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ABSTRACT

Over the years, the faculty of Project management contributed excellent methodologies through a set of
constituted guidelines that are applicable for smooth execution of projects in every industry. They are
broadly based on initiating, planning, organizing, executing, and monitoring & controlling the process
groups as a single entity. The implementation of project management methodologies is carried out
through project management knowledge in specialized areas such as integration, scope, time, cost,
quality, human resource, communications and risk. Projects are governed by factors that have major
influence in directing the success or failures. Broadly cost, time & quality have been identified as key
important success factors for projects. However, the factors are also governed by the complexity of
projects and risk involved in project execution.

Over the decades the EPC contractors are trying to find solutions to cope up to the complexities colligated
with significant risks in project execution. Extensive research is done by every contractor with an
objective to integrate schedule and time management functions in an EPC project. Many scholars and
researchers used different methodologies such as utility theory, scheduling milestones, cost milestones,
performance index, cost accounting etc.

However, the focus has been primarily on the construction phase of the project and most often ignores the
fact that success delivery of a project is a synchronous and integrated effort of all the disciplines involved
in project execution.

This research is carried out to identify the critical success factors in EPC projects and establish the
essential factors requisite for efficient execution. In a quest to define a framework that essentially
facilitates identifying the critical success factors and their key influencing factors, a systematic
investigation of established facts were used. The journey in search of knowledge through previously
established researches and scholarly work culminated into the design and development of a framework
methodology congenial to the current research environment. Collaboration with the research unit
specialist groups and individuals helped to develop a survey questionnaire. The required data was
acquired from selected participants of the EPC contractor organization that is specialized in offering EPC
services in the oil & gas industry. The data was collected based on convenience statistical sampling
technique. Acquired data was analyzed through univariate, bivariate, multivariate statistical techniques
and identified the critical factors that require attention of the management of the organization under
research. The findings indicated concurrence of established project success factors i.e. scope, time and
cost with critical success factors identified and defined in the research. The results of analysis identified
factors that are significantly affecting the efficiency of multidiscipline integration and co-ordination.

The research established that an integrated control system is necessary to the management as a tool that
investigates and provides answers from the project stakeholders. Such a system provides the reflection of
the factors that are directly or indirectly impacting the cost, schedule and quality constraints of a project.
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1 Introduction

1.1 Background

For any owner or client involved in an oil and gas business, the objective is to extract the maximum
economic potential of his product. Experience has shown that this has been a challenge especially in large
and complex projects. An EPC contract has been and is being used as a solution by the oil and gas
companies to make the projects more efficient. EPC contracts follow the traditional bidding philosophies
and alliance strategies in the form of risk and compensation. The alliance is initiated with an objective to
share and promote the owner’s terms, agreements and objectives among the project participants.
However, with an objective to maximize the net present value of investments through increased
production of oil and gas, the owner’s lately shifted from long term projects to short-term alliance fast
track projects. Developments in technology, degradation of equipments and systems due to wear and tear,
increased health and safety standards, satellite technology and a need to maintain production levels are
some of the reasons that justify the trend.

On the flip side, for an EPC contractor, the alliance with the oil and gas company owner through an EPC
contract comes with an inherent challenge to mobilize, streamline and coordinate timely completion of
the scope. The challenge to execute the contract successfully requires the management of association
between the Engineering, Procurement and Construction Disciplines. Over the decades, the EPC
contractors have been working with work processes and procedures to cater to the competency
requirements of the market. Such a requirement is primarily governed by significant decrease in project
execution life cycle along with changes in technology. In addition to the aforesaid, with a significant
increase in client/customer power, it has become necessary for the contractor to map the dependencies
between the main phases of the project (planning, design, procurement, construction) and within the
project (across disciplines mechanical, process, piping structural etc). The solution to manage the project
discipline dependencies is to resolve the gaps in communication, division of responsibilities, and
information transfer through a process of integration and coordination.

The result is a comprehensive EPC management in the form of a concurrent engineering management
system, dedicating its efforts to investigate, visualize and optimize the work processes with a need to
create an environment for integrated activities and quality improvement.

1.2  Problem Description

Competition in the Oil and Gas industry has been fierce over the past decade with demanding clients
focusing strictly on the quality, schedule and cost. In a traditional sequential contract model, the owner
plays the important role of a project manager and exerts significant influence and intervention in the
project execution activities. It was not too long before the owners of the oil and gas companies have
realized that the traditional sequential engineering, procurement and construction process to execute a
project consumes more time, requires more costs and produces inferior quality of the final deliverable.
The introduction of EPC contract model has seen the owner taking the back seat with limited
responsibilities by transferring the risks associated with a project to the EPC contractor. Instead of
directly participating in the project execution activities, the owner limited his responsibilities to defining
the scope of the project, clarifying technical queries, handling variation orders and defining technical
standards.

The responsibility of the EPC contractor starts upon the award or signing of a contract and thereafter is
entitled to own the entire risk associated in project execution from the owner. For an EPC contractor, in
order to survive in the fast-changing and highly competitive market, the contractor organization must be
agile and respond quickly to the requirements of changing market. Shorter development cycle times, short
span of project execution activities and schedule predictability are the three basic indicators of
performance that lead to a successful project delivery. In recent years, with the use of EPC contract
model, the faculty of concurrent engineering management has found its extreme importance and influence
in project development and execution. Majority of the challenges that arise in executing a complex EPC
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project cannot be attributed simply to the technical complexities. The complexity is also associated with
the management of interactions between the different engineering and project disciplines that impose a
challenge on the project outcomes.

Concurrent engineering management is a philosophy adapted by the EPC contractors to simultaneously
involve all the participating stakeholders of project execution for a common objective of the project. But
the essence of concurrent engineering management system is appreciated and realized only if the
organization is capable of managing the complexities involved in the smooth transition of the sequential
project execution activities to a well-organized and synchronized project execution activities.

Traditionally the project triangle represents the major constraints of a project. To deliver the scope on
time (schedule), within the budget (cost) and with the right quality is considered a ‘Success’. In order to
find a solution for handling the project constraints most of the EPC contractors, especially executing
maintenance and modification contracts in Norwegian Continental Shelf, have an extensive and
cumbersome quality management system. Such a system consists of well written procedures with many
projects customized versions based on the experience and knowledge gained over a period of contracts
execution. The initiation of such a system is to help the disciplines to follow procedures and to advocate
towards the application of multidiscipline and concurrent engineering integrative approaches for solving
the pressing challenges of technical and managerial complexities.

Although there is a growing interest in multidiscipline and concurrent engineering integrative concepts,
there has been a lack of common understanding as to what these concepts mean and how they execute in
the real project environment.

The challenge to the EPC contractor is to periodically ensure and gauge whether the system is efficient
enough, whether the system accommodated the changes (socio-technically), whether the system is
implemented and whether the system is being functional. It therefore becomes necessary to the
management to analyze the multidiscipline integrative concepts and check if the expected outcomes of
integration is specified, implemented and followed.

The objective of such a system is to manage the project activities in such a way that the project scope is
delivered on time (schedule goal), within the budget (cost goal) and to the right specification/quality
(quality goal). Most of the contractors have a system or a model or a basis or a theory or a methodology
synonymous to the EPC concurrent engineering management system in the form of multi discipline
routines and procedures but the question to be asked is ‘Are They Efficient enough?’

1.3 Objectives

The primary objective is derived from the aforementioned problem definition. The objective of this
research is to propose a set of definitions, not as a fixed understanding of the integrative concepts, but as a
means of communication that will help specialized project disciplines to share experiences and
communicate on integrative concepts and methods.

The efficiency of integration of all the participating disciplines is studied with respect to their individual
work processes and their mapping with other disciplines. The measurement results are intentive to
provide the management as a justification to make decisions in areas that require focus and attention. The
efficiency of integration of all the participating disciplines is studied with respect to their individual work
processes and their mapping with other disciplines. In addition the aim is to exploit the production of
knowledge as a bi-product and give an opportunity to the management and each project discipline to have
a reflection on their deliverables and responsibilities necessary for the success of the project and therefore
the EPC contractor organization

1.3.1 Sub Objectives

To enhance the multidiscipline coordination’s activities the underlying ‘Types’ (issues associated with the
organization and managerial decisions which include recurrent error traps in the work place and the
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organizational processes that give rise to them) and ‘Tokens’ (issues resulting from the man-machine
interface and work environment, social facts and information processing factors) have to be focused on to
create an efficient EPC concurrent engineering management system. In doing so some of the socio-
technical factors were considered important and hence have been adapted in this research. The ultimate
goal for any EPC contractor is not only to tick off the project as ‘Success’ with respect to the three
constraints of the project execution but also to ensure that the project has a prefix ‘Efficient’. This is to be
envisaged by ensuring that the respective stakeholders of each discipline and the discipline itself as an
entity understands the ultimate goal of executing the project within the schedule, under the budget
without a compromise on quality requirement from the standards or the client.

The terms such as integration, multidiscipline (interdiscipline and intradiscipline), coordination,
participation, and collaboration are studied across various disciplines and checked to see if the
cooperation between the disciplines is crossing their respective boundaries to meet the common goal. The
sub objectives of this research are:

4 Study the EPC compensation models used in the industry

<4 Study the pros and cons of the EPC compensation models with respect to the owner and the
contractor

<4 Study the different incentive schemes applicable in the oil and gas industry

<4 Understand and define the concepts of multidiscipline integration in an EPC project execution
environment

<4 Understand and define the multidiscipline coordination mechanisms used in an EPC project
execution environment

<4 Identify and map the components of multidiscipline integration and coordination to the
components of project execution

4 Understand the importance of measuring multidiscipline integration and coordination

<4 Deduce or develop a mechanism or a methodology to measure the efficiency of multidiscipline
integration and coordination

<4 Identify and describe the characteristics of the critical factors that determine the EPC project
performance

< Identify and define the factors that can influence the EPC project performance

<4 Analyse the impact of factors on each other and their level of escalation on EPC project
performance

<4 Identify and analyze the dependencies that are influencing the project performance

1.4 Research Summary

The background, problem definition and the eventual objectives and sub-objectives of this research are
presented in chapter 1. The chapter also presents a summary of this report along with the limitations and
assumptions of this research. The EPC contractor researched is one of the leading suppliers of EPC
services in the oil and gas industry on the Norwegian continental shelf and the profile of the research unit
is described in chapter 2. Chapter 3 of the research defines EPC contract and the type of compensation
models used in the oil and gas industry. In addition the chapter provides an overview of the incentive
schemes that are generally negotiated between the owner and the EPC contractor. Chapter 4, Chapter 5
and Chapter 6 define the terms multidiscipline, integration and coordination respectively in an EPC
environment and their relationship is summarized in chapter 7. The description and justification for the
need to measure multidiscipline integration and coordination in an EPC contractor organization is
presented in chapter 7. In an effort to find a performance measurement model suitable to measure
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multidiscipline integration and coordination in an EPC contractor organization, the researcher in chapter
8 examines four performance measurement models (Measurement Linkage Model, Integrated
Performance Measurement System, Balanced Scorecard and Strategic Measurement Model). After
investigating the strengths and weaknesses of the four measurement models, the researcher is motivated
to design a model congenial for the current research and is described in chapter 9.

The research defined the significance and importance of seven critical success factors that can exert their
influence on the competency and objectives of the research unit. Based on the researcher’s construct of
the measurement model developed for this study, the critical success factors studied in this research are
‘Project Performance’, 'Front End Planning/Start-up Plan', 'Project Execution', ‘Best Practices’,
‘Information and Communications Technology’, ‘Project Organization’, ‘Knowledge Management’ and
‘Benchmarking’. The researcher designed a survey questionnaire for gathering the baseline data to
determine the performance of the projects executed or being executed at the research unit using eleven
dependent variables. The fourteen dependent variables measured are cost/schedule goals achieved based
on policies governing budget/schedule estimates, level of customer satisfaction with respect to meeting
the quality, schedule and cost goals, level of engineering performance with respect to productivity, quality
adherence and timely completion of the job, level of procurement performance with respect to
productivity, quality adherence and timely completion of the job, level of construction performance with
respect to productivity, quality adherence and timely completion of the job, amount of construction
rework due to inferior engineering quality, level of escalation contributed to project cost/schedule due to
inferior engineering quality, level of escalation contributed to project cost/schedule due to inferior
procurement quality, level of escalation contributed to project cost/schedule due to inferior construction
quality, construction rework due to a team or team member and amount of rework as a result of incorrect
or inferior quality of information from dependents. Fifty five key influencing factors taking the role of
independent or input variables are included in the survey questionnaire to predict their measured effect on
the project performance and at the same time evaluate the efficiency of critical success factors (see
chapter 9).

The target population is grouped into three main categories namely ‘Team Member’ (TM), ‘Team Leader’
(TL) and ‘Project Manager’ (PM). Three survey questionnaires are designed using one-to-one and one-to-
many brainstorming interviews and meetings with the specialist individuals of the research unit. The
questionnaire is used as an instrument to gather the responses from the employees of the research unit.
The questionnaires and the covering letter are included in the Appendix section of this research report.
The research sample population, research questionnaire, sample size and measurement scaling used in this
study are discussed in chapter 10.

The profile of the research sample population and project profile of the research unit is presented in
chapter 11. The questionnaire is designed for planned missing data and hence the researcher has
conditionally not defined certain questions to specific groups of the research population based on their
current roles and responsibilities held in the project organization. The research used the statistical
multiple imputation technique for handling the planned missing data using SPSS v20 application. The
descriptive and univariate statistics of the missing values is presented in chapter 13.

Out of the three available types of descriptive univariate statistics, the researcher used the measures of
central tendency and measures of variability to present the data gathered through the responses.
Cronbach-Alpha coefficient is used to check the reliability of the responses. For variables under each
critical success factor observed, the statistical univariate analysis results such as central tendency and
dispersion of the research variables are presented chapter 12 (for observed) and chapter 14 (for imputed)
using mean, median, range, variance and standard deviation.

Factor analysis and multiple regression analysis are the two multivariate analysis techniques used in this
research. Factor analysis is used to as a statistical dimension reduction technique to analyze the
interdependence among variables and the empirical results are presented in chapter 5. Multiple
regression analysis along with hypothesis testing is used to check if the dependence of one variable can be
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explained for its effect by other independent variables. The empirical results and discussion of
multivariate analysis are presented in chapter 16.

Statistical Bivariate analysis using Pearson’s correlation coefficient ‘r’ is used by the researcher to infer

the

possible relationship among the research variables (between dependent variables, between

independent variables and between independent and dependent variables) identified and observed and the
empirical results are presented chapter 17. Chapter 18 presents the conclusion and implication of this
research.

1.5
&

Research Limitations and Assumptions

The research is limited to one of the leading suppliers of EPC services in the oil and gas industry on
the Norwegian Continental Shelf (NCS) and does not include the neither the sub-contractors of the
EPC contractor’s organization nor the owner/client

The research included the responses gathered through the research instrument (questionnaire) from
five engineering disciplines namely mechanical, electrical and instrumentation, Piping and layout,
process and structural and assumed representing the horizontal component of project execution

The respondents have been asked to answer the research questionnaire grounding on the projects that
are ongoing and the projects that have been executed at the EPC contractor’s organization

The research population includes only the staff employees of the EPC contractor’s organization and
excludes the consultants and partnering company employees who are a part of the ongoing projects

A key assumption made in this study is that the project manager could serve as a representative for
the construction and procurement personnel. Hence, the project manager acted as a proxy for
responding to the questions relevant to the construction and procurement group personnel

Information and Communications technology group personnel are a not a part of the survey
population

Due to large research population size, statistical sampling technique has been used to reach the
objective of this research

The research used planned missing data questionnaire as a survey instrument and thereafter uses
statistical multiple imputation technique to populate the missing data

The complexity of the projects being executed is not a factor that has been taken into consideration
while analysing the responses

In analysing the responses gathered in this study, client’s participation and his influence in project
execution has not been considered

The researcher could not find any empirical investigation of the research topic within the
contractor’s organization or within the local market industry. Hence the findings and outcomes of
this research are limited to the EPC contractor organization under study but can conditionally extend
to other EPC contractors.

The research assumed that the gathered responses will be able to provide true information about the
organization and project performance through the survey questionnaire
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2  Research Environment

2.1 Research Unit

The EPC contractor researched is one of the leading suppliers of EPC services in the oil and gas industry
on the Norwegian continental shelf, with approximately 600 employees. The contractor specializes within
a broad market with missions varying from small and simple to large and complex. The contractor’s
diverse business specialization includes design and construction of modules, environment technological
projects, modification / repair of rigs, ships and platforms, subsea, land and construction of structures and
pipes. The value chain includes everything from concept development, design, fabrication and installation
for testing. The contractor organization is organized into five Engineering disciplines under the
engineering division along with procurement, construction and project management disciplines.

2.1.1 Engineering Division

The Engineering division is responsible for the design and detailed engineering services and is organized
into five engineering disciplines.

2.1.1.1 Structural and Outfitting

The department covers all engineering phases within structural, marine, architect, surface protection and
weight control. In addition, the department is also responsible for the engineering work related to all
building methods and sequences, handling, transport and lifting of small and large structures and modules
onshore, inshore and offshore.

2.1.1.2 Piping and Layout

The piping and layout department is responsible for the overall layout solutions within new build,
subsea and maintenance & modification contracts. The department is responsible for design and shop
engineering of all sorts of pipe systems and arrangements ranging from design of single spools to design
of complex process and utilities piping arrangements including stress analysis of piping systems and pipe
support design.

2.1.1.3 Process, Mechanical and Technical Safety

The department covers the Process, Mechanical and Technical Safety disciplines within the Engineering
and Procurement Division. The department is responsible for all aspects of the projects, such as studies,
feed engineering, detail engineering, fabrication, construction, testing, commissioning and follow-up of
projects.

2.1.1.4 EIT and Completion

The department covers the Electrical, Automation and Telecommunication disciplines and is also
responsible for the completion phase of all the projects. The department is responsible for design and
specification of all types of systems ranging from simple electrical systems to specification and
procurement of complex process and control systems.

2.1.1.5 Information Technology and Systems

Information Technology and Systems department has the overall responsibility for all information
systems, information technology and document control.

2.1.2 Procurement Division

The procurement department is overall responsible for the Order placement and Order execution process
for all bulk and equipment purchases, indirect materials and procurement of other services. The
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department is also responsible for the maintenance and co-ordination of existing and new long term frame
agreements and vendor relations.

2.1.3 Construction Division

The construction department is the core group of any EPC contractor and holds the responsibilities of the
pre-fabrication, testing, fabrication quality, construction methods, construction safety, fabrication,
installation at owner’s site and commissioning.

2.1.4 Project Management Division

In addition to the above, the contractor has a pool of project, engineering and completion managers with
long experience from technology development activities, concept studies, FEED's, execution of various
EPCI and FC contracts.

2.2 Research Population

The research population includes all the permanent staff employees of the EPC contractor from the
project management, engineering, procurement, and construction divisions. The project is organized in
the form of categorized teams according to their specialization, autonomy and contribution to the project.
The scope of the project specializations is split among the teams through the team leaders according to
their functions and responsibilities. According to the needs of the project the teams can be further split
into sub-teams. The major divisions of a typical project are represented using a project organization chart
as shown in figure 2.1.

PROJECT MANAGER

1 Bl

a
PROCUREMENT

MANAGER PLANNING MANAGER QA MANAGER

ENGINEERING
MANAGER

\§

| 2 R
N\ BULK MATERIALS
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) COMPLETION MANAGER
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_——
X\ EQUIPMENT HES MANAGER
—
PIPING | )
\ ) WELDING AND QC
7 N
.
- WAREHOUSE AND ~—
( \ LOGISTICS ——
PROCESS | )
\ ) PREFABRICATION
~_______
-
A S
A
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OFFSHORE MANAGER
-~
~
—
ELECTRICAL AND
INSTRUMENTATION |/
-~

Figure 2.1: Typical Project Execution Organisation Chart
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3 Engineering-Procurement-Construction (E-P-C) Contract

3.1 Introduction

Over the years, the oil and gas industry has utilized various contract models negotiated between the
contractor and the owner of a facility. However, in an effort to control and regulate the deliveries, lately
the owners are more trended towards the Engineering-Procurement-Construction (E-P-C) contract format.
Ever since the emergence of the contract model in Japan in 1980, the E-P-C contract model has been
favoured by many owners and has gradually found its reach and influence in the international engineering
contracts and awards (Chen 2009, cited in Liu, Han and Han 2010). The possibility to determine and
quantify the key constraints of a project such as the amount to be invested and the possible cycle time are
the main factors that contributed to the widespread adaptation of the model. Unlike in a traditional
contractual model, where the contractor comes into the project execution only during the construction
phase, the E-P-C contract makes the contractor responsible for all the project execution activities such as
detailed designing, procurement, and construction. The change has been primarily governed by factors
such as

<4 Shortening of the project life cycle time
<4 Inconsistencies between design and construction resulting in rework

< Higher risk at the owner’s end

The emergence of E-P-C contract has seen a well organized, communicated, optimized and integrated set
of project execution activities in the engineering, procurement and construction disciplines leading to
better quality, shortened duration, shared risk, optimized design, optimized purchasing and improve
constructability (Wei 2009, cited in Hongyong, Neng and Xia 2010).

With the absence of a formal and concise definition, the researcher constructed the definition for E-P-C
contract as: ‘An agreement that contemplates a single contractor to be responsible for the entire project
scope as agreed between the contactor and the owner, by construction and testing through designing the
installation and procuring all the necessary materials and equipment. The contractor carries the project
risk for budget along with schedule in return for a agreed compensation model using contractors own
labour or by sub contracting a part of scope to another firm. Depending upon the owner’s requirements, a
separate arrangement/agreement, even though not under the linguistic terms of the EPC contract can be
negotiated which allows the ‘contractor’ designated as a commercial operator of the facility’.

Owing to the advantages of involving the contractor, the E-P-C contract has been extended to other
alternatives such as E-P-C-I (engineering, procurement, construction and Installation) and E-P-C-I-C
(engineering, procurement, construction, Installation and Commissioning). The researchers construct
illustrating the definition of E-P-C contract is shown pictorially in figure 3.1.
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OWNER/CLIENT/
CUSTOMER
EPC CONTRACTOR
v v v v
SPECIALIST
SUB-CONTRACTOR VENDORS CONSULTANTS SERVICE PROVIDERS

Figure 3.1: E-P-C Contract Definition

3.2 Functions of an E-P-C contract

The functions of an E-P-C contract vary depending upon the economy, technique, resources, amount of
preparatory work, size and complexity of the project etc. However, an agreement negotiated between the
client and the contractor enwraps sometimes a few or most often all the typical and key functions as
shown in table 3.1.

Discipline Function

Design scope
Design basis and technical standards
Engineering Design document inspection and approval

Design responsibility

LR R

Compiling and submission of the completed documents and operation and
maintenance manual

Design control and design outcome document

General responsibility for procurement
Procurement o _
Monitoring and Scheduling procurement process
The assistance of the owners

Employer Supplied Items

. Regulations on construction
Construction
Regulations on construction quality

Regulations on construction schedule in EPC contract.

Regulations and provisions relating to HSE

Risk Sharing

Protect owner upon contractor’s failure from delivery

Contractor

S B S S - B
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4 Conditions for Performance incentives for Contractor

<% Payment plan or agreement from Company to Contractor

Table 3.1: Function of an E-P-C Contract

3.3 EPC Contract Structure

Several approaches are used by a client or customer to structure the contract that is bankable and ensures
the establishment of a single point accountability/responsibility. Such an approach is ruled by the client’s
risk averse characteristics following the significant risk and unfortunate incidents involved in recent
history of oil and gas industry. The contents or the structure of a typical EPC contract are summarized in
table 3.2.

EPC Contract Contents

Exhibit A - Scope of Work

Exhibit B - Schedule and Milestones

Exhibit C - Compensation and Pavment

Exhibit D - Health. Safety and Environment Requirements

Appendix D1 - HSE Policy

Appendix D2 - General HSE Requirements

Appendix D3 - Additional Offshore HSE Requirements

Appendix D4 - Offshore Working Time Standards. Duties and Guidelines

Appendix D5 - Substance Misuse Policy

Exhibit E - Specifications. Drawings and Technical Specifications

Exhibit F - Basis of Design

Exhibit G - Companv Provided Items

Exhibit H - Proiect Control and Administration

Exhibit I - Approved Subcontractors

Exhibit J - Procurement and Material Control

Exhibit K - Document Management and IT

Exhibit L - Kev Personnel

Exhibit M - Company Code of Business Ethics and Conduct

Exhibit N - Sample Variation Order Form

Exhibit O - Information Security Access Agreement

Table 3.2: EPC Contract Structure
(Source : ConocoPhillips Skandinavia AS Greater Ekofisk Area Development)

With low risk tolerance levels, the contract structure is determined by factors such as legalities,
regulations, compensation methodology, size of the project, type of project, environmental requirements,
risk sharing between the contractor and owner, lifetime of project execution, division of responsibilities,
interfaces, performance security, variations, insurance etc.
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3.4 EPC Contract Advantages and Disadvantages

The governing objective for the implementation of an EPC contract in today’s oil and gas industry is to
make the projects more time and cost efficient in order to maximize the Net Present Value (NPV) of the
investments. Despite the complexities involved in the EPC contract model, it has been adapted by the
owner’s and the EPC contractors in a format that maintains a balance of interest between both the parties.
Some of the advantages and disadvantages to both the parties are listed below

3.4.1

Contractor’s Advantages

Equipment Supplies along with On-site construction is solely owned by contractor and hence the owner is
not a part of the negotiations with the vendors or subcontractors

&

&
&
&

3.4.2

$ & & b G

&

Any cost savings in equipment or services are into the contractor’s account unless it is not agreed
upon in the contract agreement

Supplier selection is solely the responsibility of the contractor with no interference from the owner
Process warranties are negotiated solely between the contractor and the supplier
Ownership of the process with an opportunity for optimization enhances the likelihood of earning

more benefits than negotiated

Owner’s Advantages

Single point of contact for communication and coordination
Reduced Project duration

Reduced administration costs

Minimal staff is required to monitor the project progress and quality

Legal costs are reduced as the contractor is responsible for individual contracts with each of the
suppliers or vendors or sub contractors

Owner can concentrate on his core business interests
Long lead items are purchased by the owner even before the contract is awarded

Demarcation of obligations and responsibilities between the contractor and the owner

Contractor’s Disadvantages

The contractor bears the cost overruns or schedule overruns risks.
The day to day expenses are borne by the contractor within the scope of supply

Higher legal costs as the contractor is responsible for all the individual contracts with each of the
suppliers or vendors or sub contractors

All the complex dependencies are handled by the contractor

Owner’s Disadvantages

Owner misses an opportunity to shop around for multiple options from independent contractors or
suppliers due to contractor’s sole contact with the owner

Large Contractors makes the market segment vulnerable to capacity problems and insufficient
competition

High risk adverse behaviour, which results in high risk premiums being included in tender prices
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<4 Hedging against performance, possible cost overrun and potential loss can lead to high contractual
costs

<% High contract costs as the contract bears most of the risk (Project Management Institute, 1996)
(McNair, Delkousis and Marsh, 2004).

3.5 EPC Compensation Models

One of the challenges of an EPC contract is to decide upon the type of compensation method or financial
terms agreeable to both the owner as well as the contractor. Attributing to the differences in the nature of
work among the three major departments (Engineering, Procurement and Construction), four different
compensation models are used in today’s market in order to satisfy and maintain the interest of both the
owner and the contractor. According to Construction Industry Institute (1986), the choice of the
compensation model depends on the following factors.

4 The accuracy, definition and extent of work to be executed
The risk appetite of the owner and the contractor
The extent of owner availability, participation and influence on the execution of the project scope

Short-term alliance and reduced project execution life time

& & & @

Conditions and trends in the market place

3.5.1 Cost Reimbursable or Cost Plus or Target Sum Model

The Cost Reimbursable pricing model is characterized by target cost agreed upon by the owner and the
contractor. The compensation model allows any adjustments to the financials terms with respect to project
execution costs. The target cost comprises of two components:

<4 Cost of contingency, cost (direct or indirect) and profit to produce the deliverable as per the
contractual terms

4 Fixed or variable fee

If the contractor executes the project scope as agreed upon and within the target cost, the contractor is
compensated with a fixed/variable fee in addition to the direct and indirect cost expended on the project.
However, if the project consumes more than the target cost, only the direct and indirect costs are
reimbursed to the contractor.

3.5.2 Unit rate or Unit Price Model

Unit rate method is characterized by the inaccuracy of determining the project activities. In other words
the unit rate method is adapted when the project activities cannot be quantified. In this model, the
contractor is paid on the basis of a preset price agreed with the owner for each unit of activity completed.
In other words, the contractor is paid a fixed actual price in accordance to actual units of EPC services
offered. As a result the owner has to consume the risk of increased variations in project activities or a
quantity built but comes with an advantage of making changes to the volumes of work entailing more
control.

3.5.3 Lump Sum Fixed Price Model

The fixed price compensation model consists of financial terms that require the contractor to ‘establish a
stipulated sum for the completion or execution of a defined quantity of work’ (Construction Industry
Institute, 1986). The pricing method is based upon a specific cost agreed upon by the contractor and the
owner when signing the contract. The contractor has to bear all the cost overruns if any and owing to the
high risk involved, the contractor generally exaggerates the contract price. Even though, the contract
comes with an advantage of well defined scope and ensures that the project is executed in the lowest
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possible price, the owner has to bear the risk of inferior quality and ignores the opportunity for adapting a
new technology by the contractor.

3.5.4 Lump Sum Price/Reimbursable Model

The Lump Sum Turn Key pricing or simply referred to as Turn Key model finds its application if the
scope, duration and nature of work can be defined accurately. In this model, the contractor is
compensated with a fixed price as agreed upon with the owner to perform a defined scope. The scope
will/may include engineering services, the procurement of materials and construction services as agreed.
Any cost overruns whether direct or indirect has to be borne by the contractor (Galloway, 2009)
(Agnitsch, Cooke and Solberg, 2001).

3.6 Selection of a Compensation Model

Construction Industry Institute (1986), points out the following characteristics governing compensation
model or contracting strategy between the owner and the contractor.

<4 Risk allocation is primarily directed towards the contractor in fixed price contracts
<4 Risk allocation primarily directed towards the owner in cost reimbursable contracts
More administrative time is required from the in cost reimbursable contracts
Environment is less adversarial in cost plus contracts

Documentation and scope definition effort is more critical in fixed price contracts

Fixed price contracts provide less incentive for high quality work

& & & & b

Cost plus contracts provide more flexibility to change in design or scope

4 Cost reimbursable contracts minimize the schedule while fixed price contracts minimize costs

Figure 3.2 outlines how the elements of control exercise their impact for the various pricing models
discussed in section 3.5

Types Basis Control Project Level Level
of for needed definition of of
contract payment| bysponsor | required | contractor's | contractor’s
or purchaser risk motivation
exposure
Fixed price Achieve- Least Highest Highest Highest
(Lump sum/turnkey) it
Unit quantities at A
specified rates
Target price
Reimbursable
plus fee
Simple reimbursable i ,IL’
Cost plus Time &
(Cost-time-resource) in‘éﬁ?ﬁéd Highest Least Least Least

Figure 3.2: Level of Impact of Elements of Control on the Compensation/Pricing Models

(Source: http://www.ogfj.com/articles/2011/09/staffing-strategies-for-large-projects-must.html)
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3.7 Compensation Model Alignment

Table 3.3 shows how the above pricing or compensation models defined in section 3.5 are aligned to the
three major components of Engineering, Procurement and Construction project. The format is based upon
the learning experiences of both the contractor and the owner over a period of time with both parties
aligning and adjusting to each other’s commercial interest (Salvesen, 2011).

DISCIPLINE SERVICE COMPENSATION METHOD
Project Management and Facilities Lump Sum
o Project Office and IT infrastructure Unit Price
Preliminaries : _
Miscellaneous Services to the Contractor Cost Reimbursable
Engineering Engineering Discipline Personnel Hourly Rates
Tagged Equipment and Materials procured
Cost Reimbursable
Procurement under the frame agreements
Procurement Discipline Personnel Hourly Rates
Bulk Materials Unit Prices
Prefabrication Modules Unit Prices
Construction

Offshore Work

Unit Prices or Hourly Rates

Table 3.3: Compensation Model Alignment in an EPC Contract

3.8 Risk Distribution

(Source-Statoil procurement presentation, 2010)

Figure 3.3 represents the distribution of risk in the form of commercial exposure between the contractor
and the owner for the governing departments mapped against the compensation models.
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Risk Q N R
WBS Quantities Norm_! _ Rate
productivity

Preliminaries

Engineering

Equipment

Materials (measured)

Construction

Commissioning

- 80/20+ risk sharing Company's risk

Figure 3.3: Distribution of commercial exposure Vs Compensation Models

(Source: Contractual Incentives in EPC Contracts — Salvesen, 2011)

3.9 Overview of Incentive Schemes to the Contractor

Apart from the compensation model agreed between the contractor and the owner, the owner may include
additional component of payment subject to the contractor’s compliance to the conditions (performance
milestones) in the contract. The owner introduces the incentive schemes to

<4 Encourage the contractor for early completion of the project and thereby reduce cost
Improve owner’s return on investments

Reduce defensive documentation

Encourage contractor to focus on the quality of deliverables

Encourage the project team to exceed the owner’s business objectives

Establish long term relationships

SR

Increase contractor control (Howard and Bell, 1998)

3.9.1 Bonus-Penalty Milestones or Incentive-Disincentive Milestones Scheme

The bonus and penalty milestones incentive scheme is used by the owner to reward or to penalise the
contractor against milestones agreed or negotiated during the signing of the contract. The bonus
milestones are generally offered by the owner when the project is completed ahead of schedule or when a
performance benchmark in quality of project deliverables has been meet in accordance to the safety
obligations of the owners. The incentive can be extended to the contractors in case of any innovations that
lead to the project cost under runs or owner’s advantage. On the contrary the penalty incentive is used by
the owner to penalize the contractor for not obligating to the contractual obligations or performance
milestones. The performance milestones are generally with respect to schedule or quality (Bubshait,
2003)
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3.9.2 Engineering Target Hour’s Incentive Scheme

The scheme finds its application in encouraging the contractor to use less number of hours than the target
hours agreed upon during the signing of the contract. The target hours are an estimate as agreed upon
with the owner and is recommended by the contractor based on his experience. The contractor receives an
obligatory lump sum irrespective of the number of hours used in engineering and has an opportunity to
bank all the unused target hours. However, if the contractor exceeds the target hours, the owner
compensates the contractor at a reduced unit rate.

3.9.3 Weight Incentive

The essence of weight of the tangible deliverables on a project bears utmost importance especially in
offshore platforms. Optimization in weight or use of weight control methods is the responsibility of the
contractor. The optimization effort from the contractor translates into an advantage to the owner by
allowing the owner to introduce new upgrades or technologies. The contract is incentivized weight wise
to allow the contractor to try new and robust EPC solutions than compared to the traditional solutions. In
this scheme the contractor is compensated in the form of a reward for each reduced tonnage of
installation.

3.9.4 Quality Incentive

Quality, one of the key success factors of project execution activities, is roped into the incentive circle so
that the owner can monitor and have a better control over the deliverable from the contractor. The scheme
rewards the contractor upon meeting a predetermined quality benchmarks in engineering, procurement
and construction. However, the performance indicators vary for each component of the three services
offered in an EPC project and a few are summarized in table 3.4.

Department/Discipline Performance benchmark

Design revision/re-work

Independence from dependent disciplines
Engineering Design reviews
Change orders

IFC Drawings

Quality and reliability of the purchased goods
Procurement Cost of goods

Maintenance cost of the purchased goods

Rework

LR R B R &

Construction Shutdown duration

&

Independence from dependent disciplines

Table 3.4: Performance Benchmark’s for EPC Project Components

3.9.5 Project Control Incentive

The contract between the contractor and the owner is preliminarily based on estimates in terms of cost,
scope, contingencies and schedule. The estimates are used as basis for budgeting, project planning, and
schedule control with the actual expended during the process of project execution. To increase the
contractor’s involvement in monitoring the estimates and to enable him to anticipate the resources
required during the execution cycle, the owner can introduce a reward for project control. In other words,
this is a reward to the contractor for satisfying the obligations or meeting the key performance indicators

Page 24 of 243




At the Crossroads:
Multidiscipline Integration and Coordination in an EPC Contract: A Resurgence of Challenges and Strategic Improvement Opportunities

decided upon in the contract. The schedule performance index and cost performance index allows the
contractor to find the difference between the estimates and the actual, thereby unfolding an opportunity to
enhance the intrinsic execution process of a project.
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4  What is Multidiscipline in an EPC Environment?

4.1 Introduction

One of the advantages of an EPC contract to the owner is the simultaneous execution of Engineering,
Procurement and Construction activities by the contractor to accomplish the common goal defined in the
contract. ‘Multi’ is a prefix added to the various disciplines involved in the project execution with and
within the expertise of their domain. The disciplines involvement in the project is characterized by their
participation in creating a tangible or non-tangible value generating information and at the same time act
as participants to exchange information/knowledge to whom they owe the deliverable. The disciplines do
not cross the virtual boundaries of well defined knowledge or expertise and focus on adhering to their part
of project responsibilities.

4.2  Multidisciplinary Teamwork

Before understanding the definition of Multidisciplinary Teamwork, it is important to know definition of
the term ‘team’. Cohen and Bailey (1997, p.241), in their journal article of management ‘What makes
teams work: Group effectiveness research from the shop floor to the executive suite’ defined team as ‘A
team is a collection of individuals who are interdependent in their task, who share responsibilities for
outcomes, who see themselves and who are seen by others as an intact social entity embedded in one or
more larger social systems (for example, business unit of the corporation), and who manage their
relationship across boundaries’.

Teams is the way the organizations/projects group logically in the name of structure to enhance output,
improve quality, reduce cost and enable better decisions. There are many types of team in an organization
like top management teams, cross functional teams, self managed/independent work execution teams.

Going by the term Multidisciplinary Teamwork, the definition can be derived as ‘teams and members of
different disciplines working towards a common goal by obliging to their responsibilities/tasks’ for the
following reasons as provides by Handy (1981, pp.155-156):

<4 For the distribution of work: To bring together a set of skills, talents, responsibilities, and allocate
to them their particular duties

<4 For the management and control of work: To allow work to be organized and controlled by
appropriate individuals with responsibility for a certain range of work

< For problem-solving and decision-taking: To bring together a set of skills, talents and
responsibilities so that the solution to any problem will have all available capacities applied to it.

< For information processing: To pass on decisions or information to those who need to know.

&

For information and idea collection: To gather ideas, information or suggestions

&

For testing and ratifying decisions: To test the validity of a decision taken outside the group, or to
ratify such a decision

<4 For co-ordination and liaison: To co-ordinate problems and tasks between functions or divisions

<4 For increased commitment and involvement: To allow and encourage individuals to get involved
in the plans and activities of the organization.

<4 For negotiation or conflict resolution: To resolve a dispute or argument between levels, divisions
or functions.

< For inquest or inquiry into the past
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4.3  Multidiscipline Teams in an EPC Environment

Owing to the complex nature of EPC projects, a typical project requires the involvement and overlapping
of various disciplines to provide the project deliverables such as drawings, bill of materials, equipment etc
at different stages of the project. The whole set of project activities with defined objectives are
fragmented among various disciplines and departments and a few are summarized in table 4.1. The
sequence of execution for the three components of an EPC project is illustrated pictorially in figure 4.1
for engineering, figure 4.2 for procurement and figure 4.3 for construction.

Discipline/Department

Service Specialization

Engineering Services

4 & ¢ &

&

Define Scope of Work
Identify and Verify Technical Requirements
Detail Design

Process Engineering (Process Flow Diagrams, Process and
Instrumentation Diagrams, Hazardous area classification, Piping and
Valve Specifications, Instrument Index, Line List, Valve List etc.)

Mechanical Engineering (Equipment data sheets, Vendor
coordination, Equipment drawings, Nozzle Specification etc.)

Piping and Layout Engineering (3D Model, Equipment GA and
layout Drawings, Pipe support drawings, Plot plan, Isometric
Drawings, Stress analysis report, Stress Isometrics, Preliminary, Bulk
and final MTO, As built Model, Drawings and Documents etc.)

Structural/Civil Engineering (Civil and structural Design
Calculations, Drawings, 3D Model, Fabrication Drawings, GA
Drawing, MTO etc.)

Instrumentation and Controls Engineering (Instrument Index, Loop
diagram and control schematics, Interconnection and control
schematic, Logic diagrams, Technical Data sheets etc.)

Electrical Engineering (Equipment Specifications, MTO, Electrical
Power layout, Cable Schedules, Cable Tray and Heat Tracing
Layouts, Logic Diagrams etc.)

Technical Safety (HSE schedule and plan, safety system interfaces,
TQ’s to client etc.)

Shop and Follow-On Engineering

As-Built Documentation

Procurement Services

LA R

Procurement Plan

Supplier Scouting/Enquiries
Technical Clarifications
Purchasing

Supplier Negotiation
Expediting

Inspection Services
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Logistics

Method Input to Design

Fabrication

Piling, Foundation, Pipe Rack works
Pre-commissioning

_ ] Preparation and mobilization for Installation
Construction Services ) _ ) )
Installation and Functional check of Mechanical Equipment
Tie-in with existing pipes

Hydro-Test

¢ & v & b b & v b ¢

Calibration

&

Mechanical Completion

Table 4.1: EPC Component Specializations

Define Scope Of Tdentify & verify . . Shop & Follow-on As-Built
- technical Detail Design . . .
Work . Engineering Documentation
requirements

Figure 4.1:Typical Service Sequence of Engineering

Project start-up Enguries Clarifications Expediting .Dehver_\' &
Final account
Figure 4.2:Typical Service Sequence of Procurement
I
) Method input Prep. & mobilize Mechanical
Project start-up Installation N
to design for msrallarlon Completion

Figure 4.3: Typical Service Sequence of Construction
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5 Whatis Integration?

5.1 Introduction

For any owner involved in an EPC contract, the objective is to extract the maximum economic potential.
However experience has shown that this has been a challenge especially in large/complex projects and
short-term alliance fast track projects. Today’s EPC contracts follow the traditional bidding philosophies
and alliance strategies in the form of risk and compensation sharing terms/agreements to promote owner
objectives among the project participants (Lunde, Sirevaag and Tjaland, 1995). For the contractor, the
contract comes with an inherent challenge to mobilize, streamline and coordinate timely completion of
the scope and manage the orderliness of the Engineering, Procurement and Construction Disciplines. EPC
contractors have been working with work processes and procedures over decades catering to the needs
and the competency requirements of the market due to significant changes in terms of project duration
and changes in technology. Not to mention the increase in client/customer power has been one of the
drivers that ensure whether or not the relationships of the disciplines involved are optimally and
sufficiently overlapped. From the contractor’s point of view it is therefore important to map the
dependencies between the main phases of the project (planning, design, procurement, construction) and
within the project (across disciplines mechanical, process, piping structural etc) and resolve the gaps in
communication, division of responsibilities and information transfer through a process of Integration and
Coordination. But the question is, ‘What is Integration?’

<4 TIs it an exchange of data between the Information Technology tools?
<4 Is it the means of communication between the project stakeholders?

4 Is it the structure of the Organization that enables decision making?

Wagnalls (1973) defines integration as ‘the bringing or fitting together of parts into a whole. ‘Integrity is
‘the condition or quality of being unimpaired or sound’, and ‘The state of being complete or undivided’
Integral is defined as ‘being an indispensable part of a whole; essential; constituent,” and ‘formed of parts
that together constitute a Unity’.

While Fischer et al. (1993) theory defines integration as means to accomplish success by broadcasting a
complete new design version to all design participants for each design change, according to Khedro,
Genesereth and Teicholz (1993), integration is ‘A means of managing the information consistency as it is
passed between applications by means of a central facilitator’. Teicholz and Fischer, (1994), view
integration as ‘a competitive strategy and force for change in the engineering and construction industry’.

The above definitions summarizes integration as a competency tool to enhance speed, accuracy,
consistency and utility of shared informed in its use by successive project participants in the form of an
‘intelligent automation’ through information technology tools or system models. Even though the
definitions above provide a knowledge of how and what information flows between the project
participants, more specifically during the conceptual phase of the project, it still leave with an unanswered
question ‘How to defined integration in a not so technologically intensive basis of data/information
sharing?’

The definition provided by Fischer (1989) for design-construction integration as ‘the continuous
interdisciplinary sharing of data and knowledge between design and construction’, introduces the
concepts of sharing between functions, between disciplines, and through time. The definition identifies
the internal characteristics of integration such as what/which knowledge, information or data is being
shared. Owing to the characteristics of EPC work process, an extended definition of Fischer has been
adapted in this research to address not only the integration with respect to the typical life cycle functions
of the EPC project, but also to describe the mechanism of sharing (Multidiscipline Coordination).
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5.2 Components of Integration

The components of integration (see figure 5.1) can be derived from the definition of integration with
respect to the flow or exchange of data and information depending on their functionality as:

<4 Between Functions in the form of vertical Integration (Inter-functional)

<4 Between disciplines in the form of Horizontal Integration (Inter-Disciplinary)

4 Through time in the form of Longitudinal Integration (Within project and project-to-project)
4 Organisational Human ware in the form of human interaction mechanisms

4 Technical in the form of hardware and software (Fergusson, 1993)
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Figure 5.1: Vertical, Horizontal and Longitudinal Components of Integration
(Source: Fergusson, 1993, p.23)

5.3 Vertical Integration

The definition of vertical integration is often associated to economics and management and describes the
organization’s control or ownership of more than one function in the execution of project/projects. The
functions in an EPC environment are tendering, project start-up, HES, Quality, Planning, Contract,
Engineering, Procurement, Construction, Installation, and Completion. The functions are instantiated as
participants in the form of individuals or teams for a project. The vertically integrated structure is a single
legal entity which is responsible to perform one or all of these functions internally by exercising control
through ownership. Some of the key characteristics of vertical integration stated by Thomas (1992 cited
in Fergusson, 1993) are

4 Sequential progression from function to function as the project progresses from the time of
conception to operation

4 Sequential timing providing linear thinking modes of operating a project and thus helps focusing
on the project execution
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<4 Partnering of functions enabling a common stake in the success of the project especially in large
and complex projects

<4 Analyzing the integration of various functional knowledge and their dependency

5.4 Horizontal Integration

Unlike vertical integration, the horizontal integration is characterized by having no precedence in the
ordering of the engineering disciplines. The horizontal integration is applicable to the engineering
services especially in detail engineering by architecture, structural, mechanical, process and piping
disciplines. Davis, Ledbetter and Burati (1989), define the horizontal type of organization as integration
‘in which two or more similar concerns are combined to perform the same functions in the same stage of
distribution or production’. There is high degree of information flow and dependency between the
participating disciplines in the project execution. This type of integration dwells in the exchange of
information between applications, accessing or sharing information from a common repository,
generating new information like cost estimates using existing information and experience.

5.5 Longitudinal Integration

In a longitudinal integration model, the flow of information is spread across two major time horizons: one
within the project time horizon and the other from project-to-project time horizon. In a project time
horizon, the flow of information is within the project from the initiation to the hand-over of the
deliverable. In a project-to-project time horizon, the flow/exchange of data/information is from the
previous projects or concurrent projects or future projects. The longitudinal integration is characterized by
three different areas of organizational literature as organizational learning, cycle times and quality
management. Longitudinal integration is a means of reducing the cycle time and enhancing the efficiency
of project execution by retaining the lessons learned based in a knowledge reservoir from previous and
current projects. The more the EPC contractor focuses on refining the work processes iteratively, the
faster and smoother is the execution of the flow of knowledge and information.
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6 What is Coordination?

6.1 Introduction

The EPC sector has been reinventing over the years with the implementation and use of technologies
aimed at bringing down the costs of transacting between any two elements, two individuals or two
applications. Owing to the high dependencies between people and technologies, the medium of
transacting has become a key success factor to the organizations to exchange or communicate information
beyond their physical boundaries. With goals to focus on innovation in one hand and to maintain focus on
interdisciplinary transaction on the other hand, it makes necessary for an organization to accommodate or
experiment with the new technologies to transport intellectual information. Going by the intuitive
meaning, coordination can be simply understood as a means of transacting. But when we rope in the
fundamentals of organizational theory and various disciplines involved (both horizontally and vertically
in the project) and their inter/intra dependencies, the definition provided by Mintzberg (1983) ‘as a direct
consequence of the necessity to divide the labour in an organization into various tasks’ can be the best
adapted.

6.2 Organisational Human Ware Coordination

All activities that involve more than one actor require (1) some way of dividing activities among the
different actors and (2) some way of managing the interdependencies between the different activities
(March and Simon, 1958; Lawrence and Lorsch, 1967). Table 6.1 and figure 6. Iexplains the five vehicles
proposed by Mintzberg (1983) that drive the human ware coordination to manage the flow of knowledge
and information between the vertical, horizontal and longitudinal integration levels.

Mechanism

Properties/Characteristics

Mutual adjustment by
informal

communication

Information exchange is basically among the members of a team and
organisation oriented towards each other’s goals and dependencies through

scheduled meetings agreed upon mutually

Direct supervision

Coordination through physical presence governing the activities/processing

steps to be executed by the subordinates or assigning tasks

Standardisation of

work processes

Coordination managed by standard work processes or common practices to

avoid complexities and conflicts

Standardisation of the

output

Coordination through drawings or reports etc adhering to the quality and

standard practices

Standardisation of

skills

Coordination through competencies and certifications

Implicit Coordination

Implicit coordination is the anticipation of the actions and needs of team
members and task demands, and dynamic adjusting of their own behaviour
accordingly, without prior plan of activity or communicating with each other

(Cannon-Bowers et al. 1993).

Table 6.1: Vehicles of Humanware Coordination between Vertical, Horizontal and Longitudinal

levels of Integration
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Figure 6.1: Humanware Coordinating Mechanisms

(Source: Fergusson, 1993, p.37)

6.3 Technical Coordination

The definition of Organizational Human Ware Coordination is limited to the flow and exchange of
information between the people and teams (disciplines) in the organization/project. With the advent of
new information and communication technology tools, a new means of coordinating opportunities have
evolved in the form of technical coordination. Technical coordination for information and knowledge
flow is governed by the use of hardware and software tools as shown in figure 6.2. These tools can be 3D
CAD models, 2D Drawings, document control systems, e-mail, telephone, reports etc. These tools serve
as a means to coordinate but in no way guarantee the amount or quality of information and knowledge
that flows. The properties or results of the coordination can be non-determinant due to the operator or
human reliability which in turn is affected by his/her capabilities, psychological and cultural
characteristics of the operator and the overall system’s design.
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Figure 6.2: Technical Means of Coordination
(Source: Fergusson, 1993, p.39)
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7  Measurement of Integration and Coordination

7.1 Framework of Integration and Coordination

Based on the definition of EPC contract and its stratified execution pattern, the three dimensions of
integration namely Vertical, Horizontal and Longitudinal and the two dimensions of coordination
mechanism namely technical and organizational coordination can be summarized in a framework as
shown in figure 7.1. The framework is strictly based on the operational structure, limiting the flow of
information end long with respect to time. The operational structure in a horizontal functional flow of
information is parallel with respect to time and thus performs simultaneously.
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Figure 7.1: Framework of Integration and Coordination

(Source: Fergusson, 1993, p.42)

7.2  Why to Measure Integration?

Due to the complexities in EPC project execution colligated with the significant risks associated to both
the contractor and the owner, it is important to understand and measure the various overlaps represented
in the form of ‘Interdependence’. Interdependence is the relationship between two or more units that are
mutually and exclusively affecting each other or being affected. Today’s organizations resort to
sophisticated and complex technologies in order to provide the goods and services necessary to the client.
There is an element of risk associated with the contractor due to extensive interdependence, tight coupling
and unpredictability between the partially autonomous and interactive structural levels like infrastructure,
socio-structure, functions, disciplines and superstructure.

Interdependence can lead to complexities to a degree to which it cannot be foreseen and the multiple
interactions can hinder project success and sometimes lead to accidents. This is primarily because of
many interdependent and shared systems that require integration and coordination, along with continuous
monitoring of the interdependent systems. The accidents can be attributed to the impracticality or failure
of implementing various tasks of modelling socio-technical and operational interdependencies.
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With the development and expansion of organizations, the number of communication and technological
links increase marking ways to make interactions more complex. Interactive complexity consists of two
dimensions.

< High interactive complexity refers to processes of ‘unfamiliar, unplanned and unexpected
sequences, and either not visible or immediately comprehensible’.

<4 Low interactive complexity refers to ‘expected and familiar production or maintenance sequences,
and those that are quite visible even if unplanned’.

Tight coupling refers to the amount of slack or buffer that exists between system components and ranges
from high to low. High tight coupling implies that there is picayune slack or buffer within the system with
no possibility to delay processing, while low tight coupling refers to excess slack, buffers or time. The
greater the degree of complexity of interdependence and coupling, the greater is the likelihood an
accident is waiting to happen (Perrow, 1984). Although the work of Perrow (1984) is associated with high
risk organizations, the definitions of interdependence, high/low interactive complexity, tight coupling,
buffer and slack have been adapted in this research to emphasize the significance of measurement of
integration required to achieve project and organization success. The term high risk organization has been
associated to both the contractor as well as the owner because any under designed quality or inferior
grades of material installed can lead to accidents to the personnel in operations environment of a plant
facility. For an EPC contractor the risk factor is even higher as it is his responsibility to ensure site safety
upon delivering the scope of work and is solely responsible for the general insurance liability and
compensation in case of an accident.
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8 What is Performance Measurement?

8.1 Introduction

The success mantra of today’s businesses or contractor’s is to clearly define goals, establish directions to
achieve the goals and take decisions as necessary to be competitive and profitable. In order to achieve the
aforementioned, it is necessary for the organization monitor their current state of core competence and
their behaviour in the business area of interest while sprinting in the direction of achieving the goals.
With increasing number of concurrent projects being executed, it is difficult for an organization to gauge
the current state of organizational capabilities/deficiencies and therefore cannot control its behaviour all
alone. Therefore it becomes imperative that the management and the decision makers in an organization
acquire tools or programs to monitor and report the ongoing accomplishments and challenges while
moving towards the defined and pre-established goals.

The United States General Accounting Office (2005) provides a comprehensive definition of performance
measurement: ‘Performance measurement is the ongoing monitoring and reporting of program
accomplishments, particularly progress towards pre-established goals. It is typically conducted by
program or agency management. Performance measures may address the type or level of program
activities conducted (process), the direct products and services delivered by a program (outputs), and/or
the results of those products and services (outcomes). A program may be any activity, project, function,
or policy that has an identifiable purpose or set of objectives’.

The program can be any activity, project, function, or policy that has an identifiable purpose or a set of
objectives. The upshot of the entire program is defined as Performance Measurement. The program
works on the output results and the outcomes obtained from program permit evaluation and comparison
vis-a-vis goals, standards, historical results and other organizations. The reporting part of the program
refers to numerical information that quantifies input, output, throughputs, impact and performance
dimensions of processes, products, services, and the overall organization (outcomes).

Inputs is defined as all the required stimuli necessary to accomplish a certain task/activity or execute a
project in the form of initiating the requirement of man power, machinery/information technology tools,
materials etc. In an EPC project these inputs comprise of start up plan, identification and formation of
teams, delivery schedules, scope of work, expectations from stakeholders etc.

Outputs in simple terms are defined as the quantified amount of work performed or number of activities
completed or a measure of delivered services. Outputs measure the success of the individuals, disciplines,
management, projects and therefore become the basis of existence for an organization.

Both Inputs and Outputs are mutually dependent on each other and measure the efficiency of a project.
The more closer or optimum the relationship, the more is the successes the organization can achieve.
Examples of outputs are 2D drawings to construction, bill of materials to procurement, 3D model to the
client etc.

Throughputs are defined as the means or catalysts that should be a part of the organization to inclose the
gaps between the inputs and outputs. The effectiveness of the catalysts or means determine the efficiency
and effectiveness of the organizations operations. Example of throughputs are work processes, quality
practices etc.

Outcomes are associated with the organization’s goal and evaluates whether or not the organization is
pursuing its goal in the short-term or long-term. Examples of outcomes are innovation, unique
competency, increased market share, stakeholders satisfaction etc.

Impact is defined positive or negative changes that come into existence as a result of organizations new
goals (short-term or long term) or implementation of new strategies. One of the examples is the affect of
adapting 3D applications over 2D on the projects (United States General Accounting Office, 2005).
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8.2 Why Performance Measurement?

Performance measures came into existence to help the businesses to proctor the current capabilities and
find out whether they are moving in the right direction as defined by the business goals and objectives.
These measures serve the management to gauge the progress in alignment with the vision of the
stakeholders (projects, employees, clients etc). Administering management with performance measures is
a kind of a strategy that essentially meets the needs of the stakeholders through different independent and
dependent processes but aligned to meet the business goal.

The performance measurement helps businesses in periodically setting business goals and then providing
feedback to managers on progress towards those established goals. The measurement helps on how to
analyze and evaluate a range of information to manage resources and make decisions about the future
direction of the organization strategically. It is often that the results presented by the program or the
agency are massive and majority of it may or may not be of direct relevance to the managers. In order to
distribute the information or the results in a way that can be easily interpreted or more relevant to the
management once need a control system. When the results of the program or the agency are available or
being measured, the firm can define an alert or alarming system on the performance measurement output
parameters to diagnose the problem and take an action to find a solution. These alerts help the
organization or the businesses to have control over the progress made and target the areas of concern or
areas on insufficient success. These alerts will help the management to initiate the decision making
process strategically. The systems that facilitate these alerts are defined as the Control Systems (Neely,
Adams and Kennerley, 2005).

The Performance-Based Management Handbook (2001) from Performance-Based Management Special
Interest Group, enlists the following reasons as to what performance measures can do

4 Allows the organisation to know their current status of competency
<4 Provides a means to know if the organisation goals are meet

4 Provides the means of effectuation as to whether the customers are satisfied with the services or
not

< Entails whether the operational processes are in statistical control or not

&

Implies as to whether improvements need to be initiated and if yes where those improvements
need to be initiated

4 According to Procurement Executives Association Office of Procurement and Assistance
Management, US Department of Energy (Procurement Executives Association, 1999),
performance measurement system must be an integral part of an organisation’s business processes
as

&

They measure the progress made by the organisation in achieving the goals and objectives.

&

They measure and indicate the required resources, helping the business process executives to
determine the required appropriation level.

They help to prioritise the goals for the organisation to focus on efforts need to achieve them.
They present the negative variances of performance targets that need to be addressed.

The results from the measures can be used to estimate and quantify the budget allocation
They help to effectively and efficiently monitor the business operations.

They provide an opportunity to focus on the future plan of action.

& b v & b G

They establish cause and effect relationships between the organisation, efforts, performance and
costs.
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8.3 Performance Measurement Framework

Many researchers have proposed motleyed performance measurement frameworks like Integrated
Performance Measurement System by Performance-Based Management Special Interest Group (2001),
Balanced Scorecard by Kaplan and Norton (1992), Measurement Linkage Model by Chang and DeYoung
(1995), Strategic Measurement Model by Mark Graham (1999) etc. The following literature provides the
features of all the four models investigated as part of this research.

8.3.1 Measurement Linkage Model (MLM)

Measurement Linkage Model was designed by Chang and DeYoung (1995) to enable a
discipline/department/division in an organization to develop a performance measurement framework of
their own through Key Result Areas (KSA) and Key Indicators (KI).

Key Result Area is defined as a ‘critical, ‘must achieve’, ‘make-or-break’ performance category for an
organization’ (Chang and DeYoung, 1995, p.17).

Key Indicator or KI is defined as ‘a metric by which an organization can evaluate achievement toward its
KRAs’ (Chang and DeYoung, 1995, p.18).

The conceptual framework proposed by Chang and DeYoung (1995) for a disciplined approach to
performance measurement consists of eight steps:

Step 1: Develop Organization-Wide KRA’s, KI's and Performance Targets
Step 2: Select Organization-Wide KRA’s and KI’s linked to Your Work Group
Step 3: Develop Work Group KRA’s

Step 4: Develop Work Group KI's

Step 5: Determine Data Collection, Tracking, and Feedback Methods

Step 6: Gather Baseline Data and Set Performance Targets

Step 7: Establish Work Group Objectives and Tactics

Step 8: Implement Plans, Monitor Performance, and Provide Feedback

The feedback as a result of implemented plans or strategy from step-8 is used to re-orient objectives of
the work groups, paving way for continuous improvement.

8.3.2 Integrated Performance Measurement System

The Integrated Performance Measurement System designed by Performance-Based Management Special
Interest Group in their book Performance-Based Management Handbook (2001) integrates the
relationship between the stakeholders or participants in an activity by measuring their performance
against what is expected of them and what they are responsible for. Integrated Performance Measurement
System consists of nine critical components as described in fable 8.1.

