
Citation: Zuo, W.; Yan, N.; Wang, Q.

The Environmental Influencing

Factors of the Realization of

Engineering Construction Harmony

from the Perspective of Ren–Shi–Wu:

Evidence from China. Buildings 2024,

14, 1620. https://doi.org/10.3390/

buildings14061620

Academic Editor: Paulo Santos

Received: 14 April 2024

Revised: 22 May 2024

Accepted: 27 May 2024

Published: 1 June 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

buildings

Article

The Environmental Influencing Factors of the Realization of
Engineering Construction Harmony from the Perspective of
Ren–Shi–Wu: Evidence from China
Weiwei Zuo 1,2,* , Ning Yan 1 and Qiankun Wang 3

1 School of Civil Engineering, Architecture and Environment, Hubei University of Technology,
Wuhan 430068, China; 102301090@hbut.edu.cn

2 Innovation Demonstration Base of Ecological Environmental Geotechnical and Ecological Restoration of
Rivers and Lakes, Hubei University of Technology, Wuhan 430068, China

3 School of Civil Engineering and Architecture, Wuhan University of Technology, Wuhan 430070, China;
wangqk@whut.edu.cn

* Correspondence: 20201133@hbut.edu.cn

Abstract: Engineering construction involves many internal factors and external environmental
factors, resulting in conflict or uncoordinated problems in engineering management. The harmonious
management of engineering construction is the process of coordinating and solving the contradiction
between construction elements and the problems between them and the external environment. The
connotations of three subsystems of engineering harmony, namely, Ren harmony (RH), Wu harmony
(WH), and Shi harmony (SH), are defined, and the system architecture of engineering harmony is
constructed. Then, a hypothetical model is proposed to deeply explore the impacts of subsystems
such as Ren harmony, Wu harmony, and Shi harmony on engineering harmony, as well as the
moderating effects of the natural ecology, social humanities, and political economy on engineering
harmony. The results show that (1) natural ecology has a significant promotion effect on RH, SH,
and engineering harmony; (2) social humanities have a significant enhancement effect on SH and
engineering harmony; and (3) political economy does not play a significant role in any process.
“Engineering harmony” is used to measure the effectiveness of engineering management, and a
scientific scale is used to reflect this index. It provides a new idea for theoretical exploration and
practical guidance in engineering construction management.

Keywords: engineering construction harmony; influencing factors; engineering management;
ren harmony (RH); wu harmony (WH); shi harmony (SH); natural ecology; social humanities;
political economy

1. Introduction

Many stakeholders are involved in the project, including owners, design, construction,
and supervision, as well as the government and relevant people [1]. Meanwhile, the ob-
jectives that need to be controlled in engineering management involve quality, duration,
cost, safety, etc. [2,3]. This is a multi-objective optimization and coordination problem [4].
In addition, the project lasts for a long time, and the environment in which the project is
located is changeable. It is easy to produce phenomena such as “rent-seeking behavior” [5],
“organizational separation”, “process separation”, and “information island” in engineering
construction [6]. Therefore, conflicts and uncoordinated issues are easily caused. Engi-
neering construction is becoming more and more frequent. On the one hand, it plays an
important role in politics, the economy, social life, and national defense security. However,
on the other hand, a large number of conflicts and contradictions have been caused in
engineering, posing a serious crisis to the natural environment and human development.
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To solve the conflicts and contradictions in engineering construction and promote the coor-
dinated development of engineering, society, and nature, new engineering construction
concepts and engineering construction management methods are needed for guidance.

Harmony is the core concept and essence of traditional Chinese culture. Based on
the objectives, key issues, and core tasks of organizational development, the harmony
management theory provides a new way to deal with the development of organizations
in a complex and changeable environment through a series of tools and methods [7]. En-
gineering harmony means “engineering should be friendly and coordinated with people
and natural environment” [8]. Academician He Jishan pointed out that “the essence of
the project is to serve people, but because the major project construction has destroyed
the original balance, it is necessary to establish a new balance and new harmony” [9]. Yin
Ruiyu, an academician of the Chinese Academy of Engineering, believes that engineering
construction has experienced the development process of human beings’ “reverence for na-
ture, conquest of nature, and harmonious coexistence between man and nature” [10]. Wang
Qiankun et al. [11] proposed that starting from the coordination of engineering ecology,
engineering harmony management refers to the decision-making, planning, organization,
and coordination management activities by people to achieve certain human functional
goals. It can be seen that engineering construction harmony management is a process in
which the stakeholders of the project comprehensively use management means, tools, and
methods to coordinate and solve the contradictions between the elements of engineering
construction and the problems between the elements and the environment.

In the doctoral thesis, combined with the characteristics and contents of engineering
construction, the elements of engineering construction are divided into “Ren” elements,
“Wu” elements, and “Shi” elements [12]. This study puts forward that problems abound
in the project, such as the balance of construction objectives, the balance of interests of
construction organizations, the adaptation of construction technology, and the coordina-
tion between the internal elements of the construction and the surrounding environment.
Therefore, how to coordinate and solve the contradictions between the subsystems of
engineering so that they can develop harmoniously is a problem that needs to be discussed
in engineering construction harmony management.

