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Integrated Project Delivery (IPD) has become increasingly popular in the architecture, engineering, and construction industries.
However, the current practice status by the construction industry fails to deliver the desired results. In that backdrop, how to
promote cooperation within and improve the overall performance of integrated project team has received wide attention. Herein,
knowledge-sharing plays a critical role in cooperation and overall performance. However, to the best of our knowledge, the
research on knowledge-sharing strategy interaction and evolutionary mechanism is rare. To make up for the deficiency of the
studies existing, a novel model is proposed by taking advantage of evolutionary game theory, to capture the interaction behavior of
knowledge-sharing and explore its evolutionary mechanism. Six parameters of knowledge stock, knowledge-sharing degree,
heterogeneous knowledge proportion, synergy effect, knowledge absorption coefficient, and knowledge-sharing cost efficient that
are critical to knowledge-sharing are extracted and defined.'e payoff matrix is constructed by analyzing the benefits and costs of
knowledge-sharing. 'en, a replicator dynamic system is established based on payoff matrix, to determine the evolutionary
tendency of knowledge-sharing behavior. Finally, numerical simulations are conducted to explore the influences of all parameters
on the knowledge-sharing strategy.'e findings in this research reveal that strategy interaction behavior is significantly influenced
by proportion of strategy of choosing to share knowledge in both game players. 'e authors also find that strategy interaction
behavior has a strong negative correlation with knowledge-sharing cost efficient, but has a positive correlation with knowledge
stock, heterogeneous knowledge proportion, degree of knowledge-sharing, knowledge absorption coefficient, and synergetic effect
coefficient.'is research can provide the evolutionarymechanism and broaden our understanding of relationship between project
performance and knowledge-sharing and can offer valuable guidance on improving cooperation and performance of
project teams.

1. Introduction

Since the 1970s, the global and the Chinese construction
industry have been flourishing. New project delivery ap-
proaches such as design-bid-build (DBB), design-build
(DB), and construction management at risk (CMR) have
been constantly springing up [1], which are widely applied
and popularized in practice. However, productivity has not
been improved dramatically, and it is hard to satisfy the
stakeholders’ performance expectations [2]. According to an

industry report published by Construction Management
Association of America (CMAA), 30% of construction
projects are over the schedule or exceed budget. In fact, non-
value-added activities done by the traditional project team
assume most of the time in the construction process [3].
Researchers recommend that a better collaborative and
coordinated project delivery method should be developed to
overcome these drawbacks [4].

Integrated project delivery (IPD) has been recognized as
a new delivery method integrating people, systems, business
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structures, and practices into a single process, wherein
project participants, including the owner, designer, general
contractor, and special subcontractor, can work collabora-
tively at the early design stage. IPD increases values to the
owner, decreases waste, and maximizes project benefits by
utilizing multiparty contract to share benefits and risks.
However, according to the investigation carried by Kelly [5],
the project performance that adopted the integrated project
delivery approach did not achieve desired results in practice.
One of the significant reasons is that the cooperative be-
havior among integrated project teammembers is hampered
to some extent, thereby leading to an overall performance
decline. 'e failure in performance improvements thus
makes it imperative for research to address this issue in order
to effectively facilitate better cooperation.

In a knowledge-based economic society, organizational
or a project team competitiveness arise from intangible
rather than tangible resources [6]. In this economic context,
knowledge is defined as the skills, objectives, and experiences
that together create a framework, for assessing and making
use of information exchanged in an explicit or implicit
manner [7]. Most researchers have argued that the com-
petitiveness of an organization relies on the ability to create
valuable knowledge and share it with all project team
members within this organization, in order to infuse this
knowledge into products, services, and systems [8]. 'us, a
successful knowledge-sharing strategy requires effective
cooperative relationships among integrated project team
members. 'is is critical for facilitating cooperation and
project performance [9]. Without high-level knowledge-
sharing, a project team leader becomes unable to integrate all
the advantages that stakeholders offer (e.g., rich experience,
strong organization management skills, and information-
processing capability), for efficiently and effectively exe-
cuting large and complex projects [10].

Cooperation is a common phenomenon in nature and
human society. It is called the third evolutionary principle
besides selection and mutation. As an internal driving force
of species evolution and social development, it promotes the
formation of complex life systems and social organizations.
From the perspective of individual survival and develop-
ment, cooperative behaviors will reduce their own benefits
and weaken their competitive advantages. From the per-
spective of society or team development, cooperative be-
havior is beneficial to the overall interest, although it may
reduce individual interest. In construction industry, the best
practice is to realize the overall performance and balance
individual benefit. In traditional project deliveries, imple-
mentation process is poorly integrated and information is
asymmetric, and the first consideration of each participant is
not to maximize the benefits of the overall project, but to
maximize individual interest and avoid risks, which usually
leads to an overall project significant loss. Hence, it is es-
sential to adopt the idea of IPD to solve this dilemma. To this
end, we should first capture the dynamic behavior of being
cooperative and make clear how cooperative behavior
spreads and maintains stability in an IPD team, namely,
evolutionary mechanism, from the perspective of knowl-
edge-sharing to provide theoretical foundation for

controlling and optimizing cooperative behavior in an IPD
team.

In the construction industry, the best practice is to re-
alize the overall performance while balancing individual
benefits. 'e implementation process in traditional project
delivery is poorly integrated, and crucial information is
asymmetric. Often, each participant does not prioritize
maximization of the project’s benefits. Instead, she or he
chooses to maximize individual interest and avoid risk,
leading to significant project losses.'ese counterproductive
behaviors make it necessary to adopt IPD as a solution. To
this end, we first capture the dynamic behavior of co-
operation and clarify how cooperative behaviors spread
within and support the stability of an IPD team; that is, we
identify the evolutionary mechanism. We then adopt the
perspective of knowledge-sharing to provide a theoretical
foundation for controlling and optimizing cooperative be-
haviors in the IPD team.

Despite the importance of knowledge-sharing in co-
operative behaviors of the integrated project team, very few
studies have focused on improving cooperation from this
perspective to explain the dynamics of group behavior and
how cooperative behavior spreads and maintains stability in
the integrated project team, namely, evolutionary mecha-
nism. 'erefore, our goal is to explore knowledge-sharing
strategies and reveal the evolutionary mechanism that un-
derpins the integrated project team.We analyze the resulting
evolutionary tendency along with the variations in relevant
factors.

Our study contributes to both theory and practice. First,
we propose an intrinsic evolutionary mechanism for
knowledge-sharing strategies. Second, we provide valuable
references for integrated project team leaders to broaden
their understanding of how cooperation is influenced by
different factors, which would allow them to take corre-
sponding measures to improve team performance.

'e remaining paper is organized as follows. In Section 2,
we present the systematic overview of the extent literature on
IPD approaches and knowledge-sharing. In Section 3, we
explore the reasons for employing evolutionary game model.
In Section 4, we propose a novel evolutionary game model to
capture the dynamic behavior of knowledge-sharing. In
Section 5, we conduct numerical simulations to validate our
results of theoretical analysis and discuss the influences of
model parameters on the evolutionary tendency of the in-
teraction behavior. In the last section, we conclude the paper
and present the implication of our work.

2. Literature Review

2.1. Integrated Project Delivery. Compared with other in-
dustries, the architecture, engineering, and construction
(AEC) industry lacks a reliable reputation as a leading actor
in quality, productivity, and time and cost management
because of its increasing complexity and multidisciplinary
nature. Most researchers have claimed that the project
success largely depends on the complexity of a project, which
then directly influences the overall project performance [11].
'erefore, it is important to recognize this feature. Gidado
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[12] analyzed project complexity from two aspects: (1) the
managerial, which is related to new workflow reengineering
and building information technology, and (2) the techno-
logical, which is related to the technological complexity of
implementing a single work. 'e results showed that the
managerial style and information technology of traditional
project delivery cannot satisfy the requirements of cost
control, quality improvement, and schedule optimization
due to complexity of construction project. 'e construction
industry calls for a renewed project delivery approach to
further improve the overall project performance. Given
these requirements, many scholars and practitioners have
begun to focus on the project complexity, including the
managerial and technological. 'is gave rise to IPD and
building information modeling (BIM).

IPD encourages key stakeholders to collaborate as an
integrated project team to maximize project benefits. It is
similar in the function to the Japanese Toyota production
system [13]. An IPD prototype was first applied in BP oil
drilling platform, achieving limited success through project
alliance [14]. Soon afterward, this approach was introduced
into the Wandoo Project, and East Spar Project in Australia
and the Comprehensive Medical Project in California. In
both cases, it boosted productivity and project performance
[15]. Since then, IPD has received more attention from
experts and practitioners in AEC industry. In order to
promote the application of IPD, Consensus DOCS, an
alliancing institute founded by 22 leading engineering as-
sociations, published a series of contracts to guide the
implementation of integrated project delivery. IPD is dis-
tinct from traditional delivery in the following ways [16]: (1)
all key stakeholder participating in the early design phase; (2)
all key stakeholders signing multiparty relationship agree-
ments; (3) a sharing mechanism for benefits and risks exists;
(4) there is collaborative decision-making and integrated
target control; and (5) all key stakeholders are subject to
liability waivers. 'e American Institute of Architects (AIA)
also asserts some benefits if those principles mentioned
above can be executed by the key participants, which include
the following:

(i) Reduce or eliminate conflicts that often occur in
the traditional project team

(ii) Control risk effectively among key participants
(iii) Facilitate cooperative relationships among in-

tegrated project team members
(iv) Shorten the project development period from

design to handover
(v) Decrease requests for interpretation sent by the

prime contractor and subcontractor
(vi) Reduce waste by better and comprehensive

schedule
(vii) Contribute to employing cutting-edge technology

such as BIM
(viii) Enhance knowledge-sharing in the integrated

project team
(ix) Reduce project management cost

(x) Improve project quality through better construc-
tion management

Investing the Orlando Utilities Commission North Plan
project, Matthews and Howell [17] found 10% cost savings
below the $6 million GMP owing to the collaboration in the
integrated team. Coincidentally, a report published in the
2006 AIA integrated practice conference emphasized the
achievement of 40 Australian projects owing to a project
alliance (PA) that based on IPD principles. 'e AIA
cooperated with University of Minnesota to investigate 12
large and complex IPD projects. 'ey concluded that the
projects, despite challenges in the implementation process,
still satisfied the requirements of an aggressive schedule and
budget goals [18].