Critical .
What is done?
Component
<% Performance measures are linked to strategic plans that are necessary for the
Strategic Plan organisations to remain successful over longer periods of time.
<% Performance measures to be monitored are defined and are mapped against
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the group or individuals who own it

Key Business <4 Identify the key business processes that impact the strategic plans
Processes
<% Identify the stakeholders who are directly or indirectly related to the
Stakeholders outcomes of an organisation. The stakeholders should include people who
provide output to their dependents or the people who they receive input from.
Senior <% Senior management is involved to promote performance measurement
Management initiatives by delegating responsibilities, by leading by example, by establish
good communication processes and by seeking feedback
Balanced Set of <4 Identify different categories of data required
Measures ¢ Categories are balanced taking into consideration the expectations and needs
of respective groups
Critical Few <4 All the data that is not necessary or can distract management is filtered out
retaining only few critical measures that logically state organisation success
Accountability <4 The managers and the team members are educated about the responsibility
and accountability of the performance measures
Vertical <% Implement the performance measurement system at each level of the
Integration organisation matrix and ensure that the measures are aligned to the strategic
plans
Horizontal <4 Ensure that the work boundaries are not hindering the implementation of
Integration performance measures
<4 Ensure that focus on the client is maintained continuously

Table 8.1: Components of Integrated Performance Measurement System

8.3.3 Balanced Scorecard

In 1992, Robert Kaplan and David Norton introduced balanced scorecard concept as a means of
collecting the measures and enable managers to use the measures to strategize and implement plans.
Figure 8.1 illustrates the balanced scorecard from four perspectives.
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Figure 8.1: Four Perspectives of Balanced Scorecard

(Source: Performance- Based Management Handbook, 2001, p.20)

Each perspective is linked to the other through a cause and effect relationship. The framework focuses
upon the results of measures within the process and simultaneously takes into consideration the factors
that are affecting them externally. Due to interdependence of each process any significant negative impact
on one function on the other as a result of desired outputs is avoided. The Balanced Scorecard model
primarily focuses on the financial perspective as a starting point by developing strategic plans from the
eyes of shareholders or market and then defines the necessary financial objectives. The financial
objectives motivates the other three perspectives: to see from the eyes of a client or customer, review the
business processes to focus on areas of weaknesses or concern and search for opportunities or areas to
improvise operational performance(Performance- Based Management Handbook, 2001).

8.3.4 Strategic Measurement Model

Mark Brown, in 1996, introduced the strategic measurement model that focuses only on the measures that
an organization views as critical. According to Brown (1999), the strategic measurement model is a six
step process as described in the table 8.2.

Measurement Phase What is done?

Preparing Guiding

Documents <4 Establish organisations mission and vision for the future

Situation Analysis . . .
y <% Identify organisations strengths and weaknesses relative to the
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market competitors

<% Anticipate the trends that could potentially impact or hinder
organization’s mission and vision from achieving

Key Success Factors <% Identify and define the key success factors that separate the
organisation from its peers or competitors

<4 Identify and categorise measurement categories into short-term and

long—term measures

M Perf . - . .
acro Feriormance <4 Ensure that the work group have identified all the possible metrics

Measures for each category and are linked directly to the key success factors

&

Filter down all the measures to a critical few so that they can be
easily managed and successful to operate

<4 Identify the data collection method for the measurement.
Measurement Plan <4 Specify the frequency of data collection
<% For each measure map the responsibility or ownership
<% Identify and map the links to the key success factor for each metric
Data Collection <4 Identify the means of data collection (through an external agency or
Instruments and Procedures through a procedure)

Table 8.2: Six-Step Strategic Measurement Model

8.3.5 Summary of Framework Models

Based on the four models surveyed, it can be interpreted that all the models have a similar outline and
sequence. The similarities in the performance measurement framework models discussed and examined
are henceforth summarized in five steps.

Performance Measurement

Framework Model Objective

<4 Develop and Select Organisation Wide Key Research

Measurement Linkage Model (MLM) Areas, Performance Targets

Integrated Performance Measurement &

Critical Component - Strategic Plan
System

<4 Primarily focuses on the financial perspective as a starting
point by developing strategic plans from the eyes of
shareholders or market and then defines the necessary
financial objectives

Balanced Scorecard

Strategic Measurement Model % Preparing Guiding Documents

Table 8.3: Objective Vs Performance Measurement Framework Model
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Performance Measurement Kev Processes

Framework Model y
Measurement Linkage Model 4 Develop and Select Organisation Wide key research areas

(MLM) linked to the work group
Integrated Performance <4 Key Business Processes: Identify the key business processes
Measurement System that impact the strategic plans
Balanced Scorecard <% Internal Business Process/ Customer Perspective

Strategic Measurement Model % Key Success Factors

Table 8.4: Key Processes Vs Performance Measurement Framework Model

Performance Measurement

Framework Model Stakeholders

Measurement Linkage Model (MLM) <% Develop and Select organisation wide work groups

Integrated Performance Measurement 4 Critical Component - Stakeholders

System
Balanced Scorecard <4 Internal Business Process/ Customer Perspective
Strategic Measurement Model ¢ Macro Performance Measures / Measurement Plan

Table 8.5: Stakeholders Vs Performance Measurement Framework Model

Performance Measurement

Framework Model Metrics

4 Develop Organization-Wide Key Indicators

<4 Select Organization Key Indicators linked to Your Work
Measurement Linkage Model (MLM)

Group
4 Develop Work Group Key Indicators
Integrated Performance Measurement < Critical Component - Balanced Set of Measures
System <4 Critical Component - Critical Few
Balanced Scorecard <% Internal Business Process/ Customer Perspective
<% Macro Performance Measures

Strategic Measurement Model

Table 8.6: Metrics Vs Performance Measurement Framework Model
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Performance Measurement Implementation
Framework Model P
<4 Determine Data Collection, Tracking, and Feedback
Measurement Linkage Model (MLM) Methods
<4 Gather Baseline Data and Set Performance Targets
4 Accountability
Integrated Performance Measurement 4 Vertical Integration
System
<4 Horizontal Integration
Balanced Scorecard < Internal Business Process/ Customer Perspective
4 Measurement Plan
Strategic Measurement Model <4 Data Collection Instruments and Procedures

Table 8.7: Implementation Vs Performance Measurement Framework Model

8.3.6 Strengths and Weaknesses of Performance Measurement Framework Models

Most of the companies use versatile strategies and techniques at different levels of an organization to
fortify their competence in the fields of continuous improvement, planning, information technology,
organizational culture, innovation, employee empowerment etc. In the frameworks examined, the focus of
the customer has been explicitly defined for the analysis and improvement of organization performance
but none of the frameworks describe a methodology to define balanced measures suitable for the dynamic
EPC project. Table 8.8 illustrates the strengths and weaknesses of the frameworks surveyed.

Performance
Measurement
Strengths Weaknesses
Framework
Model
Not driven by financial results or
Integrates organisation objectives focus on customer
with operational performance Relationship among the measures
measures is not defined
Focus on the most important imisati
Measurement . p Can promote local optimisation
drivers that leads to success of an of business processes leading to
Linkage Model organisation an imbalance of parallels
(MLM) Includes all the responsible Does not take the scope and
stakeholder groups trends into consideration
Focuses on mapping the Do not explicitly define the cause
relationships between and effect relationship which
stakeholders could cause to modify the
structure upon deployment
Integrated Integrates organisation objectives Do not exphc@y def'me th'e cause
Performance with operational performance and effect relationship which
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Measurement measures could cause to modify the
System Explicitly Includes all the structure upon deployment
responsible horizontal and vertical No methodology to define the
stakeholder groups relationships
Does Not explicitly integrate the
concept of continuous
improvement
Do not take the scope and trends
into consideration
Too much focus on customer and
financials results
Integrates all the key performance Designed for top management to
measures (strategic, operational, gather information about their
financial and continuous performance and hence is not
improvement ) widely accepted at operational
Emphasises focus on the level
relationships, links and strategy Not applicable to complex
Balanced maps organisations that look beyond
Widely accepted framework the four perspectives
Scorecard
Do not take the scope and trends
into consideration
Does not explicitly identify and
define the relationships between
Takes trends and future market P
. . ) the performance measure
Strateg] scenario’s into consideration
rategic . . Does not explicitly integrate the
M t Comprehensively includes all the P . v ImeE
casuremen ) ) , concept of continuous
Model stakeholders into consideration

Focuses on the key drivers
necessary to achieve the objective

improvement

Can promote local optimisation
of business processes leading to
an imbalance of parallels

Table 8.8: Strengths and Weaknesses of Performance Measurement Framework Models
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9 METRICS DEVELOPMENT

9.1 Introduction

According to Neely, Adams and Kennerley (2005), the responsibility of a good performance
measurement system is to present all the required information or data to the management or business in
such a way that the data can be intelligibly interpreted and can lead to taking accurate decisions.
Measures developed through brainstorming exercises can motivate people to consider all the possibilities.
However, such an effort can lead long stacks of measures. Success of the measurement model relies on
the integration so that performance measures can be effective agents to enable a change or implement an
improvement policy (Performance- Based Management Handbook, 2001).

9.2 Researcher’s Measurement Model

The first and foremost stride in developing and deploying a good performance measurement system is to
design the performance measures. The primary objective of the design stage is to firstly understand what
parameters needs to be measured or monitored and secondly define a procedure or a process as to how the
required parameters would be measured. The motive in the design stage is to address the challenge of
taking decisions on what to measure and how to measure. It is certain that one can get any information or
data the performance measurement system is measuring but the prima facie oppugn are whether right
behaviours or characteristics are measured or not. It is often that businesses tend to pick the behaviours
that are easy to measure instead of finding out what is important to measure. This will lead to
inappropriate data and hence leads to incorrect decisions (Neely, Adams and Kennerley, 2005).

When a performance measurement model is to be developed or adapted, a comprehensive survey of the
models in use can provoke, motivate and stimulate new thoughts on what is required to be measured. In
order to develop one’s own (customized) performance measurement framework for the first time, it is
important that the thoughts are organized and a common vocabulary is adapted.

Because none of the frameworks studied and examined in chapter 8 exactly fit into the needs of the
organization/research unit, the ideas and approaches from the models surveyed have been used to develop
a framework suited to the current organizational environment (DOE 1996). Another motivation to
develop an adapted approach is that none of the frameworks discussed in this research do not define the
external environment or the scope of project that is affecting the performance of the organization. The
EPC contracts vary both in complexity, degree of client’s participation, type of contract etc and hence
have to be taken into consideration to develop a framework suited to all the factors affecting the project
success. Owing to the non-availability of extensive research or literature specific to the EPC industry
meeting the kind of portfolio of projects being handled, the researcher derived a conceptual 12 step
performance measurement framework model and is presented using a flow chart in figure 9.1.

1. Define Scope

2. Define Critical Success Factors that will ensure successful competitive performance of the
organization by observation, literature review and interviewing the key personnel in the research
unit

3. Identifying the focus groups (project management group, planning work group, team leads etc.)
for each critical success factors

4. Discuss the manifestation of the content with the focus groups informally and through weekly
meetings

5. Develop metrics and gather baseline data that best gauges the status of the Critical Success Factors
of the research unit based on discussion in step-4.

6. Discuss and evaluate the factors that are influencing or affecting the critical success factors (key
influencing factors) with the focus groups
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7. ldentify the research work groups who are accountable for the factors influencing the critical
success factors

8. Identify the research work groups who are getting affected (dependent work groups)

9. Develop metrics to measure key influencing factors that determine the performance of critical
success factors identified in step-2

10. Identify work groups for the implementation of metrics
11. Gather responses (data collection)

12. Analyze data and interpret
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OVERALL OBJECTIVE \
(EFFICIENCY OF EPC CONCURRENT
ENGINEERING MANAGEMENT SYSTEM)

[

DEFINE SCOPE
DEFINE CRITICAL SUCCESS FACTORS
IDENTIFY BASELINE DATA THAT DEVELOP METRICS TO MEASURE BASELINE
DETERMINES THE PERFORMANCE OF | DATA THAT DETERMINES THE PERFORMANCE
CRITICAL SUCCESS FACTORS k OF CRITICAL SUCCESS FACTORS

!

IDENTIFY RESPONSIBLE
WORK GROUPS

IDENTIFY DEPENDENT
WORK GROUPS
AFFECTING CRITICAL
UCCESS FACTOR

NO

A 4

DISTRIBUTE
METRICS

YES

IDENTIFY KEY INFLUENCING FACTORS
OF DEPENDENT WORK GROUPS

]

DEVELOP METRICS TO MEASURE
INFLUENCING FACTORS THAT DETERMINE
THE PERFORMANCE OF DEPENDENT WORK

DATA COMPILATION

GROUPS
I DATA ANALYSIS AND
INTERPRETATION
IDENTIFY RESPONSIBLE WORK
GROUPS

Figure 9.1: Reasearcher’s Measurement Model

9.3 Defining Scope

Before proceeding to the actual measurement of integration and coordination, it is important to define the
scope. The scope in this research defines the context and a boundary within which the measurement is
applicable to and is defined by the characteristics of the business the organization is into. The scope
outlines the type of projects the organization has handled or is intending to venture in the future and their
characteristics such as:
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Average budget of the projects
Owner’s participation in the project

Type of project (Maintenance projects/Modification projects/Green Field projects etc)

& b & &

Complexity of the project (with respect to unproven technology or inexperience in the project
scope of execution)

&

Types of Contracts Usually Negotiated (Cost Reimbursable or Cost Plus, Unit rate or Unit Price,
Fixed Price, Lump Sum Price)

4 Types of Delivery Methods (Engineering Services, EPC Services, EPCIC Services, Construction
Management etc)

4 Types Of incentive Schemes Usually Negotiated (Target Hours Incentive, Quality Incentive,
Weight Incentive etc)

9.4 Critical Success Factors

The concept of critical success factors was first introduced by John F. Rockart and the MIT Sloan School
of Management in 1979 to empower senior executives to define their information needs for the purpose of
managing their organizations (Rockart, 1979). Daniel had discussed the problem of inadequate
management information system for setting up objectives, shaping strategies, making decisions, and
measuring results against goals. Supplementing to the ideas on ‘success factors’ introduced by D. Ronald
Daniel in 1961, Rockart (1979) proposed the critical success factors concept to help organizations and top
management to identify their own needs for information about issues that were critical to the
organization, so that systems could be developed to meet those needs and demands. Critical success
factors are ‘the limited number of areas in which results, if they are satisfactory, will ensure successful
competitive performance for the organization’ (Rockart 1979, p. 85). Rockart further defines the critical
success factors as cardinal identifiable areas where favourable results are absolutely necessary if
management goals are to be reached. Another way of adverting critical success factors is key success
factors although the later is more used in strategic planning. According to Grunert and Ellegard (1993),
the term has been used in basically four different ways:

4 As a (necessary) ingredient in a management information system
<4 As a unique characteristic of a company (core competency of the organisation)
4 As a heuristic tool for managers to sharpen their thinking

<4 As a description of the major skills and resources required to have a successful performance in a
given market

Although the work of Rockart does not specifically talk about the ways in which the critical success
factors can be enforced, he did note that they can be used or extended to other practical purposes. In either
case, the CSF’s or KSF’s provide a means to the management to define the metrics necessary to
understand the current position of the firm’s performance based on objectified characteristics and focus
on the skills and resources that have to be implemented. The definition provided by Rockart, emphasizes
to focus on only on the internal factors governing the objectives and does not take into consideration the
external environment. But according to Leidecker and Bruno (1984), CSF are ‘those characteristics,
conditions or variables that, when properly sustained, maintained, or managed, can have a significant
impact on the success of a firm competing in particular industry’. The work of Leidecker and Bruno
extends the application of critical success factors beyond the boundaries of the organization to enhance
organization’s competency in the market when competing with peers. The definition by Pinto and Slevin
(1987) ‘factors which, if addressed, [would] significantly improve project implementation chances’
provides an opportunity to perform gap analysis at an operational level.
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9.4.1 Project Performance

The performance of a project is governed by three goals to deliver the scope on time (Schedule Goal),
within the budget (Cost Goal) and to the right specification/quality (Quality Goal). Even though the
quality goal is attributed to the project execution and delivery phase, it has been linked to the project
performance as the quality of policies governing the cost and schedules have significant affect. The goals
to be achieved are dependent on the organization policies with respect to the budget estimates, cost
estimates and quality procedures. An important bi-product that is harvested as a result of meeting the
goals is to win client’s goodwill and meliorate future potential opportunities.

In an EPC contract, the planning and budgeting discipline develop a cost breakdown structure (CBS) that
include all the elements or activities or processes contributing to the project budget. The CBS is
superimposed on the work breakdown structure of the project that delivers services to produce a tangible
or intangible product. Progress evaluated by schedule and cost of the project is monitored by the
developments in activities that produce tangible products like 2D isometric drawings, Structural
drawings, specifications, documents, reports etc. The efficiency of planning and control depends on how
well the whole project scope is organised into manageable modules or areas or building blocks or
systems. The success of CBS depends on WBS as the later takes not only into account the activities that
produce a tangible deliverable but also the supporting services that enable them to do so. The WBS
extends from horizontal disciplines to vertical disciplines in the form of work packages through bill of
materials for purchase by procurement and sufficient documentation necessary for the yard or
construction site to fabricate/install.

The project schedule on an EPC project is supervised using the engineering milestones (milestones to
deliver engineering drawings, bill of materials etc) and through the work package completion by the
procurement and construction discipline. Due to the dependency of work packages, the procurement and
construction disciplines govern the need dates for engineering.

The success of delivering the project on time depends upon the colligated synchronization of engineering
disciplines (horizontally with respect to time) and their timely transfer of work packages to procurement
and construction. Another success factor for good project schedule control is the integration and
balancing of all the participating disciplines and their associated activities through logical network trails.
The recorded baseline metrics for the critical success factor project performance is presented in table 9.1.

I I?ey Access What? Responsible Work Research Population
ndicator Groups
<4 Planning Work
Group <% Project Manager
& Actual Cost Vs <4 Project <4 Project Discipline
Project cost Estimated Cost Management Leaders
<4 Project/ <4 Engineering
Engineering Discipline Leaders
Disciplines
<4 Planning Work
Group <% Project Manager
Project 4 Actual Schedule Vs ¢ i;:i:emem ¢ igj:;smsmphne
schedule Estimated Schedule
<4 Project/ <4 Engineering
Engineering Discipline Leaders
Disciplines
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Client 4 Cus'tomer Satisfaction Project 4 Project Manager
satisfaction Rating Management
<4 Project Manager
<% Planning Work
) ] Group
¢ Project Complexity Vs Contractor or . o
Scope Contractors Competency Organisation @ Project Discipline
Leaders
4 Engineering
Discipline Leaders
Planning Work
Group
_ 4 Incentive Schemes Project
Incentive banked or not banked by Management 4 Project Manager
schemes .
the project Project/
Engineering
Disciplines

Table 9.1 Metrics for Project Performance

9.4.2 Front End Planning/ Start-Up Plan

Construction Industry Institute (2006), defines the Front End Planning (FEP) as ‘the process of

developing sufficient strategic information with which owners can address risk and decide to commit
resources to maximize the chance for a successful project’ (p. 1). Front end planning reduces the risk
associated with the two critical factors: project execution cost and schedule overrun. With an effective
front end planning, the project cost can scale down by 20% (Construction Industry Institute, 1995). Figure
9.2 demonstrates the influence of front end planning on the project expenditure (Construction Industry
Institute, 1997). The front end planning is also referred to as conceptual engineering or feasibility
analysis, pre-project planning etc. According to Griffith and Gibson (2001), front end planning takes a
holistic view of the participation of all stakeholders in the vertical, horizontal and longitudinal hierarchal
levels of the project execution.
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Figure 9.2: Influence of Front End Planning on Project Expenditure

(Source: Construction Industry Institute, 1997)

the contract has been awarded, the project moves into a very brief phase of the lifecycle of the

project called project start-up. The start up plan is an important intermediate activity between the phase of
contract award and phase of project execution. A few important activities during this phase are

&
&

& & & b

SR S

&

To define the project objective, scope/parameters and statement of work (SOW)

To identify the potential sources of risk and take proactive actions to mitigate or establish
contingency plans

To develop the work breakdown structure

To establish a project organization structure

To develop a baseline plan for schedule and milestones
To establish activity network

To identify ,mobilize and commit the required resources in the form of people and technology into
the project

To establish the milestones to be tracked and the desired format to gather the information
To establish change management methodology

To establish Risk Management methodology

To defining the roles and responsibilities of the project team

To define tools and standards to be used in the project

Most of the EPC contractors typically use start up checklists to keep track of start up activities prior to the
execution and it is the responsibility of the project manager to ensure that all the required and concerned

items

are marked off. The recorded baseline and key influencing factor metrics for the critical success

factor Front End Planning/start-up plan is presented in table 9.2.
I?ey Access What? LT SO WD Research Population
Indicator Groups
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<4 Project Manager
<4 Planning Work
Group
<% Organisation .
Organisation policies/procedures that govern Contractor @ PDr_OJéCt‘
policy the budget/schedule estimates /Organisation iscipline
for project/discipline activities Leaders
<4 Engineering
Discipline
Leaders
Contractor <4 Project Manager
/Organisation <% Planning Work
Planning Work Group
Competency of the teams/team Group % Project
Competency members who formulate the Project Discipline
start-up plan Management Leaders
Project/ <4 Engineering
Engineering Discipline
Disciplines Leaders
Contractor or
o Organisation <% Project Manager
Encouragement the individual Planning Work 4 Project
or dependent discipline work Group Discipli
Team , iscipline
groups receive from the )
/ inc'li\'/idu.al organisation or project for Project Leaders
participation participation in the formulation Management ¢ Engineering
of a start-up plan Project/ Discipline
Engineering Leaders
Disciplines
Contractor or
Organisation 4 Project Manager
Start-up plans alignment for Planning Work <% Project
the projects executed or being Group Discipline
Best practices executed Project Leaders
Cost/Schedule goals achieved Management < Engineering
based on current best practices Project/ Discipline
Engineering Leaders
Disciplines

Table 9.2: Metrics for Front End Planning/Start-Up Plan
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9.4.3 Project Execution

During the project execution phase of an EPC contract, the focus shifts from what was said, negotiated,
agreed upon during the award of contract and planning to actions like monitoring, participating,
controlling, updating and analyzing. The main functions of the project manager and his team are

<4 To continuously monitor the project activities and keep track on the deviation of actual
performance to planned baseline performance

<4 To optimize trade-off’s
4 To track engineering milestones with an eye on procurement and construction start dates

<4 To monitor the change management process to accommodate changes to scope, specifications,
technical queries

&

To communicate the project status with the all the team members through meeting or emails
4 To review completed activities

<4 To identify the potential sources of risk and take proactive actions to mitigate risk and hence
establish contingency plans

<4 To continuously monitor time and quality

4 To continuously update the budget and variances in cost and schedule during the life cycle of the
project

4 To add/remove/reallocate resources

Figure 9.3 illustrates the integration of functions and tasks during the project execution phase

Functions and Tasks Integration

............. Updated Cost
Incurred
EY Budget|—* BOM Commihhents Reports
Forecasts
Schedule Bidders
RFQs Changes
Evaluate B
Approve Tssc RO Receive — Process Invoices
PP Contracts Billing Cert.
Recommend Pay Invoices
Expedite
& QA

Updated
¥ Schedules

Figure 9.3: Functions and Tasks during Project Execution
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(Source: http://www.ontrackengineering.com/)

The magnitude of tracking, measuring and controlling of the project activities depends on the complexity
and the scale of project and therefore the success of project execution depends on the ability of the project
manager to foresee challenges in advance than compensating monetarily to conform when they arise. The
recorded baseline and key influencing factor metrics for the critical success factor project execution is

presented in fable 9.3.

Key Indicator Access What? Responsible Work Groups | Research Population
Engineering <4 Actual Engineering <4 Engineering <4 Project Manager
cost Cost Vs Estimated Disciplines (Process, 4 Planning Work
Engineering Cost Piping, Structural Group
etc)
<4 Planning Work
Group
<4 Project Management
<4 Engineering
Actual Engineering Disciplines ¢ Project Manager
Engineering Schedule Vs Estimated < Planning Work 4 Planning Work
schedule . .
Engineering Schedule Group Group
<% Project Management
<4 Planning Work
éctuilf PrE()cPremznt Group
ost Vs Estimate ) .
Procurement Procurement Cost <4 Project Management <4 Project Manager
cost and <4 Procurement <4 Planning Work
schedule Actual Procurement Discipline Grou
Schedule Vs Estimated ' P ' P
Procurement Schedule ¢ Engineering
Disciplines
‘ <4 Planning Work
éctuill CEons‘tructlccl)n Group
ost Vs Estimate ) )
Construction Construction Cost <% Project Management <% Project Manager
cost and ) 4 Procurement <4 Planning Work
schedule Actual Construction Discipline Grou
Schedule Vs Estimated ' P _ P
Construction Schedule % Engineering
Disciplines
<% Project Discipline
Mobilisati " Leaders
t tart
Start up ODIASAHON OF start tp <4 Project Management 4 Engineering
resources resources
Discipline
Leaders
Engineering Integration Between % Organisation <4 Project Manager
discipline Engineering Disciplines <4 Project Management < Engineering
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integration Discipline
Leaders
Integration Between
. i iscipli . <4 Project Manager
Project PI‘Q]C.C'[ Dl'smphnes 4 Organisation ] g
discipline (Engineering, & Proiect M ) <4 Project Discipline
integration Procurement, roject Managetien Leaders
Construction)
<% Project Manager
Engineering Engineering <4 Engineering 4 Engineering
performance Productivity Disciplines Discipline
Leaders
: Construction <% Construction .
Construction o o 4 Project Manager
performance Product1v1ty D1s01p11ne
Procurement <% Procurement .
Procurement o R 4 Project Manager
performance Product1v1ty D1s01p11ne
<4 Project Discipline
Leaders
Timeliness of . o <4 Engineerin
. . <4 Project/ Engineering .g' . &
Timeliness information from L Discipline
Disciplines
source/dependents Leaders
<4 Discipline Team
Members

Table 9.3: Metrics for Project Execution

9.4.4 Information and Communication Technology

One of the key lineaments of an EPC organization is the methodology implemented to generate the
information required and how the information is communicated among the seeking parties. The
information sought can range from a simple verbal conversation over phone to a 3D design or 2D
Drawings. The impact of information technology has seen wide spread influence on the work

environment.

<4 Formation of new professional roles and responsibilities

4 Use of automation and knowledge based systems

< Faster and enhanced coordination among colleagues (use email and telephones and work

paperless).

& b & &

and chance for experimenting

&

Outsource work to different geographical areas.

Allowing Visualisation of the project even before it is initiated

Usage of CAD systems such as PDMS, MICRO STATION that allow greater accuracy in design

Formal organization and informal communication networks

Allowing new patterns of communication between individual and vocational groups (Virtual)
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SR S T

&

Wider participation involving all categories of professions and professionals
Higher performance, versatile and upgraded tasks

Possibility of achieving greater accuracy, and enhanced design of output
Scheduling of tasks in such a way that it allows work breaks

Allows more challenges and cross functional overlap

More influence on the work content and pace

Opportunity for developing creativity and imagination

Reallocation of power in the organization

Continuous change of structure and roles

Even though, the upshot of ICT in an EPC project environment is perceived as mentioned above, the
required productivity is not yet fully appreciated. A few reasons can be that seen as the contributing
factors for the negative influence of ICT on project performance are:

€

&

Introduction of any new information system service requires high degree of preparedness for
surprise, spontaneity and serendipity

Difficult to manage the conflict between teams and systems
Too much focus on the measurable indicators that are either qualitative or quantitative

Too much focus on enabling the development of a new product or service or a new information
system

Requires high level of coordination and integration resulting in common goal orientation

Avoids an opportunity to informally combine teams and technological resources to evaluate new
opportunities based on common interests or concerns

Cannot map out existing initiatives and identify the value with an ability to prioritize.

Does not allow an organization to be open-ended in a way to accommodate change or offer
resistance.

An opportunity for cross functional product development is compromised

The recorded baseline and key influencing factors metrics for the critical success factor information and
communications technology is presented in table 9.4.

Key Indicator Access What? Resp(gmble WA Research Population
roups
Progress ¢ Efflc.len'cy of pr(.)gre'ss <4 ICT Discipline <4 Project Manager
monitoring monitoring applications
<4 ICT Discipline <4 Project Manager
<4 Project <4 Planning Work
< Utilisation of communication Management Group
Communication te.ch'nqogy among the <% Project/ 4 Project
technology disciplines/departments/team Engineering Discipline
Disciplines Leaders
<% Discipline <4 Engineering
Team Discipline
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Members

Leaders

Discipline Team
Members

Flexibility and
complexity

<4 Adaptability and

responsiveness to changes in
ICT

Complexity of ICT

&

ICT Discipline

< Project
Management

< Project/
Engineering
Disciplines

<4 Discipline
Team
Members

&

Project Manager

Planning Work
Group

Project
Discipline
Leaders
Engineering
Discipline
Leaders

Discipline Team
Members

Information
repository

Efficiency of the
tools/applications/process
used as common information
repository in the project

<% ICT Discipline

&

Project Manager

Planning Work
Group

Project
Discipline
Leaders
Engineering
Discipline
Leaders

Discipline Team
Members

Alignment

Alignment of Information and
communication
tools/applications with project
goals and organisation goals

<4 ICT Discipline

Project Manager

Planning Work
Group

Project
Discipline
Leaders
Engineering
Discipline
Leaders

Discipline Team
Members

Integration

Communication between IT
applications

<4 ICT Discipline

Project Manager

Planning Work
Group

Project
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Discipline
Leaders

<4 Engineering
Discipline
Leaders

<4 Discipline Team
Members

Table 9.4: Metrics for Information and Communications Technology

9.4.5 Quality Control Practices/Best Practices

Quality is one of the decisive critical factors in the success of a project and is often regarded as
accomplishing the expectations of the project participants against a standard or code or practice or
procedure. Practicing quality during the execution of the project is important artillery to mitigate or
control risk on a project. However, quality, as wrongly perceived is by no means minimizing expenditure.
Many organizations that centre on reducing the engineering costs often indulge in unplanned activity
iterations leading to delays and lower quality. Generally, it is the responsibility of the functional
personnel like engineering discipline leads and checker’s to ensure whether the deliverables are in
accordance to the technical quality and standard procedures. A deliverable not according to the quality
standards will consume substantial expenditure towards rectifying the defects in construction and
maintenance work. The design and construction phases of a project are regarded as critical when it comes
to the affect of quality but as a rule, the quality culture has to be imbibed across all the phases and by all
the disciplines.

Quality failures in construction have been estimated to cost the industry between 2 and 12% of
construction turnover in rework alone. It is estimated that the cost of design deviation accounts for 9.5%
of total project cost, while construction deviation accounts for 2.5% (Memon, Abro and Mugheri, 2011)
of the project cost. The focus of a contractor is to execute the project within the cost as budgeted, on or
before the schedule as planned, and within the quality umbrella as defined by the codes and standards.
According to the widespread opinion that the EPC project delays are almost obvious, it is the quality that
is compromised to achieve the project success. But the resultant deviation with respect to cost, scheduling
can be traced to a faulty design and poor constructability. In a typical EPC project the cost of project
accounts for 15% of the total project cost while the construction accounts for 40% of the overall project
cost. As a result, Organizations tend to shift their focus on the factors influencing construction costs but
fail to understand that design is the critical factor to be focused upon. A robust quality control and
management during the design process can not only reduce the engineering man hours significantly but
also help construction to avoid any rework and reduce construction hours. The recorded baseline and key
influencing factors metrics for the critical success factor Front End Planning/start-up plan is presented in
table 9.5. The term best practices and quality control practices have been used interchangeably in this
research.

Key Indicator Access What? TR0 B AL Research Population
Groups
4 Organisation 4 Project
' M
Cost/schedule 4 Cost and Schedule @ Planning Work anager
escalation (engineering Escalation with Group <4 Planning Work
dliflpllnes/pr_ocurement present best practices % Project/ Group
and construction) Engineering 4 Project
Disciplines Discipline
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Leaders
Engineering
Discipline
Leaders
Project
<% Process or procedure ¢ Organisation Manager
t db _ )
or @ system [hed BY % Planning Work Planning Work
your project/discipline Grou Grou
to retain/use the best . p . p
practices in project 4 Project Project
execution Management Discipline
Process efficiency ' Leador
Alignment to % Project/ caders
developments in Engineering Engineering
technology Disciplines Discipline
Alignment to client % Discipline Team Leaders
requirements Members Discipline
Team Members
Project
Manager
<4 Planning Work g
Group Planning Work
Grou
<% Project ' P
. Management Pr_OJf?Ct'
o Adapt new or revised ) Discipline
Flexibility best practices @ PrOJ'eCU ' Leaders
Engineering ) '
Disciplines Engineering
L Discipline
<4 Discipline Team Leaders
Members
Discipline
Team Members
Project
Manager
<4 Planning Work g
G Planning Work
Robustness of roup Group
interdisciplinary and <% Project )
disciplinary best Management PT'OJffCt'
Robustness practices 4 Project/ Discipline
J Leaders
Consistency of Engineering _ '
product or service Disciplines EI‘lgl'nee':rmg
delivered <4 Discipline Team Discipline
p Leaders
Members o
Discipline

Team Members
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<4 Planning Work
. Group
<4 Planning Work
G % Project
roup L
& Project/ Discipline
4 Quality of information Eilojifeer'n Leaders
i ineeri
Information from the originator 'g. ) £ <% Engineering
Disciplines e
o Discipline
<4 Discipline Team Leaders
Members
<4 Discipline
Team Members
<4 Planning Work
<4 Organisation Group
<4 Planning Work % Project
<4 Best Practices Group Discipline
Responsibility and defining scope of @ Project Leaders
expectations responsibility and Management <4 Engineering
expectations 4 Project/ Discipline
Engineering Leaders
Disciplines <4 Discipline
Team Members
% Organisation < Planning Work
Participation of % Planning Work Group
individuals and teams Group % Project
to formulate best % Project Discipline
Participation practices Management Leaders
Dedicated Team to <% Project/ <4 Engineering
identify and Engineering Discipline
implement best Disciplines Leaders
practices <4 Discipline Team ¢ Discipline
Members Team Members
% Organisation <% Planning Work
<4 Planning Work Group
Group 4 Project
. Disciol;
Frequency of review ¢ Project iscipiine
. . Management Leaders
Review Deliverable quality L
) 4 Project/ <4 Engineering
reviews/checks _ ) .
Engineering Discipline
Disciplines Leaders
<4 Discipline Team ¢ Discipline

Members

Team Members
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<4 Project/
<4 Engineering and Engincering
Construction Rework Disciplines <% Project
Rework due to the quality of o Manager
best practices <4 Discipline Team
Members
4 Project
Discipline
_ < Planning Work Leaders
4 Affec‘t on quah'ty due Group 4 Engineering
Planning t9 stringent delivery & Project Discipline
times
Management Leaders
<4 Discipline
Team Members
<% Project
<4 Organisation Manager
<4 Planning Work <4 Planning Work
Group Group
<4 Benefits realised on <% Project <% Project
) project cost, schedule Management Discipline
Benefits and quality based on 4 Project/ Leaders
current best practices Engineering <4 Engineering
Disciplines Discipline
<4 Discipline Team Leaders
Members <4 Discipline
Team Members

Table 9.5: Metrics for Quality Control/Best Practices

9.4.6 Benchmarking

The concept of Benchmarking came into existence as early as in the 1980°s and has been used at Xerox
Corporation to take measures owing to its reduced market share and heavy competition. The concept has
later been adapted by the manufacturing industries to measure the quality of their finished product .Due to
its success in achieving the requisite objective from the quality perspective; the concept has landed in the
hands of management professionals who extended it to businesses and processes. Benchmarking as
defined by Camp (1989) is ‘the search for industry best practices that lead to superior performance’.
Construction Industry Institute (1996), defines benchmarking ‘as a systematic process of measuring one’s
performance against results from recognized leaders for the purpose of determining best practices that
leads to superior performance when adapted and implemented’ . The definition by Camp is more related
to product based manufacturing industries and the definition from Construction Industry Institute, has no
mention about the processes. Also the definitions do not emphasize on measuring within the organization
that execute concurrent projects. IMEC (1995) defines benchmarking as ‘The activity of comparing
context, processes, strategies and outputs across firms/projects in order to identify the best practices and
to evaluate one’s position with respect to them’. The definition provided by IMEC focuses on the
processes, projects within the organization but ignores identifying and implementing improvements.
Hence, the following definition based on IMEC and Construction Industry Institute has been derived and
will be adapted in this research.
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Benchmarking is defined as ‘The organization’s activity of comparing context, processes, strategies and
outputs across firms and within concurrent internal projects in order to evaluate one’s position with
respect to other firms/projects to identify, adapt, and implement the best practices’.

According to Andersen and Pettersen (1996), benchmarking can be divided into two broad categories:
Compare What?

4 Performance Benchmarking: Compares financial and operational performance measures with
competitors

% Process Benchmarking: Compares of methods and practices to improve one’s own processes.
% Strategic Benchmarking: Compares strategic choices and dispositions to improve one’s own
strategic planning and positioning
Compare Against Whom?

<% Internal Benchmarking: Comparison between departments, disciplines within the same
organization.

4 Competitive Benchmarking: Direct comparison with best real competitors who deliver the same
service

% Functional Benchmarking: Comparison of processes or functions against non-competitor
companies within the same industry or technological area.

<% Generic Benchmarking: Comparison of own processes against the best processes within or outside
the industry.

As the focal point is limited to only the research unit, the benchmarking type’s process, functional and
generic have been adapted in this research. The recorded baseline and key influencing factors metrics for
the critical success factor benchmarking is presented in table 9.6.

Key Indicator Access What? LG A S Research Population
Groups
<% Contract
on rac': or' <4 Project Manager
. ) /Organisation
Bench marking % Benchmarking : <4 Project Discipline
(acr'oss firms or within process efficiency “ Planning Work Leaders
projects) . Group
(compare context ¢ Quality of ) <4 Engineering
) . % Project .
processes, strategies Benchmarking Manaeement Discipline
and outputs WiFhin 4 Frequency of o pro g/ Leaders
concurrent projects : roject .
/internal disciplines) Benchmarking Engineering % Planning Work
Discipli Group
isciplines

Table 9.6: Metrics for Benchmarking

9.4.7 Lessons Learned/Knowledge Management

‘A little knowledge that acts is worth infinitely more than much knowledge that is idle’.

Khalil Gibran

The terms Skill Rule and Knowledge (SRK) based performance or behaviours define the degree of
conscious control exercised by the individual over his activities. The three categories essentially describe
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the possible ways in which information from a human-machine interface is extracted and understood
(Rasmussen, 1987).

9.4.7.1 Skill Based Behaviour

This behaviour represents actions that require minimum or no conscious control once an intention is
formed and is characterized by smooth and highly integrated patterns of performance. Much of the
behaviour is not available to conscious thought and is automated. This behaviour requires a multitude of
routine tasks in critical situations. This behaviour comes with an error potential in situations if an
individual doesn’t posses the skill or applies them wrongly.

9.4.7.2 Rule Based Behaviour

In this pattern the behaviour is a conscious activity characterized by the use of rules and procedures as
specified by the training manuals and historical experiences in a familiar work situation. The level of
conscious control is intermediate between that of skill based and knowledge based behaviour. This
behaviour is situation centric and hence the expected actions are not automated following an ‘if-then
logic’. Potential errors related to this behaviour are diagnosis of the problem, response time, time for
action and wrong actions.

9.4.7.3 Knowledge Based Behaviour

This mode of behaviour is exhibited for tasks that are new, unfamiliar or unique. This pattern is
characterized by advanced level of reasoning, problem solving and successful management. The level of
conscious control is very high during this behaviour. Because many critical situations unfold without any
warning, the surprise effect is significant.

The SRK framework best portrays the significance of cognizance as it leads to solutions that are not a part
of individual/function/organization skill set and also not a part of usual practice/process. Knowledge
management is a process of capturing, recording, transferring and implementing solutions that evolve as a
result of high level of reasoning and problem solving. The knowledge retained as a result can be framed
into a rule and with appropriate training aids can be imparted to individuals to enhance their skills.
Successful knowledge management increase the core competencies of the organization thereby generating
greater value to the clients and in the process become unique to the competitors.

The recorded baseline and key influencing factors metrics for the critical success factor Knowledge
Management is presented in table 9.7. The terms Knowledge Management and Lessons Learned are used
interchangeably in this research.

Key Access What? Responsible Work Research Population
Indicator Groups
<4 Organisation
<4 Planning Work ¢ Planning Work
¢ Organisation Support and Group Group
Encouragement 4 Project <4 Project Discipline
% Frequency of identifying, Management Leaders
Culture . . . . . .
implementing and using the <% Project/ <4 Engineering
lessons learned in project Engineering Discipline Leaders
execution Disciplines < Discipline Team
< Discipline Team Members
Members
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<4 Organisation
< Planning Work Planning Work
Group Group
< Project Project Discipline
% Dedicated team to identify rojee . P
. Management Leaders
Team and implement lessons ' '
learned <4 Project/ Engineering
Engineering Discipline Leaders
Disciplines Discipline Team
<4 Discipline Team Members

Members

4 Organisation

< Planning Work
G:;]:lmg of <4 Planning Work
P Group
% Project . o
< Efficiency of tools or process MJ % Project Discipline
) . anagement
available to register and ) Leaders
Process transfer lessons learned into A PI‘O].eC'[/ ) 4 Engineering
. Engineering L
action . Discipline Leaders
Disciplines

< Discipline T
<4 Discipline Team 1seipline Seam

Members

<4 ICT Discipline

Members

Table 9.7: Metrics for Lessons Learned/Knowledge Management

9.4.8 Project Organisation

The goal of every organization irrespective of the sector or industry is to achieve an optimized
performance using its tangible and intangible assets. The assets primarily consist of work force, their
interaction on each other (team structures), their interaction with the tools and technology available in
house and the interaction between the tools and technology itself. In order to optimize the organizational
performance it is necessary that all aforementioned resources of the organization go ‘Hand in Hand’ in a
manner that they are interrelated and integrated for a common goal. It is this very interconnectedness or
integration of resources with the goals and motives of the organization that defines the framework of
merging both teams and technology in an organization. The whole definition of macro ergonomics is
about optimizing the structure and the related work systems. Owing to the participation of different
partner companies (execution of a project by more than one company), management of time and budget
becomes extremely complicated and challenging due the fact that people are not cognizant of one’
another’s behavioral traits and also ignorant of the guidelines to be followed. With shortened span of time
to execute project activities, it is difficult to build mutual trust and relationships. In such cases a
temporary organization could be a potential solution. However, a temporary organization is not a solution
either but on the contrary is a source of complexity. In a temporary organization, the work force involved
will remain alien and hence cannot reap the benefit of common platform of learning from experience. An
important activity of project learning based on the experience and reference from the previously executed
projects is often missed out. A feed-back based on the project experiences should often form a feed
forward for the forthcoming future projects. The recorded baseline and key influencing factors metrics for
the critical success factor project organization is presented in fable 9.8.
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Key Access What? Responsible Work Research Population
Indicator Groups
<4 Planning Work
<% Project Group
Management <% Project Discipline
< Difficulty in finding <% Project/ Leaders
Complexity people to gather Engineering <% Engineering
information Disciplines Discipline
<% Discipline Team Leaders
Members < Discipline Team
Members
_ <4 Project Manager
<% Planning Work _
G <4 Planning Work
roup
) Group
< Project ) o
M <4 Project Discipline
] ] anagement
Trust and <% Relationship/trust between & Project/ Leaders
relationship teams/team members e <4 Engineering
Engineering o
Discioli Discipline
isciplines
Leaders
¢ Discipline Team o
Members <4 Discipline Team
Members
<4 Project Manager
<4 Planning Work
<4 Planning Work AHTHHNE YYOE
Group
Group
) <4 Project Discipline
© P t
<4 Skills of team I\ZZLZC ement Leaders
Competency members/team leaders . g 4 Engineering
4 Project/ S
. . Discipline
Engineering
o Leaders
Disciplines
<4 Discipline Team
Members
<4 Planning Work
Group
4 Project <4 Project Discipline
Management Leaders
_ <4 Encouragement and ) _ ]
Opportunity support to enhance skills * PrOJ_CCU ) * Er'lgl.neérmg
Engineering Discipline
Disciplines Leaders
<4 Discipline Team

Members
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&
<4 Planning Work
Group
% Proj
I\ZZLZCtement <4 Project Discipline
g Leaders
% Proj
o <% Unproductive hours due to E;OJiifirin <4 Engineering
Productivity lack of information 'g' ) 5 Discipline
Disciplines
Leaders
<4 Discipline T
iseipline feam <4 Discipline Team
Members
Members
&
<4 Planning Work
o Group
<% Organisation ) L
i <4 Project Discipline
@ 11;;0Ject Leaders
t
Flexibility <4 Flexibility of team leaders ar‘lagemen <4 Engineering
<4 Project/ Discioli
_ ) iscipline
Er'lgl.neérmg Leaders
Disciplines o
<4 Discipline Team
Members
<4 Planning Work
o Group
<% Organisation ) o
& Pro <4 Project Discipline
t
<4 Individual interest rojec Leaders
. . Management _ )
Interest alignment to project and ) < Engineering
organisation goal & PrOJ_CCU ) Discipline
Er'lgl.neérmg Leaders
Disciplines o
<4 Discipline Team
Members
<4 Planning Work <4 Planning Work
Group Group
<% Project <% Project Discipli
<4 Feedback on the quality of rojee roject Liscipine
. . . Management Leaders
information provided
<% Project/ < Engi i
Feedback <4 Feedback on the quality of rojeet nSInesting
. . . Engineering Discipline
information received S
Disciplines Leaders
<4 Discipline Team <4 Discipline Team

Members

Members
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Table 9.8: Metrics for Project Organisation
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10 RESEARCH METHODOLOGY

10.1 Research Population

The research population is divided into three broad categories as Project Team Members Group, Project
Team Leaders Group and Project Managers Group. All the employees who exert supervision on more
than one individual are categorized as Team Leader Group and all the employees working at the lowest
project hierarchical level are categorized as Team Member Group. As the name suggests, the project
manager who has the overall responsibility of the project objectives is categorized under Project Manager
Group.

10.2 Research Questionnaire

A research questionnaire has been designed based the critical success factors discussed in chapter 9 that
govern the organization success and measure the degree of integration and coordination. The baseline
metrics and key influencing factor metrics that are identified in chapter 9 for each of the critical success
factors have been narrowed to a critical few and re-defined. The process of designing the questionnaire
took more than the estimated amount of time and required significant brainstorming and effort. The
process of designing the questionnaire required significant brainstorming and effort which translated into
additional time for the process. Meetings with my supervisors and senior members of the organisation
helped the researcher to narrow down the number of questions to a significant/logical few and also re-
phrase the questions to remove any ambiguity.

The following guidelines and key concepts have been taken into consideration whilst developing the
questionnaire.

4 Accommodate all the possible answers or scenarios

The choices of answers have to be mutually exclusive from each other

Provide variations in the choices of answers to avoid any uncertainty of the responses

Group the questions under a common topic/subject or theme to allow smooth transition and flow
Provide a definition adapted for key terminologies

Give examples where there is a chance of misunderstanding the terminology

Design questions and choices from the eye of the target population

R SR -

Avoid branching of questions (referencing to another question) and present all questions
independently

&

Ranking of the answer choices have to be avoided

&

The multiple choice selection has been limited to five

<4 Do not assume or presume current status as the responses henceforth can lead to unwarranted and
unjustified assumption

<4 The choice of answers should not be limited to researchers required set of responses

10.3 Contents of the Research Questionnaire

Depending on the position/role of the target population in the project organization, three contrastive types
of questionnaire has been designed and developed. The target population has been grouped into three
main categories namely ‘Team Member’ (TM), ‘Team Leader’ (TL) and ‘Project Manager’ (PM). The
contents of all the three questionnaires start with two common sections ‘Instructions’ and ‘Employee
Details’. The instructions section includes all the necessary guidelines to be followed for answering along
with details about the confidentiality, response dead line, handling and delivery of responses and the
researchers contact details for clarifications.

Page 68 of 243



At the Crossroads:
Multidiscipline Integration and Coordination in an EPC Contract: A Resurgence of Challenges and Strategic Improvement Opportunities

To maximize the number of responses and attract good quality of the target population opinion, the
population under research were instructed to answer the questionnaire anonymously. However, due to
researchers dependency on details such as the number of projects handled or been a part of, number of
years of experience and the discipline they work for etc. have been asked to publish under the section
‘Employee Details’.

The main questionnaire following the employee details section has been divided into seven sections
depending on their relevancy to the subject title. The sections and questions henceforth have been
divided, grouped and fragmented across the three main categories of work groups depending upon the
position or role of the target population in the project organization chart as shown in table 10.1.

Number of Questions

Section
Section Title PM TL ™
Number PM TL ™
2 Project Scope N N X 5 1 0
3 Project Start-Up Plan N N X 6 5 0
4 Project Execution N N \ 13 7 3
5 Best practices N N \ 22 27 27

Information and

Communication Technology

7 Project Organization N N \ 7 12 12
8 Knowledge Management N N N 7 7 7
9 Benchmarking N N X 4 4 0

Table 10.1: Categorisation of Research Questionnaire

10.4 Measurement Scaling and Scoring

To measure the hankered variables of interest (qualitative and quantitative variables), it is necessary to
categorize and quantify according to their characteristics and properties. The kind of measuring scale
enforced for the collection of variables dictates the type of statistical inference test to be used for the
analysis of the data. The success of variables measurement solely depends upon how well they can be
measured and how much information is provided by the choice of measurement scale. An error in
measurement is inevitable and therefore the amount of measurement deviation from the original decides
the amount of information to be collected and the type of measurement scale.

A combination of two broad categories of data collection methods namely quantitative and qualitative has
been used by the researcher in the questionnaire to gather information. While qualitative method involves
in capturing information that is not measurable on a scale (numerical), quantitative method involves in
collection of data that can be quantified by units or on a numerical scale. The scale of measurement helps
determine the type of statistical analysis to be applied on the analysis of data for further interpretation of
the data. Most of the measuring scales can be grouped under properties of mathematics magnitude and/or
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an equal interval between adjacent units and/or an absolute zero and non-mathematical as identity.
Depending on the number of mathematical attributes the data possesses, the scales/levels of measurement
are classified into four as shown in Table 10.2.

10.4.1 Nominal Scale

A nominal scale is the lowest grade of measurement and is used to measure categorical or qualitative
variables. In a nominal scale the variables do not possess the mathematical attributes such as magnitude,
equal interval, absolute zero. The variables can therefore be categorized distinctively and cannot be
quantified or ranked.

10.4.2 Ordinal Scale

An ordinal scale is a higher grade of measurement than nominal scale and allows variables to be ranked in
comparison with other objects. In other words, the measurement tells which object has more or less
characteristics of measure (example: better than, less than, equal to etc) but does not tell by how much
magnitude. The Ordinal scale does not possess the property of equal intervals or absolute zero point but
has the magnitude property at a low level.

10.4.3 Interval Scale

As the name suggests, the interval scales possess the property of equal intervals between adjacent units in
addition to the magnitude property. However, the interval scale lacks the absolute zero point property.
This means that the measurement tells about the ranking order and the magnitude based on equal
differences between the numbers on the scale. The measurement of magnitude depends upon equal
amounts of variables measured between equal adjacent units on the scale.

10.4.4 Ratio Scale

With all the properties of mathematics, the ratio scale is the highest grade of measurement. With the
presence of a true absolute zero point property, the ratio scale measurement allows to represent any
complete absence of a characteristic of data. The ratio scale allows all the mathematical operations such
as addition, subtraction, multiplication and division (Pagano, 2004).

le of
Scale o Mathematical Descriptive Inferential
Measureme Property . . e . L
nt operations Statistics Statistics
<4 Non-
) <4 Identity on :
Nominal 4 Count 4 Mode Parametric
<4 Magnitud
agnitude <4 Chi-Square
% Non-
Parametric
4 Mann-
4 Mode Whitney U
) <4 Identit ' }
Ordinal y & Rank Order 4 Median 4 Kruskal
% Magnitude 4 Range Wallis H
Statistics <% Spearman
Correlation
4+ ANOVA
(Friedman)
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< Mode
< Medi
& Ldeni edian < Parametric
entit + R
Y . an'ge‘ @ T-Test
<4 Magnitude % Addition Statistics
Interval 4 ANOVA
4 Equal 4 Subtraction 4 Mean
) 4 Pearson
Interval 4 Variance )
Correlation
4 Standard
Deviation
< Mode
; @ Median < Parametric
@ Identity 4 Addition & Range
. @ T-Test
Ratio % Magnitude < Subtraction Statistics ©s
4 ANOVA
@ Ereatled as <4 Multiplication 4 Mean
ua 4 P
d % Division 4 Variance earson.
Interval Correlation
% Standard
Deviation

Table 10.2: Characteristics of Scales of Measurement

A single element equal interval 5 point scale has been used for most of the quantitative variables with
nouns such as effectiveness, alignment etc. and a 10 point interval scale is used for responses to
quantitative variables with nouns such as efficiency etc. For consistency of results and to ease the
administration of the responses, the data has been translated to an equal interval score ranging from zero
to hundred as shown in table 10.3 for a S-point interval scale and fable 10.4 for 10-point interval scale.

Scaled Weight in Questionnaire 1 2 3 4 5
Translated Weight 20 40 60 80 100
Table 10.3: Translated Weight of 5-Point Scale Scoring
Scaled Weight in Questionnaire 1 2 3 4 5 6 7 8 9 10
Translated Weight 10 20 {30 |40 |50 |60 |70 |80 |90 | 100

Table 10.4: Translated Weight of 10-Point Scale Scoring

To ensure that the respondents mark the answers with a belief that the scale used is an interval type scale,
care has been taken to represent each point on the scale is represented by a unique number with an equally
spaced value from others. The following additional factors have been taken into consideration while

designing the scale of measurement.

<% Ensure that each score along the scale is unique and represents one unit apart from its adjacent

score (interval character)
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<4 Use appropriate anchor words such as low, high, not accurate, accurate, never met, always met etc
at the ends of scales

The questionnaire also included qualitative variables that were required to be measured on an ordinal
scale. As opposed to interval scale the ordinal scale does not provide quantitatively a direct comparison of
the objects between its intervals. Fred Kerlinger views that ‘The best procedure would seem to be to treat
ordinal measurements as though they were intervals measurements, but to be constantly alert to the
possibility of gross inequality of intervals’ (Emory and Cooper 1991). Ordinal and nominal data require
the use of non-parametric statistical tests (see Table 10.2). But the desired parametric statistical tests are
more powerful as they include any necessary operations to be performed on the values of data collected.
In order to make data analysis and interpretation process easy and at the same time allow the use of
parametric tests on the data, the scale of the rankings has been translated into an equal interval scale by
assigning a weight to each interval (Spoonley and Pearson 2004). Table 10.5 shows the translated weights
for all the qualitative variables used in the questionnaire based on the possibility of gross inequality of
intervals.

Categorical Scale on Questionnaire Translated Weight
YES/CONTINUOUSLY 100
MOST OFTEN 75
SOMETIMES YES; SOMETIMES NO/ONLY WHEN THERE IS NEED 50
OCCASIONALLY/RARELY/MAY BE 25
NEVER/DON’T KNOW/NO 0

Table 10.5: Translated Weight of Categorical Scale

In addition to the quantitative and qualitative type of questions, the researcher also introduced a few open
ended and multiple option questions. These open ended questions are used to capture free responses in
the respondents own words which are expected to be unique and versatile. The multiple choice questions
allow the respondent to choose more than one fixed options and are intended to capture the thoughts of
the respondents subjectively channelized in a defined direction.

10.5 Research Statistical Sampling

With the size of the research population being on the higher side, it was unmanageable to research all the
target population. Hence, it became important to identify a small group of population who are
representative of the total research population. Cooper and Schindler (2003:179) described sampling as
the procedure by which some elements of a given population are selected as representative of the entire
population. The objective of sampling is to draw conclusions about the entire population by selecting
some elements of a heterogeneous population and hence determining the size of the sample was a big
challenge. The selection of sampling size depends on factors such as purpose of research, total population
size, allowable sample error and the risk of a bad sample. According to Miaoulis and Michener (1976),
the three additional attributes: the level of precision, the level of confidence or risk and the degree of
variability have to be taken into consideration when rounding of a sample size (Israel, 1992).

The level of precision or the sampling error is defined as the range expressed in percentage in which the
true or actual value of the sample is estimated to be. Based on the central limit theorem, the confidence
level or the risk level is the normal distribution of the response data within two standard deviations of the
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true responses. The confidence level accommodates the risk of extreme deviation of responses from the
sample that do not represent the true value. The degree of variability is the distribution of attributes in a
heterogeneous population depending upon the required precision of the true value.

10.5.1 Sample Size

Israel (1992), defines four different strategies that can be used to determine the sample size: by using a
census for small populations, by using a sample size of a similar research, by using published tables and
using formula to calculate the sample size. The use of census for small population requires a research of
the total population and hence provides great level of precision eliminating sampling error. But such an
approach is limited to only small populations. With no sample size of a similar study available and
absence of researcher’s criteria in the published tables, the research adopted two equations developed by
Cochran (1963:75) as shown below to calculate the required sample size.

ny = Zzpq/ (%) -—--- Equation for calculating a sample for proportions -- Equation (1)
Where:
ny = The Sample Size

Z. = abscissa of the normal curve that cuts off an area at the tails (1 - equals the desired confidence level).
The desired confidence level used by the researcher is 95% and hence the corresponding value of Z from
the statistical table is 1.62

p = estimated proportion of an attribute that is present in the population = 0.90
q = complement of p (1- p) = 0.01
e = Level of precision =+ 10 %
n =ny (1+ ((ng - 1) / N)) -—--- Finite population correction for proportions- Equation (2)
Where:
n = Reduced Sample Size
N = Total Population = 400
Using Equation (1) and Equation (2), the calculated sample size has to be a minimum of 12.58 i.e. 13.

10.6 Gathering Responses

A research background letter was used to explain the description of the dissertation, the objective and
goal of the questionnaire to motivate the respondents. Two separate questionnaires: one for the Team
Lead and other for the Team Member has been emailed to all the department managers of the contractor
for electronic distribution. The questionnaire to the project managers has been handed over personally. In
addition to the questionnaires a covering letter and a short background stating the objective of the
research and the goal of the survey has been included. The covering letter was drafted after recording the
minutes of meeting with the top management of the contractor and includes instructions that require the
respondent’s adherence to privacy and confidentiality. The draft also indicated that the responses
will/would not be used for any other purpose except for the research and the collected data and analysis
henceforth will be kept in strict confidence.

With a requirement for adherence to maintain privacy and confidentiality from the contractor, the survey
population has been asked to mark all the responses on a printed paper. The responses have been asked to
be dropped in a box that was made available at the reception office. Clarifications required by the target
population have been adverted to through email, phone and personal visits to their offices.

Considering the busy on-going project execution activities, the researcher received better than the
required minimum responses. In order to accommodate all the 22 responses, the researcher back
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calculated the precision level with the new sample size n = 22 using equation 1 and equation 2 for finding
the sampling size and decreased the level of precision to + 7.7 %. The responses have been checked for
ambiguities such as missing data, double entries and found to be almost accurate to the desired
expectations of the researcher.

10.7 Data Entry and Coding

After the preliminary checking of responses, all the data has been transferred manually to Microsoft Excel
‘97 application and has given the researcher a second opportunity to verify any ambiguities. As shown in
table 10.6, the transfer of information followed the same sequence as published in the questionnaire
which consists of 9 combined main sections namely Respondent Profile, Project Scope, project Start-Up
Plan etc. with a corresponding incremental positive integer starting from 1 to 9. All the subsequent
questions belonging to each section follow an incremental addition to the section number with a rational
number of the order 0.1.

The most common conceptual framework adopted in a quantitative research and analysis is to investigate
the relationship among the measured variables. Such a framework defines the relationship among the
variables that can be manipulated and the observations that are eventually affected. According to Sekaran
(2003), the independent variable is the cause that influences the dependent variable, or the effect, in either
positively or negatively.

An independent variable also referred to as ‘controlled variable’, ‘manipulated variable’ or ‘input
variable’ are the variables that can be manipulated by the researcher and the effects of which are to be
measured or compared. While in an experimental research, the independent variable can be manipulated
or controlled to observe the level of affect on the dependent variable, the non-experimental research can
only logically connect the independent variable to dependent variable without manipulation (Kerlinger,
1986).

When an independent variable cannot be controlled or manipulated, the variable is termed as status
variable. However, Heppner, Kivlighan and Wampold (1999), suggest that the status variables can be
used by the researcher to manipulate according to the needs, treating them as independent variable.

The dependent variable also termed as ‘measured variable’, ‘observed variable’, ‘output variable’ or
‘explained variable’ are variables that are quantified or observed for their effect as a result of independent
variables. The dependent variable is not manipulated in a research and is gauged for its variation as a
presumed result of variation in one or many independent variables.

