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Abstract:

Procurement activities have actual impact on organizational performance, and organizations
are increasingly adopting its online version to make procurement even more effective. In the
last two decades, electronic procurement (e-procurement) has shown a rising trend of
application in industry and government, with the government departments lagging behind
their industry counterparts. Unlike procurements in a private firm, public procurements has a
multitude of objectives to be achieved whereas at the same such activities has to be
performed under stringent and rigid procedural framework. Researchers, worldwide, have
shown great interest in (1) identifying the benefits, barriers, and critical success factors for
the adoption of e-procurement in government, (2) utilizing the opportunities available in a
government setup for proper bidder evaluation, and (3) eliminating the imperfections
associated with government procurement in its transition to electronic form. This paper
identifies issues influencing adoption of e-procurement, bid evaluation, and collusion in

government organizations.
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1. Introduction

Economists view procurement as one of the major activities of the government to achieve its
social objectives. Unlike procurements in a private organization where ‘cost’, ‘profit’ and
‘competitive advantage’ are the key determinants of procurement policies and system design,
public procurement serves a broader objective of social welfare. The welfare may be in the
form of economic development, promoting local producers and achieving government’s
developmental goals (Jatkar et al., 2012). Government procures a large variety of goods and
services in order to carry out their normal operational responsibilities and for successful
completion of developmental projects and initiatives. Products range from office equipment
to heavy machinery and from medicine to aircraft, whereas services range from construction
of roads and buildings to installation of electrical substations and from painting of walls to
road transport services. Government procurement typically accounts for 10-15% of GDP for
economically developed countries, and up to as much as 20% of GDP for developing
countries (Srivastava, 1999; Global Trade Negotiations, 2006). Sharma (2007) has reported
that more than $100 billion USD of procurement had been done by the government of
developing countries in the year 2005. Furthermore, the government procurement system
administers money that belongs “to all”, and the procured goods and services are intended to

serve the public (Cavinato and Kauffman, 2000).

Achieving highest levels of efficiency in public procurement can increase social welfare
significantly. With so much of nation’s development and citizen’s welfare at stake on the
efficiency and effectiveness public procurement becomes an important area for management
researchers. Although a large amount of literature exists covering areas like, the role of
government procurement on the economic development, procedural requirements of
transparency and fairness, and the role of e-procurement, the authors of this paper observed
that literature on operational aspects of efficiency and effective procurement is limited. While
the procurement policies and systems in private organizations are guided by organizational
benefits, ensuring transparency, accountability and fairness are the major motivation for the
development of operational procedures for public procurement. These operational guidelines
and procedures must be adhered to by the government departments. Whereas the requirement
of transparency, accountability and fairness cannot be wished away in the case of a private
organization, a relevant and valid question that may arise to any researcher are: (1) whether
there is any differences in the way the procurement objectives are operationalized between a

private organization and a government department, (2) to what extent the government



departments follow and practice the stated operational guidelines, and (3) to what extent these
guidelines facilitate or pose hindrance to meet the objectives of public procurement. In this
paper, we have reviewed the procurement literature extensively to find how public
procurement is different than a private organization in terms of emphasis on the various
diverse objectives of performance, transparency, accountability, and fairness. We also
explore the environment in which a public procurement is to be executed vis-a-vis a private

organization and how, they effect the procurement outcome.

Although the word ‘efficiency’ has been emphasized in this paper the issue of ‘effectiveness’
is assumed to be implicit. In addition, policy makers have a major bearing on procurement
practices adopted in government departments (Padhi et al., 2016; Lian and Laing, 2004), and
policy makers always invite effective policies from various sources—consultancies, foreign-
collaborations, and indigenous solutions—to improve the effectiveness of government
procurement. Considering the volume and distinct characteristics of procurement in
government, an attempt is made in this paper to study the adoption of e-procurement for
government procurement and to improve the procurement process by utilizing various

opportunities that the new technology offers.

1.1. Weaknesses of the manual procurement process

For a long time, the government organizations had been predominantly following a manual
method of procurement to procure goods and services required by them. A number of
weaknesses pervade the manual procurement process in government organizations,

worldwide. We list a few weaknesses reported in the literature:

1. Use of a large volume of paper leads to a high process residence time in the awarding
process (Carayannis and Popescu, 2005; Gupta and Jana, 2003; Mitra and Gupta,
2007; Padhi and Mohapatra, 2010).

2. Absence of a clear national IT policy for awarding work contracts and lack of
information on the characteristics of the procurement auction create problems for the
contractors while submitting the bids (Carayannis and Popescu, 2005; Mitra and
Gupta, 2007; Sharma, 2007; Padhi and Mohapatra, 2010).



Lack of transparency in the award of work contracts is common in government
departments (Gupta and Jena, 2003; Liao et al., 2003; Mitra and Gupta, 2007; Padhi
etal., 2015).

Excessive state intervention, favoritism towards the local contractors, and
discrimination in awarding contracts create problems in the tender awarding process
(Carayannis and Popescu, 2005; Padhi et al., 2015).

Procurement in government administrations is usually associated with corruption,
scandal, and abuse of public resources (McAfee and McMillan, 1992; Mougeot and
Naegelen, 2005; Liao et al., 2003; Mitra and Gupta, 2007; Sharma, 2007).

Lack of flexible centralized control by government departments leads to improper

standard of bid evaluation methods (Carayannis and Popescu, 2005).

1.2. Opportunities offered by e-procurement

To overcome many of the weaknesses listed above, there is a conscious attempt during

the last decade towards electronic procurement of products and services. In particular,

tendering, one of the elements in the procurement process, is being increasingly done by

electronic means. We mention below the opportunities which e-procurement in

government sectors can offer:

1.

Transparency

= open, fair, and transparent environment for
government procurement (Liao et al., 2002;
Panayiotou et al., 2004; Dooley and Purchase,
2006; Mitra and Gupta, 2007; Sharma, 2007)
helps in improving internal and external
communication, business transaction, and
management of supply chains and alliances
removes domestic barriers to international trade

Simplification/Standardization of

Procurement Process using IT-

infrastructure

- tender awarding processes,

such as payment of earnest
money, registration of the
contractors, and online
publication of tenders, can
be done by electronic
means (Liao et al., 2002).

Cost
= enhances procurement efficiency (transaction cost,

administration cost)

benchmarking process can be established

It simplifies the procurement process, reduces paper work and transaction costs, and
enhances procurement efficiency by helping to reduce the procurement cycle time and
process cost (Liao et al., 2002; Subramaniam and Shaw, 2002; Davila et al. 2003;
Liao et al., 2003; Gupta and Jana, 2003; Dooley and Purchase, 2006; Lin and Hsieh,
2006; Ash and Burn, 2006).



2. E-procurement establishes an open, fair, and transparent environment for government
procurement (Liao et al., 2002; Panayiotou et al., 2004; Dooley and Purchase, 2006;
Mitra and Gupta, 2007; Sharma, 2007). Transparent processes and tools improve
internal control of the tender-awarding processes and also reduce administrative cost
of organizations (Davila et al., 2003; Gupta and Jana, 2003; Ash and Burn, 2006).

3. Many tender awarding processes, such as payment of earnest money, registration of
the contractors, and online publication of tenders, can be done by electronic means
(Liao et al., 2002).

4. Using electronic procurement operations, a new benchmarking process can be
established through robust analysis for proper evaluation of suppliers and
manufacturers (Liao et al. 2003; Ash and Burn, 2006).

5. Implementation of electronic procurement helps in improving internal and external
communication, business transaction, and management of supply chains and alliances
(Chan and Lee, 2003; Dooley and Purchase, 2006).

6. Standardization of the bid evaluation process facilitates business opportunities and
motivates contractors to participate in the bidding process (Liao et al. 2003; Ash and
Burn, 2006).

7. It removes domestic barriers to international trade (Carayannis and Popescu, 2005).

Recognizing the weaknesses of the manual procurement process, the benefits of e-
procurement process, and the present trend to adopt electronic means, government
departments, worldwide, want to adopt the electronic procurement process (Arslan et al.,
2006; Mitra and Gupta, 2007; Sharma, 2007; Croom and Brandon-Jones, 2007; Badri and
Alshare, 2008). But factors, such as cost of implementation, lack of employee skills, and risk
of e-procurement, create barriers for such adoption (Gupta and Jana, 2003 and Sharma,
2007). It has, thus, become necessary to carefully evaluate a traditional, manual procurement
system that is prevalent in government departments to assess the extent of improvement
possible when e-procurement system is adopted. Furthermore, it has also become

necessary to reduce the effect of bidder collusion to derive the maximum benefit out of

e-procurement.

2. Adoption of e-procurement



E-procurement encompasses business-to-business, government-to-business, and government-
to-government domain applications and has attracted many researchers (Liao et al., 2002;
Liao et al., 2003; Davila et al. 2003; Panayiotou et al., 2004; Chu et al. 2004; Radovilsky and
Hegde, 2004; Reddick, 2004; Dooley and Purchase, 2006; Ash and Burn, 2006; Arslan et al.,
2006; Croom and Brandon-Jones, 2007; Badri and Alshare, 2008; Gunasekaran and Ngali,
2008; Ghapanchi et al, 2008; Padhi and Mohapatra, 2010) to study the benefits, barriers, and

critical success factors for its adoption.

