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Abstract: Using big data from the Brazilian public procurement system, this research aims to
investigate what factors are associated with the occurrence of anticompetitive practices in
electronic bidding. Our analysis considers all services contracted between 2014 and 2017. The
study uses the logit regression model with a dependent binary variable to model the probability of
bidding fraud as a function of a vector of explanatory variables composed of the characteristics of
the bidding process and of the supplier, in terms of firm size, thus quantifying the relationship
between the explanatory variables and the probability of fraud occurrence. We find that firm size
and the Apparent Overbilling Index which we propose are associated with the occurrence of fraud
and anticompetitive practices in electronic auctions. This study contributes to the accumulation of
empirical and theoretical knowledge, expanding safer bases for governments and society in the
tight against corruption.
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1 Introduction

In September 2015 world leaders met at the United Nations (UN) headquarters to decide on an
action plan called Transforming our World: The 2030 Agenda for Sustainable Development to eradicate
poverty, protect the planet, and ensure that people achieve peace and prosperity. The document
contains a set of 17 Sustainable Development Goals and includes the aim in goal 16.5 to
‘substantially reduce corruption and bribery in all their forms’ (UN 2015).

According to the United Nations Convention Against Corruption (UNCAC 2004: iii), ‘corruption
is an insidious plague that has a wide range of corrosive effects on societies. It undermines
democracy and the rule of law, leads to violations of human rights, distorts markets, erodes the
quality of life and allows organized crime, terrorism and other threats to human security to
flourish’.

According to Koébis et al. (2021), corruption is one of the two greatest challenges facing society in
our time. There is new hope that artificial intelligence (AI) will serve as an impartial anti-corruption
agent. Every time we have more government data (openings), allies, or improved performance
from previous algorithms, we move Al to the next frontier in the fight against corruption.

In recent years government authorities have increasingly used the internet for public procurement
processes with the main objective of improving ‘the quality of public spending’, promoting access,
competition, impartiality, and transparency, and allowing control by civil society (Sampaio et. al
2022:5).

Availability of government procurement data is a commitment signed by the Brazilian government
in the Open Government Partnership. The government is committed to promoting transparency
in public spending, providing value-added information to society, and encouraging research and
technological innovation through the implementation of the Brazilian policy on open data (Brazil
Communication Company 2017).

According to de Pinho (2008), due to the advancement of technology, it is understood that e-
government should not be seen only through the provision of online services but also through the
wide range of interaction and participation possibilities between government and society and for
the commitment of transparency on the part of governments.

The anti-corruption capabilities of public e-procurement, particularly automation and auditing
capabilities, can increase the transparency and accountability of the government procurement
process (Neupane et al. 2012a).

According to the OECD (2008) electronic contracting plays an important role in minimizing the
risk of corruption in public contracts.

The fight against corruption in recent years has been established by the European Union as one
of the main objectives of modern regulation and public procurement policy (Miranzo Diaz 2017).
Corruption has already become the main concern when compared to issues such as the effects of
globalization, the decline of social values, the negative impact of immigration, and the
consequences of the accelerated pace of technological innovations, according to research by
Edelman Intelligence published by the OECD (2018).

Sacramento and de Pinho (2018) contend that it is no exaggeration to state that the dominant
perception in Brazil about corruption is that this phenomenon has assumed a systemic character
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in the country. This understanding, which may be a consequence of the almost daily exposure of
scandals involving the state powers and private organizations in all spheres of government, has
dominated the reports and research published by institutions which carry out this type of
measurement, such as the Corruption Perception Index (CPI), a ranking created by the non-
governmental organization Transparency International.

In this research the term corruption is used for all types of behaviour in which a person who is in
a position of trust misuses that position for their own benefit. In its procurement guidelines the
World Bank defines a ‘corrupt practice’ as ‘offering, giving, receiving or soliciting, directly or
indirectly, anything of value to influence the action of a government official in the procurement
ot contract process’ (Lengwiler and Wolfstetter 2006: 412). The approach to the political economy
of antitrust used by Vachris (1996) is grounded in public choice theory which acknowledges that
policies are determined by private rather than public interests.

Traditional approaches based on creating more rules, stricter compliance, and stricter enforcement
have limited effectiveness. A strategic and sustainable response to corruption is public integrity.
The concept of integrity, as used in the research, has been defined by Brazil’s Controller General
of the Union (CGU) as the quality of those who behave correctly, honestly, and against corruption.

According to the OECD (2018) public integrity refers to the consistent alignment with and
adherence to common values, principles, and ethical standards to support and prioritize the public
interest over private interests in the public sector. Therefore it must be understood as the set of
institutional arrangements which aim to ensure that the public administration does not deviate
from its main objective to deliver the results expected by the population in an adequate, impartial,
and efficient manner. Integrity is one of the main pillars of political, economic, and social structures
and is therefore essential to the economic and social wellbeing and prosperity of individuals and
society as a whole.

The European Anti-Fraud Office (OLAF 2017) is of the view that promoting integrity in public
contracts by the various institutions, with the effective prevention of fraud, depends on observance
of the principles of ethics and integrity. If these principles are less rigorously enforced, then fraud
is more likely to occur. Preventive controls work by deterring fraud and corruption. There is a
strong link between the incidence of fraud and corruption and weak preventive controls. In many
cases where fraud and corruption are detected, it is possible that preventive controls have failed,
allowing the incident to occur (TCU 2018).

According to Miranzo Diaz (2017) the approach to the problem of corruption which establishes
the need for strategic decisions, the practical implementation of integrity principles, and their
related concepts justifies the adequacy of promoting the implementation of anti-corruption
measures.

For the OECD (2008) integrity in the context of public procurement implies that:

1) Procurement procedures are transparent and promote fairness and equal treatment for
bidders;

2) Public resources linked to public purchases are used in accordance with the intended
objectives;

3) The behaviour of procurement officials is in line with the public objectives of their
organization; and

4) Systems are in place to challenge purchasing decisions, ensure accountability, and promote
public scrutiny.



As a result of the previously mentioned availability of government procurement data, extracting
data from the available databases becomes stimulating for social science researchers. We found
that the amount tendered in the last five years is of the order of BRL260 billion, encompassing all
types of bids from 557,567 procurement processes.

Most of the surveys in this Brazilian government’s procurement database use data from
acquisitions of materials and equipment and compare them with market prices, for example. Those
which verify service contracts are rare due to the difficulty in finding similar market price
parameters, perhaps because of the specificity of this type of contract. This type of gap is becoming
an interesting venue for research.