According to the doctoral thesis [12], the contents of engineering construction harmony
include (1) “Ren harmony”, which is the coordination of multi-agent interests of “Ren” in
engineering organization [1]; (2) “Wu harmony”, which is the multi-constraint objective
balance of the project and its “Wu” elements [13]; and (3) “Shi harmony”, which is the
matching of “Shi” elements such as engineering construction technology and management
methods [14]. Then, on the basis of the three subsystems of RH, WH, and SH, the harmony
between the subsystems and the external environmental factors of natural ecology, social
humanities, and political economy is realized so as to achieve engineering construction
harmony under the joint action of Ren, Shi, and Wu.

In all, the subsystems of “Ren-Shi-Wu” are restricted by the external environmental fac-
tors of natural ecology, social humanities, and political economy. The coupling of the three
subsystems and the external environments can ultimately achieve engineering harmony.
Engineering construction harmony strives to realize the RH, WH, and SH, as well as their
harmony with external environmental factors, thus promoting the realization of the com-
prehensive benefit goal of the project. The realization degree of engineering construction
harmony can be evaluated by the “harmony degree” [7,15]. However, “harmony degree” is
a relatively vague concept. The concepts of RH, WH, and SH in engineering harmony are
also relatively abstract. How the three subsystems of RH, WH, and SH affect the realization
of engineering harmony objectives, and how the external environmental factors such as
natural ecology, social humanities, and political economy affect and adjust the influence
mechanism of RH, WH, and SH on engineering harmony need to be further explored.
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2. Literature Review and Concept Connotation
2.1. Literature Review

The impacts of the three subsystems of RH, WH, and SH on engineering harmony, as
well as the moderating effects of external environmental factors such as natural ecology,
social humanities, and political economy on engineering harmony, were explored in this
study. Therefore, a literature review was conducted from two aspects: engineering con-
struction harmony and its influencing factors, as well as the relationship between natural
ecology, social humanities, political economy, and engineering construction harmony.

2.1.1. Engineering Construction Harmony and Its Influencing Factors

The concept of engineering construction harmony was clearly proposed in the doctoral
thesis, and a relatively systematic and in-depth study was conducted on the management
mechanism of engineering construction harmony [12]. Furthermore, the multi-agent inter-
est coordination of engineering construction in the dimension of RH, the multi-constraint
objective balance of engineering construction in the dimension of WH, as well as the multi-
corresponding relationship adaptation of engineering construction in the dimension of SH
were further explored. It is found that the conditional variables in the dimensions of Ren,
Shi, and Wu all play important roles, and they are not isolated from each other.

Engineering harmony has a traditional Chinese connotation. Therefore, in the database
of Web of Science Core Collection, documents on the topic of engineering harmony and re-
lated keywords, such as project success, project performance, and project satisfaction, were
collected. In terms of influencing factors, many scholars have studied the key influencing
factors of whether the project can achieve harmony [16–19], discussed the interaction be-
tween these key factors and engineering harmony, and analyzed the causes of engineering
disharmony [3,20,21]. It mainly includes the following aspects.

First of all, the influences of project managers, organizations, and contractors on engi-
neering construction harmony are included in the literature, such as the influence of project
managers’ personal leadership [17,18] and construction management experience [22] on
engineering harmony [23], the influence of managers’ moral quality on the construction
project performance [24], as well as the effects of engineering organizational culture [25],
team diversity [26], team knowledge sharing [27], cooperation and integration degree [28],
and maturity of engineering design [29] on engineering harmony. The relationship between
the management of contractors and subcontractors and engineering harmony [30,31] in-
cludes the impact of a long-term stable relationship [32] or distrust between contractors
and subcontractors on the construction project performance [33].

Secondly, as the main objectives of engineering management are quality, duration, cost,
and risk, a lot of the literature mainly focuses on the relationship between factors such as
quality, duration, cost, safety, and risk and the realization of engineering harmony [2,6,34].
Wang Qiankun used the meta-analysis method to conduct further research on 29 original
studies and found that quality, duration, cost, and risk have positive impacts on the realiza-
tion of engineering harmony [13]. Wyke and Lindhard (2023) used the principal component
analysis method to identify potential factors that affect the cost and duration overruns of
public construction projects [35]. Yang and Yu used survey data and a structural equation
model to evaluate the relationship between project planning, knowledge integration, and
engineering harmony [36].

Finally, information and communication technology promotes engineering har-
mony [37]. For example, digital construction can effectively improve project perfor-
mance [38]. Machine learning is applied to construction contract management [39]. BIM has
brought great advantages to project delivery and performance [40]. The combination of BIM
technology and workflow is conducive to the coordination among project participants [41].
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2.1.2. Relationship between External Environmental Factors and Engineering
Construction Harmony

Combined with the regulating factors of engineering construction harmony discussed
in this paper, the research status of external environmental factors such as natural ecology,
social humanities, and political economy related to harmonious engineering construction
is summarized.

(1) Natural ecology and engineering construction harmony.

Rendle et al. [42] put forward the project site selection steps to reduce the project
cost and failure risk according to the environmental and physical conditions. Through the
environmental management analysis of hydropower projects, Zhang et al. [43] found that
public participation and environmental protection resource investment are the key to the
success of the project. Narita et al. [44] studied the robustness of project performance under
the high uncertainty of climate change.

(2) Social humanities and engineering construction harmony.

Cultural differences may lead to widespread conflicts between international joint
ventures in terms of technology and norms. The technical, cultural, and political relations
among international contracting organizations are complex, and cultivating innovative
culture is the key factor in improving organizational competitiveness [45]. Liu et al. [46]
discussed the influence of national cultural differences on the project performance of
joint ventures. Nguyen et al. [47] analyzed the impact of project organizational culture
on construction project performance through empirical investigation. Wehi et al. [48]
pointed out the importance of incorporating cultural customs into ecological restoration by
combining cultural utilization with ecological restoration.

