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Abstract. Public procurement fraud is a plague that produces significant eco-

nomic losses in any state and society, but empirical studies to detect it in this area 

are still scarce. This article presents a review of the most recent literature on pub-

lic procurement to identify techniques for fraud detection using Network Science. 

Applying the PRISMA methodology and using the Scopus and Web of Science 

repositories, we selected scientific articles and compared their results over a pe-

riod from 2011 to 2021. Employing a compiled search string, we found cluster 

analysis and centrality measures as the most adopted techniques. 

Keywords: Public Procurement, Corruption, Network Analysis, PRISMA  

1 Introduction 

Public procurement is a key step in providing public services to the population in the 

health, education, and infrastructure sectors (World Bank, 2017). It is an instrument by 

which the public administration seeks to obtain the highest volume of goods, services, 

and construction at the lowest cost (Costa et al., 2020). Its sustainability is one of the 

elements that lead to the efficiency of the public sector (Silva Filho, 2017). This process 

is considered one of the areas of highest risk of fraud (Whiteman, 2019). It can occur 

at any point in the supply chain, making it difficult to detect and measure, especially 

after awarding a contract (Whiteman, 2019). Scams in this sector are complex and so-

phisticated; they might occur at any stage of the purchase process (Rustiarini et al., 

2019) and can be one of the most problematic crimes to investigate (Mufutau, 2016). 

These stratagems occur widely, from corruption, bribery, embezzlement, collusion, 

abuse of power, favoritism, misappropriation, and nepotism (Padhi et al., 2011). How-

ever, even a suitably defined public procurement legislation is insufficient to control 

fraud, and efficient mechanisms for its prevention are inaccurate (Wensink et al., 2013). 

That said, it is essential to carry out scientific investigations to provide theoretical 

and methodological bases to identify the behavior of companies and service providers 

in line with potential fraudulent actions in the bidding markets. In that sense, this sys-

tematic review aims to survey the available literature regarding methodologies used to 

identify and combat fraud in public procurement through network analysis, being a val-

uable instrument to detect solutions conceived and unveil possible existing gaps. 
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The challenge of this article in helping the fight against corruption is to conduct a 

review of the state-of-the-art to identify the latest scientific contributions based on Net-

work Analysis techniques. According to the overview of the current subject and with 

the help of some literature on the issue (Shaffril et al., 2020), we came up with a re-

search question: How can network science help in the disclosure of fraud in public 

procurement? To answer this question, we performed a cross-sectional consultation and 

a qualitative analysis following the adoption of 18 scientific articles. 

2 Method 

This systematic literature survey intends to capture the contributions of the scientific 

community to the topic of corruption in public procurement, where we sought to iden-

tify the most recurrent authors, their interactions, number of citations, identification of 

keywords, and their repetitions in the various articles. We used an auditable methodol-

ogy based on the set of PRISMA items (Preferred Report Items for Systematic Reviews 

and Meta-Analyzes). This method comprises a checklist with 27 topics distributed in 7 

sections, which is used to improve meta-analyses of periodic review reports. Its frame-

work guides the setup of each section based on information from scientific articles: 

Title, Abstract, Introduction, Methods, Results, Discussion, and other information. The 

PRISMA 2020 approach was designed to carry out systematic reviews, including syn-

thesis (meta-analyzes or other concepts of statistical synthesis) consisting of five phases 

(Page et al., 2021): 1. Identification of related articles in the field of interest; 2. Sorting 

titles and abstracts; 3. Acceptance analysis; 4. Exclusion analysis; 5. Final selection. 

Afterwards, we started to identify and collect research articles to assist in the as-

sembly of the current study.  For this purpose, we used a systematic computerized query 

in two search repositories, Web of Science (W.O.S) and Scopus, chosen as primary 

search sources due to their extensive coverage of scientific writings, faster indexing 

methods, and based on a curated database of published and peer-reviewed content, often 

not considered in more comprehensive repositories. 

