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Abstract: The construction industry has a great impact on the environment and, more than ever,
bears responsibility for achieving global sustainability goals. Despite the increasing technological
development in the industry, information asymmetry between construction project participants
affects communication and causes risks that have the potential to seriously harm project goals.
The main objective of this systematic review is to collect and analyze existing scientific papers to
summarize knowledge on the risks influenced by information asymmetry in construction projects.
The established PRISMA 2020 methodology was used to collect and analyze papers from the two
largest databases of scientific literature, Web of Science and Scopus. The coding rules were set up
to evaluate the 94 articles that were assessed as eligible. Furthermore, the content analysis was
applied with a set of coding rules and with the help of the software Mendeley. This study finds that
research on risks caused by information asymmetry is still new, limited and not well connected with
theoretical concepts. The most common methods used by researchers are simulation and case study.
With a thematic analysis of current knowledge, this study provides a synthesis of identified risks,
consequences and mitigation measures, as well as directions for future research.

Keywords: information asymmetry; adverse selection; moral hazard; hold-up; risk management;
systematic review; knowledge gap

1. Introduction

Global construction output in 2020 was USD 10.7 trillion and is expected to grow
by 42% between 2020 and 2030 to reach USD 15.2 trillion [1]. It is also considered to
be a global engine for economic growth and recovery from COVID-19 [1]. Due to its
expansion, in 2020, construction was responsible for 37% of total global energy-related CO,
emissions [2]. Taking into account the worldwide concerns of climate change and global
warming, construction will undoubtedly bear a great responsibility for achieving global
sustainability goals in the future [3]. Nevertheless, there is an issue that could affect the
realization of such plans. Construction projects often face difficulties in achieving their
goals [4], despite increasing technological development in the industry. Some of the reasons
include the fact that risks and uncertainties are present in construction much more than in
other industries [5] and because not enough attention is paid to the sociological aspects of
the project.

The relations between the participants of the construction project can be described
by the principal-agent theory. The principal-agent theory describes a relationship in
which one party (principal) engages another party (agent) to perform a task on their
behalf [6]. According to the principal-agent theory, there is an asymmetry of information
between the principal and the agent. Information asymmetry represents a situation in
which the participants sometimes do not share information with other parties for personal
interests [7]. The first research on the topic of information asymmetry was carried out by
the Nobel laureate in economics, Akerlof, in the famous scientific paper The Market for
Lemons in 1970 [8]. Since then, in addition to economics, the study and application of
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information asymmetry and the principal-agent theory have been present in other scientific
disciplines, including construction. In construction projects, the main roles are played by
the client, the contractor and their project managers. In addition to them, there are also
designers, subcontractors and other stakeholders of the construction project. The simplest
principal-agent model in construction presents the client as the principal and the contractor
as the agent who needs to build a certain building for the client [9].

Different characteristics of principal-agent relationships, such as information asym-
metry, different risk attitudes and the desire to maximize one’s own benefit, often lead to
opportunistic behavior of project participants [10]. Within the principal-agent theory, there
are several agency problems, which take the form of ‘hidden characteristics’, hidden action’
and ‘hidden information’, as well as ‘hidden intention” [11]. Risks that may appear in
such cases occur under the influence of information asymmetry among project participants.
These risks can seriously threaten the achievement of project goals if they are not managed
adequately [12].

The problem of hidden characteristics exists even before the contract is signed between
the principal and the agent (ex ante). The problem exists because the agent’s characteristics,
such as the quality of performance or resource availability, are not visible to the principal
ex ante [13]. This situation results in the selection of an unsuitable partner, the so-called
adverse selection [13,14].

The problems of hidden action and hidden information occur after the contract be-
tween the principal and agent is signed and reflects the efforts of the agent [11]. Both arise
from the principal’s inability to control (hidden action) and assess (hidden information)
the agent’s actions while performing the work [15]. The principal is, therefore, aware of
the performance result of the agent but cannot assess if the effort was maximum or not.
If an agent decides to exploit this information asymmetry, this situation is called a moral
hazard. Moral hazard is connected with a number of possible risks for the performance of
the project.

The most challenging problem, hidden intention, describes the situation in which
the real intentions of the agent are revealed to the principal after the conclusion of the
contract [11]. In that case, the opportunistic behavior of the agent is visible to the principal,
but they have limited negotiation power because they have already invested resources in
the relationship. Thus, the principal is held-up in an undesirable relationship [15].

There is also an important connection between construction, information asymmetry
and sustainability. The community, as an important stakeholder, wants a safe and clean
environment [16]. On the other side, there is a construction company’s ethical behavior.
Contractors may act opportunistically regarding information on the environmental impact
of their products, processes and waste [16]. If we look at the community as a buyer and
contractor as a seller of construction products (for example, buildings), there is potential
for information asymmetry problems. Contractors may take advantage of information
asymmetry to achieve higher profits or charge unreasonably high prices for low-quality
work in sustainable practices. This can result in community dissatisfaction, low trust,
low willingness to pay and potential legal problems in the future [16]. In that regard,
new research has begun on the topic of firms reporting their environmental, social and
governance (ESG) performance to reduce information asymmetry between them and
consumers [17].

