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Abstract: Integrated project delivery (IPD) has gained significant attention as an effective alternative
to traditional project delivery models. Profit distribution is a crucial aspect of IPD projects, influencing
their overall success. This study aims to investigate the key factors impacting profit distribution
to offer strategic guidance for project management practices. The study employs a comprehensive
bibliometric analysis to establish an updated research framework in this domain. Through this
analysis, 24 articles with highly relevant and extensively cited sources are identified for further
examination. Grounded theory is subsequently applied to distill the findings. This process yields
a foundational theoretical framework that delineates the factors influencing profit distribution in
IPD projects, namely, contribution, resource-based input, effort level, and risk sharing. Additionally,
a textual analysis of ten burst words is conducted to discern research trends and identify future
areas of study. This research contributes to the existing literature by addressing gaps and providing
a roadmap for future IPD investigations. A theoretical framework of influencing factors in profit
distribution in IPD projects is developed based on the literature. The findings not only enhance
understanding of profit distribution dynamics in IPD projects but also guide the implementation and
optimization of IPD practices.

Keywords: integrated project delivery; profit distribution; bibliometric analysis; grounded theory;
CiteSpace

1. Introduction

Traditional project delivery models in the construction industry are encountering
many challenges, including low productivity, cost, schedule overruns, and extensive project
changes. To address these issues, the integrated project delivery (IPD) mode has emerged
and been successfully implemented in several countries, aiming to minimize inefficien-
cies and waste in the current design and construction practices [1]. According to NASFA
et al. [2], the emergence of IPD is a result of the convergence of three recent technical
and organizational advances in the industry: building information modeling (BIM), lean
principles, and sustainability. IPD involves formal collaboration throughout the design,
planning, and execution phases of a project [3]. The IPD mode stresses effective collab-
oration among the participants, with each ally having their own interests. Determining
the factors affecting profit distribution within the cooperative alliance and formulating a
fair profit scheme are the key factors for the smooth implementation of IPD mode and the
success of the project, which has also become the focus of researchers’ research. Azhar
et al. [4] underscored the importance of an equitable revenue-sharing mechanism for the
success of IPD projects. Similarly, Lee et al. [5] highlighted the necessity of incorporating
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an “incentive compensation” framework into the design of the benefit distribution plan at
the outset to ensure fair risk allocation and benefit recompense.

While there exists a foundational body of theoretical research and some notable
successes in employing IPD, a comprehensive understanding of the factors influencing
its adoption within the construction industry is essential for its effective promotion and
implementation. Advocates of IPD are actively engaged in analyzing the drivers for its
successful and widespread adoption. Whang et al. [6] have identified critical success factors
for the implementation of IPD systems, while Aslam et al. [7] have explored essential
factors for integrating lean construction principles to achieve rapid progress in construction
projects. However, these overarching success factors often overlook the nuanced impact on
the profit distribution strategy of IPD projects at the micro level. The complex nature of IPD
implementation presents challenges that hinder the construction industry from achieving
immediate success.

To optimize project operations, it is essential to establish an effective profit distribution
mechanism in IPD projects and analyze its influencing factors. This research is designed
to systematically review the extensive literature on the determinants of IPD project profit
distribution. The study seeks to address the following questions:

(1) What are the primary sources of profit in IPD projects?
(2) What are the key factors that primarily impact profit distribution in IPD projects?
(3) What constitutes the intrinsic components of the factors affecting profit distribution in

IPD projects?

As a contribution to the body of knowledge, the primary purpose of this study is
to present the primary influences on profit distribution in IPD projects. To achieve this,
a systematic review and analysis of relevant literature on profit distribution studies are
conducted. This analysis is supported by the utilization of CiteSpace software (v.6.1. R3)
and the application of the grounded theory (GT) approach through text mining.

The remainder of the paper is organized as follows: Following the introduction, the
literature review is presented in Section 2. Section 3 is the preliminaries. Section 4 outlines
the methodology, including details on the analysis tools and analysis framework. In
Section 5, the screened literature is bibliometrically analyzed using CiteSpace software
(v.6.1. R3). GT is then employed for text mining. Section 6 describes the research trend of
this field and the significance of this paper. Section 7 contains some conclusions plus some
ideas for further work.

2. Literature Review

In recent years, the issue of how to distribute profits in alliances has attracted the
attention of scholars and practitioners. Numerous scholars have studied the imputation
of logistics alliances and virtual enterprises. The influence of profit distribution is the
foundation for profit distribution strategies. Different research works have examined
various factors that contribute to profit distribution.

Known as a collaborative process, IPD relies on cohesive interactions between project
stakeholders such as owners, design teams, contractors, subcontractors, and suppliers [8-10].
While there is limited research specifically on IPD profit distribution, it shares some similar-
ities with profit distribution in alliances. Therefore, it is possible to derive valuable insights
from existing research in these domains. Some studies have investigated the factors that
influence profit distribution in the IPD model, expanding the literature review to include
profit distribution in alliances, logistics alliances, and virtual enterprises.

Certain countries have made significant contributions in these fields, leading to more
consistent findings. The influencing factors of profit distribution can be summarized into
the nine types and the main representative literature presented in Table 1.
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Table 1. Representative literature of influencing factors.

