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ABSTRACT

Public procurement is a very vital policy instrument and an important government function.
However, numerous problems such as cost and time over-run, and quality failures continue to
affect its outcomes. This research, therefore, aims at analyzing risks present in the public

procurement for finding remedial measures to improve the procurement performance.

Initially, an extensive literature review was undertaken to develop a procurement risk
perspective. The review provides theoretical foundation of public procurement, examines the
existing risk assessment techniques to identifies useful ones, and provides valuable direction for
conducting a comprehensive risk analysis. Thereafter, this research attempts to develop an
appropriate risk analysis technique by integrating grounded theory, fault tree analysis and failure
mode effects and criticality analysis. It uncovers functional level vulnerabilities and uncover
their interconnectedness. Minimal cut set method was applied to simulate potential pathways
leading to unfair contract awards. It also ranks the criticality of identified risk factors and

deduces important risk mitigation measures.

We further study the work execution phase by using socio-technical system concepts to improve
our understanding to set up a game model. The model identifies six important risk factors and
infers several improvement measures. This study extends the analysis by applying evolutionary
game theory with supply chain perspective. Using replicator equation helps us in capturing the
dynamism of execution phase in mathematical formulations which reveals that a stable state is
dependent on several critical factors like cost of adequate supervision, penalty structure, and cost
of rework. The evolutionary analysis describes a macro environment and tells about how the
project environment can be changed from undesirable states to more desirable alternative

equilibrium states. It thereby assists in devising measures for promoting these shifts.

This study also models quality failure costs and monitoring strategies which characterize
circumstances describing optimal monitoring. It shows that modelling quality failures along with
their economic implications can provide a consistent basis for risk management. The study offers

useful insight for both academics and practitioners and provides future research agenda.
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CHAPTER

INTRODUCTION

1.1 INTRODUCTION

An effective public procurement system, which can be defined as purchase for people by the
agent of people by using public funds, i.e., taxes (Murray, 2009), has a crucial role in making
society better in developing as well as developed countries. The history of Public
procurement dates back to thousands of years. The earliest procurement order was inscribed
on a red clay tablet in Syria (Coe, 1989). This order, which dates from between 2400 and
2800 B.C, was issued for procurement of 50 jars of fragrant smooth oil. The silk trade
development between China and a Greek colony in 800 B.C is an additional historical
evidence (Thai, 2001). Initially, procurement was regarded as a clerical activity. With time, it
has transformed from a subordinate's function to that of strategic importance. The
significance of procurement activity is inexplicably linked with economy of the times. In this
regard, most important changes pertain to increasing emergence of importance of
organizations in societies. Organizations are the basic units of modern societies and enable
people to achieve collective and individual goals through their socio-technical mechanisms.
Their output ranges from the infrastructure and development of societies to delivery of public
services. As a result, procurement function also got diversified ranging from purchase of
simple goods to complex products like airliners, high speed rail, from small works to large

projects and from traditional services to modern technological innovations.

The form of organization changed during British Industrial Revolution when individual mode
of production were being replaced by a collectively organized mode. This change necessitates
required coordination of activities in terms of time-phasing of the inputs, increased
specialization of labour and standardization of products. With further innovations like new

steel making processes and increased mechanization, organizations acquired multidivisional
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form which required the innovations to handle increasing complexity of the production
process (Kapas, 2008). Innovations in structures of organizations also occasioned the growth
of supportive financial, and logistic infrastructures including state-of-the-art material
management practices. Consequently, procurement acquired substantial significance during
the Industrial Revolution when it became more than a part of an employee’s skill-set
(Whitemore, 2015).

When plants needed resources for manufacturing, many of them hired “materials” men to
arrange the acquisition, storage, and movement of input supplies. Subsequently, goods and
services were supplied by commissaries who received commissions for arranging supply of
goods and services (Thai, 2001). It was Oklahoma State Government that first created a board
to centrally procure goods and services for all the state departments (Page, 1980). This is the
first formal procurement structure that came into existence in 1810. During Second World
War, project form of organization evolved to urgently develop and deliver complex
armaments and organize enormous task forces of troops and various items (Nicholas and
Steyn, 2008). Subsequently, project form of organization emerged in the defence, engineering
and construction sectors to optimise efficiently the management of organisational resources.
Thereafter, knowledge has become a critical input in the industrial enterprise for deriving
strategic competitive advantage (Omotayo, 2015). In this process, variety and complexity of
procurement activities have increased tremendously (Terzi et al., 2011). At the same time, its
size has increased significantly. As a result, purchasing has now assumed strategic
significance in both public as well as private organization. Both public and private
procurement share many similarities such as value for money, price determination, quality,
vendor development, ethics, and market analysis. However, unlike procurement in the private
sector, public procurement includes public concerns and efficiency considerations (Choi,
2010).

Realizing the importance of procurement functions and potential to serve key policy
objectives like sustainable development (Brammer and Walker, 2011) and driving
innovations (Aschhoff and Sofka, 2009), it has got the attention of researchers, governments
and international bodies. The objective of regulatory and monitoring public procurement (PP)

is mainly threefold, viz., (i) Equity, (ii) Integrity and (iii) Economy and Efficiency (Kelman,
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1990). Equity implies that bidders are not arbitrarily excluded. Integrity is necessary to
reduce chances of unethical behaviour. The goal of economy and efficiency signifies the
value for money in the purchase of goods and delivery of public service and projects.
However, inefficiency, corruption and disregard of value for money considerations in PP has
overshadowed its key aspects of transparency, efficiency and competitive supply in the past
(Amemba et al., 2015). It has obstructed the progress towards achieving the national
development objectives (Tan et al., 2009). The need of research effort is, therefore, the prime
necessity as the potential for improvement is quite enormous in terms of increase in
efficiency, reduction in waste and achieving better outcomes i.e. value for money and

promoting best practices.

Despite innovation in organization structures for effective coordination and efficient
monitoring and supervision, management of human behaviour and channelizing it into correct
direction remains always a challenging task. Multifunctional organizations and temporary
forms like projects provide significant degrees of freedom and discretions in decision making
which entitle officials working in key positions with substantial power and influence. The
concentration of power not only helps in achieving the major organizational goals, but also
contributes to some of the worrying actions (Coleman, 1974). Examples include,
bid rigging for getting the contract and price fixing in the market for electrical equipment
industry (Pfister, 2009) and setbacks to project such as abandonment or completion below
standard (Oyewobi et al., 2011). Stanford Business (2003) reports that way back in 1872, the
directors of the Boston Pacific Railroad fraudulently collected the profits by getting actual
construction work done by another company which were owned by them. These incidents
indicate that transparent tendering and contract award are essential for efficiency and

effectiveness in the procurement process.