Principal-agent theory and information asymmetry often appear in recent research in
construction [18]; however, the management of risks caused by information asymmetry is
insufficiently represented, both in the scientific literature and in the practice of construction
project management. The purpose of risk management is to increase the probability that
project goals will be achieved [19]. Therefore, the risk management process is one of
the most important processes in project management. Many scientific publications have
described the process of risk management. The basic three steps of this process have
remained the same for years: risk identification, risk analysis and risk response [20,21].
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Risk identification is the step that includes recognition and description of all risks that
could affect the project’s objectives. According to ISO [22], risk is “the effect of uncertainty
on objectives”. The effect represents any deviation from the expected. The objectives can
have different aspects (such as financial, health and safety and environmental goals) and
levels (such as strategic, organization-wide, project, product and process), depending on
the area under consideration [22]. There are two different types of risks, depending on
their nature, that demand a different approach in their identification. Risks that arise
from an event are easier to identify with the recognition of the source of the risk, the
event and its effect [5]. Risks not preceded by any specific event include variability and
ambiguity risks [23] (p. 398). Variability risks are related to the uncertainty that exists
about some key characteristics of a planned event or activity or decision (for example,
expected productivity varies above or below the target). Ambiguity risks are related to the
uncertainty that exists about what might happen in the future, where imperfect knowledge
could have implications for project objectives.

Risk analysis is carried out in order to describe the impact of identified risks in as
much detail as possible. Risk is a two-dimensional combination of consequences (of some
activity) and associated uncertainties (about what the consequences of that activity will
be) [24] (p. 624). Therefore, risk analysis includes an assessment of the probability of risk
occurrence and the strength of its consequences, which together represent its impact on
the project’s objectives. After a risk analysis has been carried out, sufficient data is usually
obtained to help make decisions about mitigation measures. Risk response involves making
informed decisions about which risks should be given more attention and which should be
ignored [25].

As for risks that are caused by information asymmetry among project participants,
research in construction mainly deals with mitigation strategies. Thus, some of the main rec-
ognized strategies in recent research include the following: incentives for agents [10,26-30];
control and monitoring of the agent [10]; optimization of rewards and agent perfor-
mance [31]; building trust among the project participants [9]; risk sharing between principal
and agent [32,33]; and the use of information technologies such as building information
modeling (BIM) and blockchain [7,34,35]. However, the previous steps of risk management
are not equally represented. One of the studies that includes risk identification refers to
the recognition of the main behavioral risk factors in construction projects in China [12].
However, the behavior of participants is not the only factor that influences information
asymmetry problems. Others need to be considered as well.

With a brief review of the existing literature on this subject, it can be seen that more re-
search is needed, especially in the area of risk identification, to enrich the field and improve
the performance of construction projects. This review aims to summarize knowledge on
risks influenced by information asymmetry in construction projects and find research gaps
to provide future research directions in this field. The main research objectives are (1) to
recognize key studies that contributed to the topic of information asymmetry in construc-
tion projects; (2) to summarize what is currently known about risks caused by information
asymmetry in construction projects; and (3) to highlight future research opportunities.

The remainder of the paper is organized as follows. In Section 2, the details of the
methodology used in this study are presented. In Section 3, the main results of the system-
atic review are presented, along with the descriptive and thematic content analysis. Finally,
Section 4 provides a discussion of the results, identifies research gaps, gives recommenda-
tions for future research and concludes the paper.

2. Methodology

The aim of this study is to synthesize and analyze research on the subject of risks that
are influenced by the information asymmetry between construction project participants.
A systematic literature review was selected to provide the readers with the synthesis and
analysis of the scientific literature on the subject and to present a starting point for future
research. The established PRISMA 2020 methodology was employed to select and analyze
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Identification

Phases

Computer search

the papers that dealt with risks influenced by information asymmetry in construction
projects. PRISMA is an abbreviation for “preferred reporting items for systematic reviews
and meta-analyses”. It enables systematic reviews with clearly formulated questions, using
systematic and explicit methods to identify, select and critically appraise relevant research
and to collect and analyze data from the studies that are included in the review [36]. The
methodology of this study, presented in Figure 1, consists of four phases explained below.

Input Process Output

Web of Science CODE:

"information asymmetry" OR

"asymmetric information” OR "adverse Web of Science (434
selection” OR "moral hazard" OR items)

"hold up" OR "hold-up" (Topic)

Databases: Web of Science Core AND construction (Topic)

Collection, Scopus

Scope: All records

Time span: earliest available — 2023

(February) Scopus CODE:
( TITLE-ABS-KEY ( "information
asymmetry" OR "asymmetric
information" OR "adverse selection"
OR "moral hazard" OR "hold up" OR
"hold-up")) AND ( construction )

Scopus

(1918 items)

Filtering

Web of Science: 434 records - remove if not journal article 1546 journal
S . " e 8
copus: 1918 records - remove duplicates articles

Screening

Screening; title, author, source,
keywords, abstract

- remove if not: written in English; 119 journal

1546 j 1 articl . . .
546 journal articles connected with construction articles

asymmetry; available in full text
version

Eligibility

industry and/or information ‘

Assessing the full text articles for
eligibility

94 journal

119 journal articles —> - remove if not connected with T  articles

construction industry and/or

information asymmetry

Content analysis

Coding and grouping the data into
categories:

- author,

- article title,
- journal, Results:

94 journal articles - publication year, — - descriptive,
- research method, - thematic.

- keywords mentioned in text,

- topic,

- risks, consequences, or mitigation
measures,

- degree of elaboration.

Figure 1. Research methodology.

In the first phase, named identification, a comprehensive exploratory desktop search
was performed. The computer search was conducted on two large databases of scientific
literature, namely “Web of Science Core Collection” and “Scopus”. The time span which
these databases cover is very extensive and was searched in its entirety. The Web of
Science Core Collection database contains records from 1955, and Scopus also covers
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research published before 1960. The computer search included the keywords “information
asymmetry”, “asymmetric information”, “adverse selection”, “moral hazard”, “hold-up”
and “construction”. They were jointly searched for in the paper titles, keywords and
abstracts. After the computer search of two databases, the records were joined in the
reference management software Mendeley. All the subsequent phases were conducted
in Mendeley, which enabled the objectivity of the analysis and careful management of
retrieved records [37]. In the sub-phase filtering, with the help of Mendeley and reading
of the records’ titles, all the duplicates and papers which were not published in scientific
journals were removed. Through phase 1, a total of 1546 journal articles were collected. To
avoid subjectivity, the subsequent phases were conducted in two stages by two researchers.
First, one researcher performed the screening, eligibility assessment and content analysis.
Second, the other researcher carefully reviewed the whole process. There were not any
disagreements because they were mitigated with regular discussions between the two
researchers and continuous cooperation using the software Mendeley.

