challenging and rewarding, marking an extraordinary
journey over the past few years. This achievement would not have been possible
without the unwavering support, guidance, and encouragement of many individuals,
to whom | am deeply grateful.

First and foremost, | would like to express my heartfelt gratitude to my supervisors,
Professor B.A.K.S. Perera and Professor K.G.A.S. Waidyasekara, for their invaluable
guidance throughout this journey. | am forever grateful to Professor Kanchana Perera,
who was not only my supervisor but my mentor throughout this journey. Her
invaluable guidance and support were instrumental in bringing this endeavour to a
successful completion. I am indefinitely thankful to Professor Anuradha Waidyasekara
for her continued support despite her busy schedule. Their insights, guidance, and
patience have been crucial to the successful completion of this thesis, and without their
unwavering support, this achievement would not have been a reality. | also wish to
extend my deepest appreciation and gratitude to Dr. Mohan Siriwardena, my Progress
Review Examiner, for his committed support, constructive criticism, and insightful
feedback, which greatly elevated the quality of my work. Special thanks are also due
to Dr. K.A.T.O Ranadewa, a specialist in lean construction and a continuous motivator
whose unconditional support has been pivotal in completing this study.

I am also thankful to Dr. Suranga Jayasena and Professor Udayangani Kulatunga for
their insightful perspectives and guidance, which helped me navigate various subject-
related areas. My sincere appreciation extends to the members of my Progress Review
Panel, Dr. Sachie Gunathilake, Dr. Pournima Sridarran, and Dr. Chandanie
Hediwattage, for their consistent guidance and support throughout my research. |
would also like to acknowledge the leadership and motivation of Professor Yasangika
Sandanayake, Dean of the Faculty, and the continuous support of Professor. Anuradha
Waidyasekara, as the Head of the Department of Building Economics. | am grateful to
my colleagues, fellow researchers, and friends at the University of Moratuwa, whose
encouragement and motivation were invaluable during this journey. Additionally, |
would like to thank the academic and non-academic staff of the Department of
Building Economics and the Faculty of Graduate Studies of the University of
Moratuwa for their continued assistance. | also thank General Sir John Kotelawala
Defence University for the support provided.

Finally, I owe a profound debt of gratitude to all my parents, my wife, my sister, and
all my family members for their sacrifices and never-ending support, which have been
the cornerstone of my success. | am especially thankful to my wife for her patience
and thoughtfulness and for standing by me even when | was completely absorbed in
my work.

This thesis is the result of a collective effort, and | deeply appreciate everyone who
has contributed to this endeavour in numerous ways.



ABSTRACT

The construction sector plays a vital role in the world economy and is essential for
global development. Inefficiencies in the construction industry have hindered
productivity, and lean construction provides a structured solution to enhance
performance. However, a key concern in lean construction implementation is the lack
of a reliable method to measure lean construction progress and maturity. Despite the
growing interest among organisations in adopting lean construction practices, they
hesitate due to the unavailability of a proper method to assess lean construction
maturity. Theoretically, there is a notable lack of evidence of studies on lean
construction maturity assessments. From a practical point, there is a lack of evidence
of a lean construction maturity model in the context of Sri Lanka. Thus, there is a need
to develop a reliable method for evaluating lean construction maturity. Therefore, this
research is aimed at developing a lean construction maturity The study adopted the
pragmatic research philosophy with an abductive approach. The choice of qualitative
research was deemed appropriate, considering the context of the study.