(3) Political economy and engineering construction harmony.

Risk factors can pose a threat to the time, cost, and quality objectives of the project.
Some scholars have discussed the impacts of external risk factors on project objectives and
engineering harmony [49], including economic, political, and force majeure factors [50].
Kassem et al. [51] used structural equation modeling to explore the impacts of economic,
political, and force majeure factors on the success of construction projects and determine
internal and external key risk factors [50]. It is conducive to reducing the impact of political
risk factors on project success.

2.1.3. Literature Summary

In summary, the issue of harmonious management in the field of engineering con-
struction has been studied from different perspectives, and some valuable results have
been achieved. The existing related research mainly focuses on the study of one or several
elements, such as the impacts of quality, duration, cost, and risk objectives on the realization
of engineering harmony; the impacts of the project manager, project organization, and
contractor’s behavior on engineering harmony; the impacts of project planning, design,
collaboration, and integration on engineering harmony; and the promotion effect of infor-
mation technology on engineering harmony. The above research provides valuable data
and an important reference for this study. However, most of these studies focus on the
relationship between factors and engineering harmony, and few studies consider some
factors as moderator variables and analyze the moderating effects of these factors on the
realization of engineering construction harmony.

In particular, in the doctoral thesis [12], the specific mechanism of realizing engineer-
ing construction harmony is studied from three different perspectives: Ren, Shi, and Wu.
However, based on the internal perspective of the engineering system and the configura-
tion perspective between Ren, Shi, and Wu, the dynamic influence of external factors in
engineering construction is not considered, and the research on the influence mechanism of
RH, SH, WH, and external environmental factors (natural ecology, social humanities, and
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political economy) is not mentioned in the doctoral thesis. This provides an opportunity
for this paper.

2.2. Concept Connotation
2.2.1. Engineering Construction Harmony

Engineering construction harmony embodies the core concept and essence of tradi-
tional Chinese culture, and it is a process of coordinating and solving many contradictions
among the elements of Ren, Shi, and Wu and between them and the environment. “Ren” is
the subject of engineering construction, which is the integration of various stakeholders,
teams, and individuals, including owners, supervisors, builders and designers. “Wu” is
the object of engineering construction, and it is the integration of the objects of material
resource elements. “Shi” is the technical relationship between “Ren” and “Wu”, including
engineering technology, management methods, and construction schemes [12]. The sub-
systems of “Ren-Shi-Wu” are restricted by the external environmental factors of natural
ecology, social humanities, and political economy. The coupling of the three subsystems
and the external environments can ultimately achieve engineering harmony.

The concept of engineering construction harmony was clearly proposed in the doctoral
thesis [12]. The problems to be solved to realize engineering construction harmony include
the following: first, the harmony of “Ren” in engineering construction organization, “Ren
harmony (RH)”; second, the harmony of “Wu” in engineering construction projects, “Wu
harmony (WH)”; third, the harmony of “Shi” that Ren acts on Wu, “Shi harmony (SH)”;
and fourth, the harmony between each subsystem and external environmental factors,
which include natural ecology, social humanities, and the political economy. Based on the
above analysis, the logical architecture of engineering construction harmony is shown in
Figure 1.
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Figure 1. Logical structure of engineering construction harmony.

2.2.2. Ren Harmony, Wu Harmony, and Shi Harmony

(1) Ren Harmony (RH)

“Ren” is the most dominant factor in engineering construction harmony, with multi-
dimensional attributes such as “economic man”, “social man”, and “complex man” [1].
The ideology, values, professional ethics, work attitude, and interpersonal skills of “Ren”
collectively determine the connotation and extension of “Ren harmony”. RH refers to
the consistency of action rules and guidelines exhibited by engineering organizations,
teams, and individuals in the process of realizing their respective interests. It is committed
to achieving the synergy of engineering construction organizations but does not require
complete consistency in the behavioral norms and guidelines of “Ren”. Multiple agents
and interests are allowed to exist, and the harmonious state of engineering organization
goals can be achieved.

(2) Wu Harmony (WH)

“Wu” is an important material guarantee for engineering construction, which involves
generalized “Wu” elements such as machinery, equipment, materials, funds, quality, dura-
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tion, and cost objectives [13]. WH means that the material elements can always be rationally
allocated and effectively utilized. Even under the conditions of emergency, difficulty, and
danger, it can still meet the material element demands of engineering construction. WH is
the functional goal of engineering construction harmony and the state achieved by “making
the best use of everything”. Material elements can effectively ensure the completion of
engineering objectives, and resources can be rationally allocated and effectively utilized.

(3) Shi Harmony (SH)

“Shi” refers to the relationship that “Ren” has with “Wu”. It is the necessary method
and tool for engineering construction. It includes construction technology, management
means, and information methods needed to realize engineering value, construction goals,
and tasks [14]. SH is a means of engineering construction harmony. It refers to the harmony
of various engineering technologies and management means in engineering construction.
It is the state of “getting twice the result with half the effort” in engineering construction.
SH is based on technology and method innovation.