In phase 2, thorough screening was necessary to exclude the articles which were not
associated with the research topic, written in English or available in full-text version. This
resulted in the exclusion of 1437 items. The main reason why so many retrieved articles
were not associated with the subject in question is that every record in the Web of Science
database also contains the so-called “keywords plus”, which are automatically generated
from the titles of the cited articles. Consequently, a number of the retrieved articles did not
actually contain the searched keywords in their text or were not focused on the research
topic. Therefore, these items were removed manually during the screening phase. In most
of those articles, the keyword “construction” was not associated with construction projects
but used as the verb “construction”, meaning “the act or result of putting different things
together” [38]. Furthermore, five of the papers were not available in full-text versions.
The authors of those papers were contacted; however, they could not provide the full-text
version. After reading the abstracts, it was concluded that the non-availability of the
concerned papers would not affect the results of this review significantly.

In phase 3, the full-text versions of the 119 shortlisted journal articles were assessed for
eligibility. The assessment included 119 articles concerning any aspect of the construction
industry and with a notion of information asymmetry somewhere in the text. However, the
final eligibility criterion was that information asymmetry is mentioned in the context of
construction project risks. To determine that connection, the full-text articles were carefully
read. If the paper’s content did not provide any valuable conclusion on the connection
between project risks with information asymmetry, it was excluded from the final list.

Finally, in phase 4, the contents of 94 eligible papers were considered for content
analysis. The content analysis was appropriate for this study because it could be used to
determine the major facets of a set of data by counting the number of times that an activity
happened or a topic was described [39]. To provide transparency and objectivity during the
coding process, the coding rules were set as a highly reliable method for the descriptive and
thematic analysis of the papers [40]. The coding rules (Table 1) were developed iteratively
and applied in Mendeley. The first iteration included all the codes presented in Table 1 and
the majority of definitions. However, the definition of research methods used in retrieved
articles evolved throughout the analysis of articles. As the new method was detected, it
was added to Table 1.

A descriptive content analysis was conducted to categorize and count the identified
contents, namely: source attributes (research journal and author/s), publication chronology
and research methods used by the researchers.

For the thematic content analysis, the focus was on the identification of research
topics and findings; the number of interconnections between searched keywords; the risks,
consequences and mitigation measures explicitly stated in the articles; and the degree
of the theoretical contribution of each retrieved paper to the topic of risks influenced by
information asymmetry.
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Table 1. Coding rules for content analysis of the study (adapted from [41]).
Code Definition of Code
Descriptive
Author List of authors
Article title Title of the article
Journal Scientific journal in which the article was published
Year Year of publication of the article in the source journal

Case study, conceptual analysis, conceptual modelling,
content analysis, focus group, framework development,
Research method interview, multi-attribute utility theory, network analysis,
questionnaire survey, simulation, systematic literature review,
text mining

Thematic
Tobi Research objectives and/or questions explicitly stated
opic . .
in the article
The number of interconnections between keywords
Keywords mentioned in text “information asymmetry”, “adverse selection”, “moral
hazard” and “hold-up” in articles

Risks, consequences, or Risks, consequences or mitigation measures explicitly stated
mitigation measures in the article that were influenced by information asymmetry

Level I—concept enrichment; Level II—concept application;

Degree of elaboration Level III—terminology application

To systematically assess the theoretical contribution of the retrieved papers to the
research topic, they were organized into three categories. Thus, the theoretical contribution
of an article on the topic of information asymmetry could be described as high for Level I,
moderate for Level Il and low for Level III. A similar categorization was previously used by
Littau et al. [42] for assessing the qualitative contribution level of the retrieved papers. In
this review, Level Il is assigned to the articles which simply mention the keywords without
investigating the concept further. Level I is assigned to the articles in which the concept
of information asymmetry is explained and applied to any construction project context.
Finally, Level I is assigned to the articles in which information asymmetry is discussed and
developed further or enriched by new models or concepts. In this relation, Level III could
also be described as terminology application, Level II as concept application and Level I as
concept enrichment. Only one level was assigned to each article.

3. Results

The results of the content analysis are presented in the following two subsections.
In the results, 94 eligible articles are included. These are the articles that met all the
selection criteria described in the Section 2. Descriptive results include the distribution of
retrieved articles in different journals and through the years, as well as the frequency of
research methods used by the authors. The remaining two descriptive metrics coded in the
content analysis, the authors and titles of the articles, are represented in Appendix A. Thus,
descriptive results describe the context of the current research. Thematic results show the
remaining three coding metrics. First, the degree of elaboration on information asymmetry
in retrieved articles is presented. Second, the interconnections between searched keywords
are shown. Finally, the usage of basic risk management terms in the current research on
information asymmetry in construction projects is analyzed.

3.1. Descriptive Results
3.1.1. Leading Journals

The 94 eligible articles were published in 51 different journals, meaning that the
topic is widely spread. Nevertheless, one-third (33 per cent) of the articles are pub-
lished in the leading four journals: Sustainability (9 articles), Engineering, Construction
and Architectural Management (8 articles), International Journal of Project Management
(7 articles), and Journal of Construction Engineering and Management (7 articles). The fre-
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quency of eligible articles in journals is shown in Figure 2. According to the leading journals,
the topic is widely applied in the fields of sustainable development, project management
and construction management.