According to Téth and Hadju (2017), current studies address the risks of the occurrence of
corruption and the value of free competition, and these should be complemented, for example, by
integrity indicators of contracting entities. In addition to developing these indicators, further
analysis options provided by existing indicators should be considered. As elementary data on
public procurement is available, it can be analysed at any level of aggregation (e.g., enterprise
groups, municipalities, administrative units, operational programmes).

The objectives of this paper are to analyse the participation of competitors in the electronic
auctions of the Brazilian public procurement system held in a predetermined period, and to identify
bidding and result patterns as well as factors that indicate the probability of the occurrence of
fraud and anticompetitive practices. The aim is to answer the research question: “Which factors
are associated with the occurrence of fraud in the electronic public procurement system in Brazil?’.

The paper is divided into six sections. Following this introduction Section 2 presents the literature
review and the theoretical framework. Section 3 discusses corruption and fraud indicators and sets
out our hypotheses. In Section 4 the data collection and investigation methods are unveiled,
followed by the results and the discussion in Section 5. Finally, Section 6 discusses the conclusions
and practical implications and limitations.

2 Literature review

This section presents and discusses essential theories, arguments, and controversies in the field of
corruption and highlights research already carried out, identifying gaps and choosing theoretical
and methodological strategies focused on enlightening and helping to achieve the research
objectives (Gray 2012). The literature review is therefore divided into three topics: anticompetitive
practices, which is the theoretical framework of the research; anticompetitive practices in
electronic biddings in the public sector—possible indicators of anticompetitive practices in
electronic biddings in the public sector; and, finally, the theory which explains corruption and
anticompetitive practices in public e-procurement auctions.

2.1 Anticompetitive practices

In Brazil the Administrative Council for Economic Defense (CADE—DPortuguese abbreviation)
defines anticompetitive conduct as ‘any practice adopted by an economic agent that may, even if
potentially, cause damages to free competition, even if the infringer has no intention to cause
damages to the market’ (CADE 2016). Market power by itself:

... is not considered illegal, but when a company or group of companies abuse this
power by adopting a behaviour that harms free competition, then such behaviour



is considered an abuse of economic power. This abuse is not limited to a restricted
set of specific practices, as the analysis about the possibility of a conduct causing
damage to competition is complex and many factors must be analysed in order to
determine whether a practice is an abuse or not. (CADE 2007: 28)

Brazilian antitrust policy is regulated by Law No. 12,529 of 30 November 2011, named the
‘Competition Defense Law’ or Antitrust Law. Brazil is one of the few countries that has a specially
articulated system for the defence of competition. The Brazilian System for the Defense of
competition is composed of three bodies: the Secretariat for Economic Monitoring of the Ministry
of Finance (SEAE—Portuguese abbreviation), the Secretariat for Economic Development
(SDE/M]J—Portuguese abbreviation), and CADE, an autarchy linked to the Ministry of Justice.

The SDE, through the Department of Economic Protection and Defense (DPDE—Portuguese
abbreviation), is the body responsible for investigating violations of the economic order. The
SEAE, in turn, is responsible for issuing economic opinions on mergers as well as, optionally,
preparing opinions on investigations into conduct harmful to competition. CADE is a body
composed of seven directors which makes the final judgement at the administrative level of

violations of the economic order and verticalization initiatives based on the reports issued by SDE
and SEAE (Federative Republic of Brazil 2008).

In this sense SDE considers ‘collusion between bidders’ or cartels in bidding as the most common
forms of anticompetitive practices, leading to serious problems for the public administration and
often resulting in corruption. These practices aim to restrict or eliminate rivalry between potential
or de facto participants in a given bid, increasing the price at which the administration will contract
a certain good or service and thus increasing the profit of the bidding and infringing companies.

The bidding cartels substantially harm the efforts of the Brazilian state to use its resources for the
development of the country by unduly benefiting companies which, by means of agreement among
themselves, defraud the competitive nature of the bids. Although the administration seeks to
rationalize its purchases through stricter budget controls and improved forms of contracting, such
as by using electronic auctions, this does not totally impede the actions of cartels which result in
the undue transfer of income from the state to the companies (Federative Republic of Brazil 2008).

2.2 Anticompetitive practices in electronic bidding in the public sector

According to Albano et al. (2000), the emergence of ‘bidding cartels’ in acquisitions, i.e. collusive
agreements in bidding processes, is driven by forces very similar to those that govern the formation
of cartels in oligopolistic markets.

The electronic bidding system is seen as an instrument of efficiency in public procurement and
contracting, bringing economy and speed to the process. But it is not free from fraud. The main
types of such fraud are the use of computer programs which automate the submission of bids, the
combination of prices between suppliers, the use of established companies with the aim of
frustrating competition in disputes and favouring certain participants, and associations between
public agents and suppliers in order to circumvent the legal procedure (Lima 2010).

Corruption necessarily involves a public official whose entrusted power is used for private gain
(Transparency International 2018). Fraud, on the other hand, is characterized by public or private
agents acting to obtain illicit advantages, concealing their decisions and their respective effects.
Fraud and corruption, although similar to ethical violation, are different events (Jamal et al. 1995).



Fraud is the intentional action promoted for one’s own benefit by an agent to the detriment of
others, enforcing the law of least effort. Iudicibus et al. (2001: 96) conceptualize fraud in
accounting as the act of cheating for one’s own benefit, which can be characterized as theft,
embezzlement, and falsification. In turn Costa and Junior (2012: 465) conceptualize fraud as a set
of illicit actions performed in a premeditated way by the authors which aim to meet their own
interests but cause losses to the assets of others.

The risk of fraud and corruption is reduced if the ‘buyer’ organization knows well the third parties
it is dealing with, especially for more significant purchases where the risk of receiving bribes and
secret commissions is high (TCU 2018).

The electronic auction was created with the aim of facilitating bidding and ensuring greater
competitiveness, enabling all interested parties to participate without having to travel to the venue.
However, a major controversy regarding the electronic auction is the use of software by bidders.
Some have Al and are called robots. These robots are used to immediately cover the bids that are
offered, typically just pennies apart. As the ending of the bidding phase is random/abrupt, the
winner ends up being awarded the contract through luck (Campana 2018).

Reverse auctions are an efficient mechanism, according to Lengwiler and Wolfstetter (2006). They
have been used for centuries in the classic form, like auctions, and are being used more often. But
reverse auctions can suffer from manipulation through collusion and corruption. According to
Lengwiler and Wolfstetter (2000), ‘collusion means that bidders coordinate their actions with the
intention of raising the price. Corruption means that the person running the auction, the
auctioneer, distorts the auction rules in favor of some bidder(s) in exchange for bribes’ (Lengwiler
and Wolfstetter 2006: 412). Corruption and collusion are sometimes intertwined (Tudicibus et al.
2001; Lengwiler and Wolfstetter 2006; Rose-Ackerman 1975).