2.2.3. Natural Ecology, Social Humanities, and Political Economy

The external environment brings both opportunities and threats to the survival and
development of organizations. Drawing lessons from the classification of the environment
in management, the engineering construction environment can be divided into a general
environment and a specific environment [52]. The moderating effect of the general environ-
ment on engineering harmony is discussed in this paper, including natural ecology, social
humanities, and political economy. In the natural ecology, social humanities, and political
economy environments in which the project is located, tangible or intangible constraints
are formed on the engineering construction of the project. This poses a challenge to the
realization of engineering harmony.

(1) Natural Ecology

Natural ecology includes topography, geomorphology, geology, climate, hydrology,
and so on. The harsh natural ecological environment will significantly increase the difficulty
of project construction and management and increase the project cost. The natural ecology
should be fully considered in engineering management. A complete construction scheme
should be made according to the complex construction environment and conditions.

(2) Social Humanities

Social humanities refer to the traditional social concepts and humanistic qualities of
the country or region where the organization is located, such as customs, cultural traditions,
values, and religious beliefs. Engineering is endowed with many humanistic connotations.
For example, whether humanistic factors are integrated into the design, whether there is
humanistic care in construction management, and whether the engineering products reflect
customs, cultural traditions, brand culture, team culture, and spiritual culture belong to
humanistic connotations.

(3) Political Economy

Political economy refers to the overall political stability of the country where an
organization is located. It is the specific attitude of the government toward the development
of the organization. It also refers to the socio-economic and national economic policies
that constitute the survival and development of enterprises, including the political system,
government policies, legal system, international relations, fiscal policies, tax policies, bank
interest rates, exchange rates, price levels, disposable income status of residents, and supply
and demand of labor force.

3. Basic Assumptions and Conceptual Model
3.1. The Moderating Effect of Natural Ecology

Natural ecology is closely related to the process and results of engineering construction.
According to the community theory [53], on the one hand, natural ecology is the basic
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condition for human survival. The elements, functions, and structures of natural ecosystems
all affect engineering construction. Once the natural ecology is out of balance, the bad
natural ecological conditions will hinder the project’s progress, increase the project cost,
and destroy the engineering harmony. On the other hand, engineering construction has an
impact on the natural ecology. The concept of engineering ecological development with
man and nature as the core should be embodied in engineering construction. For example,
a team with outstanding professional skills can design and construct under the premise of
protecting the natural ecology so as to reduce the damage of the project to the ecological
environment. Engineering participants should respect and protect natural ecology in
engineering construction and promote the formation of a new pattern of harmonious
coexistence between man and nature. To sum up, this study believes that to maintain
the harmonious development of engineering, the engineering team should adhere to the
coordination between the organization and the natural ecology. Moreover, the natural
ecological balance positively regulates the promotion effect of RH on engineering harmony.
Based on this, the following assumption is made.

H1a. Natural ecology positively regulates the promotion effect of RH on engineering construction harmony.

A natural ecological environment can strengthen the relationship between WH and
engineering harmony. Starting from the engineering system theory [54], engineering
construction harmony pursues the establishment of the best relationship between many
elements inside and outside the organization. It emphasizes maximizing the positive role of
the various system elements and reducing the negative impact. Therefore, the coordination
of the internal and external structure of the engineering construction organization and
construction relationship is realized, and the optimization of quality, duration, and cost
is realized. In engineering construction, excessive demand for natural ecology, excessive
emphasis on current benefits, and neglect of the harmonious unity between engineering
construction and natural ecology will cause problems such as excessive resource consump-
tion and environmental pollution. This will be detrimental to engineering construction
harmony. The constraints of natural ecology require that the complex construction envi-
ronment and conditions should be taken into account to better control the project quality,
cost, and duration. It can be seen that good natural ecological conditions are important
conditions for high engineering quality, feasible costs, and reasonable construction peri-
ods. Ultimately, the maximization of engineering benefits and management efficiency is
achieved. Therefore, the following assumption is proposed.

H2a. Natural ecology has a positive moderating effect on WH and engineering construction harmony.

The harmony of natural ecology emphasizes the harmonious coexistence between
man and nature and maintains the engineering harmony of natural ecology. It requires
full respect for the right to survival and development of nature. Engineering design and
construction should be carried out in accordance with the objective laws of natural ecology.
According to the theories of ecological carrying capacity and sustainable development [55],
under a certain condition, a certain individual has the highest limit number. The resources
available for the project in nature are limited. The destruction of the natural environment
will definitely threaten engineering harmony. The sustainability of resources and ecosys-
tems is the primary condition for maintaining the sustainable development of human
society. In engineering management, to maintain the harmony and stability of the natural
ecology, the construction party must avoid the use of technologies, methods, and means
that cause excessive damage to the environment or serious overdraft of natural resources.
The engineering construction behavior exceeding the ecological carrying capacity will
certainly destroy the environment, affect the sustainability of the project, and cause irre-
versible consequences. In summary, this study believes that to maintain the harmonious
development of the project, the technologies, methods, and means that respect the natural
ecology should be adopted by the construction party. The stability and sustainability of the
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natural ecology will positively regulate the promotion effect of SH on engineering harmony.
Based on this, the following assumption is made.

H3a. Natural ecology positively regulates the promotion effect of SH on engineering construction harmony.

