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ABSTRACT

Unprecedented rate of growth of technology and modernization over last few
decades has resulted in an infrastructure boom in India. Majority of these
construction projects are carried out through contracts. Contract document plays a
dominant role in preventing and resolving disputes in the construction contracts
by providing complete coverage of all the items of work, duties and
responsibilities of the contracting parties, and conflict resolution mechanisms

related to all contingencies.

With the increasing size and complexity in nature of projects the conditions of the
contracts also tend to become more complicated, which in turn add to number of
disputes to already existing ones and further delay the settlement of disputes. The
delay in disputes apart from hampering project progress and damaging
relationship between parties of contract also contributes to the cost and time
overruns, ultimately affecting the national progress. This scenario demands for a
development of scientific methodology to help judiciary to check the number of

disputes.

A study of various court cases and arbitration awards related to variations in
construction contracts is carried out which highlights the various claims arising
out of the variations in a construction project. An attempt has been made to
integrate maximum information related to the disputes arising out of Variation

clause in Indian Construction Contracts.

Adjudication of disputes through the arbitration process, cases or a court involves,
detailed and through analysis of facts and evidences related to the case before
arriving at the final decision. The decision process of the arbitrator or judge is
influenced by various factors related to the case. These factors, called as “Intrinsic
factors” facilitate arbitrators in pronouncing the award. They are directly related to

the facts and vary from case to case. The research identifies sixteen such factors



through case study approach and seeking consensus of expert arbitrators for the

same through a questionnaire survey.

The research further developed a dispute resolution framework by employing
neural networks based on the Intrinsic Factors influencing decision making of
arbitrators related to 203 claims from seventy two awards arising due to variation
to predict the outcome of the dispute. The neural network model is developed
which has a prediction rate of 100% for ten test cases extracted from awards,
while for the Supreme Court cases it has a prediction rate of 75%. This model
aims at predicting solutions for the dispute resolution much faster than the
prevailing system of arbitration and litigation helping the professionals to

understand the results of the dispute claims.

It is also observed that in spite of the facts and related backgrounds being same in
several cases, the decisions vary. This indicates that there are some factors
extraneous to the facts of the cases influencing the decision of the adjudicator.
These “Extrinsic factors” could be the courtroom/arbitration venue condition;
situations; attributes and personality traits of the adjudicator. In view of this
background, this research study identifies and evaluates the impact of arbitrator’s
attributes and personality traits on adjudicator’s decision. A total of twelve
extrinsic factors were identified. The influence of these attributes on adjudicator’s
decision was measured through 54 personality trait questions and four sample
cases. The study revealed that arbitrator’s past experience in handling number of
cases; neuroticism; dominance; and fairness are the four significant factors that
influence the decision making of Arbitrators. Arbitrator appointing authority can
make use of these to check if the candidate arbitrator possesses these traits before
final appointment.

KEY wWORDS: Construction contracts; Construction Disputes; Dispute Resolution;
Arbitration; Variation claims; Intrinsic factors; Extrinsic factors; Personality

Traits; Neural Networks.



Chapter 1:

11

1.2
1.3
1.4
1.5
1.6

TABLE OF CONTENTS

CONTENTS

Acknowledgements
Abstract

Table of Contents
List of Figures

List of Tables

Abbreviations
INTRODUCTION

Introduction

1.1.1 Construction Industry

1.1.2 Construction Disputes and Dispute Resolution
Motivation for the study

Research objectives

Research scope

Research Methodology

Organization of the thesis

Chapter 2 : LITERATURE REVIEW

2.1
2.2

2.3

2.4

Introduction

Disputes in Construction industry

2.2.1 Role of contracts in disputes

2.2.2 Implications arising out of disputes

Dispute resolution mechanisms

2.3.1 Effectiveness of dispute resolution mechanisms
Scientific methodologies for dispute resolution

2.4.1 Decision Support System

2.4.2 Expert System

2.4.3 Atrtificial intelligence techniques

PAGE No.