Interestingly, although the studies on e-procurement carried out for different countries have
addressed similar issues, their findings are markedly different, reflecting the dependence of
factors on the unique socio-cultural environment prevailing in each country. For example, a
factor, organization infrastructure, considered very important for USA (Davila et al., 2003)
is not included in the list of important factors for Taiwan (Chu et al, 2004). Similarly,
effective management policy is considered highly important for Hong Kong (Gunasekaran
and Ngai, 2008) in contrast to end-user satisfaction considered highly important for Taiwan
(Chu et al, 2004). Furthermore, a factor, IT skill of the employees, considered important in
Greece (Panayiotou et al. 2004) does not appear in the list of important factors for UK
(Croom and Brandon-Jones, 2007).

Developing countries have not made much progress in implementing e-governance and in
adopting e-procurement in government organizations (Gupta and Jena, 2003; Mitra and
Gupta, 2007; Sharma, 2007). Exploring the reasons for the slow adoption is therefore very

important.

Past studies have listed a large number of factors influencing e-procurement adoption in
government organizations. For example, Gunasekaran and Ngai (2008) have identified 18
factors, Croom and Brandon-Jones (2007) have identified 5 factors, Reunis et al. (2004) 9
factors, and Yu et al. (2008) 5 factors. A study of these factors indicates that many of them
have similar directions of influence. And high-leverage factors identified from their
standardized regression weights and having similar implications for e-procurement adoption
thus may be grouped under one broad category. Such grouping considerably reduces the
dimensional complexity of the factors and makes them easily comprehensible. It is also

observed that the past studies have not explored the causal relationships among the identified



factors which could help formulate very effective strategies to expedite e-procurement

adoption in government.

In consideration of the above-made points, the pertinent research questions are:

What categories of factors significantly influence the adoption of e-procurement in

government organizations?

What are their causal relationships?

The work presented here explores the enabling and inhibiting factors that influence the
adoption of e-procurement in government organizations, studies their underlying causal

relationships, and identifies the most influential factors for e-procurement adoption.

Information technology readiness

The benefits of e-procurement have significantly enhanced its adoption rate. Its adoption rate
is affected by various categories of factors, such as organization structure, implementation-
management policies, end-user resistance, and information technology readiness (IT-
readiness) of the government departments. Considering these factors, a number of integration
approaches and strategies have been put forward in various government organizations (e.g.,
Angeles and Nath, 2007; Croom and Brandon-Jones, 2007; Badri and Alshare, 2008; and
Ahuja et al, 2009). But these approaches have been proved to be inadequate in coping with
the increasing demand of e-procurement adoption without the support of I1T-readiness (Lai et
al., 2008).

Technology is the major factor behind productivity improvement (Bahouth, 1994). In this
modern era, IT is increasingly being used to improve organizations’ ability to effectively use
their internal resources. For example, Hafeez et al. (2006) and Koh et al. (2007) found that
organizations which have adopted IT services are reaping great productivity improvements
compared to non-adopters of IT. Batenburg (2007) argued that the use of IT is very
important, especially for large organizations, to establish effective communication within and

across organizations. Furthermore, the use of IT provides opportunities for real-time access of



information to all and for improved coordination and collaboration between officials (Ahuja
et al., 2009). Its benefits include improved quality of documents, speed of work, better
financial control and communication, simpler and faster access to common data, and reduced

documentation errors (Nitithamyong and Skibniewski, 2006; Nikolaeva, 2006).

Jaafar et al. (2007) determined the technology readiness index of managers of Malaysian
construction firms to study the adoption of IT services. Lai (2008) studied the state of
technology readiness of professional accounting students in Malaysia to examine the level of
their IT skills. Lin and Hsieh (2006) examined the relationship between technology readiness
and adoption of self-service technologies in Taiwan and found that they were positively
correlated. Massey et al. (2007) measured the technology readiness of end-users through
online service interfaces of web sites, where web site interfaces depend on contextual factors,
type of sites, and access method of web sites. Demirci and Ersoy (2008) have measured the
Technology Readiness Index of customers in the adoption of short life cycle
products/services and rapidly shrinking technology for sustainability and survival of business
in Turkey. All the authors have used the approaches put forwarded by Parasuraman (2000)
and Parasuraman and Colby (2001) to determine the Technology Readiness Index. Using four
components (optimism, innovativeness, discomfort, and insecurity), they have compared the
means of the responses to a questionnaire survey conducted to identify various factors related
to technology readiness.

Parasuraman (2000) and Parasuraman and Colby (2001) have computed individual scores of
respondents in a questionnaire survey with regard to their readiness to embrace information
technology. Similarly, Lin and Hsieh (2006) and Massey et al. (2007) have computed the
index at the level of individuals. We consider it highly useful to define and compute an
aggregate IT-readiness index at the level of a government department, rather than for each
individual employee. Such knowledge helps the management in formulating effective IT
strategies for the department.

Past studies (for example, Hafeez et al., 2006; Massey et al., 2007; and Koh et al., 2007) have
identified 1T-readiness as the most critical success factor for adoption of e-procurement in
government organizations. Researchers have found that the government organizations lag
considerably behind private industries in terms of IT-readiness (Gupta and Jana, 2003; and
Sharma, 2007). The possible reasons for this is the non-availability of adequate hardware and



software resources, inadequate computer skill, lack of effective training programs to upgrade
the employee skill, and lack of adequate financial support in case of the government
departments. Assessment of IT-readiness of government departments helps the government to
select departments with high IT-readiness for implementation of e-procurement in a
prioritized manner. It has thus become important to identify the factors that contribute to the

IT-readiness of an organization.

In consideration of the above research gap, the pertinent research question is: How to

measure the IT-readiness index of a government department?

3. Bid evaluation

Government organizations outsource their required works and services through various
procedures such as open cry, competitive bidding through Request for Quotation (RFQ), and
agreement through negotiation. Of these, competitive bidding through RFQ is the most
frequently used procedure (Padhi and Mohapatra, 2010). It is used for selecting contractors to
award construction projects such as those related to buildings, port works, roads, and
waterworks.

To set the reserve price of a project, the government departments estimate the project cost
considering various attributes, such as material cost, machine operating cost, manpower
operating cost, geographical location, and market type. They provide 10-15% profit margin
over the estimated project cost to arrive at the reserve price, which they publish in the tender
notice. The one with the lowest financial bid wins the contract as long as its bid is lower than
the reserve price.

A government department follows a two-stage process to award a work contract. In the first
stage, it evaluates the applicants and rates them with respect to three main pre-qualification
attributes of the technical bids (called here as the present status of the contractor). The three
attributes are: (1) Quantum of similar work done in the past, (2) Amount of physical
resources available, and (3) Financial status (liquid assets) of the contractor. The department
shortlists three highest-scoring bid participants for the second stage of evaluation. In the
second stage, the bidder quoting the lowest bid price is declared as the winner.

The use of the criterion of the lowest bid price to finally select a contractor has been
criticized by many (e.g., Hatush and Skitmore, 1998; Stein et al., 2003; Al-Reshaid and

10



Kartam, 2005; and Dimitri et al., 2006a). According to them, a contractor, quoting a very low
bid price and ultimately winning the auction, may find the quoted amount totally untenable.
Such a contractor often resorts to various cost-cutting measures, which can lead to serious
quality problems. Furthermore, the lowest-bid contractor may have secured the lowest pre-
qualification score among the previously short-listed contractors. The selection procedure,
thus, does not distinguish a technically vastly superior contractor from other marginally

qualified ones.

The contractor selection procedure also suffers from two other deficiencies. First, the
selection process does not attach any importance to the past work performance of contractors.
Having won a contract, a contractor, with a poor record of past work-performance, is very
likely to deliver work with poor standard. Holt et al. (1995) and EI-Sawalhi et al. (2007), for
example, found the contractors to be unreliable when their past work performance was not
considered in the selection process. Second, a contractor can bid for any number of projects
at the same time. Because procurement auctions take place in a decentralized manner in
government departments, it is quite possible that a contractor wins the award of multiple
projects. Such a contractor often fails to handle all the projects satisfactorily due to his
limited resources and exceeds the planned schedule and cost and, consequently, compromises
on quality. Therefore it is important to propose a contractor short-listing or selection
procedure that includes the past performance of contractors and their bids for multiple

projects.

3.1. Contractor selection models

Many studies have recognized the importance of, and the associated difficulties in, multi-
attribute nature of scoring of contractors. According to Dobler and Burt (1996), Beil and
Wein (2003), Gallien and Wein (2005), David et al. (2006), Shyur and Shih (2006), Patil
(2006), Dimitri et al., (2006a) and Arslan et al. (2006), Dimitri et al. (2006b) consideration of
multiple attributes in procurement auction is important, but setting their priorities in a bid
evaluation process is difficult. To overcome these weaknesses and evaluate construction
contractors in a multi-attribute procurement scenario in the government sector, a number of
modeling approaches have been proposed in the literature. Table 1 gives a selected set of

methods and the contractor selection attributes used in these methods.

11



Al-Harbi (2001) and Topcu (2004) used Analytic Hierarchy Process (AHP), whereas Deng
(1999) used Fuzzy Analytic Hierarchy Process (FAHP) to score the contractors. Both AHP
and FAHP techniques check the consistency of expert judgments. Using these techniques, the

qualitative scores of attributes are converted into numerical values.

Table 1: Contractor selection methods used for construction projects

Author Country Selection attributes used Methods
Deng (1999) Australia |Quoted cost, technical capability, services and Fuzzy-AHP
references of the government officials.
Missbauer and Austria  |Bid price Integer programming
Hauber (2006)
Lai et al. (2004) China Contractor organization structure, firm honor and| Multi attribute analysis

competence, quoted bid price, and amount of]
materials used.