Empirical data were gathered through the qualitative Delphi method in three rounds
using semi-structured interviews. 25 lean construction experts were purposively
selected to conduct 72 interviews. Data were analysed using deductive content
analysis. Research findings revealed key components of the model. The model
assessing components comprised eight model attributes, including Production
Efficiency, Waste Elimination, Quality Management, People, Customer Focus, Lean
Leadership, Transparency, and Lean Philosophy. These attributes are further explained
through 28 model process areas, which provide a more descriptive account of the
model attributes. 140 model indicators further detail the model process areas. These
indicators serve as visible measures that assess lean construction maturity at the
operational level. A detailed descriptive statement is formulated for each indicator to
explain what is expected from model indicators. An assessment guide including six
maturity scales is provided to evaluate the maturity level of each indicator. The model
identified barriers at each maturity level and proposes strategies to overcome them.
Model validation was conducted through four expert interviews. The final model
assessment, a platform for assessing lean construction maty and strategies on lean
implementation. The study contributes to the theory by presenting a new lean
construction maturity model designed for developing nations and a universally
applicable conceptual lean construction maturity model. The study fills a critical gap
in the construction industry by providing a model for assessing lean construction
maturity in construction organisations.

Keywords: Attributes, Indicators, Lean Construction Maturity Model, Lean
Construction, Maturity levels, Process areas, Sri Lanka



TABLE OF CONTENTS

DECIATATION ...ttt [
DEAICATION ...t bbbt I
ACKNOWIBAGEMENL........eiiieie et esra e iii
ADSTFACT ... s 0\
Table OF CONENES ..o e %
LISE OF FIQUIES ...t Xiv
LISt OF TADIES. ... XV
LiSt Of ADDIEVIALIONS. .....c.coiiiiiiiieiiee s XVi
LISE OF ANNEXUIES ...ttt bbbttt bbbt XVii
CHAPTER 1 ..ottt ettt b ettt e san e beeanee s 1
INTRODUCGTION ...ttt 1
1.1. Research Background ...........ccccoviveiieiiiiieieese e 1
1.2, Problem Statement...... ..o 3
1.3, RESEAICH AIM ..ot 6
1.4, ReSearch ODJECIVES.....cciciiiieeiece st 6
1.5. Research Methodology .........ccccceeviiiiiiiicicce e 7
1.6. Significance of the StUdY .........ccccceiieiiiicccc e 8
1.7.  Scope and LimMItatioNS .........cceoeriereieniniesesieeeeee e 9
1.8.  Structure of the THESIS ......cveieiiie s 10
1.9, Chapter SUMMAIY .....ccovoiiieiie e 11
CHAPTER 2 .ttt be e e 12
LITERATURE REVIEW ...t 12
2.1 INEOTUCTION. ...t bbb 12
2.2 An OVerview Of Sri Lanka..........cccooeiiiiiiiiniiicciece e 12
2.2.1.  Sri Lankan ConstruCtion SECION ..........cccoiiiiiiiiieieiesc e 13

\Y



2.2.2. State of Lean Construction in Sri Lanka.......ccocvvveeeeieeeeieeeee, 13

2.3, Maturity MOGEIS ......cooueirieiiee e 15
2.3.1. Maturity Levels in Maturity ModelS...........ccooeriiiiiieniienienieien, 16
2.3.2.  Benefits of Maturity ModelS...........ccccovveviiiiiieii e 16
2.4.  Knowledge Areas of the Conceptual LCMM ...........cccooveviiieiieiiciennn, 17
2.4.1.  Construction Maturity Models ...........ccooviiiiinniiiniiee s 17
2.4.1.1.  Defining Maturity Models for Construction Context....................... 18
2.4.1.2.  Attributes of Existing Construction MMS...........c.cccceeveieiieieciiennen, 22
2.4.1.3.  Attributes and Process Areas of Construction Maturity Models...... 24
2.4.2.  Lean CONSIIUCLION .........uiiiiieiieieiesie sttt 27
2.4.2.1.  Lean Construction PrinCIPIES ..........c.coovriniiiiieiece e 29
2.4.2.2. Benefits of Lean CONSIIUCLION.........ccceiiireieineieeseseeee e 32
2.4.3.  Lean Construction MatUrity ..........cccccovvveviiiieiieene e 33
2.4.3.1. Attributes of Lean Construction Maturity in Existing Literature..... 34
2.4.3.2.  Attributes and Process Areas of Lean Construction Maturity.......... 37
2.4.3.3.  Model Indicators of Lean Construction Maturity..............ccccceevenee. 39
2.4.3.4. Defining @a LCMM ........coiiiiiiie e 39