3.2. The Moderating Effect of Social Humanities

According to the social contract theory [56], industry norms and engineering values are
reflected in contract justice and engineering personnel ethics. Contract justice is premised
on the professional integrity and ethical morality of engineering personnel. Engineering
personnel must possess sufficient professional integrity and ethical morality. They jointly
promote engineering construction from the perspective of concepts, ethics, systems, and
other aspects. By changing the traditional concept of engineering construction and inte-
grating local culture with engineering, the cultural value of the project has been realized,
thus achieving the balance of economic value, social value, and ecological value. Without a
sound management mechanism, such as a safety system and construction standards, it is
easy to cause engineering accidents. Meanwhile, if the engineering personnel lose the pro-
fessional ethics, internal corruption and sabotage are prone to occur. It will directly affect
the quality of the project and is not conducive to the realization of engineering harmony. A
good social and humanistic environment promotes the improvement of the contract spirit
of engineering personnel and enhances the cohesion of the engineering construction team.
Therefore, the following assumption is made.

H1b. Social humanities positively regulate the promotion effect of RH on engineering construction harmony.

With the improvement of people’s humanistic quality, engineering projects are en-
dowed with more and more social and humanistic connotations. Whether the region,
religion, culture, art, etc., are taken into account in the engineering design and whether
there is humanistic care in the construction management are all social and cultural envi-
ronmental factors that need to be considered. Meanwhile, higher requirements are being
put forward for the quality of building materials, environmental protection, and energy
saving. Under the constraint of social and humanistic environment, on the one hand, the
project chooses low-carbon, environmentally friendly, green, and energy-saving materials
to promote engineering harmony in engineering ethics. On the other hand, the humanistic
connotation of engineering is inseparable from the designer’s inspiration and team culture.
Engineering can accumulate, inherit, and innovate more classic cultural connotations and
details. On the contrary, if people ignore the constraints of the social and humanistic envi-
ronment, energy conservation, and environmental protection and neglect customs, cultural
traditions, and religious beliefs, it can easily lead to problems such as non-compliance
with environmental protection requirements and unsold engineering products, making it
difficult to achieve the benefits of all aspects of the project. Therefore, this study proposes
the following hypothesis.

H2b. Social humanities have a positive moderating effect on WH and engineering construction harmony.

A good social and humanistic environment is very important for engineering man-
agement. The social and humanistic environment in different regions is very different.
Fully respecting local customs, lifestyles, and religious beliefs will provide a strong boost
to engineering construction. According to the stakeholder theory [57], stakeholders refer
to groups or individuals that affect the production and operation of an organization. The
realization of engineering value and the generation of resource value depend on stakehold-
ers. Correctly handling the relationship between enterprises and stakeholders will help to
achieve organizational goals and improve enterprise performance. Engineering construc-
tion is based on the market environment, and the process of engineering construction is the
process of interaction among stakeholders. Engineering construction should pay attention
to communication with stakeholders. It should adopt appropriate construction techniques,
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methods, and strategies without harming the interests of stakeholders so as to carry out
engineering construction more efficiently. In a good social and humanistic environment, all
stakeholders can maintain a harmonious relationship and engineering construction faces
fewer obstacles. Therefore, the following assumption is made.

H3b. Social humanities positively regulate the promotion effect of SH on engineering construction harmony.

3.3. The Moderating Effect of Political Economy

According to the theory of coordinated development [58], when a country’s economic
development undergoes transformation and upgrading, the formulation and continuous
updating of political and economic systems, as well as the coordinated development of
systems across regions and departments, jointly promote engineering harmony. With the
adjustment of national and local legal situations and the upgrading of economic policies,
the demand for engineering projects has been constantly adjusted, and the quality and
acceptance standards of engineering projects have been continuously improved. If the
engineering construction team actively grasps the direction and trend of political and
economic changes and actively adapts to the political and economic environment, it can
reduce engineering risks and promote engineering construction harmony. Investors should
accurately grasp the complexity of stakeholders and the dynamic nature of the economic
environment, coordinate the development situation of engineering and macro-economy,
and promote engineering construction harmony. The following assumption is made.

H1c. Political economy positively regulates the promotion effect of RH on engineering construction harmony.

The introduction of political and economic policies plays a leading and binding role
in engineering construction. All projects must be carried out within the scope of policy
permission, legal legality, and institutional compliance. The laws, systems, and norms of
engineering construction put forward requirements for engineering machinery, equipment,
and materials, as well as engineering quality, safety, and risk. With the continuous improve-
ment and standardization of policies and systems, project management has become more
scientific, refined, and systematic, and the efficiency of resource allocation and utilization
has become higher and higher. The political and economic environment has improved the
difficulty and complexity of engineering management to a certain extent. However, from
the perspective of sustainable development, it is conducive to standardizing engineering
construction behavior and promoting the improvement of project quality. Therefore, the
following assumption is put forward.

H2c. Political economy has a positive moderating effect on WH and engineering construction harmony.

Engineering construction is influenced by various factors such as national economic
policies, political stability, and financial environment. According to the dynamic capability
theory [59], to seize business opportunities, organizations need to have a strong speed of
technological innovation so as to adapt to the needs of economic globalization, market
integration, and customer diversification [60]. Organizations need to have the ability to
make quick decisions based on external market changes, thereby significantly enhancing
competitive advantage. Political risks mainly stem from the stability of laws and policies in
the location of the project, the efficiency of government work, and the business environment.
Economic risks mainly stem from the economic strength and development trend of the
project location, including a sound and perfect market and the norms of contract behavior.
If an organization gradually improves its technology and methods, it will significantly
enhance its dynamic adaptability. It is beneficial for the organization to cope with the com-
plex and ever-changing political and economic environment of the market. In a favorable
political and economic environment, enterprises face lower political and economic risks
and can enjoy the incentives and dividends of economic development, which is conducive
to engineering harmony. Based on this, this article proposes the following hypothesis.
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H3c. Political economy positively regulates the promotion effect of SH on engineering construction harmony.