Despite the emergence of IPD as an advanced delivery
approach, the extent literature has reported some obstacles
in its practices, including lack of specific tools for its
implementation, poor communication protocols, in-
formation barriers, weak benefits distribution, and in-
sufficiently trust-based relationship. 'is has prevented IPD
from being employed on a large scale [19, 20]. AIA, as a
forerunner in IPD, has acknowledged that these barriers and
challenges form the concept of IPD to field application. Legal
and financial issues, including liability and risk-sharing,
were identified; active and stronger collaboration can be
accomplished through contractual and organizational. Most
recently, to overcome IPD dependence on “big room”
collaboration requiring all stakeholders to be present all the
time, Ma et al. [21] set up a collaboration platform for IPD
team. 'e results showed that the dedicated platform can
significantly reduce the difficulty associated with IPD
implementation and thus prompt knowledge transfer be-
tween project team members. However, it lacks analysis on
how to integrate scatted and heterogeneous information
from project team members and does not consider the
influence of information sharing mechanism on the archi-
tecture of platform. IPD, as a delivery method, introduces
BIM as a forceful technology tool. With a growing trend
toward the application of building information model (BIM)
technology in large and complex projects, an increasing
number of experts have paid great attention to investigate
the influence on project performance with the utilization of
BIM and IPD. Using structural equation modeling (SEM) to
explore the questionnaire responses of more than 100 BIM-
enabled projects, Chang et al. [22] demonstrated that the
acceptability of IPD can be influenced positively. All key
participants in a project team can exchange design and
construction information to reduce waste and change orders
on the BIM platform [23]. BIM technology is perfectly
suitable to acts as a powerful tool for the integrated project
teams [16]. Moreover, the influence of organizational culture
on integrated project teams will be effective once BIM is
implemented. As for this question, Howard contended that
BIM services offered to IPD will facilitate collaboration in
integrated project teams, making the project goal’s link to
reality clearer [24].

Researchers have analyzed the performance of tradi-
tional project delivery systems. Indeed, there is increasing
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proof that a delivery method with high-level collaboration
yields better performance than a delivery method with low-
level collaboration. However, the AEC industry has not fully
exploited the potential value of integrated project delivery
system. For example, although 84% of AIA members learn
about the concept of IPD, less than 40% have a deeper
understanding of it, and only 13% have executed it [25]. 'e
efficiency and effectiveness of project performance not only
depend on the quantity, but also the quality, of knowledge-
sharing interactions between team members. 'erefore, it is
essential to promote collaboration for IPD team from the
perspective of knowledge-sharing.

2.2. Knowledge and Knowledge-Sharing

2.2.1. Knowledge. Knowledge is regarded as a key factor in
favor of enhancing competitive advantage for organization
and project team [26]. Organization and project team with a
lot of valuable knowledge are expected to achieve out-
standingly [19]. Importantly, it has replaced traditional re-
sources, such as capital and labor, as the most important
resource in construction [20]. Polanyi [27] divided knowledge
into two types, namely, explicit and tacit. 'e former refers to
knowledge that can be transmitted by a database, photograph,
or mathematic formula via computer programming tech-
nology. On the other hand, the latter derives from individual
observations and perception of experience, expertise, insights,
and talents, none of which can be depicted accurately [28].
Since then, many scholars have followed such a division and
studied explicit knowledge and tacit knowledge, respectively,
in many fields like education, psychology, project manage-
ment, informationmanagement, and so on [29]. Hansen et al.
[30] divided knowledge within an organization into two
forms: codification and personalization. Codification refers to
the organization converting personal knowledge into the
form of explicit knowledge. In this approach, two coding
systems of knowledge-sharing are presented, herein: work-
flow and database. 'e organization encodes knowledge into
workflow and information flow for easy use by all team
members. Personalization, which is usually used to solve
strategic and low-repeatability problems, refers to connecting
members who do not possess kinds of knowledge with the
members who do possess it in the form of person-person or
person-linkage-person. Project teammembers always hope to
obtain the tacit knowledge owned by the seasoned experts for
improving personal ability and skills. However, such
knowledge must be transformed into explicit knowledge first,
which is also a subject of academic investigation. Couchman
and Fulop [31] took advantage of the nature language pro-
cessing technology to analyze records and documents pro-
vided by enterprises. 'ey thus proposed a framework to
extract tacit knowledge, wherein their results revealed that
tacit knowledge can be translated into explicit knowledge
more efficiently using this framework. Nonaka [32] critiqued
this approach, stating that the authors focused more on
accessing and acquiring explicit knowledge while this
knowledge only accounts for only a small portion of all
possible knowledge. However, Wu et al. [33] proposed a

different viewpoint: that is to say, explicit knowledge is one of
the most important resources to promote project perfor-
mance when considering rapid development of image
identification technology. It is believed that a dispute re-
garding which type of knowledge is more valuable would
likely miss the essence of the question, without factoring in
knowledge-sharing. In fact, both tacit and explicit knowledge
are mutually dependent; they collectively strengthen the
significance of knowledge: tacit knowledge constitutes the
background required for specifying the structure to exploit
and explain the explicit knowledge. 'erefore, we do not
distinguish the two concepts, but treat them as a whole,
namely, knowledge.

2.2.2. Knowledge-Sharing. Knowledge-sharing is generally
implemented through various channels within or across an
organization in the form of documentation, databases,
communication, and group discussion [34]. It is a complex
process that involves knowledge collection, absorption, and
transformation; it is considered critical to improve team
flexibility [35]. Issa and Haddad [36] claimed that knowl-
edge-sharing, as a significant component of knowledge
management, reflects the provision or receipt of work in-
formation, skills, and feedback with respect to a product
[37]. Navimipour and Charband [38] believed that knowl-
edge-sharing plays an important role in a project team,
because it offers a link between the member and the project
team by cutting down cost and enhancing the project
performance. 'e authors conducted a comprehensive and
systematic review of the knowledge-sharing mechanism by
screening 28 out of 71 papers identified. According to the
findings, knowledge-sharing, mutually benefitting re-
lationship, sense of self-worth, and external motivation are
crucial factors of an academician’s opinion towards
knowledge-sharing, and work efficiency, innovation, and
organizational learning can be impacted positively by
knowledge-sharing. Moreover, the authors also found that
when a trust-based relationship is established among team
members, knowledge-sharing behavior occurs more quickly.
However, they neglected to monitor the influence of ab-
sorption capability on the effect of knowledge-sharing owing
to limited resources from data bases. Annadatha [39] ex-
amined social-cultural factors such as trust, shared goals,
close relationship, and shared language as important factors
toward knowledge-sharing in a virtual project team by social
network analysis approach. 'e results showed that trust,
close relationship, and language importantly affect the
outcome of knowledge-sharing, while shared goals do not
have significant impact on knowledge-sharing. However, as
an important social-cultural factor, knowledge-sharing
willingness is not checked. Farajpour [40] further developed
a four-leveled hierarchical inference system, which is
composed of six fuzzy rule bases, to evaluate the information
degree in the supply chain. 'e results showed that the
information sharing degree is influenced by willingness
importantly. However, this research does not address how
willingness affects information sharing behavior dynami-
cally from theoretical foundation perspective.
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Khatri et al. [41] pointed out that the team members
should assist coworkers in realizing their potential and going
beyond their limitations; in that context, the trust re-
lationships between team members would be generated and
they are inclined to share knowledge with each other [42];
however, they did not distinguish between the types of
knowledge, such as heterogeneous knowledge or common
knowledge. Further, Yuan et al. [43] found that project
commitment directly influenced explicit knowledge-sharing
and mutual trust; however, its influence on tacit knowledge-
sharing was absent. Zhang and He [44] conducted asyste-
matic literature review, to detect 31 factors influencing
implicit-knowledge-sharing in an IPD team by using a
questionnaire. 'ey collected data from 300 respondents, to
the factors influencing implicit-knowledge-sharing impor-
tantly through significant analysis. Subsequently, factor
analysis was adopted to gather the similar factors, such as
swift trust (ST), personal benefits (PBs), lack of self-effi-
ciency (LSE), identification-based trust (IBT), and in-
formation-based trust (INBT).'e authors later made use of
path analysis to analyze the interrelationship between these
five critical factors and their influence on implicit-knowl-
edge-sharing. 'e factor analysis revealed that PB is posi-
tively correlated with ST and IBT. IBT can shorten self-
efficiency, which affects tacit knowledge-sharing negatively.
'is study displayed a deep analysis of what sort of trust
impacts implicit-knowledge-sharing, besides making clear
the close relationship between trust and implicit-knowledge-
sharing. It also found that ST influences INBT and IBT
importantly, which in turn is positively correlated with
implicit-knowledge-sharing. However, the authors did not
consider the influence of knowledge stock on tacit knowl-
edge-sharing behavior.