With information-communication technological development, organizations are now
leveraging these improvements to streamline their procurement process for improving
delivery of service and program efficiency. However, the issues pertaining to contract
execution phase remains largely unaddressed. A large chunk of public procurement goes into
large infrastructure and construction projects which aim at long-term social and economic
development and involve huge expenditure. Globally, megaprojects alone make up 8 percent

of total World GDP (Flyvbjerg, 2014). Further, annual global infrastructure expenditure will
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rise from $4 trillion in 2012 to more than $9 trillion by 2025 (PwC, 2016). However, there
remains general dissatisfaction with the procurement outcome (Wells, 2014) in terms of cost
overruns, time delays, benefit shortfalls and quality failures. Several factors like complexity,
capability limitation and project characteristics can undermine the performance outcome
(Locatelli et al., 2014). Complexities, multiplicity of stakeholders and fragmentation of
controls in the procurement process make performance monitoring a difficult exercise. Most
of the existing studies have concentrated either in tendering or in execution phase in an
integrated manner though vulnerabilities present in one phase will affect other.

Efficiently managing the procurement spending remains an unaddressed policy concern and
management challenge (Thai, 2001). Reforms have been recommended by various
international bodies like OECD, European Union, World Bank, ITO and governments,
however, public organizations have yet to address several deficiencies and weaknesses
present in their procurement processes. Actually, the basic processes of procurement cycle
are not robust enough and remedial measures and/or actions are required in processes,
methods, practices, monitoring mechanisms and human resources which cannot be addressed
by national procurement regulations and laws (Thai et al., 2005). It emphasizes that the need
to relook within the organization regarding vulnerability or weaknesses remained un-
addressed. This requires development of an organizational perspective of procurement risks

thus research efforts are needed to identify the procurement risk and find remedial measures.

Risk of resource waste and underperformance is always a key concern in procurement
process. The harmful and unproductive work practices causing loss of efficiency leading to
wastage of resources and quality failures need to be considered in the analysis. However, the
observed problems of procurement does not tell the entire story (Kelman, 1990). Hence, it
becomes necessary to develop a systemic view of the problems by considering entire value
chain associated with procurement in the analysis. In this regard, inventory management
emerges as an important activity. Inventory makes up a quite considerable part of the existing
assets in the organizations (Mwayongo, 2017). It is important to understand the issue of
inventory control and align their purchasing strategies accordingly (Babbar et al., 1998) to
ensure undisrupted supply and derive cost benefits. Further, causes of waste and other

problems include decisions that are made with a lack of information or understanding
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(Vrijhoef and Koskela, 1999). Considering the success of supply chain (SC) philosophy into
other industry, it has therefore been considered for application in construction industry
(McDermott and Khalfan, 2006) for making efficient choices for mitigating the performance
risks. Further, quality failure costs usually range from five to twenty percent of the project
value (Nylen,1996; Barber et al., 2000; Palaneeswaran et al., 2008; Jafari et al., 2013) and
would give rise to performance uncertainties in the projects. Organization can draw
sustainable advantage from efficient monitoring of quality failures. However, this requires
appropriate modelling of the quality failure costs for suggesting efficient monitoring

strategies.

1.2 ORGANIZATIONS STRUCTURE AND CONTROLS: A SYNOPTIC

ILLUSTRATION:

An organization is defined as the planned coordination of two or more people who are
functioning on a relatively continuous basis to achieve a common goal or set of goals through
division of labour and a hierarchy of authority (Robbins, 1983). The persistent collective
action focussed towards a common purpose differentiates organizations from other social
units like friend groups or club. Organizational structure is designed with focus on mainly
three core dimensions, viz. complexity, formalization and centralization (Hendrick and
Kleiner, 2001). Complexity, in-turn, consists of two components. These are namely;
differentiation and integration (Kleiner, 2006). Differentiation actually denotes the presence
of different organizational units, and numerous steps and interactions whereas integration
reflects multiple interactions with coordinating mechanisms. Formalization is considered as
the degree of standardization. The notion of formalization is receiving continually increasing
attention for resolving the problems arising due to complexity. For instance, standard precast
structures and prefabricated items are being used in construction projects on the line of
manufacturing organization to improve the project performance. These efforts aimed at using
innovation in organizations structures for reducing the waste by efficiently managing the flow
of materials supply during work execution. Further, centralization pertains to decision-

making and also reflects the extent to which authority is bestowed in some important
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positions. However, decision-makers have a limited time, resource and capacity for handling
various organizational tasks and problems. Simon (1957) termed this limitation as bounded
rationality. It is a common problem witnessed in complex organizational systems consisting
of a large number of interacting elements. Organizations therefore provide a formal
framework in the form of rules, policies, and access to information to channelize the

decision-making behaviour for creating a capacity to realize particular goals and values.

As a planned and deliberately structured unit, organizations constantly and self-consciously
reviewing their activities to elicit the performances it needs by controlling the undesired
outcomes and activities. Actually, control structures are the arrangements that outline the way
for directing, evaluating and rewarding the people (Aldrich, 1999). In practice, organization
uses a wide array of techniques, viz. supervision, rules, job descriptions, statistical process
charts, budgets and audit mechanisms, etc. Organizational control literature review reveals
that organizational leaders target controls either at outcomes or at the antecedent behaviours
associated with those outcomes (Merchant, 1985). Outcome-oriented controls involve
influencing the current behaviour through its consequences like rewards or punishments by
linking it to desired results as an attempt to eradicate corruption. Process-oriented controls
focus on using active intervention prior to and during the conduct of work for ensuring that
individuals are working for attaining organization’s goals. For example, process-oriented
method would involve ongoing monitoring of the key personnel’s behaviour like repeatedly

awarding the contract to certain vendors.

Organizations use activity systems for carrying out their work by processing raw materials,
and information with the help of people. Organization can be structured in various ways for
allocating the set of responsibilities for different functions to different entities for
transforming input resources to predefined output. This transformative process is affected
mainly by three factors, viz. technology, process and people. Technology represents the
technological subsystem whereas people constitutes the personnel subsystem as shown in the
Figure 1.1. As human factor is contributory or detrimental to the productivity, the study of
human behaviour is very important in conceptualizing the organizational controls. Human

behaviour has been looked into theoretical perspective prevalent in PP literature along with
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emerging risk based approach for developing theoretical basis for analyzing issues and

problems pertaining to PP.