40 38

Other

Management
Economics
Technology
Management
Management
Methodological

Sustainability (Switzerland)
and Practice

Automation in Construction

Architectural Management
and Management

Engineering, Construction and
International Journal of Project
Transportation Research Part B:

Construction Management and
Journal of Civil Engineering and

Research and Public Health
Journal of Business Economics and

Journal of Construction Engineering
Journal of Engineering, Design and

Journal of Management in Engineering
International Journal of Environmental
Transportation Research Part A: Policy

Figure 2. Frequency of eligible articles in journals.

3.1.2. Year-Wise Distribution

The year-wise distribution of 94 retrieved articles is shown in Figure 3. Before 1991,
there was no mention of information asymmetry or associated terms in articles dealing
with construction projects. Information asymmetry appeared in scientific research in the
1970s (see [8]) in the field of behavioral economics. It was part of the New Institutional
Economy approach, which significantly changed how the field viewed the market. So,
according to this literature review, the term did not appear in construction research until
20 years later, when the first two articles were published by Rosenfeld and Geltner [43]
and Ward et al. [44]. Both studies were conceptual. The topics that were studied included
the incentive contracts between the client and the contractor [43] and the risk attitude of
contractors with implications on adverse selection and moral hazard [44]. In the 1990s, only
two more articles dealt with the consequences of information asymmetry on technological
development in the case of large construction projects [45,46]. In the period from 2000 to
2010, 14 more articles were published, but only after 2011 would the real development of
the research in question start. In the following 12 years, a considerable number of 76 articles
were published, with a significant enrichment of the topic.

3.1.3. Research Methods

Figure 4 shows the frequency of research methods used in retrieved studies. Re-
searchers used 13 different methods in their studies. Both quantitative and qualitative
methods (in approximately 50-50 ratio) were used. Of the 94 retrieved articles, 19 studies
used multiple methods. In most cases, it was a combination of the quantitative and qualita-
tive approaches (the so-called mixed-method approach). The most common method used is
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simulation. It is applied in 44 different studies. The simulation method includes the devel-
opment of a mathematical model of some real phenomenon and a simulation of scenarios
that could happen in nature, which is usually advocated by computers. In retrieved articles,
agent-based models are prevailing, with game theory being the most common underlying
approach. The method is especially appropriate for research on information asymmetry
because of the theoretical foundations in principal-agent theory and the possibility of con-
sidering the principal-agent relationship through agent-based models. The second most
common method used in retrieved articles is case study research. Case studies are used in
24 different articles. This body of literature provides a better understanding of the topic
through real-world examples of information asymmetry in construction projects. Other
popular methods include questionnaire surveys and interviews and conceptual analysis
and modelling. Questionnaire surveys and interviews involve opinions from construction
project participants. Furthermore, the aim of conceptual analysis and modelling is to
better understand the terms and repercussions of information asymmetry between the
construction project participants. It is worth noting that conceptual research is equally used
in earlier and later years of the topic development, independently or in combination with
other methods.

12
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8 8
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8 7 7
6
6
5 5
4 4
4 33 3
2 2
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1 11 1
0 0 0 0
0
DO OO O O O O = = o= o = = A A A A
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Figure 3. Year-wise distribution of eligible articles.
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Figure 4. Frequency of research methods used in eligible articles.
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3.2. Thematic Results
3.2.1. Key Studies

The first research objective was to recognize key studies according to their qualitative
contribution level to the topic of information asymmetry in construction projects. This
was enabled by categorizing the eligible articles into three levels. Level III is assigned
to the articles which simply mention the keywords without investigating the concept
further. Level Il is assigned to the articles in which the concept of information asymmetry
is explained and applied to any construction project context. Finally, Level I is assigned
to the articles in which information asymmetry is discussed and developed further or
enriched by new models or concepts. In this relation, Level III could also be described as
terminology application, Level II as concept application and Level I as concept enrichment.
Only one level was assigned to each article. The categorization of each article is presented
in Appendix A. Figure 5 shows that, from the retrieved 94 articles, 43 articles, or 46 per
cent, represent the information asymmetry concept enrichment (Level I), 30 articles, or
32 per cent, represent the concept application (Level II), and 21 articles, or 22 per cent, only
apply the information asymmetry terminology (Level III).

Level IIT -
terminology
application,

21

Level II -
concept
application
; 30

Figure 5. Theoretical contribution of eligible articles.

The majority of retrieved articles, Level I articles, brought new insights, frameworks,
models, etc. These articles especially contributed to the topic development in construction
research. The first Level I article was published by Liitzkendorf and Speer in 2005 [47],
about information asymmetry in housing and commercial property markets. They used the
conceptual modelling method to conduct the research. The connection with construction is
borderline in the part where they propose a building information system as a solution to
the information asymmetry between the buyers and suppliers. The real development of the
topic started after 2007. Since then, the majority of authors have been using case studies,
questionnaire surveys and simulation methods to enrich the concepts in question.

Early case studies were presented by Chang and Ive [48,49] and Chang [50], who were
dealing with hold-up problems in the Channel Tunnel Rail Link project. Then, Liu et al. [51]
investigated the moral hazard and adverse selection in the case of construction tendering
after the Wenchuan earthquake. Other cases included the investigation of information
asymmetry in energy efficiency retrofits [52], the hold-up problem in the Taiwan High-
Speed Railroad project [53] and different PPP projects [54,55]. Finally, there was also the
investigation of possible mitigation measures for information asymmetry problems. These
measures include BIM [34], incentive contracts [56,57] and enhancing calculus-based trust
between the client and vendor [58].
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Simulation is the most common method used in Level I articles. The first article that
used simulation was [53]. They developed different scenarios explaining the hold-up
problem based on a game theory model of a case study example. The simulation was
combined with case studies in three other articles [50,55,56]. Furthermore, the simulation
method is used to design optimal incentive contracts [30,59-65]. It is also used to explore
the impact of other incentive mechanisms, such as cooperation and reputation [66,67].
Furthermore, simulation is used to explore the behavior of agents in a pre-contract [68,69]
or post-contract process [29,32,70-72]. Finally, the authors use simulation to investigate
the impact of different mitigation strategies on the probability of opportunistic behavior
between participants [73,74].