Zareie et al. [45] investigated the influence of electronic
environment knowledge (EEK) on the environment be-
havior (EB) by collecting data from 330 students. 'e author
established a structural model of the key factors affecting
environment behavior. Subsequently, the model was vali-
dated using the smart PLS 2.0. 'e results proved that EEK
influenced the EB directly in education. Later, the author
studied the relationship of e-learning system between the
employee’s commitments with the same method.'e results
showed that employee’s commitments are positively and
crucially affected by learner’s satisfaction, readily available
training material, personalized autonomous learning, and
work efficiency and subsequently positively relate to the
employee’s competitive advantage [6]. Further, learners’ or
employee’s satisfaction was positively and vitally influenced
by technology, education content, motivation, and attitude
[46].'en, a comprehensive literature review on knowledge-
sharing mechanism in education was conducted by Char-
band and Navimipour [47], revealing how competitive ca-
pability, creativity, learning effect, and interaction behavior
can be enhanced or optimized by knowledge-sharing.
However, whether the findings can be applied to the con-
structions industry is doubtful, because the knowledge-
sharing mechanism in the education field has a great dif-
ference from construction project team, especially for an
integrated project team. First, educational organizations are

mostly nonprofit, while the construction project team
operates for profit. Moreover, projects are established to only
complete a specific project task, after which the project
teams are dissolved; that is to say, they are temporary. In
construction, the composition of the project team members
is not immutable, but constantly adjusted as the project
progresses or changes. Hence, the project team is charac-
terized by openness. 'e project team also often consists of
members with different majors and experiences, and the
construction project is comprehensive complex. Finally,
such projects have a significant constraint of quality, du-
ration, cost, environment, capital management, technology,
safety, and other objectives.

An important development in knowledge-sharing has
been the growth of cloud computing. In order to enable
cloud, users acquire necessary human expertise at any lo-
cation and share their own experience and knowledge in the
cloud. Navimipour et al. [9] proposed an expert cloud-based
framework, and in their study, this system enhanced the
organization’s performance and customer satisfaction.
However, the findings did not consider human resources in
different regional contexts. Whether these findings can be
generalized requires further investigations. Later, regarding
architectural problems and component analysis of expert
clouds, Navimipour et al. [48] used NuSMV model checker,
Argo UML, and Rebeca Verifier tools to extract the checking
attributes in the form of LTL and CTL formulas of control
behaviors and validate the attributes automatically, and the
results indicated that the system was reliable. However the
layers and related components still need to be improved in
the future, and the algorithm needs to be developed for the
whole components, not only the specified properties of
controlled behavior. Subsequently, Fouladi and Navimipour
[49] proposed a cloud-based knowledge-sharing framework
utilizing the quality control (QC) criteria. 'e authors used
these criteria of QC to develop a ranking diagram of human
resources on basis of trust, reputation, cost, and expertise,
which is offered for members to choose the required human
resources. To rank the human resources in the expert cloud,
an AHP-based method was introduced to assign weights to
features, by especially considering the interdependence
among features. 'e authors found that compared with the
previous studies, a hierarchical structure improved the
quality and speed rating of human resources. However,
dynamic and interactive nature of the relationship variables
in the cloud was not captured. According to the description
of researches above, we know that these researches on the
knowledge-sharing so far mainly focused on the technology
and assessment mechanism perspective than the theoretical
level to explore knowledge-sharing behaviors in the project
team.

Knowledge-sharing behavior within a project team does
not occur spontaneously. Knowledge-sharing not only has
economic benefit, but also has social relationship benefit
[50]. Appropriate reward or motivation is believed to play an
important role in knowledge-sharing. Further, the social
exchange and social capital theories highlight that organi-
zational rewards such as promotion, bonus, and high salary
can promote knowledge contribution with greater frequency
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in the knowledge management system [51]. However, lack of
sufficient benefits is one of the most important reasons
hindering knowledge-sharing in the information context, so
it is critical to design a perfect incentive mechanism to
promote it [52]. Gupta and Govindarajan [53] sated that a
challenging rewards system should be developed to en-
courage employees to participate in sharing activities by
learning it from the case of Nucor Steel. However, it only
offered the suggestions according to results extracted from
the practice perspective, with no theoretical analysis of the
operational mechanism of cost of knowledge-sharing be-
havior. Jewels [54] studied the why the individuals serving in
IT project teams are easily motivated to or suppressed to-
wards participating in sharing expertise. 'e key findings
revealed that an individual’s inclination to share expertise
and skills with others is a function of the associated benefits
and costs. However, how the function of benefits and cost
acts on the knowledge-sharing behavior is not discussed. By
analyzing the benefits and cost of knowledge-sharing be-
tween a traditional pyramid organization structure and a
networked enterprise structure, Liu [55] maintained that it is
necessary for enterprises to flatten the organizational
structure in order to improve coordination among team
members. However, while direct benefits were considered
here, the potential impact of the synergy benefit from the
coordination among project team members was not.
Navimipour and Soltani [56] then investigated the influence
of key factors, including cost, technology acceptance, and
satisfaction of employee, on the effectiveness of electronic
customer relationship management (E-RCM) by establish-
ing SEM, and it was tested, based on questionnaire data
collected. 'e results indicated that the effectiveness of
E-RCM is affected positively by customer cost. However, the
cross-sectional data were collected at a single point of time,
and hence, they cannot dynamically capture the relation-
ships among influence factors at a different stage. According
to aforementioned researches, we can conclude that benefits
and cost affect the behavior of knowledge-sharing greatly.
However, these literatures describe the benefit and cost only
as a total concept, respectively, while exploring the
knowledge-sharing behavior statically from macro aspects.

Recently, with the increase of project scale, complexity,
and dynamic property in AEC industry, more and more
team leaders across modern project organizations are
seeking the way to master and thus make advantage of the
enormous multidisciplinary knowledge [19]. Organizations
in the AEC industry presents apparent knowledge-intensive
characteristic, highly depending on the rich knowledge stock
and expertise derived from project team members [57, 58].
Based on the data collected from the respondents, Cooke
[59] made use of structural equation modeling to study the
relationship between knowledge-sharing and project com-
plexity. 'e results showed that knowledge-sharing can
mitigate the impact of project complexity. Ribeiro [60] also
proposed the similar point of view that project team
members in the AEC organizations need to actively share
knowledge and expertise to deal with complicated and
difficult tasks. Xia and Chan [61] argued that the con-
struction complexity affects the success of a project and

developed a composite complexity index for measuring the
construction complexity through tapping expert knowledge
in construction field and thus help stakeholders and con-
structors take appropriate actions to improve the project
performance. Owning to the importance of knowledge-
sharing behavior, organization leaders should be conscious
of the tremendous advantages brought by knowledge-
sharing behavior [62] and try to study the measures that can
improve the project performance from the perspective of
project teammembers [34]. China, as the largest engineering
construction country in the world, has many buildings and
infrastructures in progress. A vast amount of knowledge can
be repeatedly applied to different types of construction
projects, despite the unique disposable characteristic of the
construction project [63]. 'e construction management
organizations, with the temporary feature, easily lead to
plenty of knowledge loss, when project teams are disbanded.
'erefore, it is necessary for stakeholders to share their own
valuable knowledge with other stakeholders in the project
team to avoid the “reinvention of the wheel” in the other new
projects [64].

'e systematic review of the extant literature reveals that,
with the emergence of large and complex engineering
projects, the “loose” collaboration pattern under tradition
delivery has not been able to meet the needs of efficient
project management. On the other hand, the IPD approach,
based on the lean construction theory, becomes the research
focus of the construction industry. Most researchers have
recognized the importance of knowledge-sharing to project
teams and presented its effectiveness to improve project
performance. However, few have focused on the selection
strategies of knowledge-sharing and thus explored how these
strategies change dynamically over time in the IPD team.
'erefore, the objective our objective is to capture the in-
teraction behavior of knowledge-sharing among IPD team
members and explore its evolutionary tendency associated
with respect to influence factors.

3. Research Method

Cooperative and competitive relationships exist among
integrated project team members. Whether or not the
project team members choose to share knowledge is a
complicated and dynamic game process. 'erefore, to ex-
plore the knowledge-sharing strategy and evolutionary
mechanism for IPD team, the most important work is to
develop an algorithm that can capture dynamically the
strategy interaction behavior. Currently, according to the
available studies, the methods to focus on knowledge-
sharing mechanism, such as SEM, case study, classic game
theory, and social network analysis that we will analyze,
respectively, in the following, can merely capture the static
strategy interaction behavior at a point of time, which
cannot predict the knowledge-sharing behavior evolutionary
trend over time. Leveraging the evolutionary game theory to
study knowledge-sharing is helpful to dynamically analyze
the process of strategy selection from the micro perspective.

SEM is a method capable of measuring the underlying
latent constructs identified by factor analysis and assessing
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the path of the hypothesized relationships between the
constructs to address the complicated behavioral relation-
ships [65]. However, while SEM has been popular for its
advantages, it had been criticized for incredible conclusion
owning to its indiscriminate utilization [66]. Also, Cliff [67]
questioned the improper use of SEM and pointed out its
potential drawbacks. First of all, the data obtained by re-
searchers cannot completely confirm or deny the correctness
of a model, because the model is artificial and can be
redefined in many ways. Next, chronological evidence does
not represent cause and effect, and the naming of latent
variables is a subjective process other than an objective fact,
quite apart from the trap of nominalistic fallacy existing in
the estimation of latent variables. Furthermore, the re-
searchers may unconsciously apply excessive modification
programming in the model for obtaining the ideal model,
namely, overfitting problem, which is really hard to control
in data processing, leading to larger distortions between
results and the real situation [68]. Recently, Xiong et al. [69]
analyzed the limitations and risks in SEM applications
through systematic literature review of 84 articles in solving
construction research problem and found that sample size,
goodness of fit measures, and especially construct validity
are significant problems need to address. Although a
guideline framework is given to solve these issues, however,
the substantial weakness that it only reflects statically a
situation at a point of time and is unable to capture the
dynamic interaction behavior cannot be solved.

