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Abstract: Collusive bidding is a severe unethical and illegal practice in urban construction projects.
This practice has been identified as the primary inhibitor of sustainable urban development. Collusive
bidding is formed and can be profoundly impacted by the urban environment. Identifying the
transmission routes of the impacts of the urban environment on collusive bidding is conducive
to urban governors formulating collusive governance countermeasures to create a healthy pace of
urbanization. Therefore, this study adopts the bootstrap method to empirically analyze the influence
paths from the urban environment to bidders’ collusive willingness. The data come from 675 collusion
cases in China’s urban construction projects and city environmental data. The research concludes
that the urban environment affects collusive willingness mainly through indirect pathways. The
number of collusive companies is the most critical mediating variable in the indirect path. Besides,
when the collusive project and leading colluder are in the same province, little indirect utility can
also be transmitted through the project profitability. These findings extend the body of knowledge on
collusion-related studies in urban research. The study also offers practical implications, suggesting
that urban governors and owners should take countermeasures to increase the difficulty of bidders to
form a collusion team, thereby inhibiting collusive bidding.

Keywords: urban environment; collusive bidding; influence path; urban construction project

1. Introduction

The world is undergoing the largest wave of urban growth in history. About 56.2%
of the global population now live in cities, and this number will increase to about 70% by
2050 [1]. This continuing growth of urban populations has positive effects on the pace of
urbanization. Urbanization is a process of social and economic transformation [2-5]. It
includes not only the decrease in the agricultural population, the continuous increase of
the urban population, and the expansion of urban land to the suburbs, but also the process
of urban social, economic, and technological changes entering the countryside [3]. This
practice is becoming the most important human social change in the world, especially in
developing countries [3,5,6].

As one of the largest developing countries in the world, China has been experiencing
rapid urbanization and has initiated a large number of construction projects to satisfy the
need of urban development since the 1980s [2]. This rapid development has witnessed
the rise of frequent collusive bidding cases in urban construction projects [7-9]. For
example, the Chinese police exposed construction company collusion with bidders in
78 projects through a unified quotation method from 2015 to 2018 [10]. Besides, many
international scholars also show collusive bidding frequently in their countries’ construction
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projects (i.e., the Netherlands, the United States, Japan, South Africa, Nigeria, Norway,
and Australia) [11-17]. It follows that China has been facing an overwhelming challenge
in preventing collusive bidding in urban construction projects [7]. Collusive bidding is
probably the most serious practical threat to sustainable urbanization.

In a collusive bidding scheme, a cartel bidder is allowed by other cartel bidders to
win a particular bid and obtain the most significant possible benefit from it [17-19]. It is
proven in practice that collusive projects are always accompanied by chaotic management,
serious safety risks, and quality problems, threatening society’s public safety [20,21]. For
example, the Chinese police seized a collusive bidding case involving more than 700 million
yuan and tested the project it was building, and found that the project had serious quality
problems [22]. Besides, previous studies have verified that the offer made during collusive
bidding is higher than during non-collusive bidding [17,23,24]. Moreover, collusion among
cartel bidders creates a non-competitive bidding environment [18], seriously disrupting
the urban market order and leading to the failure of market resource allocation [25].

Contingency theory points out that behavioral decision-making results from individual
characteristics and the external environment [26]. It is inferred that collusive bidding will
be impacted by the urban environment [27]. First, collusive willingness is affected by the
fluctuations of the socio-economic environment [28]. Second, with an increase in industrial
competition intensity, bidders’ survival pressure is enhanced, resulting in some companies
colluding to obtain projects to avoid being eliminated by the market [28]. Dorée [29]
verified that the higher the industrial competition intensity, the more collusive bidding
there is in the market. Third, collusion in the same area has always been the focus of
collusion governance. This social phenomenon reveals that the geographical environment
is one of the critical factors affecting collusive willingness. These studies reveal that socio-
economic, industrial, and geographical factors in the urban environment significantly
impact collusive willingness.