2.4.3.5.  Strengths and Weaknesses Identified from Existing Studies on Lean

CoNSLrUCLION MALUIILY ....veviciecic e 43
Strengths of Existing Studies on Lean Construction Maturity .............cccccoe.... 46
Weaknesses of Existing Studies on Lean Construction Maturity ...................... 47
2.4.3.6.  Current Status of Lean Construction Maturity ...........cc.ccoovvevviininnn. 49
2.5. Barriers to Implementing Lean Construction Maturity Models .............. 51
2.6. Strategies to Overcome Barriers to Implement LCMMSs...........cccoveeee. 54
2.7. The gap in the Literature -The Rationale fora LCMM ..............cccovveee. 58
2.7.1.  GloDAl CONEXL .....eeieiieieeeie e nneas 58

Vi



2.7.2. The Gap in the Literature - Sri Lankan Context ............cccccevvvervieennn, 60

2.8, Chapter SUMMANY .......cccoiiiiiieieiee e 62
(O o A el I PRSP 63
CONCEPTUAL LEAN CONSTRUCTION MATURITY MODEL ........ccccccvveneeee. 63
3L INEPOTUCTION ...t e 63
3.2.  Conceptual Frameworks in Qualitative Studies..........ccccccevvvrveiinniiienne. 64
3.3. Knowledge Domains of Proposed Conceptual LCMM...........ccoovvvenee 65

3.3.1. Consolidation of Identified Attributes through Literature to the
CoNCEPUAl LCMM ..o 65

3.3.2. Model Attributes and Relevant Process Areas of Lean Construction
IVIBEUFIEY . .ttt ettt e e et e s e s te e beeseesreeseenneaneeneens 66

3.3.3.  Model INdicators (M) ......coviiiiieie e 68

3.3.4. Identified Model Attributes, Model Process Areas and Model Indicators

for Proposed Conceptual LCMM ........coiiiiiiiiiiiiiieeee e 69
3.4. Development of the Conceptual Model ...........cccoeveiiiiiiniiiieee 71
3.4.1. Designing the Model..........cccoooiieiiiiiiiec e 71
3.4.2. Key Attributes of the Proposed Conceptual LCMM..............ccovveneene. 73
3.4.2.1.  Production EFfICIENCY .......ccceiiiiiiiiiiieiereee e 73
3.4.2.2.  Waste EIMiNation ...........cooviiiiiniiiieee e 73
3.4.23.  Quality Management ..........cccccveviiiieiiere e 74
3.4.2.4.  LeaUdership oo 74
3425, PEOPIE ..o s 75
3.4.2.6.  CUSLOMET FOCUS .....ovviiieiiiiiesiieieeie sttt 75
3.4.2.7.  TIANSPAIEINCY ..eeeeivvreiieieiiiiie sttt e steeesteeessbeesssbeeessbeesssresassseeassneeaseeeas 75
3.4.2.8.  Lean PhilOSOPNY ......ccoviiiiiiiicie et 76
3.5.  Maturity levels of the Conceptual Model ... 76
3.6. The Conceptual Lean Construction Maturity Model.............ccccecvvvennene. 78

vii



3.7, Chapter SUMIMAIY ......ccueeieieeieeie s esie e e e ee e sae e e e ae e e eeenes 81