2.1. Bibliometric Analysis and Keyword Search Strategy 

We carried out an iterative search process with an interval period limitation from 2011 

to 2021. The query identified publications covering terms and expressions logically 

combined by Boolean connectors in their titles, keywords, and abstracts. The resulting 

search string used in the repositories mentioned above is shown below: 

Search String: (corruption OR fraud OR collusion OR bribe OR bribery OR rigging OR 

cartel OR collusive) AND (Procurement OR tender OR bid OR bidding OR auction) AND 

(network OR SNA OR detection OR detecting OR detect OR prediction OR predict). 

To perform network analysis on the collected data set and represent the interactions 

between the actors or nodes of the net, we used the open-source engine VOSviewer 

(Van & Waltman, 2010). It allows us to identify the publications, authors, journals, in-

stitutions, keywords, and countries with the most significant impact on the research in 

repositories of scientific articles. From parameters such as degree centrality (indicates 
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the number of times a paper is mentioned, represented by the size of the nodes) and 

edge weight (designates the number of times that two articles are cited together in dif-

ferent documents - depicted by the thickness of the link), we used VOSviewer to gen-

erate graphs based on the data collected from the repositories and interpreted them ap-

plying network analysis. We also analyzed the information collected about the concom-

itant occurrence of keywords and authors, which establishes that the larger the node 

size, the more often the keyword appears in publications. On the other hand, the thicker 

the links between two nodes, the greater the number of times these pairs of keywords 

occur in different articles. In turn, the same concept was applied to the authors, i.e., the 

larger the node size, the more published articles these two authors have in the selected 

database, and the thicker the connection between them, the more often they act in joint 

publications. 

3 Results 

Data collection took place in August 2021 and was complemented with more articles 

in September 2021. Subsequently, we proceeded to the selection of relevant publica-

tions following the three PRISMA stages. In the first identification phase, we employed 

the search string for the two electronic repositories. Filtering the years 2011 to 2021, 

we found 351 articles in Scopus and 311 in the Web of Science. Next, we adopted as 

an initial basis all writings found in both recipients and identified 279 identical publi-

cations. Counting the non-intersected publications, we reached a quantity of 383 dif-

ferent articles and entered the screening phase. At this stage, we made exclusions based 

on titles, eliminating 301 articles and keeping 82. Afterwards, we read the abstracts of 

the 82 articles and rejected 64 that were out of scope, remaining with 18. After reading 

the 18 articles in full, we did not generate exclusions and kept them all. Of these, 15 

were published in scientific journals, while four were published in conferences. 

3.1. Publications by Author, Number of Citations & Journal / Conference 

The number of selected articles related to the words used in the search query totals 18 

publications. It starts with one publication in 2011 and grows to four in 2017, peaking 

in 2020 with six selected articles. It indicates that the issue comes being more re-

searched over time. The articles collected in Scopus and Web of Science repositories, 

both from journals and conference annals, embrace an extensive variety of scientific 

research, from Computer Science to Government and Law, passing through Business, 

Economics, and Criminology. The scrutiny of scientific articles was essential for the 

identification of works relevant to our research area. We raised articles cited up to 35 

times, resulting in the publications shown in table 1. 

Table 1. Articles by Year of Publication 

Title Year Author 
Citations 

Sco-
pus 

W.O.S 

Corruption risk in contracting markets: a net-

work science perspective 
2021 

Johannes Wachs; Mihály 

Fazekas; János Kertész 
3 4 
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Corruption and complexity: a scientific frame-

work for the analysis of corruption networks 
2020 

Issa Luna-Pla; José R. 