However, the effect of socio-economic, industrial, and geographical factors on the
transmission routes of collusive willingness is rarely mentioned. This is surprising as there
are obvious policy implications from identifying the transmission routes of the impact of
urban environment on collusive willingness. Therefore, the study uses socio-economic,
industrial, and geographical factors to represent the urban environment and adopts the
empirical analysis method to verify the influence path from the urban environment to
bidders’ collusive willingness. The results will help urban governors to understand the
mediation of the influence of the urban environment on collusive willingness, in order to
propose collusion governance measures from the perspective of blocking the intermediary.

2. Theoretical Background and Hypotheses

Collusive bidding is a pervasive problem in urban construction projects, especially in
public projects [9,17]. In practice, this unethical behavior is influenced by various urban
environmental factors [30]. As Gupta [23] stated, bidders behave within competitive rules
when the economy is strong, and the gains of not colluding become larger during economic
expansions. Collusion is often linked to theories about oligopolies. Thus, industrial compe-
tition is seen as an important urban environmental factor in collusion [31]. Albano et al. [32]
verified that collusive bidding is more likely to emerge in a predictable and transparent
industry environment. Roux and Thoni [33] found that the bidder’s determination to
collude erodes as competition intensity ascends. Besides, due to the colluders considering
the transportation costs of participating in the project before making a decision, Padhi and
Mohapatra [34] pointed out that the distance of a project site from the enterprise location is
a crucial urban environmental factor of bidders’ collusive decisions. For example, further
distances and greater transportation expenses may increase the bidder’s collusive cost,
reducing their collusive willingness. Accordingly, we propose the following hypothesis:

Hypothesis 1 (H1). The urban environment has a significant influence on collusive willingness.



Land 2022, 11, 280

3of 14

The economic theory of crime suggests that a firm joins a collusion if the expected
net gain is positive [12]. Wang et al. [28] implied that the lower the industrial competition
intensity, the higher the winning bid price by the colluders and the higher the collusive
profit. The above research shows that the urban environment has a non-negligible effect
on colluders’ interest pursuit [35]. In a study of the relationship between collusive profit
and collusive willingness, Fonseca and Normann [36] indicated that whether the colluders
initiate a collusion is mainly due to whether the economic benefits brought by the collusion
are greater than their economic costs. Bolotova et al. [24] displayed that bid riggers
are more intent on colluding if the external environment is supportive of them gaining
sufficient profits from initiating such illegal competition. Besides, cost-benefit analysis
on collusion also implies that bidders are more intent in colluding with one another if
the external environment is supportive of them earning profits from initiating such illegal
competition [24]. Accordingly, we propose the following hypothesis:

Hypothesis 2 (H2). The influence of the urban environment on collusive willingness will be
intermediated by project profitability.

Porter and Zona [37] argued that the influx of collusive companies into a regional
market is enslaved to the prosperity of economic conditions. This is due to the leading
collusive bidder’s need to pay more collusion costs to collusive team members in the
economic development zones. Besides, the higher the competition intensity, the more the
survival pressure companies have. Consequently, there will be more collusive companies
in the market if competition for regular business keeps intensifying [31]. These studies
indicate that the urban environment has a significant influence on the number of collusive
companies. Besides, Fonseca and Normann [36] found that the formation of cartels depends
on the number of collusive companies. The greater the number of collusive companies, the
more chances there are to win collusive projects and the higher the willingness of bidders
to launch a collusion. Therefore, we propose the following hypothesis:

Hypothesis 3 (H3). The influence of the urban environment on collusive willingness will be
intermediated by the number of collusive companies.