3.4. Conceptual Model

Engineering construction has experienced the development process of human beings’
“reverence for nature, conquest of nature, and harmonious coexistence between man and
nature”. Engineering harmony means “engineering should be friendly and coordinated
with people and natural environment”. In other words, engineering construction should
respect and recognize the objective laws of nature. Engineering construction should reduce
the impact on natural resources and the environment while considering the economic and
social impact.

The specific mechanism of realizing engineering construction harmony is studied from
three different perspectives of Ren, Shi, and Wu in the doctoral thesis [12]. However, in
the doctoral thesis, the dynamic influence of external factors in engineering construction
is not considered, and the research on the influence mechanism of RH, SH, WH, and
external environmental factors (natural ecology, social humanities, and political economy)
is not mentioned.

The three subsystems of RH, WH, and SH affect the realization of engineering harmony
objectives. The external environmental factors, such as natural ecology, social humanities,
and political economy, affect and adjust the influence mechanism of RH, WH, and SH on
engineering harmony. Based on the above conceptual connotation and basic assumptions,
the conceptual model is constructed as shown in Figure 2.
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4.2. Questionnaire Survey

A questionnaire survey is a method to collect data by designing detailed questionnaires
and asking respondents to answer accordingly. In this paper, questionnaires are designed
and recovered to collect the data for analysis.

4.2.1. Selecting Variables

Engineering construction harmony embodies the core concept and essence of tradi-
tional Chinese culture. It is a process of coordinating and solving many contradictions
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among the elements of Ren, Shi, and Wu and between them and the environment. The
content of engineering construction harmony includes (1) “Ren harmony”, which is the
coordination of multi-agent interests of “Ren” in engineering organization; (2) “Wu har-
mony”, which is the multi-constraint objective balance of the project and its “Wu” elements;
and (3) “Shi harmony”, which is the matching of “Shi” elements such as engineering con-
struction technology and management methods. Then, on the basis of the three subsystems
of RH, WH, and SH, the harmony between the subsystems and the external environmental
factors of natural ecology, social humanities, and political economy is realized so as to
achieve engineering construction harmony under the joint action of Ren, Shi, and Wu.

This study aims to explore the impacts of the three subsystems of RH, WH, and SH on
engineering harmony, as well as the moderating effects of external environmental factors
such as natural ecology, social humanities, and political economy on engineering harmony.
Based on the above analysis, engineering construction harmony is considered the outcome
variable. The three subsystems of RH, WH, and SH on engineering harmony are selected
as antecedent variables. Natural ecology, social humanities, and political economy are
selected as moderator variables.

4.2.2. Questionnaire Design

On the basis of extensive review of previous literature, the measurement of variables
is based on the revision of the maturity scale of domestic and foreign scholars. The
Likert 5-level scale is adopted in this study, where “1” means that you strongly disagree,
“2” means that you relatively disagree, “3” means that you generally agree, “4” means that
you relatively agree, and “5” means that you strongly agree [61]. Variables and a total of
31 items were designed, as shown in Table 1.

Table 1. Questionnaire items.

Variables Number Items References

Control
variable

1 Your gender

2 Your age bracket

3 Your educational background

4 What is the nature of your work unit?

5 How many years have you worked in the engineering industry?

Ren harmony

6 You are clear about your role in the organization and your work tasks.

Jia Fuwei, (2018) [62];
Tan Lingling, (2019 [63]

7 You can better complete the tasks assigned by the organization.

8 You agree with the team’s work objectives.

9 You think the team can respond quickly to unexpected events and make the
right decision.

Wu harmony

10 You think that the number of production tools (hardware, software, etc.) needed in the
construction process can be met.

11 You think that the quality (specification, grade, etc.) of the production tools in the
construction process can meet the needs of construction.

12 You think that the construction technology and management method of this project
are more advanced in the construction process.

13 There is no waste of resources in your team.

Shi harmony

14 Your team can well decompose the overall project objectives into a number of
reasonable phased objectives (including quality, duration and cost objectives).

15 Your team can well complete the phased objectives (including quality, duration and
cost objectives).

16 There is no major safety accident in your project.

17 Your team has a detailed risk response strategy.
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Table 1. Cont.

Variables Number Items References

Natural
ecology

18 Your project has no impact on the surrounding natural environment and social
production.

She Jianjun, (2007) [64]

19 The construction of your project will not affect the normal life of the surrounding
residents.

20 Your project used green energy or materials in the construction process.

Social
humanities

21 The historical inheritance of your project is high.

22 Your project has a high degree of integration with urban culture.

23 Your project can enhance the brand image of the city.

Political
economy

24 The rise of local material level has not had a substantial impact on the project
construction.

25 Changes in exchange rates and tax rates have not had a substantial impact on the
project construction.

26 The policies of local government have a promotion effect on the smooth construction
of your project.

27 Changes in relevant government quality standards and specifications have not
affected the project construction.

Engineering
construction

harmony

28 The overall benefit of your project is high.

Shan Yinghua, (2015) [65]
29 Your project has a high degree of synergy in the construction process.