Lambropoulos (2007) [Greece  |Quoted cost, quality of work, and completion time |Multi-attribute utility theory

Kumaraswamy (1996)[H. K Financial  status, technology offered, and| Performance-based scoring
experience in handling similar types of projects.

Padhi and Mohapatra |India Quoted bid price, financial soundness, technical Fuzzy-AHP-SMART

(2009) ability, and past performance.

\Wang et al. (2006) [Taiwan |Conversion of all the attributes to price Unit price based
Topcu (2004) Turkey |Quoted cost, quality of work, and completion time AHP
Al-Harbi (2001) U. A.E [Experience in handling similar types of projects, AHP

financial stability, quality performance, manpower,
resources, equipment resources, and current

workload.
Holt et al. (1998) U. K. Quoted cost, quality of work, and completion time Cluster analysis
Hatush and Skitmore |U. K. Quoted bid price, financial soundness, technical| Multi-attribute utility theory
(1998) ability, management capabilities, safety

performance, and reputation.
Padhi and Mohapatra |India Bid price, financial soundness, technical ability, Goal Programming
(2010) and past performance.

The techniques can also handle scores assessed by a group. The contractors are rated
subjectively by the decision makers who use the Saaty scale (Saaty, 1980) to convert the
scores into crisp numbers and make pair-wise comparison among the attributes as well as the
contractors. AHP, however, cannot capture the imprecision of the preference ratings for
scoring the contractors. The fuzzy scale, used in FAHP and SMART, gets over this problem
by allowing the experts to give their opinions in terms of a range of values in the scale. AHP
FAHP, and SMART suffer, however, from the rank reversal problem (Wang and
Triantaphyllou, 2008). Such a problem is said to occur when the relative ranks of contractors

change whenever one or more contractors are either added or deleted from consideration.
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Hatush and Skitmore (1998) and Lambropoulos (2007) have used multi-attribute utility
technique to score the contractors. In this technique, attribute-level utility scores are
determined by comparing the desired value of each attribute (set by the government) with its
actual value as achieved by the contractor. The sum of the attribute-level utility scores
reflects the total utility score of the contractor. Thus, the technique has the ability to consider
multiple attributes. However, it cannot handle fuzzy data and does not work properly for

group decision-making problems (El-Sawalhi et al., 2007).

Lai et al. (2004) used multi-attribute analysis technique to score the contractors. A simple
scoring technique in which the contractors are rated on an ordinal scale, the technique cannot
capture the imprecision associated with impressionist preference ratings of decision makers.
Also, it does not check the consistency of scores for the attributes by decision makers (El-
Sawalhi et al., 2007).

Kumaraswamy (1996) used a performance based scoring technique for rating each attribute
on an interval scale and for summing the individual scores to compute the final score for a
contractor. The technique is simple to use, but it depends on the subjective decisions of the
experts. Also, it cannot accommodate attributes with dissimilar scales of measurement. The

technique also fails to guarantee consistency in determining the attribute weights.

Holt et al. (1998) used cluster analysis to group the contractors having similar characteristics.
The technique can handle the attributes with dissimilar scales of measurement. Whereas this
technique is helpful in short-listing the contractors, it cannot help selecting the most favorable

contractor.

Missbauer and Hauber (2006) used a single-objective (bid price) integer programming model
to select the winning contractor. However, they did not consider other important non-price
attributes, such as quality, time of completion, physical resources, and past performance of

the contractor.

Wang et al. (2006) used the unit-price based selection method, where all the selection
attributes were converted into a single attribute - price - to select the most favorable
contractor. However, mapping multiple attributes to a single attribute - price - is difficult
(Teich et al., 2005) and debatable.

13



In summary, we state the following:

1. Models for procurement auction of construction projects have considered single projects
only. Models for awarding multiple construction projects have not been reported in the
literature.

2. Procurement auction models have used “pre-qualification™ criteria to screen out the
contractors. The attributes include physical and financial status of a contractor and the
volume of similar work done in the past. They do not include effects of past performance-
related attributes such as quality of work done and delay in completing past projects.

3. Holt et al. (1994a, 1994b, 1995) and El-Sawalhi et al. (2007) have used data that can be
either qualitative or quantitative for awarding work contracts. However, they did not
consider simultaneous existence of both qualitative and quantitative data (Deng, 1999;
Missbauer and Hauber, 2006). Also, most authors considered the quantitative data of

either inhibiting or enabling nature, but not simultaneous existence of both types of data.

In consideration of these issues, the pertinent research question is: How to develop models to
handle award of multiple projects by considering both price and non-price attributes that

may be either qualitative or quantitative or both and either enabling or inhibiting or both?

4. Collusion

Many studies have confirmed that bidders form cartels in procurement auctions to increase
bid price and clinch contracts at the cost of the auctioneers (e.g., Porter and Zona, 1993 and
1999; Bajari and Summers, 2002; Porter, 2005; Harrington and Chen, 2006; Marshall and
Marx, 2007; Ishii, 2009; Padhi and Mohapatra, 2011). McAfee and McMillan (1992)
recognized four types of collusive mechanism to earn profit: (1) Tacit, (2) Coordinative, (3)
Transfer, and (4) Budget-breaking. In the tacit mechanism, cartel members submit their
competitive bids to the cartel, and the core members decide the winner based on the
minimum quoted bid. The remaining cartel members support him by putting phony bids in
the auction. However, in some of the cases, the cartel members submit their actual bids in the

auction to show synthetic competition among them (Skrzypacz and Hopenhayn, 2004).

In the coordinative mechanism, there is no transfer of money or favor, but the bids depend
upon the entire vector of reports, i.e., price and non-price factors (McAfee and McMillan,

14



1992). Following the coordinative mechanism, cartel members coordinate among them by

dividing the market.

In the transfer mechanism, the cartel members use side payments to compensate the members
of the cartel for refraining from submitting phony bids (Pesendorfer, 2000). Generally they
use two types of bid scheme, namely rotating and complementing, to allocate contracts in the
auctions (Kagel and Levin, 2008). Furthermore, cartel members conduct pre-auction
monetary transfer in the bidding-club to restrict competition (Leyton et al., 2002).

In the budget-breaking mechanism, the side-payment constraints are relaxed so that transfers
sum to zero only on average (McAfee and McMillan, 1992), and cartel members divide the
market among themselves. In some cases, cartel member display muscular power and take

political advantages to restrict new entrants to the market (Connor, 2001).

The four collusive mechanisms can be broadly classified into two types—presence and
absence of transfers, where the transfer can be in the form of money, favor, or support.

Several authors have tried to detect collusion on the basis of bid price information. They have
assumed that the patterns in bid prices represent the bidding behavior, and such price pattern
can be used to detect collusion. Lang and Rosenthal (1991), Baldwin et al. (1997), Aoyagi
(2003), and Lengwiler and Wolfstetter (2006) suggested the presence of a cyclic pattern in
the winning bids and the presence of specific firms winning specific types of contracts as
pointers to collusion. Lang and Rosenthal (1991) used data mining techniques to find out the
cyclic (rotational) winning pattern among the bidders. Baldwin et al. (1997) and Padhi and
Mohapatra (2011) compared the winning bid price pattern of collusive and competitive
bidders in the auctions of forest timber and road contracts using parametric statistics, Aoyagi
(2003) used dynamic bid rotation scheme using a game theoretic approach to find out the
cartel size. Lengwiler and Wolfstetter (2006) classified different types of collusion schemes
and used a scoring technique to score the price and non-price attributes to test the conditional

independence for detecting collusion.
Porter and Zona (1993, 1999), Pesendorfer (2000), Bajari and Summers (2002), Bajari and

Ye (2003), and Skrzypacz and Hopenhayn (2004), Kagel and Levin (2008) argued that using
only bid price to detect collusion may not yield truthful results. They used winning bid price

15



as a dependent variable and distance, utilized capacity, experience of the winning firm, free
capacity, and minimum distance of the rival firm as independent variables to build an
ordinary least square regression model to detect collusion in school milk market of Ohio,
Florida and of Texas and in highway paving contracts of New York, Minnesota, North and
South Dakota. Thereafter, they applied the theory of competitive bidding with asymmetric
information among bidders to distinguish between competitive and collusive bidding. They
suggested a set of two necessary conditions—exchangeability and conditional
independence—to detect collusion among bidders and compare percentage markups between
competitive and collusive bidders. The suggested approach is quite rigorous, but the
requirement of a priori knowledge of bidders who had indulged in collusion and of
knowledge of data on five non-price attributes for every bidder makes this approach difficult
to apply in practice.

Lundberg (2005) and Brosig and Reib (2007) used non-parametric statistics— run test and
Mann-Whitney U test—to compare the collusive and competitive winning bid price patterns.
They showed that collusive winning bid price pattern was significantly different from the

competitive pattern.