The research trifurcated the measurements into 55 independent variables, 14 dependent variables (based
on the description of critical success factors in chapter 8) and 11 status variables. With an implicit
objective of the research being to quantify the responses, the researcher used codes to identify
independent, status and dependent variables with respect to each section of the questionnaire. To enable
quick identification the rows with independent variables are marked with colour orange, dependent
variable with colour yellow and status variables with colour cyan as shown in table 10.6. For ease of
presentation, further interpretation and eventual analysis, a code has been assigned to each variable. The
code used is a combination of a special character ‘@’, followed by a short code depending upon the
categorical type of the variable type (I -Independent Variable, D - Dependent Variable, S - Status
Variable), short code of critical success factor or section heading (RP - Respondent Profile, PS - Project
Scope, SP- Project Start-Up Plan, PE - Project Execution, BP - Best Practices, ICT - Information and
Communications Technology, PM - Project Organization, KM - Knowledge Management, BM -
Benchmarking) and a sequential incremental positive integer starting from 1 to number of questions in a
section as shown under the column ‘Variable Code’ in table 10.6. The variables are mapped against the
five components of integration and are coded as ‘V’ for vertical component of integration, ‘H’ for
horizontal component of integration, ‘L’ for longitudinal component of integration, ‘C’ for organisational
human ware coordination and ‘T’ for technical coordination.
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Seq.
No

Metric/Question

Component of
Integration and
Coordination

Variable Code

Level of project complexity with respect to the competency of

1.1 | Discipline/Specialisation NA @1SRP1
1.2 | Years of service in the present organisation NA @1SRP2
1.3 | Number of projects involved in the present organisation NA @1SRP3
1.4 |Role in the Organisation NA @1SRP4

Availability of organisation policies/procedures that govern
the budget/schedule estimates for the project execution

2.1 |the Organisation for the projects being executed NA @2SPS1
Percentage of contracts of type 'Lump Sum' being executed or

2.2 |have been executed by the organisation NA @2SPS2
Percentage of contracts of type 'Unit rate or Unit Price' being

2.3 |executed or have been executed by the organisation NA @2SPS3
Percentage of contracts of type 'Cost Reimbursable Or Cost
Plus' being executed or have been executed by the

2.4 |organisation NA @2SPS4
Percentage of contracts of type "Target Price' being executed

2.5 |or have been executed by the organisation NA @2SPS5

3.1 |activities V/C @3SSP1

3.2 | Accuracy of policies governing budget/schedule estimates V/C @3]SP2
Cost/Schedule goals achieved based on policies governing

3.3 |budget/schedule estimates V/C @3DSP3
Encouragement from Organisation for Start-up Plan

3.4 |formulation V/C @3]SP4
Competency of the teams/team members who formulate the

3.5 |start-up plan \Y @3ISP5
Level of Start-Up Plan alignment for the projects executed or

3.6 |being executed V/C @3ISP6

4.1 |Mobilisation of Start-up resources on time \Y @4IPE1
Level of customer satisfaction with respect to meeting the

4.2 |quality, schedule and cost goals L @4DPE2
Level of Engineering performance with respect to
productivity, quality adherence and timely completion of the

4.3 |job H/V @4DPE3
Level of Procurement performance with respect to
productivity, quality adherence and timely completion of the

4.4 |job \% @4DPE4
Level of Construction performance with respect to
productivity, quality adherence and timely completion of the

4.5 |job \Y @4DPES
Level of integration between the Project disciplines (E, P and

46 |C) V/C/T @4IPE6

4.7 |Level of integration between the engineering disciplines H/C/T @41IPE7
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Benefits realised on project cost, schedule and quality based

4.8 |on existing best practices C/T @4DPES
Amount of Construction rework due to inferior Engineering
4.9 |Quality V/C/T @4DPE9

Incentive Schemes (if any) banked by the Projects that have

4.11 |been executed L @4DPE11
Incentive Schemes (if any) NOT banked by the Projects that
4.12 | have been executed L @4DPE12

Level of Escalation contributed to project cost/schedule due

5.1 |to inferior Engineering Quality V/C/T @5DBP1
Level of Escalation contributed to project cost/schedule due

5.2 |to inferior Procurement Quality V/C/T @5DBP2
Level of Escalation contributed to project cost/schedule due

5.3 |to inferior Construction Quality V/C/T @5DBP3

Construction rework due to a team or team member @5DBPI8

Amount of rework as a result of incorrect or inferior quality
5.22 | of information from dependents V/H/C/T @5DBP22
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‘ 9.3 | Quality of benchmarking process L/T 91BM3

Table 10.6: Data Coding for Independent, Dependent and Status Variables

10.8 Univariate Statistics

Out of the three available types of descriptive univariate statistics, the researcher used the measures of
central tendency and measures of variability to present the measurements. Measures of central tendency
are used to present the centre and region around which the observed data is distributed using the
properties mean, mode and median. To present the spread of the observed data properties of measures of
variability such as range, variance, standard deviation and range is used by the researcher.

10.9 Reliability

In simple terms reliability of the observations refers to measure of consistency of observed data.
Carmines and Zeller (1979) view reliability as the extent to which the observations made through a
research instrument yield same observed values upon repeated trails. Unreliability of the data (deviation
of the observed values upon repeated trials) cannot be avoided to a limited extent; a simple measure of
tendency in the form of consistency upon repeated measurement is termed as reliability. The repeated
measurement can be overtime and across situations. The definition by Carmines and Zeller (1979)
measures reliability with ‘consistency’ as the only dimension of measurement. However, Salkind (2000),
views reliability with an additional dimension of measurement, repeatability, and defines reliability as the
measure of two dimensions repeatability and internal consistency with which the research instrument
measures a variable and helps to access the goodness of measure.

For measuring the repeatability, Test-Retest method dominates the feasibility and usage. Two widely
used tests are available for measuring the internal consistency of the data: Split-Half Method and
Cronbach-Alpha Method. The researcher used Cronbach-Alpha Method to measure the consistency of the
observed data which provides the estimate of internal consistency reliability through a reliability
coefficient called Cronbach-Alpha expressed as

Cronbach-Alpha = N/ (N-1) [1-Y6” (Y;)/ 6°X]
Where,
N, is the number of observations
202 (Y5), is the sum of variance of the observations
czx, Variance of the total observations

The value of Cronbach-Alpha coefficient ranges from 0 to 1 with the degree of consistency increasing as
the value tends to be closer to 1 (Zikmund, 2000). The research used SPSS v20 application to calculate
the reliability coefficients for the included variables under each critical success factor.

10.10 Missing Data

Many research studies were conducted over the last three decades to investigate the pertinanceof the
length of the research questionnaire on the willingness of the research population to participate and
respond. The outcome of such an investigation indicated an inversely proportional relationship between
the length/number of questions in a research questionnaire and, the eventual participation and response of
the research population. When conducting a research, especially of a large scale, the likelihood for a
research to reach its objective conclusively increases with the increase in the number of responses or the
amount of data. With significant time and cost involved in administering such a research along with
human factors such as level of motivation and psychology of the population, the researcher is at risk of
the efficiency of the results. To satisfy the demands of conducting a research of large scale, over the last
decade, researchers have developed frameworks and methodologies in the form of associative statistical
tools. The use of statistical tools allows the researcher to narrow down the number of questions in the
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research thereby reducing the length of tests and at the same time increases statistical quality of the data
with fewer numbers of observations.

10.11 Why Missing Data?

With panoptic efforts going in designing the research questionnaire, the researcher’s need to cover a wide
range of information yields more number of questions than planned. The bi-product of such a
questionnaire is missing data leading to biased, unreliable and inefficient research conclusions. Fox
(2012) states one or more of the following reasons for incomplete data in a research response.

<4 Refusal to participate in the research or may not be reachable

<4 Few respondents may not know the answers to the questions or intentionally stay neutral by not
answering.

<4 Researcher may miss asking the question in an interview based data collection

<4 Researcher has intentionally designed the questionnaire such that the questions are random to a
defined set of respondents

Researcher has conditionally not defined certain questions to specific groups of respondents, also known
as Planned Missing Data Design. In a planned missing data design, the researcher designs the
questionnaire with an intentional purpose to miss data to be gathered.

In this research, the researcher has intentionally grouped the questions into three broad categories based
on the roles of the participants in the organisation following the vertical logic of a project organisation
hierarchical matrix that thins down from the operational level to the management level. For example, the
metric to find out the cost schedule goals achieved by the research unit has intentionally not been
included in ‘Team Member’ questionnaire as it will/may invite incorrect/inaccurate guessing from the
operational level groups who most often are unaware of the same. The three sets of questionnaire used in
this research can therefore be referred to as ‘Planned Missing Data Design’ wherein the researcher
intentionally designed the questionnaire in such a way the relevancy of the questions is maintained in the
three user groups, participation of the population is encouraged and practice effects are accounted.

10.12 Types of Missing Data

According to Rubin (1976), missing data can be classified as one of the following three categories
depending upon the underlying reason as to why the data is missing.

10.12.1 Missing Completely at Random (MCAR)

The missing data can be classified as MCAR, if the missingness is completely at random and incidental.
In this case the simple random observed sample is assumed to postulate the non-observed sample of the
whole population as a whole.

10.12.2 Missing at Random (MAR)

Contrary to what the name suggests, the MAR does not assume that the data is missing at random. In
MAR, the missing data assumes that the property of missingness is a function of other observed data in
the data sample collected and hence can be predicted. However, the missingness of data attended in MAR
is not at random but through a dataset that has a strong relationship with the predictors.

10.12.3 Not Missing at Random (NMAR)

Also referred to as Missing Not at Random, the missing data is characterized by missing information
from the research that can only be predicted through the correlation of other missing variables.

The following example by Schafer and Graham (2002), illustrates the associated rules to be followed for
the categorization of the types of missing data:
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Let,
‘X’ denotes the completely observed variable(s)
‘Y’ denotes partially observed variable(s)
Z’ denotes the unobserved variables or properties of the causes of missingness unrelated to ‘X’ or ‘Y’
‘R’ denotes missingness or the probability of missingness

Then, in MCAR, the missing data for the partially observed variable ‘Y’ is totally exclusive with the
remaining variables in the dataset or with the variable Y’ itself. In other words, the missingness or the
probability of missingness ‘R’ of partially observed variable ‘Y’ is not dependent on either ‘X’ or ‘Y.
However, it can be assumed that the observed variables are a random sample representing a complete
theoretical data set.

In MAR, the missing values in partially observed variable ‘Y’ is not associated with the unobserved
variable(s) ‘Z’ or with variable ‘Y’ itself but can be associated to other variables that are measured. In
probability of the partially missing variable ‘Y’, ‘R’, is dependent on the observed variable ‘X’.

The missing data is NMAR, if there is a partial relationship between the observed variable ‘X’ and
unobserved variable ‘Z’ with the probability that partially observed variable ‘Y’, ‘R’, having significant
relationship with the underlying values of ‘Y’ itself.

The correction of the missing data in MAR is not possible as the researcher cannot distinguish between
MAR and MNAR for the sole reason that the research requires data of all the missing data points and
such a requirement demands knowledge of variables not observed or measured. However, correcting the
missing values by categorising them as MCAR comes as a blessing to the researcher. The missing values
under the category MCAR will allow the data to be tested and thereby included or rejected in the analysis
using statistical techniques. Littvay (2009), states that, for a planned missing data design, where the data
not collected (missing) are randomized by design, MCAR is a realistic assumption. With the use of a
planned missing data design for this research, the researcher categorised the missing data associated to
population sizes in a vertical hierarchy into MCAR.

10.13 Handling Missing data

Once the missing data is categorized based on the mechanisms followed in the missingness of
information, the next step is to approximate the estimation. The requirement of such estimation has to be
unbiased and at the same time follow the pattern of observed information. With MCAR missing data it is
often possible to analytically correct the dataset with a realistic assumption using traditional and modern
analytical tools. A few analytical tools are discussed below describing the approach used along with their
applicability in providing a solution to solve missing data:

10.13.1List wise Deletion

In the list wise deletion, if a single data observation is missing, then the whole case is deleted and is used
when the sample size is uniform and small. The approach is applicable only if the missing data is at least
random (MAR) and produces biased estimates for MAR and MNAR. If the missing data is completely at
random (MCAR) then the power of the estimate is questionable even though the results are unbiased.

10.13.2Pair wise Deletion

The approach follows the rule of deleting the cases by systematically analyzing the data observation that
is missing and has a capability to produce unbiased estimates if the data is missing completely at random
(MCAR). The approach does not find widespread application but can be used for a pair-wise comparison
of variances.
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10.13.3Mean Substitution

The analytical approach simply uses the mean of the observed sample for a sample wise missing
observations and mean score of other observed items in the dataset for a case-wise to estimate the missing
values. The issue with the approach is that the variances and correlations are biased due to attenuation of
the values. As a result, the estimates either reduce the effect of observed variables with respect to missing
observations or tend to exaggerate the variables with little available data.

10.13.4Regression Imputation

Multiple regression analysis technique is the approach used to estimate or predict the missing values in a
regression imputation. The available observed data is used to calculate the regression of the missing
variable using the predicted mean of each unobserved value. The regression imputation can produce
unbiased estimate of means and regression coefficients than a simple mean substitution. With small
variability of the estimated values, the accuracy of the calculated regression coefficients can lead to
incorrect and misleading conclusions.

10.13.5 Multiple Imputation

A modernistic approach to attend the missing data challenges is through multiple imputation technique.
The technique uses a process of creating multiple complete datasets typically of the order 5 or more to
impute the missing values. By imputing multiple datasets, the uncertainty associated with the missing
values is deduced from the predictive distribution of the unobserved variable. As a result the approach
produces more than one complete datasets for the application of standard statistical analysis techniques.

The research used the statistical multiple imputation technique for handling the planned missing data
using SPSS v20 application.

10.14 Factor Analysis

For a research featuring a number of questions for the collection of numerous variables to characterize an
object or define the relationship among variables, the administration and analysis will be complicated.
Often such a questionnaire with long set of questions can be reduced to a few that can still deduce the
required objective of measuring some underlying variable(s). Factor analysis is a technique of
multivariate statistics that allows the researcher to reduce the data or observations to represent a wide
range of variables on a smaller number of dimensions. Factor analysis is a branch of statistical
multivariate technique to extract information from large databases and identify the interrelated data (Hair
et al., 2008). Factor analysis technique summarizes the interrelated observations into a more general and
underlying dimension that is usually missed in the examination of the raw data or sometimes the
correlation matrix. The technique ignores redundancy and duplication from a set of correlated
observations and compiles the results into a small set of ‘derived’ or ‘surrogate’ variables describing the
concepts of original variables. Hair et al. (2008), provides following applications of factor analysis.

< Identification of the underlying dimensions by creating new variables or transforming cluster
variables into homogeneous groups that can possibly explain the correlation between a set of
related variables.

<4 Categorisation of variables that are not correlated into small groups that can replace the original
set of correlated variables to enable multivariate analysis such as regression and discriminant
analysis.

<4 Categorisation of observation or variables into small groups that are representative of the
characteristics of the larger set.

The research used the seven steps proposed by Rietveld and Van Hout (1993) to perform factor analysis to
reduce the number of observations into a smaller set of surrogate variables as shown in the flow diagram
figure 10.1.
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Figure 10.1: Steps in Factor Analysis
(Source: Rietveld and Van Hout, 1993, p.291)

The first step in factor analysis involving reliability measurements has been discussed in section 10.9.
The correlation matrix is a lower triangle matrix representing the correlation between all the paired set of
variables included in the analysis. The diagonal dimensions of the matrix are ignored as they denote the
correlation between a pair of same variables. The correlation matrix in this research is derived using SPSS
v20 application. The correlation matrix is checked for the correlation coefficient/factor among the
variables to ensure that the variables are not highly correlated. To avoid extreme singularity and extreme
multicollinearity that would pose difficulties to determine the unique contribution of the variables to a
factor, the Bartlett’s test of Sphericity is calculated using SPSS v20. The Bartlett’s test of Sphericity is a
statistical collinearity test to examine the hypothesis that the variables included in the test are not
correlated. Such a test has to result in a Bartlett’s test of overall significance to be less than 0.05 to ensure
that the characteristic of multicollinearity does not exist among the included variables. The researcher
used the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy to check the appropriateness of
using factor analysis with an assumption that the initial communalities are not unity but are estimated by
taking the squared multiple correlations of a variable with other variables. The usage of factor analysis in
this research is checked by calculating Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy index
using SPSS v20. The index ranges from O to 1 and the closer the calculated index to 1 (with a minimum
of 0.6), the more is the appropriateness to proceed for the factor analysis.
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An FEigen value and Scree test is used to identify the number of factors to be reduced for further analysis.
An FEigen value represents the total variance explained by each factor and the research followed the
Guttman-Kaiser rule which proposes to use factors with values more than or equal to 1 in order to
consider a factor significant. The extraction of an optimum number of variables before the degree of
variance for each included variable dominates the other is done through a Scree Test. SPSS v20 is used
to calculate the Eigen value and perform the Scree test with the results of the Scree test are represented
using a Scree plot and a component matrix table. The component or communalities matrix table lists out
factors extracted in the order of their importance from a higher to a lower value of variance. The
component matrix table is used to check for the factor loadings (correlations between variables and
factors). If the variables are loading on one factor then the factor will be used as a derived or surrogate
variable that represents the group of included variables in factor analysis. A Varimax factor rotation is
used if the variables are loaded on more than one factor and the variable that has the maximum loading is
used as surrogate variable. The research used the statistical factor analysis in SPSS v20 application to
reduce the number of variables and summarize the interrelated observations into a more general and
underlying dimension.

10.15 Relationship among Variables

One of the key objectives of any research involving in a collection of sample observations is to
understand and determine the relationship or association between them. The bivariate correlation is a
statistical technique dominantly used as a test to determine the relationship between any two continuous
or interval or ordinal variables. Such a test yields an index referred as correlation coefficient and yields
three possible outcomes ranging from -1 to +1 depending upon the direction or pattern of relationship
between the variables tested. The positive correlation coefficient indicates that the relationship between
the variables is positive or moves the same direction over a given period of time. A positive bivariate
correlation coefficient of the order +1 indicates that the two variables are perfectly correlated. When one
variable trends in an opposite or inverse direction with respect to another variable, the correlation
coefficient is negative. A negative bivariate correlation coefficient -1 indicates that the two variables are
perfectly not correlated. Irrespective of the coefficient being positive or negative, the strength of the
relationship is indicated by the closeness to zero. The closer the coefficient to zero, the less strong is the
association and vice-versa.

The Pearson’s bivariate correlation coefficient has been used in this research to determine the association
between the observed measurements. In order to check whether the relationship is statistically significant
or not, a 2-tailed test has been adapted. The research used a significance level of 0.05, to ensure that the
researcher is 95 % confident about the estimating the population.

10.16 Regression Analysis

The use of Pearson’s bivariate correlation helps to understand the relationship between variables but does
not provide the effect of one variable on the other. Regression Analysis is a statistical technique that
calculates the nature of relationship between the dependent and the independent variable. In other words,
the regression analysis yields a regression coefficient that indicates the measure of change in the
independent variables (cause) associated with a change in dependent variable (effect). The more the
regression coefficient (slope of the regression line), the more is the change or influence and vice-versa.
The research adapted both single factor (with one independent variable) and multifactor (more than one
independent variable) regression models to quantify the relationship. The frequently used linear
regression model is adapted in this research and is represented by the following equation.

Yi =0+ B]X] + BzXz +.....+ BiXi+ €

Where, Y = Dependent Variable
A = Intercept
Bi = Beta values for X
X = Independent Variable
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e; = Error Value
(Coakes and Steed, 2007)

10.17 Hypothesis Testing

Hypothesis testing also referred to as conformatory data analysis is a statistical concept in statistics that
addresses the associated uncertainty in a sample estimate. Hypothesis testing technique is also used to
determine if a variable can predict another variable, if or not one group differs from the other, if or not
one variable affects another variable. Churchill (1995) defines hypothesis as a ‘statement that specifies
how two or more measureable variables are related’. The statement is specified in terms to two elements
of a hypothesis test: a null hypothesis and an alternative hypothesis. While a statement stating null
hypothesis is accepted if there is no association between the dependent and independent variable, a
statement stating alternative hypothesis is accepted if the result is contradictory to null hypothesis.
However, the results of a hypothesis test yields 2 types of errors. Type-I error occurs when a true null
hypothesis is rejected and a Type-II error occurs when an incorrect null hypothesis is accepted. The p-
value is used to indicate the Type-I error in statistical analysis and presents the probability of rejecting the
null hypothesis when it is actually true. In other words, if the test yields a p-value less than the
significance level used in this research i.e. 5 % (p<0.05), then it can concluded that the unlikely to be
true. If the p-value is more than 0.05, then the null hypothesis statement is accepted and rejected if
otherwise. The p-value is used in this research for evaluating the results of hypothesis testing on whether
a certain explanatory independent variable can predict or explain the dependent variable. The research
shall use hypothesis statements to test if the independent variables collected are sufficient to determine
their effect on dependent variables.
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11 Descriptive Statistics

Chapter 10 explained the detailed research methodology applied in gathering and recording methodology
used for the responses from the research unit personnel. In this chapter the responses gathered from the
questionnaires will be presented using tables, graphs and pie-charts as descriptive statistics. Statistical
tools will be used for the analysis of the data.

11.1 Profile of the Research Sample Population (RP)

The first section of the questionnaire consists of questions to identify the characteristics profile of the
respondents in the research unit. The purpose of the section is to check whether the demographic
characteristics i.e. role in the research unit, area of specialization, experience in the research unit and
number of projects the respondent was involved of all the horizontal, vertical work groups are
participating in the research. Identifying the profile of the respondents also provides the spread of their
attributes against a pre-defined categorical classification.

11.1.1 Role or Designation (@1SRP1)

The profile of the research sample population with respect to their current role or designation in the
research unit is summarized in the rable 11.1.

Characteristics Classification Samples Research Percentage
Project Manager 3 13.6 %
Team Lead 8 36.36 %
Role
Team Member 11 50 %
Total =22 100 %

Table 11.1: Role Characteristics of Research Sample Population

Comment: As discussed in the chapter 10, the questionnaire is grouped under three major categories
‘Project Manager’, ‘Team Lead/Discipline Lead’, ‘Team Member’. The relevancy of research questions
has been maintained in accordance to the current roles of the research sample population in the project
organization. The number of responses from the research sample population followed the vertical logic
of a project organization hierarchical matrix thinning down from the operational level to the management
level. 50 % of the response population belonged to the operational hierarchical level and 36 % of the
response population belonged to the middle management level responsible for monitoring the goals of
their respective specialized discipline team. Out of 4 active project managers, the researcher received 3
responses contributing to 13% of the overall research sample. The percentage distribution of research
sample population based on their roles in the research unit is graphically shown in figure 11.1 using a pie-
chart.
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Figure 11.1: Percentage Split of Research Sample Population Roles
11.1.2 Work Group or Specialisation (@1SRP4)

The profile of the research sample population with respect to their specialization in the research unit is
summarized in the table 11.2.

Characteristics Classification Samples Research Percentage
Project Management 3 13.6 %
Planning 1 4.5 %
Process 5 22.7 %
Piping 5 22.7 %
Work Group
Structural 3 13.6 %
Mechanical 1 4.5 %
Electrical and Instrumentation 4 18.1 %
Total =22 100 %

Table 11.2: Specialisation Characteristics of Research Sample Population
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Comment: Out of 22 responses from the research sample population, 18 responses are from the
horizontal groups of engineering. In a typical E-P-C project the weighted value apportioned to the
horizontal engineering work groups by a ratio of engineering man-hours in terms of percentage is 22.5 %
for piping, 8 % for process (including HSE), 5.4 % for mechanical (for both static as well as rotating
equipment groups), 8.2 % for Electrical, 8.8 % for Instrumentation, 8.1 % for civil, 8.1 % for structural,
8.1 % for fire fighting and HVAC and the remaining 38 % for basic engineering (approximately). Unlike
typical EPC disciplines, for the scope of projects executed, the research unit consists of 5 major
disciplines namely piping, process , structural (including civil), mechanical and EIT (Electrical and
Instrumentation). The percentage distribution of number of responses from the aforementioned disciplines
has been almost in-line with typical EPC project weighted values with 22.8 % from piping (almost equal),
22 % from process (more by 14 %), 5 % from mechanical (less by 0.9%), 18 % from Electrical and
instrumentation (more by 1.2%) and 13.6 % from structural (less by 2.6 %). The project management
work group contributed to 13.6 % of the responses which includes the responses on behalf of the vertical
disciplines procurement and construction departments of the project matrix. As expected, owing to lean
population of the planning work group, one response contributing to 4.5 % of the overall responses has
been recorded. The percentage distribution of research sample population responses based on their work
groups in the research unit is graphically shown below in figure 11.2 using a pie-chart.
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Figure 11.2: Percentage Split of Research Sample Specialisation
11.1.3 Years of Service (@1SRP2)

The profile of the research sample population with respect to their number of years of service in the
research unit is summarized in table 11.3.

Characteristics Classification Samples Research Percentage

Experience Less than 1 Year 3 13.6 %
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Between 1 and 5 Years 10 45.4 %
Between 5 and 10 Years 6 273 %
More Than 10 Years 3 13.6 %
Total =22 100 %

Table 11.3: Experience of Research Sample Population

Comment: The number of years of service of the research sample population in the research unit is
classified as follows:

1. Less than 1 Year

2. Between 1 and 5 Years
3. Between 5 and 10 Years
4. More Than 10 Years

Based on the responses, only 13.6 % of the respondents have less than one year of service in the research
unit and a majority of respondents are under the category of service between one and five years
constituting 45 % of the overall sample size. The respondents under the remaining two categories with
years of service in the range 5 to 10 years and more than 10 years are termed as mature groups and
constitute 27.3 % and 13.6 % respectively of the overall sample. With 86.3 % of the respondents having
more than one year of service in the research unit, it can be deemed as sufficient and beneficial input for
this research. The frequency distribution of research sample population responses based on their years of
service in the research unit is graphically shown in figure 11.3 using a frequency histogram chart.
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Figure 11.3: Experience Distribution of Research Sample Population
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11.1.4 Project Involvement (@1SRP3)

The profile of the research sample population with respect to their involvement in projects at the research
unit is summarized in table 11.4.

Characteristics Classification Samples Research Percentage
Less than 1 1 45 %
Between 1 and 5 14 63.6 %
Number of Projects Between 5 and 10 4 18.2 %
More Than 10 3 13.6 %
Total =22 100 %

Table 11.4: Project Experience of Research Sample Population

Comment: The number of projects the research sample population been a part of in the research unit has
been classified as follows in the research questionnaire:

1. Less than 1 Project

2. Between 1 and 5 Projects
3. Between 5 and 10 Projects
4. More Than 10 Projects

Based on the responses, only 4.5 % of the respondents have been a part of less than one project in the
research unit and a majority of respondents are under the category of project involvement between one
and five projects constituting 63.6 % of the overall sample. The respondents under the remaining two
categories with their number of projects involvement in the range 5 to 10 projects and more than 10
projects are termed as mature groups and constitute 18.2 % and 13.6 % respectively of the overall sample.
With an outstanding 95.4 % of the respondent’s involvement in more than one project during their service
in the research unit, it can be deemed as sufficient and beneficial input for this research. The frequency
distribution of research sample population responses based on the number of projects involved in the
research unit is graphically shown in figure 11.4 using a frequency histogram chart.
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Figure 11.4: Projects Experience Distribution of Research Sample Population

11.2 Project Profile of the Research Unit (PS)

The second section of the questionnaire contains questions intended to draw the percentage spread of the
EPC contract compensation models for projects executed along with those that are ongoing at the research
unit. The four compensation models namely Lump Sum Price/Reimbursable, Unit Rate/Unit Price, Lump
Sum Fixed Price, Cost Reimbursable/Cost Plus/Target Sum discussed in chapter 3 have been included in
the questionnaire. The questions are a part of the ‘Project Manager’ questionnaire and the project
managers were asked to respond on a percentage scale of 0 % to 100 %. An additional question to find
out the complexity of the project being executed against the competency of the organization has been
included in second section and has been directed to the Team lead family to respond.

The project profile with respect to the percentage of type of EPC compensation model negotiated with the
customer/client at the research unit is summarized in table 11.5:

Characteristics Classification Samples Research Percentage
Lump Sum
3 10.5 %
Price/Reimbursable
EPC Compensation Unit Rate/Unit Price 3 26.3 %
Model Lump Sum Fixed Price 3 28.9 %
Cost Reimbursable/Cost
34.2 %
Plus/Target Sum
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Total = 22 100 %

Table 11.5: Profile of Compensation Models Negotiated

Comment: Based on the responses from the project manager’s, a significant portion of the compensation
models negotiated is either unit rate or fixed price or target sum. Only 10.5 % of the projects are based on
lump sum reimbursable model wherein all the costs are compensated by the customer/contractor. Table
11.6 summarizes some of the outcomes that can be expected by the research unit for each of the
compensation model negotiated.

Unit L 5 Cost
= ump Sum
o S Lt S Rate/Unit I Reimbursable/Cost
3 o . . ixed Price
§ Z _}8’ Price/Reimbursable Price Plus/Target Sum
&) g‘ = (10.5 %) (28.9 %)
S (26.3 %) (34.2 %)
Project Scope Definition High Low Medium High
Client Participation None High None Low
Negotiated Rates,
Negotiated Rates, Negotiated
Terms, Profit,
Risk Terms and N/A Terms and
Overhead Costs and
Quantities Rates
Quantities
Incentives for Efficiency Advantage Disadvantage | Advantage Advantage
Commercial Disputes High Low Medium High
Incentives for Optimisation High Low Low High

Table 11.6: Impact of Compensation Models on Research Unit

Depending on the response with respect to the choice of projects basing on unit rate, it can be deemed that
23.3 % the projects are prone to variation in project execution activities or in other words the project
activities could not quantified. With little less than one-third of the compensation model negotiated being
fixed price, the research unit on a positive side has an advantage of banking the incentives (if any) but on
the flip side has to bear the contingencies with respect to profit. However, the owner has an advantage of
fully defining the scope of work upon signing the contract but leaves a chance for any conflicts with the
contractor during execution as a result of variation. The respondents specify that a significant number of
compensation models negotiated are Cost Reimbursable/Cost Plus/Target Sum and are of the order 34.2
% of the overall compensation models agreed between the research unit and the customer. This means
that the research unit requires significant supervising efforts to translate into control information required
to the customer. In addition there is a risk of high commercial disputes between the research unit and the
client. The percentage distribution of compensation models negotiated by the research unit for the
projects executed and being executed is graphically shown in figure 11.5 using a pie-chart.
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Figure 11.5: Profile of Compensation Models Negotiated by the Research Unit

The frequency distribution of research sample population responses scaling the complexity of the projects
being executed against the competency of the research unit is graphically in figure 11.6 using a frequency
histogram chart.
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Figure 11.6: Complexity of Projects Executed at the Research Unit
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12 Univariate and Reliability Statistics of Critical Success Factors (Observed)

This chapter presents a summary of all the descriptive univariate statistics of all the observed or measured
variables and reliability statistics (independent variables only) for each critical success factor discussed in
this research in chapter 9.

12.1 Univariate and Reliability Statistics of Front End Planning/Start-Up Plan (Observed)

The third section of the research questionnaire consists of six questions for the measurement of the
critical success factor ‘Front End Planning/Start-Up Plan’. Front End Planning/Start-Up Plan was
measured using one status variable (Availability of organization policies/procedures that govern the
budget/schedule estimates for the project execution activities), one dependent variable (Cost/Schedule
goals achieved based on policies governing budget/schedule estimates) and 4 independent variables
(Accuracy of policies governing budget/schedule estimates, Encouragement from Organization for Start-
up Plan formulation, Competency of the teams/team members who formulate the start-up plan, Level of
Start-Up Plan alignment for the projects executed or being executed).

Table 12.1 summarizes the quantitative responses gathered from 11 respondents for independent and
status variables (3 projects managers and 8 team leads) and 3 respondents for dependent variables (3
Project managers). The internal consistency check for all the independent variables yielded a Cronbach-
Alpha coefficient of 0.828 ensuring that the data being analysed is reliable as shown in fable 12.2 and
table 12.3.

N Range [Minimum|Maximum Mean S.t d'. Variance| Skewness Kurtosis
Deviation
Statistic | Statistic| Statistic | Statistic [Statistic Sz Statistic | Statistic |Statistic siil Statistic Sz
Error Error Error
@3SSP1 11 100 0 100 90,91 19,091 | 30,151 [909,091 | -3,317 | ,661 | 11,000 | 1,279
@3ISP2 11 60 40 100 65,45 16,085 | 20,181 |407,273 | ,053 ,661 | -1,000 | 1,279
@3DSP3 3 20 60 80 73,33 | 6,667 | 11,547 |[133,333| -1,732 | 1,225
@3ISP4 11 60 40 100 74,55 | 5,455 | 18,091 (327,273 | -,344 | ,661 | -,054 | 1,279
@3ISP5 11 60 40 100 63,64 | 5,270 | 17,477 |305,455| ,690 ,661 ,779 | 1,279
@3ISP6 11 60 20 80 60,00 | 5,394 | 17,889 |320,000 | -1,025 | ,661 | 1,563 | 1,279
Table 12.1: Univariate Statistics for Front End Planning/Start-Up Plan (Observed)
Cronbach's Alpha N of Items
,828 4
Table 12.2: Reliability Statistics for Front End Planning/Start-Up Plan (Observed)
Scale Mean if Item Scale Variance if Item Corrected Item-Total |Cronbach's Alpha if Item
Deleted Deleted Correlation Deleted
@3ISP2 198,18 1876,364 , 745 , 738
@3ISP4 189,09 2429,091 ,465 ,862
@3ISP5 200,00 2080,000 , 753 , 740
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@3ISP6

203,64

2145,455

,676

173

@3ISP2

198,18

1876,364

745

, 738

Table 12.3: Item-Total Statistics for Front End Planning/Start-Up Plan (Observed)

12.2 Univariate and Reliability Statistics of Project Execution (Observed)

The critical success factor project execution was measured using fifteen questions under section four of
the questionnaire. Of the fifteen questions five questions are used to measure the causes and the
remaining eight for measuring effects. Table 12.4 summarizes the quantitative responses gathered for the
critical success factor ‘Project Execution’. The internal consistency check for all the independent
variables yielded a Cronbach-Alpha coefficient of 0.783 ensuring that the data being analyzed is reliable
as shown in fable 12.5 and table 12.6.

N Range [Minimum | Maximum Mean De\szita(lit.ion Variance Skewness Kurtosis
Statistic | Statistic | Statistic | Statistic | Statistic ESr tr(i).r Statistic | Statistic | Statistic ESr tr(ir Statistic ESr tr(i).r
@4IPE1 11 100 0 100 65,91 (13,174 43,693 [1909,091| -965 |.661 | -978 |1,279
@4DPE2 3 20 60 80 73,33 | 6,667 | 11,547 | 133,333 | -1,732 |1,225
@4DPE3 3 20 40 60 53,33 | 6,667 | 11,547 | 133,333 | -1,732 |1,225
@4DPE4 3 20 60 80 73,33 | 6,667 | 11,547 | 133,333 | -1,732 (1,225
@4DPE5 3 20 80 100 93,33 | 6,667 | 11,547 | 133,333 | -1,732 |1,225
@4IPE6 11 80 20 100 72,73 | 6,754 | 22,401 | 501,818 | -1,199 [ ,661 | 2,334 |1,279
@4IPE7 11 60 40 100 70,91 | 6,803 | 22,563 | 509,091 [ ,118 |[,661 | -1,306 |1,279
@4DPES 3 0 60 60 60,00 | ,000 ,000 ,000
@4DPE9 3 20 60 80 66,67 | 6,667 | 11,547 | 133,333 | 1,732 |1,225
@4IPE10 11 80 20 100 69,09 | 7,318 | 24,271 | 589,091 [ -,692 [,661 | ,285 1,279
@4IPE13 19 80 20 100 60,00 | 4,837 | 21,082 | 444,444 -318 |[,524| -,053 |1,014
Table 12.4: Univariate Statistics for Project Execution (Observed)
Cronbach's Alpha N of Items
,783 5
Table 12.5: Reliability Statistics for Project Execution (Observed)
Scale Mean if Item Scale Variance if Item Corrected Item-Total |Cronbach's Alpha if Item
Deleted Deleted Correlation Deleted
@4IPE1 267,50 5478,571 ,655 ;741
@A4IPE6 263,75 7248,214 ,948 ,636
@4IPE7 266,25 8819,643 ,503 ,761
@4IPE10 268,75 9891,071 172 ,853
@4IPE13 278,75 7862,500 ,821 ,681

Table 12.6: Item-Total Statistics for Project Execution (Observed)
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12.3 Univariate and Reliability Statistics of Best Practices (Observed)

A total of thirty questions are used to measure five dependent variables and twenty two independent
variables to record the state of best practices in the research unit. Majority of the questions in the section
included all the three respondent groups to participate in answering. Table 12.7 summarizes the
quantitative responses gathered for the critical success factor ‘Best Practices’. The internal consistency
check for all the independent variables yielded a Cronbach-Alpha coefficient of 0.703 ensuring that the
data being analyzed is reliable as shown in fable 12.8 and table 12.9.

N Range [Minimum{Maximum Mean Desit;it.ion Variance Skewness Kurtosis
Statistic|Statistic| Statistic | Statistic |Statistic|Std. Error| Statistic | Statistic |Statistic std. Statistic std.
Error Error
@5DBP1 3 20 60 80 73,33 | 6,667 11,547 (133,333 -1,732 | 1,225
@5DBP2 3 20 40 60 46,67 | 6,667 11,547 (133,333 1,732 | 1,225
@5DBP3 3 20 20 40 33,33 | 6,667 11,547 (133,333 -1,732 | 1,225
@5IBP4 22 60 40 100 65,45 | 3,764 | 17,655 |311,688| ,317 491 | -,345 | 953
@5IBPS 22 80 20 100 59,09 | 3,831 17,971 (322,944 ,095 ,491 510 | 953
@5IBP6 22 100 0 100 73,86 | 5,573 | 26,138 [683,171| -1,552 | ,491 | 2,492 | 953
@5IBP7 22 100 0 100 38,64 | 7,489 | 35,125 |1233,766| ,465 491 | -1,295  ,953
@5IBP8 22 100 0 100 69,32 | 6,356 | 29,813 | 888,799 -1,371 | ,491 | 1,201 | ,953
@5IBP9 22 100 0 100 56,82 | 6,818 | 31,980 [1022,727] -414 | ,491 |-1,146| ,953
@5IBP10 22 100 0 100 68,18 | 7,389 | 34,660 [1201,299] -1,111 | ,491 | -,011 | ,953
@5IBP11 22 100 0 100 42,05 | 9,067 | 42,529 |1808,712| ,423 491 | -1,631] ,953
@5IBP12 19 100 0 100 63,16 | 9,817 | 42,792 [1831,140] -,719 | ,524 |-1,339| 1,014
@5IBP13 22 100 0 100 70,45 | 6,504 | 30,508 |930,736] -1,349 | ,491 | 1,086 | ,953
@5IBP14 19 100 0 100 51,32 | 8,859 | 38,616 [1491,228] -,300 | ,524 |-1,637 | 1,014
@5IBP15 22 80 20 100 60,00 | 5,096 | 23,905 |571,429| -,184 | ,491 | -,685 | ,953
@5IBP17 22 100 0 100 20,45 | 8,328 | 39,064 |1525,974| 1,649 | ,491 956 | 953
@5DBP18 22 100 0 100 34,09 | 7,084 | 33,225 |1103,896| 1,126 | ,491 111 953
@5IBP19 19 60 40 100 66,32 | 4,602 | 20,058 |402,339| ,015 ,524 1 -1,068 | 1,014
@5IBP20 19 60 40 100 71,58 | 3,844 | 16,754 280,702 | -,277 | ,524 | -,178 | 1,014
@5IBP21 19 80 20 100 61,05 | 4,181 18,225 (332,164 -,112 | ,524 | ,820 | 1,014
@5DBP22 19 80 20 100 64,21 | 5,204 | 22,685 [514,620| -,204 | ,524 | -,861 | 1,014
@5IBP23 19 80 20 100 66,32 | 4,849 | 21,137 |446,784| -402 | ,524 | -,125 | 1,014
@5IBP24 19 75 25 100 75,00 | 7,404 | 32,275 [1041,667| -,866 | ,524 |-1,059 | 1,014
@5IBP25 22 75 25 100 79,55 | 5,365 | 25,162 |633,117] -1,322 | ,491 997 953
@5IBP26 22 100 0 100 40,91 | 7,635 | 35,812 (1282,468| ,500 491 | -1,249  ,953
@5IBP27 22 80 20 100 53,64 | 5,162 | 24,210 |586,147| -,027 | ,491 | -974 | ,953

Table 12.7: Univariate Statistics for Best practices (Observed)
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Cronbach's Alpha N of Items

,703 23

Table 12.8: Reliability Statistics for Best practices (Observed)

Scale Mean if Item Scale Variance if Item Corrected Item-Total |Cronbach's Alpha if Item
Deleted Deleted Correlation Deleted
@5IBP4 1281,05 47259,942 421 , 7176
@5IBPS 1288,42 47786,257 ,344 ,682
@5IBP6 1273,68 45177,339 426 ,765
@5IBP7 1309,21 48367,398 ,085 ,708
@5IBP8 1280,26 43865,205 AT7 155
@5IBP9 1290,79 51520,175 -,102 ,630
@5IBP10 1280,26 45073,538 ,291 ,678
@5IBP11 1302,63 42942,690 ,324 ,770
@5IBP12 1284,21 44978,509 ,235 ,687
@5IBP13 1272,37 45651,023 ,373 771
@5IBP14 1296,05 43843,275 ,355 ,667
@5IBP15 1289,47 44866,374 ,556 ,756
@5IBP16 1285,26 46687,427 ,436 ,672
@5IBP17 1323,68 45760,673 ,205 ;792
@5DBP18 1314,47 54069,152 -,261 ,652
@5IBP19 1281,05 49748,830 ,104 ,601
@5IBP20 1275,79 48153,509 ,360 183
@5IBP21 1286,32 47541,228 ,404 779
@5IBP23 1281,05 49926,608 ,075 ,603
@5IBP24 1272,37 46526,023 ,252 ,784
@5IBP25 1269,74 50851,316 -,039 716
@5IBP26 1309,21 54659,064 -,287 ,659
@5IBP27 1294,74 49076,316 ,123 ,700

Table 12.9: Item-Total Statistics for Best practices (Observed)
12.4 Univariate and Reliability Statistics of ICT (Observed)

The sixth section of the questionnaire consists of six questions intended to measure the independent
variables. The response is gathered from 8 Team Lead’s and 11 Team Members. Table 12.10 summarizes
the quantitative responses gathered for the measurement of critical success factor ‘Information and
Communications Technology’. The internal consistency check for all the independent variables yielded a
Cronbach-Alpha coefficient of 0.737 ensuring that the data being analyzed is reliable as shown in table
12.11 and table 12.12.

Scale Mean if Item Scale Variance if Item Corrected Item-Total |Cronbach's Alpha if Item
Deleted Deleted Correlation Deleted
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1281,05 47259,942 421 176
@6IICT1 1288,42 47786,257 ,344 ,682
@6IICT2 1273,68 45177,339 426 165
@6IICT3 1309,21 48367,398 ,085 ,7108
@6IICT4 1280,26 43865,205 ATT 155
@6IICTS 1290,79 51520,175 -,102 ,630
@6IICT6 1280,26 45073,538 291 ,678

Table 12.10: Univariate Statistics for Information and Communications Technology (Observed)

Cronbach's Alpha

N of Items

7137

6

Table 12.11: Reliability Statistics for Information and Communications Technology (Observed)

?fearlrf]g/i ?:;(ljf siezle V};r; 11 Itlgz i e COH%;T:;;:EHTOM] Cronbach's Alpha if Item Deleted
@oIICT1 324,21 4870,175 ,515 ,699
@oIICT2 332,63 4276,023 ,528 ,684
@6IICT3 335,79 4070,175 ,566 ,671
@oIICT4 333,68 4846,784 ,467 ,706
@OIICTS 350,53 4638,596 ,353 ,736
@OIICT6 349,47 3971,930 ,486 ,702

Table 12.12: Item-Total Statistics for Information and Communications Technology (Observed)

12.5 Univariate and Reliability Statistics of Project Organization (Observed)

Nine independent variables are measured in section seven of the questionnaire with the need to gather
data for evaluating the critical success factor ‘Project Organization’. The response is recorded and table
12.13 summarizes the quantitative responses gathered for the measurement of critical success factor
‘Project Organization’. The internal consistency check for all the independent variables yielded a
Cronbach-Alpha coefficient of 0.716 ensuring that the data being analyzed is reliable as shown in table
12.14 and table 12.15.

N Range |Minimum{Maximum Mean S.td'. Variance| Skewness Kurtosis
Deviation
Statistic |Statistic| Statistic | Statistic |Statistic S, Statistic | Statistic |Statistic S Statistic Sl
Error Error Error
@7IPM1 22 80 20 100 50,91 | 5,219 | 24,477 (599,134 ,142 ,491 -,964 ,953
@7IPM2 22 80 20 100 82,73 | 4,222 19,804 392,208 -1,590 | ,491 | 3,561 | ,953
@7IPM3 22 40 60 100 83,64 | 2,509 11,770 | 138,528 -,025 ,491 ,011 ,953
@71PM4 22 60 40 100 79,09 | 3,349 15,708 246,753 -,566 | ,491 ,499 ,953
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@7IPM5 19 80 20 100 63,16 | 5,570 24,279 589,474 -,126 ,524 =524 | 1,014
@7IPM6 19 80 20 100 56,84 | 4,900 | 21,357 (456,140 ,041 524 | -,325 | 1,014
@7IPM7 19 80 20 100 65,26 | 5,481 | 23,891 |[570,760| -,351 524 | -281 | 1,014
@7IPM8 19 60 40 100 75,79 | 3,923 | 17,100 (292,398 -,150 | ,524 | -,496 | 1,014
@7IPM9 19 50 50 100 97,37 | 2,632 11,471 131,579 -4,359 | ,524 119,000| 1,014
@7SPM10 22 100 0 100 62,50 | 7,671 | 35,981 [1294,643| -,685 | ,491 | -,993 | ,953
Table 12.13: Univariate Statistics for Project Organisation (Observed)
Cronbach's Alpha N of Items
716 9
Table 12.14: Reliability Statistics for Project Organisation (Observed)
Scale Mean if Item Scale Variance if Item | Corrected Item-Total |Cronbach's Alpha if Item
Deleted Deleted Correlation Deleted
@7IPM1 601,58 6091,813 -,289 ,701
@7IPM2 567,89 4095,322 ,393 ,782
@7IPM3 566,84 4911,696 315 757
@7IPM4 572,11 4695,322 ,285 , 749
@7IPM5 586,84 3445,029 ,545 ,670
@7IPM6 593,16 6378,363 -,365 , 793
@7IPM7 584,74 3826,316 ,403 761
@7IPM8 574,21 4036,842 ,580 728
@7IPM9 552,63 5164,912 177 ,692

Table 12.15: Item-Total Statistics for Project Organisation (Observed)

12.6 Univariate and Reliability Statistics of Knowledge Management (Observed)

Section eight of the questionnaire contains seven questions designed to measure six independent variables
to record the state of critical success factor ‘Knowledge Management’ and the results of the responses is
summarized in table 12.16. The internal consistency check for all the independent variables yielded a
Cronbach-Alpha coefficient of 0.794 ensuring that the data being analyzed is reliable as shown in table
12.17 and table 12.18.

N Range [Minimum|Maximum Mean S.t d'. Variance Skewness Kurtosis
Deviation
Statistic|Statistic| Statistic | Statistic |Statistic i Statistic | Statistic [Statistic S Statistic Sl
Error Error Error
@BIKM1 22 100 0 100 36,36 | 5,868 | 27,524 |757,576( 1,775 | ,491 | 2,184 | ,953
@8IKM2 22 100 0 100 30,68 | 7,703 | 36,131 [1305,465| ,813 ,491 -,506 | ,953
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@8IKM3 22 100 0 100 38,64 | 8,504 | 39,886 [1590,909| ,528 [ ,491 |-1,434] ,953
@8IKM4 22 75 0 75 1591 | 5,589 | 26,215 (687,229 ( 1,647 | ,491 | 1,554 | ,953
@8IKMS5 22 80 20 100 55,45 | 4,545 | 21,320 (454,545( ,239 | ,491 | -,605 | ,953
@8IKM6 22 60 20 80 39,09 | 4,051 | 19,001 |361,039| ,830 [ .491 ,039 [ ,953

Table 12.16: Univariate Statistics for Knowledge Management (Observed)

Cronbach's Alpha N of Items

, 794 6

Table 12.17: Reliability Statistics for Knowledge Management (Observed)

Scale Mean if Item Scale Variance if Item | Corrected Item-Total |Cronbach's Alpha if Item
Deleted Deleted Correlation Deleted
@8IKM1 179,77 12617,803 ,303 ,814
@8IKM?2 185,45 8699,784 778 ,697
@8IKM3 177,50 7813,690 ,829 ,680
@8IKM4 200,23 12427,327 ,365 ,800
@8IKMS 160,68 11836,418 ,638 753
@B8IKM6 177,05 12761,093 ,496 ,780

Table 12.18: Item-Total Statistics for Knowledge Management (Observed)

12.7 Univariate and Reliability Statistics of Benchmarking (Observed)

The last section of the questionnaire intended to measure the critical success factor ‘Benchmarking’
consists of four questions of which three are used to gauge independent variables. The response to the
independent variables on a scale of five is summarized in table 12.19. The internal consistency check for
all the independent variables yielded a Cronbach-Alpha coefficient of 0.871 ensuring that the data being
analyzed is reliable as shown in table 12.20 and table 12.21.

N Range |Minimum|Maximum Mean S.td'. Variance|  Skewness Kurtosis
Deviation
Statistic|Statistic| Statistic | Statistic [Statistic Sil Statistic | Statistic |Statistic Sifil Statistic s
Error Error Error
@9IBM1 11 100 0 100 27,27 14,084 | 46,710 (2181,818] 1,189 | ,661 =764 | 1,279
@9IBM2 11 100 0 100 18,18 | 8,977 | 29,772 |886,364| 2,376 | ,661 | 6,446 | 1,279
@91BM3 11 80 0 80 23,64 | 8,870 | 29,419 |865,455| ,773 ,661 =757 | 1,279

Table 12.19: Univariate Statistics for Benchmarking (Observed)
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Cronbach's Alpha

N of Items

871

Table 12.20: Reliability Statistics for Benchmarking (Observed)

Scale Mean if Item Scale Variance if Item | Corrected Item-Total [Cronbach's Alpha if Item
Deleted Deleted Correlation Deleted
@I9IBM1 41,82 3106,364 ,786 872
@91BM2 50,91 5229,091 758 ,834
@9IBM3 45,45 4977,273 ,852 167

Table 12.21: Item-Total Statistics for Benchmarking (Observed)
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13 Descriptive and Univariate Statistics of Missing Values

Figure 13.1 shows the overall summary of the missing values in three different pie-charts and table 13.1
provides an overall summary of the missing values with at least 10 % or missing data.

<4 The variables chart shows each of the 69 completely observed variable has at least 37 missing data
4 The cases chart shows that all the cases have at least one missing variable

<4 The values chart shows the out of 1518 values required to have a complete dataset 367 values are
missing

Overall Summary of Missing Values

W Complete Data
M Incomplete Data

Variables Cases Values

Figure 13.1: Missing Values Summary

Missing
Valid N Mean Std. Deviation
N Percent

@5DBP3 19 86,4% 3 33,33 11,547
@5DBP2 19 86,4% 3 46,67 11,547
@5DBP1 19 86,4% 3 73,33 11,547
@4DPE9 19 86,4% 3 66,67 11,547
@4DPES 19 86,4% 3 60,00 ,000

@4DPES 19 86,4% 3 93,33 11,547
@4DPE4 19 86,4% 3 73,33 11,547
@4DPE3 19 86,4% 3 53,33 11,547
@4DPE2 19 86,4% 3 73,33 11,547
@3DSP3 19 86,4% 3 73,33 11,547
@9IBM3 11 50,0% 11 23,64 29,419
@9IBM2 11 50,0% 11 18,18 29,772
@9IBM1 11 50,0% 11 27,27 46,710
@41PE10 11 50,0% 11 69,09 24,271
@4IPE7 11 50,0% 11 70,91 22,563
@41PE6 11 50,0% 11 72,73 22,401
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@4]IPE1 11 50,0% 11 65,91 43,693
@3ISP6 11 50,0% 11 60,00 17,889
@3ISP5 11 50,0% 11 63,64 17,477
@3ISP4 11 50,0% 11 74,55 18,091
@3ISP2 11 50,0% 11 65,45 20,181
@3SSP1 11 50,0% 11 90,91 30,151
@71PM9 3 13,6% 19 97,37 11,471
@7IPM8 3 13,6% 19 75,79 17,100
@71PM7 3 13,6% 19 65,26 23,891
@7IPM6 3 13,6% 19 56,84 21,357
@7IPM5 3 13,6% 19 63,16 24,279
@6IICT6 3 13,6% 19 55,79 24,566
@5IBP24 3 13,6% 19 75,00 32,275
@5IBP23 3 13,6% 19 66,32 21,137
@5DBP22 3 13,6% 19 64,21 22,685
@5IBP21 3 13,6% 19 61,05 18,225
@5IBP20 3 13,6% 19 71,58 16,754
@35IBP19 3 13,6% 19 66,32 20,058
@5IBP14 3 13,6% 19 51,32 38,616
@35IBP12 3 13,6% 19 63,16 42,792
@4IPE13 3 13,6% 19 60,00 21,082
@8IKM6 0 0,0% 22 39,09 19,001
@8IKMS5 0 0,0% 22 55,45 21,320
@8IKM4 0 0,0% 22 15,91 26,215
@8IKM3 0 0,0% 22 38,64 39,886
@8IKM?2 0 0,0% 22 30,68 36,131
@8IKM1 0 0,0% 22 36,36 27,524
@7SPM10 0 0,0% 22 62,50 35,981
@71PM4 0 0,0% 22 79,09 15,708
@7IPM3 0 0,0% 22 83,64 11,770
@71PM2 0 0,0% 22 82,73 19,804
@7IPM1 0 0,0% 22 50,91 24,477
@6IICTS 0 0,0% 22 57,27 22,505
@6IICT4 0 0,0% 22 70,00 16,036
@6IICT3 0 0,0% 22 66,36 21,722
@6IICT2 0 0,0% 22 72,73 20,043
@6IICT1 0 0,0% 22 80,91 14,445
@35IBP27 0 0,0% 22 53,64 24,210
@5IBP26 0 0,0% 22 40,91 35,812
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@5IBP25 0 0,0% 22 79,55 25,162
@5DBP18 0 0,0% 22 34,09 33,225
@5IBP17 0 0,0% 22 20,45 39,064
@5IBP16 0 0,0% 22 61,82 19,429
@5IBP15 0 0,0% 22 60,00 23,905
@5IBP13 0 0,0% 22 70,45 30,508
@5IBP11 0 0,0% 22 42,05 42,529
@5IBP10 0 0,0% 22 68,18 34,660
@5IBP9 0 0,0% 22 56,82 31,980
@5IBP8 0 0,0% 22 69,32 29,813
@5IBP7 0 0,0% 22 38,64 35,125
@5IBP6 0 0,0% 22 73,86 26,138
@5IBPS5 0 0,0% 22 59,09 17,971
@51BP4 0 0,0% 22 65,45 17,655

Table 13.1:Univariate Statistics of Missing Values for Each Variable

The pattern chart shown in figure 13.2 displays the missing values patterns with each pattern grouped
with respect to the three groups of cases of observed and missing data. The pattern chart follows the
planned missing data design of the questionnaire used among the three research groups and the variables
are arranged in the X-axis of the chart with step wise incremental ordering from left to right depending
upon the number of missing values in each case. Since the pattern followed by the missing values is not
inline with the characteristic of being monotone, 367 values are required to be imputed to estimate a
complete dataset.
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Missing Value Patterns
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Figure 13.2: Missing Values Pattern
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14 Univariate and Reliability Statistics of Critical Success Factors (Imputed)

This chapter presents a summary of descriptive univariate statistics (dependent and independent
variables) and reliability statistics (independent variables) for all the imputed missing values for each
critical success factor. As the questionnaire was designed for planned missing data, the research used
multiple imputation technique to estimate the missing data and found the results obtained to be non-
sensitive to the assumption of multivariate normality. The process of imputation consisted of

<4 Forty iterations of datasets are imputed using SPSS v20.

& & &

errors across the imputed datasets

Standard errors are estimated for all the variables

Imputed data is averaged across complete datasets

The uncertainty as a result of imputing the missing data is recorded by combining the standard

14.1 Univariate and Reliability Statistics of Front End Planning/Start-Up Plan (Imputed)

Table 14.1 summarizes the univariate statistics for the quantitative imputations deduced through the
multiple imputation technique for one dependent and four independent variables. The internal consistency
check for all the imputed independent variables yielded a Cronbach-Alpha coefficient of 0.796 ensuring
that the data is reliable as shown in table 14.2 and table 14.3.

N Range | Minimum | Maximum | Mean S.t d'. Variance Skewness Kurtosis
Deviation
. e - . . . . .. Std. . Std.
Statistic | Statistic | Statistic | Statistic | Statistic | Statistic | Statistic | Statistic Statistic
Error Error
@3SSP1 22 100 0 100 91,53 21,15 | 447,337 | -4,21 0,491 | 18,779 | 0,953
@3ISP2 22 60 40 100 65,28 14,542 | 211,473 | 0,064 | 0,491 0,642 | 0,953
@3DSP3 22 20 60 80 73,46 4,604 21,199 | -1,021 | 0,491 2,244 | 0,953
@3ISP4 22 60 40 100 73,61 12,921 | 166,942 | -0,184 | 0,491 1,912 | 0,953
@3ISP5 22 60 40 100 64,71 12,67 160,526 [ 0,539 | 0,491 2,497 | 0,953
@3ISP6 22 60 20 80 59,39 12,565 | 157,885 | -1,124 | 0,491 4,39 0,953
Table 14.1: Univariate Statistics for Front End Planning/Start-up Plan (Imputed)
Cronbach's Alpha N of Items
0,796 4
Table 14.2: Reliability Statistics for Front End Planning/Start-up Plan (Imputed)
Scale Mean if Item Scale Variance if Item Corrected Item-Total Cronbach's Alpha if Item
Deleted Deleted Correlation Deleted
@3ISP2 197,71 903,823 0,701 0,694
@3ISP4 189,38 1182,96 0,426 0,828
@3ISP5 198,28 1031,86 0,658 0,72
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@3ISP6

203,59

1034,83

0,663

0,719

Table 14.3: Item-Total Statistics for Front End Planning/Start-up Plan (Imputed)

14.2 Univariate and Reliability Statistics of Project Execution (Imputed)

The imputed missing values for the critical success factor project execution deduced through the multiple
imputation technique are shown using univariate statistics in table 14.4. Of the fifteen variables five
variables are used to measure the causes and the remaining eight for measuring effects. The internal
consistency check on five independent variables yielded a Cronbach-Alpha coefficient of 0.715 ensuring
that the data is reliable as shown in table 14.5 and table 41.6.

N Range | Minimum | Maximum | Mean S.t d'. Variance Skewness Kurtosis
Deviation
.. .. .. .. .. .. .. .. Std. .. Std.
Statistic | Statistic | Statistic | Statistic | Statistic [ Statistic Statistic | Statistic Statistic

Error Error
@4IPE1 22 100 0 100 65,14 30,36 921,739 | -1,15 0,491 1,104 0,953
@4DPE2 22 20 60 80 72,83 5,003 25,032 | -0,421 | 0,491 0,576 0,953
@4DPE3 22 20 40 60 53,93 4,752 22,583 | -1,007 | 0,491 2,077 0,953
@4DPE4 22 20 60 80 73,23 4,781 22,861 | -0,883 | 0,491 1,449 0,953
@4DPES5 22 20 80 100 93,39 4912 24,123 | -0,844 | 0,491 1,413 0,953
@4IPE6 22 80 20 100 73,55 16,137 260,395 | -1,533 | 0,491 5,267 0,953
@4IPE7 22 60 40 100 72,25 15,874 251,997 | -0,105 | 0,491 0,566 0,953

@4DPES 22 0 60 60 60 0 0
@4DPE9 22 20 60 80 67,22 4,509 20,33 0,631 0,491 1,958 0,953
@4IPE10 22 80 20 100 68,69 16,91 285,95 | -0,803 | 0,491 2,959 0,953
@4IPE13 22 80 20 100 59,93 19,522 381,093 | -0,326 | 0,491 0,424 0,953

Table 14.4: Univariate Statistics for Project Execution (Imputed)

Cronbach's Alpha

N of Items

0,715

5

Table 14.5: Reliability Statistics for Project Execution (Imputed)

Scale Mean if
Item Deleted

Scale Variance if
Item Deleted

Corrected Item-Total
Correlation

Cronbach's Alpha if Item
Deleted
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@4]PE1 274,42 2343,11 0,297 0,662
@4]IPE6 266 2677,47 0,719 0,717
@4]IPE7 267,31 3260,96 0,345 0,777
@4IPE10 270,87 3549,8 0,15 0,652
@4]PE13 279,63 2683,52 0,531 0,779

Table 14.6: Item-Total Statistics for Project Execution (Imputed)

14.3 Univariate and Reliability Statistics of Best Practices (Imputed)

A total of thirty variables are used to measure five dependent variables and twenty two independent
variables to record the state of best practices in the research unit. The imputed missing values for the
critical success factor best practices deduced through the multiple imputation technique are shown using
univariate statistics in fable 14.7. The internal consistency check on twenty two independent variables
yielded a Cronbach-Alpha coefficient of 0.738 ensuring that the data is reliable as shown in table 14.8

and table 14.9.