Technical Systems

Type of processes & technology,
Level of interdependence,
Complexity of processes

People Processes
Group norms, Values, Work roles, Tasks, Work
Practices, Leadership flow, Goals, Values,
style, Individual needs Policy, procedures

and desires

Figure 1.1: Socio-Technical System

1.2.1 PREVALENT THEORETICAL PERSPECTIVE:

PP embraces a wide range of diverse means that are used by organizations to acquire goods,
works, and services from various sources. It includes acquisition, contracting, renting,
leasing, and purchasing, etc. The subject of public procurement have been approached from
diverse directions, for instance, “contracting out (Fitch, 1988; Michaels, 2010); challenges of
contracting (Van Slyke, 2002Shick and Weikart,2009;). project management (Morroig,
2006), public-private partnerships (Gansler, 2003), strategic management (Rendon, 2005;
McCue and Gianakis, 2001), procurement and technology interface (Vaidya et al., 2006),
post disaster procurement (Woods, 2006; Moon, 2005), innovation (Xu et al., 2014), ethical
aspects (McCampbell and Rood, 1997; Susan Rose-Ackerman, 1999; Kelman, 1990;
Schooner, 2001; 2006; Ferwerda et al., 2017), fuzzy set theory (Lee, 2009); supply chain
management (Apte etal., 2011), inventory management (Navon, 2006), quality aspects
(Sadigh et al., 2009, Pi and Low, 2005 ), theory of lean (Erridge, 1998).
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Flynn et al. (2014) finds that commonly used theory in public procurement research are
auction theory, principal-agency theory, transaction cost, contract theory. Other theoretical
perspectives are based on organization behaviour, theory of lean, general system, and fuzzy
set theory. The theory of auction and competitive bidding comes in many models and deals
with behaviour of people in many different situations of auctions or bidding These models
though characterised by various parameter like number of bidders, sellers, the information
available, type of auction, etc., cannot structure all the procurement situations. Agency theory
describes the relationship where principal entrusts the work to the agents who carry out it
(Eisenhardt, 1989). Agency problem occurs when involved entities like buyer and vendors,
work with conflicting goals. According to this theory, moral hazard and adverse selection are
two impediments that adversely affect the performance. Moral hazard implies that agent does
not apply mutually agreed effort. Whereas, adverse selection signify the situation when
agents misrepresent their abilities which cannot be verified by principal (Eisenhardt, 1989).

Consequently, risk of underperformance and waste arises in the public procurement.

In transaction theory, actions are considered as transactions rather than individual behaviour.
The transaction cost would occur for every transaction involving transfer of any goods or
services through a technologically separable interface (Willamson, 1981). An organization
tries to minimize its transaction costs of exchanging resources which provides the basis for
the decision like make or buy. Organization behaviour (OB) theory explains how individuals
and groups behave in organizational settings. It focuses on organizational controls and on the
normative and cognitive aspects in the organization. OB concerns with improving
productivity, turnover, and deviant workplace behaviour. It has been applied in understanding
unethical behaviour. It emphasizes that unethical and deviant behaviour can be reduced
through by involving both formal elements such as reward systems and formal training etc.,
and informal elements like prevalent norms and work culture (Trevind and Weaver, 2003;
Misangyi, 2008 ). By combining economic and OB perspective, it is inferred that it is
required to understand ways and behavioural repertoires of employees, the resources for
action available to them and how the process and functions can be modified to counter their
influence or power to manoeuvre the outcomes and, thus, likelihood of undesired outcome is

reduced.
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1.2.2 RISK PERSPECTIVE:

A general dissatisfaction arises in the public procurement outcomes because of various
problems such as cost and time over-run, substandard works and quality failures, unfair
contract awards, benefits shortfall and project failures. Increased incidents of general
dissatisfaction with procurement outcomes have generated research interest for finding a
comprehensive way to describe and understand public procurement process. Risk perspective
is one of recent development occasioned from such attempts. Risk is generally defined as the
possibility that an adverse event will take place and unfavourably impact the desirable
outcome. In case of public procurement it might affect fairness, quality, cost, and time
objectives Risk, therefore, can be conceptualized as combination of two factors, viz. the

probability of occurrence of an adverse event and its consequences (Walaski, 2011).

Risk analysis aims at identifying, analyzing the different risks and responding to them
(Koleczko, 2012). It enables the organizations to identify, assess, and manage to facilitate
effective decision making. However, it’s required to identify risk factors associated with each
procurement phase, analyze their probability of occurrence and consider the potential impacts
(Sorunke et al., 2016). In this regard, Enterprise Risk Management which is a generalized
approach for organizations to assess and manage risks was first published by COSO
(Committee of Sponsoring Organizations) in 2004. Subsequently, public organizations have
built procurement risk management approaches by using three primary pillars, viz.

procurement plan, contract award, and management (Richard Pennington, 2007).

Risks faced by organizations may vary from simple to complex ones. For many risks and
associated causal risk factors, knowledge gathered from estimators, engineers, procurement
professional and audit personnel will help in proper assessment and finding appropriate
mitigation measures. Rather than being limited to identification of technical causes or
individual failures, comprehensive risk assessment would entail technical, organizational and
cultural recommendation (Manuele, 2008) because quantifications cannot account for all
perspectives and thus provide partial insight. Therefore, qualitative judgement would remain
an integral part of risk assessment as quantitative data can alone not describe complete risk
scenario. The qualitative analysis facilitate integration of best practices from related field for

mitigation of risk. Here, significant overlap found to exist between supply chain




CHAPTER 1

management, inventory control and public procurement. Risk perspective is being used
successfully in various fields, viz. social, and physical sciences, medical and engineering. It's
quite congruous with interdisciplinary approach which allows combining multiple theoretical
perspectives. Combining multiple perspectives helps in developing the systemic view of the
problem under study. It would also allow to build capacity and defence in the organization to

address various risk present in the procurement process.

1.3 RATIONALE AND PURPOSE OF RESEARCH:

The relevance and rationale of the research efforts into PP can be easily appreciated by
browsing the extent of money invested in public procurement by various governments as a
key share of GDP and government expenditure in all the countries. As seen from the Figure
1.2, public procurement accounts for a large slice in the economic activities in both
developing and developed countries. On an average, governments are spending 10-12% of its
GDP on PP in developed countries. In developing countries, this rises to 15-20 % of GDP
and might range from 25 to 40% of government expenditure. South Asia has the very high
share of public procurement in GDP of about 19.3% and India procures 20% of GDP, (World
Bank, 2016). As per another report of UNODC (2013), estimates of public procurement vary
between 20% of GDP to 30% of GDP in India. In fact, there are ministries in the
Government of India, where approximately half of their budget is spent on PP alone
(UNODC, 2013). Thus, it is essential that the PP function is performed in a manner that
secures best value for public money. However, efficient public procurement remains an
under-exploited resource tool. The need of research effort is therefore necessary as the
potential for improvement is quite enormous in terms of increase in efficiency, reduction in
waste and achieving better outcomes i.e. value for money and also in promoting best

practices.