The Federal Audit Court conducted an audit to analyse a series of improprieties in the conduct of
companies participating in public tenders conducted by means of electronic bidding by the federal
government. Two situations were specifically analysed: companies with partners in common
submitting proposals for the same item in the same bid and the existence of bidders repeatedly
disqualified for not complying with the call for tenders or not honouring their proposals. In a
previous audit which analysed bids that took place between 2006 and 2010, the Court of Audit of
the Union (TCU—Portuguese abbreviation) found evidence of irregularities in 16,000 cases in
which at least two companies bidding for a certain item in the tender had at least one partner in
common. At the time it was also found that there were 31,000 companies which had submitted
the lowest bids in the auctions—and, therefore, won the bid items—but, when summoned by the
auctioneer to submit their qualification documents, gave up on the bid. The estimated value of the
contracts where these problems were identified was BRIL4.6 billion (Telesintese 2015).

Hanak (2018) considers that when certain principles and limitations are respected, the electronic
auction can be used successfully for the acquisition of goods, services, and works.

According to OECD (2016), when considering the public procurement technique around
indicators of a good public purchase, one must consider integrity risks in the procurement process.

As previously mentioned, collusion between participants can also occur, cartels can be formed,
and robots can be used to distort auction results.

In 2006 the federal police launched Operation Leech to dismantle a bid-rigging scheme in the
health sector. The gang had been negotiating with parliamentary advisers for the release of
individual amendments to the union’s budget for specific municipalities. With guaranteed



resources the group manipulated the bidding and defrauded competition using front companies,
meaning that the bidding prices were overpriced. The group became known as the ‘ambulance
mafia’ or leech mafia’ (Aranha 2015).

According to Rebougas et al. (2017), in Brazil, the electronic auction in the Comprasnet system
provides businesses with millions of reais every year, and companies which supply services and
products may be using this as an opportunity to carry out transactions aimed at higher profits,
sometimes in an illicit manner. Investigations found that, in the three years up to 2017, criminal
practices by a group of businessmen to systematically defraud purchases made through
Comprasnet and other contests had been detected. The organization colluded for price fixing and
bid rigging. The federal agencies with damaged bids included the Brazilian Army, the Federal
Institute of Mato Grosso do Sul, the Superintendence of Administration of the Ministry of
Finance, and the Federal Superintendence of Agriculture. In just one of the bids, the investigation
found a 600 per cent premium in the unit value of the products purchased due to the intervention
of the criminal organization. The values offered by the winners were previously adjusted,
preventing free competition and resulting in losses to the Treasury (Congresso em Foco 2017)

According to studies by Miroslav et al. (2014), the main problems in the public sector e-bidding
process are the inadequate application of regulations and the high level of corruption. They
explored the work of analysts who identified three phases of procurement where corruption
usually occurs: the planning phase, definition of estimation criteria, and the realization phase. They
proposed introducing semantic technologies into the process to enable data manipulation by
machines which could enable experts to propose red flags under specific conditions in order to be
alerted about possible irregular procurement. According to these authors the application of the
proposed solution should enable early recognition of potentially irregular acquisitions.

2.3 Theory explaining corruption and anticompetitive practices in public e-procurement
auctions

This paper aims to present a theoretical model to guide electronic bidding based on the theoretical
tields of the economics of corruption and public choice, establishing a more assertive model for
analysing electronic bidding systems. The models so far have been conceived without a specific
supporting theory. Here we address the complexity of the relationship between the variables
involved and their possible influence on the indication of abnormalities. The supporting theories
also include principal-agent and antitrust theories, considered here as transversal to the problem
and organized according to Table 1.



Table 1: Main concepts related to the problem (theoretical and practical references)

Theory/concept Database

SPELL CAPES GOOGLE Scholar SCIELO

References

Public choice Becker (1968), Colebatch (2002), De Rond and Thietart (2007), Miles (1978), Nollet (2005).
Economics of Acemoglu (2004), Ades and Di Tella (1997), Becker (1968), Lengwiler and Wolfstetter (2006),
corruption Rose-Ackerman (1975, 1996, 2014), Sacramento and de Pinho (2018) Sgreide (2002), Toth

and Hadju (2017), Transparency International (2016).
Principal-agent Acemoglu (2004), Donahue (1989), Heath and Norman (2004), Neupane (2012a, 2012b,

2014), Setyadiharja et al. (2014), Vachris (1996).
Antitrust Hay (1985), Howard et al. (2002), Huber et al. (2004).

Source: authors’ compilation.

Public choice

Public choice theory uses economic instruments to solve problems in political science. It is a
branch of rational choice theory and is therefore positivist in nature. Gary Becker was one of the
first to apply rational actor models more widely and in 1992 he won the Nobel Prize in Economics
for his studies on discrimination, crime, and human capital.

For Becker (1968) individuals and the state optimize their utility functions, including in the case
of illicit actions, by evaluating the cost/benefit ratio of their actions, finding an ‘optimal point” of
illegal practice—the individual evaluates the expected gain as a benefit and the expected penalty as
a cost, while the state evaluates society’s welfare (security) as a benefit and the expenditure on
public safety, justice, and imprisonment as a cost.

According to Sereide ‘the main reason for bribery in public procurement, however, is probably
because everyone believes that everyone is involved in such business’ (Sereide 2002: 4). Losing a
contract because a competitor bribed you must be very frustrating. This problem of hidden
information is reflected in the way that all companies involved pay a bribe, even if they would be
better off without corruption (prisonet’s dilemma) (Soreide 2002: 4).' Therefore firms which bribe
the authorities seem oblivious to the negative externality they impose on other firms as well as to
the worsening of their economic environment (Ades and Di Tella 1997; Becker 1968; Lee et al.
2019; Rose-Ackerman 1975; Sereide 2002).

The economics of corruption

The economics of corruption has its origins in the works of Becker (1968) and Rose-Ackerman
(1975). Following Becker’s line of reasoning Rose-Ackerman (1975) analyses corruption with a
focus on the principal-agent model. In the model, the principal (government) delegates tasks to its
employees (agents), who perform them subject to bribery proposals from those influenced by the

! The ‘prisoner’s dilemma’ is one of the most famous examples of game theory application. Proposed by Flood,
Dresher and Tucker in 1950, the game, in short, proposes a situation in which two players must choose between
cooperating and not cooperating simultaneously. If both players cooperate the payoff is good for both players and
has value B, if both players do not cooperate the payoff for both has value C, and, if the players make different
decisions the one who cooperates has result D and the one who does not cooperate has result A. So that A > B > C
> D. (Almeida and Chacha 2014: 38)



task. Also, according to Rose-Ackerman (1996), if the probability of detection and punishment is
high, bribes may not be worth doing.