A number of authors (e.g., Lang and Rosenthal (1991), Porter and Zona (1993, 1999),
Pesendorfer (2000), Bajari and Ye (2001a, 2001b), Bajari and Summers (2002), Lengwiler
and Wolfstetter (2005), Lundberg (2005), Brosig and Reib (2007), and Padhi and Mohapatra
(2011) used the winner bid price pattern to detect collusion along with previously available
proven collusive bid data, where collusion was already detected using other empirical means.
In reality, availability of collusive data prior to bid opening is not possible. Detection of
collusion, even after opening of bid and generation of collusion data in collusive bidding is
very scarce in real world bidding situation. Using parametric statistics with such small size of
collusive data is thus expected to lead to erroneous inference. Therefore, detection of
collusion from the winning bid price pattern is difficult without the prior information of
collusion in the market. To overcome this difficulty, Ishii (2009) suggested the use of the
ratio of bid price to reserve price to differentiate collusive from competitive bidding pattern
in the Japanese construction market. He used a threshold value of 0.95 for the purpose.
However, this threshold value was purely subjective and was not based on any analytical

vigor.
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In view of the non-availability of a practical method of collusion detection, the relevant
research question is: How to develop a simple, practical method of detecting collusion in the

absence of a prior knowledge of bidder collusion?
4.1. Reduction of collusion effect

Collusion is a major issue in procurement auction, and it is prevalent when the commodity
price and the frequency of purchase are high, as in government organizations (Blume and
Heidhues, 2006; Menezes and Monteiro, 2006).

In a competitive bidding process, winning bidders often lose financially in a highly
competitive situation—known in the literature as the winner’s curse (Ludema, 2001). In view
of the diminishing profit, some bidders tend to adopt illegal means, such as pre-auction
collusive agreements and/or post-auction poor workmanship to maximize their profit. To
prevent bidders from such nefarious activities, auctioneers usually adopt several measures.
For example, to deal with collusion and tender fixing activities, the government of India has
enacted “Prevention of Corruption Act 1988 (Act No. 49 of 1988 dated 9" September, 1988)”
which has undergone amendments from time to time. Erring bidders, found engaged in illegal
practice to make profit, are liable to be punished under this act. And, to prevent poor
workmanship, government organizations usually adopt yardstick competition, whereby they
continuously monitor and evaluate performance of bidders, and regularly check quality of
commodities before sanctioning money to the awarded bidders (Tangerds, 2002), making it
difficult for a bidder to earn extra profit through poor workmanship. However, bidders tend to
extract profit from collusive agreements, because collusive bidding is difficult to detect. They
get detected through external sources, when media, police complaints, and lawsuits filed by
opponent bidders help to bring them to light. This scenario is indicative of ineffective
collusion detection and control mechanisms in government organizations (Bac and Bag,
2006). Thus, bidder collusion is probably the most serious practical threat to a transparent and

effective bidding process.
Several authors (Baldwin et al., 1997; Porter and Zona, 1993, 1999; Aoyagi, 2000;

Pesendorfer, 2000; Bajari and Ye, 2001a, 2001b; Bajari and Summers, 2002; Lengwiler and
Wolfstetter, 2006; Harrington and Chen, 2006; Albano et al., 2006; Marshall and Marx,
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2007; Ishii, 2009) have suggested a variety of approaches to detect collusion—a necessary

prerequisite for reducing collusion and/or its adverse effect on the bid price.

4.2. Collusion reduction mechanisms

The main causes of collusion are: monopoly of bidders in the market (Dimitri et al, 2006a;
Carpineti et al., 2006), inadequate number of bid participants in auctions (Huck et al, 2004;
Ma, 2008), high level of information sharing among bidders (Blume and Heidhues, 2006; De
Silva et al, 2008), high level of competition among bidders when they have the same
potential to get the contracts (Ross, 2004; Ma, 2008), preference of local bidders by the
auctioneer (Bajari and Summers, 2002; Dimitri et al, 2006a), and corrupt practices of the
authority (Tirole, 1992; Laffont and Tirole, 1991; Isihi, 2009).

To eliminate the above-mentioned causes, a variety of collusion prevention mechanisms have
been suggested in the literature. Supervisor-monitoring (Tirole, 1992; Laffont and Tirole,
1991), vyardstick competition (Tangerds, 2002), design of novel auction mechanisms
(Kwasnica and Sherstyuk, 2007; Sherstyuk and Dulatre, 2008), volume of information
release (Che and Kim, 2009; De Silva et al., 2008; De Silva et al., 2009), splitting of work
content (Al-Arjani, 2002), preference to global bidders (Bajari and Summers, 2002), and
setting auction parameters and introduction of participation fee and reserve price (Kirkegaard,
2005; Chowdhury, 2008; Padhi et al., 2015) are some of these approaches. We discuss below

the above-mentioned mechanisms in some detail.

4.2.1 Supervisor-monitoring

To reduce the effect of collusion, Tirole (1986, 1992) and Laffont and Tirole (1991) have
suggested a three-layer hierarchy (buyer, supervisor, and agent) where a supervisor monitors
the agent's (supplier/contractor’s) performance. However, the introduction of another layer
only shifts the problem rather than solves it, because of high probability of project-related
money getting transferred from the agent to the supervisor. To address this problem, Kofman
and Lawarrée (1993, 1996) proposed imposition of monetary penalty on the supervisors for
their corrupt practices. However, monetary penalties usually fall much short of the social cost
of corruption (Bac and Bag, 2006).
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To prevent post-auction corruption, government organizations usually adopt yardstick
competition (Tangeras, 2002). Samuel (2009) suggested that privatizing the law enforcement
process can be used to eliminate such post-auction corruption. But these methods cannot be

used to eliminate preemptive corruption.

4.2.2 Auction mechanism

Various researchers (e.g., Kwasnica and Sherstyuk, 2007; Sherstyuk and Dulatre, 2008; Padhi
and Mohapatra 2010) have suggested multi-objective descending auctions to control
collusion in procurement auctions, because in price-only auctions coordination among the
collusive bidders is easy and may lead to high project cost for the auctioneer. Coordination
among the collusive bidders in multi-objective auctions requires complex strategies for
formulating non-evident objective-wise collusive bids. Furthermore, sealed-bid auctions are
found to perform better to prevent collusion as compared to other auction mechanisms
(Albano et al., 2006; Carpineti et al., 2006; Dimitri et al., 2006b) because the anonymity
among the bid participants eliminates the scope of collusion.

4.2.3 Volume of information release

Che and Kim (2009) suggested that incomplete information (Rasmusen, 2007) among the
bidders can be exploited to significantly weaken the collusive agreement among the bidders.
Also experimental evidence as well as theoretical arguments supports the intuitive belief that
collusion becomes difficult if the auctioneer releases less information about bidders’ bidding
behavior in the auctions (Blume and Heidhues, 2006). De Silva et al. (2008) and De Silva et
al. (2009) examined the role of information release on bidding behavior using data from
highway construction procurement auctions of USA. They found that with the release of
project-related information—reserve price, design and drawing specifications, required
physical resources, and bidding period—in the tender notice, it is easy for the bidders to

estimate the project cost that leads to a decrease in the winning bid price.

4.2.4 Design of auction parameters

Auctions can be made collusion-proof, if at least one bidder is not collusive, or if there are
multiple bidding cartels (Hu et al., 2009). To restrict the effect of collusion, many
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government auction authorities impose floor and ceiling prices. Kirkegaard (2005) and
Chowdhury (2008) examined the role of reserve price in controlling collusion in auctions.
They suggested that under the appropriate parameter conditions, reserve price allows the
auctioneer to prevent the losses due to collusion, if any. But, when the reserve price is set
stiff, the number of bid participants decreases due to lower profit margin (Lai et al., 2004)
and increases the winning bid price. Roos (2004) developed a game theoretic model and
suggested that entry, exit, and investment decisions of bidders have an influence on the
collusion environment, i.e., with entry (or exit) of a bidder in the collusive market, collusion
decreases (or increases). As the capacities of bidders vary, collusive agreements also vary
(Ma, 2008). Through laboratory experiment, Huck et al. (2004) suggested that with two
bidders there is some collusion, but with four or five bidders there is less collusion. Also Al-
Arjani (2002) validated a widely held hypothesis that with the increase in the number of
bidders, the winning price decreases in procurement auctions. He further noted that the
average number of bidders increases as the project size increases. However, in developing
countries, it is well known that with the increase in the size of the project (work content), pre-
qualification level increases that reduces the number of bid participants and makes the

auction more vulnerable to collusion.

Several auction theorists have attempted to design or modify an auction in order to generate
high revenue (Janssen, 2004). However, in government or semi-government organizations, it
is very difficult to change or modify the auction mechanism. In these organizations many
factors—tendering procedure, bid period, splitting of work content, and allowable profit
margin—influence the auction outcomes. The multiplicity of influencing factors coupled with
the averseness of the government to a change in the time-tested auction mechanism makes
redesigning the government auction mechanism extremely difficult. In such an environment it
is a better strategy to modify the values of auction-related parameters that influence the
winning bid price (Ong et al., 2005). Auction parameters influence the auction outcome in
complex cause-effect pathways. Thus, while it is easy to estimate the effect of variation of
one parameter on the auction outcome, it is quite difficult to estimate the effect of a set of
auction parameters on the auction outcome. Furthermore, several authors have concentrated
on different aspects of collusion control considering single auction parameters at a theoretical
level. No study has been made on reduction of collusion in repeated government procurement
auctions considering multiple auction parameters. The relevant research question is: How can

one design optimum auction parameters to reduce (or even minimize) the effect of collusion?
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5. Conclusions:

A large number of studies have been undertaken in various countries in the recent years to
identify barriers and critical success factors for adoption of e-procurement. Many of these
studies have been carried out for government organizations. These studies reflect the concern
of the researchers in the areas of adoption, evaluation, and collusion during e-procurement in

government departments—the subject of research of this paper.

Studies on factors influencing adoption rate of e-procurement give lists of factors that differ
from country to country. We therefore believe that results of these studies are only indicative
and that separate studies are required to be carried out for every country that represents a new
socio-cultural setting.