Nicolás-Carlock  
10 8 

Distinguishing Characteristics of Corruption 
Risks in Iranian Construction Projects: A 

Weighted Correlation Network Analysis 

2020 
Hosseini, M. Reza; Mar-
tek, Igor; Banihashemi, 

Saeed; et. al 

10 8 

Bidder Network Community Division and Col-
lusion Suspicion Analysis in Chinese Construc-

tion Projects 

2020 
Zhu, Jiwei; Wang, Bing; 

Li, Liang; et al. 
2 1 

Corruption and the network structure of public 
contracting markets across government change 

2020 
Fazekas, Mihaly; Wachs, 
Johannes 

1 1 

Network Analysis for Fraud Detection in Portu-

guese Public Procurement 
2020 

 Carneiro, D., Veloso, P., 

Ventura, A., et al.  
1 N/A 

Betweenness to assess leaders in criminal net-

works: New evidence using the dual projection 

approach 

2019 

Grassi, R., Calderoni, F., 

Bianchi, M., & Torriero, 

A 

16 14 

Social capital predicts corruption risk in towns 2019 Wachs, Johannes; et al. 9 5 

A network approach to cartel detection in public 

auction markets 
2019 

Wachs, Johannes; Ker-

tesz, Janos 
9 5 

The Analysis of Water Project Bid Rigging Be-

havior  Based on Complex Network 
2017 

Cheng, Tiexin; Liu, Ting; 

Meng, Lingzhi; et al 
N/A 0 

Bid-rigging networks and state-corporate crime 
in the construction industry 

2017 
Reeves-Latour, Maxime; 
Morselli, Carlo 

28 26 

Detecting the collusive bidding behavior in be-

low average bid auction 
2017 

Lei, Ming; Yin, Zihan; 

Li, Shalang; Li, Hao 
2 0 

Adaptation of cluster analysis methods in re-

spect to vector space of social network analysis 

indicators for revealing suspicious government 
contracts 

2017 
Davydenko, V. I.; Moro-
zov, N. V.; Burmistrov, 

M. I. 

0 0 

From Corruption to State Capture: A New Ana-
lytical Framework with Empirical Applications 

from Hungary 

2016 
Fazekas, Mihaly;  Toth, 

Istvan Janos 
37 29 

Improving Fraudster Detection in Online Auc-
tions by Using Neighbor-Driven Attributes 

2016 
Lin, Jun-Lin; Khomnotai, 
Laksamee 

1 1 

The impact of inter-organizational relationships 

on contractors' success in winning public pro-
curement projects: The case of the construction 

industry in the Veneto region 

2015 
Sedita, Silvia Rita; Apa, 
Roberta 

27 25 

Combining ranking concept and social network 
analysis to detect collusive groups in online auc-

tions 

2012 
Lin, Shi-Jen; Jheng, Yi-

Ying; Yu, Cheng-Hsien 
22 19 

Corrupt police networks: uncovering hidden re-
lationship patterns, functions and roles 

2011 
Lauchs, Mark; Keast, 
Robyn; Yousefpour, et al 

20 18 

The articles collected comprise the most up-to-date concepts currently applied to iden-

tify fraud in public contracts using network analysis. The most cited publications in 

table 1 were: Fazekas et al. (2016) with 37 citations; Sedita & Apa (2015) with 27 and 

Lin et al. (2012) with 22 mentions, all related to Scopus. Besides, citations are also 

analyzed in section 3.4.2, referring individually to the authors and co-authors. 

3.2. Major Journals 

Concerning journals, a total of 14 articles were collected from 13 different journals and 

published by ten publishers. 38% of the journals are ranked by Scimago Journal & 

Country Rank (SJR) in the first quartile Q1, 48% in the second quartile Q2, and 14% 

in the Q3 quartile. The main fields of investigation are Computer Science, Government 

& Law and Business & Economics, table 2. 

https://www.scimagojr.com/
https://www.scimagojr.com/
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Table 2. Major Journals 

Journal Qt.  Rank Publisher Country Field 

Expert Systems With 

Applications 
1 Q1 

Elsevier Sci-

ence LTD 
England Computer Science;  

Social Networks 2 Q1 Elsevier Netherlands Anthropology; Sociology 

Politics and Governance 1 Q2 Cogitatio Press Portugal Government & Law 

International Journal of 
Project Management 

1 Q1 
Elsevier Sci-
ence LTD 

England Business & Economics 

Science and Engineering 

Ethics 
1 Q1 Springer Netherlands 

Multidisciplinary Sci-

ences 

Scientific Reports 1 Q1 
Nature Publish-

ing Group 
England Science & Technology 

Applied Network Sci-
ence 

1 Q2 Springer Switzerland  Computer Science 

Entropy 1 Q2 MDPI Switzerland Multidisciplinary 

International Journal of 
Data Science and Analit.  