N Range |Minimum | Maximum | Mean Desitiion Variance Skewness Kurtosis

Statistic | Statistic | Statistic | Statistic | Statistic | Statistic Statistic | Statistic S Statistic i

Error Error

@5DBP1 22 20 60 80 74,22 4,67 21,806 | -1,226 | 0,491 [ 2,855 [ 0,953
@5DBP2 22 20 40 60 47,33 4,909 24,103 | 0,983 | 0,491 1,739 | 0,953
@5DBP3 22 20 20 40 33,84 4,509 20,329 | -1,191 | 0,491 3,15 0,953
@5IBP4 22 60 40 100 65,45 17,655 311,688 | 0,317 | 0,491 | -0,345 | 0,953
@5IBPS5 22 80 20 100 59,09 17,971 322,944 | 0,095 | 0,491 0,51 0,953
@5IBP6 22 100 0 100 73,86 26,138 683,171 | -1,552 | 0,491 | 2,492 | 0,953
@5IBP7 22 100 0 100 38,64 35,125 1233,77 | 0,465 | 0,491 | -1,295 | 0,953
@5IBPS 22 100 0 100 69,32 29,813 888,799 | -1,371 | 0,491 1,201 | 0,953
@5IBP9 22 100 0 100 56,82 31,98 1022,73 | -0,414 | 0,491 | -1,146 | 0,953
@5IBP10 22 100 0 100 68,18 34,66 1201,3 | -1,111 | 0,491 | -0,011 [ 0,953
@5IBP11 22 100 0 100 42,05 42,529 1808,71 | 0,423 | 0,491 | -1,631 | 0,953
@5IBP12 22 100 0 100 63,17 39,662 1573,09 | -0,762 | 0,491 | -1,007 | 0,953
@5IBP13 22 100 0 100 70,45 30,508 930,736 | -1,349 | 0,491 1,086 | 0,953
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@5IBP14 22 100 0 100 51,5 35,804 1281,96 | -0,334 | 0,491 | -1,333 | 0,953
@5IBP15 22 80 20 100 60 23,905 571,429 | -0,184 | 0,491 | -0,685 | 0,953
@5IBP16 22 80 20 100 61,82 19,429 377,489 | -0,538 | 0,491 | 0,679 | 0,953
@5IBP17 22 100 0 100 20,45 39,064 152597 | 1,649 | 0,491 | 0,956 | 0,953
@5IBP19 22 60 40 100 66,93 18,707 349,959 | -0,085 | 0,491 | -0,766 | 0,953
@5IBP20 22 60 40 100 71,47 15,594 243,167 | -0,271 | 0,491 | 0,207 | 0,953
@5IBP21 22 80 20 100 60,53 16,963 287,759 | -0,021 | 0,491 1,294 | 0,953
@5IBP23 22 80 20 100 66,15 19,643 385,834 | -0,398 | 0,491 | 0,281 | 0,953
@5IBP25 22 75 25 100 79,55 25,162 633,117 | -1,322 | 0,491 | 0,997 | 0,953
@5IBP26 22 100 0 100 40,91 35,812 1282,47 0,5 0,491 | -1,249 | 0,953
@5IBP27 22 80 20 100 53,64 24,21 586,147 | -0,027 | 0,491 | -0,974 | 0,953
Table 14.7: Univariate Statistics for Best Practices (Imputed)
Cronbach's Alpha N of Items
0,738 22
Table 14.8: Reliability Statistics for Best Practices (Imputed)
. Scale Variance if Item Corrected Item-Total Cronbach's Alpha if
sieale lifan [ liam [Delsizd Deleted Correlation Item Deleted
@51BP4 1249.5 43693,914 0,406 0,715
@5IBP5 1255,86 43953,445 0,362 0,718
@5IBP6 1241,09 41780,362 0,425 0,705
@5IBP7 1276,31 44164,445 0,109 0,742
@5IBPS8 1245,63 40618,25 0,457 0,697
@5IBP9 1258,13 47322,618 -0,097 0,764
@5IBP10 1246,77 41013,362 0,341 0,71
@5IBP11 127291 40106,409 0,299 0,716
@5IBP12 1251,78 40768,462 0,291 0,717
@5IBP13 1244.5 42537,066 0,281 0,619
@5IBP14 1263,45 39976,636 0,401 0,7
@5IBP15 1254,95 41802,987 0,473 0,602

Page 108 of 243




At the Crossroads:
Multidiscipline Integration and Coordination in an EPC Contract: A Resurgence of Challenges and Strategic Improvement Opportunities

@5IBP16 1253,13 43064,852 0,441 0,711
@5IBP17 1294,5 41894,748 0,224 0,727
@5IBP19 1248,02 45842,29 0,101 0,637
@5IBP20 1243,48 44444,508 0,352 0,721
@5IBP21 1254,42 44176,946 0,356 0,62
@5IBP23 1248,8 46486,436 0,015 0,643
@5IBP24 1239,99 42743,577 0,272 0,72
@5IBP25 1235,41 47451,519 -0,099 0,757
@5IBP26 1274,04 49536,38 -0,239 0,787
@5IBP27 1261,31 45055,546 0,132 0,635

Table 14.9: Item-Total Statistics for Best Practices (Imputed)

14.4 Univariate and Reliability Statistics of ICT (Imputed)

The sixth section of the questionnaire consists of six variables intended to measure the independent
variables. The three missing values for each of the six variables are imputed through the multiple
imputation technique and the consolidated data is described using univariate statistics as shown in table
14.10. The internal consistency check for all the six independent variables yielded a Cronbach-Alpha
coefficient of 0.740 ensuring that the data imputed is reliable as shown in table 14.11 and table 14.12.

N Range |Minimum | Maximum | Mean S.t d'. Variance Skewness Kurtosis
Deviation
.. .. .. .. .. . . .. . . Std. . . Std.
Statistic | Statistic | Statistic | Statistic | Statistic | Statistic | Statistic | Statistic Statistic

Error Error
@6IICT1 22 40 60 100 80,91 14,445 | 208,658 | -0,069 | 0,491 -0,929 0,953
@6IICT2 22 80 20 100 72,73 20,043 | 401,732 | -0,725 | 0,491 0,957 0,953
@6IICT3 22 60 40 100 66,36 21,722 | 471,861 | 0,272 0,491 -1,145 0,953
@O6IICT4 22 60 40 100 70 16,036 | 257,143 0 0,491 -0,202 0,953
@6IICTS 22 100 0 100 57,27 22,505 | 506,494 | -0,591 | 0,491 0,919 0,953
@O6IICTO6 22 100 0 100 55,31 22,899 | 524,378 | -0,519 | 0,491 0,698 0,953

Table 14.10: Univariate Statistics for Information and Communications Technology (Imputed)

Cronbach's Alpha N of Items

0,74 6

Table 14.11: Reliability Statistics for Information and Communications Technology (Imputed)

Scale Mean if Item Scale Variance if Item Corrected Item-Total Cronbach's Alpha if Item
Deleted Deleted Correlation Deleted
@6IICT1 321,67 4814,11 0,582 0,689
@6IICT2 329,85 4285,17 0,572 0,676
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@6IICT3 336,22 4225,78 0,528 0,688
@OIICT4 332,58 4759,39 0,53 0,695
@OIICTS 345,31 4639,99 0,34 0,748
@OIICT6 347,27 4401,73 0,416 0,726

Table 14.12: Item-Total Statistics for Information and Communications Technology (Imputed)

14.5 Univariate and Reliability Statistics of Project Organization (Imputed)

Nine independent variables are measured in section seven of the questionnaire with the need to gather
data for evaluating the critical success factor ‘Project Organization’. The three missing values for the five
variables are imputed through the multiple imputation technique and the consolidated data is described
using univariate statistics as shown in table 14.13. The internal consistency check for all the six
independent variables yielded a Cronbach-Alpha coefficient of 0.757 ensuring that the data is reliable as
shown in table 14.14 and table 14.15.

N Range [Minimum [ Maximum | Mean De\szit:t.ion Variance Skewness Kurtosis

Statistic | Statistic | Statistic | Statistic [ Statistic | Statistic | Statistic [ Statistic Std. Statistic Std.

Error Error

@7IPM1 22 80 20 100 50,91 24,477 | 599,134 | 0,142 | 0,491 | -0,964 [ 0,953
@7IPM2 22 80 20 100 82,73 19,804 [ 392,208 | -1,59 | 0,491 | 3,561 [ 0,953
@7IPM3 22 40 60 100 83,64 11,77 138,528 [ -0,025 | 0,491 | 0,011 | 0,953
@7IPM4 22 60 40 100 79,09 15,708 | 246,753 | -0,566 | 0,491 | 0,499 [ 0,953
@7IPM5 22 80 20 100 63,95 22,691 | 514,904 | -0,236 | 0,491 | -0,181 [ 0,953
@71PM6 22 80 20 100 56,83 19,782 | 391,345 | 0,045 | 0,491 ( 0,124 [ 0,953
@7IPM7 22 80 20 100 65,19 22,127 | 489,609 | -0,361 | 0,491 [ 0,168 [ 0,953
@7IPMS8 22 60 40 100 75,85 15,837 | 250,817 | -0,173 | 0,491 | -0,061 [ 0,953
@7IPM9 22 50 50 100 97,73 10,66 113,636 | -4,69 [ 0,491 22 0,953
@7SPM10 22 100 0 100 62,5 35,981 | 1294,64 | -0,685 | 0,491 [ -0,993 [ 0,953

Table 14.13: Univariate Statistics for Project Organization (Imputed)

Cronbach's Alpha

N of Items

0,757

9

Table 14.14: Reliability Statistics for Project Organization (Imputed)

Page 110 of 243




At the Crossroads:
Multidiscipline Integration and Coordination in an EPC Contract: A Resurgence of Challenges and Strategic Improvement Opportunities

Scale Mean if | Scale Variance if Item Corrected Item-Total Cronbach's Alpha if Item

Item Deleted Deleted Correlation Deleted
@7IPM1 605,01 5457,07 -0,214 0,711
@7IPM2 573,19 3853,74 0,421 0,729
@7IPM3 572,28 4563,71 0,364 0,792
@7IPM4 576,82 4329,89 0,341 0,78
@7IPMS 591,97 3341,41 0,543 0,746
@7IPM6 599,08 5949,58 -0,347 0,615
@7IPM7 590,73 3761,73 0,38 0,639
@7IPMS 580,06 3959,16 0,538 0,71
@71PM9 558,19 4890,72 0,186 0,736

Table 14.15: Item-Total Statistics for Project Organization (Imputed)

14.6 Univariate and Reliability Statistics of Knowledge Management (Imputed)

Section eight of the questionnaire contains seven questions, designed to measure six independent
variables in order to record the state of critical success factor ‘Knowledge Management’. Table 14.16
summarizes the univariate statistics for the quantitative imputations deduced through the multiple
imputation technique for six independent variables. The internal consistency check for all the imputed
independent variables yielded a Cronbach-Alpha coefficient of 0.794 ensuring that the data is reliable as
shown in table 14.17 and table 14.18.

N Range | Minimum | Maximum | Mean S.t d'. Variance Skewness Kurtosis
Deviation
.. .. .. .. .. .. .. .. Std. .. Std.
Statistic | Statistic | Statistic Statistic | Statistic | Statistic Statistic | Statistic Statistic

Error Error
@8IKM1 22 100 0 100 36,36 27,524 757,576 1,775 10,491 2,184 [0,953
@8IKM2 22 100 0 100 30,68 36,131 1305,47 0,813 10,491 | -0,506 [ 0,953
@8IKM3 22 100 0 100 38,64 39,886 1590,91 0,528 10,491 | -1,434 | 0,953
@8IKM4 22 75 0 75 15,91 26,215 687,229 1,647 10,491 | 1,554 0,953
@8IKM5 22 80 20 100 55,45 21,32 454,545 0,239 10,491 | -0,605 | 0,953
@8IKM6 22 60 20 80 39,09 19,001 361,039 0,83 0,491 | 0,039 0,953

Table 14.16: Univariate Statistics for Knowledge Management (Imputed)

Cronbach's Alpha

N of Items

0,794

6

Table 14.17: Reliability Statistics for Knowledge Management (Imputed)
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Scale Mean if [ Scale Variance if Item Corrected Item-Total Cronbach's Alpha if Item
Item Deleted Deleted Correlation Deleted
@8IKM1 179,77 12617,8 0,303 0,814
@8IKM?2 185,45 8699,78 0,778 0,697
@8IKM3 177,5 7813,69 0,829 0,68
@8IKM4 200,23 124273 0,365 0,8
@8IKMS 160,68 11836,4 0,638 0,753
@8IKM6 177,05 12761,1 0,496 0,78

Table 14.18: Item-Total Statistics for Knowledge Management (Imputed)

14.7 Univariate Statistics of Benchmarking (Imputed)

The last section of the questionnaire intended to measure the critical success factor ‘Benchmarking’
consists of four questions of which three are used as predictor variables. Table 14.19 summarizes the
univariate statistics for the quantitative imputations deduced through the multiple imputation technique
for three independent variables. The internal consistency check for all the imputed independent variables
yielded a Cronbach-Alpha coefficient of 0.865 ensuring that the data is reliable as shown in table 14.20
and table 14.21.

N Range | Minimum | Maximum | Mean S.t d'. Variance Skewness Kurtosis
Deviation
.. .. .. .. .. .. .. . .| Std. ... | Std.
Statistic | Statistic | Statistic Statistic | Statistic | Statistic Statistic | Statistic Statistic
Error Error
@9IBM1 22 100 0 100 27,81 32,533 1058,39 1,461 10,491 | 1,405 | 0,953
@9IBM2 22 100 0 100 17,51 20,871 435,609 3,054 10,491 | 12,187 | 0,953
@9IBM3 22 80 0 80 24,2 20,5 420,256 | 0,893 10,491 | 1,398 | 0,953
Table 14.19: Univariate Statistics for Benchmarking (Imputed)
Cronbach's Alpha N of Items
0,865 3

Table 14.20: Reliability Statistics for Benchmarking (Imputed)
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Scale Mean if Scale Variance if Corrected Item-Total Cronbach's Alpha if Item

Item Deleted Item Deleted Correlation Deleted
@9IBM1 41,71 1498,13 0,78 0,857
@91BM2 52,01 2522,28 0,745 0,828
@9IBM3 45,32 2413,83 0,837 0,762

Table 14.21: Item-Total Statistics for Benchmarking (Imputed)
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15 Factor Analysis

15.1 Factor Analysis of Front End Planning/Start-Up Plan

The Factor analysis technique using SPSS v20 has been applied on the four independent variables
observed for the first critical success factor ‘Front End Planning/Start-Up’. The four independent
variables are accuracy of policies governing budget/schedule estimates (@3ISP2), encouragement from
organization for start-up plan formulation (@3ISP4), competency of the teams/team members who
formulate the start-up plan (@3ISP5), level of start-up plan alignment for the projects executed or being
executed (@3ISP6).

The correlation matrix of the independent observations is shown in table 15.1 and indicates significant
positive correlation between the four input variables measured for front end planning/start-up plan. The
Bartlett’s Test of Sphericity indicated an overall significance index of 0 (Sig. = 0.000) and confirms the
absence of extreme singularity or extreme multicollinearity among the included variables. The statistical test
Kaiser-Meyer-Olkin Measure of Sampling Adequacy is used to confirm the appropriateness of applying the
factor analysis technique on the included variables. The results of the test are shown in table 15.2 and
indicated a KMO MSA index more than the required minimum value of 0.6. The anti-image correlation
matrix shown in table 15.3 indicates that the diagonal MSA indexes are well above the required
acceptable level of 0.5.

@3ISP2 @3ISP4 @3ISP5 @3ISP6
Correlation @3ISP2 1,000 ,283 126 ,655
@3ISP4 ,283 1,000 ,373 ,462
@3ISP5 , 726 ,373 1,000 ,459
@3ISP6 ,655 462 ,459 1,000
Sig. (1-tailed) @3ISP2 ,101 ,000 ,000
@3ISP4 ,101 ,044 ,015
@3ISP5 ,000 ,044 ,016
@3ISP6 ,000 ,015 ,016

Table 15.1: Correlation Matrix of Independent Variables for Front End Planning/Start-Up Plan

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. ,605
Bartlett's Test of Sphericity Approx. Chi-Square 30,848
df 6
Sig. ,000

Table 15.2: KMO and Bartlett’s Test of Independent Variables for Front End Planning/Start-Up

Plan
@3ISP2 @3ISP4 @3ISP5 @3ISP6
Anti-image Covariance @3ISP2 ,327 ,102 -,246 -,219
@3ISP4 ,102 ,720 -, 161 -,237
@3ISP5 -,246 -, 161 ,433 ,065
@3ISP6 -,219 -,237 ,065 478
Anti-image Correlation @3ISP2 ST1° ,210 -,654 -,555

Page 114 of 243



At the Crossroads:
Multidiscipline Integration and Coordination in an EPC Contract: A Resurgence of Challenges and Strategic Improvement Opportunities

@3ISP4 ,210 ,599¢ -,288 -,404
@3ISPS -,654 -,288 ,623° ,143
@3ISP6 -,555 -,404 143 ,634°

a. Measures of Sampling Adequacy(MSA)

Table 15.3: Anti-Image Matrix of Independent Variables for Front End Planning/Start-Up Plan

The statistics defining the total variance of the included variables (see table 15.4) reveal that with four
variables, only one component or factor is extracted with an Eigen value of more than one. The extracted
component accounts for 62.63 % of the cumulative percentage variance.

Component Initial Eigenvalues Extraction Sums of Squared Loadings
Total % of Variance Cumulative % Total % of Variance Cumulative %
1 2,505 62,630 62,630 2,505 62,630 62,630
2 , 787 19,676 82,306
3 517 12,929 95,234
4 ,191 4,766 100,000

Extraction Method: Principal Component Analysis.

Table 15.4: Total Variance of Independent Variables for Front End Planning/Start-Up Plan

The Scree plot shown in figure 15.1 with the Eigen value on the Y-axis and associated factor on the X-
axis reveals that only one factor lies above the bend of the curve accounting for the maximum variance.
The other factors are loaded almost flat on the curve lying below the bend of the curve justifying the
appropriateness of a one-component solution for the independent variables.

Scree Plot

3.0

1.5

Eigenvalue

\

0,0

T

2 3

Component Number

Figure 15.1: Scree Plot of Independent Variables for Front End Planning/Start-Up Plan
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In addition to factor extraction, the communalities (the amount of variance each variable shares with the
remaining included variables) are extracted using the principal component analysis (PCA) method and the
results are shown in table 15.5. The results indicated that the communalities are significantly high for
each variable with the remaining included.

Initial Extraction
@3ISP2 1,000 ,761
@3ISP4 1,000 ,386
@3ISP5 1,000 ,682
@3ISP6 1,000 ,676
Extraction Method: Principal Component Analysis.

Table 15.5: Communalities of Independent Variables for Front End Planning/Start-Up Plan

The component matrix is extracted using principal component analysis method for all the independent
variables under the critical success factor front end planning/start-up plan. The unrotated factor loading
results are shown in table 15.6 and indicate all the four variables are significantly correlated (more than
0.5) with component 1.

Component Matrix*

Component
1
@3ISP2 ,873
@3ISP4 ,621
@3ISP5 ,826
@3ISP6 ,822

Extraction Method: Principal Component Analysis.

a. 1 components extracted.

Table 15.6: Component Matrix of Independent Variables for Front End Planning/Start-Up Plan

With an Eigen value of more than one and maximum factor loading on component 1 for all the included
variables, it can be concluded that one variable can be used as a surrogate or derived variable. The
research therefore introduces a new variable ‘@3ISPSI’ and shall be used as a surrogate variable
representing all the independent variables observed for critical success factor front end planning/start-up
plan.

15.2 Factor Analysis of Project Execution

The Factor analysis technique using SPSS v20 has been applied on the five independent variables
observed for the critical success factor ‘Project Execution’. The five independent variables are:
Mobilization of Startup resources on time (@4IPE1), Level of integration between the Project disciplines
(E, P and C) (@4IPE6), Level of integration between the engineering disciplines (@4IPE7), Effectiveness
of Information Technology applications to monitor progress made during project execution (@4IPE10),
Timeliness of the dependent disciplines for information (@4IPE13).

The correlation matrix of the independent observations is shown in the table 15.7 and indicates both
positive and negative correlation coefficients among the input variables. However, the correlation is not
statistically significant. The Bartlett’s Test of Sphericity indicated an overall significance index of O (Sig.
= 0.000) and confirms the absence of extreme singularity or extreme multicollinearity among the included
variables. The statistical test Kaiser-Meyer-Olkin Measure of Sampling Adequacy is used to confirm the
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appropriateness of applying the factor analysis technique on the included variables. The results of the test are
shown in table 15.8 and indicated a KMO MSA index less than the required minimum value of 0.6. Hence
factor analysis technique is not applicable for the included variables.

@A4]PE1 @4IPE6 @4IPE7 @4IPE10 @4IPE13
Correlation @4]IPE1 1,000 ,363 ,197 -,153 ,408
@4IPE6 ,363 1,000 ,703 ,367 451
@4IPE7 ,197 ,703 1,000 ,027 ,098
@4IPE10 -,153 ,367 ,027 1,000 ,370
@4IPE13 408 451 ,098 ,370 1,000
Sig. (1-tailed) @4IPE1 ,048 ,189 ,249 ,030
@4IPE6 ,048 ,000 ,047 ,018
@4IPE7 ,189 ,000 ,453 ,333
@4IPE10 ,249 ,047 ,453 ,045
@4IPE13 ,030 ,018 ,333 ,045
Table 15.7: Correlation Matrix of Independent Variables for Project Execution
Kaiser-Meyer-Olkin Measure of Sampling Adequacy. ,465
Bartlett's Test of Sphericity Approx. Chi-Square 33,068
df 10
Sig. ,000

Table 15.8: KMO and Bartlett’s Test of Independent Variables for Project Execution

The statistics defining the total variance of the included variables (see table 15.9) reveal that with five
variables, three components or factors could be extracted with an Figen value more than one. The
extracted components account for 89.3 % of the combined cumulative percentage variance.

Component Initial Eigenvalues Extraction Sums of Squared Loadings| Rotation Sums of Squared Loadings
Total % of Cumulative | Total % of Cumulative | Total % of Cumulative
Variance % Variance % Variance %
1 2,242 44,836 44,836 2,242 44,836 44,836 1,651 33,025 33,025
2 1,192 23,837 68,673 1,192 23,837 68,673 1,438 28,766 61,791
3 1,036 20,716 89,389 1,036 20,716 89,389 1,380 27,598 89,389
4 ,365 7,294 96,683
5 ,166 3,317 100,000
Extraction Method: Principal Component Analysis.

Table 15.9: Total Variance of Independent Variables for Project Execution

The Scree plot shown in figure 15.2 with the Eigen value on the Y-axis and associated factor on the X-
axis reveals that three factors lie above the bend of the curve accounting for the maximum variance. The
other factors are loaded almost flat on the curve lying below the bend of the curve justifying the
appropriateness of a three-component solution for the independent variables.
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Figure 15.2: Scree Plot of Independent Variables for Project Execution

Further to factor extraction, the communalities (the amount of variance each variable shares with the
remaining included variables) are extracted using the principal component analysis (PCA) method and the
results are shown in table 15.10. The results indicated that the communalities are significantly high for
each variable with the remaining included.

Initial Extraction
@4IPE1 1,000 ,885
@4IPE6 1,000 ,906
@A4IPE7 1,000 936
@4IPE10 1,000 ,904
@4IPE13 1,000 ,839
Extraction Method: Principal Component Analysis.

Table 15.10: Communalities of Independent Variables for Project Execution

The component matrix is extracted using principal component analysis method for all the independent
variables under the critical success factor project execution. The unrotated factor loading component
matrix results are shown in fable 15.11 and indicate all the five variables are significantly correlated
(more than 0.5) with either one of the three components extracted. This supports the interpretation made
from Eigen values.

Component Matrix®

Component
1 2 3
@41PE1 ,549 -,505 574

@4IPE6 915
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@4IPE7 ,668 -,591
@4IPE10 ,844
@4]IPE13 ,692 527

Extraction Method: Principal Component Analysis.

a. 3 components extracted.

Table 15.11: Component Matrix of Independent Variables for Project Execution

With three components extracted, the factor analysis solution has to be rotated. The rotation does not alter
the underlying solution, but rather illustrates the pattern of loadings for ease of interpretation. The
researcher adapted the Varimax and Kaiser Normalisation technique for rotation and the results are shown
in table 15.12. The main loadings on component 1 are @4IPE6 and @4IPE7, on component 2 @4IPE1
and @4IPE13, and on component 3 @4IPE10.

Rotated Component Matrix®

Component
1 2 3
@4]PE1 ,896
@4IPE6 ,820
@41PE7 ,965
@41PE10 ,943
@4IPE13 722 ,560

Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization.

a. Rotation converged in 4 iterations.

Table 15.12: Rotated Component Matrix of Independent Variables for Project Execution

With an Eigen value of more than one on three components and strong factor loadings on three
components for all the included variables, three surrogate variables can be deduced representing the five
variables. The research henceforth introduces three new surrogate variables ‘@4IPES1’ (representing
@4]PE6 and @4IPE7), ‘@4IPES2’ (representing @4IPE1 and @4IPE13) and ‘@4IPES3’ (representing
@4IPE10) for the critical success factor project execution.

15.3 Factor Analysis of Best Practices/Quality Control Practices

The Factor analysis technique using SPSS v20 has been applied on the twenty two independent variables
observed for the critical success factor ‘Best Practices/Quality Control Practices’. The twenty two
independent variables are: Flexibility of disciplines with respect to adapting the best practices (@5IBP4),
Robustness of interdisciplinary best practices (@S5IBP5), Best practices driven to satisfy client
requirements (@5IBP6), Best practices driven by Developments in Technology (@5IBP7), Best practices
driven by the need to improve engineering quality (@5IBP8), Best practices driven by the need to
improve construction quality (@5IBP9), Best practices driven by the goal to execute work for the
estimated cost and planned schedule (@5IBP10), Best practices driven by competitors (@S5IBP11),
Procedures/work instructions clearly defining the scope of responsibility (@51BP12), Best practices
driven by the need to maintain consistency of product/service (@5IBP13), Procedures/work instructions
clearly defining the expectations of your responsibility (@5IBP14), Efficiency of tool/system/philosophy
to review/analyse/optimise the work processes (@5IBP15), Efficiency of the process/procedure/system
used by project/discipline to retain/use the best practices in project execution (@5IBP16), Dedicated team
to identify and implement the use best practices in project execution (@5IBP17), Level of on job Quality
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Control practices/reviews followed on the job (@5IBP19), Quality of information from dependents
(@5IBP20), Timeliness of information from dependents (@5IBP21), Effect of planning on the quality of
deliverables (@5IBP23), Feedback on the quality of information provided (@5IBP24), Feedback on the
quality of information received (@5IBP25), Documentation/recording/transferring of the feedback
received from dependents into a procedure/best practice (@5IBP26), Level of participation/involvement
in procedure or work process formulation (@ SIBP27).

The correlation matrix of the independent observations is shown in the table 15.13 and indicates both
positive and negative correlation coefficients among the input variables. However, the correlation is not
statistically significant. The Bartlett’s Test of Sphericity indicated an overall significance index of O (Sig.
=(0.000) and confirms the absence of extreme singularity or extreme multicollinearity among the included
variables. The statistical test Kaiser-Meyer-Olkin Measure of Sampling Adequacy is used to confirm the
appropriateness of applying the factor analysis technique on the included variables. The results of the test
indicated a KMO MSA index less than the required minimum value of 0.6. Hence factor analysis
technique is not applicable for the included variables.
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@51BP4 @5IBP5 @5IBP6 @5IBP7 @5IBPS8 @5IBP9 @5IBP10 @5IBP11 @5IBP12 @5IBP13 @5IBP14
@5IBP4 1 0,377 0,169 -0,126 0,333 -0,28 0,258 -0,066 0,403 0,579 0,438
@5IBP5 0,377 1 0,251 0,285 0,168 -0,32 0,028 0,208 0,352 0,253 0,446
@5IBP6 0,169 0,251 1 0,407 -0,085 -0,168 -0,042 0,42 0,245 0,441 0,193
@5IBP7 -0,126 0,285 0,407 1 -0,036 -0,007 0,056 0,554 -0,079 0,227 -0,199
@5IBP8 0,333 0,168 -0,085 -0,036 1 0,448 0,796 0,033 -0,064 0,101 0,152
@5IBP9 -0,28 -0,32 -0,168 -0,007 0,448 1 0,42 0,151 -0,595 0,125 -0,461
@5IBP10 0,258 0,028 -0,042 0,056 0,796 0,42 1 0,224 -0,105 0,194 0,033
@5IBP11 -0,066 0,208 0,42 0,554 0,033 0,151 0,224 1 -0,051 0,384 -0,213
@5IBP12 0,403 0,352 0,245 -0,079 -0,064 -0,595 -0,105 -0,051 1 0,042 0,849
@5IBP13 0,579 0,253 0,441 0,227 0,101 0,125 0,194 0,384 0,042 1 0,034
@5IBP14 0,438 0,446 0,193 -0,199 0,152 -0,461 0,033 -0,213 0,849 0,034 1
Correlation

@5IBP15 0,181 0,488 0,114 -0,142 0,568 -0,125 0,402 0,117 0,397 -0,131 0,492
@5IBP16 0,303 0,605 0,145 -0,178 0,348 -0,174 0,196 0,076 0,431 -0,106 0,578
@5IBP17 0,141 -0,244 0,053 0,134 0,156 0,193 0,328 0,192 0,106 0,306 0,126
@5IBP19 0,399 0,19 0,212 -0,202 0,001 -0,401 -0,07 -0,275 0,152 0,05 0,378
@5IBP20 0,592 0,311 0,384 -0,147 0,109 -0,241 0,152 0,05 0,196 0,428 0,274
@5IBP21 0,371 0,502 0,377 -0,2 0,131 -0,066 -0,034 0,218 0,367 0,27 0,388
@5IBP23 0,118 -0,361 -0,125 -0,338 0,345 0,498 0,274 -0,075 -0,131 0,101 -0,079
@5IBP24 -0,135 -0,089 0,228 0,109 0,23 -0,145 0,086 0,024 0,124 -0,276 0,308
@5IBP25 -0,219 -0,306 0,099 0,162 -0,083 0,034 -0,27 0,119 -0,236 -0,398 -0,239
@5IBP26 -0,332 -0,161 -0,012 0,103 -0,246 0,057 -0,364 -0,011 0,063 -0,285 -0,137
@5IBP27 0,085 0,117 -0,162 -0,201 0,178 -0,034 -0,054 -0,075 0,215 -0,073 0,299

Table 15.13: Correlation Matrix of Independent Variables for Best Practices
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The statistics defining the total variance of the included variables (see table 15.14) reveal that with twenty
two variables, seven components or factors could be extracted with an Eigen value more than one. The
extracted components account for 80.2 % of the combined cumulative percentage variance.

Total Variance Explained

Initial Eigenvalues Extraction Sums of Squared Loadings| Rotation Sums of Squared Loadings
(Component Total % of Cumulative | . " % of Cumulative [ " % of Cumulative
Variance % Variance % Variance %

1 4,951 22,503 22,503 4,951 22,503 22,503 3,832 17,417 17,417
2 3,089 14,041 36,544 3,089 14,041 36,544 2,757 12,532 29,950
3 2,550 11,592 48,135 2,550 11,592 48,135 2,693 12,241 42,190
4 2,231 10,141 58,276 2,231 10,141 58,276 2,532 11,507 53,697
5 1,960 8,909 67,185 1,960 8,909 67,185 2,188 9,946 63,644
6 1,626 7,390 74,575 1,626 7,390 74,575 1,871 8,505 72,148
7 1,244 5,656 80,231 1,244 5,656 80,231 1,778 8,083 80,231
8 ,881 4,006 84,237

9 767 3,487 87,724

10 597 2,713 90,438

11 ,533 2,423 92,861

12 424 1,925 94,786

13 408 1,855 96,641

14 ,237 1,075 97,716

15 ,193 878 98,594

16 ,132 ,599 99,193

17 ,073 ,331 99,524

18 ,047 214 99,737

19 ,043 ,193 99,931

20 ,014 ,066 99,996

21 ,001 ,004 100,000

22 2’?)61)2]3_ 1,121E-015 | 100,000

Extraction Method: Principal Component Analysis.

Table 15.14: Total Variance of Independent Variables for Best Practices

The Scree plot shown in figure 15.3 with the Eigen value on the Y-axis and associated factor on the X-
axis reveals that seven factors lie above the bend of the curve accounting for the maximum variance. The
other factors are loaded almost flat on the curve lying below the bend of the curve justifying the
appropriateness of a seven-component solution for the independent variables.
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Figure 15.3: Scree Plot of Independent Variables for Best Practices

Further to factor extraction, the communalities (the amount of variance each variable shares with the
remaining included variables) are extracted using the principal component analysis (PCA) method and the
results are shown in table 15.15. The results indicated that the communalities are significantly high for
each variable with the remaining included.

Communalities
Initial Extraction
@5IBP4 1,000 ,692
@5IBPS 1,000 ,881
@5IBP6 1,000 172
@5IBP7 1,000 ,800
@5IBPS 1,000 ,873
@5IBP9 1,000 ,803
@5IBP10 1,000 ,820
@5IBP11 1,000 ,743
@5IBP12 1,000 ,869
@5IBP13 1,000 ,856
@5IBP14 1,000 ,881
@5IBP15 1,000 , 795
@5IBP16 1,000 , 781
@5IBP17 1,000 ,820

Page 123 of 243



At the Crossroads:

Multidiscipline Integration and Coordination in an EPC Contract: A Resurgence of Challenges and Strategic Improvement Opportunities

@5IBP19 1,000 ,886
@5IBP20 1,000 ,802
@5IBP21 1,000 ,906
@5IBP23 1,000 ,856
@5IBP24 1,000 ,870
@5IBP25 1,000 ,834
@5IBP26 1,000 ,568
@5IBP27 1,000 ,541

Extraction Method: Principal Component Analysis.

The component matrix is extracted using principal component analysis method for all the independent
variables under the critical success factor best practices. The unrotated factor loading component matrix
results are shown in table 15.16 and indicate all the twenty two variables are significantly correlated
(more than 0.5) with either one of the seven components extracted. This supports the interpretation made

Table 15.15: Communalities of Independent Variables for Best Practices

from Eigen values.

Component Matrix®

Component

4

@5IBP4

, 706

@5IBPS

,688

@5IBP6

,641

@5IBP7

, 708

@5IBPS

,650

@5IBP9

,748

@5IBP10

,769

@5IBP11

,640

@5IBP12

,657

@5IBP13

,628

@5IBP14

, 781

@5IBP15

,673

@5IBP16

722

@5IBP17

,699

@5IBP19

,582

,502

@5IBP20

,646

@5IBP21

,605

-,642

@5IBP23

ST7

@5IBP24

,658

@5IBP25

,601
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@5IBP26
@5IBP27

Extraction Method: Principal Component Analysis.

a. 7 components extracted.

Table 15.16: Component Matrix of Independent Variables for Best Practices

With seven components extracted, the factor analysis solution has to be rotated. The rotation does not
alter the underlying solution, but rather illustrates the pattern of loadings for ease of interpretation. The
researcher adapted the Varimax and Kaiser Normalisation technique for rotation and the results are shown
in table 15.17.

Rotated Component Matrix*

Component

2 3 4 5

@5IBP4

,612

@5IBPS

,592

@5IBP6

,735

@5IBP7

164

@5IBP8

,896

@5IBP9

,502

@5IBP10

,859

@5IBP11

,828

@5IBP12

,829

@5IBP13

573 -,545

@5IBP14

,833

@5IBP15

,637

,554

@5IBP16

180

@5IBP17

853

@5IBP19

,883

@5IBP20

851

@5IBP21

, 707

@5IBP23

,861

@51BP24

, 793

@5IBP25

,842

@5IBP26

@5IBP27

533

Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization.

a. Rotation converged in 15 iterations.
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Table 15.17: Rotated Component Matrix of Independent Variables for Best Practices

With an Eigen value of more than one on seven components and strong factor loadings on seven
components for all the included variables, seven surrogate variables can be deduced representing the
twenty two variables. The research henceforth introduces seven new variables ‘@5IBPS1’ (representing
@5IBPS5, @5IBP12, @5IBP14, @5IBP15, @5IBP16, @5IBP21), ‘@5IBPS2’ (representing @S5IBPS,
@5IBPY9, @5IBP10), ‘@S5IBPS3’ (representing @5IBP4, @S5IBP19, @5IBP20), ‘@5IBPS4’
(representing @5IBP6, @SIBP7, @5IBP11, @5IBP13), ‘@5IBPSS5’ (representing @5IBP24, @5IBP25),
‘@5IBPS6’° (representing @S5IBP23), ‘@5IBPS7’ (representing @5IBP17, @S5IBP27) as surrogate
variables representing the independent variables of best practices.

15.4 Factor Analysis of Information and Communication Technology

The Factor analysis technique using SPSS v20 has been applied on the six input or independent variables
observed for the critical success factor ‘Information and Communication Technology (ICT)’. The six
independent  variables are:  Utilization of  communication technology  among  the
disciplines/departments/team members (@6IICT1), Level of team's adaptability/responsiveness/flexibility
to change in ICT (@6IICT2), Efficiency of the tools/applications/process used as common information
repository in the project (@6IICT3), Level of Information and communication tools/applications
alignment with project goals and organization goals (@6IICT4), Level of complexity of ICT to receive
interdependent information between/across the disciplines (@6IICTS), Level of complexity of the source
for retrieving/receiving the information from dependents (@ 6IICT6).

The correlation matrix of the independent observations is shown in table 15.18 and indicates significant
positive correlation between the input variables measured for ICT. The Bartlett’s Test of Sphericity
indicated an overall significance index of 0 (Sig. = 0.000) and confirms the absence of extreme singularity
or extreme multicollinearity among the included variables. The statistical test Kaiser-Meyer-Olkin Measure
of Sampling Adequacy is used to confirm the appropriateness of applying the factor analysis technique on
the included variables. The results of the test are shown in fable 15.19 and indicated a KMO MSA index
more than the required minimum value of 0.6. The anti-image correlation matrix shown in table 15.20
indicates that the diagonal MSA indexes are well above the required acceptable level of 0.5.

Correlation Matrix

@6IICT2 @6IICT3 @6IICT4 @6IICTS @6IICT6 @6IICT1
Correlation @6IICT2 1,000 ,549 ,533 123 274 ,550
@6IICT3 ,549 1,000 ,629 ,037 ,209 527
@6IICT4 ,533 ,629 1,000 ,132 ,066 ,535
@6IICTS ,123 ,037 ,132 1,000 ,623 ,242
@6IICT6 274 ,209 ,066 ,623 1,000 ,169
@6IICT1 ,550 ,527 ,535 ,242 ,169 1,000
Sig. (1-tailed) @6IICT2 ,004 ,005 ,293 ,108 ,004
@6IICT3 ,004 ,001 435 175 ,006
@6IICT4 ,005 ,001 ,279 ,385 ,005
@6IICTS ,293 ,435 ,279 ,001 ,139
@6IICT6 ,108 175 ,385 ,001 ,226
@6IICT1 ,004 ,006 ,005 ,139 ,226

Table 15.18: Correlation Matrix of Independent Variables for ICT
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KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. ,647
Approx. Chi-Square 40,471
Bartlett's Test of Sphericity df 15
Sig. ,000

Table 15.19: KMO and Bartlett’s Test of Independent Variables for ICT

Anti-image Matrices

@6IICT2 | @6IICT3 @6IICT4 | @G6IICTS | @G6IICT6 | @GIICTI
@G6IICT2 540 -079 -129 086 137 175
@G6IICT3 ~079 A74 “219 135 133 ~125
Anti-image @G6IICT4 ~129 219 490 ~106 126 ~084
Covariance @G6IICT> 086 135 ~106 523 -340 - 138
@G6IICT6 137 133 126 -340 507 077
@GIICTI 175 _125 ~084 -138 077 553
@G6IICT2 775 155 ~251 161 ~262 “319
@G6IICT3 -155 ;700" _454 271 271 “244
Anti-image @G6IICT4 251 ~454 7107 210 253 ~161
Correlation @GIICTS 161 271 -210 A27° ~659 ~257
@G6IICT6 262 271 253 ~,639 4497 145
@GIICTI 319 244 ~ 161 257 145 776"

a. Measures of Sampling Adequacy(MSA)

Table 15.20: Anti-Image Matrix of Independent Variables for ICT

The statistics defining the total variance of the included variables (see table 15.21) reveal that with six
variables, two components or factors are extracted with an Eigen value more than one. The two
components account for 47.1% and 24.6 % of the variance respectively with a combined cumulative
percentage of 71.7 %.

Total Variance Explained

Initial Eigenvalues Extraction Sums of Squared Rotation Sums of Squared Loadings
Loadings
Component
Total %. oi Cumulative % | Total %. oi Cumulative % | Total %. i Cumulative %
Variance Variance Variance
1 2,826 | 47,107 47,107 2,826 | 47,107 47,107 2,650 | 44,173 44,173
2 1,480 | 24,662 71,769 1,480 | 24,662 71,769 1,656 27,596 71,769
3 ,569 9,478 81,247
4 ,498 8,299 89,547
5 ,399 6,656 96,203
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6 ,228 3,797 100,000

Extraction Method: Principal Component Analysis.

Table 15.21: Total Variance of Independent Variables for ICT

The Scree plot shown in figure 15.4 with the Eigen value on the Y-axis and associated factor on the X-
axis reveals that two factors lie above the bend of the curve accounting for the maximum variance. The
other factors are loaded almost flat on the curve lying below the bend of the curve justifying the
appropriateness of a two-component solution for the independent variables.

Scree Plot

30

1.5
1.0 \

0,0

Eigenvalue

2 3 4 5 &
Component Number

Figure 15.4: Scree Plot of Independent Variables for ICT

Further to factor extraction, the communalities (the amount of variance each variable shares with the
remaining included variables) are extracted using the principal component analysis (PCA) method and the
results are shown in table 15.22. The results indicated that the communalities are significantly high for
each variable with the remaining included.

Communalities
Initial Extraction
@6IICT2 1,000 ,650
@6IICT3 1,000 ,705
@oIICT4 1,000 ,701
@O6IICTS 1,000 ,812
@6IICT6 1,000 ,805
@6IICT1 1,000 ,633

Extraction Method: Principal Component Analysis.
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Table 15.22: Communalities of Independent Variables for ICT

The component matrix is extracted using principal component analysis method for all the independent
variables under the critical success factor ICT. The unrotated factor loading component matrix results are
shown in table 15.23 and indicate all the six variables are significantly correlated (more than 0.5) with
either one of the two components extracted. This supports the interpretation made from Eigen values.

Component Matrix®

Component
1 2
@6IICT2 795
@6IICT3 ;7193
@6IICT4 779
@O6IICTS 817
@6IICT6 181
@6IICT1 787

Extraction Method: Principal Component Analysis.

a. 2 components extracted.

Table 15.23: Component Matrix of Independent Variables for ICT

With two components extracted, the factor analysis solution has to be rotated. The rotation does not alter
the underlying solution, but rather illustrates the pattern of loadings for ease of interpretation. The
researcher adapted the Varimax and Kaiser Normalisation technique for rotation and the results are shown
in table 15.24. The main loadings on component 1 are @6IICT1, @6IICT2, @6IICT3 and @6IICT4,
while on component 2 two variables @6IICTS, @6IICT6 are loaded.

Rotated Component Matrix*

Component
1 2
@OIICT2 ,790
@6IICT3 ,839
@6IICT4 ,837
@OIICTS ,899
@6IICT6 ,888
@6IICT1 175

Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization.

a. Rotation converged in 3 iterations.

Table 15.24: Rotated Component Matrix of Independent Variables for ICT

With an Eigen value of more than one on two components and strong factor loadings on two components
for all the included variables, two surrogate variables can be deduced representing the six variables. The
research henceforth introduces two new surrogate variables ‘@6IICTSI’ (representing @O6IICT]I,
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@O6IICT2, @6IICT3 and @6IICT4) and ‘@6IICTS2’ (representing @6IICTS and @O6IICT6) for the
critical success factor ICT.

15.5 Factor Analysis of Project Organization

The Factor analysis technique using SPSS v20 has been applied on the nine independent variables
observed for the critical success factor ‘Project Organization’. The nine independent variables are: Level
of complexity involved in finding people to gather information (@7IPM1), Level of trust on team
members (@7IPM?2), Level of relationship/trust on dependents (@7IPM3), Level of relationship/trust on
receivers of information (@71PM4), Level of opportunity/support from the organization to enhance skills
(@7IPMS5), Level of non-productivity due to lack of information from dependents (@71PM6), Flexibility
of supervisor to new ideas or processes (@7IPM7), Competency level of supervisor (@7IPMS),
Alignment of interest to organization goal (@71PM9).

The correlation matrix of the independent observations is shown in table 15.25 and indicates significant
positive correlation between the input variables measured for project organization. The Bartlett’s Test of
Sphericity indicated an overall significance index of 0 (Sig. = 0.000) and confirms the absence of extreme
singularity or extreme multicollinearity among the included variables. The statistical test Kaiser-Meyer-Olkin
Measure of Sampling Adequacy is used to confirm the appropriateness of applying the factor analysis
technique on the included variables. The results of the test are shown in table 15.26 and indicated a KMO
MSA index more than the required minimum value of 0.6. The anti-image correlation matrix shown in
table 15.27 indicates that the diagonal MSA indexes are mostly well above the required acceptable level
of 0.5.

Correlation Matrix
@71PM1 | @7IPM2 | @7IPM3 | @71PM4 | @7IPM5 | @7IPM6 | @7IPM7 | @7IPMS8 | @7IPM9
@71PM1 | 1,000 -,182 ,186 -,122 =217 ,249 -,460 -,213 ,100
@7IPM2 | -,182 1,000 ,201 314 ,556 -,468 ,502 ,386 ,256
@71PM3 ,186 ,201 1,000 ,637 ,279 -,120 ,020 ,058 ,069
@71PM4 | -,122 314 ,637 1,000 ,529 -,383 ,306 ,041 -,013
Correlation | @7IPMS | -,217 ,556 ,279 ,529 1,000 -,363 ,617 457 ,039
@71PM6 ,249 -,468 -,120 -,383 -,363 1,000 -,357 ,022 -,036
@7IPM7 | -,460 ,502 ,020 ,306 ,617 -,357 1,000 ,763 ,052
@7IPM8 | -,213 ,386 ,058 ,041 ,457 ,022 ,763 1,000 ,224
@7IPM9 ,100 ,256 ,069 -,013 ,039 -,036 ,052 ,224 1,000
@71PM1 ,209 ,203 ,295 ,166 132 ,016 171 ,330
@7IPM2 ,209 ,185 077 ,004 ,014 ,009 ,038 ,125
@7IPM3 ,203 ,185 ,001 ,104 ,298 464 ,399 ,380
@71PM4 ,295 ,077 ,001 ,006 ,039 ,083 ,429 477
St;%ie((il)_ @7IPMS5 ,166 ,004 ,104 ,006 ,048 ,001 ,016 432
@7IPM6 ,132 ,014 ,298 ,039 ,048 ,051 461 ,437
@7IPM7 ,016 ,009 464 ,083 ,001 ,051 ,000 ,408
@7IPMS 171 ,038 ,399 ,429 ,016 461 ,000 ,159
@7IPM9 ,330 125 ,380 AT7 432 ,437 408 ,159

Table 15.25: Correlation Matrix of Independent Variables for Project Organisation
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KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. ,609
Approx. Chi-Square 71,050
Bartlett's Test of Sphericity df 36
Sig. ,000

Table 15.26: KMO and Bartlett’s Test of Independent Variables for Project Organisation

Anti-image Matrices

@71PM1 | @7IPM2[ @7IPM3 [ @7IPM4[ @7IPMS5 | @ 7IPM6| @7IPM7 | @ 7IPMS8 | @ 7IPM9
@7IPMI| 699 | ,004 | -1i1 | 043 | -037 | -019 | ,109 | -044 | -057
@7IPM2| 004 | 524 | -046 | 028 | -140 | .176 | -018 | -027 | -.159
@7IPM3| -111 | -046 | 454 | -266 | .020 | 014 | 088 | -09 | ,025
@7IPM4| 043 | 028 | -266 | 342 | -131 | 021 | -080 | .108 | -.030

égi‘a;‘gifz @7IPM5| -037 | -140 | 020 | -131 | 430 | 016 | -043 | -042 | ,068
@7IPM6| -019 | .176 | .014 | 021 016 | 539 | 118 | 159 | 060
@7IPM7| 109 | -018 | .088 | -.080 | -043 | .118 | .176 | -158 | .076
@7IPM8| -,044 | 027 | -099 | .108 | -042 | -159 | 158 | .226 | -.120
@7IPMO| -057 | -159 | 025 | -030 | .068 | 060 | 076 | -120 | .825
@7IPM1| 734" | 006 | -197 | 088 | -068 | -031 | 310 | -112 | -075
@7IPM2| 006 | 808" | -095 | 067 | -294 | 331 | -061 | -077 | -242
@7IPM3| -197 | 095 | 454 | -675 | .044 | 028 | 312 | -308 | .04l
@7IPM4| 088 | 067 | -675 | 551° | -343 | 048 | -325 | 389 | -.057

é;‘g;l‘:t?fi @7IPM5| -,068 | -.294 | 044 | -343 | 843 | 032 | -156 | -134 | .i14
@7IPM6| -,031 | .331 028 | 048 | .032 | 595 | .383 | -457 | .09
@7IPM7| 310 | -061 | 312 | -325 | -156 | 383 | .591° | -792 | .201
@7IPM8| 112 | -077 | -308 | 389 | -134 | -457 | -792 | 466" | -277
@7IPMO| -075 | -242 | 041 | -057 | .114 | 090 | 201 | -277 | 397

a. Measures of Sampling Adequacy(MSA)

Table 15.27: Anti-Image Matrix of Independent Variables for Project Organisation

The statistics defining the total variance of the included variables (see table 15.28) reveal that out of nine
variables, three components or factors could be extracted with an Figen value more than one. The

extracted components account for 69.2 % of the combined cumulative percentage variance.

Total Variance Explained

Initial Eigenvalues

Extraction Sums of Squared Loadings

Rotation Sums of Squared Loadings

(Component

Total

% of
Variance

Cumulative
%

Total

% of
Variance

Cumulative
%

Total

% of
Variance

Cumulative
%
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1 3,347 37,192 37,192 3,347 37,192 37,192 2,751 30,571 30,571
2 1,639 18,212 55,404 1,639 18,212 55,404 2,151 23,899 54,470
3 1,246 13,845 69,249 1,246 13,845 69,249 1,330 14,778 69,249
4 979 10,875 80,124
5 ,647 7,191 87,315
6 414 4,598 91,913
7 ,397 4,412 96,325
8 ,236 2,619 98,944
9 ,095 1,056 100,000
Extraction Method: Principal Component Analysis.

Table 15.28: Total Variance of Independent Variables for Project Organisation

The Scree plot shown in figure 15.5 with the Eigen value on the Y-axis and associated factor on the X-
axis reveals that three factors lie above the bend of the curve accounting for the maximum variance. The
other factors are loaded almost flat on the curve lying below the bend of the curve justifying the
appropriateness of a three-component solution for the independent variables.

Scree Plot
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Figure 15.5: Scree Plot of Independent Variables for Project Organisation

Further to factor extraction, the communalities (the amount of variance each variable shares with the
remaining included variables) are extracted using the principal component analysis (PCA) method and the
results are shown in table 15.29. The results indicated that the communalities are significantly high for
each variable with the remaining included.
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Communalities
Initial Extraction
@7IPM1 1,000 ,651
@71PM2 1,000 ,589
@7IPM3 1,000 ,760
@71PM4 1,000 ,808
@7IPMS5 1,000 ,689
@71PM6 1,000 498
@7IPM7 1,000 ,857
@7IPM8 1,000 ,788
@71PM9 1,000 591

Extraction Method: Principal Component Analysis.

Table 15.29: Communalities of Independent Variables for Project Organisation

The component matrix is extracted using principal component analysis method for all the independent
variables under the critical success factor project organization. The unrotated factor loading component
matrix results are shown in table 15.30 and indicate all the nine variables are significantly correlated
(more than 0.5) with either one of the three components extracted. This supports the interpretation made
from Eigen values.

Component Matrix®

Component
1 2 3

@71PM1 ,530
@7IPM2 J151

@71PM3 71

@71PM4 ,614 ,635

@7IPM5 ,826

@7IPM6 -,563

@71PM7 ,833

@7IPM8 ,623

@7IPM9 748

Extraction Method: Principal Component Analysis.

a. 3 components extracted.

Table 15.30: Component Matrix of Independent Variables for Project Organisation

With three component extracted, the factor analysis solution has to be rotated. The rotation does not alter
the underlying solution, but rather illustrates the pattern of loadings for ease of interpretation. The
researcher adapted the Varimax and Kaiser Normalisation technique for rotation and the results are shown
in table 15.31. The main loadings on component 1 are @7IPM2, @7IPM5, @7IPM7 and @7IPM8, on
component 2 @7IPM3, @7IPM4 and on component 3 @7IPM1, @7IPM9.
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Rotated Component Matrix*

Component

1 2 3
@71PM1 ,680
@7IPM2 ,656
@71PM3 815
@7IPM4 ,880
@71PM5 ,633 ,519
@7IPM6
@71PM7 ,878
@71PM8 ,866
@71PM9 ,677

Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization.

a. Rotation converged in 5 iterations.

Table 15.31: Rotated Component Matrix of Independent Variables for Project Organisation

With an Eigen value of more than one on three components and strong factor loadings on three
components for all the included variables, three surrogate variables can be deduced representing the nine
variables. The research henceforth introduces three new surrogate variables ‘@7IPMS1’ (representing
@71PM2, @7IPMS, @7IPM7 and @7IPMS), ‘@7IPMS2’ (representing @7IPM3 and @71PM4) and
‘@7IPMS3’ (representing @7IPM1 and @7IPM9).

15.6 Factor Analysis of Knowledge Management

The Factor analysis technique using SPSS v20 has been applied on the six independent variables
observed for the critical success factor ‘Knowledge Management’. The six independent variables are:
Frequency of lessons leaned implementation (@8IKMI1), Support from organization to identify,
implement and use the lessons learned program (@8IKM?2), Frequency of Lessons learned getting
converted into best practices or procedures (@8IKM3), Availability of dedicated team to identify and
implement the lessons learned in project execution (@8IKM4), Culture of lessons learned process or
knowledge management in the discipline/project (@8IKMS5), Efficiency of tools to register and transfer
lessons learned into action (@ 8IKMO6).

The correlation matrix of the independent observations is shown in table 15.32 and indicates significant
positive correlation between the input variables measured for knowledge management. The Bartlett’s
Test of Sphericity indicated an overall significance index of 0 (Sig. = 0.000) and confirms the absence of
extreme singularity or extreme multicollinearity among the included variables. The statistical test Kaiser-
Meyer-Olkin Measure of Sampling Adequacy is used to confirm the appropriateness of applying the factor
analysis technique on the included variables. The results of the test are shown in table 15.33 and indicated a
KMO MSA index more than the required minimum value of 0.6. The anti-image correlation matrix
shown in table 15.34 indicates that the diagonal MSA indexes are well above the required acceptable
level of 0.5.

Correlation Matrix

@8IKM1 @8IKM2 @8IKM3 @8IKM4 @8IKMS @8IKM6
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@8IKM1 1,000 411 ,394 -,221 ,336 112
@8IKM2 411 1,000 ,770 ,403 ,591 ,389
@BIKM3 ,394 ,770 1,000 ,494 ,608 ,457
Correlation
@8IKM4 =221 ,403 ,494 1,000 221 413
@BIKM5 ,336 ,501 ,608 221 1,000 ,460
@8IKM6 112 ,389 ,457 413 ,460 1,000
@BIKM1 ,029 ,035 ,161 ,063 ,310
@8IKM2 ,029 ,000 ,032 ,002 ,037
@BIKM3 ,035 ,000 ,010 ,001 ,016
Sig. (1-tailed)

@8IKM4 ,161 ,032 ,010 ,162 ,028
@BIKM5 ,063 ,002 ,001 ,162 ,016
@8IKM6 ,310 ,037 ,016 ,028 ,016

Table 15.32: Correlation Matrix of Independent Variables for Knowledge Management

KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. , 726
Approx. Chi-Square 48,175
Bartlett's Test of Sphericity df 15
Sig. ,000

Table 15.33: KMO and Bartlett’s Test of Independent Variables for Knowledge Management

Anti-image Matrices

@BIKM1 @BIKM2 | @8IKM3 | @8IKM4 | @8IKM5 | @8IKM6
@BIKM1 579 -,104 -,127 ,280 -,008 -,020
@BIKM2 -,104 ,362 -,152 -,076 -,103 ,012
@8IKM3 -, 127 -,152 ,296 -,153 -,104 -,035
Anti-image Covariance
@BIKM4 ,280 -,076 -,153 ,496 ,084 -,150
@BIKMS5 -,008 -,103 -,104 ,084 ,533 - 175
@BIKM6 -,020 ,012 -,035 -,150 -, 175 ,679
@BIKM1 ,543° -,227 -,307 ,523 -,015 -,032
@8IKM?2 -,227 ,801° -,465 -,179 -,234 ,024
@B8IKM3 -,307 -,465 743" -,401 -,261 -,079
Anti-image Correlation
@8IKM4 523 -,179 -,401 547 ,164 -,258
@BIKMS5 -,015 -,234 -,261 ,164 ,824° -,290
@BIKM6 -,032 ,024 -,079 -,258 -,290 ,826"

a. Measures of Sampling Adequacy(MSA)
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Table 15.34: Anti-Image Matrix of Independent Variables for Knowledge Management

The statistics defining the total variance of the included variables (see table 15.35) reveal that with six
variables, two components or factors could be extracted with an Eigen value more than one. The extracted
components account for 73 % of the combined cumulative percentage variance.

Total Variance Explained

Initial Eigenvalues

Extraction Sums of Squared Loadings

Rotation Sums of Squared Loadings

(Component % of Cumulative % of Cumulative % of Cumulative
Total Variance % Total Variance % Total Variance %
1 3,093 51,558 51,558 3,093 51,558 51,558 2,555 42,591 42,591
2 1,291 21,517 73,074 1,291 21,517 73,074 1,829 30,483 73,074
3 ,658 10,969 84,044
4 ,480 8,007 92,051
5 ,270 4,508 96,559
6 ,206 3,441 100,000

Extraction Method: Principal Component Analysis.

Table 15.35: Total Variance of Independent Variables for Knowledge Management

The Scree plot shown in figure 15.6 with the Eigen value on the Y-axis and associated factor on the X-
axis reveals that two factors lie above the bend of the curve accounting for the maximum variance. The
other factors are loaded almost flat on the curve lying below the bend of the curve justifying the
appropriateness of a two-component solution for the independent variables.

Scree Plot
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Figure 15.6: Scree Plot of Independent Variables for Knowledge Management
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Further to factor extraction, the communalities (the amount of variance each variable shares with the
remaining included variables) are extracted using the principal component analysis (PCA) method and the
results are shown in table 15.36. The results indicated that the communalities are significantly high for
each variable with the remaining included.

Communalities
Initial Extraction
@8IKM1 1,000 ,836
@8IKM2 1,000 ,760
@8IKM3 1,000 811
@8IKM4 1,000 ,822
@8IKMS5 1,000 ,634
@8IKM6 1,000 521

Extraction Method: Principal Component Analysis.

Table 15.36: Communalities of Independent Variables for Knowledge Management

The component matrix is extracted using principal component analysis method for all the independent
variables under the critical success factor knowledge management. The unrotated factor loading
component matrix results are shown in table 15.37 and indicate all the six variables are significantly
correlated (more than 0.5) with either one of the two components extracted. This supports the
interpretation made from Eigen values.

Component Matrix®

Component
1 2
@S8IKM1 ,800
@8IKM?2 ,865
@8IKM3 ,900
@S8IKM4 ,545 -,725
@8IKMS 779
@B8IKM6 ,659

Extraction Method: Principal Component Analysis.

a. 2 components extracted.

Table 15.37: Component Matrix of Independent Variables for Knowledge Management

With two component extracted, the factor analysis solution has to be rotated. The rotation does not alter
the underlying solution, but rather illustrates the pattern of loadings for ease of interpretation. The
researcher adapted the Varimax and Kaiser Normalisation technique for rotation and the results are shown
in fable 15.38. The main loadings on component 1 are @8IKM1, @8IKM2, @8IKM3 and @S8IKMS,
while on component 2 are @8IKM4, @8IKM6.

Rotated Component Matrix®

Component
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@8IKM1 ,807
@8IKM?2 , 7184
@8IKM3 ,763
@8IKM4 905
@S8IKM5 741
@8IKM6 ,607

Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization.

a. Rotation converged in 3 iterations.

Table 15.38: Rotated Component Matrix of Independent Variables for Knowledge Management

With an Eigen value of more than one on two components and strong factor loadings on two components
for all the included variables, two surrogate variables can be deduced representing the six variables. The
research henceforth introduces and uses two new surrogate variables ‘@8IKMSI’ (representing are
@8IKM1, @8IKM?2, @8IKM3 and @8IKMS5) and ‘@8IKMS2’ (representing @8IKM4 and @8IKM6)
for the critical success factor knowledge management.

15.7 Factor Analysis of Benchmarking

The Factor analysis technique using SPSS v20 has been applied on the three independent variables
observed for the first critical success factor ‘Benchmarking’. The three independent variables are
availability of benchmarking process (@9IBM1), Frequency of utilisation of benchmarking process
(@9IBM?2), Quality of benchmarking process (@9IBM3).

The correlation matrix of the independent observations is shown in table 15.39 and indicates significant
positive correlation between the input variables measured for benchmarking. The Bartlett’s Test of
Sphericity indicated an overall significance index of 0 (Sig. = 0.000) and confirms the absence of extreme
singularity or extreme multicollinearity among the included variables. The statistical test Kaiser-Meyer-Olkin
Measure of Sampling Adequacy is used to confirm the appropriateness of applying the factor analysis
technique on the included variables. The results of the test are shown in table 15.40 and indicated a KMO
MSA index more than the required minimum value of 0.6. The anti-image correlation matrix shown in
table 15.41 indicates that the diagonal MSA indexes are well above the required acceptable level of 0.5.

Correlation Matrix
@9IBM1 @91BM2 @91BM3
@9IBM1 1,000 ,677 ,782
Correlation @9IBM?2 ,677 1,000 751
@9IBM3 ,782 751 1,000
@9IBM1 ,000 ,000
Sig. (1-tailed) @9IBM2 ,000 ,000

@9IBM3 ,000 ,000

Table 15.39: Correlation Matrix of Independent Variables for Benchmarking

KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. 132
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Approx. Chi-Square 34,977
Bartlett's Test of Sphericity df 3
Sig. ,000

Table 15.40: KMO and Bartlett’s Test of Independent Variables for Benchmarking

Anti-image Matrices
@IIBM1 @9IBM?2 @9IBM3
@9IBM1 ,369 -,086 -,187
Anti-image Covariance @91BM2 -,086 ,416 -,169
@9IBM3 -,187 -,169 ,298
@9IBM1 ,745° -,219 -,564
Anti-image Correlation @91BM2 -,219 ,785" -,481
@9IBM3 -,564 -,481 ,681°
a. Measures of Sampling Adequacy(MSA)

Table 15.41: Anti-Image Matrix of Independent Variables for Benchmarking

The statistics defining the total variance of the included variables (see table 15.42) reveal that out of four
components, only one component or factor was extracted with an Eigen value more than one. The
extracted component accounts for 82.48 % of the cumulative percentage variance.