‘Corruption’ is understood to mean all types of behaviour in which someone in a position of trust
misuses that position for their own benefit (Becker 1968; Iudicibus et al. 2001; Rose-Ackerman
1975). In its procurement guidelines the World Bank defines a ‘corrupt practice’ as ‘the offering,
giving, receiving, or soliciting, directly or indirectly, of any thing of value to influence the action of
a public official in the procurement process or in contract execution’ (cited in Lengwiler and
Wolfstetter 2006: 412).

Also according to Rose-Ackerman (2014), in practice, any policy will benefit some and impose
costs on others. Thus one cannot easily say that anything against the public interest is corrupt,
because there is no overarching general will in a democracy which implies that a particular set of
public policies and public choices need not be consistent with problems or over time.

In the context of this research, the author reflects that bribery, extortion, and fraud are the ‘easy
way’. Enriching oneself at the expense of taxpayers and citizens seeking to gain benefits or avoid
costs is clearly contrary to the public interest. There is always a superior uncorrupted option that
could improve everyone except those involved in the corrupt business (Rose-Ackerman 2014).

As the object of the economics of corruption is to study how wealth and the power of market
forces can alter resource allocation decisions by influencing both market and non-market
mechanisms, and to the extent that public procurement and bidding are market activities and are
directly influenced by market forces, it lends itself to theoretical support for our research.

The theoretical contribution which we expect to result from our research is the verification that
the search for corrupting state structures does not necessarily occur for the purpose of reducing
bureaucratic obstacles to business, as pointed out by studies on the economics of corruption
(Becker 1968; Lengwiler and Wolfstetter 2006; Rose-Ackerman 1975, 1996, 2014). This is because
even in disputes that occur in electronic environments, i.e. with fewer bureaucratic business
structures, reduced deadlines, and agile processes as in the case of electronic bidding, the actions
of the corrupt may coexist in significant numbers and, if so, this will contradict the theory under
analysis. One explanation for this is the occurrence of ‘opportunism’ which is present in the
transactions, according to the theory of transaction costs.

Principal-agent

This theory is based on an agency model developed by economists and deals with situations in
which the principal is in a position to induce the agent to perform tasks in the interests of the
principal but not necessarily of the agent (Barngetuny and Kimutai 2015; Donahue 1989; Heath
and Norman 2004).

Principal-agent theory was advocated by Donahue (1989:12). He stated that procurement
managers in the private sector play a relationship role. But his findings are based on the
buyer/supplier relationship and the need of the buyer, as the principal, to minimize the risks posed
by the agent. The author argued that procurement managers including all civil servants concerned
with public procurement must play the agent role. Therefore procurement managers take on the
role of agent for elected representatives. The principal-agency theory holds that sabotage is likely

to occur when there is some disagreement between policy makers and the bureaucracy (Donahue
1989: 12).



In this sense, when a group of agents such as public servants diverge from the principal (elected
representative) or from the public policy, there may be a kind of favouritism of business groups
which in the view of this group of agents is also in opposition to the principal. This explains why,
in some cases of anticompetitive practices, corruption or fraud continue to occur even when there
is government change. This theory helps to explain why entire public organizations, within the
direct or indirect administration, can be ‘made captive’ by interest groups and favour illicit practices
(Kobis et al. 2017; OECD 2009). This mechanism has been evident in recent cases such as the so-
called ‘Operation Lava-jato’ in Brazil where entire public business sectors were co-opted by the
so-called ‘contractors’ club’.

According to Acemoglu et al. (2004), different groups and individuals benefit from different
economic institutions, and there is usually a conflict over these social choices which is resolved in
favour of the groups with greater political power.

Principal-agent theory can be used to explain how anticompetitive practices can occur in the
context of public procurement (involving public servants).

Antitrust
According to Chen (2021) antitrust laws are:

... broad laws that protect consumers and regulate how companies operate their
businesses. The goal of these laws is to provide an equal playing field for similar
businesses that operate in a specific industry while preventing them from gaining
too much power over their competition. Simply put, they stop businesses from
playing dirty in order to make a profit. (Chen 2021: 1)

Lee et al. (2019) point out that:

While cooperation can be sustained by institutions that punish the corrupt, such
institutions, however, tend to be subverted by corruption if they are not closely
monitored. Monitoring can support the enforcement of binding agreements that
ensure cooperation, but this usually comes at a price. The temptation to skip
monitoring and take the integrity of the institution for granted leads to outbreaks
of corruption and the breakdown of cooperation. (Lee et al. 2019: 13270)

On the other hand Gilauri (2017: 21) states ‘that regulatory restraint is the best long-term
precaution against the resurgence of corruption. By regulatory restraint [he means] a degree of
regulation that maximizes growth and reflects the capacity of a government to enforce the rules it
makes’.

Lee et al. (2019), Gilauri (2017), and Vachris (1996) verify that market concentration can influence
the outcome of public bids in services such as telephony where the concentration is so great that
companies belonging to the same holding company participate separately in auctions, in apparent
‘competition’. The same thing occurs with the so-called manufacturer’s representatives in the area
of information technology, where, in bids for equipment, the manufacturer itself participates
alongside several representatives.

Thus gaps in the antitrust legislation in Brazil, coupled with the lack of enforcement, contribute to
the occurrence of anticompetitive practices in electronic auctions, which in turn destabilize the
market sectors involved.



Antitrust theory can be used to explain how anticompetitive practices disrupt markets (involving
companies). The antitrust political economy approach used by Vachris (19906) is based on public
choice theory, which recognizes that policies are determined by private rather than public interests.

In this paper we focus on public choice theory and economics of corruption theory, with the aim
of helping to understand the choices of companies in performing anticompetitive practices which
are often motivated by two factors: their financial intentions and the lack of punishment.

3 Corruption and fraud indicators and hypotheses

Considering the public context in which there is the risk of collusion in public bids, De Souza and
Louzada (2020) researched how to identify and combine the evidence obtained from computerized
databases so that it is possible to recognize bids that are more likely to have been subject to
collusion among bidders. The authors presented a methodological approach which enabled the
identification and combination of evidence from the use of different data-mining techniques to
recognize the bids in which collusion among bidders may have occurred. According to these
authors, however, there are few studies which deal specifically with the detection of collusion in
public bids.

3.1 Integrity indicators

By creating corruption detection indicators using data from Hungary’s public procurement system,
Fazekas et al. (2013) reveal that many regulatory interventions succeeded in changing the form of
corruption but not its overall incidence. Rebougas et al. (2017), meanwhile, propose a model which
uses indicators for the detection of fraud in federal government electronic procurement conducted
through the Comprasnet system.