In the collusive process, bidders’ collusive decisions must follow a sequence. First,
bidders will measure the profitability of a collusive project and evaluate the benefits
provided by the collusive project [36]. According to utility theory, the bidders are willing
to collude only when they believe that the project can provide them with benefits. It is
inferred that project profitability is an essential factor in the bidder’s collusive willingness.
After that, the colluders contract other bidders to form a collusion team, and the team’s
number will have a significant impact on collusive willingness [36]. When colluders decide
whether to initiate a collusion, if the collusion project can provide them with benefits and
colluders can contact more collusive companies to participate in their collusive team, it will
inevitably increase their collusive willingness. The influence of the urban environment on
collusive willingness will inevitably be mixed into this series of decisions. Therefore, we
propose the following hypothesis:

Hypothesis 4 (H4). The influence of the urban environment on collusive willingness will be dually
intermediated by project profitability and the number of collusive companies.

Based on H1, H2, H3, and H4, the conceptual model developed in this study is shown
in Figure 1.
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Figure 1. Conceptual model.

3. Methodology

The research process is shown in Figure 2. First, the theoretical hypotheses are put
forward based on the literature review. Second, the research data are collected. Third, the
path analysis method is used to verify the significance of the conduction path’s total effect,
direct effect, and indirect effect, and the effect value is calculated. Fourth, every indirect
conduction path is identified and every indirect conduction path’s effect value is calculated.
Finally, the hypotheses are tested and the results are discussed.

( Hypothesis proposed )—»( Data collection )—»C Mediation effects test )

A 4

C Results discussion ><—C Hypothesis test ><—@direct effect pathway te@

Figure 2. Research process.

3.1. Bootstrap Approach

The bootstrap approach was introduced in the late 1970s by Hartigan [38] as a statistical
inference technique that essentially consists of a computational resampling procedure
capable of estimating parameters and obtaining the confidence interval of random variables
with an unknown probability distribution from limited available data [39]. This method
is not only used to test whether relationships between adjacent constructs (i.e., direct
relationships) are statistically significant, but also to offer much more beyond the assessment
of this, such as testing the significance of both non-direct effects and the coefficient of
determination, as well as a formal comparison of effects [40]. Therefore, this study selects
the bootstrap method to test the direct, indirect, and total effects of the urban environment
on collusive willingness. The bootstrap approach checks whether each path is significant by
calculating the confidence interval of the product of path coefficients. If the 95% confidence
interval of the tested path coefficient product does not include the number 0, then the path
is significant; if the 95% confidence interval of the path coefficient product consists of the
number 0, the path is not significant.

3.2. Variables
3.2.1. Dependent Variable

Collusive willingness (CW): the number of collusions formed by a bidder reflects the
strength of the bidder’s willingness to collude. The more the number of collusions, the
more the willingness to launch a collusion. Therefore, the number of collusions was used
to quantify the bidder’s collusive willingness.
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3.2.2. Mediating Variables

Number of collusive companies (NCB): the bidder’s incentives to form a collusion
depend on the number of collusive companies (NCB) [41,42]. NCB quantifies the total
number of collusive companies in collusive cases.

Winning bid price (WBP): The larger the winning bid price, the larger the project scale
and the higher the profit [28]. Therefore, the research selects the WBP as a quantitative
indicator of project profitability.

3.2.3. Independent Variables

This study’s urban environment is measured by three urban environmental factors,
including socio-economic development, industrial competitive environment, and geograph-
ical characteristic. The three independent variables are described below.

Socio-economic development: this variable is quantified using the indicators of per
capita gross domestic product (PGDP) [35,42,43] and average wage in society (AW) [44].

Industrial competitive environment: the study selects five variables: the number of
construction companies (NB), the gross construction output value (GCOV), floor space
of building under construction (FSBC), the total construction profit (TP), and the aver-
age wages in construction (CWG) to represent the construction industrial competitive
environment [7,28,45].

Geographical characteristic: Bajari and Ye [46] show that the distance from the bidder’s
address to the project location is important because it affects the operation cost of the
company. Oo et al. [47] revealed that bidders might make different bidding decisions in
different regions. Bai et al. [48] believe that all business—government interactions occur at
the provincial government level. Thus, the distance (DI), region, and whether the leading
colluder and the project are in the same province (SP) are used to quantify the geographical
environment. DI is the shortest distance from the lead colluder to the project site, as
recommended by Price [49]. Region is defined by the eastern, central, and western regions,
with the eastern region being the most economically developed region in China, followed
by the central and western regions [7].