1 Q2 Springer Switzerland Computer Science 

Royal Society Open Sci-

ence 
1 Q2 Royal Soc England Science & Technology 

Policing & Society 1 Q2 
Routledge Jour-

nals 
England Criminology & Penology 

Advances in Civil Eng. 1 Q3 Hindawi LTD England Construction & Building  

Political Research Quar-
terly 

1 Q3 
Sage Publica-
tions Inc 

United 
States 

Government & Law 

3.3. Conference Proceedings 

Regarding conferences, a total of four articles were collected from four different pro-

ceedings and published by three publishers belonging to three countries. The main field 

of investigation is computer science as shown in table 3. 

Table 3. Main Conferences 

Conference Qt. Publisher Country Field 

13th International Conference on Natural 

Computation, Fuzzy Systems and 
Knowledge Discovery (ICNC-FSKD) 

1 IEEE USA Computer Science 

IEEE 5th International Conference on Fu-

ture Internet of Things and Cloud (FiCloud) 
1 IEEE USA 

Computer Science; 

Telecommunications 
International Conference on Applied Math-

ematics, Modeling and Simulation (AMMS) 
1 

Atlantis 

Press 
France 

Computer Science; 

Mathematics 
International Conference on Intelligent Data 

Engineering and Automated Learning 
1 

Springer In-

ternational 

Switzer-

land 
Computer Science 

The four conference proceedings identified in this study were listed in the Computer 

Science field of investigation. Regarding article publishers, the IEEE published two 

papers, specifically in Conferences on Fuzzy Systems, and Future Internet of Things 

and Cloud. Springer International Publishing AG has published one paper in the pro-

ceedings on Intelligent Data Engineering and Automated Learning. Atlantis Pres pub-

lished one paper referring to procedures on Mathematics, Modeling, and Simulation. 
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3.4. Analysis of Word Incidence in Sections of Varied Articles 

To further explore the most sensitive topics, we conducted a co-occurrence analysis. 

Here we use the concept of keyword occurrence, which is based on the count of words 

in parts of the articles (Keyword, Title, and Abstract). Besides, the analysis is applied 

to many articles together, serving researchers for review and statistical exploration. 

3.4.1. Analysis of Keyword Occurrences 

The study of keywords occurrence was developed using the VOSviewer, a software 

tool for constructing and visualizing bibliometric networks. We performed the search 

using the complete counting method, comprising 12 keywords in the Scopus and Web 

of Science repositories, whose minimum occurrence limit was established as two. In 

table 4 we present the 10 Keywords with the most occurrence and link strength. 

Table 4. Keywords with the highest occurrences 

SCOPUS   Web of Science 

Keyword 
Link 

Strength 

Occur-

rence 
  Keyword 

Link 

Strength 

Occur-

rence 

public procurement 13 7   corruption 12 7 
corruption 9 7   government 7 4 

crime 12 4   networks 6 3 
social network analysis 8 4   social network analysis 4 3 
social networking 8 3   markets 2 3 

construction industry 7 3   public procurement 5 2 

risk management 8 2   construction industry 4 2 

anti-corruption 7 2   management 4 2 

networks 5 2   centrality 3 2 

human 4 2   collusion 2 2 

The most identified keywords in the two repositories, Scopus and Web of Science, had 

the following occurrences and link strengths, respectively: public procurement (Sco-

pus: 7, 13 and W.O.S: 2, 5), government (Scopus: 0, 0 and W.O.S: 4, 7), crime (Scopus: 

4, 12 and W.O.S: 0, 0), corruption (Scopus: 7, 9and W.O.S: 7, 12), and social network 

analysis (Scopus: 4, 8 and W.O.S: 3, 4), networks (Scopus: 2, 5 and W.O.S: 3, 6).  