Corruption perception research originated from agencies specializing in investment risk analysis,
including the International Country Risk Guide; the Economist Intelligence Unit, UK Standard
and Poor’s, USA; and the Political Risk Service, USA. Based on surveys by these institutions, the
anti-corruption organization Transparency International developed the Corruption Perception
Index (CPI), which ranks the countries of the world according to the degree to which respondents
perceive the level of corruption. The CPI is currently the subjective and aggregate measure of
corruption most widely used in economic research (Campos 2012).

Table 2: Summary of previous empirical literature about fraud/corruption in public auctions

Author/year Title of work Model/methods Contribution

Wensink and de Vet |Identifying and reducing
(2013) corruption in public
procurement in the EU

T . Estimation of probability of
— - Probit — linear regression .
Ferwerda et al. Corruption in public corruption
(2017) procurement: Finding the
right indicators

Mencia et al. (2013) |Using data mining on linked |k-NN, LibSVM, LibLinear A method for predicting the
open data for analysing e- Ensemble, Neural network | number of tenders
procurement information
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Wang (2016)

Detecting fraud in public
procurement

One-class support vector
machine, logistic
regression

Predictive model of fraud
risk in contracts

Gallego et al. (2021)

Preventing rather than
punishing: An early warning
model of malfeasance in public
procurement

Lasso logistic regression,
conditional inference tree,
gradient boosting
machine

Study of the prediction of
malfeasance within
contracts

Carvalho et al.
(2011)

Using Bayesian networks to
identify and prevent split
purchases in Brazil

Tree-augmented network,
Bayesian networks

Analysis of split purchases

Sales and Carvalho
(2016)

Measuring the risk of public
contracts using Bayesian
classifiers

Naive Bayes, tree-
augmented naive Bayes
score-based learning
algorithms

A predictive model of fraud
risk in contracts

Sales (2013)

Risk prevention of public
procurement in the Brazilian
government using credit
scoring

Logistic regression,
decision tree

A predictive model of fraud
risk in contracts

Sun and Sales
(2018)

Predicting public procurement
irregularity: An application of
neural networks

A neural network, deep
neural network, logistic
regression, discriminant
function analysis

Prediction models of public
procurement irregularities
designed for initial screening
of contractors

Fazekas and Kocsis
(2020)

Uncovering high-level
corruption: Crossnational
objective corruption risk
indicators using public
procurement data

Fazekas, Toth, and
King (2016)

An objective corruption risk
index using public procurement
data

Logistic regression, linear
regression

Identified coefficients that
represent the strength of
association between each
underlying likely corruption
input and likely corruption
outcome

Ralha, and Silva
(2012)

A multi-agent data mining
system for cartel detection in
Brazilian government
procurement

Clustering, association
rules, multi-agent
approach

Baldomir et al. (2018)

Brazilian government
procurements: An approach to
find fraud traces in companies’
relationships

Association rules — A-
priori algorithm

Analyse the relationship
between companies, and
cartel detection

Domingos et al.
(2016)

Identifying IT purchase
anomalies in the Brazilian
government procurement
system using deep learning

Deep learning auto-
encoder algorithm

Sampaio et al. (2022)

Public procurement in Brazil:
Evidence of fraud using the
Newcomb-Benford Law (NB-
Law)

Use of the Newcomb-
Benford Law (NB-Law)

Anomaly detection
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Tas (2017)

Collusion detection in public
procurement with limited
information

The reduced form of
linear regression enriched
kernel-based regularized
least squares method
with the proposed
approach

Uncovering the structure of
collusive behaviour

Van Erven et al.
(2017)

Graph database: A case study
for detecting fraud in
acquisition of Brazilian
government

Carneiro et al. (2020)

Network analysis for fraud
detection in Portuguese public
procurement

Graph databases,
decision support system,
rule-based

Identify relationships
between companies

Arief et al. (2016)

Fraud detection based on data
mining on Indonesian e-
procurement system

Naive Bayes, Bayesian
networks, decision tree,
and neural network

Detection of fraud public in
procurement processes

ModruSan, Rabuzin,
and Mrsi¢ (2020)

Improving public sector
efficiency using advanced text
mining in the procurement
process

Rabuzin and
ModruSan (2019)

Prediction of public
procurement corruption indices
using machine learning
methods

Decarolis and
Giorgiantonio (2020)

Corruption red flags in public
procurement: New evidence
from ltalian calls for tenders

ModruSan et al.
(2020)

Intelligent Public Procurement
Monitoring System Powered by
Text Mining and Balanced
Indicators

Data mining, linear
regression, support
vector machines, Naive
Bayes, process mining

Detection of suspicious
public procurement
processes

Velasco et al. (2021)

A decision support system for
fraud detection in public
procurement

Graph theory, clustering,
and regression analysis
with advanced data
science methods

Study of the collusion
between bidders, conflicts of
interest, and companies
owned by a potentially straw
person used for disguising
its real owner

Source: the authors, adapted from Table IV in ModruSan et al. (2020: 4).

The studies listed in Table 2 all focus on the issue of fraud detection in public procurement systems
around the world, including studies on the Brazilian system. At least six of them (Fazekas and
Kocsis 2020; Fazekas, Téth and King 2016; Gallego et al. 2021; Sales 2013; Sun and Sales 2018;
Wang 2016) use logistic regression for their analyses, demonstrating considerable use of this
technique for studies in the field.

Brazil currently ranks 94th in the perception of corruption (CPI) measure (Figure 1). This
reinforces the need to study the mechanisms that weaken the procurement system and open space

for corruption.
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Figure 1: Brazil's position in the CPI corruption perceptions ranking

Index 2020 Results table

Q

Score  Country Rank
38 Ethiopia 94
38 Peru 94
38 Brazil 94
38 Kazakhstan 94
37 Indonesia 102
37 Gambia 102
36 Vietnam 104

AMERICAS

Score Rank Score change

38/100 94/180 @ -5 since 2012

Source: Transparency International (2021). CPI 2020 by Transparency International is licensed under CC BY 4.0.
Available at https://www.transparency.org/en/cpi/2020

According to studies by Ko6bis et al. (2017), corruption in its major forms is a strong threat to the
functioning of societies, and the most frequent cause of serious corruption is the metaphor of the
slippery slope, i.e. the idea that corruption occurs gradually. However, disagreeing with this, the
authors empirically tested whether acts of serious corruption happen gradually or abruptly. They
conducted four experimental studies and indicated a higher likelithood of serious corruption when
participants were directly given the opportunity to engage abruptly compared to when they had
previously engaged in minor forms of corruption. This shows the pressing relevance of testing
whether the breach of a possible agreement or collusion influences the probability of detecting a
possible fraud.