Due to the number of variables processed by SEM and
the complex relationships among variables, a large sample
size must be used to maintain an unviolated statistical hy-
pothesis. 'erefore, the influence of sample size is important
issue for SEM. Breckler [70] conducted an analysis of 72
SEM empirical studies in the field of personality and social
psychological. 'e sample size is between 40 and 8,650, with
a median of 198. One-fourth of the studies has a sample size
smaller than 500, while 20% had smaller than 100. 'e
author concluded that a sample size larger than 200 can be
regarded as a medium-sized sample, while that below 200 is
discouraged when pursuing stable SEM results. Conse-
quently, reliable results are impossible with a small sample
size, besides the overfitting problem, which is hard to
control. Such SEM drawbacks can easily lead to faulty
conclusions. In fact, SEM is mainly suitable for research on
the relationships among constructs from macro perspective
[71] and cannot explore the mechanism of action of the
constructs from the inner nature of things. However, the
novel evolutionary game model we proposed can avoid this
dilemma, because it can simulate IPD teammember strategy
interaction behaviors determined by the key factors. 'is is
done by setting sufficient units representing the sample size
of the team members. In other words, the sample size does
not affect this method.

Some researchers, for example, Yoo [72] and Annadatha
[39], also use case study and social networks analysis, re-
spectively, to investigate the knowledge-sharing mechanism
among project team members. 'e case study is an effective
approach to provide empirical evidence indicating how key
factors affect the outcome of knowledge-sharing behavior

[73]. However, it can only reflect the external phenomenon,
but not the internal mechanism. Further, social network
analysis emphasizes interpersonal relationship, relationship
connotation, social network structure, and social phenom-
enon, which can assist in regulating the project team and
identify knowledge-sharing barriers [74]. However, this type
of analysis also cannot determine the dynamic variation
trend of knowledge-sharing behavior.

Classic game theory is often used by some scholars in
knowledge-sharing mechanism, for example, Luo and Yin
[75]. 'is theory was initially exploited to analyze strategic
interactions in the economic sphere. It has been frequently
applied in similar fields over the past decades, with en-
couraging achievements [76]. In most researches, to confirm
the model prediction to theoretical analysis, the classic game
theory assumes that the game players should exhibit high-
level rationality and possess complete information of the
other game players. Further, mistakes are not allowed
throughout the game process [77]. However, this extremely
strict assumption cannot be satisfied inmost cases, because it
is nearly impossible for each game player to be entirely aware
of the complete information on competitors [78]. Addi-
tionally, the decision-making is also influenced significantly
by the knowledge level of the game player. In fact, the game
players, who are limited by rationality, often make dynamic
changes to the strategies by comparing the payoff with other
competitors [79]. Hence, the assumption of super rationality
limits the application of Classic game theory.

To solve this problem mentioned above, the evolutionary
game theory was developed by replacing high-level rationality
with bounded rationality assumption allowing information
incompleteness and asymmetry [80]. 'is theory deals with
the emergence, transformation, diffusion, and stabilization of
behavior forms. It integrates the idea of evolutionary biology
and rational economics, combining game analysis with
evolutionary dynamics, to provide a powerful analytical tool
for the study of the cooperative behaviors, and a replicator
system, as the core of the evolutionary system, is utilized to
express the evolution mechanism of the game players [81].
'is characteristic of the evolutionary game theory effectively
explains the behavior of long-term economic and transaction
relations among large populations well. So far, economists
and sociologists have made remarkable achievements by
employing evolutionary game theory to analyze the factors
that influence the formation of social habits and social system,
and it has been used to explain the process of formation [82].

According to a previous description, the most important
finding obtained is that evolutionary game theory is a
suitable method with the characteristics to predict the
evolutionary trend of strategy interaction behaviors, and
consequently, based on its unique advantage, we propose a
novel evolutionary game model to study the knowledge-
sharing strategies and the evolutionary mechanism.

4. Evolutionary Game Model

4.1. Model Parameters. Based on a comprehensive and
systematic literature review, we can identify that the factors
of knowledge stock, degree of knowledge-sharing,
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heterogeneous knowledge, synergy effect, knowledge ab-
sorption capability, and cost control capability of knowl-
edge-sharing have been rarely studied systematically in
knowledge-sharing fields. However, these factors play a
critical role in affecting the cooperative behavior. Hence, the
following model variables are presented based on critical
analysis as follows:

Ki: knowledge stock refers to the total amount of
knowledge of an organization, which reflects its competi-
tiveness and potential to deal with tasks. Researchers have
different points of view on knowledge, but reach a broad
consensus. Knowledge is a necessary and sustainable re-
source and has become the most important element in all
walks of life [52]. In this study, we hold that the definition of
knowledge should be developed not only according to
economic significance, but also easy operability, observ-
ability, and measurability. A successful organization or
enterprise in the construction industry can always create and
spread knowledge among project team members and
eventually embody this knowledge in products and services
[83]. 'e traditional project management system based on
capital and labor can no longer effectively explain the
phenomenon of performance improvement of the project
team [84]. Knowledge as a resource, like other capital, can be
produced and exchanged. Its accumulation is a prerequisite
for successful project management. However, how to pre-
serve knowledge and make use of knowledge resources
created by project team members are challenges we face at
present, which involves concept of knowledge stock. We
thus introduce it as a parameter into the evolutionary game
model.

ηi: degree of knowledge-sharing refers to willingness to
share the knowledge provider in the integrated project team.
'e stronger the willingness to share, the higher the degree
of knowledge-sharing. 'e willingness to share knowledge
mainly reflects the extent to which the project teammembers
are inclined to share and provide relevant knowledge and
experience with the other team members through various
ways and activities in the workplace [85]. According to the
social cognition theory [86], behavior can be best explained
by the continuous interaction between cognition and en-
vironmental factors. In order to achieve a sense of
achievement in work, strong intrinsic motivation plays an
important role in triggering the willingness to share [87, 88].
Intrinsic motivation refers to the satisfaction brought by
team members towards the work. It is derived from the
participants’ strong pursuit and willingness to challenge the
work. Team members with intrinsic motivation are curious
and enthusiastic about their work and they tend to explore
unusual solutions spontaneously and actively. Such be-
haviors indicate that these project teammembers can show a
high level of creativity [89, 90]. However, only depending on
intrinsic motivation to improve the degree of knowledge-
sharing is not sufficient. Without trust-based business re-
lationship and rewards, the effect of willingness will be
undermined [91]. Hence, we can find that the degree of
knowledge-sharing is affected by three factors including
intrinsic motivation, trust-based relationship, and incentive
mechanism. 'e extant literature has rarely focused on the

relationships between the willingness and knowledge-
sharing. In this paper, we deliberately introduce degree of
knowledge-sharing as a parameter in the evolutionary game
model to fill this knowledge gaps.

ui: Heterogeneous knowledge proportion, ui, refers to
the ratio of the amount of complementary knowledge to the
amount of shared knowledge. 'e larger the heterogeneous
knowledge proportion, the stronger the complementarity.
Shi et al. [92] divided knowledge into complementary and
homogeneous knowledge types according to the similarity of
the knowledge structure.'e former is the inherent attribute
of knowledge. It is the core knowledge that team members
distinguish from the others and can bring competitive ad-
vantages for team members [93, 94]. 'e project organi-
zation exists as a system and comprises smaller subsystems.
According to system theory, the components within the
system are interrelated. It is this close connection that allows
the personnel to consider the system as a whole, while paying
attention to the interaction behaviors among its distinct
parts. Traditionally, in order to improve labor efficiency,
organizations are operated through strict division of labor.
However, strict specialization not only improves labor ef-
ficiency of workers, but also disrupts internal connection.
While managers do help coordinate, the overall organiza-
tional efficiency declines due to the tacit feature of knowl-
edge and information distortion that occur during
transmission. 'at is true especially when it comes to the
utilization and innovation of knowledge [95]. Specialization
has its limitations, and specialization itself is subject to
diminishing returns. Overspecialization leads to losses be-
cause the division of labor and knowledge must be co-
ordinated, wherein the latter requires coordination because
they are complementary.

For an enterprise or organization, knowledge comple-
mentarity could increase returns, because the fusion of
discrete and complementary knowledge can bring about
innovation, possibly leading to cost reduction, quality im-
provement, and profit increase [96]. 'is is particularly
important in the information economy where knowledge
assets are increasingly replacing physical assets. Hence,
heterogeneous knowledge is an important parameter that we
introduce into the evolutionary game model.

βi: Synergy effect coefficient, βi, refers to the knowledge-
sharing effect that reflects the capability of integrating the
complementary knowledge existing among different project
team members. It is originally a physical and chemical
phenomenon, wherein, when two or more components are
added or mixed together, the resulting effect is greater than
the sum of the various components when utilized alone.'at
is, “1 + 1> 2”. Ever since the concept of synergy effect was
introduced into the field of enterprise management, it has
been become an important element of enterprise or orga-
nization for efficiency improvement. 'e synergy effect is
divided into four types: sales, operation, investment, and
management synergies. On the other hand, Chen and Liu
[97] divided it into five types from the perspective of en-
terprise resources: strategic, cultural, human resource,
supply chain, and financial synergies. While difference exists
between two classification methods, they both proved that
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synergy effect is important to increase the benefits to par-
ticipants in collaboration. 'e extant literature has revealed
that the knowledge synergy between organizations is
complex and not a simple linear manner in knowledge
transfer. In this study, based on the emergency theory of
partner selection, combined with the research of Montoya
et al. and Zeng et al. [98, 99], and the management practice
derived from Chinese enterprise, we take into consideration
the influence on the synergetic effect coefficient from the
perspective of synergy management system including cul-
tural synergy, technical synergy, and organization synergy.
'e synergetic effect is an important factor influencing the
project performance, thereby enabling it as a parameter in
the evolutionary game model.