The two keyword networks together (Scopus and Web of Science) emphasize the 

research areas of public procurement and corruption. They also indicate social network 

analysis as the science for detecting fraud in tenders. The two networks complement 

each other fully. Despite having some identical keywords, which reinforce their im-

portance, they add, separately, others essential for the research, such as anti-corruption, 

risk management, collusion, and government. 

3.4.2. Author Co-Authorship - Documents and Citations Within Multiple Articles 

 The study of authors' and co-authors' occurrence was carried out with the VOSviewer 

tool using a complete counting and limiting the number of author documents to a min-

imum of one. The search performed included 49 authors / co-authors in the Scopus and 

48 in the Web of Science repositories. In table 5, we present the 10 most-cited authors 

/ co-authors in each repository. 
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Table 5. Highest citations from authors and co-authors 

SCOPUS   Web of Science 

Author/ Co-author 
Link 
stre
ngth 

Docu-
ments 

Cita-
tions 

  

Author/Co-au-
thor 

Link 
stre
ngth 

Docu-
ments 

Cita-
tions 

fazekas m. 4 3 40   fazekas, mihaly 4 3 34 
tóth i.j. 1 1 36   toth, istvan janos 1 1 29 
morselli c. 1 1 28   morselli, carlo 1 1 26 
reeves-latour m. 1 1 28   reeves-latour, m. 1 1 26 
apa r. 1 1 27   apa, roberta 1 1 25 
sedita s.r. 1 1 27   sedita, silvia rita 1 1 25 
jheng y.-y. 2 1 22   jheng, yi-ying 2 1 19 
lin s.-j. 2 1 22   lin, shi-jen 2 1 19 
yu c.-h. 2 1 22   yu, cheng-hsien 2 1 19 
wachs j. 7 4 22   wachs, johannes 7 4 18 

Combining the two repositories without intercessions, the authors/co-authors that stand 

out the most for their Link strength and the number of citations are Fazekas with three 

documents and Wachs with 3 articles. 

Looking at the author and co-author network in figure 1, filtered by authors with at 

least four citations, we present for the Web of Science and Scopus repositories the five 

biggest communities formed, with 21 nodes and 42 links each. Here we observe that 

the largest and most interconnected nodes belong to authors Mihaly Fazekas and Jo-

hannes Wachs. They have two and three articles as authors, respectively, and have writ-

ten one paper together. 

 

Fig. 1. Author and co-authorship network view. a) Web of Science. b) Scopus. 

3.4.3. Purpose and Methodology 

All articles used connected networks for their evaluations. Concerning studies using 

labeled data or doing exploratory research, we have seven articles applying labeled data 

(Lin et al., 2012; Grassi et al., 2019; Hosseini et al., 2020; Lei et al., 2017; Fazekas & 

Wachs, 2020; Wachs & Kertesz, 2019b; Davydenko et al. 2019) The remaining 11 pa-

pers used exploratory analysis (Fazekas & Toth, 2016; Sedita & Apa, 2015; Reeves-

Latour & Morselli, 2017; Lauchs et al.,2011; Luna-Pla &-Carlock, 2020; Wachs et 
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al.,2019a;  Wachs & Fazekas, 2021; Carneiro et al.; 2021; Zhu et al.; 2020; Lin & 

Khomnotai, 2016; Cheng et al, 2017). 

Out of the 18 articles, 13 (Cheng et al., 2017; Davydenko et al., 2017; Fazekas et 

al., 2016; Fazekas et al., 2020.1; Fazekas et al., 2020.2; Hosseini et al., 2020; Lei et al., 

2017, Lin et al., 2016, Lin et al., 2012, Wachs et al., 2019.1; Wachs et al., 2019.2; 

Wachs et al., 2021; Zhu et al., 2020) used cluster analysis (community detection or 

clustering) to classify the nodes and make analysis. Eight (Davydenko et al., 2017; 

Fazekas et al., 2016; Grassi et al., 2019; Hosseini et al., 2020; Luna-Pla & Carlock, 

2020; Lauchs et al., 2011; Reeves-Latour et al., 2017 and Sedita & Apa, 2015) applied 

centralities and measures tools, which usually reflect the prominence, status, prestige, 

or visibility of a node and often explain behaviors on the network (Marsden, 2005). 