A cost-effective value for money in public purchasing can help in saving valuable resources.
In fact, small savings through improved performance of the public procurement can enable
the government to relocate their resources to other valuable areas like heath and education for

fostering the economic growth, and development, and supporting other policy initiatives. The
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potential savings and efficiencies’ enhancement would be certainly higher for developing
nations. In the past, value engineering, market forecasting, requirement consolidation, input
standardization, open tendering, long-term contracting and vendor base expansion have been
used as a cost reduction measures. PP constantly aims at finding better means of attaining
these ends (Choi, 2010).
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Figure 1.2: Public procurement as % of GDP and as part of the overall government
expenditure
(Source: OECD Government at a Glance, 2015)

Apart from saving resources, public procurement regimes can impact the effectiveness of
public service delivery, evolution of governance systems, pace of economic development,
and ethical behaviour. As regards bribes for circumventing health and safety standard, Kenny
(2006) documents that construction accounts for about seventeen percentage of fatal work
sites accidents causing about 60,000 deaths annually across the world. TI (2011) reported that
an earthquake caused 11,000 deaths in Turkey in 1999 and more than half of the structures
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were non-compliant with building regulations. PP rules and procedures can create a multitude
of opportunities for bribery (OECD, 2009). Improving integrity and ethical behaviour in PP
would help in achieving better procurement outcome and fighting the menace of corruption in
the society. Reilly (2016) mentions that procurement corruption imposes huge costs resulting
in market inefficiencies, business uncertainty, sub-standard products, and an unfair playing
field for honest businesses. Other unwanted outcomes are; undue time and cost overruns, low
quality, and poor investment returns (Locatelli et al., 2017). Risk of waste and
underperformance is also a key concern in procurement process. However, it is possible for
the organizations to undertake preventive steps for reducing and limiting these inefficiencies,
and unethical practices. Therefore, this research aims at developing an organizational
perspective of PP risks. It would help in relating the preventive efforts to issues and
vulnerabilities in the organizations that can be generating the various risks in public

procurement and consequent poor procurement outcomes.

These weakness and problems pertain to all the three phases of the procurement process and
they are interrelated. Organizations are required to undertake in-depth analysis of the
practices, routines and rationalizations (Gault, 2017). This study, therefore, aims at the
providing a systemic view of these problems by developing an appropriate risk identification
and assessment tools for analyzing their interdependencies and criticality. It would enable the
organization to foresee the problems beforehand and undertake timely intervention for

reducing the likelihood of unwanted outcomes like resource being wasted, misappropriated.

1.4 AN OVERVIEW OF PUBLIC PROCUREMENT

Public procurement is a cyclical process consisting of three key steps. It can also be
conceptualized as three main phases as shown in Figure 1.3. In simple words, the process can
be characterised as beginning from pre tendering activities which include set of important
activities like assessment of needs, developing the procurement plan by combining the needs

of various units in an organization for utilizing the economies of scale.
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Pre- tendering

Need Assessment, Planning, Defining the
requirement, Choice of procedures

Bidding & Evaluation

Prequalification, Pre-bid conference, Invitation
to tender, Evaluation & Award

Post award

Draft Contract, Contract Management, Change
order, Dispute Resolution, Payment,

Figure 1.3: Public Procurement Phases

The first phase also includes defining the requirements of the work or goods by drafting the
specifications. If specifications are very narrow or non-generic and requirement is made by
tight tolerances, it may limit the bidders participation as such requirements would act as
barriers. Consequently, it would affect the procurement costs. Another important pre
tendering activity concerns with the decision making regarding choice of procedures.
Organizations may opt either open tendering or limited tendering or negotiated procedures.
Generally, open tendering procedures are adopted when procuring the quantities beyond a
threshold value where any interested bidder can participate. Apart from ensuring transparency
in public procurement, open tendering is expected to maximize economy and efficiency in
public procurement by promoting healthy competition among tenderer. In the limited
tendering, eligible bidders are either identified by using certain pre- qualification criteria or
selected from a pre-approved list. In the negotiated procedures, procurement managers may
carry out direct negotiations with specific bidders regarding quality standards and costs. This
kind of procedure is usually adopted when procurement quantity is not very high or purchase
is made at accelerated pace due to emergency situations. Direct contracting is another
alternative procurement procedure which doesn't need detailed bidding documents. Here,
suppliers are requested to give a price quotation or an invoice along with their sale terms and

conditions.

The tendering stage actually involves mainly five activities; prequalification of bidders,

preparation of tender documents, inviting the tenders and evaluation of bids and awarding the
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contract. Pre- bid meetings are usually held while preparing the bid proposal. Its main
objective is to clarify any concern or doubt the bidders might have regarding the scope of
work, bidding procedures and bid documents. Preparation of bid documents is a critical
activity and consumes lot of effort and time. The tender or bid document should provide all
the information which a prospective bidder may require for preparing his bid. Bid document
generally provide information pertaining to scope of work, duration of the contract,

eligibility criteria of bidder evaluation General and special conditions of contract, etc.

While inviting the tenders, it is required to ensure that widest publicity is given and adequate
time provided for bidders to participate in the procurement process. It ensures transparency of
the procurement process and helps in increasing the number of prospective bidders and
intensifying the competition. The intensified competition is expected to provide the best
possible quality and cost for the goods and services sought to be procured. In bid evaluation,
procurement committee assess bid offers in respect of technical and financial criteria and
undertakes a comparison of ‘technical suitability’ and ‘rate reasonability’ to determine the
tender which represents the best bid or offer best value for money. They also verify and
validate statements and documents submitted by the bidders of the most suitable bid. Finally,
procurement managers would award the contract to the bidder whose bid provides the most
economically advantageous offer for their organisation. A formal order is issued notifying the
successful bidder requesting him to accept the contract award offer within stipulated time

period.

Third phase involves drafting the contract, contract management, changes in the order,
resolving the disputes and making payments. After awarding the contract, contract agreement
should be finalized as because placing the contract with unambiguous and transparent terms
and conditions is essential requirement for effective implementation. Though contracts’
conditions (general and special contract conditions) are finalized along with bid documents
during initial phase, potential failures or risks that may crop up subsequently should be taken
care of at this stage. Contract provides the basic foundation for exercising its effective
management. Contract management refers to the procedures for ensuring that the contractor
is executing the work or delivering the services as per the terms and conditions. It involves

continuous monitoring and auditing for supervising the execution so that outcomes agreed are
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actually delivered by suppliers or partners. Attention is required to be paid to contract change
orders. All contract variations need to be scrutinized individually as well as collectively
before issuing the change orders. In case departmental expertise is not available, independent
outside experts may be engaged for ascertaining the actual need of changes and estimating

their financial implications.
1.5 ROLE OF PUBLIC PROCUREMENT:

Public procurement is an important business function of the government that may affect
every section of society. As a business function, it aims at procuring required infrastructure
like roads, power plants, hospitals and public services of appropriate quality at a reasonable
cost. The role of public procurement is depicted in Figure 1.4 which highlights its

significances.