CHAPTER 4 ..ottt bttt sb e be e e e 82
RESEARCH METHODOLOGY .....ociiiiiieiiieiieesiie et 82
4.1 INFOQUCTION......iiiiiciiieiee e 82
4.2, Purpose of the RESEArCN........ccccccveiieiiciccec e 82
4.3, RESEArCN DESIGN ....cviiiiiiiiiieiieiieeee e 83
4.3.1.  Research PhiloSOPNY ........ccooviiiiiiiiic e 84
4.3.1.1.  EPIStEMOIOQY .....ccoiiiiiiiie st 84
0 7 © 111 (0] (oo Y SRS 85
4.3.1.3.  AXIOIOQY .ot s 85
4.3.2. Selected Research Philosophy for the Research ...........c.ccocvvviiiinnnne 86
4.3.3. Selected Research Approach for the Study..........ccccccevveviiie i, 88
434, ReSearch ChOICE.......cccoiiiiiiiiiee e 89
4.3.5.  RESEAICN Srategy .......cccoiririiiiiieieriese st 91
4.3.6.  TIME HOMZON ..ot 93
4.4. Data Collection Techniques and Procedures ..........ccccocevveveeiesvevnennene 93
4.4.1. Systematic Literature Review through PRISMA Method ................... 93
4.4.2.  Semi-Structured INTEIVIEWS .........coooriiiiiiiiiieieeee e 95
4.4.3. Qualitative Delphi TEChNIQUE .....cceovviiiiiiiicieeee e 96
4.4.4. Selection of Experts for Delphi Rounds ............ccccoevieiiiie i 99
4.45.  OVerview Of EXPEITS .....ccoviieiice e 102
4.5. The Data ColleCtion PrOCESS........coeiiiiiiiiiiie i 105
4.6. Data ANAlYSIS.....ccoviiiiiiiiiiiiiese e 106
4.6.1. Directed Content ANalySiS ......cccooveiiiiiiiiiii e 106
4.7.  Delphi POt INTEIVIEWS .......coiiieiiecie et 108
4.8. Role of the RESEArChEr ... 109



4.9.  Validity Of FINAINGS .....ooiveiiiie e 109

4.9.1.  REFIEXIVITY ..ocviiiieiicii e 110
4.9.2.  Peer DEDIEfiNg ....oceiviiiiiiieeieee e 110
4.9.3.  Member CheCKiNg .......cccviiieiieii e 110
4.9.4. Thick, Rich DeSCIPLION .......cccveiiiieiece e 111
4.95.  Reli@bility . ..ccooviiiieiee e 111
4.9.6. Additional Measures for Improving Validity in Research Findings.. 112
4.9.7. Alternative Quality Criteria for Validity.............ccooveviiiiineieiiene, 112
4.9.7.1. Dependability ........ccoeviiieiieece e 112
4.9.7.2. Credibility ... 112
4.9.7.3.  Transterability ..o 113
4.9.7.4.  AUthentiCity Criteria.......cccccveviiiieiieie e 113
4.9.8.  ReSearch EthICS ........ccooiiiiiiiiiiiiiiee e 113
4.10.  The RESEArCH PrOCESS.........couiieieiiiieiieiie st 114
4.11.  Chapter SUMMAIY........cociiiiiiieieieniesie sttt 115
CHAPTER S . ettt e e 116
RESEARCH FINDINGS ... 116
5.1 INErOTUCTION. ... 116
5.1.1.  Pilot Delphi INTErVIEWS ........ccoeiiiiiiiiiiiesieeeeeee e, 116
5.2.  Findings of Delphi Round 1..........ccccooiiiiiiiiiie e, 119
5.2.1. Findings of Delphi Round 1 Phase 1........c..cccocoviiiieieiic e, 119
52.1.1.  The Model AtrDULES .......cooevieiiiiieiiseeeee e 121
5.2.1.2.  MOdel ProCESS ATEAS.......ccoveueiiiieriiriesiieieeieie e 122
5.2.1.3.  Model INAICALOrS........ccviiiieieieic e 123
5.2.1.4.  Model Attribute - Production Efficiency Explanation ................... 130



5.2.2. Delphi Round 1 Phase 2 - Barriers to Implementing LCMMs in the Sri
LaNKAN CONTEXL .....eeivieiieiieiieeie ettt ste st b e be s nneas 139