3.2 Hypotheses from the theoretical framework
According to the OECD (2009) conspiracies among bidders can take many forms, any of which

impede the efforts of procurement officials—often local and national governments—to obtain
products and services at the lowest possible price. Bidders often define who will submit the bid to
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be awarded through a bidding process. A common goal in a bid-rigging conspiracy is to increase
the value of the winning bid and, consequently, the profit of the chosen bidders.

In this sense collusive bidding (or bid rigging) occurs when bidders, instead of competing as one
would expect, ‘secretly conspire to raise prices or lower the quality of goods or services for
purchasers who wish to acquire products or services through a bidding process’ (OECD n.d.).

Therefore the identification of overbilling, i.e. the contracting of prices far above market prices,
may be an indication of irregularity. Also according to the OECD (2009), bid prices can help
uncover collusion situations. Patterns should be looked for:

... that suggest that companies may be co-ordinating their efforts such as price
increases that cannot be explained by cost increases. When losing bids are much
higher than the winner’s bid, conspirators may be using a cover bidding scheme.
A common practice in cover pricing schemes is for the provider of the cover price
to add 10 per cent or more to the lowest bid. Bid prices that are higher than the
engineering cost estimates or higher than prior bids for similar tenders may also
indicate collusion. (OECD 2009: 13)

As this reasoning involves the issue of the estimated value, we propose a new index: the Apparent
Overbilling Index (AOI).” The index is obtained as a function of the ratio of the subtraction of
the bidding value (BV) by the estimated value (EV), over the estimated value and could become
an important tool to verify the probability of fraud having occurred.

Therefore, from this discussion, we extract the following hypothesis to be tested in this paper:

H1: The higher the AOI of the procurement process, the higher the probability that fraud has
occurred.

According to Brazilian legislation designed to encourage the participation of small and micro
enterprises (SMEs) in public procurement, (Law 123/20006), there is a bid reinforcement called
“fictitious tiebreaker’. This incentive allows an SME to win—alfter the auction has taken place—
with an ex-post lower bid if the previous winning bid by a larger company was less than 5 per cent
lower than the SME’s actual bid during the auction. The studies conducted by Bajari et al. (2009),
Silva and Ferreira (2007), and Sampaio (2012) considered this tiebreaker and its importance for the
performance of SMEs in electronic procurement. The survey conducted by Sampaio (2012) found
that this benefit was used in about 24 per cent of SME winning tenders, and therefore it would be
interesting to verify the size of the companies that won the bidding and whether this was related
to any possible evidence of a larger company colluding to circumvent the ‘fictitious tiebreaker’
system. If there are no SME winners in this universe or if the number is below that observed in
the previous study, this may be an indication of larger firms colluding to remove the small ones
from the dispute.

The practice highlighted by OECD (2018) in which companies in collusion tend to place bids at
10 per cent above the value of the lowest bid rules out use of the tiebreaker by SMEs. That said,
the following hypothesis will be verified:

2 In this paper, we propose the Apparent Over-billing Index (AOI), which consists of the following formula: (VL-
VE) /VE, where VL = bid amount and VE = estimated amount, both consideting the price pet unit.
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H2: The larger the size of the winning firm in the electronic auction, the higher the probability
that fraud has occurred.

4 Methods and approach

The methodology used in this paper consists of an exploratory empirical-inferential analysis of the
data contained in the federal government’s Purchasing Portal and in the newly created
‘DadosAbertos.gov.br’. We use a logit regression model with a binary dependent variable, as
described by Hair et al. (2009).

In this class of regression model, the dependent variable y can take only two values. Thus it can
represent the occurrence of an event or the choice between two alternatives. This model enables
estimation of the probability of fraud y as a function of a vector x of explanatory variables formed
by the characteristics of the service, the bidding process, or the supplier.

An objective of the model is to quantify the relationship between the explanatory variables and
the probability of fraud in the public procurement system, also based on the CGU and the TCU
archives, which enable those auctions in which the winner was punished or investigated to be
captured. Another objective is to analyse the marginal effect, in probabilistic terms, of a given
explanatory variable on the probability of occurrence of fraud. The dependent variable y takes the
values 0 (no punishment or investigation for fraud) or 1 (punishment or investigation for fraud).

In a first step we built a database with information about the winners of the bids and the contracted
values extracted from the Purchasing Portal of the federal government. The amount of contracted
services in the period covered was around BRIL.260 billion. This encompassed all types of bidding,
which resulted in 557,567 procurement processes.

We screened the data by period, type of bidding, and form of bidding, finding a total of more than
BRIL120 billion in acquisitions through electronic auctions for which 111,068 auctions were held.
As the focus of our research is auctions for contracting services, because these have only one
winning bidder per item auctioned, we conducted a screening process. This process resulted in a
universe of 54,966 auctions in the electronic auction bidding modality related to contracting
services, which we used in our regression analysis with bid values starting at BRILO.01 (one cent).

A simple linear regression of y versus x, which represents a linear probability model, is not
appropriate as the error terms are not normally distributed but are binomial and heteroskedastic,
and it may still be the case that the calculated conditional probabilities do not belong to the closed
range 0 and 1. Therefore we had to work with a specification designed to control the requirements
of models with binary dependent variables (Favero and Belfiore 2017; Hair et al. 2009; Schon
2003).

The two binary choice models—Ilogit and probit—suit the purpose of this research. We chose the
logit model because of its simplicity regarding the calculations inherent to the logistic cumulative
function and the ease of handling the odds ratio resulting from the model (Campos 2012; Hair et
al. 2009; Maddala 1992).
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Simple logistic regression model

When the response variable is binary, taking the values 1 and 0, with probabilities © and 1-0,

respectively, Y is a Bermonlli variable with the parameter E(Y)= 7. The model in its usual form is
given by:

Y. = E(Y. :
| ( I)+gl (1)

where:

L ep(Byt )
EN) =7 = et i )

After estimating the logit model, the quality of the results obtained must be analysed based on the
following elements:

1) LR (likelihood ratio) test statistic which tests the null hypothesis that explanatory variables
together have no effect on y; and

2) The results obtained are only valid if the error terms of the adjusted model, via maximum
likelihood, are homoscedastic. If this does not happen, the generated estimators are
inconsistent.

Apparent Overbilling Index

From the analysis of the variables in the model, and supported by the literature, we propose an
innovative metric for calculating overbilling by suppliers: the ratio between the amount bid and
the amount estimated by the bidding agency. We call this the Apparent Overbilling Index (AOI),
which consists of the following formula:

AOI = (BV-EV)
EV 3

where BV = bidding value and EV = estimated value, both considering the unit price in the
auction.