αi: Knowledge absorption coefficient, αi, refers to the
capability of knowledge receivers to assimilate the knowl-
edge that transmitted by the knowledge providers and
convert it into their own competitive knowledge. 'is plays
an important role in improving the knowledge-sharing
benefit of the knowledge provider.'e higher the knowledge
absorption coefficient, the higher the capability of assimi-
lating knowledge. 'e absorptive capacity theory argues that
the knowledge absorptive capacity is the ability of an in-
dividual or organization to identify the value of new outside
information, and then absorb and apply it for a specific
business purpose. 'e individual knowledge absorptive
capability determines whether knowledge receiver can up-
date their own knowledge system in a timely and accurate
manner [100]. 'us, it can be inferred that the innovation
performance of project team members is closely related to
individual knowledge absorption capability from the per-
spective of absorptive capacity theory, which itself has been
widely used in the study of enterprise innovation perfor-
mance [101]. However, most studies have mainly focused on
knowledge absorption capacity at the organizational level,
but rarely from the individual level. 'us, we choose
knowledge absorption coefficient as an important parameter
involved in the evolutionary game model.

Ci: Knowledge-sharing cost coefficient, Ci, reflects the
ability of the knowledge provider to control costs during
knowledge-sharing.'e higher the value of Ci, the weaker of
the cost control capability. Cost control positively takes a
series of prevention and adjustment measures to ensure the
realization of cost management goals. 'is is carried out by
an enterprise or project team, with the scope of its functions
and powers, and according to preestablished cost objectives.
It fully makes use of the principles of system engineering to
calculate and supervise all kinds of costs incurred in the
production and operation process. Cost control is also a
process of discovering weakness, tapping internal potential,
and finding all possible ways to reduce cost. 'e con-
struction project is the basic part of construction industry in
which cost control is particularly important. Scientific or-
ganization and implementation of cost control can promote
enterprises to improve operation and management, help
change the operation mechanism, and enhance the com-
petitiveness of the project teammembers.'e importance of
cost control capability cannot be overstated, because only
when the construction cost of the project is reduced to a

reasonable range, can the enterprise and project team im-
prove benefits and maintain virtuous development. 'ere-
fore, the knowledge-sharing cost efficient as an important
parameter is introduced into the evolutionary game model.

4.2. Hypothesis. H1: 'e game is regarded as an un-
observable system that comprises two game players: Group 1
and Group 2.

First of all, although the IPD team is comprised of
multidisciplinary stakeholders, to simplify the study without
loss of generality, two groups, Group 1 and Group 2, are
selected randomly as the game players. Each group can play
the role of the knowledge receiver or provider.

Next, all players obtain the information about them-
selves and the others before making a decision. In other
words, owing to the incomplete information characteristic,
the two groups select their strategies simultaneously, and
neither can observe the other player’s choice and whether
the payoff obtained from the other part is attractive or not,
while making decisions. 'erefore, this game is an un-
observed system that is in alignment with the bounded
rationality assumption of the evolutionary.

H2: 'e pure strategy set for each group is set to be
“share” and “not share” strategies, with the proportion of x/y
and 1− x/1− y for Group 1 and Group 2, respectively.

H3: 'e Revenue obtained from the “not share” strategy
is assumed to be Ri, of which i� (1, 2).

H4: 'e value-added benefit including direct and syn-
ergetic benefits will be obtained by two groups when both
groups adopt the “share” strategy.

Direct benefit refers to the benefit acquired by the
knowledge receiver absorbing knowledge from knowledge
provider. For the knowledge receiver such as Group 1, the
direct benefit is subject to the degree of knowledge-sharing
η2, the heterogeneous knowledge proportion u2, knowledge
absorption capability α1, and the knowledge provider’s
knowledge stock K2, namely, α1μ2K2η2. Similarly, the direct
benefit for Group 2 is α2μ1K1η1.

For one participant, the amount of knowledge fusion is
the sum of knowledge shared by this participant and
knowledge by absorbing the other participant’s knowledge
Kiηi + αiμiKiηi. Specifically, the amount of knowledge fu-
sion for Group 1 and Group 2 is K1η1 + α1μ2K2η2 and
K2η2 + α2μ1K1η1, respectively. Synergetic benefit is subject
to the synergetic capability coefficient βi and the amount of
knowledge fusion Kiηi + αiμiKiηi. 'erefore, for Group 1
and Group 2, the synergetic benefit is β1(K1η1 + α1μ2K2η2)
and β2(K2η2 + α2μ1K1η1), respectively.

H5: 'e knowledge-sharing cost is subject to the
knowledge-sharing cost coefficient Ci and the amount of
knowledge that can be shared by the participant Kiηi.

According to the hypothesis mentioned above, the payoff
matrix (Table 1) can be obtained. In the evolutionary game
theory, payoff matrix, also known as “winning matrix”, is
used to describe the strategies and payments of two or more
game players. It comprises alternative action plans, natural
states, profit, and loss (or utility) values. As described in
Table 1, in the scenario (A1, B1), both participants obtain
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direct and synergetic benefits. Meanwhile, it costs C1K1η1
and C2K2η2, respectively, to perform strategy (A1, B1).
'erefore, the total payoff acquired is R1 + α1μ2K2η2+
β1(K1η1 + α1μ2K2η2)−C1K1η1 and R2 + α2μ1K1η1 + β2
(K2η2 + α2μ1K1η1)−C2K2η2, respectively. If Group 1
chooses to share knowledge and Group 2 does not to share
knowledge, namely strategy (A1, B2), the former will bear
cost with no benefit, whereas the latter will obtain direct
benefit with no cost. 'erefore, the total payoff for both
participants is R1 −C1K1η1 and R2 + α2μ1K1η1. Similarly,
the payoff is R1 + α1μ2K2η2 and R2 −C2K2η2 for Group 1
and Group 2 in scenario (A2, B1), respectively. If two groups
all choose not to share knowledge, they will not obtain any
direct and synergetic benefits. Hence, the payoff for Group 1
and Group 2 is R1, R2 respectively.

4.3. Evolutionary Game Model. 'e expected benefit of
Group 1 that agrees to choose strategy A1 is Ea

1:

E
a
1 � y R1 + α1μ2K2η2 + β1 K1η1 + α1μ2K2η2( −C1K1η1( 

+(1−y) R1 −C1K1η1( .

(1)

'e expected benefit of Group 1 that does not agree to
choose strategy A2 is En

1:

E
n
1 � y R1 + α1μ2K2η2(  +(1−y)R1. (2)

'e expected average benefit of Group 1 under the mixed
strategy is E1:

E1 � xE
a
1 +(1− x)E

n
1 � yα1μ2K2η2 + xβ1α1μ2K2η2

+ xyβ1K1η1 − xC1K1η1.
(3)

According to the evolutionary game theory, if the benefit
of a strategy adopted by one game player is higher than the
average population, the strategy diffuses within the entire
population. 'en, the frequency of the game players
choosing the strategy will improve within the population.
'e dynamic differential equation, which is referred to as the
replication dynamic equation, can be utilized to depict the
frequency of the strategy adopted within the population. On
the basis of equations (1) and (3), the replication dynamic
equation of Group 1 is

fA �
dx

dt
� x E

a
1 −E1(  � x(1− x)

· β1y K1η1 + α1μ2K2η2( −C1K1η1 .

(4)

Similarly, the expected benefit of Group 2 that agrees to
choose strategy B1 is Ea

2:

E
a
2 � x R2 + α2μ1K1η1 + β2 K2η2 + α2μ1K1η1( −C2K2η2( 

+(1−x) R2 −C2K2η2( .

(5)

'e expected benefit of Group 2 that does not agree to
choose strategy B2 is En

2:

E
n
2 � x R2 + α2μ1K1η1(  +(1− x)R2. (6)

'e expected average benefit of Group 2 is

E2 � yE
a
2 +(1−y)E

n
2 � xα2μ1K1η1 + xyβ2α2μ1K1η1

+ yxβ2K2η2 −yC2K2η2.
(7)

According to equations (5) and (7), the replication
dynamic equation that is constructed is

fB �
dy

dt
� y E

a
2 −E2(  � y(1−y)

· β2x K2η2 + α2μ1K1η1( −C2K2η2 .

(8)

From equations (4) and (8), a two-dimensional non-
linear dynamic system can be acquired:

dx

dt
� x(1− x) β1y K1η1 + α1μ2K2η2( −C1K1η1  � 0,

dy

dt
� y(1−y) β2x K2η2 + α2μ1K1η1( −C2K2η2  � 0.

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(9)

Based on the solution of equation (9), we can obtain five
local equilibrium points (LEP) from the nonlinear dynamic
system: A(0,0), B(0,1), C(1,0), D(1,1), E(x∗, y∗), wherein

x∗ �
C2K2η2

β2 K2η2 + α2μ1K1η1( 
,

y∗ �
C1K1η1

β1 K1η1 + α1μ2K2η2( 
.

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(10)

Full advantage of the Jacobian matrix (J) is taken to
qualitatively analyze the five LEP. 'e Jacobian matrix that
can be obtained from the game is

J �

zfA

zx

zfA

zy

zfB

zx

zfB

zy

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (11)

'erefore,

Table 1: Payoff matrix.

Group 1
Group 2

B1(y) B2(1− y)

A1(x)
R1 + α1μ2K2η2 + β1(K1η1 + α1μ2K2η2)−C1K1η1 R1 − C1K1η1
R2 + α2μ1K1η1 + β2(K2η2 + α2μ1K1η1)−C2K2η2 R2 + α2μ1K1η1

A2(1− x) R1 + α1μ2K2η2, R2 −C2K2η2 R1, R2
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zfA

zx
� (1− 2x) yβ1α1μ2K2η2 + yβ1α1K1η1 −C1K1η1( ,

zfA

zy
� x(1− x)β1 α1μ2K2η2 + K1η1( ,

zfB

zx
� y(1−y)β1 α1μ2K2η2 + K1η1( ,

zfB

zy
� (1− 2y) xβ2α2μ1K1η1 + xβ2α2K2η2 −C2K2η2( .