Total Variance Explained

Initial Eigenvalues Extraction Sums of Squared Loadings
Component
Total % of Variance Cumulative % Total % of Variance Cumulative %
1 2,474 82,480 82,480 2,474 82,480 82,480
2 ,325 10,842 93,322
3 ,200 6,678 100,000

Extraction Method: Principal Component Analysis.

Table 15.42: Total Variance of Independent Variables for Benchmarking

The Scree plot shown in figure 15.7 with the Eigen value on the Y-axis and associated factor on the X-
axis reveals that only one factor lies above the bend of the curve accounting for the maximum variance.
The other factors are loaded almost flat on the curve lying below the bend of the curve justifying the
appropriateness of a one-component solution for the independent variables.
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Figure 15.7: Scree Plot of Independent Variables for Benchmarking

In addition to factor extraction, the communalities (the amount of variance each variable shares with the
remaining included variables) are extracted using the principal component analysis (PCA) method and the
results are shown in table 15.43. The results indicated that the communalities are significantly high for
each variable with the remaining included.

Communalities
Initial Extraction
@9IBM1 1,000 815
@91BM2 1,000 , 791
@9IBM3 1,000 ,868

Extraction Method: Principal Component Analysis.

Table 15.43: Communalities of Independent Variables for Benchmarking

The component matrix extracted using principal component analysis method for all the independent
variables under the critical success factor benchmarking. The unrotated factor loading results are shown
in table 15.44 and indicate all the three variables are significantly correlated (more than 0.5) with
component 1.

Component Matrix*

Component
1
@9IBM1 903
@9IBM2 ,889
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@91BM3 932

Extraction Method: Principal Component Analysis.

a. 1 components extracted.

Table 15.44: Component Matrix of Independent Variables for Benchmarking

With an Eigen value of more than one and maximum factor loading on component 1 for all the included
variables, it can be concluded that the one variable can be used as a surrogate or derived variable. The
research therefore introduces a new variable ‘@9IBMSI1’ that shall be used as a surrogate variable
representing all the independent variables observed for critical success factor benchmarking.

15.8 Factor Analysis of Dependent Variables

The Factor analysis technique using SPSS v20 has been applied on the eleven output or dependent
variables observed in the research. The eleven dependent variables are: Cost/Schedule goals achieved
based on policies governing budget/schedule estimates (@3DSP3), Level of customer satisfaction with
respect to meeting the quality, schedule and cost goals (@4DPE2), Level of Engineering performance
with respect to productivity, quality adherence and timely completion of the job (@4DPE3), Level of
Procurement performance with respect to productivity, quality adherence and timely completion of the
job (@4DPE4), Level of Construction performance with respect to productivity, quality adherence and
timely completion of the job (@4DPES), Amount of Construction rework due to inferior Engineering
Quality (@4DPE9), Level of Escalation contributed to project cost/schedule due to inferior Engineering
Quality (@5DBP1), Level of Escalation contributed to project cost/schedule due to inferior Procurement
Quality (@5DBP2), Level of Escalation contributed to project cost/schedule due to inferior Construction
Quality (@5DBP3), Construction rework due to a team or team member (@5DBP18), Amount of rework
as a result of incorrect or inferior quality of information from dependents (@5DBP22).

The correlation matrix of the dependent observations is shown in the table 15.45 and indicates both
positive and negative correlation of all the output variables. The Bartlett’s Test of Sphericity indicated an
overall significance index of 0 (Sig. = 0.000) and confirms the absence of extreme singularity or extreme
multicollinearity among the included variables. The statistical test Kaiser-Meyer-Olkin Measure of
Sampling Adequacy is used to confirm the appropriateness of applying the factor analysis technique on the
included variables. The results of the test are shown in fable 15.46 and indicated a KMO MSA index more
than the required minimum value of 0.6. The anti-image correlation matrix shown in table 15.47 indicates
that the diagonal MSA indexes are well above the required acceptable level of 0.5.
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@3DSP3 @4DPE2 @4DPE3 @4DPE4 @4DPES5 @4DPE9 @5DBP1 @5DBP2 @5DBP3 @5DBP18 @5DBP22

Correlation @3DSP3 1,000 459 -,186 ,637 ,756 ,312 ,549 135 ,622 179 ,204
@4DPE2 ,459 1,000 -, 164 ,490 ,569 377 444 ,231 ,660 -,030 -, 168
@4DPE3 -, 186 -, 164 1,000 -, 276 - 331 -,614 -,261 635 - 355 - 131 ,154
@4DPE4 ,637 ,490 -,276 1,000 ,570 314 ,591 ,203 ,480 ,091 ,081
@4DPE5 ,756 ,569 -331 ,570 1,000 ,324 ,559 ,292 ,593 ,023 ,106
@4DPE9 312 ,377 -,614 314 ,324 1,000 ,136 ,486 ,229 ,056 -,079
@5DBP1 ,549 444 -,261 ,591 ,559 ,136 1,000 ,264 ,619 ,361 ,294
@5DBP2 ,135 ,231 -,635 ,203 ,292 ,486 ,264 1,000 ,197 ,279 ,166
@5DBP3 ,622 ,660 -,355 ,480 ,593 ,229 ,619 ,197 1,000 ,159 ,028
@5DBP18 179 -,030 - 131 ,091 ,023 ,056 ,361 279 ,159 1,000 ,509
@5DBP22 ,204 -,168 154 ,081 ,106 -,079 ,294 ,166 ,028 ,509 1,000

Sig. (1-tailed) @3DSP3 ,016 ,204 ,001 ,000 ,079 ,004 275 ,001 213 ,181
@4DPE2 ,016 ,232 ,010 ,003 ,042 ,019 151 ,000 ,446 ,227
@4DPE3 ,204 ,232 ,107 ,066 ,001 ,120 ,001 ,052 ,281 ,247
@4DPE4 ,001 ,010 ,107 ,003 ,078 ,002 ,183 ,012 ,343 ,361
@4DPE5 ,000 ,003 ,066 ,003 ,071 ,003 ,093 ,002 ,460 ,319
@4DPE9 ,079 ,042 ,001 ,078 ,071 272 ,011 153 ,402 ,364
@5DBP1 ,004 ,019 ,120 ,002 ,003 ,272 118 ,001 ,050 ,092
@5DBP2 ,275 151 ,001 183 ,093 ,011 118 ,190 ,104 ,230
@5DBP3 ,001 ,000 ,052 ,012 ,002 153 ,001 ,190 ,239 ,450
@5DBP18 ,213 ,446 ,281 ,343 ,460 ,402 ,050 ,104 ,239 ,008
@5DBP22 181 ,227 ,247 ,361 ,319 ,364 ,092 ,230 450 ,008

Table 15.45: Correlation Matrix of Dependent Variables
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KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. ,625
Approx. Chi-Square 103,679
Bartlett's Test of Sphericity df 55
Sig. ,000

Table 15.46: KMO and Bartlett’s Test of Dependent Variables

@3DSP3 | @4DPE2 | @4DPE3 | @4DPE4 | @4DPE5 | @4DPE9 | @5SDBPI | @5DBP2 | @5DBP3 | @5DBPIS | @5DBP22
@3DSP3 1250 079 ~078 ~128 - 162 ~110 017 025 ~110 ~076 005
@4DPE2 079 272 154 ~083 ~096 159 ~024 ~107 167 ~018 153
@4DPE3 ~078 ~ 154 244 058 074 182 024 174 130 048 ~161
@4DPE4 128 ~083 058 445 028 009 ~148 030 073 066 017
@4DPE5 ~162 ~096 074 028 282 067 ~056 ~023 042 128 ~067
éggaiﬁifz @4DPE9 ~110 159 182 009 067 401 070 ~005 118 026 077
@5DBPI 017 ~024 024 ~148 ~056 070 385 ~003 ~080 ~120 ~079
@5DBP2 025 107 174 1030 ~023 ~005 ~003 429 083 ~061 ~153
@5DBP3 ~110 167 130 073 042 118 ~080 083 273 006 -052
@5DBPI18 ~076 ~018 048 066 128 1026 ~120 ~061 006 582 ~209
@5DBP22 005 153 ~161 017 ~067 ~077 ~079 ~153 ~052 ~209 487
@3DSP3 665" 1302 -314 ~383 ~610 ~348 056 076 422 ~199 015
Anti-image | @4DPE2 302 522° ~598 -237 ~349 ~483 ~075 ~313 ~614 ~046 421
Correlation ™ @4DPE3 -314 ~598 428° 175 1283 581 079 538 505 126 ~466
@4DPE4 ~383 -237 175 804° 078 021 -357 069 1209 129 ~038
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@4DPE5 -610 -,349 ,283 ,078 ,731° ,200 -,169 -,067 151 ,316 -, 180
@4DPE9 -, 348 -,483 581 ,021 ,200 551 177 -011 ,358 ,053 - 174
@5DBP1 ,056 5,075 ,079 -, 357 - 169 177 ,841° -,007 -,246 -,254 - 183
@5DBP2 ,076 -313 ,538 ,069 -,067 -011 -,007 ,641° ,242 - 123 -,334
@5DBP3 -422 -,614 ,505 ,209 51 ,358 -,246 ,242 ,640° ,015 -, 142
@5DBP18 -,199 -,046 ,126 ,129 ,316 ,053 -,254 - 123 ,015 ,575¢ -,392
@5DBP22 ,015 421 -,466 -,038 -, 180 - 174 - 183 -,334 - 142 -,392 ,388°

a. Measures of Sampling Adequacy(MSA)

Table 15.47: Anti-Image Matrix of Dependent Variables
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The statistics defining the total variance of the included variables (see table 15.9) reveal that with eleven
variables, three components or factors could be extracted with an Eigen value of more than one. The
extracted components account for 71.2 % of the combined cumulative percentage variance.

Total Variance Explained

(Component Initial Eigenvalues Extraction Sums of Squared Loadings | Rotation Sums of Squared Loadings
Total % of Cumulative | Total % of Cumulative | Total % of Cumulative
Variance % Variance % Variance %
1 4,463 40,570 40,570 4,463 40,570 40,570 3,825 34,774 34,774
2 1,735 15,772 56,342 1,735 15,772 56,342 2,234 20,306 55,079
3 1,641 14,922 71,264 1,641 14,922 71,264 1,780 16,185 71,264
4 ,706 6,416 77,679
5 ,564 5132 82,811
6 ,522 4,749 87,560
7 ,487 4,430 91,990
8 ,336 3,055 95,044
9 ,273 2,485 97,530
10 ,188 1,707 99,236
11 ,084 ,764 100,000

Extraction Method: Principal Component Analysis.

Table 15.48: Total Variance of Dependent Variables

The Scree plot shown in figure 15.8 with the Eigen value on the Y-axis and associated factor on the X-
axis reveals that three factors lie above the bend of the curve accounting for the maximum variance. The
other factors are loaded almost flat on the curve lying below the bend of the curve justifying the

appropriateness of a three-component solution for the dependent variables.
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Figure 15.8: Scree Plot of Dependent Variables

Further to factor extraction, the communalities (the amount of variance each variable shares with the
remaining included variables) are extracted using the principal component analysis (PCA) method and the
results are shown in table 15.49. The results indicated that the communalities are significantly high for
each variable with the remaining included.

Communalities
Initial Extraction
@3DSP3 1,000 ,736
@4DPE2 1,000 ,660
@4DPE3 1,000 ,805
@4DPE4 1,000 ,608
@4DPES5 1,000 ,720
@4DPE9 1,000 ,682
@5DBP1 1,000 ,708
@5DBP2 1,000 ,757
@5DBP3 1,000 ,680
@5DBP18 1,000 718
@5DBP22 1,000 ,764

Extraction Method: Principal Component Analysis.

Table 15.49: Communalities of Dependent Variables

The component matrix is extracted using principal component analysis method for all the dependent
variables. The unrotated factor loading component matrix results are shown in table 15.50 and indicate all
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At the Crossroads:

the eleven variables are significantly correlated (more than 0.5) with either one of the three components

extracted. This supports the interpretation made from Eigen values.

Component Matrix*

Component
1 2 3

@3DSP3 ,791

@4DPE2 ,700

@4DPE3 -,541 ,516

@4DPE4 , 749

@4DPES5 ,818

@4DPE9 ,540 -523

@5DBP1 ,756

@5DBP2 ,667

@5DBP3 ,787
@5DBP18 ,563 ,575
@5DBP22 ,762

Extraction Method: Principal Component Analysis.

a. 3 components extracted.

With three component extracted, the factor analysis solution has to be rotated. The rotation does not alter
the underlying solution, but rather illustrates the pattern of loadings for ease of interpretation.
researcher adapted the Varimax and Kaiser Normalisation technique for rotation and the results are shown
in table 15.51. The main loadings on component 1 are @3DSP3, @4DPE2, @4DPE4, @4DPES,
@5DBP1, @5DBP3, on component 2 @4DPE3, @4DPE9, @5DBP2 and on component 3 @5DBP18,

Table 15.50: Component Matrix of Dependent Variables

@5DBP22.
Rotated Component Matrix®
Component
1 2 3
@3DSP3 ,840
@4DPE2 ,751
@4DPE3 -,879
@4DPE4 ,762
@4DPES5 ,824
@4DPE9 ,779
@5DBP1 ,731
@5DBP2 ,821
@5DBP3 ,809
@5DBP18 ,828
@5DBP22 ,864

Extraction Method: Principal Component Analysis.

Rotation Method: Varimax with Kaiser Normalization.
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a. Rotation converged in 4 iterations.

Table 15.51: Rotated Component Matrix of Dependent Variables

With an Eigen value of more than one on three components and strong factor loadings on three
components for all the included variables, three surrogate variables can be deduced representing the
eleven variables. The research henceforth introduces three new surrogate variables ‘@DPPSI’
(representing @3DSP3, @4DPE2, @4DPE4, @4DPES, @5DBP1, @5DBP3), ‘@DPPS2’ (representing
@4DPE3, @4DPE9, @5DBP2) and ‘@DPPS3’ (representing @5DBP18, @5DBP22) representing all the
dependent variables observed in this research.
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16 Hypothesis Test and Discussion

16.1 Hypothesis Testing of Front End Planning/Start-Up Plan

1. The Critical Success Factor Front End Planning/Start-up Plan is not influencing the Project
performance.
1.1 The Critical Success Factor Front End Planning/Start-up Plan is not influencing the surrogate
variable @ DPPS]1.
1.2 The Critical Success Factor Front End Planning/Start-up Plan is not influencing the surrogate
variable @ DPPS?2.
1.3 The Critical Success Factor Front End Planning/Start-up Plan is not influencing the surrogate
variable @ DPPS3.

16.1.1 Hypothesis Test of Front End Planning/Start-up Plan and @DPPS1

The research questionnaire asked the respondents to indicate the Cost/Schedule goals achieved based on
policies governing budget/schedule estimates (@3DSP3), Level of customer satisfaction with respect to
meeting the quality, schedule and cost goals (@4DPE2), Level of Procurement performance with respect
to productivity, quality adherence and timely completion of the job (@4DPE4), Level of Construction
performance with respect to productivity, quality adherence and timely completion of the job (@4DPES5),
Level of Escalation contributed to project cost/schedule due to inferior Engineering Quality (@5DBP1),
Level of Escalation contributed to project cost/schedule due to inferior Construction Quality (@5DBP3).
Using the statistical dimension reduction techniques in chapter 15 the six dependent variables have been
reduced to a surrogate variable ‘@DPPS1’ representing the attributes of the aforementioned dependent
variables. The surrogate variable @ DPPS1 represents the measured effect of front-end planning/start-up
plan on project performance.

Four independent variables accuracy of policies governing budget/schedule estimates (@3ISP2),
encouragement from organization for start-up plan formulation (@3ISP4), competency of the teams/team
members who formulate the start-up plan (@3ISP5) and level of start-up plan alignment for the projects
executed or being executed (@3ISP6) are used as predictors to investigate their influence on the surrogate
variable @ DPPS1. However, the hypothesis test shall use the surrogate variable ‘@3ISPS1’ representing
all the independent variables measured for predicting front end planning/Start-up plan based on the results
of the statistical dimension reduction techniques in chapter 15.

SPSS v20 has been used by the researcher to calculate the 2-tailed Pearson’s correlation coefficient with
20 degrees of freedom and the output is presented using a correlation matrix in table 16.1.

Correlations

Regression Factor
Score for Surrogate
Variable @DPPS1

Regression Factor
Score for Surrogate
Variable @3ISPS1

Pearson Correlation 1 -,283
Regression Factor Score for Surrogate - -
) Sig. (2-tailed) ,203
Variable @DPPS1
N 22 22
Pearson Correlation -,283 1
Regression Factor Score for Surrogate - -
) Sig. (2-tailed) ,203
Variable @3ISPS1
N 22 22
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Table 16.1: Pearson’s Correlation Matrix for Front End Planning/Start-up Plan and @DPPS1

According to the Pearson’s correlation matrix, the surrogate independent variable @3ISPS1 showed no
linear relationship with the depending surrogate variable @ DPPS1. The degree of measure of linear
relationship yielded a negative correlation coefficient r = -0.283 but at a significance level of 0.203 (2-
tailed). With the correlation coefficient close to zero, the strength of the relationship is weak but with a p-
value greater than 0.05 (Sig. =0.203, 2-tailed). Based on the analysis, contrary to the expectation of the
researcher, the hypothesis ‘The Critical Success Factor Front End Planning/Start-up Plan is not
influencing the surrogate variable @ DPPS1’ is accepted.

16.1.2 Discussion on Hypothesis Test of Front End Planning/Start-up Plan and @DPPS1

The researcher used regression analysis to investigate the effect of the independent surrogate variable on
the dependent surrogate variable using SPSS v20. The results of the regression analysis confirmed
clinging to the normal distribution requirement of the dependent variable as shown in the normal
distribution chart and normal P-P plot of regression in figure 16.1.
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Figure 16.1: Normal Distribution Chart and Normal P-P Plot of Surrogate Variable @ DPPS1
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The regression model summary shown in fable 16.2 indicates that a proportion of the order 0.08 (8 %)
(Variance or R-square or coefficient of determination) in the dependent surrogate variable @ DPPS1 can
be predicted using independent surrogate variable @3ISPS1. With only one variable in the analysis, the
results showed no significant difference between the more honest value of coefficient of determination
(Adjusted R-square of the research sample population = 0.034) and R-square value. The Unstandardized
Coefficient (B), representing the value of the regression equation was found to be negative (B = -.283)
and the Standardized Beta (B) indicated a coefficient of -0.283 for a statistical t-value of -1.317. This
means that each unit of @DPPS1 is associated with a score of -0.283 units in @3ISPS1 at a significance
level 0.203. The p-value (Sig. = 0.203, 2-tailed) associated with F-Value or F-Statistic (calculated
mathematically by dividing the regression mean square by the residual mean square) was found to be
more than the alpha or significance level 0.05. This indicates that the independent surrogate variable
@3ISPS1 is not statistically and significantly associated with the dependent surrogate variable. In other
words, the included set of independent surrogate variables does not reliably predict the dependent
surrogate variable.

Model Summary”

Model R R Square Adjusted R Std. Error of the Change Statistics
Square Estimate R Square F Change dfl | df2 Sig. F
Change Change
1 ,283" ,080 ,034 ,98294415 ,080 1,735 1 20 ,203

a. Predictors: (Constant), Regression Factor Score for Surrogate Variable @3ISPS1

b. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS1

ANOVA®
Model Sum of Squares df Mean Square F Sig.
1 Regression 1,676 1 1,676 1,735 203
Residual 19,324 20 ,966
Total 21,000 2]

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS1

b. Predictors: (Constant), Regression Factor Score for Surrogate Variable @3ISPS1

Coefficients”
Model Unstandardized Coefficients Standardized t Sig.
Coefficients
B Std. Error Beta
1 (Constant) -1,135E-015 ,210 ,000 1,000
Regression Factor Score for -,283 214 -,283 - ,203
Surrogate Variable @3ISPS1 1,317

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS1

Table 16.2: Regression Analysis results for Hypothesis 1.1
16.1.3 Hypothesis Test of Front End Planning/Start-up Plan and @DPPS2

The research questionnaire asked the respondents to indicate the Level of Engineering performance with
respect to productivity, quality adherence and timely completion of the job (@4DPE3), Amount of
Construction rework due to inferior Engineering Quality (@4DPE9), Level of Escalation contributed to
project cost/schedule due to inferior Procurement Quality (@5DBP2). Using the statistical dimension
reduction techniques in chapter 15 the three dependent variables have been reduced to a surrogate
variable ‘@DPPS2’ representing the attributes of the aforementioned dependent variables. The surrogate
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variable @DPPS2 represents the measured effect of front-end planning/start-up plan on project
performance.

Four independent variables accuracy of policies governing budget/schedule estimates (@3ISP2),
encouragement from organisation for start-up plan formulation (@3ISP4), competency of the teams/team
members who formulate the start-up plan (@3ISP5) and level of start-up plan alignment for the projects
executed or being executed (@3ISP6) are used as predictors to investigate their influence on the surrogate
variable @DPPS2. However, the hypothesis test shall use the surrogate variable ‘@3ISPS1’ representing
all the independent variables measured for predicting front end planning/Start-up plan based on the results
of the statistical dimension reduction techniques in chapter 15.

SPSS v20 has been used by the researcher to calculate the 2-tailed Pearson’s correlation coefficient with
20 degrees of freedom and the output is presented using a correlation matrix in table 16.3.

Correlations
Regression Factor Regression Factor
Score for Surrogate Score for Surrogate
Variable @3ISPS1 Variable @ DPPS2
Pearson Correlation 1 175
Regression Factor Score for Surrogate - -
. Sig. (2-tailed) 437
Variable @3ISPS1
N 22 22
Pearson Correlation 175 1
Regression Factor Score for Surrogate - -
) Sig. (2-tailed) ,437
Variable @DPPS2
N 22 22

Table 16.3: Pearson’s Correlation Matrix for Front End Planning/Start-up Plan and @DPPS2

According to the Pearson’s correlation matrix, the surrogate independent variable @3ISPS1 showed a
positive linear relationship with the depending surrogate variable @ DPPS2. The degree of measure of
linear relationship yielded a negative correlation coefficient r = 0.175 but at a significance level of 0.437
(2-tailed). With the correlation coefficient close to zero, the strength of the relationship is weak but with a
p-value greater than 0.05 (Sig. =0.437, 2-tailed). Based on the analysis, contrary to the expectation of the
researcher, the hypothesis ‘The Critical Success Factor Front End Planning/Start-up Plan is not
influencing the surrogate variable @ DPPS2’ is accepted.

16.1.4 Discussion on Hypothesis Test of Front End Planning/Start-up Plan and @DPPS2

The researcher used regression analysis to investigate the effect of the independent surrogate variable on
the dependent surrogate variable using SPSS v20. The results of the regression analysis confirmed
clinging to the normal distribution requirement of the dependent variable as shown in the normal
distribution chart normal P-P plot of regression in figure 16.2.
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Figure 16.2: Normal Distribution Chart and Normal P-P Plot of Surrogate Variable @ DPPS2
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The regression model summary shown in fable 16.4 indicates that a proportion of the order 0.03 (3 %)
(Variance or R-square or coefficient of determination) in the dependent surrogate variable @ DPPS2 can
be predicted using independent surrogate variable @3ISPS1. With only one variable in the analysis, the
results showed no significant difference between the more honest value of coefficient of determination
(Adjusted R-square of the research sample population = -0.018) and R-square value. The Unstandardized
Coefficient (B), representing the value of the regression equation was found to be positive (B = 0.175)
and the Standardized Beta (B) indicated a coefficient of 0.175 for a statistical t-value of 0.793. This means
that each unit of @DPPS2 is associated with a score of 0.175 units in @3ISPS1 at a significance level
0.437. The p-value (Sig. = 0.437, 2-tailed) associated with F-Value or F-Statistic (calculated
mathematically by dividing the regression mean square by the residual mean square) was found to be
more than the alpha or significance level 0.05. This indicates that the independent surrogate variable
@3ISPS1 is not statistically and significantly associated with the dependent surrogate variable. In other
words, the included set of independent surrogate variables does not reliably predict the dependent
surrogate variable.

Model Summary®

Change Statistics

Adjusted R | Std. Error of
Model R R Square . R Square Sig. F
Square the Estimate F Change dfl df2
Change Change
1 ,175¢ ,030 -,018 1,00895212 ,030 ,629 1 20 437

a. Predictors: (Constant), Regression Factor Score for Surrogate Variable @3ISPS1

b. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS2

ANOVA®
Model Sum of Squares df Mean Square F Sig.
Regression ,640 1 ,640 ,629 437"
1 Residual 20,360 20 1,018
Total 21,000 21

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS2

b. Predictors: (Constant), Regression Factor Score for Surrogate Variable @3ISPS1

Coefficients”
Standardized
Unstandardized Coefficients
Model Coefficients t Sig.
B Std. Error Beta
(Constant) 9,915E-016 ,215 ,000 1,000
1 Regression Factor Score for
. 175 ,220 75 , 793 437
Surrogate Variable @3ISPS1

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS2

Table 16.4: Regression Analysis results for Hypothesis 1.2
16.1.5 Hypothesis Test of Front End Planning/Start-up Plan and @DPPS3

The research questionnaire asked the respondents to indicate the Construction rework due to a team or
team member (@5DBP18), Amount of rework as a result of incorrect or inferior quality of information
from dependents (@5DBP22). Using the statistical dimension reduction techniques in chapter 15 the two
dependent variables have been reduced to a surrogate variable ‘@DPPS3’ representing the attributes of
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the aforementioned dependent variables. The surrogate variable @ DPPS3 represents the measured effect
of front-end planning/start-up plan on project performance.

Four independent variables accuracy of policies governing budget/schedule estimates (@3ISP2),
encouragement from organization for start-up plan formulation (@3ISP4), competency of the teams/team
members who formulate the start-up plan (@3ISP5) and level of start-up plan alignment for the projects
executed or being executed (@3ISP6) are used as predictors to investigate their influence on the surrogate
variable @DPPS3. However, the hypothesis test shall use the surrogate variable ‘@3ISPS1’ representing
all the independent variables measured for predicting front end planning/Start-up plan based on the results
of the statistical dimension reduction techniques in chapter 15.

SPSS v20 has been used by the researcher to calculate the 2-tailed Pearson’s correlation coefficient with
20 degrees of freedom and the output is presented using a correlation matrix in table 16.5.

Correlations

Regression Factor
Score for Surrogate
Variable @3ISPS1

Regression Factor
Score for Surrogate
Variable @ DPPS3

Pearson Correlation 1 -534
Regression Factor Score for Surrogate ) )
. Sig. (2-tailed) ,010
Variable @3ISPS1
N 22 22
Pearson Correlation -534 1
Regression Factor Score for Surrogate - -
) Sig. (2-tailed) ,010
Variable @DPPS3
N 22 22

*, Correlation is significant at the 0.05 level (2-tailed).

Table 16.5 Pearson’s Correlation Matrix for Front End Planning/Start-up Plan and @DPPS3

According to the Pearson’s correlation matrix, the surrogate independent variable @3ISPS1 showed a
positive and significant linear relationship with the depending surrogate variable @ DPPS3. The degree
of measure of linear relationship yielded a negative correlation coefficient r = -0.534 at a significance
level of 0.01 (Sig. =0.01, 2-tailed). Based on the analysis, as expected by the researcher, the hypothesis
‘The Critical Success Factor Front End Planning/Start-up Plan is not influencing the surrogate variable
@DPPS3’ is rejected.

16.1.6 Discussion on Hypothesis Test of Front End Planning/Start-up Plan and @DPPS3

The researcher used regression analysis to investigate the effect of the independent surrogate variable on
the dependent surrogate variable using SPSS v20. The results of the regression analysis confirmed
clinging to the normal distribution requirement of the dependent variable as shown in the normal
distribution chart and normal P-P plot of regression in figure 16.3.
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Figure 16.3: Normal Distribution Chart and Normal P-P Plot of Surrogate Variable @ DPPS3
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The regression model summary shown in table /6.6 indicates that a proportion of the order 0.534 (53.4
%) (Variance or R-square or coefficient of determination) in the dependent surrogate variable @ DPPS3
can be predicted using independent surrogate variable @3ISPS1. With only one variable in the analysis,
the more honest value of coefficient of determination, adjusted R-square, yielded 0.250. The
Unstandardized Coefficient (B), representing the value of the regression equation was found to be
negative (B = -0.534) and the Standardized Beta (B) indicated a coefficient of -0.534 for a statistical t-
value of -2.82. This means that each unit of @DPPS3 is associated with a score of -0.534 units in
@3ISPS1 at a significance level 0.01. The p-value (Sig. = 0.01, 2-tailed) associated with F-Value or F-
Statistic (calculated mathematically by dividing the regression mean square by the residual mean square)
was found to be less than the alpha or significance level 0.05. This indicates that the independent
surrogate variable @3ISPS1 is statistically and significantly associated with the dependent surrogate
variable. In other words, the included set of independent surrogate variables reliably predicts the
dependent surrogate variable.

Model Summary®

Change Statistics
Adjusted R | Std. Error of
Model R R Square . R Square Sig. F
Square the Estimate F Change dfl df2
Change Change
1 ,534¢ ,286 ,250 ,86614387 ,286 7,992 1 20 ,010
a. Predictors: (Constant), Regression Factor Score for Surrogate Variable @3ISPS1
b. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS3
ANOVA®
Model Sum of Squares df Mean Square F Sig.
Regression 5,996 1 5,996 7,992 010
1 Residual 15,004 20 ,750
Total 21,000 21
a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS3
b. Predictors: (Constant), Regression Factor Score for Surrogate Variable @3ISPS1
Coefficients”
Standardized
Unstandardized Coefficients
Model Coefficients t Sig.
B Std. Error Beta
(Constant) 2,212E-016 ,185 ,000 1,000
1 Regression Factor Score for
. -,534 ,189 -,534 -2,827 ,010
Surrogate Variable @3ISPS1

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS3

Table 16.6: Regression Analysis results for Hypothesis 1.3

16.2 Hypothesis Testing of Project Execution

2. The Critical Success Factor Project Execution is not influencing the Project performance.
2.1 The Critical Success Factor Project Execution is not influencing the surrogate variable

@DPPS].
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2.2 The Critical Success Factor Project Execution is not influencing the surrogate variable
@DPPS?2.
2.3 The Critical Success Factor Project Execution is not influencing the surrogate variable

@DPPS3.

16.2.1 Hypothesis Test of Project Execution and @DPPS1

The research questionnaire asked the respondents to indicate the Cost/Schedule goals achieved based on
policies governing budget/schedule estimates (@3DSP3), Level of customer satisfaction with respect to
meeting the quality, schedule and cost goals (@4DPE2), Level of Procurement performance with respect
to productivity, quality adherence and timely completion of the job (@4DPE4), Level of Construction
performance with respect to productivity, quality adherence and timely completion of the job (@4DPES5),
Level of Escalation contributed to project cost/schedule due to inferior Engineering Quality (@5DBP1),
Level of Escalation contributed to project cost/schedule due to inferior Construction Quality (@S5DBP3).
Using the statistical dimension reduction techniques in chapter 15 the six dependent variables have been
reduced to a surrogate variable ‘@DPPS1’ representing the attributes of the aforementioned dependent
variables. The surrogate variable @ DPPS1 represents the measured effect of project execution on project
performance.

Five independent variables: Mobilization of Startup resources on time (@4IPEl), Level of integration
between the Project disciplines (E, P and C) (@4IPE6), Level of integration between the engineering
disciplines (@4IPE7), Effectiveness of Information Technology applications to monitor progress made
during project execution (@4IPE10), Timeliness of the dependent disciplines for information (@4IPE13)
are used as predictors to investigate their influence on the surrogate variable @DPPS1. However, the
hypothesis test shall use the surrogate variables ‘@4IPES1’ (representing @4IPE6 and @4IPE7),
‘@4IPES2’ (representing @4IPE1 and @4IPE13) and ‘@4IPES3’ (representing @4IPE10) representing
all the independent variables measured for predicting project execution based on the results of the
statistical dimension reduction techniques in chapter 15.

SPSS v20 has been used by the researcher to calculate the 2-tailed Pearson’s correlation coefficient with
20 degrees of freedom and the output is presented using a correlation matrix in table 16.7.

Correlations
Regression Regression Regression Regression
Factor Score for | Factor Score for | Factor Score for | Factor Score for
Surrogate Surrogate Surrogate Surrogate
Variable Variable Variable Variable
@DPPS1 @4IPES1 @4IPES2 @4IPES3
Regression Factor Score for | Pearson Correlation 1 ,088 - 114 153
Surrogate Variable Sig. (2-tailed) ,696 ,613 , 496
@DPPS1 N 22 22 22 22
Regression Factor Score for | Pearson Correlation ,088 1 ,000 ,000
Surrogate Variable Sig. (2-tailed) ,696 1,000 1,000
@4IPES1 N 22 22 22 22
Regression Factor Score for | Pearson Correlation - 114 ,000 1 ,000
Surrogate Variable Sig. (2-tailed) ,613 1,000 1,000
@41PES2 N 22 22 22 22
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Regression Factor Score for | Pearson Correlation ,153 ,000 ,000 1
Surrogate Variable Sig. (2-tailed) ,496 1,000 1,000
@41PES3 N 22 22 22 22

Table 16.7 Pearson’s Correlation Matrix for Project Execution and @DPPS1

According to the Pearson’s correlation matrix, the surrogate independent variables @4IPES1, @4IPES2
and @4IPES3 showed no significant relationship with the dependent surrogate variable @ DPPS1. The
degree of measure of linear relationship with @ DPPS1 yielded a Pearson’s correlation coefficient of
0.088, -0.114, 0.153 (2-tailed) respectively but with a p-value greater than 0.05 (Sig. =0.696, 0.613,
0.496 respectively, 2-tailed). Based on the analysis, the hypothesis ‘The Critical Success Project
Execution is not influencing the surrogate variable @ DPPS1’ is accepted.

16.2.2 Discussion on Hypothesis Test of Project Execution and @DPPS1

The researcher used regression analysis to investigate the effect of the independent surrogate variable on
the dependent surrogate variables using SPSS v20. The results of the regression analysis confirmed
clinging to the normal distribution requirement of the dependent variable as shown in the normal
distribution chart and normal P-P plot of regression in figure 16.1.

The regression model summary shown in table 16.8 indicates that a proportion of the order 0.210 (21 %)
variance in the dependent surrogate variable @DPPS1 can be predicted using independent surrogate
variables @4IPES1, @4IPES2 and @4IPES3. With three variables in the analysis, the results showed
significant difference between the more honest value of coefficient of determination (Adjusted R-square
of the research sample population = -0.115) and R-square value. The Unstandardized Coefficient (B),
representing the value of the regression equation was found to be 0.088, -0.114, and 0.153 with statistical
t-values of 0.383, -0.495, and 0.664 for @4IPES1, @4IPES2 and @4IPES3 respectively. This means that
each unit of @DPPSI1 is associated with a score of 0.088 units in @4IPES1, -0.114 units in @4IPES2 and
0.153 units in @4IPES3 at a significance level higher than 0.05. This indicates that the independent
surrogate variables @4IPES1, @4IPES2, @4IPES3 are not statistically and significantly associated with
the dependent surrogate variable. In other words, the included set of independent surrogate variables does
not reliably predict the dependent surrogate variable.

Model Summaryb

Change Statistics
Adjusted R | Std. Error of
Model R R Square . R Square Sig. F
Square the Estimate F Change df1 df2
Change Change
1 ,210° ,044 - 115 1,05597176 ,044 ,278 3 18 ,841

a. Predictors: (Constant), Regression Factor Score for Surrogate Variable @4IPES3, Regression Factor Score for Surrogate
Variable @4IPES2, Regression Factor Score for Surrogate Variable @4IPES1

b. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS1

ANOVA®
Model Sum of Squares df Mean Square F Sig.
Regression ,929 3 ,310 ,278 841"
1 Residual 20,071 18 1,115
Total 21,000 21

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS1

b. Predictors: (Constant), Regression Factor Score for Surrogate Variable @4IPES3, Regression Factor Score for Surrogate
Variable @4IPES2, Regression Factor Score for Surrogate Variable @4IPES1
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Coefficients®
Standardized
Unstandardized Coefficients o
Model Coefficients t Sig.
B Std. Error Beta
(Constant) -1,325E-015 ,225 ,000 1,000
Regression Factor Score for
. ,088 ,230 ,088 ,383 ,706
Surrogate Variable @4IPES1
1 Regression Factor Score for
- 114 ,230 - 114 -,495 ,627
Surrogate Variable @4IPES2
Regression Factor Score for
153 ,230 153 ,604 515
Surrogate Variable @4IPES3

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS1

Table 16.8: Regression Analysis results for Hypothesis 2.1
16.2.3 Hypothesis Test of Project Execution and @DPPS2

The research questionnaire asked the respondents to indicate the Level of Engineering performance with
respect to productivity, quality adherence and timely completion of the job (@4DPE3), Amount of
Construction rework due to inferior Engineering Quality (@4DPE9), Level of Escalation contributed to
project cost/schedule due to inferior Procurement Quality (@5DBP2). Using the statistical dimension
reduction techniques in chapter 15 the three dependent variables have been reduced to a surrogate
variable ‘@DPPS2’ representing the attributes of the aforementioned dependent variables. The surrogate
variable @DPPS2 represents the measured effect of project execution on project performance.

Five independent variables: Mobilization of Startup resources on time (@4IPE1), Level of integration
between the Project disciplines (E, P and C) (@4IPE6), Level of integration between the engineering
disciplines (@4IPE7), Effectiveness of Information Technology applications to monitor progress made
during project execution (@4IPE10), Timeliness of the dependent disciplines for information (@4IPE13)
are used as predictors to investigate their influence on the surrogate variable @DPPS2. However, the
hypothesis test shall use the surrogate variables ‘@4IPES1’ (representing @4IPE6 and @4IPE7),
‘@4IPES2’ (representing @4IPE1 and @4IPE13) and ‘@4IPES3’ (representing @4IPE10) representing
all the independent variables measured for predicting project execution based on the results of the
statistical dimension reduction techniques in chapter 15.

SPSS v20 has been used by the researcher to calculate the 2-tailed Pearson’s correlation coefficient with
20 degrees of freedom and the output is presented using a correlation matrix in table 16.9.

Correlations
Regression Regression Regression Regression
Factor Score for | Factor Score for | Factor Score for | Factor Score for
Surrogate Surrogate Surrogate Surrogate
Variable Variable Variable Variable
@DPPS2 @4IPES1 @4IPES2 @41PES3
Regression Factor Score for | Pearson Correlation I ,593" -,288 ,306
Surrogate Variable Sig. (2-tailed) ,004 ,194 , 166
@DPPS2 N 22 22 22 22
Regression Factor Score for [ Pearson Correlation ,593" 1 ,000 ,000
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Surrogate Variable Sig. (2-tailed) ,004 1,000 1,000
@41PES1 N 22 22 22 22
Regression Factor Score for | Pearson Correlation -,288 ,000 1 ,000
Surrogate Variable Sig. (2-tailed) ,194 1,000 1,000
@41PES2 N 22 22 22 22
Regression Factor Score for | Pearson Correlation ,306 ,000 ,000 1
Surrogate Variable Sig. (2-tailed) ,166 1,000 1,000
@4IPES3 N 22 22 22 22

**_ Correlation is significant at the 0.01 level (2-tailed).

Table 16.9: Pearson’s Correlation Matrix for Project Execution and @DPPS2

According to the Pearson’s correlation matrix, the one out of three surrogate independent variables
@4IPES1, @4IPES2 and @4IPES3 showed significant relationship with the dependent surrogate variable
@ DPPS2. The degree of measure of linear relationship between @DPPS2 and @4IPES]1 yielded a
coefficient of r = 0.593 (2-tailed) with a p-value less than 0.05 (Sig. = 0.004, 2-tailed). Hence, the
hypothesis ‘The Critical Success Project Execution is not influencing the surrogate variable @ DPPS?2’ is
rejected.

16.2.4 Discussion on Hypothesis Test of Project Execution and @DPPS2

The researcher used regression analysis to investigate the effect of the independent surrogate variable on
the dependent surrogate variables using SPSS v20. The results of the regression analysis confirmed
clinging to the normal distribution requirement of the dependent variable as shown in the normal
distribution chart and normal P-P plot of regression in figure 16.2.

The regression model summary shown in fable 16.10 indicates that a proportion of the order 0.527 (52.7
%) variance in the dependent surrogate variable @ DPPS2 can be predicted using independent surrogate
variables @4IPES1, @4IPES2 and @4IPES3. With three variables in the analysis, the results showed
significant difference between the more honest value of coefficient of determination (Adjusted R-square
of the research sample population = 0.449) and R-square value. The Unstandardized Coefficient (B),
representing the value of the regression equation was found to be 0.593, -0.288, and 0.306 with statistical
t-values of 3.657, -1.776 and 1.887 for @4IPES1, @4IPES2 and @4IPES3 respectively. This means that
each unit of @ DPPS?2 is associated with a score of 0.593 units in @4IPES] at a significance level 0.02, -
0.288 units in @4IPES2 at a significance level 0.09 and 0.306 units in @4IPES3 at a significance level
0.075. One out of three independent surrogate variables is statistically and significantly associated with
the dependent surrogate variable at a significance level less than 0.05 and remaining two at a significance
level 0.01. In other words, the included set of independent surrogate variables consists of at least one
predictor that reliably predicts the dependent surrogate variable.

Model Summary®

Change Statistics

Adjusted R | Std. Error of
Model R R Square . R Square Sig. F
Square the Estimate F Change dfl df2
Change Change
1 ,726° ,527 ,449 ,74256202 ,527 6,695 3 18 ,003

a. Predictors: (Constant), Regression Factor Score for Surrogate Variable @4IPES3, Regression Factor Score for Surrogate
Variable @4IPES2, Regression Factor Score for Surrogate Variable @4IPES1

b. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS2
ANOVA®
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Model Sum of Squares df Mean Square F Sig.
Regression 11,075 3 3,692 6,695 ,003"
1 Residual 9,925 18 ,551
Total 21,000 21

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS2

b. Predictors: (Constant), Regression Factor Score for Surrogate Variable @4IPES3, Regression Factor Score for Surrogate

Variable @4IPES2, Regression Factor Score for Surrogate Variable @4IPES1

Coefficients”
Standardized
Unstandardized Coefficients o
Model Coefficients t Sig.
B Std. Error Beta
(Constant) 1,428E-015 158 ,000 1,000
Regression Factor Score for
. ,593 ,162 ,593 3,657 ,002
Surrogate Variable @4IPES1
1 Regression Factor Score for
. -,288 ,162 -,288 -1,776 ,093
Surrogate Variable @4IPES2
Regression Factor Score for
. ,306 ,162 ,306 1,887 ,075
Surrogate Variable @4IPES3

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS2

Table 16.10: Regression Analysis results for Hypothesis 2.2
16.2.5 Hypothesis Test of Project Execution and @DPPS3

The research questionnaire asked the respondents to indicate the Construction rework due to a team or
team member (@5DBP18), Amount of rework as a result of incorrect or inferior quality of information
from dependents (@5DBP22). Using the statistical dimension reduction techniques in chapter 15 the two
dependent variables have been reduced to a surrogate variable ‘@DPPS3’ representing the attributes of
the aforementioned dependent variables. The surrogate variable @ DPPS3 represents the measured effect
of front-end planning/start-up plan on project performance.

Five independent variables: Mobilisation of Startup resources on time (@4IPE1), Level of integration
between the Project disciplines (E, P and C) (@4IPE6), Level of integration between the engineering
disciplines (@4IPE7), Effectiveness of Information Technology applications to monitor progress made
during project execution (@4IPE10), Timeliness of the dependent disciplines for information (@4IPE13)
are used as predictors to investigate their influence on the surrogate variable @DPPS3. However, the
hypothesis test shall use the surrogate variables ‘@4IPES1’ (representing @4IPE6 and @4IPE7),
‘@4IPES2’ (representing @4IPE1 and @4IPE13) and ‘@4IPES3’ (representing @4IPE10) representing
all the independent variables measured for predicting project execution based on the results of the
statistical dimension reduction techniques in chapter 15.

SPSS v20 has been used by the researcher to calculate the 2-tailed Pearson’s correlation coefficient with
20 degrees of freedom and the output is presented using a correlation matrix in table 16.11.
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Correlations
Regression Regression Regression Regression
Factor Score for | Factor Score for | Factor Score for | Factor Score for
Surrogate Surrogate Surrogate Surrogate
Variable Variable Variable Variable
@DPPS3 @4IPES1 @4IPES2 @4IPES3
Regression Factor Score for | Pearson Correlation 1 493" -,384 -,042
Surrogate Variable Sig. (2-tailed) ,020 ,077 ,851
@DPPS3 N 22 22 22 22
Regression Factor Score for | Pearson Correlation -,493" 1 ,000 ,000
Surrogate Variable Sig. (2-tailed) ,020 1,000 1,000
@41PES1 N 22 22 22 22
Regression Factor Score for | Pearson Correlation -, 384 ,000 1 ,000
Surrogate Variable Sig. (2-tailed) ,077 1,000 1,000
@41PES2 N 22 22 22 22
Regression Factor Score for | Pearson Correlation -,042 ,000 ,000 1
Surrogate Variable Sig. (2-tailed) ,851 1,000 1,000
@4]PES3 N 22 22 22 22

*, Correlation is significant at the 0.05 level (2-tailed).

Table 16.11: Pearson’s Correlation Matrix for Project Execution and @DPPS3

According to the Pearson’s correlation matrix, one out of three surrogate independent variables
@4]PES1, @4IPES2 and @4IPES3 showed significant negative relationship with the dependent
surrogate variable @ DPPS3. The degree of measure of linear relationship between @DPPS3 and
@4IPES]1 yielded a coefficient of r = -0.493 (2-tailed) with a p-value less than 0.05 (Sig. = 0.02, 2-tailed).
Hence, the hypothesis ‘The Critical Success Project Execution is not influencing the surrogate variable
@DPPS3’ is rejected.

16.2.6 Discussion on Hypothesis Test of Project Execution and @DPPS3

The researcher used regression analysis to investigate the effect of the independent surrogate variable on
the dependent surrogate variables using SPSS v20. The results of the regression analysis confirmed
clinging to the normal distribution requirement of the dependent variable as shown in the normal
distribution chart and normal P-P plot of regression in figure 16.3.

The regression model summary shown in table 16.12 indicates a correlation R = 0.627 between the
predictors and the predicted values of dependent variables. The variance of the proportion 0.393 (39.3 %)
in the dependent surrogate variable @DPPS3 can be predicted using independent surrogate variables
@41PES1, @4IPES2 and @4IPES3. With three variables in the analysis, the results showed significant
difference between the more honest value of coefficient of determination (Adjusted R-square of the
research sample population = 0.291) and R-square value. The Unstandardized Coefficient (B),
representing the value of the regression equation was found to be -0.493, -0.384, and -0.042 with
statistical t-values of -2.68, -2.09, -0.231 for @4IPES1, @4IPES2 and @4IPES3 respectively. This means
that each unit of @DPPS3 is associated with a score of -0.493 units in @4IPES]1 at a significance level
0.015, -0. 384 units in @4IPES2 at a significance level 0.05 and -0. 042 units in @4IPES3 at a
significance level 0.820. One out of three independent surrogate variables is statistically and significantly
associated with the dependent surrogate variable at a significance level less than 0.05. In other words, the

Page 164 of 243



At the Crossroads:
Multidiscipline Integration and Coordination in an EPC Contract: A Resurgence of Challenges and Strategic Improvement Opportunities

included set of independent surrogate variables consists of at least one predictor that reliably predicts the
dependent surrogate variable.

Model Summary®

Change Statistics
Adjusted R | Std. Error of
Model R R Square . R Square Sig. F
Square the Estimate F Change dfl df2
Change Change
1 ,627° ,393 ,291 , 84182385 ,393 3,878 3 18 ,027

a. Predictors: (Constant), Regression Factor Score for Surrogate Variable @4IPES3, Regression Factor Score for Surrogate

Variable @4IPES2, Regression Factor Score for Surrogate Variable @4IPES1

b. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS3

ANOVA®
Model Sum of Squares df Mean Square F Sig.
Regression 8,244 3 2,748 3,878 ,027"
1 Residual 12,756 18 ,709
Total 21,000 21

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS3

b. Predictors: (Constant), Regression Factor Score for Surrogate Variable @4IPES3, Regression Factor Score for Surrogate

Variable @4IPES2, Regression Factor Score for Surrogate Variable @4IPES1

Coefficients”
Standardized
Unstandardized Coefficients o
Model Coefficients t Sig.
B Std. Error Beta
(Constant) -3,465E-016 ,179 ,000 1,000
Regression Factor Score for
. -,493 ,184 -,493 -2,684 ,015
Surrogate Variable @4IPES1
1 Regression Factor Score for
. -, 384 ,184 -, 384 -2,092 ,051
Surrogate Variable @4IPES2
Regression Factor Score for
. -,042 ,184 -,042 - 231 ,820
Surrogate Variable @4IPES3

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS3

Table 16.12: Regression Analysis results for Hypothesis 2.3

16.3 Hypothesis Testing of Best Practices

3. The Critical Success Factor Best Practice is not influencing the Project performance.
3.1 The Critical Success Factor Best Practices is not influencing the surrogate variable @ DPPS|.
3.2 The Critical Success Factor Best Practices is not influencing the surrogate variable @ DPPS?2.

3.3 The Critical Success Factor Best Practices is not influencing the surrogate variable @ DPPS3.

16.3.1 Hypothesis Test of Best Practices and @DPPS1

The research questionnaire asked the respondents to indicate the Cost/Schedule goals achieved based on
policies governing budget/schedule estimates (@3DSP3), Level of customer satisfaction with respect to

Page 165 of 243



At the Crossroads:
Multidiscipline Integration and Coordination in an EPC Contract: A Resurgence of Challenges and Strategic Improvement Opportunities

meeting the quality, schedule and cost goals (@4DPE2), Level of Procurement performance with respect
to productivity, quality adherence and timely completion of the job (@4DPE4), Level of Construction
performance with respect to productivity, quality adherence and timely completion of the job (@4DPES5),
Level of Escalation contributed to project cost/schedule due to inferior Engineering Quality (@5DBP1),
Level of Escalation contributed to project cost/schedule due to inferior Construction Quality (@5DBP3).
Using the statistical dimension reduction techniques in chapter 15 the six dependent variables have been
reduced to a surrogate variable ‘@DPPS1’ representing the attributes of the aforementioned dependent
variables. The surrogate variable @DPPS1 represents the measured effect of best practices on project
performance.

Seven surrogate variables @5IBPS1 (representing @5IBPS, @5IBP12, @5IBP14, @5IBP15, @5IBP16,
@5IBP21), @SIBPS2 (representing @SIBP8, @S5IBP9, @5IBP10), @5IBPS3 (representing @5IBP4,
@5]IBP19, @5IBP20), @5IBPS4 (representing @5IBP6, @S5IBP7, @5IBP11, @5IBP13), @SIBPS5
(representing @51BP24, @5IBP25), @S5SIBPS6 (representing @S5IBP23), @S5IBPS7 (representing
@5IBP17, @5IBP27) deduced from results of the statistical dimension reduction techniques in chapter
15 shall be used for the hypothesis testing for predicting the effect of best practices on project
performance.

SPSS v20 has been used by the researcher to calculate the 2-tailed Pearson’s correlation coefficient with
20 degrees of freedom and the output is presented using a correlation matrix in table 16.13.

Correlations
Regressio | Regressio | Regressio | Regressio | Regressio | Regressio | Regressio | Regressio
n Factor n Factor n Factor n Factor n Factor n Factor n Factor n Factor
Score for | Score for | Score for | Score for | Score for | Score for [ Score for | Score for
Surrogate | Surrogate | Surrogate | Surrogate | Surrogate | Surrogate | Surrogate | Surrogate
Variable | Variable | Variable | Variable | Variable | Variable | Variable | Variable
@DPPS1 | @5IBPS1 | @5IBPS2 | @5IBPS3 | @S5IBPS4 | @SIBPS5 | @5IBPS6 | @5IBPS7
Regressio | Pearson

n Factor | Correlatio 1 13 -,028 - 107 ,030 ,082 ,043 - 197
Score for n
Surrogate | Sig. (2-
el tailed) ,617 ,901 ,635 ,894 ,718 ,849 ,380
@DPPS1 N 22 22 22 22 22 22 22 22
Regressio | Pearson

n Factor | Correlatio 113 1 ,000 ,000 ,000 ,000 ,000 ,000
Score for n
Surrogate | Sig. (2-

Tl tailed) ,617 1,000 1,000 1,000 1,000 1,000 1,000
@5IBPS1 N 22 22 22 22 22 22 22 22
Regressio | Pearson

n Factor | Correlatio -,028 ,000 1 ,000 ,000 ,000 ,000 ,000
Score for n
Surrogate | Sig. (2-

Tl tailed) ,901 1,000 1,000 1,000 1,000 1,000 1,000
@5IBPS2 N 22 22 22 22 22 22 22 22
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Regressio | Pearson
n Factor | Correlatio - 107 ,000 ,000 1 ,000 ,000 ,000 ,000
Score for n
Surrogate | Sig. (2-
. ; ,635 1,000 1,000 1,000 1,000 1,000 1,000
Variable tailed)
@5IBPS3 N 22 22 22 22 22 22 22 22
Regressio | Pearson
n Factor | Correlatio ,030 ,000 ,000 ,000 1 ,000 ,000 ,000
Score for n
Surrogate | Sig. (2-
. . ,894 1,000 1,000 1,000 1,000 1,000 1,000
Variable tailed)
@5IBPS4 N 22 22 22 22 22 22 22 22
Regressio | Pearson
n Factor | Correlatio ,082 ,000 ,000 ,000 ,000 1 ,000 ,000
Score for n
Surrogate | Sig. (2-
. . ,718 1,000 1,000 1,000 1,000 1,000 1,000
Variable tailed)
@5IBPSS N 22 22 22 22 22 22 22 22
Regressio | Pearson
n Factor | Correlatio ,043 ,000 ,000 ,000 ,000 ,000 1 ,000
Score for n
Surrogate | Sig. (2-
. ; ,849 1,000 1,000 1,000 1,000 1,000 1,000
Variable tailed)
@5IBPS6 N 22 22 22 22 22 22 22 22
Regressio | Pearson
n Factor | Correlatio - 197 ,000 ,000 ,000 ,000 ,000 ,000 1
Score for n
Surrogate | Sig. (2-
. ; ,380 1,000 1,000 1,000 1,000 1,000 1,000
Variable tailed)
@5IBPS7 N 22 22 22 22 22 22 22 22

Table 16.13: Pearson’s Correlation Matrix for Best Practices and @DPPS1

According to the Pearson’s correlation matrix, the seven surrogate independent variables showed no
significant relationship with the dependent surrogate variable @ DPPS1. Hence, the hypothesis ‘The
Critical Success Best Practices is not influencing the surrogate variable @ DPPS1’ is accepted.

16.3.2 Discussion on Hypothesis Test of Best Practices and @DPPS1

The researcher used regression analysis to investigate the effect of the independent surrogate variable on
the dependent surrogate variables using SPSS v20. The results of the regression analysis confirmed
clinging to the normal distribution requirement of the dependent variable as shown in the normal
distribution chart and normal P-P plot of regression in figure 16.1.

The regression model summary shown in table 16.14 indicates a correlation R = 0.271 between the
predictors and the predicted values of dependent variables. The variance of the proportion 0.073 (7.3 %)
in the dependent surrogate variable @ DPPS1 can be predicted using the seven independent surrogate
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variables. With seven variables in the analysis, the results showed significant difference between the
more honest value of coefficient of determination (Adjusted R-square of the research sample population =
-0.390) and R-square value. The Unstandardized Coefficient (B), representing the value of the regression
equation was found to be 0.113, -0.028, -0.107, 0.030, 0.082, 0.043 and -0.197 for @5IBPS1, @5IBPS2,
@5IBPS3, @5IBPS4, @5IBPSS5, @5IBPS6 and @SIBPS7 respectively. The seven independent surrogate
variables are not significantly associated with the dependent surrogate variable at a significance level less
than 0.05. In other words, the included set of independent surrogate variables consists of no predictors
that can reliably predict the dependent surrogate variable.

Model Summary”

Change Statistics

Adjusted R | Std. Error of
Model R R Square . R Square Sig. F
Square the Estimate F Change dfl df2
Change Change
1 ,271° ,073 -,390 1,17905398 ,073 ,158 7 14 ,990

a. Predictors: (Constant), Regression Factor Score for Surrogate Variable @5IBPS7, Regression Factor Score for Surrogate
Variable @5IBPS6, Regression Factor Score for Surrogate Variable @5IBPSS, Regression Factor Score for Surrogate
Variable @5IBPS4, Regression Factor Score for Surrogate Variable @5IBPS3, Regression Factor Score for Surrogate

Variable @5IBPS?2, Regression Factor Score for Surrogate Variable @5IBPS1

b. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS1

ANOVA®
Model Sum of Squares df Mean Square F Sig.
Regression 1,538 7 ,220 ,158 ,990"
1 Residual 19,462 14 1,390
Total 21,000 21

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS1

b. Predictors: (Constant), Regression Factor Score for Surrogate Variable @5IBPS7, Regression Factor Score for Surrogate
Variable @5IBPS6, Regression Factor Score for Surrogate Variable @5IBPSS5, Regression Factor Score for Surrogate
Variable @5IBPS4, Regression Factor Score for Surrogate Variable @5IBPS3, Regression Factor Score for Surrogate

Variable @5IBPS?2, Regression Factor Score for Surrogate Variable @5IBPS1

Coefficients”
Standardized
Unstandardized Coefficients o
Model Coefficients t Sig.
B Std. Error Beta
(Constant) -1,407E-015 ,251 ,000 1,000
Regression Factor Score for
13 ,257 13 ,439 ,667
Surrogate Variable @5IBPS1
Regression Factor Score for
-,028 ,257 -,028 -, 109 915
Surrogate Variable @5IBPS2
1 Regression Factor Score for
. -,107 ,257 -, 107 -417 ,683
Surrogate Variable @5IBPS3
Regression Factor Score for
. ,030 ,257 ,030 117 ,909
Surrogate Variable @5IBPS4
Regression Factor Score for
,082 ,257 ,082 317 ,756
Surrogate Variable @5IBPS5
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Regression Factor Score for

. ,043 ,257 ,043 ,168 ,869
Surrogate Variable @5IBPS6
Regression Factor Score for

) -, 197 ,257 - 197 -, 765 457
Surrogate Variable @5IBPS7

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS1

Table 16.14: Regression Analysis results for Hypothesis 3.1

16.3.3 Hypothesis Test of Best Practices and @DPPS2

The research questionnaire asked the respondents to indicate the Level of Engineering performance with
respect to productivity, quality adherence and timely completion of the job (@4DPE3), Amount of
Construction rework due to inferior Engineering Quality (@4DPE9), Level of Escalation contributed to
project cost/schedule due to inferior Procurement Quality (@5DBP2). Using the statistical dimension
reduction techniques in chapter 15 the three dependent variables have been reduced to a surrogate
variable ‘@DPPS2’ representing the attributes of the aforementioned dependent variables. The surrogate
variable @DPPS2 represents the measured effect of best practices on project performance.

Seven surrogate variables @5IBPS1 (representing @5IBPS, @5IBP12, @5IBP14, @5IBP15, @5IBP16,
@5IBP21), @SIBPS2 (representing @SIBP8, @5IBP9, @5IBP10), @5IBPS3 (representing @5IBP4,
@5]IBP19, @5IBP20), @5IBPS4 (representing @5IBP6, @S5IBP7, @5IBP11, @5IBP13), @SIBPS5
(representing @5IBP24, @5IBP25), @S5SIBPS6 (representing @S5IBP23), @S5SIBPS7 (representing
@5IBP17, @5IBP27) deduced from results of the statistical dimension reduction techniques in chapter
15 shall be used for the hypothesis testing for predicting the effect of best practices on project
performance.

SPSS v20 has been used by the researcher to calculate the 2-tailed Pearson’s correlation coefficient with
20 degrees of freedom and the output is presented using a correlation matrix in table 16.15.

Correlations
Regressio | Regressio | Regressio | Regressio | Regressio | Regressio | Regressio | Regressio
n Factor n Factor n Factor n Factor n Factor n Factor n Factor n Factor
Score for | Score for | Score for | Score for | Score for | Score for [ Score for | Score for
Surrogate | Surrogate | Surrogate | Surrogate | Surrogate | Surrogate | Surrogate | Surrogate
Variable | Variable | Variable | Variable | Variable | Variable | Variable | Variable
@DPPS2 | @5IBPS1 | @5IBPS2 | @5IBPS3 | @5IBPS4 | @5IBPSS5 | @5IBPS6 | @S5IBPS7
Regressio | Pearson
n Factor | Correlatio 1 147 -,005 176 ,017 ,071 -,243 -,130
Score for n
Surrogate | Sig. (2-
Tl tailed) 514 ,981 ,432 ,940 ,752 ,276 ,565
@DPPS2 N 22 22 22 22 22 22 22 22
Regressio | Pearson
n Factor | Correlatio 147 1 ,000 ,000 ,000 ,000 ,000 ,000
Score for n
Surrogate | Sig. (2-
st tailed) 514 1,000 1,000 1,000 1,000 1,000 1,000
@5IBPS1 N 22 22 22 22 22 22 22 22
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Regressio | Pearson
n Factor | Correlatio -,005 ,000 1 ,000 ,000 ,000 ,000 ,000
Score for n
Surrogate | Sig. (2-
. ; ,981 1,000 1,000 1,000 1,000 1,000 1,000
Variable tailed)
@5IBPS2 N 22 22 22 22 22 22 22 22
Regressio | Pearson
n Factor | Correlatio 176 ,000 ,000 1 ,000 ,000 ,000 ,000
Score for n
Surrogate | Sig. (2-
. . ,432 1,000 1,000 1,000 1,000 1,000 1,000
Variable tailed)
@5IBPS3 N 22 22 22 22 22 22 22 22
Regressio | Pearson
n Factor | Correlatio ,017 ,000 ,000 ,000 1 ,000 ,000 ,000
Score for n
Surrogate | Sig. (2-
. . ,940 1,000 1,000 1,000 1,000 1,000 1,000
Variable tailed)
@5IBPS4 N 22 22 22 22 22 22 22 22
Regressio | Pearson
n Factor | Correlatio ,071 ,000 ,000 ,000 ,000 1 ,000 ,000
Score for n
Surrogate | Sig. (2-
. ; ,752 1,000 1,000 1,000 1,000 1,000 1,000
Variable tailed)
@5IBPS5 N 22 22 22 22 22 22 22 22
Regressio | Pearson
n Factor | Correlatio -,243 ,000 ,000 ,000 ,000 ,000 1 ,000
Score for n
Surrogate | Sig. (2-
. ; ,276 1,000 1,000 1,000 1,000 1,000 1,000
Variable tailed)
@5IBPS6 N 22 22 22 22 22 22 22 22
Regressio | Pearson
n Factor | Correlatio -, 130 ,000 ,000 ,000 ,000 ,000 ,000 1
Score for n
Surrogate | Sig. (2-
. . ,565 1,000 1,000 1,000 1,000 1,000 1,000
Variable tailed)
@5IBPS7 N 22 22 22 22 22 22 22 22

Table 16.15: Pearson’s Correlation Matrix for Best Practices and @DPPS2

According to the Pearson’s correlation matrix, the seven surrogate independent variables showed no
significant relationship with the dependent surrogate variable @ DPPS2. Hence, the hypothesis ‘The

Critical Success Best Practices is not influencing the surrogate variable @ DPPS2’ is accepted.