Policy Public Business
Instrument procurement Function

Economic & Social Value For Money

Development
Fulfil the requirement Quality Cost & Time
National Backward Domestic Innovation & Infrastructure
economic areas Industry Sustainability Creation
Contribution & SMEs

Figure 1.4: Role of Public Procurement

It also serves as a policy tool by the governments for achieving other social and economic
objectives like development of domestic small and medium enterprises and fostering
innovations. In essence, it is actually a central policy issue having key importance in the

economy of all the countries across the world. This is evident from the fact that it provides
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goods and services for large section of the population and supports economic activities and

private sector growth through infrastructure creation and development.

Public procurement generates a significant portion of overall demand for goods and services
in a country and thereby can make a profound impact on a nation or industry. Therefore,
investing efforts in building procurement capacities has the potential to bring about
significant benefits. On the contrary, malpractice within public procurement is a
government’s major source of corruption and financial loss (Phillips et al, 2007) and there

remains general dissatisfaction with its outcomes.

Thus, public procurement is said to be much more than a process or procedure. It is a
fundamental and integral part of the governance and public financial system (OECD, 2005).
A well-designed public procurement system can provide governments with a means of
achieving other strategic goals, such as environmental protection, innovation, job creation
and better labour standards. Effective procurement practices provide governments with a

means of bringing about social, environmental and economic reform.

1.6 PROCUREMENT CONTRACTUAL ARRANGEMENTS: A BRIEF OUTLINE

Lump Sum Contracts or Fixed Price: Lump sum contracts are the contracts in which
payments are linked to outputs (contract deliverables), such as reports, drawings, and bills of
quantities, bidding documents, and software programs. These contracts are easy to administer

because payments are due on clearly specified outputs.

Time Based Contracts or Fee Based Contracts: In case of larger value and relatively
complex assignments or where the scope of the work or services cannot be established with
sufficient precision or services are related to activities by others for which the completion

period may vary, these contracts are used.

Percentage Contracts: In percentage contracts, fees paid to the consultant are estimated as
percentage of actual project construction cost. The percentage may be fixed on the basis of

market norms for the services, estimated labour, and material costs etc.

16



INTRODUCTION

Performance Based Contracts: The focus of Performance Based Contracts is the purpose of
the work rather than how the work is done. The contract sets out the overall cost for a

particular service or works along with required quality standards, outcomes and outputs.

Design and Build Contracts: It is a project delivery base contractual system which is used in
the construction industry. In this contract, design and construction services are contracted by
a single entity thereby it is expected that contracting authority would have less risk in the
construction of a large contract. Actually, the contractor is responsible for the risk of design

failure or success in the contractual relationship.

Turnkey Contracts: This contract provides a single point of contact for all facets of the
project namely; design, technology, installation and commissioning and the start up of the
facility. Contractor completes a project and then hands it over in fully operational form. In

simple words, owner needs to do nothing but "turn a key" for getting desired outcome.

Supply Contact: Public supply contracts are the contracts for other requirements than works
— involving the purchase, lease, rental or hire purchase, with or without option to buying
items/products. In addition, the delivery of such products may include installation and

commissioning provisions.

Service Level Agreements: This is a contract between a service provider and the end user
that spell out the terms of service that and supplier will provide and how the agreement will
be monitored. They are usually drawn up for a specified time period.

Public Private Partnership contract: A Public Private Partnership contract is the contract
where a public sector organization enters into an agreement with a private organisation to
provide a public asset/infrastructure or deliver public services. The agreement clearly outlines
the responsibilities of each party and clearly allocates risks among them. In these contracts,
private partner bears significant risk and management responsibility and remuneration is

linked to performance.

Works contracts: Works contracts are defined as those contracts which include either the
work execution or both the execution and design of works. It generally involves construction,
alteration, demolition, installation, or repair work; and preconstruction and post-construction

activities.
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Cost plus Contract: It is a type of contract agreement wherein the purchaser agrees to pay
the cost of all labour and materials plus an amount for contractor overhead and profit (usually

as a percentage of the labour and material cost).
1.7 PROBLEMS IN PUBLIC PROCUREMENT

Public procurement serves as an important function to provide required input for delivery of
public services; typically goods, services and civil works. These inputs should be procured at
low costs with appropriate level of quality to ensure best value for money. However, it has
got unique problems and challenges which remain unaddressed. These problems are varied in
nature and emanated from various factors embedded in different phases of procurement such
as pre tendering, tendering and work execution activities. Literature review suggests that key
issues pertain to unfair contract award, poor quality, excessive time and cost overruns,
inadequate maintenance, low returns and project failure or abandonment. Other major
performance problems are non conformance with agreed delivery time followed by not

conforming to quality requirements by suppliers (Serpell and Heredia 2004).

Another significant issue pertaining to PP is that basic processes are not robust enough and
procurement regulations and laws are not capable of offering remedial measures. (Thai et al.,
2005). Basheka (2011) also found that organizational determinants are the major factors that
account for the increasing trends of procurement corruption. As procurement reforms are
beyond procurement regulations, organizational factors must be integrated into modelling for
considering the ways and means of informing the procurement outcomes. Further, existing
literature suggests that the cost of public investment and the value of existing capital may
differ substantially and that up to the extent of the government investment in developing
nation may be missing (Pritchett, 1996). Similar findings were suggested later on by Golden
et al. ( 2005); Olken et al. (2007). Flyvbjerg (2007) studied a sample of 258 transportation
infrastructure projects and found that the frequency of cost escalation was about 86% and that
the average cost escalation was about 28%. Myller and Lessard (2000) also undertook a study
on the performance of large scale engineering projects executed during the period 1980 to
2000. His study shows that about 40% of large scale engineering projects perform poorly

leading either to total abandonment or restructuring for financial distress.

18



INTRODUCTION

Awarding the contract in a fair and objective manner is one of the key steps for achieving the
right price and finding eligible vendor who can provide acceptable quality. However, even
with seemingly objective fixed criterion weight, it is still possible to create an unfair
evaluation system by placing more emphasis on particular evaluation factors for favouring
those bidders that score highly in the corresponding factors. In this regard Sgreide (2002)
identifies that procurement activity is particularly susceptible to corruption and found to be
associated with invitation, pre qualification, and technology choice.