(12)

Based on Friedman’s theory, we can conclude that A, B,
C, and D are local pure strategy equilibrium points. Addi-
tionally, E is a local equilibrium point that has a mixed
strategy. With respect to the stability of the five points, it can
be acquired by analyzing the determinant (det(J)) and trace
(tr(J)) of the Jacobian matrix. For any point,
det(J)� (zfA/zx)∗ (zfB/zy)− (zfA/zy)∗ (zfB/zx) and
tr(J)� (zfA/zx) + (zfB/zy). Specifically, the values of det(J)
and tr(J) of the Jacobian in the five points mentioned above
are presented in Table 2.

For a certain point that satisfies the evolutionary game
stable state (ESS), it is subject to det(J)> 0 and tr(J)< 0, and it
possesses the asymptotic stability.'ereby, the corresponding
strategy portfolio is regarded as a stable equilibrium solution.
If det(J) ≥ 0 and tr(J)> 0, the point is defined as unstable. If
det(J)> 0 and tr(J)� 0, the point is defined as neutral. Ad-
ditionally, if det(J)< 0, the point is defined as a saddle point.

4.4.ModelAnalysis. In terms of the range of values for x∗ and
y∗, four scenarios are derived from the evolutionary game.
Each equilibrium point and its stability decision process
under the corresponding scenario are presented in Table 3.

5. Simulation of the Model

For the purpose of further understanding the theoretical
results analyzed in Section 4, we develop a program to
simulate the evolutionary process of interaction behaviors
among integrated project team members. 'e simulation is
conducted using MATLAB 2016a. 'e Runge–Kutta
method, embedded in the simulation platform, is introduced
to settle the differential equation group of the dynamic
replicator system.

Function ode45 which is built in MATLAB platform is
used to obtain the simulation solutions. Parameter setting
should be completed before implementing the simulation.
'e evolutionary time span is limited to the range of values
[0, 10], and the initial point is assumed to be P(x0, y0),
wherein 0≤ x0, y0 ≤ 1. According to the model parameters
mentioned in Section 4.1, the base values are set to
K1 � 20000, K2 � 10000, η1 � 0.5, η2 � 0.5, β1 � 0.1,
β2 � 0.1, α1 � 0.2, α2 � 0.5, μ1 � 0.2, and μ2 � 0.5.

5.1. Verification for Evolutionary Tendency. With the other
model variables in line with the base values, the parameters

C1 and C2 are set to 0.05 under conditions 0<x∗ < 1 and
0<y∗ < 1. 'at is to say, the evolutionary tendency of
knowledge-sharing is subject to the conditions
C2K2η2 < β2(K2η2 + α2μ1K1η1) and C1K1η1 < β1(K1η1 +

α1μ2K2η2). In this scenario, 100 array points are selected
randomly as the initial evolutionary points that represent the
proportion of the integrated project teammembers who choose
the “share” strategy in Group 1 and Group 2, respectively. 'e
evolutionary outcome is described in Figure 2(a). We can
conclude that the general evolutionary path is attracted to the
two stable points, namely, point (0,0) and point (1,1), which is
in accordance with 1(a).

With the other model variables consistent with the base
values, the parameters C1 and C2 are set to 0.05 and 0.5,
respectively, under the condition x∗ > 1 and 0<y∗ < 1. 'at
is to say, the evolutionary tendency of knowledge-sharing is
subject to the condition that C2K2η2 > β2(K2η2 + α2μ1K1η1)
and C1K1η1 < β1(K1η1 + α1μ2K2η2). In this scenario, 100
array points are selected randomly as the initial evolutionary
points that represent the proportion of the integrated project
team members who choose the “share” strategy in Group 1
and Group 2, respectively. 'e evolutionary result is
depicted in Figure 2(b). We can see that the general evo-
lutionary path is attracted to stable points (0,0), which is
consistent with 1(b).

With the other model variables consistent with the base
values, the parameters C1 and C2 are set to 0.5 and 0.05,
respectively, under the conditions 0<x∗ < 1 and y∗ > 1.'at
is to say, the evolutionary tendency of knowledge-sharing is
subject to the conditions C2K2η2 < β2(K2η2 + α2μ1K1η1)
and C1K1η1 > β1(K1η1 + α1μ2K2η2). 'en, 100 array points
are selected randomly as the initial evolutionary points that
represent the proportion of integrated project team mem-
bers who choose the strategy “share” in Group 1 and Group
2, respectively. 'e evolutionary result is shown in
Figure 2(c). We can see that the general evolutionary path is
attracted to the stable point (0,0), which is in line with 1(c).

With the other model parameters remaining the same as
the base values, the parameters C1 andC2 are set to 0.5 under
the condition x∗ > 1, y∗ > 1. 'at is to say, the evolutionary
tendency of knowledge-sharing is subject to the conditions
C2K2η2 > β2(K2η2 + α2μ1K1η1) and C1K1η1 > β1(K1η1 +

α1μ2K2η2). 'en, 100 array points are selected randomly as
the initial evolutionary points that represent the proportion
of integrated project team members who choose the strategy
“share” in Group 1 and Group 2, respectively. 'e evolu-
tionary result is illustrated in Figure 2(d).We can see that the
general evolutionary path is convergent to the stable point
(0,0), which is in line with 1(d).

In Figures 2(b)–2(d), we can see that the integrated
project team members in both Group 1 and Group 2 will
eventually choose strategy (A2, B2) under scenario 2, sce-
nario 3, and scenario 4. Hence, the evolution trend is certain
and clear. In Figure 2(a), we can see that the two conditions
exist under condition 0< x∗ < 1 and 0<y∗ < 1. When the
initial points are located in the upper right area, the be-
haviors of both groups either converge to point (0,0) in-
dicating that both groups will choose the “not share”
strategy, or converge to the point (1,1) indicating that both

Advances in Civil Engineering 11



groups will choose the “share” strategy when the initial
points are located in the lower left. Hence, the evolutionary
outcome is uncertain in scenario 2, and we will further
discuss the impact of the model parameters on the evolu-
tionary tendency of interaction behaviors among integrated
project team members in the following section.

5.2. Influence of x and y. 'e proportion of the integrated
project team members with different strategies in Group 1
and Group 2 is studied firstly. To set the simulation pa-
rameters x and y reasonably and ensure the reliability and
extensibility of this research findings, we conducted semi-
structured interviews, through Internet search and social
network relations. 'us, 20 experts with rich experience in
project team management are chosen. 'ese experts are
divided as follows: 15% with three to five years of work
experience, 35% with five to ten years of work experience
and 50% with more than ten years of work experiences. We

sorted out and adopted the suggestions proposed and ac-
cepted by the most experts.

Most experts argued that team members within a
learning project team would show a strong tendency to
cooperate. Within this, the proportion of the integrated
project teammembers who would prefer to share knowledge
plays an important role in cooperation. 'ey also suggested
that it was necessary to distinguish between different effort
levels referring to the proportion of team members pre-
ferring to share knowledge at the early stage of organizing
the project team. In terms of experts’ suggestions, the nu-
merical values from 0 to 1 with an addition of 0.1 were
provided for the experts to identify the appropriate range of
different effort level. According to the results of semi-
structured interviews, a value equal to or greater than 0.8 was
considered the high effort level, and a value equal to or
greater than 0.5 and less than 0.8 is regarded as the moderate
effort level, and a value equal to or less than 0.5 is regarded as
the low effort level. Hence, in this paper, three values of 0.2,

Table 2: Determinant and trace of Jacobian.

LEP 'e determinant and trace of J

A(0,0)
det(J)� C1K1η1C2K2η2

tr(J)�−(C1K1η1 + C2K2η2)

B(0,1)
det(J)� C2K2η2(β1K1η1C2K2η2 + β1α1μ2K2η2C2K2η2 −C1K1η1)

tr(J)� (β1K1η1 + β1α1μ2K2η2 −C1K1η1) + C2K2η2

C(1,0)
det(J)� C1K1η1(β2K2η2 + β2α2μ1K1η1 −C2K2η2)

tr(J)� C1K1η1 + (β2K2η2 + β2α2μ1K1η1 −C2K2η2)

D(1,1)
det(J)� [C1K1η1 − β1(K1η1 + α1μ2K2η2)][C2K2η2 − β2(K2η2 + α2μ1K1η1)]

tr(J)� [C1K1η1 − β1(K1η1 + α1μ2K2η2)] + [C2K2η2 − β2(K2η2 + α2μ1K1η1)]

E(x∗, y∗)
det(J)� (−(β1K1η1 + β1α1μ2K2η2 −C1K1η1)(β2K2η2 + β2α2μ1K1η1 −C2K2η2)

C1K1η1C2K2η2)/(β1(K1η1 + α1μ2K2η2)β2(K2η2 + α2μ1K1η1))

tr(J)� 0

Table 3: 'e equilibrium stability of the nonlinear dynamic system for four scenarios.

Scenarios Range of values Points det(J) tr(J) Equilibrium results Phase diagrams

Scenario 1 0<x∗ < 1, 0<y∗ < 1

(0,0) + − ESS

Figure 1(a)
(0,1) + + Unstable
(1,0) + + Unstable
(1,1) + − ESS

(x∗, y∗) + 0 Saddle

Scenario 2 x∗ > 1, 0<y∗ < 1

(0,0) + − ESS

Figure 1(b)
(0,1) − Uncertain Saddle
(1,0) + + Unstable
(1,1) − Uncertain Saddle

(x∗, y∗) + 0 Neutral

Scenario 3 0<x∗ < 1, y∗ > 1

(0,0) + − ESS

Figure 1(c)
(0,1) + + Unstable
(1,0) − Uncertain Saddle
(1,1) − Uncertain Saddle

(x∗, y∗) + 0 Neutral

Scenario 4 x∗ > 1, y∗ > 1

(0,0) + − ESS

Figure 1(d)
(0,1) − Uncertain Saddle
(1,0) − Uncertain Saddle
(1,1) + + Unstable

(x∗, y∗) − 0 Saddle
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0.5, and 0.8 are adopted to represent the low e�ort level,
moderate e�ort level, and high e�ort level, respectively, to
simulate the impact of x and y on the evolutionary trend.