We used Microsoft Excel software and the Stata 17 statistical package for the quantitative analysis.

To perform the logistic regression we prepared the data in an Excel spreadsheet and then inserted
it into the Stata software. In developing the process we generated tables, figures, and graphs, as
detailed below:

1) Table 3 describes the logistic regression model variables and details clusters, the variables,
and their descriptions and classification according to whether they are dependent or
independent. We have one dependent variable and five independent variables, divided into
two clustets.

2) Figure 2 illustrates the mechanism of the empirical method, showing the dependent
variable and its possible relationship with the independent variables.

3) Table 4 presents the descriptive statistics of the variables, with all the variables and their
main measures such as number of observations, minimum and maximum values, mean,
standard deviation, missing values, and description.
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4) Table 5 shows the logistic regression itself, with the regression coefficient (8), the standard
errot, the Z(Wald), the degrees of leadership (df), the P>|z|, the odds ratio (ODDS
RATIO-OR), and the confidence interval.

5) Table 6 shows the omnibus test of the model’s coefficients.

6) Table 7 shows the measures of model fit.

7) Table 8 shows the Hosmer and Lemeshow test.

8) Figure 3 shows the receiver operating characteristic (ROC) curve.

4.1 Description of variables and empirical model

The description of the variables which enable us to test our hypotheses is presented in Table 3.

Table 3: Description of variables in the logistic regression model

Cluster Variable Description Variable type
Response or dependent V1 Variable to be explained by the Dependent
variable model: admitting that the dependent

variable y assumes the values 0 or 1
(electronic auction with a supplier
sanctioned due to fraud). The
probability of observing yt=1 is given
by the logit model.

V2 Winning bid value (BRL) Independent
Bidding process features —

V3 Apparent Overbilling Index Independent

\Z! Small enterprise Independent
Supplier features V4(1) Micro enterprise Independent

V4(2) Large company Independent

Source: authors’ compilation.

Figure 2: Mechanism of the relationship between punished companies and electronic auctions

MECHANISM

y=0 ou y=1(Punished firm)

Source: authors, based on Sampaio (2012).

The mechanism shown in Figure 2 helps us to understand how the bidding process and supplier
features affect fraud in public procurement. In the regression, the loss function used for the
estimation is the maximum likelihood function. The loss function is nothing more than a
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mathematical function which evaluates the distance between the values predicted by the model
and the observed value, as used by Schon (2003). The idea of any nonlinear model-fitting
procedure is always to minimize the loss function, i.e. to make the model as close as possible to
the actual values. Furthermore the maximum likelihood function works with the logic of the
probability of randomly finding all values for the parameters found in the simulation. We therefore
determined the significance of the model in this way. We defined the estimation method after
defining the loss function.

In this way we attempted to make the model provide a good solution which minimized the loss
function with a minimum of iterations.

5 Results and discussion

Table 4 presents the statistics for the variables under study. As these are categorical variables, 0 or
1, they are described in terms of the occurrence of each category. We present the mean, minimum,
maximum, standard deviation, as well as the missing values, i.e. the cases in the table for which
there was no information for the variable.

The figures in Table 4 for V1, the response or dependent variable, indicate that punished
companies participated in 2,002 biddings out of the 54,966 analysed, which represents 3.64 per
cent of the total sample. In this descriptive, there were no missing values.

Still in Table 4, in V2, it shows that the highest contract value was BRL.110,299,965, contracted by
a call centre company, while the lowest was BRI0.01 contracted by a telephone company (the
value refers to a minute of a phone call). The mean contract value was BRI.106,755 and no missing
values were registered.

For V3, the AOI, the maximum value was 7,119,999, the mean was 135.53, and the minimum was
-1, with 8 missing values, which were treated following the ‘total mean substitution’ technique
described by Dodeen (2003), which, in summary, consists in replacing the missing values with the
valid mean. After this treatment, there were no missing values.
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Table 4: Descriptive statistics of the variables

Cluster

Response V1
or

dependent

variable

Bidding V2
Process
Features V3

Supplier V4
Features V4(1)

VA(2)

Variable

No.
2,002

54,966

54,966

19,131
17,447
18,388

Min.

0

0

Max. Mean
1 .0364225

110,299,965 106,755.1

7,119,999  135.5365

.3480515
3174144
.3345341

Std. Dev  Missing Description

.1873407

1,166,245

30,380.7

4763568
4654744
4718316

0

Variable to be
explained by the model:
admitting that the
dependent variable y
assumes the values 0
or 1 (electronic auction
with a supplier
sanctioned due to
fraud). The probability
of observing yt=1 is
given by the logit
model. There were
2,002 ‘irregular’
auctions.

Winning bid value
(BRL)

Apparent Overbilling
Index

Small enterprise
Micro enterprise
Large company

Source: authors’ calculations.

Also in Table 4, in the supplier features cluster (by size), over four years there were 54,966
electronic biddings for the procurement of services in the Brazilian public procurement system.
Of these, 17,447 were won by micro enterprises (31.7 per cent), 19,131 by small enterprises
(34.8 per cent), and 18,388 by large companies (33.4 per cent), with no record of missing values.

In addition to the general aspects of the model described in Table 4, the specific conditions that
led to the results are described below.

The loss function used for the estimation was the maximum likelihood function. The loss function
is nothing more than a mathematical function which evaluates how far the values predicted by the
model are from the observed value, as used by Schon (2003). The idea of any nonlinear model-
fitting procedure is always to minimize the loss function, i.e. to make the model as close as possible
to the actual values. Furthermore the maximum likelihood function works with the logic of the
probability of randomly finding all the values for the parameters found in the simulation. The
significance of the model is then determined in this way.

We defined the estimation method after defining the loss function. In this sense we sought to

make the model find a good solution which minimized the loss function with a minimum of
iterations.
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Table 5 presents the main metrics used in the logistic regressions.

Table 5: Logistic regression

B S.E. Z(Wald) df P>|z]| OR 95% C.I. To OR
Inf Sup

V2 (BRL) 2.91e-08 9,13E-09 3.18 1,000 0,001 1,000 1.12e-08 4.70e-08
V3 AOI -.6975018 .0666384 -10.47 1,000 0,000 4978274  -.8281106 -.566893
\Z! - - - - - - -
Small ent.
V4(1) micro -.1327149 .0697935 -1.90 1,000 0,057 .8757148  -.2695077 .004078
ent.
V4(2) large .9381185 .0561446 16.71 1,000 0,000 2.555169 .8280771 1.04816
company
Intercept 3.9345969 .0536476 -73.34 1,000 0,000 .0195536  -4.039743  -3.829448

Source: authors’ calculations.