5.2.3. Delphi Round 1- Phase 3 - Terminologies for Maturity Levels
Guidelines Applicable to The Sri Lankan Context.........c.ccccvvvveveevveiieseennnnn, 143

5.3, Delphi ROUNA 2......cviiieiiee et 145

5.3.1. Delphi Round 2 Phase 1 - Key Elements Relevant to Develop

DeSCriptive STatEMENTS........cciiiieiiee e snes 146

5.3.2.  Delphi Round 2 Phase 2 — Definitions for Maturity Level to Suit the Sri
LANKAN CONTEXL .....vevveiieiiesieeie et e e se et ente s e nreeaeeneennees 148

5.3.3. Delphi Round 2 Phase 3 - Key Barriers at Each Maturity Level to Suit
ST LanKan CONEXT ......oviviiiiiieiiceeee ettt 152

5.3.4. Round 2-Phase 4 - Strategies to Overcome Barriers to Implementing

5.4, Delphi ROUNG 3.....ooiiiiiiiiecee e 158

5.4.1. Delphi Round 3, Phase 1 - Descriptive Statements for the Proposed
LCMM in the Sri Lankan CONEXE........cooerierereiiniieeeie e 159

5.4.2. Delphi Round 3 Phase 2 - Suitable Strategies to Overcome Each Barrier
in Implementing LCMM in the Sri Lankan Context..........cccccocevvinvnenennennenn 161

5.5. Development of Lean Construction Maturity Model ............c.ccoeenneee. 171

5.5.1. Systematic Assessment of Organisational Maturity Through the New
LCMM 174

5.6. Transferability of the Model Through Expert Validation to Ensure

APPHCADITIEY ..o 177
5.6.1.  Structure and Design of the Model .............cccoooiiiiiiici e, 179
5.6.2. Educating Stakeholders...........ccooueeiieiiiiiicce e 179
5.6.3.  User Guide for the Model ..o, 180
5.6.4.  Model DIigitiSAtION .........ccveieieiieieie e 180
5.6.5.  Industry Collaboration ...........cccoceeiiiiiiiiic i 180



5.6.6. POt PIOJECES ....vevveiecie ettt 181

5.7. Chapter SUMMAIY ........ccooiiiiiiieieiesie e 181
CHAPTER 6 ...ttt ettt sae e beesnne s 182
DISCUSSION ..ot 182

B.1.  INErOTUCTION.....ccviiiiiiecic s 182

6.2. Introduction of a Maturity Model to Assess Lean Construction Maturity

182
6.2.1. Assessing Components of LCMM .........ccccoooviiiieiieiie e, 183
6.2.1.1.  Model ALrDULES. ......ccveiiiieiieiieeese s 184
6.2.1.2.  MOdel ProCESS AT€AS........coueiiiiiiiriiriisiieieeieie e 187
6.2.1.3.  Model INAICALONS........coiiiiiiieiesese e 188
6.2.2.  MoOdel ASSESSIMENT .......cviiiiiiiieiirieiee e 190
6.2.2.1.  Descriptive StatementS..........ccccvveiieiieiieie e 190
6.2.2.2.  Maturity Levels of the LCMM .........cccooiiiiiiiiiceeeee, 191
6.2.2.3.  The Maturity ASSESSMENT PrOCESS.........coivrieierierienienie e, 192
6.2.3.  Barriers and Strategi€s .........cccevvveveeiieiie i 193
6.2.4. Lean Construction Maturity Model for Sri Lanka ................c.ccuene..e. 195
6.3.  Chapter SUMMANY .........cooiiiiiiiiieie e 197
CHAPTER 7 ettt ettt e sre e beennee s 199
CONCLUSIONS AND RECOMMENDATIONS ..o 199
7.0, INEPOTUCTION ...t 199
7.2.  Summary Of the RESEArCN ........cooevviiiiii e, 199
7.3.  Achievement of ODJECTIVES.........cooeiiiiiiiiiireeee e, 202