Questionnaire surveys are popularly used to elicit group opinion. Thus, very definitive
conclusions can be arrived at by analyzing the results of such surveys with the help of
exploratory factor analysis and confirmatory structural equation modeling. Such analyses
help one to define the constructs, find the causal relationships between pairs of constructs,

and identify high-leverage factors.

Contractor selection is a multi-attribute decision-making problem. The current practice of
selecting a contractor to award a project in a government organization is typically based on
bid price alone and is deficient in many respects. It ignores the past performance of a
contractor and his competitiveness in terms of the quoted time of completion and the quoted
warranty period. Furthermore, such a department follows a decentralized project awarding
procedure where a contractor is evaluated for a project without any regard to his bid for other
projects. Thus, the procedure may result in a situation where a contractor may be awarded
more than one project while his liquid assets and other resources may fall far short of the

requirements for implementing all the awarded projects.

A study of literature on bidder collusion in auctions indicates that research is reasonably
successful in unveiling the reasons and the mechanisms of collusion among bidders.
However, past research has not yet led to very effective methods for detecting or preventing

collusion or for reducing its adverse effect.
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Based on the critical findings, the major research issues in adoption, bid evaluation and
collusion are:

Identify factors governing adoption of e-procurement in government departments
and establish inter-factor relationships.

Rate government departments for their IT-readiness and evaluate e-procurement vis-

a-vis the prevailing manual contract-awarding procedure.

Short-list and/or select contractors for award of projects based on a centralized,

multi-attribute procurement process.

Develop a methodology for detecting and reducing the effect of collusion in

government procurement auctions.

References New:

Jatkar, A., B. Sen, F L Pasini, S P Singh, 2012. Government procurement in India: domestic
regulations and trade prospects, CUTS International, Jaipur India, available at
http://www.procurementobservatoryraj.in/pdf/Government-Procurement-in-India_Domestic-
Requlations-Trade-Prospects.pdf. (Retrieved on 27 April, 2016).

References:

Ahuja, V., Yang, J., and Shankar, R. (2009), “Study of ICT adoption for building project
management in the Indian construction industry”, Automation in Construction, vol. 18,
iss. 4, pp. 415-423.

Al-Arjani, A. H. (2002), “Type and size of project influences on number of bidders for
maintenance and operation projects in Saudi Arabia”, International Journal of Project
Management, vol. 20, pp. 279-287.

Albano, G. L., Buccirossi, P., Spagnolo, G, and Zanza, M. (2006), “Preventing collusion in
procurement”, In Dimitri, N., Piga, G., and Spagnolo, G. (eds), ‘Handbook of
Procurement’, Cambridge University press, Cambridge, UK.

Al-Harbi, K. M. (2001), “Application of the AHP in project management”, International
Journal of Project Management, vol. 19, iss. 1, pp. 19-27.

Al-Reshaid, K. and Kartam, N. (2005), “Design-build pre-qualification and tendering
approach for public projects”, International Journal of Project Management, vol. 23, iss.
4, pp. 309-320.

22


http://www.procurementobservatoryraj.in/pdf/Government-Procurement-in-India_Domestic-Regulations-Trade-Prospects.pdf
http://www.procurementobservatoryraj.in/pdf/Government-Procurement-in-India_Domestic-Regulations-Trade-Prospects.pdf

Amin, A., Ghodsypour, S.H., and O’Brien, C. (2009), “A weighted additive fuzzy multi-
objective model for the supplier selection problem under price breaks in a supply Chain”,
International Journal of Production Economics, vol. 121, iss. 2, pp. 323-332.

Angeles, R. and Nath, R. (2007), “Business-to-business e-procurement: Success factors and
challenges to implementation”, Supply Chain Management: An International Journal,
vol. 12, iss. 2, pp. 104-115.

Aoyagi, M. (2003), “Bid rotation and collusion in repeated auctions”, Journal of Economic
Theory, vol. 112, pp. 79-105.

Arbuckle, J. (1997), “AMOS Users’ Guide Version 3.6”, Small Waters Corporation, USA.

Arslan, G., Tuncan, M., Birgonul, M. T., and Dikmen, I. (2006), “E-bidding proposal
preparation system for construction projects”, Building and Environment, vol. 41, iss. 10,
pp. 1406-1413.

Artale, A. (1997), “Rings in Auctions an Experimental Approach”, Springer-Verlag Berlin
Heidelberg, Germany.

Ash, C. G., and Burn, J. M. (2006), “Evaluating benefits of e-procurement in B2B
marketplace: A case study of quadrem”, Journal of Information Technology Case and
Application Research, vol. 8, iss. 2, pp. 5-21.

Bac, M., and Bag, P. K. (2006), “Beneficial collusion in corruption control: The case of
nonmonetary penalties”, Journal of Development Economics, Vol. 81, pp. 478-499.

Badri, M. A., and Alshare, K. (2008), “A path analytic model and measurement of the
business value of e-government: An international perspective”, International Journal of
Information Management, vol. 28, pp. 524-535.

Bahouth, S. B. (1994), “Technology readiness as a business strategy”, Industrial
Management & Data Systems, vol. 94, iss. 8, pp. 8-12

Bailey, R., Bras, B., and Allen, J. K. (2000), “Using response surfaces to improve the search
for satisfactory behavior in system dynamics model”, System Dynamics Review, vol. 16,
iss. 2, pp. 75-90.

Bajari, P. and Summers, G. (2002), “Detecting collusion in procurement auctions”, Antitrust
law journal, vol. 70, iss. 1, pp. 143-170.

Bajari, P. and Ye, L. (2003), “Deciding between competition and collusion”, The Review of
Economics and Statistics, vol. 85, iss. 4, pp. 971-989.

Bajari, P. and Yeo, J. (2009), “Auction design and tacit collusion in FCC spectrum auctions”,
Information Economics and Policy, vol. 21, pp. 90-100.

Baldwin, L. H., Marshall, R. C., and Richard, J. F. (1997), “Bidder collusion at forest service
timber sales,” Journal of Political Economy, vol. 105, iss. 4, pp. 657-699.

Banfield, J. D. and Raftery, A. E. (1998), “Model-based Gaussian and non-Gaussian
clustering”, Biometrics, vol. 49, pp. 803-821.

Batenburg, R. (2007), “E-procurement adoption by European firms: A quantitative analysis”,
Journal of Purchasing & Supply Management, vol. 13, pp. 182-192.

Beil, D. R. and Wein, L. M. (2003), “An inverse optimization-based auction mechanism to
support a multi-attribute RFQ process”, Management Science, vol. 49, iss. 11, pp. 1529-
1545,

Blume, A. and Heidhues, P. (2006), “Private monitoring in auctions”, Journal of Economic
Theory, vol. 131, pp. 179-211.

Bolotova, Y., Connor, J. M., and Miller, D. J. (2008), “The impact of collusion on price
behavior: Empirical results from two recent cases”, International Journal of Industrial
Organization, vol. 26, pp. 1290-1307.

Brosig, J. and Reib, J. P. (2007), “Entry decisions and bidding behavior in sequential first-
price procurement auctions: An experimental study,” Games and Economic Behavior,
vol. 58, pp. 50-74.

23



Byrne, B. M. (1998), “Structural equation modeling with AMOS: basic concepts,
applications, and programming”, Lawrence Erlbaum, Mahwah, NJ.

Caillaud, B., and Jehiel, P. (1998), “Collusion in auctions with externalities,” RAND Journal
of Economics, vol. 29, iss. 4, pp. 680-702.

Carayannis, E. G. and Popescu, D. (2005), “Profiling a methodology for economic growth
and convergence: learning from the EU e-procurement experience for central and eastern
European countries”, Technavation, vol. 25, pp. 1-15.

Carpineti, L., Piga, G., and Zanza, M. (2006), “The variety of procurement practice: Evidence
from public procurement”, In: Dimitri, N., Piga, G., and Spagnolo, G. (eds), ‘Handbook
of Procurement’, Cambridge University press, Cambridge, UK, pp. 14-44.

Carter, R., Monczka, R. M., Slaight, T. H., and Swan, A. J. (2000), “The future of purchasing
and supply: A ten year forecast”, The Journal of Supply Chain Management, vol. 36, iss.
1, pp. 14-26.

Cavinato, J. L. and Kauffman, R. G. (eds) (2000), “The purchasing handbook A guide for the
purchasing and supply professionals”, Sixth edition, McGraw-Hill publication, USA.

Chan, J.K.Y. and Lee, M.K.O. (2003) “SME e-procurement adoption in Hong Kong: The
roles of power, trust and value”, The 36th Annual Hawaii International Conference on
System Sciences 2003, Hawaii, USA, pp. 179-188.

Che, Y-K. and Kim, J. (2009), “Optimal collusion-proof auctions”, Journal of Economic
Theory, vol. 144, pp. 565-603.

Chen, H-H., Li, S-H., Huang, S-M., and Hung, Y-C. (2007), “The development and
performance evaluation of a continuous auditing assistance system”, International
Journal of Electronic Finance, vol. 1, iss. 4, pp. 460 — 472,

Choi, T. Y. and Hartley J. L. (1996), “An exploration of supplier selection practices across
the supply chain”, Journal of Operation Management, vol. 14, iss. 4, pp. 333-343.

Chou, S-Y. and Chang, Y-H. (2008), “A decision support system for supplier selection based
on a strategy-aligned fuzzy SMART approach”, Expert System with Applications, vol. 34,
pp. 2241-2253.