Factors Representative Literature
Input [3,9,11-13]
Contributions [3,9,11,14-20]
Effort [3,10,13,21,22]
Risk [3,9-11,13,14,18,23,24]
Contract execution degree [12,25]
Emergency contribution degree [26]
Satisfaction [11,23,27]
Fairness and equality [28,29]
Market competition [13]

Concurrently, the body of research addressing the determinants of profit distribution
in IPD projects is relatively sparse, and the existing studies in this area are still in the early
stages. Teng et al. [30] examined the distribution of profit in IPD projects and adjusted the
Shapley value by considering risk factors. Wang and Yuan [27] built a multi-objective profit
distribution model that comprehensively considered factors such as effort level, risk sharing,
contribution coefficient, and others in IPD projects. Yan [31] established an optimal profit
distribution model between owners and architects by analyzing the relationship between
owners’ best efforts and architects’ equity concern coefficient. Zhang [32] investigated how
the levels of optimal effort and the ratios of optimal profit allocation are affected when risk
preference and fair concern theory are integrated into the framework of IPD projects. Xu
and Wang [33] established the effort coefficient and analyzed the impact of effort on the
profit distribution of IPD projects using the fuzzy analytic hierarchy process. Guo et al. [10]
discussed how he degree of involvement influences the profit allocation among players
in IPD projects. Eissa et al. [34] developed a conceptual framework that utilized Shapley
values to address the marginal contribution of participants in IPD projects, going beyond
just investors. Guo et al. [10] calculated the distribution coefficient by analyzing the effort
level of each participant to maximize the benefits of the IPD project.

Profit distribution in IPD projects is influenced by a range of factors, making it a crucial
area of study. However, the existing research on the factors affecting profit distribution
lacks systematic and comprehensive analysis. Additionally, there is a lack of literature
specifically dedicated to profit distribution in IPD projects, highlighting the need for further
investigation. Moreover, the researchers hold diverse perspectives on the factors affecting
the profit distribution in IPD projects, with different expressions and connotations for the
same influential factor.

Furthermore, a limited number of studies have utilized bibliometrics to analyze the
current state of profit distribution in IPD projects. Rankohi et al. [35] conducted two
aspects of integration in IPD literature using a grounded theory. Karasu et al. [36] indicated
the interplay of IPD and BIM through a systematic literature review. Bibliometrics is a
quantitative analysis approach applied to scientific and technical literature. It aids in
describing the growth, structure, interrelationships, and productivity of scientific activities.
It plays a major role in developing knowledge frameworks, scientific norms, and science
and technology policies.

To address this gap, this study adopts a qualitative research approach to conduct
systematic text mining and investigate the elements influencing profit distribution. The
goal is to enrich a new theoretical framework for analyzing profit distribution in IPD
projects. Knowledge discovery in database technology and knowledge graph theory in the
CiteSpace software is employed to visually analyze the factors that influence IPD projects’
profit distribution. The study encompasses three aspects of these fund structures. Firstly, a
combination of topics and keywords is used to search for relevant literature in the Web of
Science (WoS) database. Secondly, the retrieved literature is screened and selected based
on the search results. The retrieved literature is then systematically counted and sorted.
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Finally, a list of factors influencing IPD project profit distribution is derived and a summary
and expansion of these factors is provided.

3. Preliminaries
3.1. The Definition of Profit

The concept of profit in alliances is of utmost importance, as participants strive to max-
imize their financial gain. Smith [37] defines profit as an increase in wealth, encompassing
both economic and accounting perspectives. In economics, profit represents the monetary
gain from selling products, while accounting views profit as the difference between revenue
and corresponding expenses. Essentially, profit serves as a means of compensating for costs.
In practice, profit distribution represents the continuation of the production or exchange
process, involving resource exchange and economic activities among stakeholders. This
study adopts the definition of IPD project profit based on the characteristics of alliance
and contract terms outlined by the American Institute of Architects (AIA). Specifically, IPD
project profit pertains to the additional profit generated by the alliance and the incentive
compensation received by project participants during the IPD project implementation.

3.2. Source of Profit Distribution

Regarding the source of profit distribution, Kent and Becerik-Gerber [38] identified
three common incentive compensation methods in IPD projects: performance bonuses,
value bonuses, and incentive funds. Performance bonuses incentivize project teams based
on project performance. Value bonuses motivate project teams by providing bonuses tied to
the value added to the project. Incentive funds allocate a portion of the team’s profits and
expenses to motivate their efforts. According to the AIA [39], incentive compensation in
IPD projects can be categorized into two prevalent methods: goal achievement and actual
cost below target cost. Goal achievement bonuses align with performance bonuses and
are given to members who successfully achieve the project goals stated in the agreement.
Additionally, incentive compensation is provided to participants who achieve actual costs
lower than the target cost.

There are three conditions for all participants to receive the profit distribution in an
IPD contract.

Firstly, reasonable compensation should be provided for the work confirmed by the
owner, fostering participants” enthusiasm and dedication. Secondly, participants should
be compensated for the costs incurred during their efforts to maximize project benefits,
thereby enhancing construction production efficiency and stimulating creativity. Lastly,
rewards and contingency cost balances should be allocated upon the achievement of various
project objectives.

Therefore, the profit distribution system in IPD projects consists of two primary
components. Firstly, it involves cost compensation for the services or labor provided by
each IPD participant, encompassing both direct and indirect costs. Secondly, it entails
the bonus distribution related to IPD goals, which includes goal achievement awards
and incentive awards for innovation and outstanding performance ([9,29]). This profit
distribution system constitutes the focal point of the present study. IPD team members
share both benefits and risks. Following the agreed distribution scheme, cooperative
alliance members share the output from the final total profit of the alliance and receive their
respective benefits.