Solojentsev (2006) suggests that concepts of probability of bribes and corruption are close to
reliability and safety in engineering and they are closed to the nation of risk in economy,
business, and banks. Savage (2007) and COSO (2012) recommend use of Fault tree, Event
tree etc to break a complex risk occurrence which can be qualitative and serve as basis for
quantitative models. ICAC (2011) also suggests use of process mapping to understand the
procurement process and the vulnerabilities as procurement process in most of the

organizations has evolved over a period of time.

Effective risk management minimizes losses and negative outcomes and identifies
opportunities to improve services to stakeholders and the public at large (Robillard, 2001).
However, the first major issue with existing models is that they do not consider the
interrelationship between various risk elements or causal factors. It is essential as the
vulnerability in need assessment phase may result in avoidable wastage during execution.
Another difficulty arises from the mathematical complexity of bidding model which limits
their applicability and usefulness. The intricacies of procurement process and multitude of
stakeholders make procurement process analysis and modelling a complex exercise. Thirdly,
these models do not help in uncovering the vulnerabilities embedded in various processes
which is essential for realistic risk scenario planning. Fault tree analysis can be used as an
analytical tool to decompose the risk and establish the interrelationship between various risk
elements which can also provide empirical foundation based insights for improving

organizational controls.

As regards execution phase, problem mainly pertains to quality failures and difficulty in
ensuring effective monitoring. In fact, the costs of quality failures may go up to 20% of a

project’s contract value (Jafari et al., 2013, Abdul-Rahman, 1995, Nylen, 1996). The problem
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is more severe in case of infrastructure procurement where contractor and procurement
officials interact repeatedly over a long period of time leading to cooperative strategies which
may interfere with organizational goals. The problem arises because of several factors.
Firstly, in case of large projects, due to large number of participants and fragmentation of
activities, formal control system cannot be completely observed. In fact, formal control is
replaced by informal procedures that provide flexibility and realistic phasing of decisions for
handling the uncertainties (Wells, 2014). As a result, control and monitoring functions during
project execution are usually exercised through decisions and actions of multiple human

actors rather than formal controls.

Secondly, procurement systems working with lowest cost bid criteria often results in
undesirable outcomes such as opportunism where suppliers may take the work at
unreasonable rate and attempt to improve the profit levels on the project through reductions
in quality of materials. Consequently, it would lead to poor quality assets and high
maintenance costs. Thirdly, information asymmetry exists between owners and contractors in
the performance stage of the construction project. Asymmetric information represents a
situation in which one person has more or superior information than others. The owners
cannot know whether contractors are following the contract strictly or adopting any shortcut.
Similarly, supervisors do not have enough information about contractor’s management
technology, capacity and degree of subjective effort (Yan et al., 2014). This creates an
opportunity for suppliers to take advantage by artificially increasing unit costs, using cheaper
materials, withholding resources, deliberately underperform (Handley and Benton, 2012). It
is quite common that construction contractor makes unnecessary design change, reporting of
inflated quantity and supply of substandard material etc. Xiao et al. (2011) mention that with
competition getting fiercer, profit of supervision became less and less therefore phenomenon
of the collusion between supervision and contractor occur frequently during course of
construction. However, the earlier studies (e.g., Lo et al., 1999; Zarkada-Fraser and Skitmore,
2000; Vee and Skitmore, 2003; Bowen et al., 2012; Sohail and Cavill, 2008; Ma and Xu,
2009; Hao, 2011; Auriol et al., 2011; Olusegun et al., 2011; Tabish and Jha, 2011; Goldman
et al., 2013) have mainly focussed on bidding phase in the area of public procurement.
Sometimes, supervisory unit may also fail to detect the poor quality and non-conformances

while examining the work during project execution. As seen from the above examples and
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discussions, reasons for these risks may range from issues in control over the engineering
quantity, safety and supervision/inspection regime to the moral risks induced due to
procurement system characteristics. Game theory and evolutionary game theory models can
help in analyzing these situations because their structure can be set up to be compatible with
real world setting. Additionally, these models enable researchers making predictions about
effects of changes in the parameters on performance outcomes. In a large project, due to lack
of complete information, contractors and suppliers behaviour became dynamic as strategies
yielding high payoff would spread and replicated more often through hit or trial learning,
copying or inheriting strategies of others. Evolutionary game theory can incorporate these

conditions for analyzing interaction of interdependent and interacting multi-agents.

Another unique characteristic of construction projects is that if the deficient work or poor
quality material gets covered up and accepted in one stage, it would not be detected in
subsequent inspections. When owner put adequate supervision effort continuously and
exercise the contractual option to reject the defective work, quality would come in acceptable
range but continuous inspection being costly is not resorted to. However, when supervision is
relaxed, quality may deteriorate for contractor may even deliver goods below the
specification and use shortcuts without being detected. These risks, if remain unaddressed
cause deterioration in quality of the project thereby make performance uncertain. Such
quality deteriorations will not be dependent on past history of quality and therefore make
modelling a complex and difficult exercise. Due to unique feature of construction or
engineering projects, these defects are going to stay and would reduce the project worthiness
i.e. poor quality assets and high maintenance costs. Put simply, what happens at a given time
during the construction phase of the project has an effect on the evolving risk profile of
projects. Such variations can be modelled as to follow a geometric Brownian motion. In fact,
Wiener process and the Gamma process are two classes of stochastic processes that have
been widely used in degradation modelling (Noortwijk, 2009) as they can easily describe

systemic behaviour.

This key insight needs to be included in the research work for appropriately modelling the
quality variations for controlling and responding to performance uncertainties. The risk of
contractual underperformance would depend upon cost of adequate monitoring the

supervision unit and the contractor (Sharma et al., 2016). This implies that the fundamental

21



CHAPTER 1

issue of supervision design can be stated as to how effective supervision can be ensured
without excessive spending. Actually, project management have inbuilt provision in the
contract for rejecting deficient work, delaying the acceptance of substandard work until
brought to acceptance level, abandoning the project, etc. However, these choices can be
effectively exercised as costs of quality failures are considered in the modelling of
monitoring strategies. As a result, there is a need of integrating major analytical methods
into a coherent framework, which can be used to integrate the unique characteristics of
quality uncertainty for providing an economic basis for decision making. This can help in
achieving the value of the money in the projects and driving forces behind a new research

direction.

1.8 RESEARCH ISSUES

Execution phase needs researcher attention especially because controls and monitoring
mechanism here is found to be weak leading to increased risk of underperformance. It would
take long time for sociological and political communities to undertake long term processes of
cultural and policy changes to handle the corruption (Locatelli et al., 2017. The establishment
of mechanism of auditing, oversight and control can be costly and time consuming therefore
an appropriate system for identifying opportunity of corruption must be devised (Anderson et
al., 2012). Risk analysis methods may help in discovering the vulnerabilities or risk factors in
the system and applicable to procurement where objective data is available. Therefore risk
perspective in public procurement needs to be high on research agenda list. However, while
adopting risk approach, it is required to be considered that identifying risks like an auditor in
a check list manner would not help in developing the holistic perspective and finding
remedial measures. Similarly, quantitative analysis alone does not develop broader picture

and nor it provides empirical basis for risk mitigation.