Two (Grassi et al., 2019 and Wachs et al., 2019.1) used bipartite network projection to 

create a firm-firm net and capture the hidden relationships between bidders. One (Lin 

et al., 2016) used the concept of neighbor diversity, which is an effective resource to 

distinguish fraudsters from regular nodes. 

The application of Network Analysis techniques varies, not only concerning the 

tools used but also regarding the objectives. The most cited article in the area (Fazekas 

et al., 2016), for example, besides using community detection, centralities and 

measures, created a fraud risk index comprising intrinsic parameters of tenders and used 

it to identify a supposed state capture and centralization of the corrupt network after 

government turnover. On the other hand, Grassi et al. (2019) pointed out the between-

ness centrality as the most standard measure to identify criminal agents and used the 

projection approach to capture strong brokerage positions in a mono-mode network and 

spot criminal leaders. 

4. Discussion 

The current research seeks to identify the most recent studies and their contributions 

regarding detecting fraud in public procurement using tools from network science. This 

section presents a brief analysis comparing the response of the repositories Scopus and 

Web of Science, analyze how we answer our research question, as follows: 

4.1 Scopus and Web of Science Repositories 

Concerning the two repositories, we found that they present an intersection of approx-

imately 90% concerning the selected articles, with both adding the same amount of 

writings. Of the intersecting articles, Scopus has more citations in 75% of cases, Web 

of Science in 6%, and the same number of references in 19% of writings. Scopus also 

generates more keywords and related words in titles and abstracts, besides having 

greater link strength and word occurrence. 

4.2 Research Question RQ1 

RQ1: How can network science help in the disclosure of fraud in public procurement? 
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The review of the articles allowed the identification of Network Science techniques 

used to detect fraud in public procurement. We found that cluster analysis (community 

detection and clustering) and centrality measures are the most used tools in the 18 doc-

uments analyzed, with 13 and 9 occurrences, respectively. Community detection is one 

of the most used tools in studies to identify the formation of clusters, especially cartels. 

It was used by Wachs et al. (2019a) to investigate a cohesive and exclusive interaction 

in a large market, in which they found a niche with favorable conditions for the emer-

gence of cartel collusion. However, the approach to detecting cartels was only sugges-

tive and could not conclusively prove fraud without using labeled data. 

Regarding clustering analysis, Cheng et al. (2017) identified that closely linked 

nodes with relatively large weights indicate companies in the communities with coop-

erative behavior and likely bidding fraudulently. Fazekas et al. (2016) detected compa-

nies that make extensive contracts among themselves rather than with other organiza-

tions outside their communities. Hosseini et al. (2020) analyzed communities in a con-

tract network that refers to cases of violation of procedural principles in their conces-

sion, where they identified clusters in which none of the contracts had the capacity to 

deliver the awarded projects. 

In turn, Wachs et al. (2021) quantified the extent to which a single bid varies across 

different communities within a network and interpreted it as significant evidence that 

corruption is not randomly distributed in the public sector. They concluded that the 

greater the grouping of single bidders in a market, the more likely it is that investigation 

of their neighbors would raise cases of fraud. In other research, Wachs & Kertesz 

(2019b) identified that communities with an excess of bonding social capital are at 

higher risk of corruption, and communities with more diverse external connectivity are 

less exposed to fraud.  

Zhu et al. (2020) divided a network into separate communities classifying overlaps 

as new communities and identifying collusion cases from the high degree of nodes 

overlapping. Fazekas (2020) analyzed the persistence of corrupt buyers in a low-com-

petitive cluster over the years after government change to determine the corrupt link 

between public and private entities. 