Page 170 of 243



At the Crossroads:
Multidiscipline Integration and Coordination in an EPC Contract: A Resurgence of Challenges and Strategic Improvement Opportunities

16.3.4 Discussion on Hypothesis Test of Best Practices and @DPPS2

The researcher used regression analysis to investigate the effect of the independent surrogate variable on
the dependent surrogate variables using SPSS v20. The results of the regression analysis confirmed
clinging to the normal distribution requirement of the dependent variable as shown in the normal
distribution chart and normal P-P plot of regression in figure 16.2.

The regression model summary shown in table 16.16 indicates a correlation R = 0.366 between the
predictors and the predicted values of dependent variables. The variance of the proportion 0.134 (13.4 %)
in the dependent surrogate variable @ DPPS2 can be predicted using the seven independent surrogate
variables. With seven variables in the analysis, the results showed significant difference between the
more honest value of coefficient of determination (Adjusted R-square of the research sample population =
-0.299) and R-square value. The Unstandardized Coefficient (B), representing the value of the regression
equation was found to be 0.147, -0.005, 0.176, 0.017, 0.071, -0.24 and -0.130 for @5IBPS1, @5IBPS2,
@5IBPS3, @5IBPS4, @5IBPSS5, @5IBPS6 and @SIBPS7 respectively. The seven independent surrogate
variables are not significantly associated with the dependent surrogate variable at a significance level less
than 0.05. In other words, the included set of independent surrogate variables consists of no predictors
that can reliably predict the dependent surrogate variable.

Model Summaryb

Change Statistics

Adjusted R | Std. Error of
Model R R Square . R Square Sig. F
Square the Estimate F Change df1 df2
Change Change
1 ,366° ,134 -,299 1,13973655 ,134 ,309 7 14 ,938

a. Predictors: (Constant), Regression Factor Score for Surrogate Variable @5IBPS7, Regression Factor Score for Surrogate
Variable @5IBPS6, Regression Factor Score for Surrogate Variable @5IBPSS, Regression Factor Score for Surrogate
Variable @5IBPS4, Regression Factor Score for Surrogate Variable @5IBPS3, Regression Factor Score for Surrogate

Variable @5IBPS2, Regression Factor Score for Surrogate Variable @5IBPS1

b. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS2

ANOVA®
Model Sum of Squares df Mean Square F Sig.
Regression 2,814 7 ,402 ,309 ,938"
1 Residual 18,186 14 1,299
Total 21,000 21

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS2

b. Predictors: (Constant), Regression Factor Score for Surrogate Variable @5IBPS7, Regression Factor Score for Surrogate
Variable @5IBPS6, Regression Factor Score for Surrogate Variable @5IBPSS5, Regression Factor Score for Surrogate
Variable @5IBPS4, Regression Factor Score for Surrogate Variable @5IBPS3, Regression Factor Score for Surrogate

Variable @5IBPS?2, Regression Factor Score for Surrogate Variable @5IBPS1

Coefficients®
Standardized
Unstandardized Coefficients o
Model Coefficients t Sig.
B Std. Error Beta
(Constant) 1,231E-015 ,243 ,000 1,000
1 Regression Factor Score for
. 147 ,249 147 ,591 ,564

Surrogate Variable @S5IBPS1
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Regression Factor Score for
) -,005 ,249 -,005 -,022 ,983
Surrogate Variable @5IBPS2
Regression Factor Score for
176 ,249 ,176 ,709 ,490
Surrogate Variable @5IBPS3
Regression Factor Score for
,017 ,249 ,017 ,069 ,946
Surrogate Variable @5IBPS4
Regression Factor Score for
) ,071 ,249 ,071 ,287 778
Surrogate Variable @5IBPSS5
Regression Factor Score for
) -,243 ,249 -,243 -977 ,345
Surrogate Variable @S5IBPS6
Regression Factor Score for
-, 130 ,249 -,130 -521 ,610
Surrogate Variable @5IBPS7
a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS2

Table 16.16: Regression Analysis results for Hypothesis 3.2
16.3.5 Hypothesis Test of Best Practices and @DPPS3

The research questionnaire asked the respondents to indicate the Construction rework due to a team or
team member (@5DBP18), Amount of rework as a result of incorrect or inferior quality of information
from dependents (@5DBP22). Using the statistical dimension reduction techniques in chapter 15 the two
dependent variables have been reduced to a surrogate variable ‘@DPPS3’ representing the attributes of
the aforementioned dependent variables. The surrogate variable @ DPPS3 represents the measured effect
of best practices on project performance.

Seven surrogate variables @5IBPS1 (representing @5IBPS, @5IBP12, @5IBP14, @5IBP15, @5IBP16,
@5IBP21), @SIBPS2 (representing @SIBP8, @5IBP9, @S5IBP10), @5IBPS3 (representing @5IBP4,
@5IBP19, @5IBP20), @5IBPS4 (representing @5IBP6, @5IBP7, @5IBP11, @5IBP13), @SIBPS5
(representing @5IBP24, @5IBP25), @S5SIBPS6 (representing @S5IBP23), @S5SIBPS7 (representing
@5IBP17, @5IBP27) deduced from results of the statistical dimension reduction techniques in chapter
15 shall be used for the hypothesis testing for predicting the effect of best practices on project
performance.

SPSS v20 has been used by the researcher to calculate the 2-tailed Pearson’s correlation coefficient with
20 degrees of freedom and the output is presented using a correlation matrix in table 16.17.

Correlations
Regressio | Regressio | Regressio | Regressio | Regressio | Regressio | Regressio | Regressio
n Factor n Factor n Factor n Factor n Factor n Factor n Factor n Factor
Score for | Score for | Score for | Score for | Score for | Score for [ Score for | Score for
Surrogate | Surrogate | Surrogate | Surrogate | Surrogate | Surrogate | Surrogate | Surrogate
Variable | Variable | Variable | Variable | Variable | Variable | Variable | Variable
@DPPS3 | @5IBPS1 | @5IBPS2 | @5IBPS3 | @S5IBPS4 | @SIBPS5 | @5IBPS6 | @5IBPS7
Regressio | Pearson
n Factor | Correlatio 1 -,403 -222 -,254 -,090 ,065 ,355 -,225
Score for n
Surrogate | Sig. (2-
Variable tailed) ,063 ,322 ,255 ,692 775 ,105 314
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@DPPS3 N 22 22 22 22 22 22 22 22
Regressio | Pearson
n Factor | Correlatio -,403 1 ,000 ,000 ,000 ,000 ,000 ,000
Score for n
Surrogate | Sig. (2-
) ; ,063 1,000 1,000 1,000 1,000 1,000 1,000
Variable tailed)
@5IBPS1 N 22 22 22 22 22 22 22 22
Regressio | Pearson
n Factor | Correlatio -222 ,000 1 ,000 ,000 ,000 ,000 ,000
Score for n
Surrogate | Sig. (2-
) ; ,322 1,000 1,000 1,000 1,000 1,000 1,000
Variable tailed)
@5IBPS2 N 22 22 22 22 22 22 22 22
Regressio | Pearson
n Factor | Correlatio -,254 ,000 ,000 1 ,000 ,000 ,000 ,000
Score for n
Surrogate | Sig. (2-
. ; ,255 1,000 1,000 1,000 1,000 1,000 1,000
Variable tailed)
@5IBPS3 N 22 22 22 22 22 22 22 22
Regressio | Pearson
n Factor | Correlatio -,090 ,000 ,000 ,000 1 ,000 ,000 ,000
Score for n
Surrogate | Sig. (2-
. ; ,692 1,000 1,000 1,000 1,000 1,000 1,000
Variable tailed)
@5IBPS4 N 22 22 22 22 22 22 22 22
Regressio | Pearson
n Factor | Correlatio ,065 ,000 ,000 ,000 ,000 1 ,000 ,000
Score for n
Surrogate | Sig. (2-
775 1,000 1,000 1,000 1,000 1,000 1,000
Variable tailed)
@5IBPS5 N 22 22 22 22 22 22 22 22
Regressio | Pearson
n Factor | Correlatio ,355 ,000 ,000 ,000 ,000 ,000 1 ,000
Score for n
Surrogate | Sig. (2-
,105 1,000 1,000 1,000 1,000 1,000 1,000
Variable tailed)
@5IBPS6 N 22 22 22 22 22 22 22 22
Regressio | Pearson
n Factor | Correlatio 5,225 ,000 ,000 ,000 ,000 ,000 ,000 1
Score for n
Surrogate [ Sig. (2-
. 314 1,000 1,000 1,000 1,000 1,000 1,000
Variable tailed)
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@SIBPS7 N 22 22 22 | 22 | 22 22 22 22
Table 16.17: Pearson’s Correlation Matrix for Best Practices and @DPPS3

According to the Pearson’s correlation matrix, the seven surrogate independent variables showed no
significant relationship with the dependent surrogate variable @ DPPS3. Hence, the hypothesis ‘The
Critical Success Best Practices is not influencing the surrogate variable @ DPPS3’ is accepted.

16.3.6 Discussion on Hypothesis Test of Best Practices and @DPPS3

The researcher used regression analysis to investigate the effect of the independent surrogate variable on
the dependent surrogate variables using SPSS v20. The results of the regression analysis confirmed
clinging to the normal distribution requirement of the dependent variable as shown in the normal
distribution chart and normal P-P plot of regression in figure 16.3.

The regression model summary shown in table 16.18 indicates a correlation R = 0.681 between the
predictors and the predicted values of dependent variables. The variance of the proportion 0.464 (46.4 %)
in the dependent surrogate variable @ DPPS3 can be predicted using the seven independent surrogate
variables. With seven variables in the analysis, the results showed significant difference between the
more honest value of coefficient of determination (Adjusted R-square of the research sample population =
0.196) and R-square value. The Unstandardized Coefficient (B), representing the value of the regression
equation was found to be -0.403, -0.222, -0.254, -0.090, 0.065, 0.355 and -0.225 for @5IBPSI,
@5IBPS2, @S5IBPS3, @5IBPS4, @S5IBPSS5, @5IBPS6 and @SIBPS7 respectively. The seven
independent surrogate variables are not significantly associated with the dependent surrogate variable at a
significance level less than 0.05. In other words, the included set of independent surrogate variables
consists of no predictors that can reliably predict the dependent surrogate variable.

Model Summary”

Change Statistics

Adjusted R | Std. Error of
Model R R Square . R Square Sig. F
Square the Estimate F Change dfl df2
Change Change
1 ,681° ,464 ,196 ,89646940 ,464 1,733 7 14 ,181

a. Predictors: (Constant), Regression Factor Score for Surrogate Variable @5IBPS7, Regression Factor Score for Surrogate
Variable @5IBPS6, Regression Factor Score for Surrogate Variable @5IBPSS5, Regression Factor Score for Surrogate
Variable @5IBPS4, Regression Factor Score for Surrogate Variable @5IBPS3, Regression Factor Score for Surrogate

Variable @5IBPS2, Regression Factor Score for Surrogate Variable @5IBPS1

b. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS3

ANOVA®
Model Sum of Squares df Mean Square F Sig.
Regression 9,749 7 1,393 1,733 ,181°
1 Residual 11,251 14 ,804
Total 21,000 21

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS3

b. Predictors: (Constant), Regression Factor Score for Surrogate Variable @5IBPS7, Regression Factor Score for Surrogate
Variable @5IBPS6, Regression Factor Score for Surrogate Variable @5IBPSS5, Regression Factor Score for Surrogate
Variable @5IBPS4, Regression Factor Score for Surrogate Variable @5IBPS3, Regression Factor Score for Surrogate

Variable @5IBPS2, Regression Factor Score for Surrogate Variable @5IBPS1

Coefficients"
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Standardized
Unstandardized Coefficients o
Model Coefficients t Sig.
B Std. Error Beta
(Constant) -3,139E-016 ,191 ,000 1,000
Regression Factor Score for
. -,403 ,196 -,403 -2,058 ,059
Surrogate Variable @5IBPS1
Regression Factor Score for
. 222 ,196 -222 -1,132 277
Surrogate Variable @5IBPS2
Regression Factor Score for
. -,254 ,196 254 -1,296 ,216
Surrogate Variable @5IBPS3
1 Regression Factor Score for
. -,090 ,196 -,090 -, 458 ,654
Surrogate Variable @5IBPS4
Regression Factor Score for
. ,065 ,196 ,065 ,331 ,746
Surrogate Variable @5IBPS5
Regression Factor Score for
. ,355 ,196 ,355 1,813 ,091
Surrogate Variable @5IBPS6
Regression Factor Score for
. -,225 ,196 -, 225 -1,151 ,269
Surrogate Variable @5IBPS7

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS3

Table 16.18: Regression Analysis results for Hypothesis 3.3

16.4 Hypothesis Testing of Information and Communication Technology (ICT)

4. The Critical Success Factor Information and Communication Technology (ICT) is not influencing

the Project performance.
4.1. The Critical Success Factor Information and Communication Technology (ICT) is not

influencing the surrogate variable @ DPPS].

4.2. The Critical Success Factor Information and Communication Technology (ICT) is not
influencing the surrogate variable @ DPPS2.

4.3. The Critical Success Factor Information and Communication Technology (ICT) is not

influencing the surrogate variable @ DPPS3.

16.4.1 Hypothesis Test of Information and Communication Technology (ICT) and @DPPS1

The research questionnaire asked the respondents to indicate the Cost/Schedule goals achieved based on
policies governing budget/schedule estimates (@3DSP3), Level of customer satisfaction with respect to
meeting the quality, schedule and cost goals (@4DPE2), Level of Procurement performance with respect
to productivity, quality adherence and timely completion of the job (@4DPE4), Level of Construction
performance with respect to productivity, quality adherence and timely completion of the job (@4DPES5),
Level of Escalation contributed to project cost/schedule due to inferior Engineering Quality (@5DBP1),
Level of Escalation contributed to project cost/schedule due to inferior Construction Quality (@5DBP3).
Using the statistical dimension reduction techniques in chapter 15 the six dependent variables have been
reduced to a surrogate variable ‘@DPPS1’ representing the attributes of the aforementioned dependent
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variables. The surrogate variable @DPPS1 represents the measured effect of ICT on project
performance.

Two surrogate variables @O6IICTS1 (representing @6IICT1, @6IICT2, @6IICT3 and @6IICT4) and
@OIICTS2 (representing @O6IICTS5 and @6IICT6) deduced from results of the statistical dimension
reduction techniques in chapter 15 shall be used for the hypothesis testing for predicting the effect of ICT
on project performance.

SPSS v20 has been used by the researcher to calculate the 2-tailed Pearson’s correlation coefficient with
20 degrees of freedom and the output is presented using a correlation matrix in table 16.19.

Correlations
Regression Factor | Regression Factor | Regression Factor
Score for Score for Score for
Surrogate Variable | Surrogate Variable | Surrogate Variable
@DPPS1 @6IICTS1 @6IICTS2
Pearson Correlation 1 ,170 216
Regression Factor Score for - -
) Sig. (2-tailed) ,449 ,334
Surrogate Variable @ DPPS1
N 22 22 22
Pearson Correlation ,170 1 ,000
Regression Factor Score for - -
. Sig. (2-tailed) ,449 1,000
Surrogate Variable @6IICTS1
N 22 22 22
Pearson Correlation ,216 ,000 1
Regression Factor Score for ] )
. Sig. (2-tailed) ,334 1,000
Surrogate Variable @6IICTS2
N 22 22 22

Table 16.19: Pearson’s Correlation Matrix for ICT and @DPPS1

According to the Pearson’s correlation matrix, the two surrogate independent variables showed no
significant relationship with the dependent surrogate variable @ DPPS1. Hence, the hypothesis ‘The
Critical Success Information and Communication Technology (ICT) is not influencing the surrogate
variable @ DPPS1’ is accepted.

16.4.2 Discussion on Hypothesis Test of ICT and @DPPS1

The researcher used regression analysis to investigate the effect of the independent surrogate variable on
the dependent surrogate variables using SPSS v20. The results of the regression analysis confirmed
clinging to the normal distribution requirement of the dependent variable as shown in the normal
distribution chart and normal P-P plot of regression in figure 16.1.

The regression model summary shown in table 16.20 indicates a correlation R = 0.275 between the
predictors and the predicted values of dependent variables. The variance of the proportion 0.076 (7.6 %)
in the dependent surrogate variable @DPPS1 can be predicted using the two independent surrogate
variables. With two variables in the analysis, the results showed no significant difference between the
more honest value of coefficient of determination (Adjusted R-square of the research sample population =
-0.021) and R-square value. The Unstandardized Coefficient (B), representing the value of the regression
equation was found to be 0.170 and 0.216 for @ 6IICTS1 and @ 6IICTS2 respectively. The two
independent surrogate variables are not significantly associated with the dependent surrogate variable at a
significance level less than 0.05. In other words, the included set of independent surrogate variables
consists of no predictors that can reliably predict the dependent surrogate variable.
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Model Summary”

Change Statistics
Adjusted R | Std. Error of -
Model R R Square . R Square Sig. F
Square the Estimate F Change df1 df2
Change Change
1 ,275¢ ,076 -,021 1,01069117 ,076 ,779 2 19 ,473

a. Predictors: (Constant), Regression Factor Score for Surrogate Variable @6IICTS2, Regression Factor Score for Surrogate
Variable @6IICTS1

b. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS1

ANOVA®
Model Sum of Squares df Mean Square F Sig.
Regression 1,592 2 ,796 ,779 473
1 Residual 19,408 19 1,021
Total 21,000 21

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS1

b. Predictors: (Constant), Regression Factor Score for Surrogate Variable @6IICTS2, Regression Factor Score for Surrogate
Variable @6IICTS1

Coefficients”
Standardized
Unstandardized Coefficients o
Model Coefficients t Sig.
B Std. Error Beta
(Constant) -1,370E-015 ,215 ,000 1,000
Regression Factor Score for
. ,170 ,221 ,170 772 ,450
1 Surrogate Variable @6IICTS1
Regression Factor Score for
. ,216 ,221 ,216 ,981 ,339
Surrogate Variable @6IICTS2

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS1

Table 16.20: Regression Analysis results for Hypothesis 4.1
16.4.3 Hypothesis Test of Information and Communication Technology (ICT) and @DPPS2

The research questionnaire asked the respondents to indicate the Level of Engineering performance with
respect to productivity, quality adherence and timely completion of the job (@4DPE3), Amount of
Construction rework due to inferior Engineering Quality (@4DPE9), Level of Escalation contributed to
project cost/schedule due to inferior Procurement Quality (@5DBP2). Using the statistical dimension
reduction techniques in chapter 15 the three dependent variables have been reduced to a surrogate
variable ‘@DPPS2’ representing the attributes of the aforementioned dependent variables. The surrogate
variable @DPPS2 represents the measured effect of ICT on project performance.

Two surrogate variables @6IICTS1 (representing @6IICT1, @6IICT2, @6IICT3 and @6IICT4) and
@OIICTS2 (representing @O6IICTS5 and @6IICT6) deduced from results of the statistical dimension
reduction techniques in chapter 15 shall be used for the hypothesis testing for predicting the effect of ICT
on project performance.

SPSS v20 has been used by the researcher to calculate the 2-tailed Pearson’s correlation coefficient with
20 degrees of freedom and the output is presented using a correlation matrix in table 16.21.
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Correlations
Regression Factor | Regression Factor | Regression Factor
Score for Score for Score for
Surrogate Variable | Surrogate Variable | Surrogate Variable
@DPPS2 @6IICTS1 @6IICTS2
Pearson Correlation 1 426" ,053
Regression Factor Score for - -
) Sig. (2-tailed) ,048 ,814
Surrogate Variable @ DPPS2
N 22 22 22
Pearson Correlation 426" 1 ,000
Regression Factor Score for - -
. Sig. (2-tailed) ,048 1,000
Surrogate Variable @6IICTS1
N 22 22 22
Pearson Correlation ,053 ,000 1
Regression Factor Score for - -
. Sig. (2-tailed) ,814 1,000
Surrogate Variable @6IICTS2
N 22 22 22

*. Correlation is significant at the 0.05 level (2-tailed).

Table 16.21: Pearson’s Correlation Matrix for ICT and @DPPS2

According to the Pearson’s correlation matrix, the one of the surrogate independent variables @6IICTS1
showed significant relationship with the dependent surrogate variable @ DPPS2 (r = 0.426, Sig.(2-tailed)
= 0.048). Hence, the hypothesis ‘The Critical Success Information and Communication Technology (ICT)
is not influencing the surrogate variable @ DPPS2’ is rejected.

16.4.4 Discussion on Hypothesis Test of ICT and @DPPS2

The researcher used regression analysis to investigate the effect of the independent surrogate variable on
the dependent surrogate variables using SPSS v20. The results of the regression analysis confirmed
clinging to the normal distribution requirement of the dependent variable as shown in the normal
distribution chart and normal P-P plot of regression in figure 16.2.

The regression model summary shown in table 16.22 indicates a correlation R = 0.429 between the
predictors and the predicted values of dependent variables. The variance of the proportion 0.184 (18.4 %)
in the dependent surrogate variable @DPPS2 can be predicted using the two independent surrogate
variables. With two variables in the analysis, the results showed significant difference between the more
honest value of coefficient of determination (Adjusted R-square of the research sample population =
0.098) and R-square value. The Unstandardized Coefficient (B), representing the value of the regression
equation was found to be 0.426 and 0.049 for @ 6IICTS1 and @ 6IICTS2 respectively. One of the two
independent surrogate variables is significantly associated with the dependent surrogate variable at a
significance level less than 0.05. In other words, the included set of independent surrogate variables
consists of a predictor that can reliably predict the dependent surrogate variable.

Model Summary®

. Change Statistics
Adjusted R | Std. Error of
Model R R Square . R Square Sig. F
Square the Estimate F Change df1 df2
Change Change
1 429" ,184 ,098 ,94971041 ,184 2,141 2 19 145
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a. Predictors: (Constant), Regression Factor Score for Surrogate Variable @6IICTS2, Regression Factor Score for Surrogate
Variable @6IICTS1
b. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS2

ANOVA®
Model Sum of Squares df Mean Square F Sig.
Regression 3,863 2 1,931 2,141 145"
Residual 17,137 19 ,902
Total 21,000 21

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS2

b. Predictors: (Constant), Regression Factor Score for Surrogate Variable @6IICTS2, Regression Factor Score for Surrogate
Variable @6IICTS1

Coefficients”
Standardized
Unstandardized Coefficients o
Model Coefficients t Sig.
B Std. Error Beta
(Constant) 1,148E-015 ,202 ,000 1,000
Regression Factor Score for
. ,426 ,207 ,426 2,054 ,049
1 Surrogate Variable @6IICTS1
Regression Factor Score for
. ,053 ,207 ,053 ,256 ,801
Surrogate Variable @6IICTS2

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS2

Table 16.22: Regression Analysis results for Hypothesis 4.2

16.4.5 Hypothesis Test of Information and Communication Technology (ICT) and @DPPS3

The research questionnaire asked the respondents to indicate the Construction rework due to a team or
team member (@5DBP18), Amount of rework as a result of incorrect or inferior quality of information
from dependents (@5DBP22). Using the statistical dimension reduction techniques in chapter 15 the two
dependent variables have been reduced to a surrogate variable ‘@DPPS3’ representing the attributes of
the aforementioned dependent variables. The surrogate variable @ DPPS3 represents the measured effect
of ICT on project performance.

Two surrogate variables @O6IICTS1 (representing @6IICT1, @6IICT2, @6IICT3 and @6IICT4) and
@OIICTS2 (representing @O6IICTS5 and @6IICT6) deduced from results of the statistical dimension
reduction techniques in chapter 15 shall be used for the hypothesis testing for predicting the effect of ICT
on project performance.

SPSS v20 has been used by the researcher to calculate the 2-tailed Pearson’s correlation coefficient with
20 degrees of freedom and the output is presented using a correlation matrix in table 16.23.
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Correlations
Regression Factor | Regression Factor | Regression Factor
Score for Score for Score for
Surrogate Variable | Surrogate Variable | Surrogate Variable
@DPPS3 @6IICTS1 @6IICTS2
Pearson Correlation 1 -,192 ,522"
Regression Factor Score for - -
. Sig. (2-tailed) ,391 ,013
Surrogate Variable @ DPPS3
N 22 22 22
Pearson Correlation -,192 1 ,000
Regression Factor Score for - -
) Sig. (2-tailed) ,391 1,000
Surrogate Variable @6IICTS1
N 22 22 22
Pearson Correlation ,522° ,000 1
Regression Factor Score for - -
) Sig. (2-tailed) ,013 1,000
Surrogate Variable @6IICTS2
N 22 22 22

*, Correlation is significant at the 0.05 level (2-tailed).

Table 16.23: Pearson’s Correlation Matrix for ICT and @DPPS3

According to the Pearson’s correlation matrix, the one of the surrogate independent variables @6I1ICTS2
showed significant relationship with the dependent surrogate variable @ DPPS3 (r = 0.522, Sig.(2-tailed)
= 0.013). Hence, the hypothesis ‘The Critical Success Information and Communication Technology (ICT)
is not influencing the surrogate variable @ DPPS3’ is rejected.

16.4.6 Discussion on Hypothesis Test of ICT and @DPPS3

The researcher used regression analysis to investigate the effect of the independent surrogate variable on
the dependent surrogate variables using SPSS v20. The results of the regression analysis confirmed
clinging to the normal distribution requirement of the dependent variable as shown in the normal
distribution chart and normal P-P plot of regression in figure 16.3.

The regression model summary shown in table 16.24 indicates a correlation R = 0.556 between the
predictors and the predicted values of dependent variables. The variance of the proportion 0.309 (30.9 %)
in the dependent surrogate variable @DPPS3 can be predicted using the two independent surrogate
variables. With two variables in the analysis, the results showed significant difference between the more
honest value of coefficient of determination (Adjusted R-square of the research sample population =
0.236) and R-square value. The Unstandardized Coefficient (B), representing the value of the regression
equation was found to be -0.192 and 0.522 for @ 6IICTS1 and @ 6IICTS2 respectively. One of the two
independent surrogate variables is significantly associated with the dependent surrogate variable at a
significance level less than 0.05. In other words, the included set of independent surrogate variables
consists of a predictor that can reliably predict the dependent surrogate variable.

Model Summaryb

Change Statistics
Adjusted R | Std. Error of
Model R R Square . R Square Sig. F
Square the Estimate F Change df1 df2
Change Change
1 ,556° ,309 ,236 ,87386302 ,309 4,250 2 19 ,030

a. Predictors: (Constant), Regression Factor Score for Surrogate Variable @6IICTS2, Regression Factor Score for Surrogate

Variable @6IICTS1
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b. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS3

ANOVA®
Model Sum of Squares df Mean Square F Sig.
Regression 6,491 2 3,245 4,250 ,030"
1 Residual 14,509 19 ,764
Total 21,000 21

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS3

b. Predictors: (Constant), Regression Factor Score for Surrogate Variable @6IICTS2, Regression Factor Score for Surrogate
Variable @6IICTS1

Coefficients”
Standardized
Unstandardized Coefficients o
Model Coefficients t Sig.
B Std. Error Beta
(Constant) -1,985E-016 ,186 ,000 1,000
Regression Factor Score for
- 192 191 - 192 -1,009 ,326
1 Surrogate Variable @6IICTS1
Regression Factor Score for
. ,522 191 ,522 2,735 ,013
Surrogate Variable @6IICTS2

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS3

Table 16.24: Regression Analysis results for Hypothesis 4.3

16.5 Hypothesis Testing of Project Organization

5. The Critical Success Factor Project Organization is not influencing the Project Performance.
5.1 The Critical Success Factor Project Organization is not influencing the surrogate variable

@DPPS].

5.2 The Critical Success Factor Project Organization is not influencing the surrogate variable
@DPPS?2.

5.3 The Critical Success Factor Project Organization is not influencing the surrogate variable

@DPPS3.

16.5.1 Hypothesis Test of Project Organization and @DPPS1

The research questionnaire asked the respondents to indicate the Cost/Schedule goals achieved based on
policies governing budget/schedule estimates (@3DSP3), Level of customer satisfaction with respect to
meeting the quality, schedule and cost goals (@4DPE2), Level of Procurement performance with respect
to productivity, quality adherence and timely completion of the job (@4DPE4), Level of Construction
performance with respect to productivity, quality adherence and timely completion of the job (@4DPES5),
Level of Escalation contributed to project cost/schedule due to inferior Engineering Quality (@5DBP1),
Level of Escalation contributed to project cost/schedule due to inferior Construction Quality (@5DBP3).
Using the statistical dimension reduction techniques in chapter 15 the six dependent variables have been
reduced to a surrogate variable ‘@DPPS1’ representing the attributes of the aforementioned dependent
variables. The surrogate variable @DPPS1 represents the measured effect of Project Organization on
project performance.

Page 181 of 243



At the Crossroads:
Multidiscipline Integration and Coordination in an EPC Contract: A Resurgence of Challenges and Strategic Improvement Opportunities

Three surrogate variables @7IPMS1 (representing @7IPM2, @7IPM5, @7IPM7 and @7IPMS),
@7IPMS2 (representing @7IPM3 and @7IPM4) and @7IPMS3 (representing @7IPM1 and @71PM9)
deduced from results of the statistical dimension reduction techniques in chapter 15 shall be used for the
hypothesis testing for predicting the effect of Project Organization on project performance.

SPSS v20 has been used by the researcher to calculate the 2-tailed Pearson’s correlation coefficient with
20 degrees of freedom and the output is presented using a correlation matrix in table 16.25.

Correlations
Regression Regression Regression Regression
Factor Score for | Factor Score for | Factor Score for | Factor Score for
Surrogate Surrogate Surrogate Surrogate
Variable Variable Variable Variable
@DPPS1 @7IPMS1 @71PMS2 @7IPMS3
Regression Factor Score for | Pearson Correlation 1 -,080 ,053 ,066
Surrogate Variable Sig. (2-tailed) ,724 816 ,769
@DPPS1 N 22 22 22 22
Regression Factor Score for | Pearson Correlation -,080 1 ,000 ,000
Surrogate Variable Sig. (2-tailed) ,724 1,000 1,000
@7IPMS1 N 22 22 22 22
Regression Factor Score for | Pearson Correlation ,053 ,000 1 ,000
Surrogate Variable Sig. (2-tailed) ,816 1,000 1,000
@71PMS2 N 22 22 22 22
Regression Factor Score for | Pearson Correlation ,066 ,000 ,000 1
Surrogate Variable Sig. (2-tailed) ,769 1,000 1,000
@7IPMS3 N 22 22 22 22

Table 16.25: Pearson’s Correlation Matrix for Project Organization and @DPPS1

According to the Pearson’s correlation matrix, the three surrogate independent variables showed no
significant relationship with the dependent surrogate variable @ DPPS1. Hence, the hypothesis ‘The
Critical Success Project Organization is not influencing the surrogate variable @ DPPSI’ is accepted.

16.5.2 Discussion on Hypothesis Test of Project Organization and @DPPS1

The researcher used regression analysis to investigate the effect of the independent surrogate variable on
the dependent surrogate variables using SPSS v20. The results of the regression analysis confirmed
clinging to the normal distribution requirement of the dependent variable as shown in the normal
distribution chart and normal P-P plot of regression in figure 16.1.

The regression model summary shown in table 16.26 indicates a correlation R = 0.116 between the
predictors and the predicted values of dependent variables. The variance of the proportion 0.014 (1.4%) in
the dependent surrogate variable @DPPS1 can be predicted using the three independent surrogate
variables. With three variables in the analysis, the results showed significant difference between the more
honest value of coefficient of determination (Adjusted R-square of the research sample population = -
0.151) and R-square value. The Unstandardized Coefficient (B), representing the value of the regression
equation was found to be -0.08, 0.053 and 0.066 for @7IPMS1, @7IPMS2 and @ 7IPMS3 respectively.
The three independent surrogate variables are not significantly associated with the dependent surrogate
variable at a significance level less than 0.05. In other words, the included set of independent surrogate
variables consists of no predictors that can reliably predict the dependent surrogate variable.
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Model Summary”

Change Statistics

Adjusted R | Std. Error of
Model R R Square . R Square Sig. F
Square the Estimate F Change df1 df2
Change Change
1 ,116° ,014 - 151 1,07277067 ,014 ,083 3 18 ,969

a. Predictors: (Constant), Regression Factor Score for Surrogate Variable @7IPMS3, Regression Factor Score for Surrogate

Variable @7IPMS2, Regression Factor Score for Surrogate Variable @7IPMS1

b. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS1

ANOVA®
Model Sum of Squares df Mean Square F Sig.
Regression ,285 3 ,095 ,083 969
1 Residual 20,715 18 1,151
Total 21,000 21

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS1

b. Predictors: (Constant), Regression Factor Score for Surrogate Variable @7IPMS3, Regression Factor Score for Surrogate

Variable @7IPMS2, Regression Factor Score for Surrogate Variable @7IPMS1

Coefficients”
Standardized
Unstandardized Coefficients o
Model Coefficients t Sig.
B Std. Error Beta
(Constant) -1,366E-015 ,229 ,000 1,000
Regression Factor Score for
. -,080 ,234 -,080 - 341 ,737
Surrogate Variable @7IPMS1
1 Regression Factor Score for
. ,053 ,234 ,053 ,225 ,824
Surrogate Variable @7IPMS2
Regression Factor Score for
,066 ,234 ,066 ,284 ,780
Surrogate Variable @7IPMS3

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS1

Table 16.26: Regression Analysis results for Hypothesis 5.1

16.5.3 Hypothesis Test of Project Organization and @DPPS2

The research questionnaire asked the respondents to indicate the Level of Engineering performance with
respect to productivity, quality adherence and timely completion of the job (@4DPE3), Amount of
Construction rework due to inferior Engineering Quality (@4DPE9), Level of Escalation contributed to
project cost/schedule due to inferior Procurement Quality (@5DBP2). Using the statistical dimension
reduction techniques in chapter 15 the three dependent variables have been reduced to a surrogate
variable ‘@DPPS2’ representing the attributes of the aforementioned dependent variables. The surrogate
variable @DPPS2 represents the measured effect of Project Organization on project performance.

Three surrogate variables @7IPMS1 (representing @7IPM2, @7IPM5, @7IPM7 and @7IPMS),
@7IPMS2 (representing @7IPM3 and @7IPM4) and @7IPMS3 (representing @7IPM1 and @71PM9)
deduced from results of the statistical dimension reduction techniques in chapter 15 shall be used for the
hypothesis testing for predicting the effect of Project Organization on project performance.
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SPSS v20 has been used by the researcher to calculate the 2-tailed Pearson’s correlation coefficient with

20 degrees of freedom and the output is presented using a correlation matrix in table 16.27.

Correlations
Regression Regression Regression Regression
Factor Score for | Factor Score for | Factor Score for | Factor Score for
Surrogate Surrogate Surrogate Surrogate
Variable Variable Variable Variable
@DPPS2 @7IPMS1 @71PMS2 @7IPMS3
Regression Factor Score for | Pearson Correlation 1 ,078 ,182 -,045
Surrogate Variable Sig. (2-tailed) ,730 416 ,843
@DPPS2 N 22 22 22 22
Regression Factor Score for | Pearson Correlation ,078 1 ,000 ,000
Surrogate Variable Sig. (2-tailed) ,730 1,000 1,000
@7IPMS1 N 22 22 22 22
Regression Factor Score for | Pearson Correlation ,182 ,000 1 ,000
Surrogate Variable Sig. (2-tailed) 416 1,000 1,000
@71PMS2 N 22 22 22 22
Regression Factor Score for | Pearson Correlation -,045 ,000 ,000 1
Surrogate Variable Sig. (2-tailed) ,843 1,000 1,000
@7IPMS3 N 22 22 22 22

Table 16.27: Pearson’s Correlation Matrix for Project Organization and @DPPS2

According to the Pearson’s correlation matrix, the three surrogate independent variables showed no
significant relationship with the dependent surrogate variable @ DPPS2. Hence, the hypothesis ‘The
Critical Success Project Organization is not influencing the surrogate variable @ DPPS2’ is accepted.

16.5.4 Discussion on Hypothesis Test of Project Organization and @DPPS2

The researcher used regression analysis to investigate the effect of the independent surrogate variable on
the dependent surrogate variables using SPSS v20. The results of the regression analysis confirmed
clinging to the normal distribution requirement of the dependent variable as shown in the normal
distribution chart and normal P-P plot of regression in figure 16.2.

The regression model summary shown in table 16.28 indicates a correlation R = 0.203 between the
predictors and the predicted values of dependent variables. The variance of the proportion 0.041 (4.1 %)
in the dependent surrogate variable @DPPS2 can be predicted using the three independent surrogate
variables. With three variables in the analysis, the results showed significant difference between the more
honest value of coefficient of determination (Adjusted R-square of the research sample population = -
0.118) and R-square value. The Unstandardized Coefficient (B), representing the value of the regression
equation was found to be 0.078, 0.182 and -0.045 for @7IPMS1, @7IPMS2 and @ 7IPMS3 respectively.
The three independent surrogate variables are not significantly associated with the dependent surrogate
variable at a significance level less than 0.05. In other words, the included set of independent surrogate
variables consists of no predictors that can reliably predict the dependent surrogate variable.

Model Summary®

Std. Error of

Model | R | R Square | Adjusted R Change Statistics
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Square the Estimate R Square Sig. F
F Change dfl df2
Change Change
1 ,203¢ ,041 - 118 1,05754414 ,041 ,259 3 18 ,854

a. Predictors: (Constant), Regression Factor Score for Surrogate Variable @7IPMS3, Regression Factor Score for Surrogate

Variable @7IPMS2, Regression Factor Score for Surrogate Variable @7IPMS1

b. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS2

ANOVA®
Model Sum of Squares df Mean Square F Sig.
Regression ,869 3 ,290 259 854"
1 Residual 20,131 18 1,118
Total 21,000 21

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS2

b. Predictors: (Constant), Regression Factor Score for Surrogate Variable @7IPMS3, Regression Factor Score for Surrogate

Variable @7IPMS2, Regression Factor Score for Surrogate Variable @7IPMS1

Coefficients”
Standardized
Unstandardized Coefficients o
Model Coefficients t Sig.
B Std. Error Beta
(Constant) 1,189E-015 ,225 ,000 1,000
Regression Factor Score for
. ,078 ,231 ,078 ,338 ,739
Surrogate Variable @7IPMS1
1 Regression Factor Score for
. ,182 ,231 ,182 ,791 ,439
Surrogate Variable @7IPMS2
Regression Factor Score for
. -,045 ,231 -,045 - 194 ,848
Surrogate Variable @7IPMS3

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS2

Table 16.28: Regression Analysis results for Hypothesis 5.2
16.5.5 Hypothesis Test of Project Organization and @DPPS3

The research questionnaire asked the respondents to indicate the Construction rework due to a team or
team member (@5DBP18), Amount of rework as a result of incorrect or inferior quality of information
from dependents (@5DBP22). Using the statistical dimension reduction techniques in chapter 15 the two
dependent variables have been reduced to a surrogate variable ‘@DPPS3’ representing the attributes of
the aforementioned dependent variables. The surrogate variable @ DPPS3 represents the measured effect
of Project Organization on project performance.

Three surrogate variables @7IPMS1 (representing @7IPM2, @7IPM5, @7IPM7 and @7IPMS),
@7IPMS2 (representing @7IPM3 and @7IPM4) and @7IPMS3 (representing @7IPM1 and @71PM9)
deduced from results of the statistical dimension reduction techniques in chapter 15 shall be used for the
hypothesis testing for predicting the effect of Project Organization on project performance.

SPSS v20 has been used by the researcher to calculate the 2-tailed Pearson’s correlation coefficient with
20 degrees of freedom and the output is presented using a correlation matrix in table 16.29.
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Correlations
Regression Regression Regression Regression
Factor Score for | Factor Score for | Factor Score for | Factor Score for
Surrogate Surrogate Surrogate Surrogate
Variable Variable Variable Variable
@DPPS3 @7IPMS1 @7IPMS2 @7IPMS3
Regression Factor Score for | Pearson Correlation 1 - 467" -,483" ,262
Surrogate Variable Sig. (2-tailed) ,028 ,023 238
@DPPS3 N 22 22 22 22
Regression Factor Score for | Pearson Correlation - 467" 1 ,000 ,000
Surrogate Variable Sig. (2-tailed) ,028 1,000 1,000
@7IPMS1 N 22 22 22 22
Regression Factor Score for | Pearson Correlation -, 483" ,000 1 ,000
Surrogate Variable Sig. (2-tailed) ,023 1,000 1,000
@71PMS2 N 22 22 22 22
Regression Factor Score for | Pearson Correlation ,262 ,000 ,000 1
Surrogate Variable Sig. (2-tailed) ,238 1,000 1,000
@7IPMS3 N 22 22 22 22

*, Correlation is significant at the 0.05 level (2-tailed).

Table 16.29: Pearson’s Correlation Matrix for Project Organization and @DPPS3

According to the Pearson’s correlation matrix, two out of three surrogate independent variables
@7IPMS1 and @7IPMS1 showed significant relationship with the dependent surrogate variable @ DPPS3
(r=-0.467 and -0.483, Sig.(2-tailed) = 0.028 and 0.023 respectively). Hence, the hypothesis ‘The Critical
Success Project Organization is not influencing the surrogate variable @ DPPS3’ is rejected.

16.5.6 Discussion on Hypothesis Test of Project Organization and @DPPS3

The researcher used regression analysis to investigate the effect of the independent surrogate variable on
the dependent surrogate variables using SPSS v20. The results of the regression analysis confirmed
clinging to the normal distribution requirement of the dependent variable as shown in the normal
distribution chart and normal P-P plot of regression in figure 16.3.

The regression model summary shown in table 16.30 indicates a correlation R = 0.721 between the
predictors and the predicted values of dependent variables. The variance of the proportion 0.520 (52 %) in
the dependent surrogate variable @DPPS3 can be predicted using the three independent surrogate
variables. With three variables in the analysis, the results showed significant difference between the more
honest value of coefficient of determination (Adjusted R-square of the research sample population =
0.440) and R-square value. The Unstandardized Coefficient (B), representing the value of the regression
equation was found to be -0.467, -0.483 and 0.262 for @7IPMS1, @7IPMS2 and @ 7IPMS3
respectively. Two of the three independent surrogate variables are significantly associated with the
dependent surrogate variable at a significance level less than 0.05. In other words, the included set of
independent surrogate variables consists of predictors that can reliably predict the dependent surrogate
variable.
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Model Summary”

Change Statistics
Adjusted R | Std. Error of
Model R R Square . R Square Sig. F
Square the Estimate F Change dfl df2
Change Change
1 ,721° ,520 ,440 , 74821299 ,520 6,504 3 18 ,004

a. Predictors: (Constant), Regression Factor Score for Surrogate Variable @7IPMS3, Regression Factor Score for Surrogate

Variable @7IPMS2, Regression Factor Score for Surrogate Variable @7IPMS1

b. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS3

ANOVA®
Model Sum of Squares df Mean Square F Sig.
Regression 10,923 3 3,641 6,504 ,004°
1 Residual 10,077 18 ,560
Total 21,000 21

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS3

b. Predictors: (Constant), Regression Factor Score for Surrogate Variable @7IPMS3, Regression Factor Score for Surrogate

Variable @7IPMS2, Regression Factor Score for Surrogate Variable @7IPMS1

Coefficients”
Standardized
Unstandardized Coefficients o
Model Coefficients t Sig.
B Std. Error Beta
(Constant) -3,408E-016 ,160 ,000 1,000
Regression Factor Score for
. -,467 ,163 -,467 -2,861 ,010
Surrogate Variable @7IPMS1
1 Regression Factor Score for
. -, 483 ,163 -, 483 -2,957 ,008
Surrogate Variable @7IPMS?2
Regression Factor Score for
,262 ,163 ,262 1,608 125
Surrogate Variable @7IPMS3

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS3

Table 16.30: Regression Analysis results for Hypothesis 5.3
16.6 Hypothesis Testing of Knowledge Management

6. The Critical Success Factor Knowledge Management is not influencing the Project Performance.
6.1 The Critical Success Factor Knowledge Management is not influencing the surrogate variable

@DPPS].

6.2 The Critical Success Factor Knowledge Management is not influencing the surrogate variable
@DPPS2.

6.3 The Critical Success Factor Knowledge Management is not influencing the surrogate variable
@DPPS3.
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16.6.1 Hypothesis Test of Knowledge Management and @DPPS1

The research questionnaire asked the respondents to indicate the Cost/Schedule goals achieved based on
policies governing budget/schedule estimates (@3DSP3), Level of customer satisfaction with respect to
meeting the quality, schedule and cost goals (@4DPE2), Level of Procurement performance with respect
to productivity, quality adherence and timely completion of the job (@4DPE4), Level of Construction
performance with respect to productivity, quality adherence and timely completion of the job (@4DPES5),
Level of Escalation contributed to project cost/schedule due to inferior Engineering Quality (@5DBP1),
Level of Escalation contributed to project cost/schedule due to inferior Construction Quality (@S5DBP3).
Using the statistical dimension reduction techniques in chapter 15 the six dependent variables have been
reduced to a surrogate variable ‘@DPPS1’ representing the attributes of the aforementioned dependent
variables. The surrogate variable @ DPPS|1 represents the measured effect of knowledge management on
project performance

Two surrogate variables @8IKMS1 (representing are @8IKM1, @8IKM?2, @8IKM3 and @8IKMS5) and
@8IKMS2 (representing @8IKM4 and @8IKM6) deduced from results of the statistical dimension
reduction techniques in chapter 15 shall be used for the hypothesis testing for predicting the effect of
knowledge management on project performance.

SPSS v20 has been used by the researcher to calculate the 2-tailed Pearson’s correlation coefficient with
20 degrees of freedom and the output is presented using a correlation matrix in table 16.31.

Correlations
Regression Factor | Regression Factor | Regression Factor
Score for Score for Score for
Surrogate Variable | Surrogate Variable | Surrogate Variable
@DPPS1 @8IKMS1 @8IKMS?2
Pearson Correlation 1 - 117 -,259
Regression Factor Score for - -
) Sig. (2-tailed) ,603 ,245
Surrogate Variable @ DPPS1
N 22 22 22
Pearson Correlation - 117 1 ,000
Regression Factor Score for - -
. Sig. (2-tailed) ,603 1,000
Surrogate Variable @8IKMS1
N 22 22 22
Pearson Correlation -,259 ,000 1
Regression Factor Score for . )
. Sig. (2-tailed) 245 1,000
Surrogate Variable @8IKMS2
N 22 22 22

Table 16.31: Pearson’s Correlation Matrix for Knowledge Management and @DPPS1

According to the Pearson’s correlation matrix, the two surrogate independent variables showed no
significant relationship with the dependent surrogate variable @ DPPS1. Hence, the hypothesis ‘The
Critical Success Knowledge Management is not influencing the surrogate variable @ DPPS1’ is accepted.

16.6.2 Discussion on Hypothesis Test of Knowledge Management and @DPPS1

The researcher used regression analysis to investigate the effect of the independent surrogate variable on
the dependent surrogate variables using SPSS v20. The results of the regression analysis confirmed
clinging to the normal distribution requirement of the dependent variable as shown in the normal
distribution chart and normal P-P plot of regression in figure 16.1.
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The regression model summary shown in table 16.32 indicates a correlation R = 0.284 between the
predictors and the predicted values of dependent variables. The variance of the proportion 0.081 (8.1 %)
in the dependent surrogate variable @DPPS1 can be predicted using the two independent surrogate
variables. With two variables in the analysis, the results showed no significant difference between the
more honest value of coefficient of determination (Adjusted R-square of the research sample population =
-0.016) and R-square value. The Unstandardized Coefficient (B), representing the value of the regression
equation was found to be -0.117 and -0.259 for @ 8IKMS1 and @ 8IKMS2 respectively. The two
independent surrogate variables are not significantly associated with the dependent surrogate variable at a
significance level less than 0.05. In other words, the included set of independent surrogate variables
consists of no predictors that can reliably predict the dependent surrogate variable.

Model Summary”

Change Statistics
Adjusted R | Std. Error of
Model R R Square . R Square Sig. F
Square the Estimate F Change dfl df2
Change Change
1 ,284° ,081 -,016 1,00796549 ,081 ,835 2 19 ,449

a. Predictors: (Constant), Regression Factor Score for Surrogate Variable @8IKMS2, Regression Factor Score for Surrogate

Variable @8IKMS1

b. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS1

ANOVA®
Model Sum of Squares df Mean Square F Sig.
Regression 1,696 2 ,848 ,835 449
1 Residual 19,304 19 1,016
Total 21,000 21

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS1

b. Predictors: (Constant), Regression Factor Score for Surrogate Variable @8IKMS2, Regression Factor Score for Surrogate
Variable @8IKMS1

Coefficients”
Standardized
Unstandardized Coefficients o
Model Coefficients t Sig.
B Std. Error Beta
(Constant) -1,405E-015 ,215 ,000 1,000
Regression Factor Score for
. - 117 ,220 - 117 -534 ,599
1 Surrogate Variable @8IKMS1
Regression Factor Score for
. -,259 ,220 -,259 -1,176 ,254
Surrogate Variable @8IKMS2

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS1

Table 16.32: Regression Analysis results for Hypothesis 6.1
16.6.3 Hypothesis Test of Knowledge Management and @DPPS2

The research questionnaire asked the respondents to indicate the Level of Engineering performance with
respect to productivity, quality adherence and timely completion of the job (@4DPE3), Amount of
Construction rework due to inferior Engineering Quality (@4DPE9), Level of Escalation contributed to
project cost/schedule due to inferior Procurement Quality (@5DBP2). Using the statistical dimension
reduction techniques in chapter 15 the three dependent variables have been reduced to a surrogate
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variable ‘@DPPS2’ representing the attributes of the aforementioned dependent variables. The surrogate
variable @DPPS?2 represents the measured effect of knowledge management on project performance.

Two surrogate variables @8IKMS1 (representing are @8IKM1, @8IKM?2, @8IKM3 and @8IKMS5) and
@8IKMS2 (representing @8IKM4 and @8IKM6) deduced from results of the statistical dimension
reduction techniques in chapter 15 shall be used for the hypothesis testing for predicting the effect of
knowledge management on project performance.

SPSS v20 has been used by the researcher to calculate the 2-tailed Pearson’s correlation coefficient with
20 degrees of freedom and the output is presented using a correlation matrix in table 16.33.

Correlations
Regression Factor Regression Factor Regression Factor
Score for Surrogate | Score for Surrogate | Score for Surrogate
Variable @DPPS2 [ Variable @8IKMS1 | Variable @8IKMS2
Pearson Correlation 1 ,330 -,086
Regression Factor Score for
Sig. (2-tailed) ,134 ,703
Surrogate Variable @ DPPS2
N 22 22 22
Pearson Correlation ,330 1 ,000
Regression Factor Score for
Sig. (2-tailed) ,134 1,000
Surrogate Variable @8IKMS1
N 22 22 22
Pearson Correlation -,086 ,000 1
Regression Factor Score for
Sig. (2-tailed) ,703 1,000
Surrogate Variable @8IKMS2
N 22 22 22

Table 16.33: Pearson’s Correlation Matrix for Knowledge Management and @DPPS2

According to the Pearson’s correlation matrix, the two surrogate independent variables showed no
significant relationship with the dependent surrogate variable @ DPPS2. Hence, the hypothesis ‘The
Critical Success Knowledge Management is not influencing the surrogate variable @ DPPS2’ is accepted.

16.6.4 Discussion on Hypothesis Test of Knowledge Management and @DPPS2

The researcher used regression analysis to investigate the effect of the independent surrogate variable on
the dependent surrogate variables using SPSS v20. The results of the regression analysis confirmed
clinging to the normal distribution requirement of the dependent variable as shown in the normal
distribution chart and normal P-P plot of regression in figure 16.2.

The regression model summary shown in table 16.34 indicates a correlation R = 0.341 between the
predictors and the predicted values of dependent variables. The variance of the proportion 0.116 (11.6 %)
in the dependent surrogate variable @DPPS2 can be predicted using the two independent surrogate
variables. With two variables in the analysis, the results showed significant difference between the more
honest value of coefficient of determination (Adjusted R-square of the research sample population =
0.023) and R-square value. The Unstandardized Coefficient (B), representing the value of the regression
equation was found to be 0.330 and -0.086 for @ S8IKMS1 and @ 8IKMS2 respectively. The two
independent surrogate variables are not significantly associated with the dependent surrogate variable at a
significance level less than 0.05. In other words, the included set of independent surrogate variables
consists of no predictors that can reliably predict the dependent surrogate variable.
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Model Summary”

Change Statistics
Adjusted R | Std. Error of
Model R R Square . R Square Sig. F
Square the Estimate F Change dfl df2
Change Change
1 ,341° , 116 ,023 ,98836498 , 116 1,249 2 19 ,309

a. Predictors: (Constant), Regression Factor Score for Surrogate Variable @8IKMS2, Regression Factor Score for Surrogate
Variable @8IKMS1

b. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS2

ANOVA®
Model Sum of Squares df Mean Square F Sig.
Regression 2,440 2 1,220 1,249 ,309”
1 Residual 18,560 19 ,977
Total 21,000 21

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS2

Variable @8IKMS1

b. Predictors: (Constant), Regression Factor Score for Surrogate Variable @8IKMS2, Regression Factor Score for Surrogate

Coefficients”
Standardized
Unstandardized Coefficients o
Model Coefficients t Sig.
B Std. Error Beta
(Constant) 1,171E-015 211 ,000 1,000
Regression Factor Score for
. ,330 ,216 ,330 1,529 143
1 Surrogate Variable @8IKMS1
Regression Factor Score for
. -,086 ,216 -,086 -,400 ,694
Surrogate Variable @8IKMS?2

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS2

Table 16.34: Regression Analysis results for Hypothesis 6.2
16.6.5 Hypothesis Test of Knowledge Management and @DPPS3

The research questionnaire asked the respondents to indicate the Construction rework due to a team or
team member (@5DBP18), Amount of rework as a result of incorrect or inferior quality of information
from dependents (@5DBP22). Using the statistical dimension reduction techniques in chapter 15 the two
dependent variables have been reduced to a surrogate variable ‘@DPPS3’ representing the attributes of
the aforementioned dependent variables. The surrogate variable @ DPPS3 represents the measured effect
of knowledge management on project performance.

Two surrogate variables @8IKMS1 (representing are @8IKM1, @8IKM2, @8IKM3 and @8IKMS5) and
@8IKMS2 (representing @8IKM4 and @8IKM6) deduced from results of the statistical dimension
reduction techniques in chapter 15 shall be used for the hypothesis testing for predicting the effect of
knowledge management on project performance.

SPSS v20 has been used by the researcher to calculate the 2-tailed Pearson’s correlation coefficient with
20 degrees of freedom and the output is presented using a correlation matrix in table 16.35.
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Correlations
Regression Factor | Regression Factor | Regression Factor
Score for Score for Score for
Surrogate Variable | Surrogate Variable | Surrogate Variable
@DPPS3 @8IKMS1 @8IKMS2
Pearson Correlation 1 -,499° -,301
Regression Factor Score for - -
. Sig. (2-tailed) ,018 173
Surrogate Variable @ DPPS3
N 22 22 22
Pearson Correlation -,499° 1 ,000
Regression Factor Score for - -
) Sig. (2-tailed) ,018 1,000
Surrogate Variable @8IKMS1
N 22 22 22
Pearson Correlation -, 301 ,000 1
Regression Factor Score for - -
) Sig. (2-tailed) ,173 1,000
Surrogate Variable @8IKMS2
N 22 22 22

*, Correlation is significant at the 0.05 level (2-tailed).

Table 16.35: Pearson’s Correlation Matrix for Knowledge Management and @DPPS3

According to the Pearson’s correlation matrix, the one of the surrogate independent variables @8IKMS]1
showed significant relationship with the dependent surrogate variable @ DPPS3 (r = 0.499, Sig.(2-tailed)
= 0.018). Hence, the hypothesis ‘The Critical Success Knowledge Management is not influencing the
surrogate variable @ DPPS3’ is rejected.

16.6.6 Discussion on Hypothesis Test of Knowledge Management and @DPPS3

The researcher used regression analysis to investigate the effect of the independent surrogate variable on
the dependent surrogate variables using SPSS v20. The results of the regression analysis confirmed
clinging to the normal distribution requirement of the dependent variable as shown in the normal
distribution chart and normal P-P plot of regression in figure 16.3.

The regression model summary shown in table 16.36 indicates a correlation R = 0.583 between the
predictors and the predicted values of dependent variables. The variance of the proportion 0.339 (33.9 %)
in the dependent surrogate variable @DPPS3 can be predicted using the two independent surrogate
variables. With two variables in the analysis, the results showed significant difference between the more
honest value of coefficient of determination (Adjusted R-square of the research sample population =
0.270) and R-square value. The Unstandardized Coefficient (B), representing the value of the regression
equation was found to be -0.499 and -0.301 for @ 8IKMS1 and @ 8IKMS2 respectively. One of the two
independent surrogate variables is significantly associated with the dependent surrogate variable at a
significance level less than 0.05. In other words, the included set of independent surrogate variables
consists of a predictor that can reliably predict the dependent surrogate variable.

Model Summaryb

Change Statistics
Adjusted R | Std. Error of
Model R R Square . R Square Sig. F
Square the Estimate F Change df1 df2
Change Change
1 ,583¢ ,339 ,270 ,85449582 ,339 4,880 2 19 ,019

a. Predictors: (Constant), Regression Factor Score for Surrogate Variable @8IKMS2, Regression Factor Score for Surrogate
Variable @8IKMS1
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b. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS3

ANOVA®
Model Sum of Squares df Mean Square F Sig.
Regression 7,127 2 3,563 4,880 019
Residual 13,873 19 ,730
Total 21,000 21

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS3

b. Predictors: (Constant), Regression Factor Score for Surrogate Variable @8IKMS2, Regression Factor Score for Surrogate
Variable @8IKMS1

Coefficients”
Standardized
Unstandardized Coefficients o
Model Coefficients t Sig.
B Std. Error Beta
(Constant) -3,040E-016 ,182 ,000 1,000
Regression Factor Score for
-,499 ,186 -,499 -2,675 ,015
1 Surrogate Variable @8IKMS1
Regression Factor Score for
. -,301 ,186 -,301 -1,614 123
Surrogate Variable @8IKMS?2

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS3

Table 16.36: Regression Analysis results for Hypothesis 6.3

16.7 Hypothesis Testing of Benchmarking

7. The Critical Success Factor Benchmarking is not influencing the Project Performance.
7.1 The Critical Success Factor Benchmarking is not influencing the surrogate variable @ DPPS].
7.2 The Critical Success Factor Benchmarking is not influencing the surrogate variable @ DPPS2.

7.3 The Critical Success Factor Benchmarking is not influencing the surrogate variable @ DPPS3.

16.7.1 Hypothesis Test of Benchmarking and @DPPS1

The research questionnaire asked the respondents to indicate the Cost/Schedule goals achieved based on
policies governing budget/schedule estimates (@3DSP3), Level of customer satisfaction with respect to
meeting the quality, schedule and cost goals (@4DPE2), Level of Procurement performance with respect
to productivity, quality adherence and timely completion of the job (@4DPE4), Level of Construction
performance with respect to productivity, quality adherence and timely completion of the job (@4DPES5),
Level of Escalation contributed to project cost/schedule due to inferior Engineering Quality (@5DBP1),
Level of Escalation contributed to project cost/schedule due to inferior Construction Quality (@5DBP3).
Using the statistical dimension reduction techniques in chapter 15 the six dependent variables have been
reduced to a surrogate variable ‘@DPPS1’ representing the attributes of the aforementioned dependent
variables. The surrogate variable @DPPS1 represents the measured effect of benchmarking on project
performance.

One surrogate variable @9IBMS1 (representing @91BM1, @9IBM?2 and @9IBM3) deduced from results
of the statistical dimension reduction techniques in chapter 15 shall be used for the hypothesis testing for
predicting the effect of benchmarking on project performance.
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SPSS v20 has been used by the researcher to calculate the 2-tailed Pearson’s correlation coefficient with
20 degrees of freedom and the output is presented using a correlation matrix in table 16.37.