7.3.1.  Objective 1 - Critically Review the Gaps in Existing Studies on Lean
COoNSLIUCLION IMALUFILY .....ocvieiiieciee e 202

7.3.2.  Objective 2 - Develop a Conceptual Model for Assessing Lean
Construction Maturity in the Construction INAUSErY .........ccoceviriieniniieiennn, 203

Xi



7.3.3.  Objective 3 - Investigate Key Model Assessing Components Applicable
to the Sri Lankan Construction INAUSEIY ........cccovirieiienenie e 204

7.3.4. Objective 4 - Investigate Barriers and Propose Suitable Strategies for
Implementing the LCMM for Sri Lanka..........cccccoovveveeieiiieiieie e 204

7.3.5. Objective 5 - Refine and Validate the Lean Maturity Model to Suit the

Sri Lankan Construction INAUSEIY .........coveiieeiinniee e 205
7.4. Reflection on the StUAY.........cceiiiiiiii e, 206
7.5.  Contributions of the ReSearch............cccceoviiiiiiiicrecee 206
7.5.1.  Contributions t0 ThEOIY .......coviiiiiiee e 206
7.5.2.  Contributions t0 INAUSEIY ........ccoiiiiiiiiiiieceee e, 207
7.5.3.  Contributions t0 SOCIELY.......ccccvveriiiiiiiiiiieieee e, 208
7.5.4.  Contributions to POIICY ........cccooviiieiiiie e 208
7.6.  RECOMMENALIONS. ...t 209
7.7. Research LIMItatioNnsS ..........ccooeieiiiiiiiiesesieeeee e 213
REFERENGES.......c oottt 214
8 ANNEXURES ... ... 248
Annexure 2.1- PRISMA review on Lean Construction Maturity ................... 248
Annexure 2.2- PRISMA Review on Defining LCMMS ..........ccccooviiiinieiennn. 251
Annexure 2.3- PRISMA review on Defining CMMS .........cccccviiiniiinnieeiiennn, 254
Annexure 2.4- PRISMA review on Attributes of construction MMs.............. 255
Annexure 4.1- Interview GUIdeling...........ccoooieiiiiiiiiice e 257
Annexure 4.2- Sample Code BOOK...........ccccoiiiiiiiiiniiieeec e 291
Annexure 4.3 QUOtation BOOK ..........ccccoveiiiiiiieii e 293
Annexure 4.4- Sample Answer Transcript of a Delphi Expert...........c...c........ 297
Annexure 5.1- Key assessing COMPONENTS. ........ccveiveereeiiieeiieisieeseeesieesine s 300
Annexure 5.2- Key elements relevant to develop descriptive statements........ 313
Annexure 5.3 Descriptive Statement for Model Indicators ...........c.ccccvevenennn. 322

Xii



Annexure 6.1- The Model USEr GUIAE.........coo v
ANNEXUIe 7- PUDIICALIONS ...

Annexure 8- Sample Interviewee Consent FOrM ..........cccoeveviiininiiieicienn,

Xiii



LIST OF FIGURES

Figure Description Page
1.1 Structure of the Thesis 10
2.1 Identified Themes from Existing CMMs 21
2.2 Identified Key Themes 42
3.1 Knowledge Areas of the Conceptual Model 65
3.2 Model Indicators for MPAs 68
3.3 MAs, MPAs and Mls of the Proposed Conceptual LCMM 70
34 Model Assessing Components 72
35 Proposed Conceptual LCMM 80
4.1 Saunders’ Research Onion 83
4.2 Abductive Method 89
4.3 Research Choices 90
4.4 PRISMA Process 95
4.5 Selection Criteria for Selecting Delphi Experts 100
4.6 The Data Collection Process 105
4.7 The Research Process 114
5.1 The Layout of the Model Components 120
5.2 Model Assessing Components - MAs, MPAs and MlIs 129
5.3 Reduce Variability and Mls 131
5.4 Minimise Cycle Time Explanation 133
55 Output Flexibility Explanation 134
5.6 Flow and Conversion 135
5.7 Processes and Tools 137
5.8 Supply Chain Integration 138
5.9 Strategies to Overcome Each Barrier 162
5.10 LCMM for Sri Lanka 172
511 Assessment of Organisational Maturity 175
7.1 Summary of the Model 201