4. Methodology

This study utilized bibliometrics analysis and grounded theory (GT) as an analytical
framework to accomplish three research objectives: investigating the profit distribution
mode of IPD projects, exploring the influencing factors of profit distribution, and conduct-
ing a comprehensive conceptual analysis.
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4.1. Bibliometric Analysis

A bibliometric analysis was employed in this study to examine a substantial body
of research publications and construct a comprehensive framework elucidating the influ-
encing factors in profit distribution within IPD projects. Bibliometric analysis is widely
recognized for its popularity and methodological rigor, and facilitates the exploration and
analysis of extensive scientific datasets. By employing various bibliometric indicators, in-
cluding citation count, keyword co-occurrence analysis, keyword clustering graph analysis,
literature co-citation analysis, and text mining, this methodology provides quantitative
measures to evaluate research output and its impact. It enables the identification of trends,
patterns, and collaborations in scientific research, as well as the determination of influential
publications and researchers within a field. By incorporating bibliometric analysis, this
research contributes to our understanding of academic dynamics, aids in the assessment
of academic outcomes and quality, identifies research hotspots and trends, and supports
scientific management and decision-making processes.

In recent years, researchers have developed several bibliometric analysis tools such as
CiteSpace, VOSViewer, Bibexcel, SATI, SCIMAT, and Ucinet [40]. VOSViewer, utilizing visu-
alization of similarities (VOS) mapping and VOS clustering technology, offers particularly
valuable capabilities in analyzing large datasets and constructing complex networks [41].
Bibexcel and SATI are specialized literature analysis software that enable statistical analysis
of literature, primarily serving as preparatory tools for subsequent visualization maps.
SCIMAT excels in its robust preprocessing module designed to cleanse raw document
data. Ucinet, an increasingly popular social network analysis software, currently integrates
various visualization software such as Pajek, Netdraw, and Mage [42]. It is necessary to
import the data into this visualization software to analyze and display the relationship
between knowledge. Similarly, SCIMAT, VOSviewer, and CiteSpace can not only process
the data but also present the results effectively.

The primary research methodology employed in this study is grounded theory (GT),
with CiteSpace v.6.1.R3 used for bibliometrics, The CiteSpace software (v. 6.1. R3) de-
veloped by Dr. Chao-Mei Chen at the College of Information Science and Technology,
Drexel University, Philadelphia, PA, USA. CiteSpace software is a citation analysis tool
developed by Dr. Chen in 2004 based on co-citation network theory. It objectively analyzes
patterns and underlying knowledge embedded within the scientific literature, allowing for
multivariate, time-slice, and dynamic complex network analysis [43].

Compared to other bibliometric analysis software, CiteSpace offers distinct advan-
tages. It automates cluster labeling, reducing the subjectivity associated with manual
searches. This feature enables the creation of comprehensive scientific knowledge maps,
facilitating a deep understanding of knowledge structure and trends in a specific research
field. Furthermore, CiteSpace provides a range of visualization options and parameter
adjustments, which further enhance the depth of analysis. The software has an intuitive
interface, ensuring a user-friendly experience and enabling quick utilization of valuable
insights. CiteSpace is widely applicable in diverse academic fields, including natural and
social sciences, and is extensively employed in literature reviews within domains such as
medicine, demography, sociology, geography, and sewage treatment.

In this study, citation visualization is used to analyze the clustering and distribution of
knowledge within the citation space, as well as the contribution between knowledge units
in the context of bibliometric data and information visualization. Moreover, it facilitates
the identification of knowledge structure hotspots and development trends in the research
field through keyword co-occurrence and clustering, thereby enabling the mapping of
knowledge domains.

4.2. Grounded Theory

In this study, we chose the GT approach as our analytical framework. This approach
excels in the induction of theories from empirical data, making it ideal for exploratory
research and for achieving a profound understanding of complex social phenomena. Case
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studies and comparative methods are viable alternatives. They each have their own
merits: Case study allows for in-depth analysis of specific cases, while the comparative
method enables cross-case examination. However, grounded theory aligns best with our
research objectives.

GT, originally proposed by Glaser and Strauss [44], is a well-known exploratory analy-
sis method in qualitative research. Since its emergence, it has garnered attention and recog-
nition from the academic community and has been widely applied in various research fields
such as pedagogy, sociology, psychology, and medicine. In 1990, Strauss and Corbin [45]
further developed the canonical model of “causal conditions—phenomenon—context—
mediating conditions—action/interaction strategy—results” to enhance the analysis of
conceptual relationships and exploration of their interconnections.

GT simplifies the application by examining unclear or debated theoretical concepts,
synthesizing theories from empirical phenomena, and establishing comprehensive and con-
textually relevant theories. It provides an emic perspective into a phenomenon, identifying
factors affecting a research problem while ensuring purposiveness and completeness [46].
The main idea involves analyzing original qualitative data, starting with observation, con-
ceptualizing and categorizing interview data or literature, constructing concepts through
induction and qualitative coding, and drawing research conclusions through analysis of
conceptual categories. It consists of four main steps: generating research questions, col-
lecting information, coding, and constructing theories [45]. The specific flow chart of GT is
depicted in Figure 1.

Data selection
and collection

A

Raising questions

v

Open coding

: : > .
selective coding naming

Spindle and .| Sorting and Theoretical o Theory

: > :
construction generation

Data complement [ — — — — — — — — — — —

Figure 1. Flow chart of a GT study.

The GT method was selected for this study due to its suitability for theoretical explo-
ration and development in social science research. GT aims to generate theories directly
from empirical data, facilitating the identification of new concepts, relationships, and
exploration of complex phenomena.

4.3. Analysis Framework

To accomplish the objectives of this study, a comprehensive and sequential methodol-
ogy was employed, depicted in Figure 2.
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Figure 2. Research design framework.

5. Results
5.1. Selection of the Database and Identification of Literature

The selection of a suitable database constitutes the initial step in conducting quantita-
tive analysis. Scholars typically utilize databases including Web of Science (WoS), Scopus,
Google Scholar, Microsoft Academic, and Dimensions, which are the most commonly used
in scientific research. In the engineering field, WoS exhibits greater coverage of literature,
comprising 37% more journals than Scopus [47]. Notably, WoS is a pivotal peer-to-peer lit-
erature source, featuring extensive citations and abstracts [48]. Therefore, Wos was selected
as the database for investigating the factors influencing profit distribution in IPD projects
in this study.