Chowdhury, P. R. (2008), “Controlling collusion in auctions: The role of ceilings and reserve
prices”, Economics Letters, vol. 98, iss. 3, pp. 240-246.

Chu, P., Hsiao, N., Lee, F., and Chen, C. (2004), “Exploring success factors for Taiwan's
government electronic tendering system: Behavioral perspectives from end users”,
Government Information Quarterly, vol. 21, iss. 2, pp. 219-234.

Connor, J. M. (2001), “Global price fixing our customers are the enemy, Kluwer academic
publishers, Norwell, Massachusetts, USA.

Croom, S., Brandon-Jones, A. (2007), “Impact of e-procurement: Experiences from
implementation in the UK public sector”, Journal of Purchasing & Supply Management,
vol. 13, pp. 294-303.

David E., Azoulay-Schwartz, R., and Kraus, S. (2006), “Bidding in sealed-bid and English
multi-attribute auctions”, Decision Support Systems, vol. 42, iss. 2, pp. 527-556.

Davila, A., Gupta, M., and Palmer, R. (2003), “Moving procurement systems to the Internet:
the adoption and use of e-procurement technology models”, European management
journal, vol. 21, iss. 1, pp. 11-23.

De Bore, L., Harunk, J., and Heijbore, G. (2002), “A conceptual model for accessing the
impact of electronic procurement”, European journal of purchasing and supply
management, vol. 8, iss. 1, pp. 25-33.

De Silva, D.G., Dunne, T., Kankanamge, A., and Kosmopoulou, G. (2008), “The impact of
public information on bidding in highway procurement auctions”, European Economic

Review, vol. 52, pp. 150-181.

24



De Silva, D.G., Kosmopoulou, G., and Lamarche, C. (2009), “The effect of information on
the bidding and survival of entrants in procurement auctions”, Journal of Public
Economics, vol. 93, pp 56-72.

DeLone, W. H. and McLean, E.R. (1992), “Information System Success: The Quest for the

Dependent Variable”, Information System Research, vol. 3, iss. 1, pp. 60-90.

DeLone, W. H., and McLean, E. R. (2004), “Measuring e-commerce success: Applying the
Delone and McLean information systems success model”, International Journal of
Electronic Commerce, vol. 9, iss. 1, pp. 31-47.

Demirci, A. E. and Ersoy, N. F. (2008), “Technology readiness for innovative high-tech
products: How consumers perceive and adopt new technologies”, The Business Review,
Cambridge, vol. 11, iss. 1, pp. 302-308.

Deng, H. (1999), “Multi-criteria analysis with fuzzy pair wise comparison”, International
Journal of Approximate Reasoning, vol. 21, pp. 215-231.

Derringer, G. and Suich, R. (1980), “Simulation optimization of several response variables”,
Journal of Quality Technology, vol. 12, iss. 4, pp. 214-2109.

Dimitri, N., Dini, F., and Piga, G. (2006a), “When should procurement be centralized?”, In:
Dimitri, N., Piga, G., and Spagnolo, G. (eds), ‘Handbook of Procurement’, Cambridge
University press, Cambridge, UK, pp. 47-81.

Dimitri, N., Pacini, R., Pagnozzi, M., and Spagnoplo, G. (2006b), “Multi-contract tendering
procedures and package bidding in procurement”, In: Dimitri, N., Piga, G., and Spagnolo,
G. (eds), ‘Handbook of Procurement’, Cambridge University press, Cambridge, UK. pp.
193-219.

Dobler, D. W. and Burt, D. N. (1996), “Purchasing and supply management”, McGraw-Hill,
sixth edition, New York, USA.

Dooley, K. and Purchase, S. (2006), “Factors influencing E-procurement usage”, Journal of
Public Procurement, Boca Raton, vol.6, iss. %2, pp. 28-40.

Ebrahim, Z. and Irani, Z. (2005) “E- government adoption: architecture and barriers”,
Business Process Management Journal, vol. 11, iss. 5, pp. 589-611.

Elmaghraby, W. (2005), “The effect of asymmetric bidder size on an auction’s performance:
are more bidders always better?”, Management Science, vol. 51, iss. 12, pp. 1763-1776.

El-Sawalhi, N., Eaton, D., and Rustom, R. (2007), “Contractor pre-quailfication model: State-
of-the-art”, International Journal of Project Management, vol. 25, pp. 465-474.

Erensal, Y. C., Oncan, T., and Demircan, M. L. (2006), “Determining key capabilities in
technology management using fuzzy analytic hierarchy process: A case study of Turkey”,
Information Science, vol. 176, iss. 18, pp. 2755-2770.

Frye, D., Gulledge, T., Leary, M., Sommer, R., and Vincent, J. (2007), “Public sector
enterprise system implementation”, Electronic Government, an International Journal,
vol. 4, iss. 1, pp. 76-96.

Gallien J. and Wein L. M. (2005), “Design and analysis of a smart market for industrial
procurement”, Management Science, vol. 51, iss. 1, pp. 76-91.

Gao, P. and Owolabi, O. (2008), “Consumer adoption of internet banking in Nigeria”,
International Journal of Electronic Finance, vol. 2, iss.3, pp. 284-299.

Ghapanchi, A., Albadvi, A. and Zarei, B. (2008), “A framework for e-government planning
and implementation”, Electronic Government, An International Journal, vol. 5, iss. 1,
pp.71-90.

Gunasekarana, A., and Ngai, E. W.T. (2008), “Adoption of e-procurement in Hong Kong: An
empirical research”, International Journal of Production Economics, vol. 113, pp. 159-
175.

Gupta, M. P., and Jana, D. (2003), “E-government evaluation: A framework and case study”,
Government Information Quarterly, vol. 20, pp. 365-387.

25



Gupta, S. (2002), “Competition and Collusion in a Government Procurement Auction
Market”, Atlantic Economic Journal, vol. 30, iss. 1, pp. 13-25.

Habib, M. A., and Ziegler, A. (2007), “Why government bonds are sold by auction and
corporate bonds by posted-price selling”, Journal of Financial Intermediation, vol. 16,
pp. 343-367.

Hafeez, K., Keoy, K. H., and Hanneman, R. (2006), “E-business capabilities model
Validation and comparison between adopter and non-adopter of e-business companies in
UK?”, Journal of Manufacturing Technology Management, vol. 17, iss. 6, pp. 806-828.

Haq, A. N. and Kannan, G. (2006), “Fuzzy analytical hierarchy process for evaluating and
selecting a vendor in a supply chain model”, The International Journal of Advanced
Manufacturing Technology, vol. 29, iss. 7-8, pp. 826—835.

Harrington, J. E. and Chen, J. (2006), “Cartel pricing dynamics with cost variability and
endogenous buyer detection”, International Journal of Industrial Organization, vol. 24,
pp. 1185-1212.

Hatush, Z. and Skitmore M. (1998), “Contractor selection using multi-criteria utility theory:
An additive model”. Building and Environment, vol. 33, iss. 2-3, pp. 105-115.

Hishiyama, R., and Ishida, T. (2005), “An e-procurement model with specification
description improvement”, IEEE, DOI: 0-7803-9035-0105, pp. 141-146.

Holt G.D., Olomolaiye, P.O., and Harris, F.C. (1994b), “Factors influencing UK construction
clients’ choice of contractor”, Building and Environment, vol. 29, Iss. 2, pp. 241-248.
Holt, G. D. (1998), “Which contractor selection methodology?”, International Journal of

Project Management, vol. 16, iss. 3, pp. 153-164.

Holt, G. D., Olomolaiye, P. O., and Harris F. C. (1994a), “Applying multi-attribute analysis
to contractor selection decisions”, European Journal of Purchasing and Supply
Management, vol. 1, iss. 3, pp. 139-148.

Holt, G. D., Olomolaiye, P. O., and Harris F. C. (1995), “A review of contractor selection
practice in the U.K. construction industry”, Building and Environment, vol. 30, iss. 4, pp.
553-561.

Honert, R. C. V. D. and Lootsma, F.A. (1996), “Group preference aggregation in the
multiplicative AHP The model of the group decision process and Pareto optimality”,
European Journal of Operational Research, vol. 96, pp. 363-370.

Hu, A., Offerman, T., and Onderstal, S. (2009), “Fighting collusion in auctions: An
experimental investigation”, International Journal of Industrial Organization, DOI:
10.1016/j.ijindorg.2009.06.003.

Huck, S., Normann, H-T., and Oechssler, J. (2004), “Two are few and four are many: number
effects in experimental oligopolies”, Journal of Economic Behavior & Organization, vol.
53, pp. 435-446.

Hung, Y-C. and Lu, Y-H. (2008), “The inhibitory factors of implementing internet banks”,
International Journal of Electronic Finance, vol. 2, iss. 4, pp. 419 — 432.

Iimi, A. (2006), “Auction reforms for effective official development assistance”, Review of
Industrial Organization, vol. 28, pp. 109-128.

Ishii, R. (2009), “Favor exchange in collusion: Empirical study of repeated procurement
auctions in Japan,” International Journal of Industrial Organization, vol. 27, pp. 137—
144.

Jaafar, M., Ramayah, T., Aziz, A. R. A, and Saad, B. (2007), “Technology readiness among
managers of Malaysian construction firms”, Engineering, Construction and Architectural
Management, vol. 14, iss. 2, pp. 180-191.

Janssen, M. C. W. (2004), Auctioning public assets, Cambridge university press, First
edition, USA.