Articles that used questionnaire surveys and interviews can be divided into two
thematic groups. The first group explored the causes and effects of information asymmetry
problems in construction projects [75-78]. The other group investigated the strategies for
minimization of information asymmetry in construction projects [79-81].

Other methods were also used to enrich the concept of information asymmetry in
construction projects. The two conceptual analyses by Schieg [82] and Xiang et al. [12]
explored the strategies for mitigating information asymmetry. In 2020, Giraudet [83] used a
systematic literature review to contribute to the knowledge about information asymmetry
implications in energy efficiency retrofit contracting and financing. Furthermore, in 2021, a
framework was developed by Ceri¢ [7] for the implementation of blockchain technology
in construction projects as a mitigation measure for information asymmetry problems
between construction project participants.

Articles that are marked as Level II did not further develop the topic of information
asymmetry but only applied the concept while enriching some other topic. In 50 per cent
of these studies, authors employed the simulation method. These articles mostly used
game models under information asymmetry between participants. The earliest research
on information asymmetry in construction projects can be located in the Level II group
(see [43,45,46,84]). The concept of information asymmetry was applied in research on
the following: risk-sharing ratios between the client and contractor [85,86], affordability
of new technologies and [10,45,46,87,88]; general contractor behavior in cases of subcon-
tracting [84,89]; causes of cost overruns and low profitability [90-93]; inter-organizational
trust asymmetry behavior in construction projects [94]; opportunistic behavior of agents in
construction projects [95-98]; bid calculations for construction projects [99]; different types
of contracts and incentive mechanisms [43,100-103]; implementation of BIM in construction
projects [104,105], procurement process [106]; supervision strategies of clients [107]; and
effectiveness of safety monitoring in the construction industry [108].

The remaining articles marked as Level III only used the terminology connected with
information asymmetry somewhere in the text without any further elaboration on the con-
cept. The topics investigated in these articles were diverse, and included the following: the
analysis of work choices of contractors [109]; dynamic contract terms in projects [110]; net-
work analysis of keywords in articles [18]; cost overruns of large construction projects [111];
risk identification and analysis on a company level [112]; decision support system for hous-
ing condition assessment, refurbishment and contractor selection [113-115]; communication
performance challenges in PPP projects [116]; optimization of social procurement policy
outcomes [117]; effect of contract completeness on contractors’ opportunistic behavior [118];
allocation of risks in construction projects [44,119]; minimization of transaction costs in
building energy efficiency [120]; blockchain in smart contracts and supply chain manage-
ment [35]; contractors’ risk attitudes [121]; improvement of the quality of projects [122,123];
environmental responsibility behavior in megaprojects [124]; safety supervision for prefab-
ricated building construction [125]; and opportunistic behavior of private companies in a
PPP project [126].
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3.2.2. Risks Caused by Information Asymmetry in Construction Projects

To summarize what is currently known about risks caused by information asymmetry
in construction projects, the analysis of interconnections between keywords, as well as
coding of the explicitly stated risks, consequences and mitigation measures, was performed.
First, the full-text articles were searched for the keywords “information asymmetry”,
“asymmetric information”, “adverse selection”, “moral hazard” and “hold-up”. The goal
was to find the most common interconnections between the keywords and to find out what
is the most researched keyword in the construction field. Table 2 contains the searched
keywords and the number of articles in which each of the keywords was found. The
number in brackets indicates articles in which the keyword or the combination of keywords
was mentioned independently of other keywords. For example, “information asymmetry”
was mentioned in 88 articles; in 68 of them, it was mentioned in combination with some
other keyword from the search; and in 20 articles, it was mentioned alone. The most
common information asymmetry in construction research is moral hazard, mentioned in
63 of 94 articles. Furthermore, the most common combination of keywords included the
mentioning of information asymmetry and moral hazard in the same article (in 58 instances).
The least common information asymmetry is hold-up, mentioned only in seventeen articles,
eight of which are in combination with adverse selection and nine in combination with
moral hazard. Generally, the interconnectedness of searched keywords is low because all
four keywords were mentioned only in seven articles.

Table 2. Interconnections between keywords.

Information Adverse
Asymmetry Selection Moral Hazard Hold-up
Information asymmetry 88 (20) 37 (3) 58 (24) 14 (7)
Adverse
selection 390 350 8
Moral hazard 63 (2) 9(2)
Hold-up 17 (0)

Furthermore, content analysis enabled the capturing of explicitly stated risks, con-
sequences and mitigation measures in retrieved articles. If an article gave at least one
statement on risks, their consequences and/or mitigation measures, this was marked with
a plus sign in the table in Appendix A. From the retrieved 94 articles, 66 contain statements
related to mitigation measures for risks caused by information asymmetry, 56 contain state-
ments that can be interpreted as risks caused by information asymmetry and 44 contain
explicitly stated risk consequences. All three terms related to risks caused by information
asymmetry are stated in 35 articles, which represent the bulk of the knowledge on this topic.