A part of the explanation for poor construction outcomes in low-income countries relates to
mismanagement, but corruption is also an issue that has to be addressed (Wells, 2014).
Several factors may give rise to performance failures. For instance, estimating errors may

lead to the acceptance of unrealistically low tender prices, which means insufficient funds in
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the contract to deliver to the specification. Multiplicity of causal factors, interdependence and
complexities of processes need an interdisciplinary research effort to borrow knowledge from
other disciplines. Supply chain philosophy, Safety, disaster management can be of great value
by providing new insights and practical conditions which need to be incorporated in
modelling for realistic risk assessment. Being a socio-technical system, an organization is
affected by three pivotal elements, viz. a technological subsystem, personnel subsystem
interact and the external environment. In fact, supervision quality has a major influence on
the overall performance and efficiency of construction projects. Thus, factors like human
capability and limitations need to be included in analysis otherwise analysis would most
likely yield suboptimal results. Further, Supply chain perspective highlights the dynamic
nature of human behaviour and prevalence of incomplete information in the large projects
thus research should observe as to how evolutionary strategies of various participants get
stabilized. However, there exist few researches which explore the collusion of main body of
construction project by using evolutionary game (Wen et al., 2014). It would help in
structuring the organization policies, procurement mechanism and resources in a way that

creates the scope for maximising the potential.

Another major concern pertains to uncertainty in the project performance which arises due to
various factors like corruption, characteristics of procurement system and capacity
constraints. It is the fact that quality of project works would vary according to the
contractor’s performance on the site and the materials used during construction. If the quality
of material and construction on the project is ensured by monitoring and proper supervision
during construction, the asset created is likely to last longer without rework or failure.
However, literature review demonstrates a gap in the incorporation of a dynamically
scheduled inspection policy that reduces the monitoring costs, risk of collusion and
corruption in construction projects. Thus there is a need of modelling the monitoring
strategies, quality failures and project value so as to provide an economic basis for exercising
various options project owner can exercise. In this context, some of the research issues which

are highlighted by the earlier scholars are :

(i) Study and Development of effective vendor selection methods,
(i) Risk analysis in public procurement,

(iii) Developing of effective inventory and Construction Supply Chain Management,
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(iv) Study of unproductive and wasteful practices in Public procurement, and

(v) Study of Public expenditure management.

Due to the scant attention of the scholars on risk analysis issue, the present research work
focuses on the risk analysis in public procurement in the Organizations.

1.9 OBJECTIVES OF RESEARCH WORK

Keeping in mind, the above-mentioned research issues, the research objectives are set as

follows:

(i) To conduct a comprehensive review of literature pertaining to public procurement,
inventory management practices, supply chain, unethical behaviour, risk
assessment techniques, and project performance;

(if) To identify risk factors and their effects on public procurement;

(iii) To develop a comprehensive risk model by considering external as well as

internal influencing factors in public procurement; and

(iv) To model monitoring strategies, quality failures costs for reducing

underperformance risks in the contract execution phase.

On the basis of the objectives as mentioned above, the research methodology and framework

is developed and discussed in the following sections.

1.10 RESEARCH DESIGN

In the theoretical framework of this research, corruption is considered as both an analytical
concept and an empirical phenomenon. As an analytical concept, it allows us to uncover the
vulnerabilities to corruption embedded in procurement process and serves as a tool for
applying the quantitative methods like evolutionary game theory, real option theory and
wiener process based real option modelling. Actually studying corruption at the empirical
level, made it possible to develop a systemic perspective of problem and simulate more real-

life scenarios and practicalities of public projects in the modelling of impact of corruption
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risks and performance. By studying PP cases and practices, we gain interesting and important
insights into the dimensions of procurement risks. This also helped in uncovering the
preconditions embedded in organizational functions and processes for corruption and the
circumstances under which it can thrive. It is considered as a good practice in research to
clearly spell out the basis of knowledge gathered. In order to ensure quality of the research
work in terms of validity and reliability, it is essential to use appropriate methods. Therefore,
an integral part of the research work is noting the reflections made from time to time
concerning methods and the philosophical implications on the research. In fact, the research
design work begins with identifying the research paradigm, ontological position and
epistemological stance. These reflections should be made for developing awareness about the
paradigms that the research is founded upon. If these issues are neglected, researchers may
end up making inappropriate choices. By understanding the purpose of research and
specifying research questions, it became possible to discuss the underpinning philosophical

assumptions.
1.10.1 PHILOSOPHICAL UNDERPINNING AND CHOICE OF METHODOLOGY

Lincoln et al. (1998) suggested that a research inquiry should be based on the concepts of
ontology, epistemology and the methodology. Methodology choice would depend on what
problem we are studying. However the research problems, that are examined, are experienced
in different ways depending on the researcher’s assumptions about the world. In simple
words, researcher’s assumptions about the possible realities and relation between knowledge
and the world can be considered as research paradigm. Morgan (2007) refers to paradigms as
systems of beliefs and practices that influence how researchers select both the questions they
study and methods that they use to study them. Traditional approach considers two main
paradigms i.e. positivism and interpretive (Remenyi et al., 2005; Huczynski and Buchanan,
2007). While some researchers (Crotty, 1998; Sayer, 2000; Saunders et al., 2009) have

identified four paradigms namely; positivism, realism, interpretivism, and pragmatism.

However, a research paradigm is intrinsically associated with the concepts of ontology,
epistemology and methodology (Crotty, 1998; Saunders et al., 2009) as shown in Figure 1.5.
Ontology is concerned with the form and nature of reality. The distinctions within ontology

range from ‘realism’ through ‘internal realism’, to ‘relativism’ ( Marsh and Furlong, 2002;
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Collins, 2010). Epistemology offers a general set of assumptions about ways of inquiry into
the nature of the world (Smith et al., 2012). Researchers can adopt epistemological stance of
positivism at one end and phenomenological epistemology (interpretive) stance at other end
of continuum. While Realism or objective ontological assumptions will favour an
epistemological consideration of positivism, subjective ontology would encourage a

phenomenological epistemology.