With the other model parameters remaining the same
with the base values, by setting C1 � 0.05 and C2 � 0.05,
Figures 3(a)–3(c) elaborate the evolutionary trend of Group
1 under the condition that the �xed y values are 0.2, 0.5, and
0.8, which, respectively, represents the low e�ort, moderate
e�ort, and high e�ort levels of Group 2. Comparing with
Figures 3(a)–3(c), we can observe that the probability of
choosing the “share” strategy in Group 1, even if at the low
e�ort level, improves obviously with the increase in the
proportion of teammembers choosing B1 in Group 2. When
80% (i.e., high-level e�ort) of integrated project team
members in Group 2 choose the “share” strategy, all the
integrated project team members in Group 1 eventually
choose to share their knowledge with the other team
members in Group 2, as shown in Figure 3(c). When the
proportion of the integrated team members in Group 2 is at
moderate e�ort level (i.e., y� 0.5), the integrated project
team members with moderate and high e�ort levels (i.e.,
x� 0.5 and x� 0.8) in Group 1 are eventually attracted to
strategy A1, as shown in Figure 3(b). Furthermore, the
smaller the initial value of x is, the faster the evolution
tendency of team members in Group 1 converges to 0 if the
team members of Group 2 are at the low e�ort level (i.e.,
y� 0.2), as shown in Figure 3(a). Similarly, Figures 4(a)–4(c)

illustrate the evolutionary trend of Group 2 under the
condition that the �xed x values are 0.2, 0.5, and 0.8. We
observe the same results as in Figure 3.

Based on the analysis of the simulation results above, we
can conclude the �rst interesting �nding that if the in-
tegrated project team members in both groups are at
moderate- or high-e�ort level, the interaction behaviors of
both groups would evolve to the combined “share, share”
strategy, which means that they will choose to share
knowledge with each other. �e second �nding is obtained
that as long as one of the two game players (Group 1 and
Group 2) is at high e�ort level initially, it will drive the other
game player to evolve to the “share” strategy, and both game
players will share their own knowledge ultimately.

5.3. In�uence of Special Model Parameters

5.3.1. In�uence of Heterogeneous Knowledge Proportion.
We �rst analyzed the in�uence of the heterogeneous
knowledge proportion (μi) on two game players, which
increases from 0.2 to 0.6 with a step length of 0.2, by setting
C1 � 0.05 and C2 � 0.05 and remaining the other parameters
consistent with the base values. �e initial point is assumed
to be (0.4, 0.6). �e simulation results are shown in
Figures 5(a) and 5(b).�e interesting �nding is obtained that
with the increase of the heterogeneous knowledge
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Figure 1: Phase portraits.
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proportion, both game players eventually evolve to the
combined strategy “share, share”, and the larger the values of
μi are, the faster the values of x and y converge to 1. �at is,
when heterogeneous knowledge proportion increases, the
probability of adopting the combined strategy “share, share”
increases for both game players.

5.3.2. In�uence of Knowledge Absorption Coe�cient. We
then analyzed the impact of the knowledge absorption ca-
pability (αi) on the choice of the combined strategy for both
game players. By setting C1 � 0.05 and C2 � 0.05, the pa-
rameter αi increases from 0.2 to 0.8 with a step length of 0.2.
We leave the remaining parameters unchanged, and the
initial point is assumed to be (0.4, 0.6). �e simulation
outcomes are shown in Figures 5(c) and 5(d). We can
conclude that with increase of αi, the proportion of choosing
the strategy “share” by both game players eventually con-
verges to 1, and the larger the values of αi, the faster the rate
of convergence. �us, as αi increases, the probability of

adopting combined strategy “share, share” improves
gradually.

5.3.3. In�uence of Synergetic Eect Coe�cient. Next, the
in�uence of the heterogeneous knowledge proportion (βi)
on the evolution results of the interaction behavior of the
two game players was analyzed, by setting C1 � 0.05 and
C2 � 0.05 and then leaving the remaining parameters un-
changed. �e parameter βi increases from 0.2 to 0.8 with a
step length of 0.2.�e initial point is assumed to be (0.4, 0.6).
�e simulation results are shown in Figures 5(e) and 5(f).
�e interesting �nding can be obtained that, with the in-
crease of heterogeneous knowledge proportion, both game
players eventually evolve to the combined strategy “share,
share”, and the larger the values of βi, the faster the evolution
results of the interaction behavior converge to 1. �at is,
when the synergetic e�ect coe�cient increases, the proba-
bility of adopting combined strategy “share, share” will be
improved for both game players.
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FIGURE 2: Evolutionary paths of scenarios 1∼4: (a) scenario 1; (b) scenario 2; (c) scenario 3; (d) scenario 4.

14 Advances in Civil Engineering



5.3.4. In�uence of Knowledge-Sharing Cost Coe�cient.
Next, we evaluate the in�uence of the knowledge-sharing
cost coe�cient (Ci) on the interaction behavior of both game
players. First, the in�uence of parameter C1 on both game
players is analyzed, wherein C1 increases from 0.03 to 0.06
with a step length of 0.01, while C2 � 0.08. �e other model
parameters have the same base values, and the initial point is
assumed to be (0.4, 0.6). �e simulation result is shown in
Figure 5(g). Second, we analyze the in�uences of parameter
C2 on both game players, wherein C2 increases from 0.03 to
0.06 with a step length of 0.01, and C1 � 0.08. Remain the
other model parameters the same with base values, and the
initial point is assumed to be (0.4, 0.6). �e simulation result
is shown in Figure 5(h). �e evolution results indicate that,
when Ci is small, the interaction behavior of both game
players will eventually evolve to the combined strategy
“share, share”. However, as the parameter Ci increases and
reaches a certain level (e.g., Ci � 0.05 or 0.06), the interaction
behaviors of both game players will abandon the “share”
strategy and eventually choose the combined strategy “not
share, not share”, which the project leader does not seek.

5.3.5. In�uence of Knowledge Stock. By setting C1 � 0.05 and
C2 � 0.05, the value of knowledge stock (Ki) increases from

16,000 to 22,000 with a step length of 2,000, keeping the other
model variables the same as the base values.�e initial point is
(0.4, 0.6). We then studied the impact of the numerical
variation of the knowledge stock on the interaction behaviors
of both game players. From the simulation results, as shown
in Figures 5(i) and 5(j), we can observe that the larger the
value of Ki is, the faster the evolution results converge to 1.
�at is, with the increase of Ki, the probability of choosing
combined strategy “share, share” improves gradually.

5.3.6. In�uence of Degree of Knowledge-Sharing. Finally, the
in�uence of the degree of knowledge-sharing (ηi) on the
interaction behavior of both game players was analyzed. By
setting C1 � 0.05 and C2 � 0.05, and keeping the other model
variables the same as the base values, the values of η1 increase
from 0.2 to 0.8 with a step length of 0.2. From the simulation
results, as shown in Figures 5(k) and 5(l), we can see that,
with the increase of degree of knowledge-sharing, the rate of
evolution converging to 1 improves gradually. �at is,
improving the value of ηi bene�ts the probability of adopting
combined strategy “share, share” for both game players.

5.4. Result Discussion. We validated the novel evolutionary
gamemodel established in this study, by conducting detailed
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Figure 3: Evolutionary results of x in�uenced by the di�erent initial value of y where (a) y� 0.2, (b) y� 0.5, and (c) y� 0.8.
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Figure 4: Evolutionary results of y in�uenced by the di�erent initial value of x where (a) x� 0.2, (b) x� 0.5, and (c) x� 0.8.
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Figure 5: Continued.
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Figure 5: In�uences of the evolutionary game model parameters. In�uence of (a) parameter μ1, (b) parameter μ2, (c) parameter α1,
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computer simulation experiments using MATLAB. We
mainly focused on the interaction behavior of knowledge-
sharing. Our simulation results successfully captured the
interaction behaviors between two groups accurately and
thus predicted the evolution tendency with respect to time.
Different from the classical game model that requires ab-
solute rationality and complete information, the evolu-
tionary game theory relaxes the two limitations, thereby
making the simulation results conform to actual situations.
'e simulation results reveal some valuable findings relevant
to integrated project team leaders, allowing them to pro-
foundly understand knowledge-sharing as well as how to
improve overall project performance.

(1) 'e evolution path results show that as long as there
is a game player whose knowledge-sharing cost is
greater than the synergetic benefits, as shown in
Figures 2(b)–2(d), both game players will eventually
abandon knowledge-sharing, thereby leading to
failure of cooperation. Knowledge-sharing is often
regarded as a function of cost and benefit [102].
However, synergetic benefit generated from the
collaboration is excluded, when analyzing the in-
fluence of benefit on knowledge-sharing behavior.
'is may lead to an unreliable result. Compared to
prior studies, we distinguish the types of direct and
synergetic benefits and demonstrate that synergetic
rather than direct benefit plays a key role in
knowledge-sharing.