Risks that arise before the contract between the principal and the agent is signed
fall into the category of adverse selection. Due to the lack of information on agents’
characteristics during the tendering process, it is impossible to distinguish the good agents
for the execution of the project from the bad ones. Risk arises if the principal cannot verify
the qualifications of the agent. The main reasons could be poor signaling value of the
guarantees or certificates, lack of public information about the agents (reputation) or the
agent has misrepresented their qualifications [12,34,43,52,74-78,83]. In the construction
tendering process, agents often dump prices due to fierce competition and the desire to
win contracts [51,59,69,91,96]. This can lead to a situation in which the quality agents
drop out of the market while only those of lower quality remain. Other risks that fall into
the same category include the inappropriate behavior of the principal or the agent and
tacit agreements with other project participants [75,76], the lack of transparency in the
evaluation of bids [12,75], unauthorized subcontracting of agents and reduced liability
of subcontractors [65,76] and the lack of long-term cooperation between the participant
and the agent [108]. The lack of long-term cooperation is characterized by the lack of
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information about the future behavior of the partners in the project (lack of trust in the
relationship) [108].

Risks that arise after the contract is signed fall into the category of moral hazard
or hold-up. In these cases, the agent changes their behavior after concluding the con-
tract and hides this information from the principal. The principal has no insight into
the agent’s actions because of a lack of control mechanisms. In this group, the most
commonly mentioned risk caused by information asymmetry in construction research
is incomplete or flexible contracts. The risk refers to loosely defined rights and obliga-
tions of the principal and the agent, as well as the rewards and punishments for the
agent [29,32,34,55,71,74,77,78,87,97,98,102,107]. If all the risk is assumed by the principal,
the agent will not pay attention to their behavior and mistakes in the project because they
feel “safe”. In that case, it is easier for the agent to engage in risky behavior because the
principal does not have a good control mechanism (the contract). Moreover, if rewards and
penalties for the agent are not clearly defined, they can engage in risky behavior (with the
aim of achieving financial gain) without being punished. The literature suggests that they
will surely take advantage of this situation because of the psychological influence of the free
option—it affects even those agents who are otherwise risk-averse [127]. Furthermore, an
incomplete or flexible contract allows for renegotiation, which may arise due to unforeseen
events or additional work. Changes after the contract is signed may cause either party
to be held back in a relationship in which they have already invested some resources or
effort [34,48,49,53-55,102].

Quality control at the construction site should be one of the principal’s control mecha-
nisms. In the case of inefficient or irregular quality control, the agent’s actions are invisible
to the principal [10,34,51,65,67,71,75,76,84]. The agent, therefore, has an incentive to behave
opportunistically. Thus, the agent can install materials of lower quality, cut corners without
being punished or pay less attention to safety measures at the construction site.

In construction projects, the information about the quantities and other characteristics
of the project sometimes is not defined before the contract is signed. This information can be
subsequently changed. This happens if, for example, the main project was not prepared ear-
lier or the principal changes their mind about some details of the project. The principal does
not have an adequate control mechanism for items that were not foreseen, so the agent’s ac-
tions related to that work are less visible. Again, the agent has the opportunity to renegotiate
the contract, which encourages them to behave opportunistically [12,43,54,57,58,75,76,99].

Sometimes, the risk arises from loosely defined communication protocols and re-
porting mechanisms [45-47,65,75,76,87,98], as well as the lack of visibility of participants’
actions to the third party or court. If there is no evidence for their actions, opportunistic
behavior is enabled [73,87,90,102,126]. The risk also arises if the principal is in a poor
negotiating position in the event that the dispute is taken to court [49,90,102]. For example,
the principal can be held up in a situation when they cannot abandon the project (the
project is too important) and they cannot replace the agent (the cost of replacement would
be larger than agreeing to the agent’s terms in the renegotiation). The same can happen if
the building is unique or has great socio-economic or political importance [54,82,84,92,102].
Asset or investment specificity is a term that describes the uniqueness of the work being
performed (for example, a unique building that cannot be repurposed). Investing in such a
project disables the repurposing of funds, which encourages the hold-up problem in which
one party holds something against the other party in order to reach a favorable agreement
through renegotiations. Usually, the contractor is in a more favorable position than the
client who invests resources.

The risk also lies in a situation when there is significant pressure on the agent. The pres-
sure can be in project cost, time and quality requirements, health, safety and environmental
requirements, or in relationships with other participants. The agent hides their mistakes
from the principal because of the pressure to finish the work they started and to fulfill
the contractual obligations [56,98,124]. Moreover, if the agent is exposed to unpredictable
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events related to weather, environment, etc., this can affect their performance and cause
them to exert less effort [29,80].

The lack of long-term cooperation and the lack of trust between the participants of
the project are also seen as major risks for construction projects [44,58,66,96]. The lack of
previous cooperation and trust between the participants can lead to misunderstanding in
communication or hiding information due to pressure or fear of the actions of the other
party. Both parties are overly cautious, leading to increased costs. The risk also refers to
the lack of future cooperation between the principal and the agent [55,108]. The agent has
an incentive to act opportunistically if they know that their actions will not affect future
cooperation with the principal. Finally, the agent can also engage in opportunistic behavior
because of moral designment. They justify their own immoral or opportunistic behavior
because (1) they are in an environment (company or market) that behaves in the same way
or (2) individuals often try to reduce responsibility for their actions and transfer it to others
(for example, the contractor claims that he did something for the benefit of the project and
not for his own profit) [29,64,65,73,87,93,98,124].