3.3. Data
3.3.1. Data Collection and Descriptive Statistics

The research data is mainly obtained through the following three steps. First, from the
website China Judgment Online, we extracted collusive bidding cases. China Judgment
Online was established by The Supreme People’s Court of China and uniformly publishes
judgment documents of people’s court cases at all levels. The collusion cases published
on this website are highly reliable, ensuring the authenticity of the collected data [7].
Afterward, the research was based on the data collected in criminal cases to obtain data
related to the socio-economic development and industrial competition environment from
the China Statistical Yearbooks [28]. In addition, we also used China’s Baidu Map to obtain
the shortest distance between collusive project and lead colluder, to quantify the geographic
characteristic [49]. Finally, we acquired 675 collusive projects, spanning the period from
2010 to 2019. These collusive projects are distributed in different provinces across China
(Figure 3). Table 1 provides the descriptive statistics and definitions of the relevant variables
in this study.

3.3.2. Industrial Competitive Environment Dimensionality Reduction

This study uses five variables to represent the industrial competitive environment.
However, these five variables have an extremely high correlation to each other (Table 2),
which affects the accuracy of regression results. Therefore, the research uses principal
component analysis to reduce the dimensions of the five variables—NB, GCOV, FSBC, TP,
and CWG—on industrial competition environment, thereby eliminating the influence of
multi-collinearity on the models.
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Figure 3. The distribution of samples.

Table 1. Descriptive statistics and Definitions.

Variables Min Max Mean Std. Dev. Definition
CW 1.000 55.000 8.890 14.643 Number of collusions
NCB 2.000 259.000 13.670 28.798 Number of collusive companies
WBP 3.556 11.849 7.095 1.469 Ln(winning bid price)
PGDP 0.145 2.755 1.486 0.573 Ln(per capita GDP)
WG 0.659 2.460 1.706 0.306 Ln(average wage in society)
NB 1.099 8.167 5.506 1.010 Ln(number of construction companies)
GCOV 10.513 18.337 15.240 1.383 Ln(gross construction output value)
FSBC 2.656 10.998 7.870 1.418 Ln(floor space of buildings under construction)
TP 7.630 18.027 11.942 1.385 Ln(total construction profit)
CWG —0.237 2.442 1.476 0.320 Ln(average wages in construction)
SP 0.000 1.000 0.820 0.386 Dummy for same province, 0 = no; 1 = yes
DI —1.022 8.550 4.673 1.814 Ln(distance from lead colluder to collusive project)
Eastern 0.290 0.460 0.000 1.000 Dummy for eastern region, 0 = no; 1 = yes
Central 0.670 0.470 0.000 1.000 Dummy for central region, 0 =no; 1 = yes
Western 0.030 0.180 0.000 1.000 Dummy for western region, 0 = no; 1 = yes

Note: the unit of WBP, PGDP, WG, GCOV, and TP is ten thousand yuan; the unit of FSBC is ten thousand square
meters; the unit of DI is ten thousand million square meters.

Table 2. Correlation Matrix.

Correlation In(NB) In(GCOV) In(FSBC) In(TP) In(CWG)
In(NB) 1.000 *** 0.904 *** 0.900 *** 0.800 *** 0.400 ***
In(GCOV) 0.904 *** 1.000 *** 0.946 *** 0.869 *** 0.410 ***
In(FSBC) 0.900 *** 0.946 *** 1.000 *** 0.844 *** 0.380 ***
In(TP) 0.800 *** 0.869 *** 0.844 *** 1.000 *** 0.423 ***
In(CWG) 0.400 *** 0.410 *** 0.380 *** 0.423 *** 1.000 ***

Note: ** p < 0.01, the upper triangle is the Spearman correlation test; the lower triangle is the Pearson correlation test.
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Before the principal component analysis, the Kaiser-Meyer-Olkin (KMO) value of the
variables needed to be tested. The KMO value of the final extraction result was 0.872 > 0.8,
and the significance was 0, indicating that it was very suitable for principal component
analysis (Table 3).