In Table 5 the two variables related to our hypotheses significantly affect the odds ratio of ‘being
punished’—the dependent variable. A larger value of V3 (AOI) decreases the odds of being among
the punished companies—not supporting and inverting what was expected according to
hypothesis H1. A larger AOI value decreases the odds of being among the punished companies
by 0.4978 times. Large companies have an odds ratio of 2.555 (times greater) for being punished.

Table 6: Omnibus test of model coefficients

X2 df Sig

6.93e+12 5 0,00

Source: authors’ calculations.

The omnibus test in Table 6 tests whether the successive models in the iterative steps of the
regression are better than the initial base model of the iterative process. As the P values are highly
significant, this indicates that the parameter estimates obtained after the iterative process are much
better than an initial model (Fernandes et al. 2021; Larry and Bradley 1991).

Table 7: Model goodness-of-fit measures

-2log likelihood Cox & Snell R2 Nagelkerke R?

-8596.852 0,012 0,012

Source: authors’ calculations.

Again, the likelihood in Table 7 shows a comparison of the final model of the iterative process
with the initial raw model: the higher this number, the more expressive is the improvement
(Fernandes et al. 2021). We estimated the R* using two methods: a more consetvative one (Cox
and Snell 1968) and a more extensive one (Nagelkerke 1991). The coefficient of determination of
the model is 1.2 per cent in both.

Despite presenting a low R? this does not represent a weakness of the model, as it is not a linear
regression. According to Hosmer (2000), low R® values in logistic regressions are the norm and
this presents a problem when reporting their values to those accustomed to seeing linear regression
values.
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Table 8: Hosmer and Lemeshow test

X2 df Sig

320.23 8 0,00

Source: authors’ calculations.

Finally, we have the Hosmer and Lemeshow test in Table 8. It evaluates fitting the model to the
data in terms of prediction (Hosmer 2000). There is good prediction when the statistical
significance is greater than 0.05. In this case we do not have a good predictive model, but we have
a model that allows us to understand the phenomenon (investigate which variables influence but
do not accurately predict the outcome).

Figure 3: Receiver operating characteristic (ROC) curve
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Area under ROC curve = 0.6507

Source: authors’ calculations.

Figure 3 shows the receiver operating characteristic (ROC) curve, which emphasizes the sensitivity
x specificity of the model. This graph is compatible with logit regression models (Oliveira 2015).

According to Carvalho et al. (2011), this analysis is a graphical representation indicating the
performance of a binary classification system from the variation of its discrimination threshold.

According to Witten et al. (2005), ROC curves have true positive rates on the Y axis and false
positive rates on the X axis.
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From there, the upper-left corner is the ideal point—a false positive rate equal to 0 and a true
positive rate equal to 1. Reaching the sweet spot is unusual. However, the larger the area under the
curve, the better is the performance of the model.

5.1 Discussion of the results considering the theoretical framework

The results of the empirical investigation show that a larger value of V3 (AOI) decreases the odds
of being a punished company—not supporting and inverting what hypothesis H1 expected.
A larger AOI value decreases the odds of being a punished company by 0.4978 times (less than
before).

This result is supported by the studies by Becker (1968), Lengwiler and Wolfstetter (2000),
Miroslav et al. (2014), and Rose-Ackerman (1975, 1996, 2014). A possible explanation for this
might be that the ‘apparent overbilling’ is already well observed by the government auditors and is
more targeted for verification, so that the punished companies now resort to more elaborate
‘tricks’, such as price collusion or simulation of competitive values, than inflating the price

(Miroslav et al. 2014).

In terms of company size the research findings reveal that being a punished firm is strongly
influenced by the winning company being large. The probability of a large company being in the
punished group is 2.55 times greater than a small company or 155 per cent greater than SMEs
[(2.55-100) x 100]. Thus, hypothesis H2 is supported.

This result is compatible with the possibility of collusion by large companies collusion, and is in
line with the studies of Albano et al. (2006), Miroslav et al. (2014), and OECD (2016) with regard
to the appearance of ‘bidding cartels’ in procurement, i.e. collusive agreements in bidding
processes, as possible forms of anticompetitive practice. It can be understood as corruption
(Acemoglu et al. 2004; Becker 1968; Iudicibus et al. 2001; Rose-Ackerman 1975)

According to Lima (2016) a major type of fraud is the collusion of prices among suppliers, i.e. using
established companies to frustrate competition in disputes and favouring some participants just to
follow the legal procedure.

Our results therefore offer evidence on the factors associated with the occurrence of fraud in the
electronic procurement system in Brazil and may contribute to the ongoing debate on this topic
in society.

6 Conclusions and implications

This study aimed to investigate which factors are associated with the occurrence of anticompetitive
practices in electronic trading systems within the scope of the Brazilian public procurement system.
The analysis considered all services contracted from 2014 to 2017.

We used a logit regression model with a binary dependent variable to model the probability of
fraud as a function of a vector of explanatory variables composed of the characteristics of the
service, the bidding process, and the supplier, thereby quantifying the relationship between the
explanatory variables and the likelihood of fraud occurring in the public procurement system.

In responding to the research question, we can therefore state that the company size factor and
the AOI are associated with the occurrence of fraud and anticompetitive practices in electronic
auctions, and that large companies are more likely to be associated with these occurrences. Bids
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with a higher AOI have alower probability of association with the occurrence of fraud in electronic
auctions.

This study contributes to the accumulation of empirical and theoretical knowledge and offers safer
bases for governments and society to combat corruption, leading to greater effectiveness and
efficiency of public spending. The results also show that even after the introduction of strong anti-
corruption legislation in Brazil, fraud still occurs in the most secure type of bidding, the electronic
auction.

The study’s main limitation is that our proxy for ‘occurrence of fraud’ is ‘has been punished’.
However, not all fraudsters always commit fraud (in all the auctions in which they participate).
Moreover the evidence for fraud is based on ‘punishment’, but the efficiency of the ‘punishment
system’ is not taken into account. According to Faria (2004) and Yeung and Azevedo (2012), the
Brazilian legal system is still known worldwide for its slowness, inefficiency, and corruption.
Another limitation of the paper is the low coefficient of determination (R?) of the regression, which
is a strong indication that the phenomenon can be explained by other variables besides those
studied here.

Further studies could explore temporal and sector-based differences, for example by decomposing
data analysis by year or decomposing data into clusters, i.e. by sector type (e.g., infrastructure,
information and computer technology, health), the sectors with highest contract values.

We also recommend deepening studies based on the economics of corruption of issues which
involve endogenous and exogenous relations and the dynamics of the corruption process as
contributions to understanding the process.
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