This study utilized the WoS database to conduct research. The selected time frame
spanned from January 2000 to December 2022. The search query encompassed terms
such as “income distribution”, “distribution of income”, “profit distribution”, “benefit
distribution”, and “division of earning”. Initially, a total of 48,289 articles were retrieved.
Subsequently, duplicate entries and fields weakly correlated to the research topic, including
marine biology, forestry, nursing, medicine, and entomology, among others, were excluded.
This refinement process yielded a final set of 6934 articles for analysis.

Further refining the search, the authors introduced the first qualifier, including terms
like “integrated project delivery”, “IPD”, “integrated form of agreement”, “IFOA”, “lean
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project delivery”, and “LPD”. As a result, the search results were reduced to 1239 articles.
Finally, the second qualifier, including “influence factors”, “affecting factors”, and “con-
tributing factors”, was added to narrow down the search further, resulting in a final set of
834 documents, regarded as representative samples for this study. A flow diagram for the

bibliometric analysis is shown in Figure 3.

Screening process €« — — — — Screening criteria
r—-—-———/——" ': |- " " " """"7"—"”"7”~” "7/~ |
: Selection of database (WOS) I : :
| L [
| A 4 : | I
| ame ] | |

Identification of articles | .

| 1

| (48289 articles) 1< 17 Search titles and abstracts :
I I I
I l : I I
| |

I Initial screening e ! L] Exclude literature with :
I (6934 articles) I duplication and weak correlation | |
| L [
| l : | [
| |

I Secondary screening e ! L | Screen and exclude articles that :
| (1239 articles) I do not focus on IPD I
| L |
[ v L |
[ I I
| | Studies included in the synthesis e I' | | Screenand exclude articles that ||
| (834 articles) —: | do not focus on factors |
| |

i . et . ot S e s G e ) L o ) e o . S ;e ) _!

Figure 3. A flow diagram for the bibliometric analysis.

5.2. Implication of Bibliometric
5.2.1. Statistical Analysis of Annual Publications

The collected literature, comprising 834 annual publications, underwent statistical
analysis. Figure 4 illustrates the temporal fluctuations in the popularity of research on
profit distribution. In general, from 2000 to 2005, there was almost no literature. From 2006
to 2022, there was a consistent upward trend in the number of journal publications in the
field of income distribution (profit distribution). Notably, the years 2014 to 2022 witnessed
a phase of rapid growth, characterized by an annual growth rate peaking at 168 percent in
2021. While there was a slight decline in the growth rate of published papers in 2018, the
overall number of publications remained fairly stable and high in subsequent years.

3000 - 120
I Citations

—o— Publications

2500

2000

1500

Citations
Publications

1000

500

0 0
2006 2008 2010 2012 2014 2018 2018 2020 2022
Year

Figure 4. Annual publication statistics.
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5.2.2. Keyword Co-Occurrence Analysis

Keywords are descriptive words that briefly reflect the topic, method, and content
of a paper. The analysis of keyword co-occurrence provides insights into the connections
and relationships between research topics in a particular subject field. The co-occurrence
frequency of keywords can reveal the internal logical relations of several knowledge
points in this subject field. Table 2 presents the co-occurrence frequency and centrality
of keywords, with the highest values found for “construction project management” and
“building information modeling”.

Table 2. Keyword co-occurrence frequency.

Number Keywords Counts Centrality
1 Construction project management 240 0.12
2 Building information modeling 133 0.22
3 Alternative project delivery method 117 0.23
4 Building design management 64 0.21
5 Construction system 48 0.18
6 Risk management 44 0.14
7 Decision framework 42 0.16
8 Integrated project delivery 31 0.07
9 System selection 27 0.06
10 Information technology 27 0.11
11 Critical success factor 25 0.05
12 Cross impact analysis 24 0.06
13 Construction cost 24 0.08
14 Supply chain management 22 0.03
15 Genetic algorithm 22 0.07

The keyword co-occurrence map, generated through the analysis of keywords in the
literature collection, helps to visualize the relationships and correlations between keywords
and topics. The co-occurrence map graphically represents keywords as nodes, with the size
of the nodes indicating the frequency of occurrence, and the edges representing connections
between keywords. The color of the edges corresponds to the year depicted in the figure,
enabling identification of the main keywords for each year. By observing the co-occurrence
map, we can discern the relationships between keywords and identify pertinent themes for
further exploration and research.

The CiteSpace software was used to draw the co-occurrence map of the profit dis-
tribution keywords, as shown in Figure 5. The knowledge map focuses on examining
the closeness between these keywords to analyze the underlying topic. The size of the
dots corresponds to the word frequency of high-frequency keywords, with larger dots
representing higher frequencies. Figure 5 reveals that the genetic algorithm has been ex-
tensively applied in addressing the issue of profit distribution in multi-player cooperation
alliances. Scholars studying the factors influencing profit distribution have also considered
technical factors, labor and personnel issues, corporate income, level of effort, bilateral
moral hazard, and risk management, among others. In addition, the present forms of
cooperative arrangements involving profit distribution are reflected in keywords such as
virtual enterprise, supply chain management, coordination strategy, fuzzy alliance, and
public—private partnership.
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Figure 5. Keyword co-occurrence map of profit distribution research.

5.2.3. Keyword Clustering Map Analysis

This section analyzes previous studies on profit distribution in the construction in-
dustry using the authors’ keywords represented in Figure 6. Keywords play a crucial role
in bibliometrics, as they can identify emerging research areas through keyword network
analyses and clustering.
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Figure 6. Keyword clustering map.