Table 3. KMO and Bartlett’s Test.

Kaiser-Meyer—Olkin Measure of Sampling Adequacy. 0.872
Chi-Square 3838.913
Bartlett’s Test of Sphericity df 10
Sig. 0.000

Table 4 shows the factors extracted by principal component analysis according to
the feature value of 1. It can be seen from the Table 4 that one factor is extracted, the
factor variance percentage is 72.67%, and the characteristic value is 3.634. Figure 4 shows
the gravel diagram of the extracted factors. It can be seen from Figure 4 that there is
only one factor with a characteristic value greater than 1. Therefore, the study selected
component 1 to represent the industrial competition environment. Table 5 shows the
correlation component matrix of component 1.

Table 4. Total Variance Explained.

Initial Eigenvalues Extraction Sums of Squared Loadings
Component - - - -
Total % of Variance Cumulative % Total % of Variance Cumulative %
1 3.861 77.222 77.222 3.861 77.222 77.222
2 0.776 15.523 92.745
3 0.209 4.187 96.933
4 0.102 2.038 98.971
5 0.051 1.029 100.000
4
Y
3
2
z
2
1
*
0 v v v
1 2 3 4 5

Component Number

Figure 4. Principal component extraction lithotriptic map of industry competitive environment.

Table 5. Component Matrix.

Variable NB GCOV FSBC TP CWG
Component 1 0.938 0.969 0.957 0.918 0.533

According to mathematical statistics, the mathematical relationship between the prin-
cipal component load matrix U, the factor load matrix A, and the eigenvalue A is obtained
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by the formula: U; = A;/+/A;. The value of the eigenvector U is show in Table 6. It was
obtained by the above formula and the relevant data in Tables 4 and 5.

Table 6. Principal component load matrix U.

Variable NB GCOV FSBC TP CWG
U; 0.49 0.50 0.49 0.48 0.18

Finally, the expression of principal component 1 is as follows:

ICE = 0.49 x NF + 0.50 x GPCI +0.49 x SGMD + 0.48 x PF + 0.18 x CWG
ICE represents the industrial competition environment after dimensionality reduction.

4. Results
4.1. Influence Paths of the Urban Environment on Collusive Willingness

Table 7 shows the significance and the effect values of the direct path, indirect path, and
total path of the influences of the urban environment on collusive willingness. In the socio-
economic dimension, the direct effect value of social development level (WG) on collusive
willingness is 2.346, accounting for 27%, and the indirect effect value is 6.399, accounting
for 73%. However, the CI value of the direct effect is [LLCI, ULCI] = [—0.706, 5.397], and
this interval contains 0, indicating that the direct effect is not significant. This result shows
that the influence of WG on collusive willingness is wholly transmitted through the indirect
paths. The direct effect value of economic development level (PGDP) on collusive willingness
is —4.595, accounting for 52%, and the indirect effect value is —4.194, accounting for 48%. The
CI value does not include 0, indicating the influence of PGDP on collusive willingness’s direct
and indirect effects is significant.

In the industrial competition environment (ICE), the variable ICE on collusive willing-
ness’s direct effect value is 0.235, accounting for 33%, and the indirect effect value is 0.475, ac-
counting for 67%. The CI value of the direct effect of ICE is [LLCI, ULCI] = [-0.113, 0.583],
and this interval contains a value of 0, which means that the direct effect of ICE on collusive
willingness is not significant. The result displays that the influence of ICE on collusive
willingness is wholly transmitted through indirect paths.