Xiv



LIST OF TABLES

Table Description Page
1.1 Research Objectives and Research Questions 06
2.1 Analysis of CMMs’ Definitions 19
2.2 Attributes of Existing CMMs 22
2.3 Attributes and Process Areas Identified from CMMs 24
2.4 Key Lean Construction Principles 29
2.5 Attributes of Lean Construction Maturity in Existing Studies 34
2.6 Attributes and Process Areas of Lean Construction Maturity 37
2.7 Derived Definitions for LCMMs 39
2.8 Strengths and Weaknesses Identified from Existing Studies 43
2.9 Barriers to Implementing LCMMs 51
2.10 Strategies for Successful Implementation of LCMMs 55
3.1 Summary of Identified Attributes 65
3.2 Model Attributes and Relevant Process Areas of Lean
Construction Maturity 67
3.3 Developed Maturity Levels for the Conceptual Model 77
4.1 Research Strategies 91
4.2 Delphi Method Vs Traditional Survey Method 96
4.3 Expert Profile 104
4.4 Sample Code Book 107
5.1 Results of Pilot Delphi Study 116
5.2 Delphi Round 1 119
53 Model Attributes 121
54 Model Process Areas 122
55 Model Indicators 123
5.6 Barriers to Implementing LCMMs 139
5.7 Terminologies for Maturity Levels 144
5.8 Delphi Round 2 145
5.9 Key Elements Relevant to Develop Descriptive Statements 147
5.10 Maturity Level Definitions 148
511 Barriers at Each Maturity Level 152
512 Strategies to Enhance the Implementation Of LCMMs 154
5.13 Delphi Round 3 158
5.14 Descriptive Statement for Model Indicators 159
5.15 Expert Profile of The Validation Experts 178

XV



LIST OF ABBREVIATIONS

Abbreviation Description

BIM Building Information Modelling

CIDA Construction Industry Development Authority

CIFE Centre for Integrated Facility Engineering

CMM Construction Maturity Model

CPD Continuing Professional Development

ERP Enterprise Resource Planning

IT Information Technology

IESL Institute of Engineers Sri Lanka

LCI Lean Construction Institute

LCMM Lean Construction Maturity Model

LM Lean Model

LPS Lean Production System

MA Model Attribute

Ml Model Indicators

MM Maturity Model

MPA Model Process Areas

PRISMA Preferred Reporting Items for Systematic Reviews and
Meta-analyses

SCAMPI Standard CMMI Appraisal Method for Process
Improvement

SLR Systematic Literature Review

UK United Kingdom

XVi



Annexure

Annexure — 2.1
Annexure — 2.2
Annexure — 2.3
Annexure — 2.4
Annexure — 4.1
Annexure — 4.2
Annexure — 4.3
Annexure — 4.4
Annexure — 5.1

Annexure — 5.2

Annexure — 5.3
Annexure — 6.1
Annexure — 7

Annexure — 8

LIST OF ANNEXURES

Description

PRISMA Review on Lean Construction Maturity

PRISMA Review on Defining LCMMs
PRISMA Review on Defining CMMs
PRISMA Review on Attributes of CMMs
Interview Guide

Sample Code Book

Sample Quotation Book

Sample Answer Transcript

Key Assessing Components

Key Elements Relevant to Develop Descriptive
Statements

Descriptive Statement for Model Indicators
The Model User Guide

Publications

Sample Interviewee Consent Form

Xvii

Page
248
251
254
255
257
291
293
297
300

313
322
335
346
349