(2) 'e evolutionary tendency of interaction behaviors
is affected greatly by the initial proportion of
choosing knowledge-sharing strategy, as shown in
Figures 3 and 4. If both game players are at mod-
erate- or high-effort level, they will eventually choose
to share knowledge with each other. Additionally,
even if one game player is at low-effort level, it can be
driven by the other game player being at high-effort
level to adopt the “share” strategy. 'us, the game
player with smaller proportion of preferring to
knowledge-sharing will be positively influenced by
the other game player with higher proportion of
knowledge-sharing. Ultimately, both game players
choose to share knowledge. However, both game
players will abandon the share strategy when they are
all at low-effort level. Although all kinds of critical
factors, including culture environment, close re-
lationship, trust, leadership behavior, team members
attitude, intrinsic and extrinsic motivation, and so on
[63, 83, 103–105] affect knowledge-sharing within
project teams or organizations, however, the influ-
ence of project team members structure on strategy
interaction behavior has never been discussed in
prior studies. 'is finding fixed the knowledge gap
and provides a bright insight for project team leaders
to improve performance.

(3) Knowledge stock is proved an important indicator
for learning organization. 'e real purpose of
building a learning organization in the knowledge
economy is to improve team members’ knowledge

stock [106]. However, most studies only point out
the importance of knowledge stock, lacking a deeper
understanding of the influences of knowledge stock
on knowledge-sharing mechanism within an orga-
nization. 'rough simulation results, we found that
knowledge stock positively promote knowledge-
sharing. Although Knowledge integration could
increase benefit [107], however, most studies do not
elaborate what kind of knowledge fusion generates
benefit and its impact on knowledge-sharing be-
havior.'e finding in this research suggests that only
heterogeneous knowledge fusion brings about added
benefit and reveals further that it has a positive
correlation with knowledge-sharing behavior.
A great number of studies have paid attention to the
role of team members’ willingness in knowledge-
sharing behavior. However, most researchers
mainly focus on how to improve willingness to
share knowledge from static perspective [108],
wherein the data are collected only at a point of
time. And, thus exploring dynamically the re-
lationship between team members’ willingness and
evolutionary trend of knowledge-sharing behavior
is absent. We get out of this dilemma and suc-
cessfully reveal that degree of knowledge-sharing
positively affects knowledge-sharing from the dy-
namic perspective. 'e concept of knowledge ab-
sorption capacity, defined as the ability to identify,
digest, and utilize knowledge in the external envi-
ronment, is believed to affect company’s competi-
tive advantages greatly [109]. However, most
researchers only study it at the organizational level,
lacking an explanation of influence of knowledge
absorption capacity on knowledge-sharing behav-
ior. We introduce this concept at the individual
level and explore the relationship between them and
found that knowledge absorption capacity has a
positive correlation with knowledge-sharing be-
havior within project team.
Synergetic management is regarded as an important
part and provides a theoretical fundament for or-
ganizations to improve management efficiency
through information sharing and complementary
cooperation [110]. Based on the extant literature,
however, influence of synergetic effect on knowl-
edge-sharing is rarely involved, which is a knowl-
edge gap need to address. 'rough our numerical
simulation results, we found that raising the value
of synergetic effect coefficient can improve the
probability of knowledge-sharing under certain
restrictions. 'e convergence rate depends on the
size of the parameters. 'at is, the larger the values
of the parameter are, the faster the interaction
behavior converges to the combined “share, share”
strategy.

(4) 'e knowledge-sharing cost coefficient plays a
negative role in promoting knowledge-sharing. 'e
simulation results, as shown in Figures 5(g) and 5(h),
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indicate that with the increase of the knowledge-
sharing cost coefficient, the evolution rate of in-
teraction behavior converging to 1 slows down and
moves away from the combined strategy “share,
share.” When the value of the knowledge-sharing
cost coefficient reaches a certain level, the evolution
trend reverses. 'en, the larger the cost coefficient is,
the faster the evolution results converge to 0. 'at is,
both game players will increasingly give up their
motivation for knowledge-sharing, thereby exhibit-
ing passive non-cooperative attitude. By comparison
of the simulation results of the parameters above, we
observe that a small variation in the parameter of the
knowledge-sharing cost coefficient will change the
evolutionary direction, for example, when C1 in-
creases from 0.04 to 0.05, and the evolution results
converge from the combined strategy “share, share”
to the combined strategy “not share, not share”. 'at
is, the two game players abandon knowledge-shar-
ing, leading to the death of cooperation. 'erefore, it
can be concluded that the evolutionary tendency of
the interaction behavior is most sensitive to the
parameter of knowledge-sharing cost coefficient.
Despite analysis of influences of cost on knowledge-
sharing behavior in prior studies, to our best
knowledge, very few studies assess the degree of
importance of cost in knowledge management field.
'is is a very important problem need to addressed,
because it can help project managers allocate rea-
sonable resources to improve performance within
the project team and reduce unnecessary waste. Our
research work can fix this knowledge gap and pro-
vide valuable guidance for project manager to un-
derstand deeply the key role of cost in knowledge
management.

6. Conclusion and Implications

'e IPD method is an emerging research domain that has
received extensive attention from stakeholders in the AEC
industry. Our goal is to study knowledge-sharing strategies
and the evolutionary trend of strategic interaction among
integrated project team members. An innovative model,
which takes benefits and costs into consideration, is
established by taking advantage of the evolutionary game
theory to capture the dynamic behavior of knowledge-
sharing and thus reveal the cooperation tendency among
game players. Moreover, simulation experiments are carried
to verify the results derived from the theoretical analysis to
study the influence of model variables on the evolution trend
of interaction behavior. Our research findings indicate that
the knowledge stock, heterogeneous knowledge proportion,
degree of knowledge-sharing, knowledge absorption co-
efficient, and synergetic effect coefficient all contribute to
knowledge-sharing. A strong negative correlation was found
between knowledge-sharing cost coefficient and strategy
interaction. From the theoretical analysis and simulation
results, we propose that the following implications can be

obtained for integrated project managers to improve the
cooperation and overall project performance.

(1) For the integrated project managers, the priority is to
make sure the knowledge-sharing cost is not greater
than the indirect benefits, or it will directly lead to a
failure of cooperation. Further, the cost-control
ability should be improved, because the evolution
result is most affected by the parameter Ci according
to the numerical simulation outcome. In terms of
present application, most completed integrated
projects lack a dynamic monitoring mechanism of
cost, leading to low efficiency of cost control. Spe-
cifically, due to the defects of traditional construction
technology, dynamic monitoring cannot fully cover
the construction project, resulting in the lack of a
cost control plan. 'is adversely affects project
management and even delays the progress of the
whole project. 'e real-time cost control needs to be
based on a big data model that includes quantity of
information at all stages of the project. As an
emerging technology, BIM can act as an in-
formation-integrated platform to satisfy the in-
formation requirements of the cost dynamical
control. 'erefore, perfect cost dynamic monitoring
mechanism, combined with BIM technology, should
be established for the project manager, so as to
improve the cost-control ability.

(2) Party selection for IPD is important for the owner.
According to the simulation results, we now know
that improving the parameters of the knowledge
stock, heterogeneous knowledge proportion, and
knowledge absorption coefficient will promote the
knowledge-sharing between both game players.
'erefore, the owner should consider the stake-
holders’ experience of implementing IPD projects to
ensure they have rich knowledge stock. Further, it is
important to investigate whether the stakeholders
have operated different types of projects so as to
ensure significant knowledge difference among
them. Knowledge absorption capability is closely
related to stakeholders’ characteristics. Based on the
theory of learning organizations, compared with
traditional organizations, the team members in
learning organization have better learning ability and
knowledge absorption ability. Learning organiza-
tions are an important feature for a successful en-
terprise and has been increasingly by all walks of life.
'erefore, the owner should develop an index system
set to judge and select the stakeholders who have the
optimal knowledge absorption capability.

(3) More attention should be paid to knowledge-sharing
willingness, as it plays a positive role in promoting
knowledge-sharing. For project managers, it is es-
sential to establish rights and a liability distribution
mechanism in order to further arouse the intrinsic
motivation of each project team member. According
the current practice of IPD, serious lack of trust-
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based relationship and inappropriate rewards hinder
the willingness for knowledge-sharing among
stakeholders. Hence, the project manager should
speed up the development of trust and incentive
mechanisms to remove these barriers.

(4) Synergetic capability building is another important
work for the project managers. As discussed in Section
4.1, the synergetic coefficient is subject to three factors:
synergy organization, synergy culture, and synergy
technology. Project managers, in synergy organiza-
tion aspect, should carry out broad business process
reengineering to adjust to the requirements of IPD
and BIM. 'is would allow free flow of information
and knowledge within the project team. Regarding
synergy culture, project managers should convene
coordination meetings to align goals, motivation, and
the ideal of value and thus eliminate conflicts caused
by cultural differences among different stakeholders.
Finally, regarding synergy technology, project man-
agers should require stakeholders to adopt a building
information platform that supports the open in-
formation standards, e.g., Industry Foundation Class
(IFC), to meet the requirements of information ex-
change throughout the life cycle of a project. 'e
synergetic effect can be improved through these
measures.

Nevertheless, there are some limitations to this study
that should be investigated in the follow-up research. First,
the data of projects adopting IPD are difficult to obtain.
Hence, our findings were mainly derived through numerical
simulation. 'is may neglect some actual and valuable in-
formation that is difficult to obtain in literature reviews. In
future research work, an empirical analysis could be con-
ducted to further supplement the research results. Second,
we did not consider the risk factors in the evolutionary game
model, because the risks vary greatly depending on the types
of projects. 'us, we seek to investigate the risk types in
detail and establish a risk knowledge base to offer more
valuable suggestions.

Despite these limitations in this study, our research
findings still have important contributions in both theory and
practice. 'eoretically, our research work can provide the
evolutionary mechanism behind knowledge-sharing strate-
gies and broaden our understanding of relationship between
project performance and knowledge-sharing. Practically, we
offer valuable references for integrated project team leaders to
broaden their understandings of how cooperation is influ-
enced by different factor and thus taking corresponding
measures to improve project team performance.
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