Correlations
Regression Factor Regression Factor
Score for Surrogate Score for Surrogate
Variable @DPPS1 Variable @9IBMS1
Pearson Correlation 1 -,250
Regression Factor Score for Surrogate - -
. Sig. (2-tailed) ,263
Variable @DPPS1
N 22 22
Pearson Correlation -,250 1
Regression Factor Score for Surrogate - -
. Sig. (2-tailed) ,263
Variable @9IBMS1
N 22 22

Table 16.37: Pearson’s Correlation Matrix for Benchmarking and @DPPS1

According to the Pearson’s correlation matrix, the surrogate independent variable @9IBMS1 showed no
significant relationship with the dependent surrogate variable @ DPPS1. The degree of measure of linear
relationship with @ DPPS1 yielded a coefficient of -0.250 (2-tailed) with a p-value greater than 0.05.
Based on the analysis, the hypothesis ‘The Critical Success Benchmarking is not influencing the
surrogate variable @ DPPS1’ is accepted.

16.7.2 Discussion on Hypothesis Test of Benchmarking and @DPPS1

The researcher used regression analysis to investigate the effect of the independent surrogate variable on
the dependent surrogate variables using SPSS v20. The results of the regression analysis confirmed
clinging to the normal distribution requirement of the dependent variable as shown in the normal
distribution chart and normal P-P plot of regression in figure 16.1.

The regression model summary shown in fable 16.38 indicates that a proportion of the order 0.062 (6.2
%) variance in the dependent surrogate variable @ DPPS1 can be predicted using independent surrogate
variable @9IBMS1. With one variable in the analysis, the results showed no significant difference
between the more honest value of coefficient of determination (Adjusted R-square of the research sample
population = 0.15) and R-square value. The Unstandardized Coefficient (B), representing the value of the
regression equation was found to be -0.250 with statistical t-values of -1.152 for @9IBMS1. This means
that each unit of @DPPSI1 is associated with a score of -0.250 units in @9IBMST1 at a significance level
higher than 0.05. This indicates that the independent surrogate variable @9IBMSI is not statistically and
significantly associated with the dependent surrogate variable. In other words, the included independent
surrogate variable does not reliably predict the dependent surrogate variable.

Model Summary®

Change Statistics
Adjusted R | Std. Error of
Model R R Square . R Square Sig. F
Square the Estimate F Change df1 df2
Change Change
1 ,250° ,062 ,015 ,99228078 ,062 1,328 1 20 ,263
a. Predictors: (Constant), Regression Factor Score for Surrogate Variable @ 9IBMS1
b. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS1
ANOVA®
Model Sum of Squares df Mean Square F Sig.
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Regression 1,308 1 1,308 1,328 ,263"
1 Residual 19,692 20 ,985
Total 21,000 21

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS1

b. Predictors: (Constant), Regression Factor Score for Surrogate Variable @9IBMS1

Coefficients”
Standardized
Unstandardized Coefficients
Model Coefficients t Sig.
B Std. Error Beta
(Constant) -1,395E-015 ,212 ,000 1,000
1 Regression Factor Score for
. -,250 ,217 -,250 -1,152 ,263
Surrogate Variable @9IBMS1

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS1

Table 16.38: Regression Analysis results for Hypothesis 7.1
16.7.3 Hypothesis Test of Benchmarking and @DPPS2

The research questionnaire asked the respondents to indicate the Level of Engineering performance with
respect to productivity, quality adherence and timely completion of the job (@4DPE3), Amount of
Construction rework due to inferior Engineering Quality (@4DPE9), Level of Escalation contributed to
project cost/schedule due to inferior Procurement Quality (@5DBP2). Using the statistical dimension
reduction techniques in chapter 15 the three dependent variables have been reduced to a surrogate
variable ‘@DPPS2’ representing the attributes of the aforementioned dependent variables. The surrogate
variable @DPPS2 represents the measured effect of benchmarking on project performance.

One surrogate variable @9IBMS| (representing @9IBM1, @9IBM?2 and @9IBM3) deduced from results
of the statistical dimension reduction techniques in chapter 15 shall be used for the hypothesis testing for
predicting the effect of benchmarking on project performance.

SPSS v20 has been used by the researcher to calculate the 2-tailed Pearson’s correlation coefficient with
20 degrees of freedom and the output is presented using a correlation matrix in table 16.39.

Correlations

Regression Factor
Score for Surrogate
Variable @DPPS2

Regression Factor
Score for Surrogate
Variable @9IBMS1

Pearson Correlation 1 -,254
Regression Factor Score for Surrogate - -
. Sig. (2-tailed) ,253
Variable @DPPS2
N 22 22
Pearson Correlation -,254 1
Regression Factor Score for Surrogate - -
. Sig. (2-tailed) ,253
Variable @9IBMS1
N 22 22

Table 16.39: Pearson’s Correlation Matrix for Benchmarking and @DPPS2

According to the Pearson’s correlation matrix, the surrogate independent variable @9IBMS1 showed no
significant relationship with the dependent surrogate variable @ DPPS2. The degree of measure of linear
relationship with @ DPPS2 yielded a coefficient of -0.254 (2-tailed) with a p-value greater than 0.05.
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Based on the analysis, the hypothesis ‘The Critical Success Benchmarking is not influencing the
surrogate variable @ DPPS?2’ is accepted.

16.7.4 Discussion on Hypothesis Test of Benchmarking and @DPPS2

The researcher used regression analysis to investigate the effect of the independent surrogate variable on
the dependent surrogate variables using SPSS v20. The results of the regression analysis confirmed
clinging to the normal distribution requirement of the dependent variable as shown in the normal
distribution chart and normal P-P plot of regression in figure 16.2.

The regression model summary shown in fable 16.40 indicates that a proportion of the order 0.065 (6.5
%) variance in the dependent surrogate variable @ DPPS2 can be predicted using independent surrogate
variable @9IBMS1. With one variable in the analysis, the results showed no significant difference
between the more honest value of coefficient of determination (Adjusted R-square of the research sample
population = 0.018) and R-square value. The Unstandardized Coefficient (B), representing the value of
the regression equation was found to be -0.254 with statistical t-values of -1.177 for @9IBMSI1. This
means that each unit of @DPPS2 is associated with a score of -0.254 units in @9IBMSI1 at a significance
level higher than 0.05. This indicates that the independent surrogate variable @9IBMSI1 is not statistically
and significantly associated with the dependent surrogate variable. In other words, the included
independent surrogate variable does not reliably predict the dependent surrogate variable.

Model Summaryb

Change Statistics
Adjusted R | Std. Error of
Model R R Square . R Square Sig. F
Square the Estimate F Change df1 df2

Change Change

1 ,254¢ ,065 ,018 ,99097057 ,065 1,384 1 20 ,253

a. Predictors: (Constant), Regression Factor Score for Surrogate Variable @9IBMS1
b. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS2
ANOVA®
Model Sum of Squares df Mean Square F Sig.
Regression 1,360 1 1,360 1,384 ,253}’
1 Residual 19,640 20 ,982
Total 21,000 21
a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS2
b. Predictors: (Constant), Regression Factor Score for Surrogate Variable @9IBMS1
Coefficients”
Standardized
Unstandardized Coefficients o
Model Coefficients t Sig.
B Std. Error Beta
(Constant) 1,148E-015 ,211 ,000 1,000
1 Regression Factor Score for
. -,254 ,216 -,254 -1,177 ,253
Surrogate Variable @9IBMS1

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS2

Table 16.40: Regression Analysis results for Hypothesis 7.2
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16.7.5 Hypothesis Test of Benchmarking and @DPPS3

The research questionnaire asked the respondents to indicate the Construction rework due to a team or
team member (@5DBP18), Amount of rework as a result of incorrect or inferior quality of information
from dependents (@5DBP22). Using the statistical dimension reduction techniques in chapter 15 the two
dependent variables have been reduced to a surrogate variable ‘@DPPS3’ representing the attributes of
the aforementioned dependent variables. The surrogate variable @ DPPS3 represents the measured effect
of benchmarking on project performance.

One surrogate variable @9IBMS1 (representing @91BM1, @9IBM?2 and @9IBM3) deduced from results
of the statistical dimension reduction techniques in chapter 15 shall be used for the hypothesis testing for
predicting the effect of benchmarking on project performance.

SPSS v20 has been used by the researcher to calculate the 2-tailed Pearson’s correlation coefficient with
20 degrees of freedom and the output is presented using a correlation matrix in table 16.41.

Correlations
Regression Factor Regression Factor
Score for Surrogate Score for Surrogate
Variable @DPPS3 Variable @9IBMS1
Pearson Correlation 1 ,087
Regression Factor Score for Surrogate - -
) Sig. (2-tailed) ,700
Variable @DPPS3
N 22 22
Pearson Correlation ,087 1
Regression Factor Score for Surrogate - -
) Sig. (2-tailed) ,700
Variable @9IBMS1
N 22 22

Table 16.41: Pearson’s Correlation Matrix for Benchmarking and @DPPS3

According to the Pearson’s correlation matrix, the surrogate independent variable @9IBMS1 showed no
significant relationship with the dependent surrogate variable @ DPPS3. The degree of measure of linear
relationship with @ DPPS3 yielded a coefficient of -0.087 (2-tailed) with a p-value greater than 0.05.
Based on the analysis, the hypothesis ‘The Critical Success Benchmarking is not influencing the
surrogate variable @ DPPS3’ is accepted.

16.7.6 Discussion on Hypothesis Test of Benchmarking and @DPPS3

The researcher used regression analysis to investigate the effect of the independent surrogate variable on
the dependent surrogate variables using SPSS v20. The results of the regression analysis confirmed
clinging to the normal distribution requirement of the dependent variable as shown in the normal
distribution chart and normal P-P plot of regression in figure 16.3.

The regression model summary shown in fable 16.42 indicates that a proportion of the order 0.008 (0.8
%) variance in the dependent surrogate variable @ DPPS3 can be predicted using independent surrogate
variable @9IBMS1. With one variable in the analysis, the results showed no significant difference
between the more honest value of coefficient of determination (Adjusted R-square of the research sample
population = -0.042) and R-square value. The Unstandardized Coefficient (B), representing the value of
the regression equation was found to be 0.087 with statistical t-values of 0.392 for @9IBMSI. This
means that each unit of @DPPS3 is associated with a score of 0.087 units in @9IBMSI1 at a significance
level higher than 0.05. This indicates that the independent surrogate variable @9IBMSI1 is not statistically
and significantly associated with the dependent surrogate variable. In other words, the included
independent surrogate variable does not reliably predict the dependent surrogate variable.
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Model Summary”

Change Statistics

Adjusted R | Std. Error of
Model R R Square . R Square Sig. F
Square the Estimate F Change dfl df2

Change Change

1 ,087° ,008 -,042 1,02079072 ,008 ,153 1 20 ,700

a. Predictors: (Constant), Regression Factor Score for Surrogate Variable @9IBMS1
b. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS3
ANOVA®
Model Sum of Squares df Mean Square F Sig.
Regression ,160 1 ,160 153 ,700°
1 Residual 20,840 20 1,042
Total 21,000 2]
a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS3
b. Predictors: (Constant), Regression Factor Score for Surrogate Variable @ 9IBMS1
Coefficients”
Standardized
Unstandardized Coefficients o
Model Coefficients t Sig.
B Std. Error Beta
(Constant) -2,648E-016 ,218 ,000 1,000
1 Regression Factor Score for
,087 ,223 ,087 ,392 ,700
Surrogate Variable @9IBMS1

a. Dependent Variable: Regression Factor Score for Surrogate Variable @ DPPS3

Table 16.42: Regression Analysis results for Hypothesis 7.3
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17 Relationship Between Variables

17.1 Introduction

Statistical Bivariate analysis results presented will be used by the researcher to infer the possible
relationship among the research variables (between dependent variables, between independent variables
and between independent and dependent variables) identified and observed. Factor analysis, used as one
of the multivariate analysis techniques in this research (results presented in chapter 15) will be used to
analyze the interdependence among variables and multiple regression analysis along with hypothesis
testing (presented in chapter 16) will be used to analyze the dependence of one variable can be explained
for its effect by other independent variables. This chapter summarizes the relationship between the
variables by measuring their strength of relationship. The dimension of strength is presented using
Pearson’s Correlation Coefficient ‘r’ discussed in chapter 10. In order to check the statistical significance
of the relationship the researcher used a 2-tailed confidence level or significance level of 0.05 and 0.01.
The researcher used SPSS v20 to calculate the correlation coefficient.

17.2 Relationship between Independent Variables

This section of the chapter explores the relationship between the independent variables measured for each
critical success factor and the independent variables measured for the remaining critical success factors.
The hypothesis testing and regression analysis in chapter 16 intends to discover the possible relationship
between dependent and independent variables. To understand the dependencies that are affecting the
project performance as one of the research sub-objectives, the researcher examined the independent
variables for their strength and direction of linear association. The underlying latent relationship is
presented by measuring their strength of association using the Pearson’s Correlation Coefficient ‘r’
discussed in chapter 10.

17.2.1 Front End Planning/Start-Up Plan Vs Other Critical Success Factors

The researcher used SPSS v20 to calculate the correlation coefficient ‘r’ to explore the relationship
between the measured independent variables of front end planning/start-up plan and the independent
variables observed for the remaining six critical success factors. Table 17.1 presents the association
between the variables at a significance level 0.05 and 0.01 (2-tailed).

. . Confidence .
V:g;zl;le Variable Description %(:)Zl;‘:‘ilzi‘:?:tl Level V:g;zl;le Variable Description
(P-Value)
Competency of the
0,726%* 0 @3]ISP5 [teams/team members who
o formulate the start-up plan
A;\f:;;iy of policies Level of Start-Up Plan
@3ISp2 |8 & 0,655%* 0,001 @3ISP6 |alignment for the projects
budget/schedule .
estimates executed or being executed
0,542 0,009 @ATPE] Mobilisation gf Start-up
resources on time
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0,433*

0,044

@4]PE6

Level of integration
between the Project
disciplines (E, P and C)

-0,564+*

0,006

@6IICT6

Level of complexity of the
source for
retrieving/receiving the
information from
dependents

@3ISP4

Encouragement from
Organisation for Start-up
Plan formulation

0,462%*

0,03

@3ISP6

Level of Start-Up Plan
alignment for the projects
executed or being executed

0,509*

0,015

@41IPE7

Level of integration
between the engineering
disciplines

-0,475*

0,025

@7IPM1

Level of complexity
involved in finding people
to gather information

0,522%

0,013

@71PM4

Level of relationship/trust
on receivers of information

-0,438*

0,041

@7IPM6

Level of non-productivity
due to lack of information
from dependents

0,439%*

0,041

@8IKM3

Frequency of Lessons
learned getting converted
into best practices or
procedures

@31ISP5

Competency of the
teams/team members
who formulate the start-
up plan

0,726%*

@3ISP2

Accuracy of policies
governing budget/schedule
estimates

0,459*

0,032

@3ISP6

Level of Start-Up Plan
alignment for the projects
executed or being executed

0,431%*

0,045

@4IPE1

Mobilisation of Start-up
resources on time

0,448%*

0,037

@51BP6

Best practices driven to
satisfy client requirements

0,430*

0,046

@5IBP11

Best practices driven by
competitors

0,474*

0,026

@5IBP24

Feedback on the quality of
information provided
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-0,450*

0,036

@6IICT6

Level of complexity of the
source for
retrieving/receiving the
information from
dependents

0,423*

0,05

@7IPM7

Flexibility of supervisor to
new ideas or processes

0,542

0,009

@8IKM3

Frequency of Lessons
learned getting converted
into best practices or
procedures

0,541%*

0,009

@8IKM6

Efficiency of tools to
register and transfer lessons
learned into action

@3ISP6

Level of Start-Up Plan
alignment for the
projects executed or
being executed

0,655%*

0,001

@3ISP2

Accuracy of policies
governing budget/schedule
estimates

0,462%*

0,03

@3]ISP4

Encouragement from
Organisation for Start-up
Plan formulation

0,459%*

0,032

@3ISP5

Competency of the
teams/team members who
formulate the start-up plan

0,500*

0,018

@4IPE1

Mobilisation of Start-up
resources on time

0,748**

@4]PE6

Level of integration
between the Project
disciplines (E, P and C)

0,568%*

0,006

@4IPE7

Level of integration
between the engineering
disciplines

0,431%*

0,045

@4IPE13

Timeliness of the dependent
disciplines for information

0,559

0,007

@5IBP15

Efficiency of
tool/system/philosophy to
review/analyse/optimise the
work processes

0,525%

0,012

@5IBP20

Quality of information from
dependents

0,442%*

0,04

@7IPM4

Level of relationship/trust
on receivers of information
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Frequency of Lessons
learned getting converted

0,429* 0,046 @8IKM3 |. ;
into best practices or
procedures
Efficiency of tools to
0,516* 0,014 @8IKMG6 |register and transfer lessons

learned into action

**_Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

Table 17.1: Relationship Between Independent Variables (Front End Planning/Start-Up Plan)

17.2.2 Project Execution Vs Other Critical Success Factors

The researcher used SPSS v20 to calculate the correlation coefficient ‘r’ to explore the relationship
between the measured independent variables of project execution and the independent variables observed
for the remaining six critical success factors. Table 17.2 presents the association between the variables at
a significance level 0.05 and 0.01 (2-tailed).

Confidence

Variable Variable Description Corre.la.t ton Level Variable Variable Description
Code Coefficient Code
(P-Value)
Accuracy of policies governing
kek
0,542 0,009 @315P2 budget/schedule estimates
Competency of the teams/team
0,431* 0,045 @3ISP5 | members who formulate the
start-up plan
Level of Start-Up Plan
e 0,500%* 0,018 @3ISP6 |alignment for the projects
@4IPE1 Mobilisation of Start— executed or being executed
up resources on time — -
Efficiency of tools to register
0,498* 0,018 @8IKM6 | and transfer lessons learned into
action
0,504% 0.017 @9IBM]1 Availability of benchmarking
process
0.426% 0,048 @9IBM?2 Frequency pf utilisation of
benchmarking process
Accuracy of policies governing
*
0,433 0,044 @31SP2 budget/schedule estimates
Level of Start-Up Plan
0,748%** 0 @3ISP6 |alignment for the projects
Level of integration executed or being executed
@AIPE6 bf:tv&‘/ee'n the Project 0,703 0 @AIPET Level of 1nt§grat19n jbereen
disciplines (E, P and the engineering disciplines
©) 0451% | 0035 |@4rpgi3|Timeliness of the dependent
disciplines for information
Level of on job Quality Control
0,463* 0,03 @5IBP19 | practices/reviews followed on

the job
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0,590%* 0,004

@5IBP20

Quality of information from
dependents

@4IPE7

Level of integration
between the
engineering
disciplines

0,509* 0,015

@31ISP4

Encouragement from
Organisation for Start-up Plan
formulation

0,568%* 0,006

@3ISP6

Level of Start-Up Plan
alignment for the projects
executed or being executed

0,703%* 0

@41PE6

Level of integration between
the Project disciplines (E, P and
©

0,499 0,018

@5IBP10

Best practices driven by the
goal to execute work for the
estimated cost and planned
schedule

0,430%* 0,046

@5IBP15

Efficiency of
tool/system/philosophy to
review/analyse/optimise the
work processes

0,447 0,037

@6IICT1

Utilisation of communication
technology among the
disciplines/departments/team
members

0,458%* 0,032

@7IPM3

Level of relationship/trust on
dependents

0,658%* 0,001

@7IPM4

Level of relationship/trust on
receivers of information

0,451 0,035

@7IPM5

Level of opportunity/support
from the organisation to
enhance skills

@4IPE10

Effectiveness of
Information
Technology
applications to
monitor progress
made during project
execution

0,428%* 0,047

@5IBP5

Robustness of interdisciplinary
best practices

0,453%* 0,034

@5IBP19

Level of on job Quality Control
practices/reviews followed on
the job

0,511* 0,015

@5IBP20

Quality of information from
dependents

0,556** 0,007

@6IICT4

Level of Information and
communication
tools/applications alignment
with project goals and
organisation goals

-0,585%*%* 0,004

@9IBM1

Availability of benchmarking
process

-0,652%+%* 0,001

@9IBM2

Frequency of utilisation of
benchmarking process

-0,771%* 0

@9IBM3

Quality of benchmarking
process
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@4IPE13

Timeliness of the
dependent disciplines
for information

0,431°%*

0,045

@3ISP6

Level of Start-Up Plan
alignment for the projects
executed or being executed

0,451

0,035

@41PE6

Level of integration between
the Project disciplines (E, P and
©

0,543%*

0,009

@5IBP5

Robustness of interdisciplinary
best practices

0,431°%*

0,045

@5IBP12

Procedures/work instructions
clearly defining the scope of
responsibility

0,443

0,039

@51BP14

Procedures/work instructions
clearly defining the
expectations of your
responsibility

0,445%

0,038

@5IBP15

Efficiency of
tool/system/philosophy to
review/analyse/optimise the
work processes

0,854%*%*

@5IBP16

Efficiency of the
process/procedure/system used
by project/discipline to
retain/use the best practices in
project execution

0,805

0

@5IBP21

Timeliness of information from
dependents

**_ Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

Table 17.2: Relationship Between Independent Variables (Project Execution)

17.2.3 Best Practices Vs Other Critical Success Factors

The researcher used SPSS v20 to calculate the correlation coefficient ‘r’ to explore the relationship
between the measured independent variables of best practices and the independent variables observed for
the remaining six critical success factors. Table 17.3 presents the association between the variables at a
significance level 0.05 and 0.01 (2-tailed).

Variable Variable Correlation COIGETE Variable . —
ALR A Level Variable Description
Code Description Coefficient Code
(P-Value)
Best practices driven by the need
0,579%** 0,005 @513BP1 to maintain consistency of
Flexibility of product/service
disciplines with Procedures/work instructions
@>1BP4 respect to adapting 0,438* 0,041 @SZBPI clearly defining the expectations
the best practices of your responsibility
0,592+ 0.004 @5IBP2 | Quality of information from
0 dependents
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0,568+ 0,006 @7IPM4 Leve?l of rela'tlonshlp/'trust on
receivers of information
Effectiveness of Information
0.428% 0,047 @41IPE1 Techpology applications to'
0 monitor progress made during
project execution
0,543+ 0,009 @4IPE1 T}m?ll_rless of the depegdent
3 disciplines for information
@5IBP1 Procedures/work instructions
0,446* 0,037 4 clearly defining the expectations
of your responsibility
Efficiency of
0.488% 0,021 @5IBP1 too@/system/phllosqph'y to
5 review/analyse/optimise the work
processes
Robustness of —
@S5IBPS |interdisciplinary best Efficiency of the
practices @5IBP1 process/procedure/system used
0,605%* 0,003 6 by project/discipline to retain/use
the best practices in project
execution
0,502 0.017 @5IBP2 | Timeliness of information from
1 dependents
Level of non-productivity due to
-0,544%* 0,009 @7IPM6 |lack of information from
dependents
Frequency of lessons leaned
0,455% 0,033 @8IKM1 |. .
implementation
Support from organisation to
0,595%%* 0,003 @8IKM?2 | identify, implement and use the
lessons learned program
Competency of the teams/team
0,448* 0,037 @3ISP5 | members who formulate the start-
up plan
@SIBP1 Best practices dr}ven by the need
. . 0,441* 0,04 to maintain consistency of
Best practices driven 3 .
; : product/service
@5IBP6 |to satisfy client .
requirements Level of Information and
0.483% 0.023 @6IICT4 co.mmumcatl'on toqls/apphcatlons
alignment with project goals and
organisation goals
Frequency of utilisation of
-0,489* 0,021 @91BM2 .
benchmarking process
Best practices driven . .
@5IBP7 |by Developments in | 0,554 0007 | @>IBP1|Bestpractices driven by
1 competitors
Technology
Best practices driven 04485 0.036 @SIBP9 Best practices driven by the need
by the need to ’ ’ to improve construction quality
@5IBP8 |. . . . .
improve engineering 0.796%* 0 @5IBP1 | Best practices driven by the goal
quality ’ 0 to execute work for the estimated
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cost and planned schedule
Efficiency of
0,568+ 0,006 @5IBP1 too?/system/phllosc?phy to
5 review/analyse/optimise the work
processes
0,548 0,008 @7IPM4 Leve_:l of rela_tlonshlp/.trust on
receivers of information
Level of opportunity/support
0,598** 0,003 @7IPMS5 | from the organisation to enhance
skills
0.449* 0.036 @7IPM7 Elemblhty of supervisor to new
ideas or processes
Culture of lessons learned
0,519 0013 | @8IKMs |Process or knowledge
management in the
discipline/project
0,448 0.036 @SIBPS qut practices erver} by the peed
to improve engineering quality
@5IBP1 Procedures‘/vyork instructions
-0,595%* 0,003 2 clearly defining the scope of
Best practices driven responsibility
by the need to Procedures/work instructions
@5IBPY |.
improve -0,461%* 0,031 @SzBPI clearly defining the expectations
construction quality of your responsibility
0,498 0.018 @5IBP2 Effect_ of planning on the quality
3 of deliverables
-0,444% 0,038 @7IPM2 | Level of trust on team members
0.499% 0.018 @AIPE7 Lev_el of integration between the
engineering disciplines
0,796+ 0 @SIBPS qut practices erver} by the peed
to improve engineering quality
' ' 0.472% 0.026 @7IPM3 Level of relationship/trust on
Best practices driven dependents
by the goal to * Level of relationship/trust on
@5IBP10 [execute work for the 0,513 0,015 @7IPM4 receivers of information
estimated cost and Level of opportunity/support
planned schedule 0,551 0,008 @7IPMS |from the organisation to enhance
skills
Culture of lessons learned
0,439% 0041 | @8IKMS | Process or knowledge
management in the
discipline/project
Competency of the teams/team
) ) 0,430%* 0,046 @3ISP5 | members who formulate the start-
Best practices driven
@51BP11 . up plan
by competitors Best practices driven b
0,554%% 0,007 | @5IBP7 b ; Y
Developments in Technology
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0.462% 0.03 @SIKM1 Frequency of lessons leaned
implementation
0.431% 0.045 @41PE1 T'1m‘e11'ness of the depen‘dent
3 disciplines for information
L0.595%% 0,003 @SIBPY qut practices drlven' by the r}eed
to improve construction quality
@5IBP1 Procedures/vyork 1nstruct10n§
0,849%*%* 0 4 clearly defining the expectations
of your responsibility
Efficiency of the
@5IBP1 process/procedure/system used
Procedures/work 0,431* 0,045 6 by project/discipline to retain/use
instructions clearly the best practices in project
@5IBP12 - i
defining the scope of execution
responsibility 0,510* 0,015 @7IPM2 | Level of trust on team members
Level of non-productivity due to
-0,498* 0,018 @7IPMG6 |lack of information from
dependents
0.470* 0.027 @7IPM7 Flemblhty of supervisor to new
ideas or processes
Frequency of Lessons learned
0,494* 0,02 @8IKM3 | getting converted into best
practices or procedures
Flexibility of disciplines with
0,579%* 0,005 @5IBP4 |respect to adapting the best
practices
0.441% 0,04 @5IBP6 Be':st practlf:es driven to satisfy
client requirements
0.428% 0,047 @5IBP2 | Quality of information from
. . 0 dependents
Best practices driven —
by th d Efficiency of the
@5IBPI13 | Y t ¢ nee tO. tools/applications/process used as
maintain consistency 0,477* 0,025 @6IICT3 . ; )
. common information repository
of product/service . .
in the project
Level of Information and
0.438% 0,041 @6IICT4 co'mmumcat%on toqls/appllcatlons
alignment with project goals and
organisation goals
Frequency of utilisation of
-0,501* 0,018 @91BM2 .
benchmarking process
@4]IPE1 | Timeliness of the dependent
*
Procedures/work 0,443 0,039 3 disciplines for information
instructions clearly Flexibility of disciplines with
@5IBP14 | defining the 0,438* 0,041 @5IBP4 |respect to adapting the best
expectations of your practices
responsibility 0,446 0.037 @SIBPS Robustness of interdisciplinary
best practices
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0,461 0,031 @5IBP9 Bgst practices driven‘ by the r}eed
to improve construction quality
Procedures/work instructions
0,849%*%* 0 @512BP1 clearly defining the scope of
responsibility
Efficiency of
0,492 0.02 @5IBP1 too?/system/philosqphy to
5 review/analyse/optimise the work
processes
Efficiency of the
@5IBP1 process/procedure/system used
0,578%*%* 0,005 6 by project/discipline to retain/use
the best practices in project
execution
0,526* 0,012 @7IPM2 | Level of trust on team members
Level of opportunity/support
0,493* 0,02 @7IPMS5 | from the organisation to enhance
skills
Level of non-productivity due to
-0,568%* 0,006 @7IPMG6 |lack of information from
dependents
0,683+ 0 @7IPM7 Flexibility of supervisor to new
ideas or processes
0,514* 0,014 @7IPM8 | Competency level of supervisor
Support from organisation to
0,484* 0,023 @8IKM?2 | identify, implement and use the
lessons learned program
Frequency of Lessons learned
0,555%* 0,007 @8IKM3 | getting converted into best
practices or procedures
Level of Start-Up Plan alignment
0,559%*%* 0,007 @3ISP6 |for the projects executed or being
executed
0.430* 0.046 @A4IPET Lev_el of 'integ.rat_ior_l between the
engineering disciplines
Efficiency of 0,445+ 0.038 | @HIPPT | Timelness of the dependent
. isciplines for information
tool/system/philosop Robustness of interdisciplinary
hy to 0,488%* 0,021 @5IBPS .
@5IBP15 . . best practices
review/analyse/opti - -
mise the work 0,568+ 0.006 @5IBPS qut practices erver} by the peed
processes to improve engineering q'uahty
@5IBP1 Procedures/vyork 1nstruct10n§
0,492* 0,02 4 clearly defining the expectations
of your responsibility
Efficiency of the
0,615%* 0,002 @SI6BP1 process/procedure/system used
by project/discipline to retain/use
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the best practices in project
execution
Utilisation of communication
0.496* 0019 |@sricT1 |technology among the
disciplines/departments/team
members
Level of opportunity/support
0,541%* 0,009 @7IPMS5 | from the organisation to enhance
skills
0.563%% 0,006 @7IPM7 Flexibility of supervisor to new
ideas or processes
0,426* 0,048 @7IPM8 | Competency level of supervisor
Support from organisation to
0,441* 0,04 @8IKM?2 | identify, implement and use the
lessons learned program
Frequency of Lessons learned
0,449* 0,036 @8IKM3 | getting converted into best
practices or procedures
Efficiency of tools to register and
0,629%*%* 0,002 @8IKM6 | transfer lessons learned into
action
0,854+ 0 @4IPE1 T.im'eli_ness of the depegdent
3 disciplines for information
0,605+ 0,003 @5IBP5 Robustness of interdisciplinary
best practices
Procedures/work instructions
0,431* 0,045 @SlzBPI clearly defining the scope of
responsibility
Efficiency of the @SIBP1 Procedures/work instructions
process/procedure/s 0,578%* 0,005 4 clearly defining the expectations
ystem used by of your responsibility
@5IBP16 | project/discipline to Efficiency of
retain/use the best @5IBP1 |tool/system/philosophy to
Lo . 0,615%* 0,002 . o
practices in project 5 review/analyse/optimise the work
execution processes
0.633%+ 0,002 @5IBP2 | Timeliness of information from
1 dependents
0,449+ 0,036 @SIKM]1 Frequency of lessons leaned
implementation
Support from organisation to
0,426* 0,048 @8IKM?2 | identify, implement and use the
lessons learned program
Dedicated team to Frequency of Lessons learned
. . 0,462* 0,03 @8IKM3 | getting converted into best
identify and " dures
@5IBP17 |implement the use Practices of proce
best practices in Culture of lessons learned
) i 0,460* 0,031 @8IKMS | process or knowledge
project execution .
management in the
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discipline/project
Level of integration between the
*
0,463 0,03 @4IPEG Project disciplines (E, P and C)
Effectiveness of Information
0.453% 0,034 @41PE1 Technology applications to_
0 monitor progress made during
. project execution
Level of on job - - -
. @5IBP2 | Quality of information from
ek
@s1Bp19 | Quality Control 0,692 0 0 |dependents
practices/reviews -
followed on the job Level qf c.omplex1_ty' of the source
-0,699%* 0 @GOIICT6 | for retrieving/receiving the
information from dependents
0.435* 0,043 @7IPM7 Elemblhty of supervisor to new
ideas or processes
0,530* 0,011 @7IPM8 | Competency level of supervisor
Level of Start-Up Plan alignment
0,525* 0,012 @3ISP6 |for the projects executed or being
executed
Level of integration between the
ek
0,590 0,004 @4IPE6 Project disciplines (E, P and C)
Effectiveness of Information
0.511% 0.015 @4IPE1 Techpology applications to'
0 monitor progress made during
project execution
Flexibility of disciplines with
0,592%%* 0,004 @5IBP4 |respect to adapting the best
Quality of practices
@5IBP20 |information from @SIBP1 Best practices driven by the need
dependents 0,428* 0,047 3 to maintain consistency of
product/service
@SIBP1 Level of on job Quality Control
0,6927%* 0 9 practices/reviews followed on the
job
Level of complexity of the source
-0,452%* 0,035 @OIICT6 | for retrieving/receiving the
information from dependents
0.481% 0.023 @7IPM4 Leve_:l of rela_tlonshlp/.trust on
receivers of information
10.449% 0.036 @9IBM? Frequency pf utilisation of
benchmarking process
0,805 0 @41IPE1 T'1m‘eh'ness of the depeqdent
3 disciplines for information
Timeliness of e Robustness of interdisciplinary
@5IBP21 |information from 0,502 0,017 @>IBPS best practices
dependents @5IBP1 Efficiency of the
0,633%* 0,002 process/procedure/system used
6 . O )
by project/discipline to retain/use
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the best practices in project
execution

0,540%*

0,01

@6lICT4

Level of Information and
communication tools/applications
alignment with project goals and
organisation goals

0,423*

0,05

@7IPM1

Level of complexity involved in
finding people to gather
information

@51BP23

Effect of planning
on the quality of
deliverables

0,498*

0,018

@5IBP9

Best practices driven by the need
to improve construction quality

0,486%*

0,022

@71PM6

Level of non-productivity due to
lack of information from
dependents

-0,563%

0,006

@8IKM2

Support from organisation to
identify, implement and use the
lessons learned program

@51BP24

Feedback on the
quality of
information
provided

0,474*

0,026

@3ISP5

Competency of the teams/team
members who formulate the start-
up plan

0,464

0,03

@51BP2
5

Feedback on the quality of
information received

-0,429*

0,046

@7IPM1

Level of complexity involved in
finding people to gather
information

0,527*

0,012

@7IPM5

Level of opportunity/support
from the organisation to enhance
skills

0,683+

0

@71PM7

Flexibility of supervisor to new
ideas or processes

0,604

0,003

@7IPM8

Competency level of supervisor

0,452%

0,035

@8IKM3

Frequency of Lessons learned
getting converted into best
practices or procedures

@51IBP25

Feedback on the
quality of
information received

0,464*

0,03

@5IBP2
4

Feedback on the quality of
information provided

0,499

0,018

@7IPM6

Level of non-productivity due to
lack of information from
dependents

@5IBP26

Documentation/reco
rding/transferring of
the feedback
received from
dependents into a
procedure/best
practice

0,490%*

0,021

@9IBM1

Availability of benchmarking
process

0,566+

0,006

@91BM2

Frequency of utilisation of
benchmarking process

0,480*

0,024

@9IBM3

Quality of benchmarking process

@51BP27

Level of your
participation/involve

0,427*

0,048

@7IPM5

Level of opportunity/support
from the organisation to enhance
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ment in procedure or skills

work process

formulation Support from organisation to
0,424%* 0,049 @8IKM?2 | identify, implement and use the

lessons learned program

Frequency of Lessons learned
0,489* 0,021 @8IKM3 | getting converted into best
practices or procedures

Culture of lessons learned
process or knowledge
management in the
discipline/project

0,642%* 0,001 @8IKMS5

**_ Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

Table 17.3: Relationship Between Independent Variables (Best Practices)
17.2.4 ICT Vs Other Critical Success Factors

The researcher used SPSS v20 to calculate the correlation coefficient ‘r’ to explore the relationship
between the measured independent variables of information and communications and the independent
variables observed for the remaining six critical success factors. Table 17.4 presents the association
between the variables at a significance level 0.05 and 0.01 (2-tailed).

Correlatio Confidenc
Variabl Variable n Variable . A
s . . e Level Variable Description
e Code Description Coefficien Code
¢ (P-Value)
0.447% 0,037 @AIPE7 LevF:l of ‘1nteg'rat'1or'1 between the
engineering disciplines
Efficiency of tool/system/philosophy
0,496* 0,019 @5IBPI15 [to review/analyse/optimise the work
processes
Utilisation of Level of teams
communication 0,550%*%* 0,008 @6IICT2 |adaptability/responsiveness/flexibility
@GOIIC |technology among to change in ICT
T1 |the Efficiency of the

disciplines/departme
nts/team members

tools/applications/process used as
common information repository in
the project

0,527 0,012 @6IICT3

Level of Information and
communication tools/applications

%
0,535 0,01 @6ICT4 alignment with project goals and
organisation goals
Utilisation of communication
Level of teams 0,550%* | 0008 | @emcT |!echnology among the

disciplines/departments/team

@OIIC |adaptability/responsi members

T2 |veness/flexibility to

change in ICT Efficiency of the

0,549+ 0,008 @6IICT3 |tools/applications/process used as
common information repository in
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the project

0,533*

0,011

@6lICT4

Level of Information and
communication tools/applications
alignment with project goals and
organisation goals

-0,431%*

0,045

@7IPM6

Level of non-productivity due to lack
of information from dependents

@6IIC
T3

Efficiency of the
tools/applications/pr
ocess used as
common
information
repository in the
project

0,477

0,025

@5IBP13

Best practices driven by the need to
maintain consistency of
product/service

0,527

0,012

@6IICT1

Utilisation of communication
technology among the
disciplines/departments/team
members

0,549

0,008

@6IICT2

Level of teams
adaptability/responsiveness/flexibility
to change in ICT

0,629%*

0,002

@6lICT4

Level of Information and
communication tools/applications
alignment with project goals and
organisation goals

0,431

0,045

@8IKM1

Frequency of lessons leaned
implementation

@6lIC
T4

Level of
Information and
communication
tools/applications
alignment with
project goals and
organisation goals

0,556

0,007

@4]IPE10

Effectiveness of Information
Technology applications to monitor
progress made during project
execution

0,483*

0,023

@5IBP6

Best practices driven to satisfy client
requirements

0,438%*

0,041

@5IBP13

Best practices driven by the need to
maintain consistency of
product/service

0,540%*

0,01

@5IBP21

Timeliness of information from
dependents

0,535%*

0,01

@6lIICT1

Utilisation of communication
technology among the
disciplines/departments/team
members

0,533

0,011

@6IICT2

Level of teams
adaptability/responsiveness/flexibility
to change in ICT

0,629%*

0,002

@6lIICT3

Efficiency of the
tools/applications/process used as
common information repository in
the project

-0,438*

0,042

@9IBM2

Frequency of utilisation of
benchmarking process
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-0,441%* 0,04 @9IBM3 | Quality of benchmarking process
Level of complexity of the source for
Level of complexity | 0,623%* 0,002 @O6IICT6 |retrieving/receiving the information
of ICT to receive from dependents
@0IIC %nterdepe.:ndent 0.472% 0.027 @7IPM1 Ijeve':l of complexity 1nvqlved in
TS |information finding people to gather information
between/across the Culture of lessons learned process or
disciplines -0,464%* 0,03 @8IKMS5 |knowledge management in the
discipline/project
Accuracy of policies governing
- ek
0,564 0,006 @315P2 budget/schedule estimates
Competency of the teams/team
-0,450% 0,036 @3ISP5 |members who formulate the start-up
plan
Level of on job Quality Control
- ek
0,699 0 @>IBP19 practices/reviews followed on the job
Level of complexity | -0.452% 0.035 @SIBP20 Quality of information from
@6IIC of the source for dependents : :
s retrieving/receiving i Level of compl§x1ty of I'CT to receive
the information 0,623 0,002 @OIICTS |interdependent 1nf0rr'nat'1or_1
from dependents between/across the disciplines
-0,447* 0,037 @7IPM2 |Level of trust on team members
L0.523% 0.013 @7IPM3 Level of relationship/trust on
dependents
0,447 0,037 @7IPM7 Flexibility of supervisor to new ideas
Or processes
-0,571%* 0,006 @7IPM8 | Competency level of supervisor

**_ Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

Table 17.4: Relationship Between Independent Variables (ICT)

17.2.5 Project Organization Vs Other Critical Success Factors

The researcher used SPSS v20 to calculate the correlation coefficient ‘r’ to explore the relationship

between the measured independent

variables of project organization and the independent variables

observed for the remaining six critical success factors. Table 17.5 presents the association between the
variables at a significance level 0.05 and 0.01 (2-tailed).

Variabl Variable e (Constens Variable . ..
e Code Description n e Level Code Variable Description
Coefficient | (P-Value)
Encouragement from Organisation
_ *k
Level of complexity 0,475 0,025 @315P4 for Start-up Plan formulation
@7IPM |[involved in finding @5IBP2 | Timeliness of information from
0,423* 0,05
1 people to gather 1 dependents
information L0.429% 0.046 @5IBP2 'Feedbaclf on the guahty of
4 information provided
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@6IICT Level of complexity of ICT to
0,472%* 0,027 5 receive interdependent information
between/across the disciplines
L0.460* 0.031 @7IPM7 Elex1b111ty of supervisor to new
ideas or processes
0,444 0,038 @5IBP9 Best practices drl\{en by the need to
improve construction quality
Procedures/work instructions
0,510* 0,015 @512BP1 clearly defining the scope of
responsibility
@5IBP1 Procedures/work instructions
0,526* 0,012 4 clearly defining the expectations of
your responsibility
@7IPM | Level of trust on @6IICT Level of complexity of the source
2 team members -0,447%* 0,037 6 for retrieving/receiving the
information from dependents
0,556+ 0.007 @7IPM5 Level of Qppgrtunlty/support ffom
the organisation to enhance skills
Level of non-productivity due to
-0,468%* 0,028 @7IPMG6 (lack of information from
dependents
0,502+ 0.017 @7IPM7 Elex1b111ty of supervisor to new
ideas or processes
0.458% 0,032 @AIPE7 LevF:l of ‘1nteg'rat'10r'1 between the
engineering disciplines
@5IBP1 Best practices driven by the goal to
Level of 0,472% 0,026 0 execute work for the estimated cost
@7IPM | =SVS O and planned schedule
relationship/trust on -
3 dependents @6IICT Level of complexity of the source
p -0,523%* 0,013 for retrieving/receiving the
6 . .
information from dependents
0,637+ 0,001 @7IPM4 Ler‘:l of relqtlonshlp{trust on
receivers of information
Encouragement from Organisation
*
0,522 0,013 @31SP4 for Start-up Plan formulation
Level of Start-Up Plan alignment
0,442% 0,04 @3ISP6 |for the projects executed or being
executed
Level of 0.658%* | 0001 | @4IPE7 ;fvie;e‘iiftei a(filolri‘feztween the
@7IPM |relationship/trust on £ — £ - p - -
4 receivers of Flexibility of disciplines with
. . 0,568%** 0,006 @5IBP4 |respect to adapting the best
information .
practices
0,548 0.008 @5IBPS Best practlcqs drlyen by the need to
improve engineering quality
@5IBP1 Best practices driven by the goal to
0,513* 0,015 execute work for the estimated cost
0
and planned schedule
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@5IBP2 | Quality of information from

*
0,481 0,023 0 dependents

Level of relationship/trust on

0,637%* 0,001 @71PM3
dependents

Level of opportunity/support from

*
0,529 0,011 @7IPMS the organisation to enhance skills

Support from organisation to
identify, implement and use the
lessons learned program

@8IKM

0,555 0,007 )

Frequency of Lessons learned
getting converted into best practices
or procedures

0,629+ 0,002 @8IKM

Culture of lessons learned process
or knowledge management in the
discipline/project

@8IKM

0,670%* 0,001 5

Level of integration between the

0,451 0,035 @4IPE7 . . S
engineering disciplines

Best practices driven by the need to

0,598%* 0,003 @5IBPS |. . . .
improve engineering quality

@5IBP1 Best practices driven by the goal to
0,551%*%* 0,008 execute work for the estimated cost
0
and planned schedule

Procedures/work instructions

@5IBP1 clearly defining the expectations of

0,493 0,02

4 your responsibility
Efficiency of
0,541 0,009 @5IBP1 too?/system/philosc?ph'y to
5 review/analyse/optimise the work
processes
Level of 0.527* 0.012 @51BP2 'Feedbaclf on the guality of
@7IPM opportunity/support 4 Elforinaftlon provided
5 from the ©SIBP? evel of your '
organisation to 0.427* 0.048 participation/involvement in
enhance skills ’ ’ 7 procedure or work process
formulation

0,556** 0,007 @7IPM?2 | Level of trust on team members

Level of relationship/trust on

0,529* 0,011 @71PM4 . ) .
receivers of information

Flexibility of supervisor to new

0,617%* 0,002 @7IPM7 |.
ideas or processes

0,457* 0,033 @7IPM8 [ Competency level of supervisor

Support from organisation to
identify, implement and use the
lessons learned program

@8IKM

0,504* 0,017 2

Frequency of Lessons learned
getting converted into best practices
or procedures

0,587%* 0,004 @8IKM

Page 216 of 243




At the Crossroads:

Multidiscipline Integration and Coordination in an EPC Contract: A Resurgence of Challenges and Strategic Improvement Opportunities

@8IKM Culture of lessons learned process
0,641%* 0,001 5 or knowledge management in the
discipline/project
Encouragement from Organisation
_ *k
0,438 0,041 @315P4 for Start-up Plan formulation
L0.544%% 0,009 @5IBP5 Robu'stness of interdisciplinary best
practices
Procedures/work instructions
-0,498%* 0,018 @512BP1 clearly defining the scope of
responsibility
@5IBP1 Procedures/work instructions
-0,568+* 0,006 4 clearly defining the expectations of
Level of non- your responsibility
@7IPM | productivity due to 0.486+ 0.022 @5IBP2 | Effect of planning on the quality of
6 lack of information ’ ’ 3 deliverables
from dependents '
p 0,499% 0.018 @5IBP2 'Feedbaclf on the ‘quahty of
5 information received
Level of teams
-0,431%* 0,045 @ 6121CT adaptability/responsiveness/flexibili
ty to change in ICT
-0,468%* 0,028 @7IPM2 [Level of trust on team members
Support from organisation to
-0,656%* 0,001 @812KM identify, implement and use the
lessons learned program
Competency of the teams/team
0,423* 0,05 @3ISP5 [ members who formulate the start-
up plan
0.449% 0.036 @SIBPS Best practlcqs drlyen by the need to
improve engineering quality
Procedures/work instructions
0,470* 0,027 @512BP1 clearly defining the scope of
responsibility
@5IBP1 Procedures/work instructions
0,683%*%* 0 4 clearly defining the expectations of
Flexibility of your responsibility
@71PM . —
- supervisor to new Efficiency of
ideas or processes 0.563%* 0,006 @5IBP1 too@/system/phﬂosqph'y to
5 review/analyse/optimise the work
processes
@5IBP1 Level of on job Quality Control
0,435% 0,043 9 practices/reviews followed on the
job
0,683+ 0 @5IBP2 'Feedbaclf on the guahty of
4 information provided
Level of complexity of the source
-0,447* 0,037 @6IICT for retrieving/receiving the
6 . .
information from dependents
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Level of complexity involved in
-0,460%* 0,031 @7IPM1 [finding people to gather
information
0,502* 0,017 @7IPM2 | Level of trust on team members
0,617+ 0.002 @TIPMS Level of Qppgrtunlty/support f'rom
the organisation to enhance skills
0,763%* 0 @7IPM8 [ Competency level of supervisor
@SIKM Frequency of Lessons learned
0,595%%* 0,004 3 getting converted into best practices
or procedures
@5IBP1 Procedures/work instructions
0,514* 0,014 4 clearly defining the expectations of
your responsibility
Efficiency of
0.426% 0,048 @5IBP1 too@/system/phllosc?ph'y to
5 review/analyse/optimise the work
processes
Level of on job Quality Control
0,530* 0,011 @3IBP1 practices/reviews followed on the
@7IPM |Competency level of 9 job
8 SUPETVISOT @5IBP2 | Feedback on the quality of
0,604 0,003 . . .
4 information provided
Level of complexity of the source
-0,571%* 0,006 @6161CT for retrieving/receiving the
information from dependents
0,457+ 0.033 @TIPMS Level of Qppgrtunlty/support f'rom
the organisation to enhance skills
0,763%* 0 @7IPM7 Flex1b111ty of supervisor to new
ideas or processes
Alignment of
@7IPM interest to 0.516% 0.014 @8IKM Frequency qf lessons leaned
9 . 1 implementation
organisation goal

**_ Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

Table 17.5: Relationship Between Independent Variables (Project Organization)

17.2.6 Knowledge Management Vs Other Critical Success Factors

The researcher used SPSS v20 to calculate the correlation coefficient ‘r’ to explore the relationship
between the measured independent variables of knowledge management and the independent variables
observed for the remaining six critical success factors. Table 17.6 presents the association between the
variables at a significance level 0.05 and 0.01 (2-tailed).

. . nfiden .
Variable . . 4. Correlation Confidence Variable . . .
Variable Description . Level Variable Description
Code Coefficient Code
(P-Value)
Frequency of lessons Robustness of interdisciplina
@SIKM] |, rcduency 0,455% 0,033 | @SIBPS ) pinaty
leaned best practices
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implementation Best practices driven by

0,462* 0,03 @5IBPI11 .
competitors

Efficiency of the
process/procedure/system used
0,449%* 0,036 @5IBP16 | by project/discipline to
retain/use the best practices in
project execution

Efficiency of the
tools/applications/process used
as common information
repository in the project

0,431%* 0,045 @6lIICT3

Alignment of interest to

-0,516%* 0,014 @71PM9 .
organisation goal

Robustness of interdisciplinary

0,595% 0,003 @5IBP5 b .
est practices

Procedures/work instructions
clearly defining the
expectations of your
responsibility

0,484* 0,023 @51BP14

Efficiency of
tool/system/philosophy to
review/analyse/optimise the
work processes

0,441%* 0,04 @5IBP15

Efficiency of the
process/procedure/system used
0,426%* 0,048 @5IBP16 | by project/discipline to
retain/use the best practices in
project execution

Effect of planning on the

_ sk
Support from 0,563 0.006 | @3IBP23| | ity of deliverables

organisation to

@8IKM?2 | identify, implement
and use the lessons 0,424* 0,049 @5IBP27
learned program

Level of your
participation/involvement in
procedure or work process
formulation

Level of relationship/trust on

0,555%%* 0,007 @7IPM4 . ) :
receivers of information

Level of opportunity/support
0,504* 0,017 @7IPMS5 | from the organisation to
enhance skills

Level of non-productivity due
-0,656%* 0,001 @7IPMG6 [to lack of information from
dependents

Frequency of Lessons learned
0,770%*%* 0 @8IKM3 | getting converted into best
practices or procedures

Culture of lessons learned
process or knowledge
management in the
discipline/project

0,591 ** 0,004 @8IKMS
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Encouragement from

0,439%* 0,041 @3ISP4 | Organisation for Start-up Plan
formulation
Competency of the teams/team
0,542+ 0,009 @3ISP5 | members who formulate the

start-up plan

Level of Start-Up Plan
0,429%* 0,046 @3ISP6 | alignment for the projects
executed or being executed

Procedures/work instructions
0,494 0,02 @5IBP12 | clearly defining the scope of
responsibility

Procedures/work instructions
clearly defining the
expectations of your
responsibility

0,555 0,007 @51BP14

Efficiency of
tool/system/philosophy to
review/analyse/optimise the
work processes

0,449%* 0,036 @5IBP15

Dedicated team to identify and

0,462%* 0,03 @5IBP17 | implement the use best practices
Frequency of Lessons in project execution
learned getting 0.452% 0,035 @5IBP24 Feedback on the quality of

@8IKM3 | converted into best information provided

practices or Level of your

procedures * participation/involvement in
0,489 0,021 @>IBP27 procedure or work process

formulation

Level of relationship/trust on

0,629%* 0,002 @71PM4 . . .
receivers of information

Level of opportunity/support
0,587%*%* 0,004 @7IPMS5 | from the organisation to
enhance skills

Flexibility of supervisor to new

0,595%* 0,004 @7IPM7 |.
ideas or processes

Support from organisation to
0,770%* 0 @8IKM?2 | identify, implement and use the
lessons learned program

Availability of dedicated team
to identify and implement the
lessons learned in project
execution

0,494 0,019 @8IKM4

Culture of lessons learned
process or knowledge
management in the
discipline/project

0,608%* 0,003 @8IKMS5

Efficiency of tools to register

%
0,457 0,033 @8IKM6 and transfer lessons learned into
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action

@8IKM4

Availability of
dedicated team to
identify and
implement the lessons
learned in project
execution

0,494

0,019

@8IKM3

Frequency of Lessons learned
getting converted into best
practices or procedures

@8IKMS5

Culture of lessons
learned process or
knowledge
management in the
discipline/project

0,519*

0,013

@5IBP8

Best practices driven by the
need to improve engineering
quality

0,439%*

0,041

@5IBP10

Best practices driven by the
goal to execute work for the
estimated cost and planned
schedule

0,460*

0,031

@5IBP17

Dedicated team to identify and
implement the use best practices
in project execution

0,642%*

0,001

@5IBP27

Level of your
participation/involvement in
procedure or work process
formulation

-0,464%

0,03

@6lIICTS5

Level of complexity of ICT to
receive interdependent
information between/across the
disciplines

0,670%*

0,001

@71PM4

Level of relationship/trust on
receivers of information

0,64 1%*

0,001

@7IPM5

Level of opportunity/support
from the organisation to
enhance skills

0,591°%*

0,004

@8IKM2

Support from organisation to
identify, implement and use the
lessons learned program

0,608%*

0,003

@8IKM3

Frequency of Lessons learned
getting converted into best
practices or procedures

0,460*

0,031

@8IKM6

Efficiency of tools to register
and transfer lessons learned into
action

@8IKM6

Efficiency of tools to
register and transfer
lessons learned into
action

0,541%*

0,009

@3ISP5

Competency of the teams/team
members who formulate the
start-up plan

0,516*

0,014

@3ISP6

Level of Start-Up Plan
alignment for the projects
executed or being executed

0,498%*

0,018

@4IPE1

Mobilisation of Start-up
resources on time

0,629%*

0,002

@5IBP15

Efficiency of
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tool/system/philosophy to
review/analyse/optimise the
work processes

0,457*

0,033

Frequency of Lessons learned

@8IKM3 | getting converted into best

practices or procedures

0,460*

0,031

@8IKMS5

Culture of lessons learned
process or knowledge
management in the
discipline/project

0,455*

0,033

@9IBM1

Availability of benchmarking
process

**_ Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

17.2.7 Benchmarking Vs Other Critical Success Factors

Table 17.6: Relationship Between Independent Variables (Knowledge Management)

The researcher used SPSS v20 to calculate the correlation coefficient ‘r’ to explore the relationship
between the measured independent variables of knowledge management and the independent variables
observed for the remaining six critical success factors. Table 17.7 presents the association between the
variables at a significance level 0.05 and 0.01 (2-tailed).

Variabl Variable e Variable . —
e Code TesmiEoT n e Level Code Variable Description
Coefficient | (P-Value)
0.504% 0.017 @ATPE] Mol?lllsatlon of Start-up resources
on time
Effectiveness of Information
10,585+ 0,004 @41IPE1 | Technology apphgatmns t'o monitor
0 progress made during project
execution
Availability of Documentation/recording/transferri
@9IBM | }Valabriy o @5IBP2 | ng of the feedback received from
benchmarking 0,490* 0,021 .
1 6 dependents into a procedure/best
process .
practice
0.455% 0,033 @8IKM | Efficiency of tools to register al?d
6 transfer lessons learned into action
0.677%* 0,001 @9IBM | Frequency pf utilisation of
2 benchmarking process
0,782%* 0 @9;BM Quality of benchmarking process
0.426* 0,048 @ATPE] Mol?lllsatlon of Start-up resources
Frequency of on time
@9IBM | utilisation of Effectiveness of Information
2 benchmarking @41IPE1 | Technology applications to monitor
-0,652%* 0,001 . .
process 0 progress made during project

execution
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Best practices driven to satisfy

-0,489* 0,021 @5IBP6 | .. .
client requirements

@5IBP1 Bes't pr'actlces‘drlven by the need to
maintain consistency of

-0,501* 0,018 3
product/service

@5IBP2 | Quality of information from

_ *
0,449 0,036 0 dependents

Documentation/recording/transferri
@5IBP2 | ng of the feedback received from

6 dependents into a procedure/best
practice

0,566** 0,006

Level of Information and
@OIICT | communication tools/applications

4 alignment with project goals and
organisation goals

-0,438* 0,042

0.677%* 0001 @9IBM | Availability of benchmarking

1 process
0,751*%* 0 @9§BM Quality of benchmarking process

Effectiveness of Information
@4IPE1 | Technology applications to monitor

- ek
0,771 0 0 progress made during project
execution
Documentation/recording/transferri
0.480% 0,024 @5IBP2 |ng of the fee'dback received from
lity of 6 dependents into a procedure/best
@91BM l())ua lllt yo i practice
3 enchmarking Level of Information and
process @OIICT | communication tools/applications
-0,441* 0,04 . . .
4 alignment with project goals and
organisation goals
0,782 0 @9IBM | Availability of benchmarking
1 process
0,751+ 0 @9IBM | Frequency pf utilisation of
2 benchmarking process

**_ Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

Table 17.7: Relationship Between Independent Variables (Benchmarking)

17.3 Relationship between Independent and Dependent Variables

The section of the chapter explores the relationship between the independent and dependent variables
measured for all the critical success factors studied in this research. The hypothesis testing and regression
analysis in chapter 16 discover the possible relationship between dependent and independent variables.
However, with the use of dimension reduction technique (factor analysis in chapter 15) in this research,
the exclusive association between dependent and independent variables missed consideration. In an effort
to understand the independent variables that can predict the dependent variables it is necessary that the
researcher examines for their strength and direction of linear association. The relationship is examined by
measuring their strength of association using the Pearson’s Correlation Coefficient ‘r’, discussed in
chapter 10.
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17.3.1 Front End Planning/Start-Up Plan Vs Dependent Variables

The researcher used SPSS v20 to calculate the correlation coefficient ‘r’ to explore the relationship
between the measured independent variables of front end planning/start-up plan and the dependent
variables. Table 17.8 presents the association between the variables at a significance level 0.05 and 0.01

(2-tailed).
. . | Confidence .
VETEILE Variable Description Corre.la.t ton Level Verln e Variable Description
Code Coefficient Code
(P-Value)
Cost/Schedule goals
0477 0,025 @3DSP3 achleve?d based on policies
governing budget/schedule
estimates
Encouragement from Level of Escalation
Organisation for " contributed to project
@315P4 Start-up Plan 0,487 0,021 @>DBPI cost/schedule due to inferior
formulation Engineering Quality
Amount of rework as a result
L0.459% 0.032 @SDBP22 of incorrect or inferior
’ ’ quality of information from
dependents
Competency of the Level of Escalation
teams/team members | s contributed to project
@31ISPS who formulate the 0,595 0,004 @SDBPI cost/schedule due to inferior
start-up plan Engineering Quality
Level of Start-Up Amount of rework as a result
@3ISP6 Plan alignment for the 10.498% 0.018 @SDBP22 of incorrect or inferior

projects executed or
being executed

quality of information from
dependents

**_ Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

Table 17.8: Relationship between Front End Planning/Start-Up Plan and Dependent Variables

17.3.2 Project Execution Vs Dependent Variables

The researcher used SPSS v20 to calculate the correlation coefficient ‘r’ to explore the relationship
between the measured independent variables of project execution and the dependent variables. Table 17.9
presents the association between the variables at a significance level 0.05 and 0.01 (2-tailed).

Variable . . L Correlation Confidence Variable . . L.
Variable Description . . Level Variable Description
Code Coefficient Code
(P-Value)
Level of Escalation
i « contributed to project
Mobilisation of Start- 0,527 0,012 @5DBP1 cost/schedule due to inferior
@4IPE1 |up resources on time Engineering Quality
Level of Escalation
-0,568%* 0,006 @5DBP2 |contributed to project

cost/schedule due to inferior
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Procurement Quality
0476 0.025 @5DBPI18 Construction rework due to a
team or team member
. . Level of Engineering
Level of integration .
between the Project performance with respect to
oL -0,498* 0,018 @4DPE3 | productivity, quality
disciplines (E, P and .
0) adherence and timely
completion of the job
Level of integration .
. Amount of Construction
@4IPEG bf:tv&‘/ee'n the Project 0,719%* 0 @4DPE9 ([rework due to inferior
disciplines (E, P and . . .
) Engineering Quality
Level of integration Amount of rework as a result
between the Project « of incorrect or inferior
disciplines (E, P and 0,462 0,03 @SDBP22 quality of information from
C) dependents
II)‘;V\SE:E itrll;egratlon Amount of Construction
@4IPE7 . . 0,625%%* 0,002 @4DPE9 |[rework due to inferior
engineering Engineering Qualit
disciplines & Y

**_ Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

Table 17.9: Relationship between Project Execution and Dependent Variables

17.3.3 Best Practices Vs Dependent Variables

The researcher used SPSS v20 to calculate the correlation coefficient ‘r’ to explore the relationship
between the measured independent variables of best practices and the dependent variables. Table 17.10

presents the association between the variables at a significance level 0.05 and 0.01 (2-tailed).