CiteSpace is used to generate a co-occurrence map of keywords, which is then sub-
jected to automatic clustering using three algorithms: light semantic index (LSI), log-
likelihood rate (LLR), and mutual information (MI). This study adopted the widely em-
ployed LLR method for calculating semantic correlation in keyword cluster analysis due to
its minimizing of word repetition in labeling. Based on the network structure and the clarity
of clustering, CiteSpace provides two indicators, namely, the clustering module value (Q
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value) and the clustering average contour value (S value), to represent the quality of the
clustering effect. Generally, a higher Q value indicates a significant clustering structure,
while a higher S value reflects greater similarity among cluster members. Q > 0.3 means
that the clustering structure is significant. S > 0.5 means that the clustering is reasonable.
S > 0.7 means that the clustering is convincing. The S value is an index to measure the
homogeneity of members of the whole cluster. A larger S value indicates a higher level of
similarity among the members of the cluster. In the examined sample, the values of Q and
S were 0.5374 and 0.7949, respectively. Therefore, the data results presented in this study
are regarded as reasonable.

Figure 6, generated using CiteSpace, presents a keyword clustering map with 13 clus-
ters and labeled clusters numbered from 0 to 12. Table 3 provides a summary of these
clusters, with the cluster labels reflecting their representative keywords. The order of the
label number indicates the number of keywords within each cluster, with smaller labels
indicating clusters with a greater number of keywords.

Table 3. Summary of clusters.

Cluster ID Size Silhouette Mean (Year) Label (LLR)
0 73 0.750 2015 Decision-making
1 62 0.802 2016 genetic algorithm
2 59 0.684 2015 Integrated project delivery
3 56 0.750 2016 Sustainable construction
4 55 0.774 2014 Augmented reality
5 50 0.849 2014 Project control
6 48 0.775 2010 Project delivery
7 41 0.803 2016 Alternative contracting method
8 27 0.903 2018 Data mining
9 24 0.848 2017 Asset management
10 18 0.937 2016 Construction safety
11 17 0.958 2020 Structural equation modeling
12 15 0.892 2015 Construction progress monitoring

The most extensive cluster, labeled as cluster 0, centers around the keyword “decision-
making” and holds significant importance. This cluster encompasses topics such as project
delivery, simulation, selection criteria, and RFID (radio frequency identification). This clus-
ter showcases the utilization of simulation methods to make informed decisions regarding
project delivery mode, considering selection criteria and various factors. As a non-contact
identification technology, RFID has been widely used in the construction industry with the
development of the Internet of Things.

Cluster 1 is labeled with the keyword “genetic algorithm” and encompasses keywords
such as “crashing”, “acceleration”, and “DSM” (demand-side management). This cluster
represents the application of the genetic algorithm as the primary research method for
optimizing construction project organization, particularly in cases where project crashing re-
sults in accelerated construction. DSM serves as an effective approach to conserving energy,
reducing emissions, enhancing the environment, and addressing the health consequences
of global climate change. It is also a crucial strategic decision for achieving sustainable
development at a national level. By employing DSM and energy-trading strategies, build-
ing users can effectively reduce electricity costs. Multiple algorithms are employed in
their implementation.

In cluster two, the label word is “integrated project delivery”, bringing together
keywords such as “risk management”, “industrial projects”, “profit distribution”, and
“Chinese contractors”. This cluster focuses on two major research directions of IPD: risk
management and profit distribution. The essence of risk management in an IPD project
lies in encompassing all the processes of risk management, achieving the goal of project
management, and systematically managing all the risk factors throughout the life cycle of a
construction project. Profit distribution is a crucial concern for all enterprise alliances. Thus
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far, China has gained global recognition as a leading country in infrastructure development.
China’s infrastructure development has continually held a prominent position, promoting a
sustained rapid pace of infrastructure construction in the foreseeable future. Consequently,
numerous scholars have dedicated their efforts to studying the experiences gained from
China’s infrastructure projects.

Cluster three is characterized by the label “sustainable construction”, encompassing
keywords such as “life cycles”, “information management”, “construction and demolition
waste”, and “lean construction”. These terms reflect the focus on sustainable development
within the construction industry, which has seen a notable increase in scholarly attention.
According to the International Energy Agency, the construction and operation of buildings
account for 39 percent of global energy use and 36 percent of energy-related emissions of
carbon dioxide [49]. The construction industry, known for its energy-intensive and pollut-
ing nature, necessitates consideration of sustainable practices within the building sector.
Achieving sustainable construction entails employing advanced project management theo-
ries and methodologies, such as integrated management theory and information technology,
to minimize natural resource consumption, enhance productivity, and foster collabora-
tive work during the expansion process [15]. Strategies such as life cycle management,
wastewater management, lean construction, and BIM technology offer promising avenues
for enhancing construction processes within the sustainable construction framework.

A fair and reasonable profit distribution mechanism serves as a vital pillar for fostering
effective cooperation within enterprise alliances. Analyzing the game of interests among
alliance members and designing a feasible profit distribution mechanism can incentivize
all parties to align their actions with the collective interests of the enterprise alliance. This
ensures the rationalization and systematization of profit distribution within the alliance
while upholding its durability and stability.

5.2.4. Literature Co-Citation Analysis and Text Mining

By utilizing literature co-citation analysis, it is feasible to pinpoint significant literature
with high citation rates, thus shedding light on the prevailing knowledge framework and
developmental trends within the field. Notably, by employing CiteSpace software, a cogent
visualization of co-cited keywords can be attained, enabling a comprehensive exploration
of the various factors that influence profit distribution. The subsequent analysis yielded
the data presented in Table 4.

Table 4. Collation information of highly cited literature.