The centrality measures were used in the articles to help identify the most active, 

most influential, most central actors and those suspected of spurious associations. The 

degree centrality stood out in some articles (Fazekas et al., 2016; Sedita & Apa, 2015; 

Lauchs et al., 2011; Luna-Pla & Carlock, 2020; Hosseini et al., 2020; Davydenko et al., 

2017) exposing the most connected actors in the network. However, while it helps to 

identify network hubs, criminal network interfaces are not necessarily hub-mediated as 

it becomes very evident and obvious on the network (Morselli, 2008). Therefore, the 

use of other measures and analyses is necessary to identify suspicious connections. 

Fazekas (2016), for instance, identified a non-linear and changeable relationship 

over time between the closeness centrality and a corruption risk index, making the 

closeness a strong indicator of the risk of corruption after a government turnover. Da-

vydenko (2017), on the other hand, despite using closeness centrality, identified that 

offenders were aware of the main indicators of doubt and were striving to circumvent 
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them by lowering their average values through manipulation of information. In a cluster 

analysis, he showed that the most significant indicators to reveal suspicious elements 

were based on the contract price, contract name, closeness values, and average values 

of eigenvectors, revealing, through these measures, that 13% of government contracts 

had violations. 

Testing the efficiency of the betweenness centrality in identifying brokers, Grassi 

et al. (2019) investigated a set of known leaders in a criminal network, which revealed 

a core group of about 20 heads with high betweenness values. On the other hand, they 

also found a small group of outlier leaders whose betweenness was low, which did not 

indicate them as possible brokers. 

Luna-Pla et al. (2020), despite using network diameter, average path length, and 

average degree metrics, notably these remained essentially unaltered, not providing 

enough information to indicate the risk of corporate fraud, and the clustering coefficient 

was equal to zero due to the bipartite nature of the network. These network metrics 

were non-conclusive to establish clear corporate corruption risk indicators, except for 

the number of multi-edge node pairs, that provided a good measure of the degeneracy 

of both companies and people. 

Since Network Science tools are not always able to promote precise results alone, 

it is often used with other parameters such as single bidder, neighbor diversity, winner 

diversity, winning rate, or even creating indicators based on tenders' parameters, as 

done in some studies (Fazekas et al., 2016; Fazekas & Wach, 2020; Luna-Pla & Car-

lock, 2020). 

5. Conclusion and Future Studies  

This research used the PRISMA methodology, an evidence-based collection of items 

that intend to help authors report on a broad spectrum of systematic reviews and meta-

analyses. The method allowed for an organized presentation of studies and techniques 

used to detect fraud in public procurement. To select scientific articles, we used two 

repositories, Scopus and Web of Science. We compared their results separately to iden-

tify the contribution and determine the significance of each one in the research. The 18 

selected articles were chosen based on the attempt to answer the research question re-

ferring to the techniques applied to detect fraud in public procurement using network 

science.  

The most addressed technique was cluster analysis, which encompasses clustering 

and community detection. It was mainly used to explore locations of actors grouped 

with similar properties, helping to reveal hidden relations among them in the network. 

Another widely used technique was centrality, mainly degree centrality, closeness cen-

trality, and betweenness centrality, helping to detect fraud. However, some articles re-

ported that the use of these measures was not enough to detect suspicious episodes, but 

could assist the characterization and analysis of the network. Nevertheless, other arti-

cles created fraud indicators based on intrinsic bidding parameters and used cluster 

analysis to effectively identify fraud. 
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Regarding gaps, the literature review showed that the vast majority of fraud detec-

tion analyzes in public procurement occur in bipartite networks. Besides, the studies 

were not able to reconcile an analysis of projected co-bidding networks with the use of 

fraud indicators in a cluster investigation using network science. 

Taking into account the gap presented, we suggest, as a guide for future studies, 

within the extensive subject of fraud detection in public contracts, investigating a pro-

jected co-bidding network using specific fraud risk indicators based on procurement 

process parameters. 
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