Xi

Xiii

o OO O o W N - B

11
11
13
13
14
17
18
20
21
22



2.4.4 Artificial Neural Network 27
2.5 Factors Influencing the Decisions of the Arbitrators 28

2.6 Concluding remarks 31

Chapter 3: IDENTIFICATION OF INTRINSIC FACTORS

3.1 Introduction 33
3.2 Data collection 34
3.2.1 Data collection from arbitration awards 34
3.2.2 Data collection through questionnaire survey 35
3.3 Extraction of Intrinsic Factors influencing dispute resolution 35
decisions
3.3.1 Case Study Approach for initial list of Intrinsic 35
Factors
3.3.2 Analysis of the claims from awards 36
3.3.3 ldentification of Intrinsic Factors 39
3.3.4 Data Interpretation 39
3.3.5 Questionnaire Survey 51
3.3.6 Statistical Tests 53
3.3.6.1 Descriptive Statistics 54
3.3.6.2 Friedman Chi-square statistical test 59
3.4 Concluding remarks 61

Chapter 4: DEVELOPMENT OF NEURAL NETWORK FRAMEWORK FOR
PREDICTING THE OUTCOME OF CLAIMS

4.1 Introduction 63
4.2 Selection of appropriate tool 63
4.3 Neural Network Tools 64
4.4 Development of Neural Network Model 66
4.4.1 Data Collection 66
4.4.2 Defining Inputs/Outputs 66
4.4.3 Data Conversion 67
4.4.4 Data Processing using Neuro-solutions version 6.0 67
4.4.5 Selection of training parameters 70
4.5 Trial Runs for development of NN Model 72
4.6 Performance Metrics of Trial Runs 76

Vi



4.7 Results of Trial Runs 77

4.8 Observations 84
4.9 Validation 87
4.10 Concluding remarks 88

Chapter 5: EXTRINSIC FACTORS INFLUENCING DECISIONS OF
ARBITRATORS

5.1 Introduction 91

5.2  Extrinsic factors 91

5.2.1 Identification of Extrinsic Factors 91

5.2.2 Development of Personality Test 93

5.2.3 Formulation of Case Studies 94

5.2.4 Questionnaire Survey 95

5.2.5 Evaluating the impact of Extrinsic factors on Decision 95
Making

5.3 Statistical analysis for Arbitrators’ characteristics 97

5.3.1 Chi-square test of contingency 97

5.3.2 Pearson’s correlation 99

5.3.3 Multi Regression 100

5.4 Statistical analysis for Arbitrators’ personality traits 103

5.4.1 Chi-square test of contingency 103

5.4.2 Spearman correlation 104

5.4.3 Stepwise Regression 106

5.5 Concluding remarks 108

Chapter 6: SUMMARY AND CONCLUSIONS

6.1 Summary 111
6.2 Conclusions 113
6.3 Significant contributions of the study 115
6.4 Limitations of the study 116
6.5 Recommendations for future research 116
REFERENCES 117-128

vii



APPENDICES

Provisions of Variation clauses in standard Indian
Construction Contracts

Extracts of Variations claims and the relevant Intrinsic factors
Questionnaire

Working of Neuro Solutions

RESEARCH PUBLICATIONS

ABOUT THE RESEARCHER

viii

129

141
155
173

187

189



FIGURE
NoO.

1.1

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

3.10

4.1

4.2

5.1

LIST OF FIGURES

TITLE

Research Approach

Distribution of parties invloved in dispute

Distribution of the types of projects in disputes

Distribution of 821 claims in various categories

Distribution of outcome of 229 claims

Percentage wise distribution of the sample of Arbitrators and
their education

Percentage wise distribution of the sample of Arbitrators and
their experience

Percentage wise distribution of the sample of Arbitrators and
their associated sector

Sample Histogram for cause ‘changes due to designs’
Sample Histogram showing the distribution of responses for
the intrinsic factor ‘provision of express condition in the
contract for compensation of variation work’

Sample Histogram showing the distribution of responses for
the intrinsic factor - change in work / variation ordered by
owner

Result for combination- 2000 epochs, hidden layer 3, PE

2, MLP network, Tanh, Levenberg Marquardt
(HL3_PE2_2000)

Result for combination- 3000 epochs, hidden layer 3, PE 1,
MLP network, Tanh, Levenberg Marquardt (HL3_PE1_3000)
Methodology of Study for identification of Extrinsic factors

PAGE No.

37

37

38

38

52

52

53

55

57

57

87

87



TABLE
NoO.