ID Literature Concept Extraction
1 [3] Risk, investment, contribution
2 [10] Effort level
3 [12] Degree of player participation
4 [13] Risk
5 [14] Risk taking, market competitiveness, investment amount
6 [15] Fairness, contracts, long-term relationships, risk
7 [16] Contribution
8 [17] Asymmetric contributions
9 [18] Marginal contribution
10 [19] Participation
11 [20] Contributions
12 [21] Effort
13 [24] Risk sharing, effort
14 [27] Risk, satisfaction
15 [29] Level of effort, fairness, and equality
16 [30] Risk level, marginal contribution
17 [34] Marginal contribution
18 [50] Risk, investment

19 [51] Risk
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Table 4. Cont.

ID Literature Concept Extraction

20 [52] Input, work achievements, risk
21 [53] Risk perception

22 [54] Risk, effort

23 [55] Contribution, shared risk

24 [56] Effort

Presently, academia lacks a consensus on the determinants of profit distribution,
with scholars often employing divergent terminologies to address the same underlying
factor. Unquestionably, disparities emerge in the influencing factors of profit distribution
across different research domains. To exemplify this, within the realm of supply chain
management, the selection of partners emerges as a pivotal influence factor, while its
importance in the construction industry pales in comparison to its prominence within the
supply chain domain. Hence, it becomes imperative to undertake further organization and
clarification of the various factors that contribute to profit distribution.

5.3. Implication of GT

Drawing on the qualitative textual data derived from the aforementioned influencing
factors of profit distribution, the grounded theory method is employed to further refine and
construct a theory based on the qualitative data. This enables a comprehensive integration
of the influencing factors of profit distribution. In the process of the grounded coding
process, operations are strictly carried out according to the grounded coding technique
procedures proposed by Strauss and Corbin [45], ensuring the reliability and validity
of the research. This procedure is mainly divided into open coding, axial coding, and
selective coding stages. Moreover, to mitigate the coder’s subjective biases and enhance the
objectivity and scientific rigor of the coding, this study incorporates group discussions and
expert consultations during the coding process.

The involvement of experts in the group discussion and negotiation is paramount, given
their extensive experience in the construction field. Their professional acumen is crucial for
validating the coding process and ensuring the credibility of the identified influencing factors.

A survey methodology was used to select 28 experts with substantial work experience
and advanced theoretical knowledge from different representative enterprises for survey
questionnaire analysis. The essential information about them is outlined in Figure 7 below.
As depicted in Figure 7, 28 experts demonstrated a high level of professionalism, fulfilled
the criteria outlined in the questionnaire, and yielded highly reliable results.

Others (n=1, 3.57%)
Suppliers (n=3, 10.71%)

Consulting enterprises (n=3, 10.71%) —

Government agencies (n=3 , 10.71%) *\
\

Scientific research institutions (n=4 ...

Design teams (n=4 , 14.29%)
Contractors (n=5, 17.86%)

Employer (n=5, 17.86%)

@® Employer Contractors Design teams Scientific research institutions

@ Government agencies ® Consulting enterprises @ Suppliers @ Others

Figure 7. Essential information statistics of experts.
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5.3.1. Open Coding

The initial step in employing the GT approach to data analysis is using open coding.
At this stage, researchers conduct a preliminary analysis of the data to identify, label, and
categorize phenomena to establish classifications. In this study, 17 samples were randomly
selected from the 24 items in Table 3 to compare and analyze the original statements of the
influencing factors. Additionally, six samples were utilized for theoretical saturation tests
to complete the extraction of the initial concepts. On this basis, the 24 initial concepts were
further categorized and summarized into four categories, namely, contribution degree,
resource-based input, effort level, and risk sharing. This categorization is elucidated in

Table 5.

Table 5. Open coding process.

Concept

Literature Statements . Categorization
Extraction
“The paper also discussed the influence of the change in the degree
, N s . . Degree of player I
[9] of players’ participation on the distributable profits of the entitled artficipation Contribution
alliance and the profit distribution of each participant.” p p
This stuftly 1rr}prove'c1 the traditional Sha‘tpley value by 'takmg three Risk taking, market
factors (i.e., risk taking, market competitiveness, and investment . C L.
[14] . . . o : competitiveness, Risk, input
amounts) into consideration, thus establishing a more rational .
X . Y investment amount
profit allocation scheme.
“Key factors influencing the selection of a sharing ratio included Fairness, risk
[15] perceptions of fairness, knowledge of target cost contracts, contracts, Effort, risk
long-term relationships, and the perceived level of risk.” relationships
[16] Shapley value has been eflpphed to the profit .allocat,l,on due to its Contribution Contribution
good properties of balance and fairness.
“This study set up an alternative allocation rule based on the Asvmmetric
[17] weighted Shapley value by considering the asymmetric con}t]ribu tions Contribution
contributions of partners in cooperation.”
[21] “Subjects’ effort choices are highly sensitive to their own reward.” Effort Effort
Shared risk and reward. can he.lp improve project p.erforman.ce. As Risk sharing, Risk sharing,
[24] the degree of unequal distribution goes up, the project experiences offort offort
both a decline in team effort and an increase in actual cost.”
“Profit and loss are linked to “real” risk and benefits that impact
. . . . Level of effort,
the value of the project to the client/owner. Perceptions of equity .
[29] . . N . fairness, and Effort
and fairness in the distribution of risk/reward may be assumed to equalit
play a role in behaviors.” 4 y
[30] “The profit distribution model is more efficient as it considers both  Risk level, marginal Marginal
the marginal contribution and the risk level of each stakeholder.” contribution contribution, risk
“This paper presents a conceptual framework for alternative profit Mareinal
[34] allocations based on the marginal contribution of each party rather con tri%u tion Contribution
than on investment- or scope-based approaches.”
“Both partners are risk takers and therefore share the profit/loss
[50] proportional to their risk. In the following expression, we share the Risk, investment Risk, input
profit between the partners with respect to their investment.”
[51] “Profits are at risk related to the total project.” Risk Risk
“We take enterprises’ input factors, work achievements, and risk Input. work
[52] factors into consideration to design the profit distribution put, Input, effort, risk

mechanism for software outsourcing alliances.”