The consequences of the risks caused by information symmetry in construction projects
are well recognized in the existing literature. These consequences include failure to achieve
project objectives, poor relationships and collaboration between project participants, and, in
the long term, a decline in industrial productivity. Consequences on project objectives are re-
lated to project cost [34,74,77,78,91,96,99], schedule [48,56,96], quality [51,59,64—66,85,126],
profitability [47,60,65,74,77,78,126], building usability [83] and the effects of new technol-
ogy and innovation [10,45,46,71,80]. These risks also hinder future collaboration between
the project participants [85], produce disputes [48-50] and endanger honest cooperation
and communication between the participants [30,65,74,77,78,93,97]. In the long term, risks
caused by information asymmetry negatively influence industrial productivity [43]. Com-
petent contractors earn less [69] or do not bid in competitive tender processes [74,77,78].
Buyers are not willing to pay for project results [52]. Furthermore, companies included in
such projects have increased transaction costs [50-58,74,77,78,84].

The majority of retrieved studies mention one or more mitigation measures for risks
caused by information asymmetry. Before the contract is signed, the client should employ
strategies that would help to recognize the characteristics of agents, the so-called screening.
This includes the investigation of agents [59,81,89], verification of bidding offers (compared
to the market or probabilistic calculations) [30,45,46,75,81], or asking for guarantees from
agents [48,71,75,81], advanced payments [29], or bank insurance [55]. Agents can also signal
their characteristics with certificates [52] and advertising [52,75]. They can also calculate the
optimal bid to prevent dumping [69]. When choosing agents, clients should pay attention
to their organizational culture [79,82,122], reputation [43,47,50,52,64,79,82,102] as well as
partnering and long-term relations [75,84,85].

Mitigation measures with the largest frequency in the literature are related to contract
design and control. These measures include a definition of incentives for agents. For example,
agents are incentivized to honestly report their expenses [68,128] and other important informa-
tion [96] to finish the work as planned [10,29,30,34,45,46,56,58,60,62,67,70,71,73,79,81,82,88,108],
to recover after unforeseen events [56] and to adapt to different project circumstances [61,63,95].
The contract should also include the following: objective criteria for its enforceab-
ility [48,49,90], clear intentions of both parties [10,79,82,108], fair risk-sharing [32,86,91,96,101],
mechanisms for cost adjustment according to the market situation [59], quality standards,
technical specifications and performance specifications [43] and protective measures (guar-
antees), such as, for example, minimum rates of return, minimum income and maxi-
mum cost limits [102]. The agent could receive rewards for finishing the work earlier
and with the requested quality [48] and for ensuring savings [58,85,105]. However, the
agent could be punished if they fail to finish the project within the planned budget and
deadline [48,58,70,73,85,105,108,126]. Also, the project should have a proper reporting
system and monitoring of contract execution [12,34,58,59,81], as well as an agent per-
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formance evaluation system [29]. Authors often speak of this type of contract as opti-
mal [12,57,59,64,65,86,93,99-101,103].

Effective quality control is very important to mitigate risks connected with information
asymmetry during construction [10,45,46,51,64,65,71-73,97]. Besides adequate control, from
the very beginning of the project, participants should cooperate and share the information
and rewards [66,80,81]. Communication between participants should be transparent and
responsible [81,102], credible [102], honest [12] and more informal [34]. Also, trust between
the participants should be built and preserved throughout the project [34,52,58,79,82,102].
The principal should provide intrinsic rewards for the agent that includes trust, reputation
enhancement, discretion, autonomy, accountability, job satisfaction, stability and goal align-
ment [58,65,67,126]. Finally, transparent information management can be enabled with differ-
ent information systems [7,79,82,83], building information management—BIM [34,35,80,104],
blockchain [35], project management platform [75,108], open accounting [85,99] and bench-
mark systems [91].

4. Discussion and Conclusions

Using a systematic literature review and content analysis, this study enabled a syn-
thesis of the existing research on risks caused by the information asymmetry between
construction project participants. The results of year-wise distribution (see Figure 3) have
shown that the majority of retrieved articles were published in the recent 12 years, indi-
cating the timeliness of the topic. The first articles appeared in the 1990s, which is not
surprising because information asymmetry as a concept in behavioral economics has only
existed since the 1970s. Although the principal-agent relationship is evident in construction
projects, especially between the client and the contractor, the concept of information asym-
metry was applied to construction research 20 years after its appearance in the scientific
world. Even after that, it still took about 20 years for research on this topic to start on a
larger scale. This confirms the statement that the construction industry is slow to change
and innovate [129], not only in the technological context but in social, economic and other
contexts, too.

According to the leading journals’ analyses (Section 3.1.1), the topic is predomi-
nantly applied in the fields of project management and construction management. With
Sustainability being the leading journal (see Figure 2), it seems that the topic of information
asymmetry can affect the sustainable development of construction projects. Previous re-
search considered the impact of information asymmetry on the environmental needs of the
community as an important stakeholder of construction projects [16]. Also, there is a devel-
opment in firms reporting their environmental, social and governance (ESG) performance
to reduce information asymmetry between them and consumers [17]. Nevertheless, this
idea needs further development since only nine articles were found in this field.

The 50-50 ratio in quantitative and qualitative methods applied in the retrieved articles
indicates that the topic is well covered (see Section 3.1.3). Moreover, with thematic analysis,
this study showed that most of the research that deals with this topic in construction
is fruitful and enriches the concept (see Section 3.2.1 and Figure 5). Nevertheless, the
prevalence of simulation as a research method (see Figure 4) and the relatively small
number of studies that used interviews or questionnaires indicates that the research lacks
the dimension of industry experts” opinion. While simulations can offer valuable insights,
they are based on assumptions and simplifications of the real world. Simulation models
may not fully capture the complexity of actual construction projects and the interactions
between project participants. Industry experts possess valuable knowledge and insights
gained from their practical experience, and their perspectives can provide a more holistic
understanding of the topic [130].