30 The resource allocation of your project is timely and reasonable.

31 Different units in your project have a high degree of technical cooperation.

4.2.3. Questionnaire Distribution and Collection

According to questionnaire design above, the preliminary questionnaire was dis-
tributed to two construction units for trial filling and revised accordingly. A formal ques-
tionnaire was then created and distributed. The questionnaire star platform was used
to obtain the raw data (https://www.wjx.cn/vm/PS1a5US.aspx (accessed on 26 August
2022)), as shown in the part of Supplementary Materials. English questionnaire can be
found in Appendix A.

Engineering construction harmony management is a process in which the stakeholders
of the project comprehensively use management means, tools, and methods to coordinate
and solve the contradictions between the elements of engineering construction and the
problems between the elements and the environment. So, the survey participants need to
have certain experience in engineering construction. The questionnaire was distributed
through e-mails, the online questionnaire platform, WeChat (version 8.0.8), and so on. There
are three main methods: (1) The contact information of corresponding authors published in
CNKI, WANFANG, CQVIP, and other core journals with research related to the subject was
collected. The corresponding industry practitioners and researchers were then invited to
fill out a mail questionnaire. (2) The contact information of practitioners and researchers is
obtained by participating in relevant conferences and forums in the construction industry.
(3) Questionnaire invitations were issued to the professional practice teachers and previous
graduates engaged in the industry.

Data collection was conducted from 11 August 2022 to 25 August 2022, and a total of
294 questionnaires were collected. The questionnaire data were screened by the missing
value test and abnormal value test, and questionnaires with less than 40 s answer times
were excluded. Finally, 268 complete and valid responses were retained. The effective
recovery rate of the questionnaire was 91%.

4.3. Statistical Package for the Social Sciences (SPSS)

In this study, Statistical Package for the Social Sciences (SPSS26.0) hierarchical regres-
sion analysis is used to test the moderating effects of natural ecology, social humanities,

https://www.wjx.cn/vm/PS1a5US.aspx
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and political economy on RH and engineering harmony, and the operation is carried out
according to the test steps summarized by Wen Zhonglin et al. (2005) [66].

5. Results
5.1. Descriptive Statistics of the Respondents

First, a descriptive analysis of the overall situation of the survey participants was
conducted. Among the respondents, 221 men account for 82.5%, and 47 women account
for 17.5%, with a ratio of 4.7: 1. In terms of age, 136 people aged 25–35 years old account
for about half of the total number of respondents. In addition, in terms of academic
qualifications, 80 people with a bachelor’s degree account for 29.9%; 168 people with a
bachelor’s degree account for 62.7%, reaching more than half. In terms of the nature of
the unit, the construction unit has 218 people, accounting for 81.3% of the total number of
respondents. In terms of years of employment, there are 93 people with more than 10 years,
accounting for 34.7% of the total number of respondents, as shown in Table 2. The results
are shown graphically in Figures 4–7.

Table 2. Descriptive statistics of the respondents.

Items Category
Number of

Respondents
(N = 268)

Percentage (%)

Gender
men 221 82.5

women 47 17.5

Age

under 25 years old 59 22.0

25–35 years old 136 50.8

35–45 years old 43 16.0

45–55 years old 23 8.6

over 55 years old 7 2.6

Education
background

below bachelor’s degree 80 29.9

bachelor’s degree 168 62.7

master’s degree
(including students) 18 6.7

doctoral degree
(including students) 2 0.7

Nature of work unit

owner 45 16.8

construction 218 81.3

consultation 1 0.4

other units 4 1.5

Years of employment

under 2 years 67 25.0

2~5 years 52 19.4

5~10 years 56 20.9

over 10 years 93 34.7
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5.2. Reliability and Validity Tests

The reliability test is carried out to ensure its reliability and stability. Judging from
the test time and content of the subjects, reliability can be divided into internal trust and
external trust. Internal trust refers to a set of problems to measure the same variable, that is,
the consistency within the problem and the stability of this variable. The most common
test method is Cronbach’s α coefficient. External trust refers to the consistency of the test
results of the same subject in different periods. In this paper, the variables are tested on the
basis of alpha proposed by Cronbach in 1951, and the formula is as follows.

α =
k

k − 1

(
1 − ∑k

i=1 s2
i

s2
T

)
(1)

where k is the total number of questionnaire questions, s2
i is the variance of the score of the

i-th question, and s2
T is the variance of the total score. The Cronbach’s α coefficient is the

most commonly used reliability coefficient at present. In general, 0.65~0.70 is the minimum
acceptable value, 0.70~0.80 indicates quite good, and 0.80~0.90 is very good. In this study,
the questionnaire data were analyzed and processed by SPSS26.0 software, and the results
shown in Table 3 were obtained. The values of alpha for RH, WH, SH, natural ecology,
social humanities, and political economy are 0.911, 0.934, 0.924, 0.904, 0.904, and 0.917,
respectively. The overall Cronbach’s alpha is 0.984 and 0.943. Among them, Cronbach’s
values of the latent variables are all greater than 0.7, indicating that the reliability of the
sample data is strong. Thus, the internal consistency coefficient of the calculation scale
of all variables essentially meets the requirements, and the observable variables of each
sample are relatively reliable.

Table 3. Reliability test.

Variables Cronbach’s Alpha Number of Items

Ren Harmony (RH) 0.911 4

Wu Harmony (WH) 0.934 4

Shi Harmony (SH) 0.924 4

Natural ecology 0.904 3

Social humanities 0.904 3

Political economy 0.917 4
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Secondly, the validity analysis is carried out. The KMO test tests the relative size of
the simple correlation coefficient and the partial correlation coefficient between the original
variables. The formula is as follows.