achievements, risk
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Table 5. Cont.
. Concept N
Literature Statements . Categorization
Extraction
“The study provides a risk-perception-based approach rather than
[53] actual risk-based approach to decide on risk/reward compensation Risk perception Risk
for IPD.”
“The retailer’s risk decreases as his share of revenue decreases, but
[54] so does his incentive to exert revenue-enhancing effort. Revenue Risk, effort Risk, effort
sharing induces the supplier to engage in such effort.”
“Shared risk/reward initiates stronger communication between the I
. .. . . Contribution, shared o .
[55] designer and contractor. Their incentive or compensation shall be - Contribution, risk
. o s risk
based on their contribution to the project.
“Team members need to consider the effort responses and
[56] incentives of their teammates while computing their own effort Effort Effort

decisions. Incentives and efforts are interdependent.”

5.3.2. Spindle and Selective Coding

Spindle coding consists of continuously aggregating and refining the scattered data
in each category in open coding into one or two core categories, connecting them with
obvious links. On the other hand, selective coding entails comparing and screening the
codes formed after spindle coding to form codes directly addressing the research object.
This further involves mining the core category from the main category, engaging in an
in-depth examination of the relationship between the core categories and the categories,
and ultimately forming theoretical models.

Combined with the characteristics of the construction industry, the above-extracted
influencing factors are accurately processed by removing concepts with low correlation and
frequency, such as cooperation willingness, status effect, additional subsidies, and contract
execution. Subsequently, similar types of influencing factors are combined. The effects of
profit distribution are then divided into four categories: resource-based input, contribution,
risk sharing, and effort level, as presented in Table 6.

Table 6. Coding results of factors affecting profit distribution in IPD mode.

Core Category Category Concept

Capital input

Direct project costs

Rates of participation

Investment proportion/
investment amount

Resource-based input -
Innovation cost

Affecting factors in Operating cost
profit distribution Investment amount

Technical resource investment

Cost input

Resource contribution

Degree of achievement

Contribution —
Degree of contribution

Work achievements
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Table 6. Cont.

Core Category Category Concept

Team effort

Innovation effort

Effort level
Innovation ability
Degree of implementation
Affecting factors in Environmental risk
profit distribution Risk perception
Risk taking
Risk sharing

Perceived performance risk

Perceived relational risk

Moral hazard

5.3.3. Theoretical Saturation Tests

The same coding and analysis procedure outlined above was applied to the remaining
seven terms, followed by conducting saturation tests. The results indicate that the cate-
gories identified in the model were sufficiently developed, without any emergence of new
categories or relationships. Importantly, no influencing factors closely associated with IPD
project items that impact profit distribution were generated within the categories. Therefore,
it can be argued that the concepts and categories of factors affecting the profit distribution
in IPD projects, as constructed in this study, have theoretically reached saturation.

5.4. Clarifying Concepts

The previous analysis identified resource-based input, contribution, risk sharing, and
effort level as the primary factors influencing profit distribution in the IPD project model.
However, there is a need for further clarification regarding the content embedded within
these four concepts.

5.4.1. Resource-Based Input

In examining relevant literature, it becomes evident that “input” as a factor impacting
profit distribution encompasses a broad spectrum of meanings. This includes capital input,
resource-based input, resource contribution, innovation cost, operating cost, technical
resource investment, cost input, and investment ratio/investment [14]. Moreover, certain
aspects such as technological resource investment and human capital input, which are
emphasized in the research of innovative research and development industries, and land
resource-based inputs studied in land profit distribution, were also excluded. In the context
of IPD projects, resource-based inputs should encompass considerations of capital and
other inputs. For instance, exclusive technology, the value derived from process innovation,
innovative investment, incentive mechanisms adopted by each participant, and different
behavioral characteristics of different groups are all resources injected into the operational
process of IPD project partners.

5.4.2. Contribution

Each participant in an IPD project forms a cooperative alliance and contributes to the
project’s construction. To ensure the realization of the objectives of the owner’s project, they
make sacrifices and contributions to maximize the ultimate benefits of the project [32]. Due
to their different positions, roles, and capabilities within the project, participants contribute
to the overall project’s profit maximization in varying ways, leading to differences in their
contribution to the realization of project value [57]. It is assumed that all participants in
the cooperative alliance are “rational individuals” who adhere to the profit distribution
principle of equal contribution and profit. By analyzing the marginal contribution of each
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participant, the alliance can distribute overall profit in a reasonable proportion that satisfies
all parties.

5.4.3. Effort Level

Effort level refers to the degree to which an enterprise alliance is willing and capable
of exerting efforts to enhance output efficiency within a given enterprise governance. It
reflects the commitment of each alliance participant to fulfilling contractual obligations and
undertaking proactive actions to maximize the project’s overall profit, referred to as effort
behavior. In situations characterized by asymmetric information, where the effort levels
are the private knowledge held by individual participants, it becomes challenging for one
participant to observe the effort exerted by others, and the effort levels of individual alliance
members are generally unverifiable [58]. Improving effort levels is generally achieved
through the implementation of supervision and incentive mechanisms. The level of effort
is typically determined by both the internal factors, such as the human capital of the
participants, and the external factors, such as environmental assimilation and incentives
within the alliance [59]. Furthermore, it is also related to the professional competence
of the participants’ managers, the allocation of management resources, and the achieved
effectiveness of management practices.