Ontology: Epistemology
What exists?, : Perceived
Views on nature relationship
of realities with
knowledge
Research Paradigm

Methodology:
How to discover
& create
Knowledge

Figure 1.5 Research paradigm elements (Adapted from Saunders et al., 2009)

This research deals with issue of corruption risk. However, risk is something that is unknown
or has an unknown outcome. Estimation about occurrence and severity of risk most of the
time turns out to be subjective one. These probabilities can be very rarely known with
certainty. In fact, knowledge about risk is knowledge about lack of knowledge. Considering
these key characteristics or realities, it is appropriate to adopt a middle position in ontological
assumption and a middle-range viewpoint on the epistemological stance for this study.
Moreover, any economic or technological exchange or work execution is a socially
constructed phenomenon and a part of objective reality. Such a phenomenon can therefore be
studied by adopting mixed method approach in the research methodology. Consequently,

pragmatism is considered the most appropriate research paradigm for our study.

The methodological choice in this thesis is therefore to use mixed methods research where
the quantitative and qualitative methods are combined together. Applying a combined
theoretical approach and using different data sources and analytical methods allow us to

26



INTRODUCTION

develop a fuller picture and better understanding of the phenomenon. Thus this approach also
suits to understand and analyze research problem. In this regard, greater justice will be done
by using the combined approach in a study of such a multifaceted phenomenon as PP and that
by so doing it will enable comprehensive analysis. However, the research study moves from a

qualitative to a more quantitative-oriented analysis as the research work progresses.
1.10.2 RESEARCH FRAMEWORK AND METHODS:

With a view to illustrate the research process, a conceptual research framework is developed
on the basis of chosen ontological and epistemological stances and research paradigm. The
framework is presented in Figure 1.6. This framework elaborates the relationship between
different phases of research, research methods and objectives.

Data Collection Studying corruption in itself is difficult as corruption is an inherent secret
phenomenon, difficult to observe. Moreover, the problem gets compounded as corruption is
complex and multilayered phenomenon involving multiple actors. Therefore the access to
data poses difficulties. As this research effort being interdisciplinary in nature, literature on
risk assessment based concepts were referred from other disciplines like safety, disaster
management and economics. While borrowing concept of risk from safety management field,
it is noted that Schréder-Hinrichs et al. (2011) documents that one of the main sources of the
evidence that is available and can be used for evidence-based safety risk modelling is
accident reports that are prepared by expert accident investigators.

Since obtaining primary data about an accident that has happened in the past is nearly
impossible, using accident reports as a secondary source of data is unavoidable (Mazaheri et
al., 2013). Similar difficulties exist in corruption studies. It is therefore appropriate to use past
corruption cases as data. Models based on the intuition of the developers rather than the
evidence may not tender useful input for risk mitigation. Lack of background knowledge
about the underlying causes of a system or improper presentation of the available background
knowledge leads to uncertainty in the used risk models (Aven and Zio, 2011). The main
difficulty and criticism of evidence based approach is related to the analysis of a huge amount
of qualitative data where no standard analysis approach exists. As Grounded theory studies
use rigorous data coding procedures designed to increase the validity of data interpretation

(Douglas, 2003), this research uses grounded theory for analysing past cases.
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INTRODUCTION

The other reason for choosing the Grounded theory is that it suits well to or research
philosophy. This study adopted a middle position in ontological assumption and chosen a
middle-range viewpoint on the epistemological stance. Grounded Theory Method (GTM)
also articulates a middle ground between “extreme empiricism and complete relativism and
uses which systematic data collection to develop theories that address the interpretive
realities of actors in social settings" (p.634, Suddaby, 2006,). Therefore, Grounded theory
suits to subject topic. In fact, a similar approach was adopted by Turner's (1976) in his study
of the conditions under which failures of organizational foresight can contribute to the

incidence of large scale disasters.

Data Analysis: A notable advantage of the GT method is in its systematic approach to data
analysis. Systematic procedures such as simultaneous collection and analysis of data and the
constant comparative logic and theory that emerges from data provide GT with rigor that is
not accounted for in other qualitative approaches (Charmaz, 2006). There exists simultaneous
involvement of researchers in data collection and analysis activities. During the data analysis,
if a researcher finds the need to collect additional data, he again enters in data gathering
phase to collect the same. It continues till the point of theoretical saturation i.e. researcher
continues data collection process until no new categories can be identified, and until new
instances of variation for existing categories have ceased to emerge i.e. theoretical saturation
has been achieved. GT uses rigorous coding, constant and memo writing procedures to

improve the validity of findings.
Other methods used in data analysis are described below;

Fault Tree Analysis: The FTA is a deductive failure analysis developed on the principle of
multi-causality. It is a top-down deductive model that traces failure paths and shown as a
graphical representation of a process failure connected to its causes through logic gates. It
was initially developed for analyzing technical systems where causes of failure events are
deduced. Subsequently, its application has been widely extended. Authors find FTA as an
appropriate methodology to analyze various procurement risk as it provides an effective
approach to the identification and deconstruction of risk and uncover the interrelationship
between risk elements. Secondly, it enables us to combine inductive and deductive reasoning

in risk identification. It is very important as the concept of cause-consequence analysis is a
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combination of the inductive and deductive reasoning of logic diagrams (Yaneira, 2013).
Therefore inductive and deductive processes are not mutually exclusive in our research
enquiry and form an integral part of the mixed method approach. If deductive methods alone
are chosen for constructing Fault tree, some of the failure contributors may get omitted. In
fact, FTA is often used when another technique had identified a hazardous situation that
requires more detailed analysis (Manuele, 2008). It is therefore felt appropriate to use output

from grounded analysis to develop Fault trees for analyzing risks in the PP process.

Game Theory: Game theory is simply analyzing strategic behaviour of players that will
affect the actions of other agents. In game theory, the objective is to find an appropriate
strategy or the optimal sequence of decisions that leads to the highest payoff. Game-theoretic
model is chosen as a quantitative method in this research as theses adhere to the principle of
methodological individualism (Requirement that causal accounts of social phenomena
explain how they result from the motivations and actions of individuals ) and because of their
strictly logical nature they become testable. A game theory approach is preferred as it can
effectively clarify the basis for decisions of procurement officials to pursue individual goal
rather than organizational interests. Further, it explains as to why unethical practices become
systemic and widely prevalent despite their unwanted outcome remain “common
knowledge”. This condition seem to have a case of an extremely robust negative equilibrium
(Bardhan, 1997). As a result, none of the “players” in such a game have reasons to change
their strategy. It is therefore argued that it is possible to combat corruption by changing
incentive structures in the organization and tackling the problem of contractual

underperformance in the projects.

Evolutionary Game Theory: From the literature (e.g., O’Brien, 1999; Proverbs and Holt,
2000; Serpell and Heredia, 2004; McDermott et al., 2006), it is found that supply chain
philosophy is being adopted to improve the performance of the large projects. However,
presence of large number of players and resultant fragmentation tends to weaken the
integration force. As a result, central coordinati