. . | Confidence .
Variable Variable Description Corre.la.t 01y evel Variable Variable Description
Code Coefficient Code
(P-Value)
Amount of rework as a
Robustness of result of incorrect or
@5IBPS5 |interdisciplinary best -0,492% 0,02 @5DBP22 | inferior quality of
practices information from
dependents
Level of Engineering
Best practices driven by performance with respect
@5IBP9 |the need to improve 0,426* 0,048 @4DPE3 |to productivity, quality
construction quality adherence and timely
completion of the job
. . Level of Construction
Best practices driven by .
the need to maintain performance with respect
@5IBP13 . -0,438%* 0,042 @4DPES |[to productivity, quality
consistency of :
roduct/service adherence and timely
p completion of the job
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Procedures/work
instructions clearly

Amount of rework as a
result of incorrect or

@5IBP14 .. . -0,483* 0,023 @5DBP22 |inferior quality of
defining the expectations . .
o information from
of your responsibility dependents
Level of Engineering
performance with respect
Efficiency of 0,495 0,019 @4DPE3 |to productivity, 'quahty
. adherence and timely
tool/system/philosophy . .
completion of the job
@5IBP15 |to
. .. Amount of rework as a
review/analyse/optimise It of incorrect or
the work processes ?esu SOt ¢ i ©
-0,540%* 0,01 @5DBP22 | inferior quality of
information from
dependents
Amount of rework as a
Quality of information result of incorrect or
@SIBP20 y -0,663%* 0,001 @5DBP22 | inferior quality of
from dependents . :
information from
dependents
Level of Escalation
. contributed to project
@s1Bp24 | Fecdback on the quality ) g, 0,018 | @5DBPI |cost/schedule due to
of information provided o . .
inferior Engineering
Quality
Amount of rework as a
. result of incorrect or
@s1Bp2s | Feedback on the quality ) 557, 0,01  |@5DBP22 |inferior quality of
of information received information from
dependents
Level of your Cost/Schedule goals
@SIBP27 participation/involvement _0.539% 0.01 @3DSP3 achieved based on policies

in procedure or work
process formulation

governing budget/schedule
estimates

**_ Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

Table 17.10: Relationship between Best Practices and Dependent Variables

17.3.4 ICT Vs Dependent Variables

The researcher used SPSS v20 to calculate the correlation coefficient ‘r’ to explore the relationship
between the measured independent variables of information and communications technology and the
dependent variables. Table 17.11 presents the association between the variables at a significance level
0.05 and 0.01 (2-tailed).

Variable . . . Correlation S Variable . . .
Variable Description . Level Variable Description
Code Coefficient Code
(P-Value)
@6IICT1 Utilisation of 0,487 0,021 @ADPE3 Level of Engineering

communication

performance with
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technology among the
disciplines/departments/t
eam members

respect to productivity,
quality adherence and
timely completion of the
job

0,566%*

0,006

@4DPE4

Level of Procurement
performance with
respect to productivity,
quality adherence and
timely completion of the
job

0,438%*

0,041

@5DBP2

Level of Escalation
contributed to project
cost/schedule due to
inferior Procurement

Quality

@6IICT2

Level of teams
adaptability/responsivene
ss/flexibility to change in
ICT

0,476%*

0,025

@5DBP2

Level of Escalation
contributed to project
cost/schedule due to
inferior Procurement

Quality

@6IICT4

Level of Information and
communication
tools/applications
alignment with project
goals and organisation
goals

0,427*

0,047

@4DPE2

Level of customer
satisfaction with respect
to meeting the quality,
schedule and cost goals

0,472%*

0,027

@4DPE4

Level of Procurement
performance with
respect to productivity,
quality adherence and
timely completion of the
job

@6IICTS

Level of complexity of
ICT to receive
interdependent
information
between/across the
disciplines

0,614%*

0,002

@3DSP3

Cost/Schedule goals
achieved based on
policies governing
budget/schedule
estimates

0,555%

0,007

@4DPE4

Level of Procurement
performance with
respect to productivity,
quality adherence and
timely completion of the
job

0,423%*

0,05

@4DPE5

Level of Construction
performance with
respect to productivity,
quality adherence and
timely completion of the
job

0,454

0,034

@5DBP1

Level of Escalation
contributed to project
cost/schedule due to
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inferior Engineering
Quality

0,481%*

0,024

8

@5DBP1

Construction rework
due to a team or team
member

**_Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

Table 17.11: Relationship between ICT and Dependent Variables

17.3.5 Project Organization Vs Dependent Variables

The researcher used SPSS v20 to calculate the correlation coefficient ‘r’ to explore the relationship
between the measured independent variables of project organization and the dependent variables. Table
17.12 presents the association between the variables at a significance level 0.05 and 0.01 (2-tailed).

. . | Confidence .
Variable Variable Description Correla.t 01 evel Variable Variable Description
Code Coefficient Code
(P-Value)
@7IPM2 Level of trust on team L0.474% 0.026 @5DBPI18 Construction rework due to a
members team or team member
Amount of Construction
Level of 0,458* 0,032 @4DPE9 [rework due to inferior
relationship/trust on Engineering Quality
@71PM4 receivers of Amount of rework as a result
information -0,427% 0,047 |@spppaz|Of ncorrect or inferior
quality of information from
dependents
Level of
@7IPM5 opportumty/suppo.rt 0.511% 0.015 @5DBPI18 Construction rework due to a
from the organisation team or team member
to enhance skills
Level of non- Amount of rework as a result
@7IPM6 product'wlty due_ to 0,671+ 0,001 @SDBP22 of incorrect or 1nfeF10r
lack of information quality of information from
from dependents dependents
Flexibility of Amount of rework as a result
@7IPM7 |supervisor to new -0,452% 0,035 |@spBpaa|Of incorrect or inferior
ideas of Drocesses quality of information from
P dependents

**_Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

Table 17.12: Relationship between Project Organization and Dependent Variables

17.3.6 Knowledge Management Vs Dependent Variables

The researcher used SPSS v20 to calculate the correlation coefficient ‘r’ to explore the relationship
between the measured independent variables of knowledge management and the dependent variables.
Table 17.13 presents the association between the variables at a significance level 0.05 and 0.01 (2-tailed).
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Variable . . .. | Correlation COGETE Variable . ..
Code Variable Description Coefficient Level Code Variable Description
(P-Value)
(S);lzg; (;Ztatf;(?rrlllto Amount of rework as a result
@8IKM?2 |identify, implement | -0,636%* 0,001 |@5DBP22 |Of incorrect or inferior
and use the lessons quality of information from
dependents
learned program
Erjglizngztgiéessons Amount of rework as a result
@8IKM3 | converted into best -0,512% 0015 |@sDBp2a |t incorrect or infetior
. quality of information from
practices or
dependents
procedures
S;ﬁgg gfols:sl:; Amount of rework as a result
@8IKMS5 | knowledge -0,436* 0,043 | @5DBP22 |Of incorrect or inferior
manasement in the quality of information from
Janas . dependents
discipline/project
Level of Escalation
0,555+ 0.007 @SDBP1 contributed to project
Efficiency of tools to ’ ’ cost/schedule due to inferior
@STKM6 register and transfer Engineering Quality
lessons learned into Amount of rework as a result
action 0.493% 0.02 @SDBP22 of incorrect or inferior

quality of information from

dependents

**_ Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

Table 17.13: Relationship between Knowledge Management and Dependent Variables

17.3.7 Benchmarking Vs Dependent Variables

The researcher used SPSS v20 to calculate the correlation coefficient ‘r’ to explore the relationship
between the measured independent variables of benchmarking and the dependent variables. Table 17.14
presents the association between the variables at a significance level 0.05 and 0.01 (2-tailed).

Confidence

VAL S Variable Description Correla.t ton Level VeI Variable Description
Code Coefficient Code
(P-Value)
Level of Construction
performance with respect to
-0,443% 0,039 @4DPES | productivity, quality
Availability of adherence and timely
@9IBM1 |benchmarking completion of the job
process Level of Escalation
L0.524% 0.012 @5DBP1 contributed to project

cost/schedule due to inferior
Engineering Quality
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*#*_ Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

17.4 Relationship between Dependent Variables

Table 17.14: Relationship between Benchmarking and Dependent Variables

The hypothesis testing and regression analysis in chapter 16 discover the possible relationship between
dependent and independent variables. However, with the use of dimension reduction technique (factor
analysis in chapter 15) in this research, the exclusive association between the dependent variables missed

consideration.

The researcher therefore puts an effort to examine the dependent variables for their

strength and direction of linear association. SPSS v20 is used to examine the relationship by measuring
their strength of association using the Pearson’s Correlation Coefficient ‘r’, discussed in chapter 10.Table
17.15 presents the association between the variables at a significance level 0.05 and 0.01 (2-tailed).

Variable
Code

Variable Description

Correlation
Coefficient

Confidence
Level
(P-Value)

Variable
Code

Variable Description

@3DSP3

Cost/Schedule goals
achieved based on
policies governing
budget/schedule
estimates

0,459*

0,032

@4DPE2

Level of customer
satisfaction with respect to
meeting the quality, schedule
and cost goals

0,637%*

0,001

@4DPE4

Level of Procurement
performance with respect to
productivity, quality
adherence and timely
completion of the job

0,756**

@4DPE5

Level of Construction
performance with respect to
productivity, quality
adherence and timely
completion of the job

0,549%*

0,008

@5DBP1

Level of Escalation
contributed to project
cost/schedule due to inferior
Engineering Quality

0,622%*

0,002

@5DBP3

Level of Escalation
contributed to project
cost/schedule due to inferior
Construction Quality

@4DPE2

Level of customer
satisfaction with
respect to meeting the
quality, schedule and
cost goals

0,459*

0,032

@3DSP3

Cost/Schedule goals
achieved based on policies
governing budget/schedule
estimates

0,490*

0,021

@4DPE4

Level of Procurement
performance with respect to
productivity, quality
adherence and timely
completion of the job

0,569

0,006

@4DPE5

Level of Construction
performance with respect to
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productivity, quality
adherence and timely
completion of the job

0,444

0,038

@5DBP1

Level of Escalation
contributed to project
cost/schedule due to inferior
Engineering Quality

0,660**

0,001

@5DBP3

Level of Escalation
contributed to project
cost/schedule due to inferior
Construction Quality

@4DPE3

Level of Engineering
performance with
respect to
productivity, quality
adherence and timely
completion of the job

-0,614%*

0,002

@4DPE9

Amount of Construction
rework due to inferior
Engineering Quality

-0,635%*

0,001

@5DBP2

Level of Escalation
contributed to project
cost/schedule due to inferior
Procurement Quality

@4DPE4

Level of Procurement
performance with
respect to
productivity, quality
adherence and timely
completion of the job

0,637%*

0,001

@3DSP3

Cost/Schedule goals
achieved based on policies
governing budget/schedule
estimates

0,490*

0,021

@4DPE2

Level of customer
satisfaction with respect to
meeting the quality, schedule
and cost goals

0,570%*

0,006

@4DPES5

Level of Construction
performance with respect to
productivity, quality
adherence and timely
completion of the job

0,591%*

0,004

@5DBP1

Level of Escalation
contributed to project
cost/schedule due to inferior
Engineering Quality

0,480%*

0,024

@5DBP3

Level of Escalation
contributed to project
cost/schedule due to inferior
Construction Quality

@4DPES5

Level of Construction
performance with
respect to
productivity, quality
adherence and timely
completion of the job

0,756**

@3DSP3

Cost/Schedule goals
achieved based on policies
governing budget/schedule
estimates

0,569%*

0,006

@4DPE2

Level of customer
satisfaction with respect to
meeting the quality, schedule
and cost goals

0,570%*

0,006

@4DPE4

Level of Procurement
performance with respect to
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productivity, quality
adherence and timely
completion of the job

0,559

0,007

@5DBP1

Level of Escalation
contributed to project
cost/schedule due to inferior
Engineering Quality

0,593

0,004

@5DBP3

Level of Escalation
contributed to project
cost/schedule due to inferior
Construction Quality

@4DPE9

Amount of
Construction rework
due to inferior
Engineering Quality

20,614+

0,002

@4DPE3

Level of Engineering
performance with respect to
productivity, quality
adherence and timely
completion of the job

0,486*

0,022

@5DBP2

Level of Escalation
contributed to project
cost/schedule due to inferior
Procurement Quality

@5DBP1

Level of Escalation
contributed to project
cost/schedule due to
inferior Engineering
Quality

0,549

0,008

@3DSP3

Cost/Schedule goals
achieved based on policies
governing budget/schedule
estimates

0,444

0,038

@4DPE2

Level of customer
satisfaction with respect to
meeting the quality, schedule
and cost goals

0,591 **

0,004

@4DPE4

Level of Procurement
performance with respect to
productivity, quality
adherence and timely
completion of the job

0,559%*

0,007

@4DPE5

Level of Construction
performance with respect to
productivity, quality
adherence and timely
completion of the job

0,619%*

0,002

@5DBP3

Level of Escalation
contributed to project
cost/schedule due to inferior
Construction Quality

@5DBP2

Level of Escalation
contributed to project
cost/schedule due to
inferior Procurement

Quality

-0,635%*

0,001

@4DPE3

Level of Engineering
performance with respect to
productivity, quality
adherence and timely
completion of the job

0,486*

0,022

@4DPE9

Amount of Construction
rework due to inferior
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Engineering Quality

@5DBP3

Level of Escalation
contributed to project
cost/schedule due to
inferior Construction

Quality

0,622%*

0,002

@3DSP3

Cost/Schedule goals
achieved based on policies
governing budget/schedule
estimates

0,660%*

0,001

@4DPE2

Level of customer
satisfaction with respect to
meeting the quality, schedule
and cost goals

0,480*

0,024

@4DPE4

Level of Procurement
performance with respect to
productivity, quality
adherence and timely
completion of the job

0,593

0,004

@4DPE5

Level of Construction
performance with respect to
productivity, quality
adherence and timely
completion of the job

0,619%*

0,002

@5DBP1

Level of Escalation
contributed to project
cost/schedule due to inferior
Engineering Quality

@5DBP18

Construction rework
due to a team or team
member

0,509*

0,015

@5DBP22

Amount of rework as a result
of incorrect or inferior
quality of information from
dependents

@5DBP22

Amount of rework as
a result of incorrect or
inferior quality of
information from
dependents

0,509*

0,015

@5DBP18

Construction rework due to a
team or team member

**_ Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

Table 17.15: Relationship between Dependent Variables
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18 Conclusion

Measuring multidiscipline integration and coordination is a key management control function to gauge
the competency of an EPC contractor organization. The projects executed in oil and gas sector involve
diverse technical disciplines such as Mechanical, Piping, Electrical, Instrumentation, Structural,
Procurement, Construction etc. All the projects executed under an EPC contract have more than one
discipline governing its objectives. The requirement is only met when the detailed work break down
activities within each technical area are successfully completed. Therefore, coordination between these
activities within a discipline along with coordination across the disciplines is essential to execute the
project in line with the requirements.

The past few decades has seen EPC contractors trying to find solutions to cope up to the complexities
colligated with the significant risks in project execution. Extensive research is done by every contractor
with an objective to integrate the schedule and time management functions of an EPC project. Many
scholars and researchers developed different methodologies such as utility theory, scheduling milestones,
cost milestones, performance index, cost accounting etc. But the focus has primarily been on the
construction phase of the project and most often ignores the fact that successful delivery of a project is a
synchronous and integrated effort of all the disciplines participating in project execution. The
methodologies adapted, do not necessarily provide realistic and practical control functions required to
manage the project because of lack of integration and coordination among the project disciplines. An
integrated control system is therefore vital to the management as a tool to investigate and gather answers
from the project stakeholders. Such a system provides a reflection of the factors that are directly or
indirectly impacting the cost, schedule and quality constraints of a project.

Scholars and industry experts believed, concluded and reiterated that a key potential barrier to
continuously tackle the competition challenges is the lack of an appropriate measurement system to
monitor, check and analyze the effect of improvement actions. The objective of such a tool is to
understand the dependencies of the project disciplines and stakeholders that will enable the decision
makers to take effect corrective and preventive decision or actions.

The motivation to understand the importance and eventual development of a management control
function is more a cultural perspective of an organization. Such a motivation extends beyond the
community of researchers whose focus is limited and not within the vantage point. However, in this
study, the researcher assumed the role of an interested observer and attempts to capture the commanding
perspective view of EPC project execution. With an objective to quantify the efficiency of multidiscipline
integration and coordination synonymous to quantifying the effectiveness of the concurrent engineering
management system of the research unit, the researcher analyzed four frameworks that can best fit the
research unit. With sufficient arguments the researcher deduced and developed a theoretical performance
measurement framework based on the characteristics of the organization under study.

Popular literature, exposure to scholarly work and discussions with project stakeholders contributed to
defining the critical success factors and the associated terminology. The factors derived henceforth are
translated into the required paraphernalia to provide the management with a tool to measure the efficiency
of multidiscipline integration and coordination. The identified critical success factors and key influencing
factors are a means to identify the deficiencies in the concurrent engineering management system
practices at the research unit.

Integration of the critical success factors is important to ensure that the project is carried out as a single
unit and meets the stakeholder’s expectations. The process of integration which includes a management
plan is the core and most important element governing success of project. An effective management plan
is the first and foremost step in executing a project and should always be prepared placed prior to
execution of a project.
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Project management team and stakeholders should co-ordinate to detail the management plan in order to
devise the strategy and detailed functioning of the process as a whole. This plan should be prepared at the
start of the project and test parallels using the project’s elements and bearing in mind the desired
objectives.

The success of a project management methodology and subsequently a project is tied with the process of
integrating every process that is part of project execution. Integration has not been identified as important
element in previous researches. Lapses or flaws in the integration can result in isolation of a particular
process from the other project activities. A well-developed management plan that integrates the
functioning of all processes required to execute a project successfully is inevitable. Changes to any aspect
of a project management process needs to be reflected in all other project areas.

Measurement of integration and coordination helps to lay down a foundation philosophy in the form of a
tool to review the existing improvement status and progress, identify discrepancies, formulate a plan to
balance the improvement process and identify the priorities. An environment of optimized integration can
be reaped for all the business processes that are critical and which contribute to the production of a
tangible or intangible deliverable.

EPC contractor organizations today are forced to adapt to the emerging complexities in project execution
and are required to periodically reflect or question their competency and effectiveness. Factors such as
increased competition with respect to cost, schedule, quality, safety and technical developments have
forced the organizations to question organizational effectiveness and find solutions to remain in the
business.

Over the decades EPC organizations have increasingly focused on the formation of teams and work
groups to meet the challenges and hence create a competitive edge over its competitors. But time and
again it is necessary to explore the use of the techniques for a stronger position in the market. The owners
of the oil and gas companies have long back realized the cons of sequential execution of EPC services.
The EPC contractor has to realize the need to encourage collective participation and decision making by
involving the various specialized groups not at a different time but at times when the need evolves. Most
of the organizations do implement some form of principles or practices to achieve project success and
organization goals. In addition organization does have the variety of knowledge, ideas and skills to
formulate plans that can address the challenges in developing a state-of-art efficient concurrent
engineering management system. While some of the principles and techniques have contributed to
accomplish the goals initially or partially, there have been setbacks. Hence it makes important for the
organizations to lay down a concrete foundation in order to support the necessary improvements.

EPC contractors are frequently faced with a challenge to address the management of diverse interests of
the project stakeholders to achieve the project goal. The success of EPC project management depends on
the culture and behaviour of the stakeholders who require a common understanding of the factors
influencing the project and translate into a business strategy.

The critical success factors and the key influencing factors identified in this research do not necessarily
measure the integration and coordination as a whole. Instead of investing too much time and
brainstorming efforts to conglomerate all the factors that will provide a basis for the researcher to reach
his research objective, only a critical few that could be measured easily and provide sufficient answers are
included in this research.

To the management the model is a pilot study tool to explore the inter-dependencies and intra-
dependencies of factors that are posing challenges for a successful and efficient execution of a project.
The results of this research presented through statistical hypothesis test and relationship among the
variables measured, are capable to answer to a large extent at predicting the factors that are impacting the
objectives of a project. The research findings are a quick walk through for the management and
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disciplines into Pandora’s Box of issues affecting the success of the organization. The research found a
list of causes that are affecting the poor results of a project that can be seen as a step forward to address
the efforts to find answers.

Formation of a strategy is not limited to one researcher or an industry expert but is a collaborative and
combined effort of organization’s collective mind. A collective mind understands as to how the goals and
objectives are fragmented throughout the project organization and at the same time how actions can be
implemented collectively and consistently.
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Appendices

Appendix A: Covering Letter from the Researcher

Pavan Kumar Akella

M.Sc Student

Faculty of Science and Technology
University of Stavanger

Norway

Dear Sir/Madam,

My name is Pavan Kumar Akella and I am currently pursuing my Master’s in Offshore Technology with
Industrial Asset Management as my specialization at the University of Stavanger. I got an opportunity to
do a thesis/dissertation under the supervision of Mr. Nils Erik Olsen and Mr. Eivind Eliassen with the
following title.

“At the Crossroads: Multidiscipline Integration and Coordination in an EPC Contract: A

Resurgence of Challenges and Strategic Improvement Opportunities”

As part of my dissertation, together with my supervisors, a survey questionnaire has been designed to
gather the required information on the organisation’s state of the art. I believe your response could
provide me with very useful insights and hence am requesting your efforts to kindly answer the enclosed
questionnaire.

It will take approximately 30 to 45 minutes to answer the survey questionnaire. It is not necessary to
provide any personal details and the information provided by you will strictly be used for research
purpose only. The information and the results thereafter will be strictly confidential and will not be
disclosed to anybody else or shall not be used for any other purposes.

Please read the following instructions before proceeding to the questionnaire:

Please do not discuss the questions with anybody within or outside the organisation

Please take a print and manually mark it with a pen. No Electronic Copies please.

If a particular question is not relevant to you, then please do not answer it.

Please do not hesitate to contact me for any clarifications

Do not write your names or any other personal information on the questionnaire

Once the questionnaire is completed, please drop it in a box marked ‘SURVEY’ located behind
the reception

= Please complete the questionnaire by 15th May 2012

Lo udy

A short background of the dissertation, survey objective and the overall goal is herewith enclosed.
Your response will find great importance and value in successfully achieving my research objective.
Thank you very much for you cooperation and time to participate in this survey.

Best Regards,
Pavan Kumar Akella
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PROJECT MANAGER RESEARCH QUESTIONNAIRE

PROJECT MANAGER

Please read the following instructions before proceeding to the
questionnaire:

+Please do not discuss the questions with anybody within or
outside the organisation

Please take a print and manually mark it with a pen. No Electronic
Copies please.

oIf a particular question is not relevant to you, then please do not
answer it.

+Please do not hesitate to contact me for any clarifications

«Do not write your names or any other personal information on the
questionnaire

+Once the questionnaire is completed, please drop it in a box
marked ‘SURVEY’ located behind the reception

1. RESPONDENT PROFILE

Years of service in the present organisation
(" LESS THAN 1

BETWEEN 1 AND 5 YEARS

BETWEEN 5 AND 10 YEARS

MORE THAN 10 YEARS

DD DD

Other:

Number of projects you have been a part of in the
present organisation

LESS THAN 1

BETWEEN 1 AND 5

BETWEEN 5 AND 10

MORE THAN 10

D (DD DD

Other:

What is Your Present Role in the Project?
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PROJECT MANAGER RESEARCH QUESTIONNAIRE
2. PROJECT SCOPE

Scale the level of project complexity with respect
to the competancy of the Organisation for the
projects being executed?

1 2 3 4 5
Low ¢ | clclc]c|uacH

Scale the percentage of contracts of type 'Lump
Sum' being executed or have been executed by the
organisation?

O 1 2 3 4 5 6 7 8 9 10
o% Cl|CcCllclc|lclccic|c|C|C  100%

Scale the percentage of contracts of type 'Unit
rate or Unit Price’ being executed or have been
executed by the organisation?

O 1 2 3 4 5 6 7 8 9 10

o% C |CclClClClCC|C | C|C|C|100%

Scale the percentage of contracts of type 'Cost
Reimbursable Or Cost Plus' being executed or
have been executed by the organisation?

o 1 2 3 4 5 6 7 8 9 10

o%C |CclClClClCC|CCC|C|100%

Scale the percentage of contracts of type "Target
Price’ being executed or have been executed by the
organisation?

O 1 2 3 4 5 6 7 8 9 10

o%C |Ccl|ClClClCC|CC|C|C|100%

3. PROJECT START-UP PLAN

Startup plan consists of a sequence of activities that begins during requirements
definition and extends through initial operations.
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PROJECT MANAGER RESEARCH QUESTIONNAIRE

Are there any organisation policies/procedures
that govern the budget/schedule estimates for the
project execution activities?

YES

NO
MAY BE
DONT KNOW

DD DDD

Other:

If there are any organisation policies/procedures
governing the budget/schedule estimates for the
project execution activities, then scale the
accuracy of the policies?

1 2 3 4 5
NOT ACCURATE € || |[c | ¢ |[ ¢ |HIGHLY ACCURATE

Based on the current policies/procedures
governing the budget/schedule estimates, scale
the level of cost/schedule goals achieved for the
projects that have been executed or being
executed?

1 2 3 4 5
NEVER MET GOALS| € |[c [ |[c | ¢ |ALWAYS MET GOALS

Scale the level of encouragement you receive from
the organisation for participation in the
formulation of a start-up plan?

1 2 3 4 5
Low| c [cc|c | c|HicH

Scale the competancy of the teams/team members
who formulate the start-up plan

1 2 3 4 5
Low c |cllclclc|acH

Scale the level of Start-Up Plan alignment for the
projects executed or being executed
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PROJECT MANAGER RESEARCH QUESTIONNAIRE
1 2 3 4 5
ow ¢ clclclc|HcH

4. PROJECT EXECUTION

Are the Start Up resources made available or
mobilised at the appropriate time?

YES

NO

MOST OFTEN

NEVER

NOT RELAVANT

(DD DD D

Other:

Scale the level of customer satisfaction with
respect to meeting the quality, schedule and cost
goals?

1 2 3 4 5
Low ¢ || cclc]c|acH

Scale the level of Engineering performance with
respect to productivity, quality adherance and
timely completion of the job for the projects?

1 2 3 4 5
Low ¢ || cclc]c|ucH

Scale the level of Procurement performance with
respect to productivity, quality adherance and
timely completion of the job for the projects?

1 2 3 4 5
ow ¢ || clclc]c|ucH

Scale the level of Construction performance with
respect to productivity, quality adherance and
timely completion of the job for the projects?
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PROJECT MANAGER RESEARCH QUESTIONNAIRE
LOW C | C | C | C | C HIGH

Scale the level of integration between the Project
disciplines (E, P and C)?

1 2 3 4 5
Low ¢ | clclc]c|uacH

Scale the level of integration between the
engineering disciplines?

1 2 3 4 5
ow ¢ || clclc]c|acH

With the help of existing best practices, scale the
benefits realised on project cost, schedule and

quality
QUALITY PRACTICES/BEST PRACTICES/PEM/WORK PROCESSES/WORK
INSTRUCTIONS/DOCUMENTED GUIDELINES (RULES)

1 2 3 4 5

LOW | C ||C | C | C | C HIGH

Scale the amount of construction rework due to
inferior Engineering Quality?

1 2 3 4 5
ow ¢ || clclc]c|acH

Scale the effectiveness of Information Technology
applications to monitor progress made during
project execution?
Progress monitoring and reporting tools

1 2 3 4 5
LOW C ||C | C | C | C HIGH

What are types of Incentive Schemes (if any)
banked by the Projects that have been executed?
[~ Bonus-Penalty Milestones or Incentive-Disincentive

[~ Engineering Target Hour’s Incentive

[~ Weight Incentive

[ Quality Incentive
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PROJECT MANAGER RESEARCH QUESTIONNAIRE

[ Project Control Incentive

[ Other:

What are types of Incentive Schemes (if any) NOT
banked by the Projects that have been executed?

[~ Bonus-Penalty Milestones or Incentive-Disincentive

Engineering Target Hour’s Incentive

Weight Incentive

Quality Incentive

Project Control Incentive

I A A

Other:

In your opinion which of the following 5 most
important drivers that require attention to achive
project success and organisation goal in your
current project?
[ Client Focus
Teamwork
Communication between Individuals, Teams and Disciplines
Collaboration between Individuals, Teams and Disciplines
Trust Between Individuals/Teams/Disciplines
Available Resouces
Leadership Competance
Roles and Responsibility Definition
Technical Skills
Motivation
Project management
Culture
Listening and Feedback
Knowledge Management and Transfer
Creativity
Innovation
Shared Values
Office Environment
Organisation Structure

Social Activities

| {0 A

Other:
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PROJECT MANAGER RESEARCH QUESTIONNAIRE
5. BEST PRACTICES

QUALITY PRACTICES/BEST PRACTICES/PEM/WORK PROCESSES/WORK
INSTRUCTIONS/DOCUMENTED GUIDELINES (RULES)

Scale the level of Escalation contributed to project
cost/schedule due to inferior Engineering
Quality?

1 2 3 4 5
Low/ c [clclc | clucH

Scale the level of Escalation contributed to project
cost/schedule due to inferior Procurement
Quality?

1 2 3 4 5
Low ¢ | clclclc|ucH

Scale the level of Escalation contributed to project
cost/schedule due to inferior Construction
Quality?

1 2 3 4 5
ow ¢ || cclc]c|ucH

Scale the flexibility of disciplines with respect to
adapting the best practices

1 2 3 4 5
ow ¢ ||cclc]c|HcH

Scale the robustness of interdisciplinary best
practices

1 2 3 4 5
Low/ c [clcllc | clucH

Are the best practices today driven to satisfy
client requirements?

" YES
 NO
(- MOST OFTEN
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PROJECT MANAGER RESEARCH QUESTIONNAIRE

(" RARELY

( Other:

Are the best practices today driven by
Developments in Technology?

e

(DD

YES

NO

MOST OFTEN
RARELY
Other:

Are the best practices today driven by the need to
improve engineering quality?

VNI D

YES

NO

MOST OFTEN
RARELY
Other:

Are the best practices today driven by the need to
improve construction quality?

D (DD DD

YES

NO

MOST OFTEN
RARELY
Other:

Are the best practices today driven by the goal to
execute your work for the estimated cost and
planned schedule?

V(DD D

YES

NO

MOST OFTEN
RARELY
Other:

Are the best practices today driven by
competitors?
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PROJECT MANAGER RESEARCH QUESTIONNAIRE
YES

NO
MOST OFTEN
RARELY

DN DD DD

Other:

Are the best practices today driven by the need to
maintain consistency of product/service?

" YES

. NO
(" MOST OFTEN
" RARELY
(" Other:

If there is a tool/system/philosophy in place to
review/analyse the work processes, scale the level
of its effect in optimizing the work processes?

1 2 3 4 5
Low ¢ || cclc]c|uacH

Scale the efficiency of the process or procedure or
a system used by your project/discipline to
retain/use the best practices in project execution?

1 2 3 4 5
Low ¢ ||clclc]c|acH

Is there a dedicated team to identify and
implement the use best practices in project
execution?

YES

NO

DONT KNOW

MAY BE

V(DD

Other:

How often has there been a construction rework
because of you or your team?

 YES
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NO

MOST OFTEN
RARELY

DD DD

Other:

Can you specify any unproductive activities that
can be eliminated as they are not relevant in the
execution of your responsibility?

Do you provide a feedback on the quality of
information you receive from whom you depend
upon?

YES

NO

MOST OFTEN

RARELY

Do you document/record/transfer or implement
into a procedure/best practice, the feedback you
receive from your dependents?

" YES

— NO

(" MOST OFTEN

(" RARELY

Scale your level of your
participation/involvement in procedure or work
process formulation

1 2 3 4 5
ow/ c [cclc | clucH

Can you list any value generating processes that
are affecting the project quality, cost and

schedule?
-~-CONFIDENTIAL---

10



PROJECT MANAGER RESEARCH QUESTIONNAIRE

Value Generating processes are activities/actions that produce a tangible product(ex: 2D
isometric, Line List, PID, Structural drawings etc) or a non-tangible product (ex: Sharing
information through meetings and discussion, reporting progress) required for project
execution

If best practices are not followed BY YOU OR
YOUR TEAM to its requirements, then which of
the following best justify as barriers for not using
the same in project execution?
[ COMSUMES SIGNIFICANT TIME
NO INCENTIVE OR MOTIVATION
CULTURAL DIFFERENCES
ASSUMPTIVE NATURE
HAVE OTHER PRIORITIES
NOT ALIGNED TO THE JOB
REQUIRES SIGNIFICANT RESOURCES

1 (A

Other:

6. INFORMATION AND COMMUNICATION
TECHNOLOGY (ICT)

Scale the utilisation of communication technology
among the disciplines/departments/team
members

Examples - Email, Telephone, Common repository Applications , Meetings

1 2 3 4 5
Low ¢ | clclc]c|ucH

Scale your team's level of
adaptability/responsiveness/flexibility to change
in ICT

1 2 3 4 5
Low ¢ || clclc]c|ucH
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PROJECT MANAGER RESEARCH QUESTIONNAIRE

Scale the efficiency of the
tools/applications/process used as common
information repository in the project?

1 2 3 4 5
Low/ c [clclc | clucH

Scale the level of Information and communication
tools/applications alignment with project goals
and organisation goals

1 2 3 4 5
ow/ c [clclc | clucH

Scale the complexity of Information and
communication tools/applications to achieve
interdependent information or data
between/across the disciplines

1 2 3 4 5
LOW C | C | C ||C | C HIGH

What are the means of communication channels
used by your dependents to give a feed back on
your quality or timeliness of data?

[~ EMAIL

[~ PHONE

[ VERBAL

[ WE HAVE A FEEDBACK APPLICATION/PROCEDURE

7. PROJECT ORGANISATION

Scale the level of complexity involved in finding
the people from whom you require information

1 2 3 4 5
ow ¢ || cclclc|HicH

Scale your level of trust on your team members
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PROJECT MANAGER RESEARCH QUESTIONNAIRE
1 2 3 4 5
Low| c |[c|[c|c | c |HGH

Scale your level of relationship/trust with people
who depend on you for information

1 2 3 4 5
Low| c |[c|[c|c | c acH

Scale your level of trust/relationship with people
whom you depend upon for information

1 2 3 4 5
Low| c |[c|[c|c | c acH

Is the Organisation culture encouraging
innovation?
" YES
NO
MOST OFTEN
RARELY

DN DD

Other:

Which of the following are the potential causes
that are affecting your ability to deleiver your
responsibilities?
[~ My Role and Responsibility Definition
[~ Leadership Competance
Trust Between Team Members and Supervisors
Technical Skills/Competency
Too Centralised Project Structure
Lot Of Bureaucracy
Cultural Differences
Too Many Priorities
Inefficient/No Work Procedures
Complex Work Processes
Too Much Focus on Delivery Schedule
Communication

Insufficient information from whom I Depend Upon

A A I I I

Inferior Quality of Information from Whom I Depend Upon
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PROJECT MANAGER RESEARCH QUESTIONNAIRE

Lact Of information about Best Practices
Insufficient Training

Lack of Orientation towards the Final Delliverable
Complex IT Applications

Poor IT Application Support

Too Much to Deliver

Complexity in Gathering Information

B (A

Other:

Apart from executing your responsibilities during
your employment in the organisation, what have
you contributed towards project success and
organisation goal?

8. KNOWLEDGE MANAGEMENT (LESSONS
LEARNED)

Knowledge management is a process of capturing, recording, transfering and
implementing the solutions that evolve as a result of high level of reasoning and
problem solving.

How frequently do you think the projects executed
or being executed are identifying, implementing
and using the lessons learned in project
execution?

Continuously

Occasionally

Only When there is a need

Rarely

Never

D (DD DD D

Other:

Do you receive adequate support from the
organisation to identify, implement and use the
lessons learned program?
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PROJECT MANAGER RESEARCH QUESTIONNAIRE
YES

NO
SOMETIMES YES; SOMETIMES NO
Other:

According to you are the lessons learned getting
converted into best practices or procedures?

YES

NO

MOST OFTEN

RARELY

(DD

Other:

Is there a dedicated team to identify and
implement the lessons learned in project
execution?

YES

NO

MOST OFTEN

RARELY

DI IDD

Other:

Grade the culture of lessons learned process or
knowledge management in your
discipline/project?

1 2 3 4 5
ow/ c [clclc | clucH

If there are any tools available to register and
transfer lessons learned into action, then Scale the
efficiency of the tools?

1 2 3 4 5
Low/ c [clclc | clucH

According to you, what are the potential
challenges faced in implementing lessons learned
process to the project and organisation ?

[ Resource Constraints
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PROJECT MANAGER RESEARCH QUESTIONNAIRE

Consumes Time

Not a Priority

Dont see Significant Value in Lessons Learned
No data is Available to register Lessons Learned
Employee Motivation

No Incentive

B e {

Other:

9. BENCH MARKING ( BETWEEN PROJECTS)

The organisation’s activity of comparing context, processes, strategies and outputs
across firms and within concurrent internal projects/disciplines in order to evaluate
one’s position with respect to other firms/projects/disciplines to identify, adapt, and
implement the best practices

If there a benchmarking process for your
project/discipline?

" YES

 NO

(" Other:

If there is a benchmarking process for your
project/discipline, how frequently it is used?
CONTINUOUSLY

OCCASIONALLY

NEVER

DD DD

Other:

If there is a benchmarking process for your
project/discipline, scale the Quality of
Benchmarking?

12 3 4 5
Low ¢ ¢ || || | HIGH

If there is no benchmarking process of the project
in the Organisation, How do you measure your
projects/disciplines performance with respect to
other projects?
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Submit

Google Docs

Report Abuse - Terms of Service - Additional Terms
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TEAM LEAD RESEARCH QUESTIONNAIRE

DISCIPLINE/TEAM
LEAD

Please read the following instructions before proceeding to the
questionnaire:

+Please do not discuss the questions with anybody within or
outside the organisation

+Please take a print and manually mark it with a pen. No Electronic
Copies please.

oIf a particular question is not relevant to you, then please do not
answer it.

+Please do not hesitate to contact me for any clarifications

«Do not write your names or any other personal information on the
questionnaire

+Once the questionnaire is completed, please drop it in a box
marked ‘SURVEY’ located behind the reception

1. RESPONDENT PROFILE

DISCIPLINE

Years of service in the present organisation
( LESS THAN 1

BETWEEN 1 AND 5 YEARS

BETWEEN 5 AND 10 YEARS

MORE THAN 10 YEARS

DD D

Other:

Number of projects you have been a part of in the
present organisation

LESS THAN 1

BETWEEN 1 AND 5

BETWEEN 5 AND 10

MORE THAN 10

D (DD

Other:

---CONFIDENTIAL---



TEAM LEAD RESEARCH QUESTIONNAIRE

What is Your Present Role in the Project?

2. PROJECT SCOPE

Scale the level of project complexity with respect
to the competancy of the Organisation for the
projects being executed?

1 2 3 4 5
Low/ c [clcllc | clucH

3. PROJECT START-UP PLAN

Startup plan consists of a sequence of activities that begins during requirements
definition and extends through initial operations.

Are there any organisation policies/procedures
that govern the budget/schedule estimates for the
project execution activities?

YES

NO

MAY BE

DONT KNOW

V(DD IDD

Other:

If there are any organisation policies/procedures
governing the budget/schedule estimates for the
project execution activities, then scale the
accuracy of the policies?

1 2 3 4 5
NOT ACCURATE ¢ || |[¢ | ¢ |[c |HIGHLY ACCURATE

Scale the level of encouragement you receive from
the organisation for participation in the
formulation of a start-up plan?
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1 2 3 4 5
ow ¢ clclclc|HcH

Scale the competancy of the teams/team members
who formulate the start-up plan

1 2 3 4 5
Low ¢ | clclclc|ucH

Scale the level of Start-Up Plan alignment for the
projects executed or being executed

1 2 3 4 5
ow ¢ || clclc]c|acH

4. PROJECT EXECUTION

Are the Start Up resources made available or
mobilised at the appropriate time?
" YES
. NO
MOST OFTEN
NEVER
NOT RELAVANT

DN DD

Other:

Scale the level of integration between the Project
disciplines (E, P and C)?

1 2 3 4 5
Low ¢ || cclc]c|acH

Scale the level of integration between the
engineering disciplines?

1 2 3 4 5
ow ¢ ||cclc]c|HcH
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TEAM LEAD RESEARCH QUESTIONNAIRE

Scale the timeliness of the disciplines you depend
upon for the information you need?

1 2 3 4 5
Low ¢ | clclclc|ucH

Scale the amount of construction rework due to
inferior Engineering Quality?

1 2 3 4 5
ow ¢ || clclc]c|acH

Scale the effectiveness of Information Technology
applications to monitor progress made during
project execution?
Progress monitoring and reporting tools

1 2 3 4 5
LOW C ||C | C | C | C HIGH

In your opinion which of the following 5 most
important drivers that require attention to achive
project success and organisation goal in your
current project?
[ Client Focus
Teamwork
Communication between Individuals, Teams and Disciplines
Collaboration between Individuals, Teams and Disciplines
Trust Between Individuals/Teams/Disciplines
Available Resouces
Leadership Competance
Roles and Responsibility Definition
Technical Skills
Motivation
Project management
Culture
Listening and Feedback
Knowledge Management and Transfer
Creativity
Innovation

Shared Values

| 1 1 |

Office Environment
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[~ Organisation Structure
[ Social Activities

[ Other:

5. BEST PRACTICES

QUALITY PRACTICES/BEST PRACTICES/PEM/WORK PROCESSES/WORK
INSTRUCTIONS/DOCUMENTED GUIDELINES (RULES)

Scale the flexibility of disciplines with respect to
adapting the best practices

1 2 3 4 5
Low| c |[c|[c|c | acH

Scale the robustness of interdisciplinary best
practices

1 2 3 4 5
Low c |[c|[c|c | c |HGH

Are the best practices today driven to satisfy
client requirements?
" YES
NO
MOST OFTEN
RARELY

RINES RIS INED!

Other:

Are the best practices today driven by
Developments in Technology?
" YES
NO
MOST OFTEN
RARELY

(DD

Other:

Are the best practices today driven by the need to
improve engineering quality?
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YES

NO

MOST OFTEN
RARELY
Other:

Are the best practices today driven by the need to
improve construction quality?

o

DD DD

YES

NO

MOST OFTEN
RARELY
Other:

Are the best practices today driven by the goal to
execute your work for the estimated cost and
planned schedule?

D (DD DD

YES

NO

MOST OFTEN
RARELY
Other:

Are the best practices today driven by
competitors?

C

DN DD D

YES

NO

MOST OFTEN
RARELY
Other:

Are the present procedures/work instructions
clearly defining the scope of your responsibility?

o

DD DD

YES

NO

MOST OFTEN
RARELY
Other:
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Are the best practices today driven by the need to
maintain consistency of product/service?
" YES
NO
MOST OFTEN
RARELY

DD D

Other:

Are the present procedures/work instructions
clearly defining the expectations of your
responsibility?

" YES
NO
MOST OFTEN
RARELY

DN DD D

Other:

If there is a tool/system/philosophy in place to
review/analyse the work processes, scale the level
of its effect in optimizing the work processes?

1 2 3 4 5
Low/ c [clclc | cucH

Scale the efficiency of the process or procedure or
a system used by your project/discipline to
retain/use the best practices in project execution?

1 2 3 4 5
row/ c [clclc | cucH

Is there a dedicated team to identify and
implement the use best practices in project
execution?

YES

NO

DONT KNOW

MAY BE

D (DD DD

Other:
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TEAM LEAD RESEARCH QUESTIONNAIRE

How often has there been a construction rework
because of you or your team?

YES

NO

MOST OFTEN

RARELY

DD DD

Other:

Scale the level of Quality Control
practices/reviews followed on your Job

1 2 3 4 5
Low/ c [clclc | clucH

Scale the Quality of information you receive from
whom you depend upon

1 2 3 4 5
ow ¢ || clclc]c|ucH

Scale the timeliness of the disciplines you depend
upon for the information you need?

1 2 3 4 5
LOW C | C | C ||C | C HIGH

Scale the amount of rework you have to do as a
result of the quality of information you receive
from whom you depend upon?

1 2 3 4 5
row/ c [clclc | cucH

Scale the affect of planning or stringent delievery
times on the quality of your deliverable

1 2 3 4 5
Low ¢ || cclc]c |acH
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Can you specify any unproductive activities that
can be eliminated as they are not relevant in the
execution of your responsibility?

Do you get a feedback on the quality of
information you provide?

" YES

— NO

(" MOST OFTEN

(" RARELY

Do you provide a feedback on the quality of
information you receive from whom you depend
upon?

" YES

— NO

(" MOST OFTEN

(" RARELY

Do you document/record/transfer or implement
into a procedure/best practice, the feedback you
receive from your dependents?

" YES

— NO

(" MOST OFTEN

(" RARELY

Scale your level of your
participation/involvement in procedure or work
process formulation

1 2 3 4 5
LOW C | C | C ||C | C HIGH
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Can you list any value generating processes that
are affecting the project quality, cost and
schedule?

Value Generating processes are activities/actions that produce a tangible product(ex: 2D
isometric, Line List, PID, Structural drawings etc) or a non-tangible product (ex: Sharing
information through meetings and discussion, reporting progress) required for project
execution

If best practices are not followed BY YOU OR
YOUR TEAM to its requirements, then which of
the following best justify as barriers for not using
the same in project execution?
[~ COMSUMES SIGNIFICANT TIME
NO INCENTIVE OR MOTIVATION
CULTURAL DIFFERENCES
ASSUMPTIVE NATURE
HAVE OTHER PRIORITIES
NOT ALIGNED TO THE JOB
REQUIRES SIGNIFICANT RESOURCES

| (A A

Other:

6. INFORMATION AND COMMUNICATION
TECHNOLOGY (ICT)

Scale the utilisation of communication technology
among the disciplines/departments/team
members
Examples - Email, Telephone, Common repository Applications, Meetings

1 2 3 4 5
LOW C ||C | C | C | C HIGH

Scale your team's level of
adaptability/responsiveness/flexibility to change
in ICT

1 2 3 4 5
---CONFIDENTIAL---
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LOW C | C | C | C | C HIGH

Scale the efficiency of the
tools/applications/process used as common
information repository in the project?

1 2 3 4 5
LOW C | C | C ||C | C HIGH

Scale the level of Information and communication
tools/applications alignment with project goals
and organisation goals

1 2 3 4 5
ow/ c [clclc | clucH

Scale the complexity of Information and
communication tools/applications to achieve
interdependent information or data
between/across the disciplines

1 2 3 4 5
LOW C | C | C ||C | C HIGH

Scale the level of complexity of the source used for
retrieving/receiving the information from whom
you depend upon?

1 2 3 4 5
LOW C | C | C ||C | C HIGH

What are the means of communication channels
used by your dependents to give a feed back on
your quality or timeliness of data?

[~ EMAIL

[~ PHONE

[ VERBAL

[ WE HAVE A FEEDBACK APPLICATION/PROCEDURE

7.PROJECT ORGANISATION
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Scale the level of complexity involved in finding
the people from whom you require information

1 2 3 4 5
ow ¢ || cclc]c|HcH

Scale your level of trust on your team members

1 2 3 4 5
Low ¢ || clclc]c|acH

Scale your level of relationship/trust with people
who depend on you for information

1 2 3 4 5
ow ¢ ||cclc]c|HcH

Scale your level of trust/relationship with people
whom you depend upon for information

1 2 3 4 5
Low/ c [clclc | clucH

Scale the level of opportunity/support you receive

from the organisation to enhance your skills

1 2 3 4 5
Low ¢ || cclc]c|acH

Scale the level of non-productivity as a result of
lack of information from whom you depend
upon?

1 2 3 4 5
ow ¢ ||clclc]c|acH

Scale the flexibility of your supervisor to new
ideas or processes

1 2 3 4 5
LOW C | C | C ||C | C HIGH

---CONFIDENTIAL---
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TEAM LEAD RESEARCH QUESTIONNAIRE

Scale the competency level of your supervisor

1 2 3 4 5
Low| c |[c|[c|c | c acH

Is you interest aligned to the organisation goal?
" YES
. NO

( Other:

Is the Organisation culture encouraging
innovation?
" YES
NO
MOST OFTEN
RARELY

D (DD

Other:

Which of the following are the potential causes
that are affecting your ability to deleiver your
responsibilities?
[~ My Role and Responsibility Definition
Leadership Competance
Trust Between Team Members and Supervisors
Technical Skills/Competency
Too Centralised Project Structure
Lot Of Bureaucracy
Cultural Differences
Too Many Priorities
Inefficient/No Work Procedures
Complex Work Processes
Too Much Focus on Delivery Schedule
Communication
Insufficient information from whom I Depend Upon
Inferior Quality of Information from Whom I Depend Upon
Lact Of information about Best Practices
Insufficient Training
Lack of Orientation towards the Final Delliverable

Complex IT Applications

I I A | A

Poor IT Application Support

---CONFIDENTIAL---



TEAM LEAD RESEARCH QUESTIONNAIRE
[~ Too Much to Deliver

[ Complexity in Gathering Information

[ Other:

Apart from executing your responsibilities during
your employment in the organisation, what have
you contributed towards project success and
organisation goal?

8. KNOWLEDGE MANAGEMENT (LESSONS
LEARNED)

Knowledge management is a process of capturing, recording, transfering and
implementing the solutions that evolve as a result of high level of reasoning and
problem solving.

How frequently do you think the projects executed
or being executed are identifying, implementing
and using the lessons learned in project
execution?

Continuously

Occasionally

Only When there is a need

Rarely

Never

(DD DD D

Other:

Do you receive adequate support from the
organisation to identify, implement and use the
lessons learned program?

" YES

 NO

(" SOMETIMES YES; SOMETIMES NO

(" Other:
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According to you are the lessons learned getting
converted into best practices or procedures?

YES

NO

MOST OFTEN

RARELY

D (DD DD

Other:

Is there a dedicated team to identify and
implement the lessons learned in project
execution?

YES

NO

MOST OFTEN

RARELY

(DD DD

Other:

Grade the culture of lessons learned process or
knowledge management in your
discipline/project?

1 2 3 4 5
Low ¢ || clclc]c|ucH

If there are any tools available to register and
transfer lessons learned into action, then Scale the
efficiency of the tools?

1 2 3 4 5
ow ¢ || cclc]c|HcH

According to you, what are the potential
challenges faced in implementing lessons learned
process to the project and organisation ?

Resource Constraints

Consumes Time

Not a Priority

Dont see Significant Value in Lessons Learned

No data is Available to register Lessons Learned

IR IR R I .

Employee Motivation

---CONFIDENTIAL---
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[ No Incentive

[ Other:

9. BENCH MARKING (BETWEEN PROJECTS)

The organisation’s activity of comparing context, processes, strategies and outputs
across firms and within concurrent internal projects/disciplines in order to evaluate
one’s position with respect to other firms/projects/disciplines to identify, adapt, and
implement the best practices

If there a benchmarking process for your
project/discipline?

" YES

 NO

( Other:

If there is a benchmarking process for your

project/discipline, how frequently it is used?
(* CONTINUOUSLY

( OCCASIONALLY

(" NEVER

(" Other:

If there is a benchmarking process for your
project/discipline, scale the Quality of
Benchmarking?

12 3 4 5
Low ¢ | | | HIGH

If there is no benchmarking process of the project
in the Organisation, How do you measure your
projects/disciplines performance with respect to
other projects?

---CONFIDENTIAL---
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TEAM MEMBER RESEARCH QUESTIONNAIRE

TEAM MEMBER

Please read the following instructions before proceeding to the
questionnaire:

Please do not discuss the questions with anybody within or
outside the organisation

Please take a print and manually mark it with a pen. No Electronic
Copies please.

oIf a particular question is not relevant to you, then please do not
answer it.

+Please do not hesitate to contact me for any clarifications

«Do not write your names or any other personal information on the
questionnaire

+Once the questionnaire is completed, please drop it in a box
marked ‘SURVEY’ located behind the reception

1. RESPONDENT PROFILE

DISCIPLINE

Years of service in the present organisation
(" LESS THAN 1

BETWEEN 1 AND 5 YEARS

BETWEEN 5 AND 10 YEARS

MORE THAN 10 YEARS

(DD

Other:

Number of projects you have been a part of in the
present organisation

LESS THAN 1

BETWEEN 1 AND 5

BETWEEN 5 AND 10

MORE THAN 10

DD DD

Other:

What is Your Present Role in the Project?
---CONFIDENTIAL---
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4.PROJECT EXECUTION

Scale the timeliness of the disciplines you depend
upon for the information you need?

1 2 3 4 5
Low| c |[c|[c|c | c acH

Scale the amount of construction rework due to
inferior Engineering Quality?

1 2 3 4 5
Low| c |[c|[c|c | c acH

In your opinion which of the following 5 most
important drivers that require attention to achive
project success and organisation goal in your
current project?
[ Client Focus
Teamwork
Communication between Individuals, Teams and Disciplines
Collaboration between Individuals, Teams and Disciplines
Trust Between Individuals/Teams/Disciplines
Available Resouces
Leadership Competance
Roles and Responsibility Definition
Technical Skills
Motivation
Project management
Culture
Listening and Feedback
Knowledge Management and Transfer
Creativity
Innovation
Shared Values

Office Environment

T I | A | A

Organisation Structure
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[ Social Activities

[ Other:

5.BEST PRACTICES

QUALITY PRACTICES/BEST PRACTICES/PEM/WORK PROCESSES/WORK
INSTRUCTIONS/DOCUMENTED GUIDELINES (RULES)

Scale the flexibility of disciplines with respect to
adapting the best practices

1 2 3 4 5
Low c |[c|[c|c | c |HGH

Scale the robustness of interdisciplinary best
practices

1 2 3 4 5
Low/ c | cllc e |acH

Are the best practices today driven to satisfy
client requirements?
" YES
NO
MOST OFTEN
RARELY

(DD

Other:

Are the best practices today driven by
Developments in Technology?
" YES
NO
MOST OFTEN
RARELY

DN DD

Other:

Are the best practices today driven by the need to
improve engineering quality?

" YES

---CONFIDENTIAL---



DD DD

TEAM MEMBER RESEARCH QUESTIONNAIRE
NO

MOST OFTEN
RARELY
Other:

Are the best practices today driven by the need to
improve construction quality?

(DD DD

YES

NO

MOST OFTEN
RARELY
Other:

Are the best practices today driven by the goal to
execute your work for the estimated cost and
planned schedule?

DI IDD

YES

NO

MOST OFTEN
RARELY
Other:

Are the best practices today driven by
competitors?

o

DD DD

YES

NO

MOST OFTEN
RARELY
Other:

Are the present procedures/work instructions
clearly defining the scope of your responsibility?

C

DD D

YES

NO

MOST OFTEN
RARELY
Other:
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Are the best practices today driven by the need to
maintain consistency of product/service?
" YES
NO
MOST OFTEN
RARELY

(DD

Other:

Are the present procedures/work instructions
clearly defining the expectations of your
responsibility?

" YES
NO
MOST OFTEN
RARELY

D (DD

Other:

If there is a tool/system/philosophy in place to
review/analyse the work processes, scale the level
of its effect in optimizing the work processes?

1 2 3 4 5
Low ¢ || clclc]c|acH

Scale the efficiency of the process or procedure or
a system used by your project/discipline to
retain/use the best practices in project execution?

1 2 3 4 5
ow ¢ || cclc]c|HcH

Is there a dedicated team to identify and
implement the use best practices in project
execution?

YES

NO

DONT KNOW

MAY BE

DD DD

Other:
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How often has there been a construction rework
because of you or your team?

YES

NO

MOST OFTEN

RARELY

DD DD

Other:

Scale the level of Quality Control
practices/reviews followed on your Job

1 2 3 4 5
row/ c [clclc | clucH

Scale the Quality of information you receive from
whom you depend upon

1 2 3 4 5
ow ¢ || clclc]c|ucH

Scale the timeliness of the disciplines you depend
upon for the information you need?

1 2 3 4 5
LOW C | C | C ||C | C HIGH

Scale the amount of rework you have to do as a
result of the quality of information you receive
from whom you depend upon?

1 2 3 4 5
row/ c [clclc | cucH

Scale the affect of planning or stringent delievery
times on the quality of your deliverable

1 2 3 4 5
Low ¢ | cclc]c|acH
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Can you specify any unproductive activities that
can be eliminated as they are not relevant in the
execution of your responsibility?

Do you get a feedback on the quality of
information you provide?

" YES

— NO

(" MOST OFTEN

(" RARELY

Do you provide a feedback on the quality of
information you receive from whom you depend
upon?

" YES

 NO

(~ MOST OFTEN
-

RARELY

Do you document/record/transfer or implement
into a procedure/best practice, the feedback you
receive from your dependents?

" YES

— NO

(" MOST OFTEN

(" RARELY

Scale your level of your
participation/involvement in procedure or work
process formulation

1 2 3 4 5
LOW C | C | C ||C | C HIGH
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Can you list any value generating processes that
are affecting the project quality, cost and
schedule?

Value Generating processes are activities/actions that produce a tangible product(ex: 2D
isometric, Line List, PID, Structural drawings etc) or a non-tangible product (ex: Sharing
information through meetings and discussion, reporting progress) required for project
execution

If best practices are not followed BY YOU OR
YOUR TEAM to its requirements, then which of
the following best justify as barriers for not using
the same in project execution?
[~ COMSUMES SIGNIFICANT TIME
NO INCENTIVE OR MOTIVATION
CULTURAL DIFFERENCES
ASSUMPTIVE NATURE
HAVE OTHER PRIORITIES
NOT ALIGNED TO THE JOB
REQUIRES SIGNIFICANT RESOURCES

| (A A

Other:

6. INFORMATION AND COMMUNICATION
TECHNOLOGY (ICT)

Scale the utilisation of communication technology
among the disciplines/departments/team
members

Examples - Email, Telephone, Common repository Applications, Meetings

1 2 3 4 5
Low ¢ || clclc]c|acH

Scale your team's level of
adaptability/responsiveness/flexibility to change
in ICT
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1 2 3 4 5
ow c |cllcllclc|acH

Scale the efficiency of the
tools/applications/process used as common
information repository in the project?

1 2 3 4 5
Low c |cllclclc|acH

Scale the level of Information and communication
tools/applications alignment with project goals
and organisation goals

1 2 3 4 5
ow c |cllclclc|acH

Scale the complexity of Information and
communication tools/applications to achieve
interdependent information or data
between/across the disciplines

1 2 3 4 5
ow c |cllclclc|acH

Scale the level of complexity of the source used for
retrieving/receiving the information from whom
you depend upon?

1 2 3 4 5
Low c |cllclclc|acH

What are the means of communication channels
used by your dependents to give a feed back on
your quality or timeliness of data?

[~ EMAIL

[~ PHONE

[~ VERBAL

[T WE HAVE A FEEDBACK APPLICATION/PROCEDURE
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7. PROJECT ORGANISATION

Scale the level of complexity involved in finding
the people from whom you require information

1 2 3 4 5
ow ¢ || clclc]c|acH

Scale your level of trust on your team members

1 2 3 4 5
Low c [clclc | clucH

Scale your level of relationship/trust with people
who depend on you for information

1 2 3 4 5
ow ¢ || clclc]c|acH

Scale your level of trust/relationship with people
whom you depend upon for information

1 2 3 4 5
LOW C | C | C ||C | C HIGH

Scale the level of opportunity/support you receive
from the organisation to enhance your skills

1 2 3 4 5
Low ¢ || clclclc|ucH

Scale the level of non-productivity as a result of
lack of information from whom you depend
upon?

1 2 3 4 5
Low ¢ || clclc]c|ucH

Scale the flexibility of your supervisor to new
ideas or processes

1 2 3 4 5

---CONFIDENTIAL---
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LOW C ||C | C | C | C HIGH

Scale the competency level of your supervisor

1 2 3

4

5

Low ¢ | || C | C | HIGH

Is you interest aligned to the organisation goal?

o

e

o

YES
NO
Other:

Is the Organisation culture encouraging

innovation?

o

D (DD

YES

NO

MOST OFTEN
RARELY
Other:

Which of the following are the potential causes
that are affecting your ability to deleiver your
responsibilities?

»

T I I A | A

My Role and Responsibility Definition

Leadership Competance

Trust Between Team Members and Supervisors

Technical Skills/Competency

Too Centralised Project Structure

Lot Of Bureaucracy

Cultural Differences

Too Many Priorities

Inefficient/No Work Procedures

Complex Work Processes

Too Much Focus on Delivery Schedule

Communication

Insufficient information from whom I Depend Upon

Inferior Quality of Information from Whom I Depend Upon

Lact Of information about Best Practices

Insufficient Training

---CONFIDENTIAL---
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Lack of Orientation towards the Final Delliverable
Complex IT Applications
Poor IT Application Support
Too Much to Deliver

Complexity in Gathering Information

I | (e |

Other:

Apart from executing your responsibilities during
your employment in the organisation, what have
you contributed towards project success and
organisation goal?

8. KNOWLEDGE MANAGEMENT (LESSONS
LEARNED)

Knowledge management is a process of capturing, recording, transfering and
implementing the solutions that evolve as a result of high level of reasoning and
problem solving.

How frequently do you think the projects executed
or being executed are identifying, implementing
and using the lessons learned in project
execution?

Continuously

Occasionally

Only When there is a need

Rarely

Never

DD DD D

Other:

Do you receive adequate support from the
organisation to identify, implement and use the
lessons learned program?

" YES
- NO

---CONFIDENTIAL---
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(- SOMETIMES YES; SOMETIMES NO

( Other:

According to you are the lessons learned getting
converted into best practices or procedures?
" YES
NO
MOST OFTEN
RARELY

D (DD

Other:

Is there a dedicated team to identify and
implement the lessons learned in project
execution?

YES

NO

MOST OFTEN

RARELY

(DD

Other:

Grade the culture of lessons learned process or
knowledge management in your
discipline/project?

1 2 3 4 5
ow ¢ || clclc]c|acH

If there are any tools available to register and
transfer lessons learned into action, then Scale the
efficiency of the tools?

1 2 3 4 5
LOW C | C | C ||C | C HIGH

According to you, what are the potential
challenges faced in implementing lessons learned
process to the project and organisation ?

[ Resource Constraints

[~ Consumes Time

---CONFIDENTIAL---
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Not a Priority
Dont see Significant Value in Lessons Learned
No data is Available to register Lessons Learned
Employee Motivation

No Incentive

I | (e |

Other:
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