5.4.4. Risk Sharing

Risk sharing and benefit sharing serves as the fundamental distribution principle
in IPD projects and forms the basis for IPD project cooperation [3]. Without a fair and
equitable risk-sharing mechanism, the implementation of IPD projects lacks stability [54].
Profit distribution schemes should fully consider the consistency and equivalence of risk
sharing and profit distribution, thereby enhancing the initiative and enthusiasm of all
participants. In an IPD project, each participant assumes a certain level of risk and antici-
pates corresponding benefits to offset the costs and expenses associated with the assumed
risk [60]. The capacity to bear risk varies among participants due to the different strengths
and characteristics of each participant. The rationalization of risk sharing can effectively
reduce the cost of risk bearing and thus enhance the value of IPD projects. Identifying
risks, establishing risk sets, and distinguishing shared risks provide a theoretical basis for
adopting a scientific approach to carrying out risk sharing in IPD projects.

6. Discussion
6.1. Trend Analysis

Using burst word detection techniques and algorithms within the CiteSpace software,
we examined the temporal distribution of word frequencies to identify words exhibiting
high-frequency changes across various significant topics. This process aided in discerning
frontier domains and trends in profit distribution. Following econometric analysis, sev-
eral primary research keywords were qualitatively summarized. Leveraging CiteSpace,
we extracted the top 10 keywords displaying the most robust citation bursts, effectively
delineating the evolving research frontiers over time, as depicted in Figure 8.

This analysis allowed for the identification of promising research avenues within
IPD initiatives. Primarily, advancements in technology emerge as a focal area of investi-
gation. It is imperative to remain abreast of technological innovations impacting project
management, such as project management software, nD BIM [61], collaborative tools [62],
Radio Frequency Interference (RFI), blockchain [63], and data analytics [64,65]. These
technological advancements address the pain points of unidirectional data transfer and
usage in traditional management models, enabling bidirectional data exchange and trans-
parency throughout the entire life cycle of building projects, from planning and operation
to maintenance. Consequently, the adoption of these technologies is poised to propel the
advancement of the IPD mode [66]. Moreover, within the context of Industry 5.0, the
integration of these technologies into the construction sector is anticipated to accelerate,
expediting the digital transformation of the industry and fostering its progression.
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Top 10 Keywords with the Strongest Citation Bursts

Keywords Year Strength Begin End 2006 -2022
radio frequency identification 2007 221 2007 2013 —
supply chain management 2006 1.79 2006 2009 s
quality control 2006 1.74 2006 2015  —
sustainable construction 2006 222 2010 2013 W—
public-private partnership 2011 1.87 2011 2013 P—
labor and personnel issue 2014 1.95 2014 2017 P———
china 2016 1.8 2016 2019 —
quality management 2008 224 2018 2019 p—
time 2020 2.13 2020 2022 M
innovation 2020 1.71 2020 2022 —

Figure 8. Top 10 keywords with the strongest citation bursts.

Concurrently, scholars maintain a focus on traditional research domains encompass-
ing project duration, quality management, human capital [67], innovation, and perfor-
mance [68], all of which significantly influence the outcomes of IPD projects. This provides
construction industry stakeholders and researchers with a comprehensive insight into
intellectual landscapes and potential research frontiers on IPD endeavors.

6.2. Research Significance

This research marks a pioneering endeavor in employing CiteSpace software (v.6.1.
R3) and GT methodology for conducting bibliometric and visual analyses of literature
about profit distribution within IPD contexts. By offering an intuitive elucidation of the
factors influencing profit distribution, this study establishes a foundational framework for
further investigations in this domain of IPD. It serves to empower IPD teams with enhanced
comprehension and optimization capabilities regarding profit distribution mechanisms,
thereby maximizing project benefits holistically. Additionally, this paper delineates research
directions and strategies for subsequent studies focused on IPD profit distribution, with
the overarching goal of augmenting project success rates and efficacy. The insights derived
from this study hold considerable guidance and reference value for stakeholders engaged
in IPD projects and the broader industry landscape.

7. Conclusions

This study presents a comprehensive and systematic review of the existing literature
on factors influencing profit distribution in IPD projects and actively guides future research
works into addressing research gaps and needs. The key outcomes of this investigation
can be summarized as follows: (1) identification of the components constituting IPD
profit, delineated into compensation for labor income, reimbursement for effort costs, and
distribution of surplus from rewards and contingency funds; (2) recognition of the principal
factors influencing the distribution of IPD profits, including the degree of contribution,
resource-based input, risk sharing, and level of effort; and (3) systematic exploration of the
nuanced structure underlying these four primary influencing factors. The research findings
presented herein contribute to enriching the theoretical underpinnings governing the study
of IPD profit distribution.

However, it is crucial to acknowledge several limitations in this study. Firstly, limita-
tions arise from the data sources employed. This study exclusively relies on data obtained
and processed from a single database, namely, WoS, thus excluding conference papers
and gray literature. This selection approach may introduce potential bias into the results.
Secondly, the choice of research method, specifically, GT, may be prone to researcher inter-
pretation and subjective biases. Moreover, the method heavily relies on the researcher’s
expertise and subjective perspectives, potentially constraining the objective and compre-
hensive analysis of influencing factors. Lastly, inherent biases may exist in the selection and
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exclusion of literature for this study. Depending solely on the analysis of specific literature,
this approach may overlook other significant studies and perspectives. Notably, recently
published high-quality papers with low citation counts could be omitted from the analysis
results. Such limitations have the potential to impact the accuracy and comprehensiveness
of the conclusions drawn in this paper. In forthcoming studies, leveraging new data analy-
sis tools and machine learning could enhance the efficiency and precision of bibliometric
analysis. Additionally, this paper’s findings could inform practical strategies for optimiz-
ing partnership management and developing fairer profit distribution mechanisms within
IPD projects.
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