26



Kagel, J. H., and Levin, D. (2008), “Auctions: A survey of experimental research, 1995 —
2008,” Auctions Handbook, vol. 2, Ohio State University Press, USA.

Kesar, S. and Jain, V. (2007), “E-government implementation challenges in the UK: a case
study at the Trading Standards Department”, Electronic Government, an International
Journal, vol. 4, iss. 4, pp. 395 —411.

Kirkegaard, R. (2005), “Participation fees vs. reserve prices in auctions with asymmetric or
colluding buyers”, Economics Letters, vol. 89, pp. 328-332.

Kleijnen, J. P. C. (1995), “Sensitivity analysis and optimization of system dynamics model:
Regression analysis and statistical design of experiments”, System Dynamics Review, vol.
11, iss. 4, pp. 321-327.

Klemperer, P. D. (1999), “Auction theory: A guide to literature”, Journal of Economic
Surveys, vol. 13, iss. 3, pp. 227— 286.

Klemperer, P. D. (2004), “Auctions: Theory and practice”, Princeton University Press, First
edition, pp. 103-113.

Kofman, F. and Lawarrée, J. (1993), “Collusion in hierarchical agency”, Econometrica, vol.
61, pp. 629-656.

Kofman, F. and Lawarrée, J. (1996), “On the optimality of allowing collusion”, Journal of
Public Economics, vol. 61, pp. 383-407.

Koh, C. E., Nam, K. T., Prybutok, V. R., and Lee, S. (2007), “A value chain perspective of
internet practices, e-readiness and organizational performance A comparison of US and
South Korean firms”, Industrial Management & Data Systems, vol. 107, iss. 4, pp. 519—
536.

Kothari, T., Hu, C., and Roehl, W. S. (2007), “Adopting e-Procurement technology in a chain
hotel: An exploratory case study”, Hospitality Management, vol. 26, pp. 886-898.

Kottemann, J. E. (2009), “The effects of technological, institutional and fiscal readiness on
the extent of nations' e-government”, Electronic Government, an International Journal,
vol. 6, iss.3, pp. 327-341.

Kumaraswamy, M. M. (1996), “Contractor evaluation and selection: A Hong Kong
perspective”, Building and Environment, vol. 31, iss. 3, pp. 273-282.

Kuo, F-Y., Tseng, F-C., and Liou, D-Y. (2007), “Understanding the effects of relationships
on the intention of a firm to adopt e-banking”, International Journal of Electronic
Finance, vol. 1, iss. 4, pp. 484 —501.

Kwasnica, A. M. and Sherstyuk, K. (2007), “Collusion and equilibrium selection in
auctions”, The Economic Journal, vol. 117, pp. 120-145.

Laffont, J.J. and Tirole, J. (1991), “The politics of government decision making”, Quarterly
Journal of Economics, vol. 106, pp. 1089-1127.

Lai, K.K,, Liu, S. L., and Wang, S.Y. (2004), “A method used for evaluating bids in the
Chinese construction industry”, International Journal of Project Management, vol. 22,
pp. 193-201.

Lai, M-L. (2008), “Technology readiness, internet self-efficacy and computing experience of
professional accounting students”, Campus-Wide Information Systems, vol. 25, iss. 1, pp.
18-29.

Lambert, D. M. and Cooper, M. C. (2000), “Issues in supply chain management”, Industrial
Marketing Management, vol. 29, pp. 65-83.

Lambropoulos, S. (2007), “The use of time and cost utility for construction contract award
under European Union Legislation”, Building and Environment, vol. 42, iss. 1, pp. 452—
463.

Lang, K. and Rosenthal, R. W. (1991), “The Contractors' Game”, Rand Journal of
Economics, vol. 22, pp. 329-38.

27



Lattin, J., Carroll, J. D., and Green, P. E. (2009), “Analyzing multivariate data”, second
Indian reprint, Brooks/Cole Cengage learning, India.

Lengwiler, Y. and Wolfstetter, E. G. (2006), “Corruption in procurement auctions,” In
Dimitri, Piga, and Spagnolo (eds.), ‘Handbook of Procurement’, Cambridge University
Press, USA.

Leyton-Brown, K., Shoham, Y., and Tennenholtz, M. (2002), “Bidding clubs in first-price
auctions,” Proceedings of the National Conference on Artificial Intelligence (American
Association for Artificial Intelligence), pp. 1-6.

Lian, P. C. S. and Laing, A. W. (2004), “Public sector purchasing of health services: A
comparison with private sector purchasing”, Journal of purchasing and supply
management, vol. 10, pp. 247-256.

Liao, S., Cheng, C., Liao, W., and Chen, 1. (2003), “A web based architecture for
implementing electronic procurement in military organizations”, Technovation, vol. 23,
pp. 521-532.

Liao, T, S., Wang, M. T., and Tserng, H. P. (2002), “A framework of electronic tendering for
government procurement: a lesion learned in Taiwan”, Automation in construction, vol.
11, pp. 731-742.

Lin, B. and Hsieh, C. (2006), “Online procurement: implementation and managerial
implications”, Human system management, vol. 19, iss. 2, pp. 105-110.

Lin, J-S. C. and Hsieh, P-1. (2006), “The role of technology readiness in customers’
perception and adoption of self-service technologies”, International Journal of Service
Industry Management, vol. 17, iss. 5, pp. 497-517.

Ludema, R.D. (2001), “Market collusion and the politics of protection”, European Journal of
Political Economy, vol. 17, pp. 817-833.

Lunander, A. (2002), “Procurement bidding in first-price and second-price, sealed-bid
auctions within the common-value paradigm”, Computational Economics, vol. 19, iss. 2,
pp. 227-244.

Lundberg, S. (2005), “Restrictions on competition in municipal competitive procurement in
Sweden”, International Advances in Economic Research, vol. 11, pp. 329-342.

Ma, T-C. (2008), “Disadvantageous collusion and government regulation”, International
Journal of Industrial Organization, vol. 26, pp. 168—185.

Makridakis, S., Wheelright, S. C., and Mcgee, V. E. (1983), “Forecasting: Methods and
applications”, Second edition, John wiley and Sons, USA.

Marshalla, R. C. and Marx, L. M. (2007), “Bidder collusion,” Journal of Economic Theory,
vol. 133, pp. 374 — 402.

Maruyama, G. M. (1998) “Basic of structural equation modeling”, Sage publication, London,
UK.

Massey, A. P., Khatri, V., and Montoya-Weiss, M. M. (2007), “Usability of online services:
The role of technology readiness and context”, Decision Sciences, vol. 38, iss. 2, pp. 277—
308.

Mathews, P. G. (2005), “Design of experiments with MINITAB,” Pearson education Pvt.
Ltd, Singapore.

McAfee, R. P. and McMillan, J. (1992), “Bidding rings,” American Economic Review, vol.
82, iss. 3, pp. 579-599.

Menezes, F. M. and Monteiro, P. K. (2006), “Corruption and auctions”, Journal of
Mathematical Economics, vol. 42, pp. 97-108.

Missbauer, H. and Hauber W. (2006), “Bid calculation for construction projects: Regulations
and incentive effects of unit price contracts”, European Journal of Operational Research,
vol. 171, pp. 1005-1019.

28



Mitra, R. K. and Gupta, M. P. (2007), “Analysis of issues of e-government in Indian police”,
Electronic Government, An International Journal, vol. 4, iss. 1, pp. 97-125.

Mobbs, O., Ghisletta, P., and Linden, M. V. (2008), “Clarifying the role of impulsivity in
dietary restraint: A structural equation modeling approach”, Personality and Individual
Differences, vol. 45, pp. 602—606.

Mougeot, M. and Naegelen, F. (2005), “A political economy analysis of preferential public
procurement policies”, European journal of political economy, vol. 21, pp. 483-501.

Nikolaeva, R. (2006), “E-commerce adoption in the retail sector: empirical insights”,
International Journal of Retail & Distribution Management, vol. 34, iss. 4/5, pp. 369—
387.

Nitithamyong, P. and Skibniewski, M. (2006), “Success/Failure factors and performance
measures of web-based construction project management systems: professionals'
viewpoint”, ASCE Journal of Construction Engineering and Management, vol. 132, iss.
1, pp. 80-87.

Ong, S.E., Kenneth, L., and Mak, Y. C. (2005), “Factors influencing auction outcomes:
Bidder turnout, auction houses and market conditions”, Journal of Real Estate Research,
vol. 27, iss. 2, pp. 177-191.

Ozcan, U. and Toklu, B. (2009), “Multiple-criteria decision-making in two-sided assembly
line balancing: A goal programming and a fuzzy goal programming models”, Computers
& Operations Research, vol. 36, pp. 1955-1965.

Paarsch, H. J., Hong, H., and Haley, M. R. (2006), “An introduction to the structural
econometrics of auction data”, The MIT press, Cambridge, USA.

Padhi, S. S., Mohapatra, P. K. J., (2009): Centralized bid evaluation for awarding of
construction projects considering past performance of contractors: a case of India,
Operational Research: An International Journal, Vol. 9, pp. 199-224.

Padhi, S. S., Mohapatra, P. K. J.,, (2010): Adoption of e-procurement in government,
Electronic Government an International Journal, Vol. 7, No. 1, pp. 41-59.

Padhi, S. S., Mohapatra, P. K. J., (2010): Centralized awarding of construction projects: a
case of India, International Journal of Project Management, Vol. 28, No. 2, pp. 275-284.