In the geographical characteristic, the variable of whether a leading colluder and
collusive project are in the same province (SP) has a direct effect value of 1.818, accounting
for 27%, and an indirect effect value of 5.001, accounting for 73%. The CI value of the direct
effect is [LLCI, ULCI] = [—0.686, 4.322] and the interval contains the value of 0, and the
CI value of the indirect effect is [LLCI, ULCI] = [3.630, 6.381], and the interval does not
contain 0. This result means that the influence of SP on collusive willingness is wholly
transmitted through indirect pathways. The direct effect of distance (DI) on collusive
willingness is 0.152, accounting for 44%, the indirect effect is 0.538, accounting for 56%.
The CI values of this variable’s direct path and indirect path do not contain a value of 0,
indicating that 44% of the impact of DI on collusive willingness is achieved through the
direct path and 56% through the indirect path. Compared with the eastern region, the
central region (CR) has a direct effect value of 0.689, accounting for 41%, and an indirect
effect value of 0.981, accounting for 59%. The CI value of the direct effect in the central
region is [LLCI, ULCI] = [-0.792, 2.170]. The interval contains a value of 0, indicating that
the direct effect is not significant. The direct effect value of the western region (WR) on
collusive willingness is —4.355, accounting for 64%, and the indirect effect value is —2.472,
accounting for 34%. Both effect values are significant.

4.2. Indirect Influence Paths of the Urban Environment on Collusive Willingness

Table 8 shows the indirect influence paths of the urban environment on collusive
willingness. The results display that the influence of socio-economic development on
collusive willingness is mainly transmitted through the number of collusive companies.
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Among them, the path of WG — NCB — NC is positive and significant, and the effect value
is 5.983; the path of PGDP — NCB — NC is negative and significant, with an effect value
of —4.356, and other paths are not significant. Among the indirect paths that industrial
competition environment affects collusive willingness, only the path of ICE - NCB — NC
is significant, with an effect value of 0.540. This result displays that the influence of
industrial competition environment on collusive willingness is wholly transmitted through
the number of collusive companies. In the dimension of geographic characteristic, the effect
values of the four paths—SP — NCB — NC, DI — NCB — NC, CR — NCB — NC, and
WR — NCB — NC—are 4.123, 0.826, 1.720, and —2.890, respectively. That is, all variables
of geographic characteristics affect collusive willingness through the number of collusive
companies. Besides, SP — WBP — NC and CR —+ WBP — NC effect values are 0.958 and
—0.807, respectively, and both are significant. It is the influence of SP and CR on collusive
willingness that will also be transmitted through the project profitability, but both effect
values are very small.

Table 7. Mediation effects testing using bootstrap.

95% CI
Variable Mediation Effect SE t 14 Effect
LLCI ULCI
Socio-economic development
WG Total effect 8.745 2.014 4.343 0.000 4.791 12.698 100%
Direct effect 2.346 1.554 0.509 0.132 —0.706 5.397 27%
Indirect effect 6.399 0.951 4.576 8.282 73%
PGDP Total effect —8.789 1.250 —7.030 0.000 —11.244 —6.334 100%
Direct effect —4.595 0.935 —4.916 0.000 —6.431 —2.760 52%
Indirect effect —4.194 0.628 —5.391 —2.996 48%
Industrial competition environment
ICE Total effect 0.710 0.231 3.076 0.002 0.257 1.163 100%
Direct effect 0.235 0.177 1.327 0.185 —0.113 0.583 33%
Indirect effect 0.475 0.119 0.238 0.707 67%
Geographical characteristic
SP Total effect 6.819 1.527 4.465 0.000 3.820 9.818 100%
Direct effect 1.818 1.275 1.426 0.154 —0.686 4.322 27%
Indirect effect 5.001 0.701 3.630 6.381 73%
DI Total effect 1.399 0.291 4.802 0.000 0.827 1.971 100%
Direct effect 0.615 0.236 2.609 0.009 0.152 1.077 44%
Indirect effect 0.784 0.129 0.538 1.035 56%
CR Total effect 1.670 0.884 1.890 0.059 0.065 3.405 100%
Direct effect 0.689 0.754 0.914 0.361 —0.792 2.170 41%
Indirect effect 0.981 0.461 0.068 1.870 59%
WR Total effect —6.826 1.054 —6.475 0.000 —8.897 —4.756 100%
Direct effect —4.355 0.880 —4.951 0.000 —6.082 —2.628 64%
Indirect effect —2.472 0.630 —-3.717 —1.252 34%

Note: LLCI is the lower limit of the confidence interval, ULCI is the upper limit of the confidence interval. Effect
is effect value, SE is standard deviation, effect% is percentage of effect.