The analysis of interconnections between the searched keywords revealed that the
most researched keyword is “’information asymmetry” and the most researched information
asymmetry problem is “moral hazard” (see Table 2). The keywords are often mentioned in-
dependently of other connected concepts, meaning that the topic is frequently investigated
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without real theoretical foundations. This has confirmed the findings of previous research
by Ceri¢ and Ivi¢ [18]. Hold-up is the least researched phenomenon, mentioned only in
17 articles. This means that future research should focus more on hold-ups in construction
projects, especially because situations where one party is held up in an undesirable position
after already investing resources often happen in construction projects.

Coding of risks, their consequences and mitigation measures explicitly stated in re-
trieved articles enabled the synthesis of current knowledge on risks caused by information
asymmetry in construction projects (see this in more detail in Section 3.2.2). The majority
of retrieved articles dealt with mitigation measures but also mentioned risks and possible
consequences somewhere in the text. So, content analysis proved valuable in providing
the list of possible risks, their consequences and mitigation measures stated in the existing
literature. These lists are valuable for future researchers who want to further develop any
of the specific topics in the construction context. Research on the usability of mitigation
measures in different contexts and their impact on project success could be especially valu-
able. Besides developing the topics independently, there is a need for more comprehensive
research on connections between risks, their consequences and possible mitigation mea-
sures. Currently, the topics are scattered and loosely connected. Special attention should be
paid to the process of identification and analysis of these risks to provide a comprehensive
picture for industry practitioners. Finally, a framework or model for managing risks caused
by information asymmetry in construction projects would be of great value for practitioners
that are now experiencing issues described in Section 3.2.2.

To summarize, the key findings of this article indicate that the research on the topic of
information asymmetry in construction projects

Is still new;

Is rarely using real theoretical foundations and interconnections between the associ-
ated keywords;

Is lacking the dimension of industry experts” opinions;

Is mostly dealing with mitigation measures for information asymmetry;

Is rich in examples of risks caused by information asymmetry;

Is rich in examples of mitigation measures for risks caused by information asymmetry;
Can help in reducing the negative effects of information asymmetry between construc-
tion stakeholders, including failure in achieving project objectives, poor relationships
and collaboration between project participants and, in the long term, the decline in
industrial productivity and low willingness to pay for construction products;

e Has a great potential for promoting sustainability in the built environment.

The findings of this research can be used by industry practitioners who are managing
construction projects. They could use the lists of potential risks caused by information
asymmetry as a part of the risk identification process in their projects. Furthermore, they
are encouraged to recognize the potential consequences of these risks and to analyze them
with respect to the project goals. With the summary of mitigation measures described in
the current literature, this article provides a body of information for project managers to
help them mitigate the concerning risks.

A better understanding of risks caused by information asymmetry in construction
projects has several positive implications for the construction industry. Understanding
information asymmetry could improve processes and outcomes of construction projects,
increase trust among project stakeholders and enhance efficiency and innovation. The
findings of this research show that information asymmetry can be a source of risk in con-
struction projects. With the lists of risks, potential consequences and mitigation measures
described in this article, the identification and management of risks can be enhanced. This
can help prevent or minimize potential project delays, cost overruns, disputes, legal issues
between project stakeholders and, in the long term, the decline in industrial productivity
and the low willingness to pay for construction products.
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The limitations of this study include the literature sampling criteria used. In literature
reviews, it is possible to choose leading journals in the selected field as a sample [42,131] or
to use common computer search engines and established literature databases [132,133]. As
this literature review aimed to retrieve the majority of the articles that deal with information
asymmetry in construction projects and not necessarily in a specific research field (such as
construction management, project management, engineering, etc.), this study adopted the
latter approach. Another important limitation is that, due to resource and time constraints,
other databases of scientific literature were not included in the search. The decision to use
Web of Science and Scopus was made because these are the two most extensive databases
in construction management research. With this decision, the majority of journal papers
related to the subject in question were included, but not all. Furthermore, this study
included only journal articles, thereby excluding conference papers, books, chapters and
other types of publications. As a result of this decision, certain relevant publications may
not have been included in this review. In addition, the keyword search has its limitations
because some articles may have studied the topic without explicitly stating the searched
keywords in their title, abstract or keywords. Furthermore, the number of 94 analyzed
articles is not adequate to arrive at generalized conclusions; however, they are valuable in
providing guidelines for future researchers.

Summarizing all the discussed areas, directions for future research on risks caused by
information asymmetry in construction projects are given below. Future research should

Use interviews, questionnaire studies and other methods involving industry expert opinions;
Provide more insight into the connection between information asymmetry risks and
sustainable development of construction projects;
Focus on hold-up risks connected with renegotiations and changes in construction projects;
Consider the interconnections between adverse selection, moral hazard and hold-up
in construction projects, with special emphasis on hold-up and its connections with
adverse selection and moral hazard;

e  Focus on the usability of possible mitigation measures for risks caused by information
asymmetry and their impact on a project’s success;
Further identify risks caused by information asymmetry;
Explore the methods and possibilities for the analysis of risks caused by infor-
mation asymmetry;

e  Develop frameworks and models for comprehensive management of risks caused by
information asymmetry, involving all the steps of the risk management process.

The findings of this study and proposed directions for future research are valuable for
researchers dealing with construction projects or dealing with information asymmetry in
other fields. The findings of this study are relevant in the field of construction management
but also enrich economic theory with a list of possible risks, consequences and mitigation
measures connected to information asymmetry in construction. Understanding the risks
that can arise from information asymmetry in construction can contribute to the smoother
implementation of sustainable practices in construction. It can also have much broader
positive outcomes, including increased trust between the construction industry and com-
munities. It could benefit all stakeholders involved and help foster a more transparent and
successful construction industry. Finally, researchers are strongly encouraged to embark on
research on risks caused by information asymmetry to further enrich project management,
risk management and other related fields.
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