Padhi, S. S., Mohapatra, P. K. J., (2011): Information technology readiness index for
adoption of e-procurement, Electronic Government an International Journal, Vol. 8, iss.
1, pp. 20-39.

Padhi, S. S., Wagner, S. M., Mohapatra, P. K. J., (2016): Design of auction parameters to
reduce the effect of collusion, Decision Sciences, Vol. 47, (Forthcoming).

Padhi, S. S. and Mohapatra, Pratap K. J. (2011): Detection of collusion in government
procurement auctions, Journal of Purchasing & Supply Management, Vol. 17, No. 4,
December, pp. 207-221.

Padhi, S. S., Mohapatra, P. K. J., (2009): Contractor selection in government procurement
auctions: a case study, European Journal of Industrial Engineering, Vol. 3, No. 2, pp.
170-186.

Padhi, S. S., Mohapatra, P. K. J., (2009): Process evaluation of award of work contracts in a
government department, International Journal of Electronic Governance, Vol. 2, iss. 2/3,
pp. 118-130.

Panayiotou, N. A., Gayialis, S. P., and Tatsiopoulos, I. P. (2004), “An e-procurement system
for governmental purchasing”, International Journal of Production Economics, vol. 90,
pp. 79-102.

29



Parasuraman, A. (2000), “Technology readiness index (TRI): A multiple-item scale to
measure readiness to embrace new technologies”, Journal of Service Research, vol. 2,
iss. 4, pp. 307-321.

Parasuraman, A. and Colby, C. (2001), “Techno-ready marketing: How and why your
customers adopt technology”, The Free Press, New York, USA.

Parasuraman, A. and Grewal, D. (2000), “The impact of technology on the quality-value-
loyalty chain: a research agenda”, Journal of the Academy of Marketing Science, vol. 28,
iss.1, pp. 168-74.

Patil, B.S. (2006), “Civil engineering contracts and estimates”, University pres, India, New
Delhi.

Pesendorfer, M. (2000), “A study of collusion in first-price auctions,” Review of Economic
Studies, vol. 67, pp. 381-411.

Porter, R. H. (2005), “Detecting collusion”, Review of Industrial Organization, vol. 26, pp.

147-167.

Porter, R. H. and Zona, J. D. (1993), “Detecting of bid rigging in procurement auctions,”
Journal of Political Economy, vol. 101, iss. 3, pp. 518-538.

Porter, R. H. and Zona, J. D. (1999), “Ohio school milk markets: An analysis of bidding,”
The RAND Journal of Economics, vol. 30, iss. 2, pp. 263-288.

Presutti, W. D. (2003), “Supply management and e-procurement: creating value-added in the
supply chain”, Industrial Marketing Management, vol. 32, pp. 219-226.

Radovilsky, Z. and Hegde, G. V. (2004), “Factors influencing e-commerce implementation:
analysis of survey results”, Journal of Academy of Business and Economics, vol. 4, iss. 1,
pp. 29-37.

Raffa, L. and Esposito, G. (2006), “The implementation of an e-reverse auction system in
Italian health care organization”, Journal of Public procurement, Boca Raton, vol. 6, iss.
Y, pp. 46-609.

Rai, L.P. and Lal, K. (2000), “Indicators of the information revolution”, Technology in
Society, vol. 22, pp. 221-235.

Rasmusen, E. (2007), “Games and information an introduction to game theory”, fourth
edition, Blackwell publishing, Oxford, UK.

Reddick, C. G. (2004), “A two-stage model of e-government growth: Theories and empirical
evidence for U. S. cities”, Government Information Quarterly, vol. 21, pp. 51-64.

Reunis, M. R. B., Raaij, E. M. V., and Santema, S. C. (2004), “Actor-to-actor dissemination
of electronic procurement (EP) adoption: an exploration of influencing factors”, Journal
of purchasing and supply management, vol. 10, pp. 201-210.

Roos, N. (2004), “A model of collusion timing”, International Journal of Industrial
Organization, vol. 22, pp. 351- 387.

Saaty, T. L. (1980), “The Analytic Hierarchy Process”, McGraw-Hill, New York, USA.

Samuel, A. (2009), “Preemptive collusion among corruptible law enforcers”, Journal of
Economic Behavior & Organization, vol. 71, pp. 441-450.

Schwaninger, M. and Hadjis, A. (1998), “Model building and validation: Contributions of the
Taguchi method,” International system dynamics conference, Québec, pp. 1-13.

Shareef, M. A., Kumar, U., Kumar, V., and Dwivedi, Y. K. (2009), “ldentifying critical
factors for adoption of e-government”, Electronic Government, an International Journal,
vol. 6, iss.1, pp. 70 — 96.

Sharma, S. (2007), “Exploring best practices in public-private partnership (PPP) in e-
government through select Asian case studies”, The International Information & Library
Review, vol. 39, pp. 203-210.

30



Sherstyuk, K. and Dulatre, J. (2008), “Market performance and collusion in sequential and
simultaneous multi-object auctions: Evidence from an ascending auctions experiment”,
International Journal of Industrial Organization, vol. 26, pp. 557-572.

Shyur, H. and Shih, H. (2006), “A hybrid MCDM model for strategic vendor selection”,
Mathematical and Computer Modeling, vol. 44, pp. 749-761.

Silva, D. G. D., Dunne, T., Kankanamge, A., and Kosmopoulou, G. (2008), “The impact of
public information on bidding in highway procurement auctions”, European Economic
Review, vol. 52, pp. 150-181.

Skrzypacz, A. and Hopenhayn, H. (2004), “Tacit collusion in repeated auctions”, Journal of
Economic Theory, vol 114, pp. 153-169.

Srivastava, V. (2006), Indian’s accession to the GPA: Identifying costs and benefits,
(http://www.cid.harvard.edu/cidtrade/issues/govpropaper.html, accessed on 3™ April
2006).

Stein, A., Hawking, P., and Wyld, D.C. (2003), “The 20% solution?: A case study on the
efficiency of reverse auctions”, Management Research News, vol. 26, iss. 5, pp. 1-20.
Sterman, J. D. (2002), “Business dynamics system thinking and modeling for a complex

world”, Irwin McGraw-Hill publication, USA.

Subramaniam, C. and Shaw, M. J. (2002), “A study of the value and impact of B2B E-
commerce: The case of Web-based procurement”, International journal of electronic
commerce, vol. 6, iss. 4, pp. 19-40.

Tangeras, T. P. (2002), “Collusion-proof yardstick competition”, Journal of Public
Economics, vol. 83, pp. 231-254.

Tarafdara, M. and Vaidya, S. D. (2006), “Challenges in the adoption of E-Commerce
technologies in India: The role of organizational factors”, International Journal of
Information Management, vol. 26, pp. 428-441.

Teich, J. E., Wallenius H. Wallenius J., and Koppius O. R. (2005), “Emerging multiple issue
e-auctions”, European Journal of Operational Research, vol. 159, pp. 1-16.

Tirole, J. (1986), “Hierarchies and bureaucracies: on the role of collusion in organizations”,
Journal of Law, Economics, & Organization, vol. 2, pp.181-214.

Tirole, J. (1992), “Collusion and the theory of organizations”, Laffont, J.J. (Ed.), Advances in
Economic Theory, Sixth World Congress, vol. 2. Cambridge University Press,
Cambridge, pp. 151-206.

Topcu, Y. I. (2004), “A decision model proposal for construction contractor selection in
Turkey”, Building and Environment, vol. 39, pp. 469-481.

Trader-Leigh, K. E. (2002), “Case study: Identifying resistance in managing change”,
Journal of organizational change management, vol. 15, iss. 2, pp. 138-155.

Tzeng, W., Li, J. C., and Chang, T. (2006), “A study on the effectiveness of the most
advantageous tendering method in the public works of Taiwan”, International Journal of
Project Management, vol. 24, pp. 431-437.

Wang, T-C. and Lin, Y-L. (2009), “Accurately predicting the success of B2B e-commerce in
small and medium enterprises”, Expert Systems with Applications: An International
Journal, vol. 36, iss. 2, pp. 2750-2758.

Wang, W., Wang, H., Lai, Y., and Li, J. C. (2006), “Unit-Price-Based Model for evaluating
competitive bids”, International Journal of Project Management, vol. 24, pp.156-166.
Wang, X. and Triantaphyllou, E. (2008), “Ranking irregularities when evaluating alternatives

by using some ELECTRE methods”, Omega, vol. 36, iss. 1, pp. 45-63.

Weerakkody, V., Dwivedi, Y. K., Brooks, L., Williams, M. D., and Mwange, A. (2007), “E-
government implementation in Zambia: contributing factors”, Electronic Government, an
International Journal, vol. 4, iss. 4, pp. 484-508.

31



Yen, K.K., Ghoshray, S., and Roig, G. (1999), “A linear regression model using triangular
fuzzy number coefficients”, Fuzzy Sets and Systems, vol. 106, pp. 167-177.

Yu, Y-W., Yu, H-C., Itoga, H., and Lin, T-R. (2008), “Decision-making factors for effective
industrial e-procurement”, Technology in Society, vol. 30, pp. 163-169.

Zeithaml, V.A., Berry, L.L., and Parasuraman, A. (1996), “The behavioral consequences of
service quality”, Journal of Marketing, vol. 60, pp.31-46.

32



Research Office

Indian Institute of Management Kozhikode
IIMK Campus P. O.,

Kozhikode, Kerala, India,

PIN - 673 570

Phone: +91-495-2809238

Email: research@iimk.ac.in

Web: https://iimk.ac.in/faculty/publicationmenu.php