Table 8. Indirect paths of the influence of the urban environment on collusive willingness.

Route Effect SE LLCI ULCI Significance
Socio-economic development

WG — WBP— NC 0.455 0.360 —0.213 1.182 NO
WG — WBP — NCB — NC —0.038 0.058 —0.238 0.022 NO
WG — NCB — NC 5.983 0.887 4.328 7.734 YES
PGDP — WBP — NC 0.177 0.212 —0.215 0.633 NO
PGDP — WBP — NCB — NC —0.015 0.026 —0.111 0.014 NO

PGDP — NCB — NC —4.356 0.577 —5.448 —3.216 YES
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Table 8. Cont.

Route Effect SE LLCI ULCI Significance
Industrial competition environment

ICE — WBP — NC —0.071 0.070 —0.214 0.064 NO
ICE — WBP — NCB — NC 0.006 0.009 —0.004 0.037 NO
ICE —+ NCB — NC 0.540 0.105 0.343 0.752 YES
Geographical characteristic

SP — WBP — NC 0.958 0.301 0.441 1.634 YES
SP — WBP — NCB — NC —0.081 0.086 —0.295 0.054 NO
SP — NCB — NC 4123 0.614 2.918 5.322 YES
DI — WBP — NC —0.045 0.059 —0.167 0.069 NO
DI — WBP — NCB — NC 0.004 0.007 —0.005 0.026 NO
DI — NCB — NC 0.826 0.116 0.602 1.052 YES
CR — WBP — NC —0.807 0.288 —1476  —0.319 YES
CR — WBP — NCB — NC 0.068 0.069 —0.051 0.233 NO
CR — NCB — NC 1.720 0.393 0.983 2.51 YES
WR — WBP — NC 0.457 0.436 —0.372 1.295 NO
WR — WBP — NCB — NC —0.038 0.059 —0.232 0.031 NO
WR— NCB — NC —2.890 0.494 —3.896  —1.950 YES

5. Hypotheses Testing and Discussion

The study empirically analyzes the influence paths from the urban environment to
collusive willingness. The results in Tables 7 and 8 verify that regarding the four hypotheses,
H1, H2, and H3 are supported, and H4 is not supported (Figure 5). Urban environment can
affect collusive willingness through direct and indirect paths, but it is mainly influenced by
indirect pathways. In the indirect influence paths, the number of collusive companies is
the most critical mediating variable. Besides, when the collusive project and lead colluder
are in the same province, little indirect utility also can be transmitted through the project
profitability. The results contribute to urban governors recognizing the important mediating
variables that promote collusion and then proposing collusion governance measures from
the perspective of blocking the transmission path. The following is a further discussion of
each hypothesis.

[ Project profitability ]

H4

[Number of collusive companies]
No Supported

—ed
3 SupPo

[ Urban environment J

] HI |

Collusive willingness ]

Supported L
Figure 5. Hypothesis verification results.