2.1

3.1
3.2
3.3

3.4

3.5

3.6

3.7

3.8
3.9
3.10
3.11

3.12

4.1
4.2
4.3
4.4
4.5
4.6

LIST OF TABLES

TITLE

Evolution of scientific methodologies for resolution of
construction contract disputes

Details of Collection of Arbitration Awards

Background Causes for Variation Claims

Factors identified from the decisions taken by the arbitrators for
sample claims

Factors influencing the decisions of arbitrators related to
variation claims due to change in specifications

Factors influencing the decisions of arbitrators related to
variation claims due to change in quantity

Descriptive statistics for the causes of variation claims due to
change in specifications

Descriptive statistics for the causes of variation claims due to
change in quantity

Descriptive Statistics for the Sixteen Intrinsic Factors
Descriptive Statistics for the Seven Intrinsic Factors

Test Statistics for Friedman Test

Friedman Test rank table of factors influencing arbitral decision
making for variations due to change in specifications

Friedman Test rank table of factors influencing arbitral decision
making for variations due to change in quantity

Meaning of assigned values to input factors

Sample Data File for 10 cases

Details of the trial sets

Details of the trial runs of each trial set

Details of the 24 test runs of each of the trial set 1to 3

Details of the 24 test runs of each of the trial set 4 to 6

Xi

PAGE
No.

25

34
39
45

50

50

54

55

56
58
60
60

61

68
69
73
73
74
75



4.7

4.8

4.9
4.10
4.11
4.12
4.13
4.14

4.15

4.16
5.1

5.2

5.3

5.4

5.5
5.6
5.7
5.8
5.9
5.10
5.11
5.12
5.13
5.14
6.1

Results of Trial set 1

Results of Trial set 2

Results of Trial set 3

Results of Trial set 4

Results of Trial set 5

Results of Trial set 6

Comparison of the best options of Trial 1 to Trial 6

Effect of varying Hidden Layers for different epochs (1000,
2000, 3000) and Neural Models (MLP and GFF) and
Processing Elements = 4

Performance of MLP Neural Network with Hidden Layers = 3
for different epochs (1000, 2000, 3000) and by varying
Processing Elements (PE1; PE2; PE3; PE4)

Prediction rate of the final Neural Network Models

Brief Description of the personality traits considered for the
study

Allocation of questions to eight traits and minimum and
maximum score

Results of Descriptive Statistics of responses for Personality
Traits

Statistical tests conducted for evaluating the impact of

Extrinsic factors on Decision Making

Results of the Chi-square test of contingency

Results of Pearson Correlation Test

Model Summary for Multi Regression Analysis

ANOVA? for Multi Regression Analysis

Coefficients® for Multi Regression Analysis

Results of the Chi square Test of Contingency

Results of the Spearman Correlation

Model Summary for Stepwise Regression Analysis
Coefficients® for Stepwise Regression Analysis

ANOVA?® for Stepwise Regression Analysis

Intrinsic Factors influencing decision on claims

xii

78
79
80
81
82
83
84
85

86

88
92

94

96

97

99
100
102
102
103
104
105
107
107
108
113



LIST OF ABBREVIATIONS

ABBREVIATION FuLL FORM
ADR Alternative Dispute Resolution

Al Acrtificial Intelligence

AIR All India Reporter

ANN Artificial Neural Networks

ArbLR Arbitration Law Reporter

BDT Boosted Decision Trees

BOQ Bill of quantities

CBR Case Based Reasoning

CPWD Central Public Works Department
DSS Decision Support System

FIDIC International Federation of Consulting Engineers
GDP Gross Domestic Product

GFF General Feed Forward

IR Information Retrieval

KBES Knowledge-Based Expert System
MAP Multi-dimensional Assessment of Personality
MES Military Engineering Services

ML Machine Learning

MLP Multilayer Perceptron

NB Naive Bayes

NN Neural Networks

PART Projective Adaptive Resonance Theory
PSO Particle Swarm Optimization

PWD Public Works Department

SPSS Statistical package for social sciences
SVM Support Vector Machines

Xiii



	Smita Patil_PhD_Thesis.pdf
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	Smita Patil_PhD_Thesis.pdf
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	Smita Patil_PhD_Thesis.pdf
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	Smita Patil_PhD_Thesis.pdf
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	Smita Patil_PhD_Thesis.pdf
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	Smita Patil_PhD_Thesis.pdf
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15