Urban environment impacts collusive willingness (H1). In the socio-economic di-
mension, social development level has a positive influence on collusive willingness, and
economic development level has a negative impact on collusive willingness. The direct
effect value of social development level and economic development level are 2.346 and
—4.595, respectively. The negative effect value of economic development level is greater
than the positive effect value of economic development level. Therefore, increasing the
level of socio-economic development can restrain collusive willingness. The main reason
for this result is that the higher the economic development level, the more business oppor-
tunities, thereby prompting bidders to reduce the pursuit of collusion [28]. When social
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development level increases, the collusive willingness increase. This may be due to the fact
that when the social development level increases, the illegal collusion organizers can obtain
more profits, which encourages the illegal collusion organizers to assist the bidders to build
a collusion team, accordingly increasing the bidder’s collusive willingness. Lau et al. [50]
explored the relationship between economic development and corruption and found that
economic development is negatively correlated with corruption. This study’s finding is
consistent with the above result. Besides, our research also found that social development
level has a positive impact on collusive willingness, and this result broadens the current
collusion research in urban construction projects.

The influence of the urban environment on collusive willingness is transmitted through
project profitability (H2). However, this is only the case when the collusive companies and
collusive project are in the same province and the central region’s influence on collusive
willingness is transmitted through this path, though the effect value of this path is extremely
low compared with other paths. The reason may be that the urban environment will affect
colluder decision-making, but it has a small impact on project profitability. Therefore,
the influence of project profitability on collusive willingness is weak. When the collusive
enterprise and the collusive project are in the same province, it is easy for colluders to
form a collusion team, which encourages colluders to increase their collusive willingness
due to project profitability. This finding broadens the research findings of Ishii [51]; that
is, collusive bidding is more likely to occur in the same area. This is because it is easier to
establish a collusion organization in the same area [28]. The study suggests that the urban
governor should strengthen the key governance of collusive bidding in the same area.

The influence of urban environment on collusive willingness is mainly transmitted
through the number of collusive companies (H3). This may be due to the fact that the greater
the number of collusive companies, the greater the probability of collusion success [32].
Whether a colluder can contact a number of collusive companies is different for different
urban environmental characteristics. For example, Wang et.al [7] found that as the economic
development level increases, the higher the punishment faced by the colluders. The
increased punishment may affect the number of collusive companies. Therefore, the
colluders will first consider if they can contact a number of collusive companies, according
to their economic ability, and then decide whether to initiate a collusion [28]. This result
shows that the number of collusive companies is the most important mediating variable
from the urban environment to collusive willingness. This finding provides administrators
with the inspiration to put forward governance countermeasures from the perspective of
the colluders forming a collusion team. This helps to cut off the collusive willingness from
the source, thereby reducing the occurrence of collusive bidding.

6. Conclusions

Collusive bidding has always been a stubborn disease in urban construction projects.
Current studies have found that different urban environments have different effects on
bidders’ collusive willingness. The study collects real collusive bidding data from collusion
cases in urban construction projects and uses the bootstrap method to empirically analyze
the influence path of urban environment on collusive willingness. The results show that
socio-economic development, industrial competitive environment, and geographic charac-
teristics affect collusive willingness mainly through the number of collusive companies.
Besides, when the collusive project and lead colluder are in the same province, the colluders
will increase their collusive willingness because of the project profitability.

Although the research data was collected from China, the study is believed to be bene-
ficial to other countries’ sustainable urban development, especially in developing countries.
First, the findings indicate that urban governors and owners should take countermeasures
to increase the difficulty for bidders to form a collusion team, thereby inhibiting bidders’
willingness to collude. Existing research shows that the collusive bidding rules of different
countries are not very different, so this governance strategy is also applicable to the urban
governance of other countries. Second, the results also imply that urban governors should
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know that collusion in the same area has always been the focus of collusive governance.
Third, this study proposes a new research perspective on the influence paths of the external
environment on collusive willingness, which helps collusion researchers in other countries
use this method to explore collusion problems in their countries.

Despite these achievements, this study was limited by urban environmental factors.
Current research is based on the availability of data and the importance of factors and
reveals the influence paths of urban environmental factors—in the three dimensions of
socio-economic, industrial competition environment, and geographic characteristic—on
collusive willingness. However, the urban environment is highly complex and contains
various factors. Future studies are recommended to improve the investigation of the urban
environment in more dimensions and more complex situations.
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