KMO =
∑ ∑i ̸=j r2

ij

∑ ∑i ̸=j r2
ij + ∑ ∑i ̸=j r2

ij·1,2...k
(2)

For the KMO metric, 0.9 or more is very suitable, 0.8 indicates suitable, 0.7 means
general, 0.6 is not suitable, and 0.5 or less is extremely unsuitable. When the sum of squares
of simple correlation coefficients among all variables is far greater than that of partial
correlation coefficients, the KMO value is close to 1. The closer the KMO value is to 1, the
stronger the correlation between variables. When all KMO values are close to 0, it means
that the correlation between variables is weaker. The KMO value of this study is 0.964,
indicating that the questionnaire structure is reasonable.

Finally, descriptive statistics and correlation tests are conducted on the control vari-
ables, independent variables, moderator variables, and dependent variables, and the results
are shown in Table 4. According to the correlation, it can be seen that RH is significantly
positively correlated with engineering harmony (r = 0.732, p < 0.01). WH is significantly
positively correlated with engineering harmony (r = 0.869, p < 0.01). SH is significantly
positively correlated with engineering harmony (r = 0.823, p < 0.01). They provide a basis
for further verification of the research hypothesis.
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Table 4. Correlation analysis.

Average
Value

Standard
Deviation Gender Age Education Unit Working

Years RH WH SH Social Hu-
manities

Natural
Ecology

Political
Economy

Engineering
Construc-

tion
Harmony

Gender 0.82 0.381 1
Age 2.19 0.962 −0.082 1

Education 1.78 0.592 −0.069 −0.112 1
Unit 1.88 0.478 −0.078 0.1 0.157 ** 1

Working
years 2.65 1.194 −0.044 0.693 ** −0.096 0.122 * 1

RH 4.077 0.902 0.012 −0.064 −0.088 −0.049 −0.056 1
WH 3.782 0.997 0 −0.145 * −0.039 −0.084 −0.160 ** 0.826 ** 1
SH 3.965 0.961 −0.003 −0.104 −0.028 −0.053 −0.135 * 0.851 ** 0.911 ** 1

Social
humanities 3.842 1.007 −0.001 −0.113 0.024 −0.08 −0.133 * 0.811 ** 0.844 ** 0.877 ** 1

Natural
ecology 3.828 1.007 −0.02 −0.105 0.011 −0.101 −0.141 * 0.802 ** 0.818 ** 0.829 ** 0.876 ** 1

Political
economy 3.703 1.011 −0.019 −0.154 * −0.011 −0.08 −0.200 ** 0.746 ** 0.850 ** 0.823 ** 0.829 ** 0.861 ** 1

Engineering
construction

harmony
3.655 1.08 0.004 −0.167 ** 0.002 −0.112 −0.178 ** 0.732 ** 0.869 ** 0.823 ** 0.850 ** 0.828 ** 0.900 ** 1

Note: * means p < 0.05; ** means p < 0.01.
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5.3. Result Analysis

In this study, the hierarchical regression method is used to test the hypothesis, and the
test results are shown in Table 5. M1 in the table is the analysis result of introducing control
variables into the regression model. M2 is obtained by adding the explanatory variable
RH on the basis of M1. The results show that RH is significantly positively correlated with
engineering harmony (β = 0.726, p < 0.001). It means RH can promote engineering harmony
management, so the hypothesis of H1 is supported. Similarly, M3 is obtained by adding the
explanatory variable WH on the basis of M1. The results show that WH has a significant
positive correlation with engineering harmony (β = 0.861, p < 0.001). It means WH can
promote the development of engineering harmony, so H2 is supported. M4 is obtained by
adding the explanatory variable SH on the basis of M1. The regression results show that
SH is significantly positively correlated with engineering harmony (β = 0.812, p < 0.001). It
means SH can promote the development of engineering harmony, so H3 is supported.

Table 5. Main effect regression analysis.

Variable
Engineering Construction Harmony

M1 M2 M3 M4

Gender −0.015 −0.013 0.001 −0.003
Age −0.083 −0.042 −0.023 −0.064

Education −0.005 0.062 0.038 0.026
Work unit −0.090 −0.071 −0.041 −0.064

Working years −0.111 −0.095 −0.016 −0.014
RH 0.726 ***
WH 0.861 ***
SH 0.812 ***
∆F 2.391 * 310.667 *** 779.383 *** 541.861 ***
R2 0.044 0.563 0.760 0.689

∆R2 0.44 0.520 0.716 0.645
Note: * means p < 0.05; *** stands for p < 0.001.

(1) The moderating effects of natural ecology, social humanities, and political economy
on RH and engineering harmony

In this study, SPSS26.0 hierarchical regression analysis is used to test the moderating
effects of natural ecology, social humanities, and political economy on RH and engineering
harmony, and the operation is carried out according to the test steps summarized by
Wen Zhonglin et al. (2005) [66]. Firstly, the analysis of control variables is included to
obtain M1. Secondly, the natural ecology and RH are centralized, respectively, and then
the interaction term between RH and natural ecology is calculated. M2 represents the
relationship between engineering harmony and RH after decentralization. M3 is obtained
by adding decentralized natural ecological variables on the basis of M2, and M4 is obtained
by adding an interaction term between RH and natural ecology on the basis of M3. M5 is
obtained by incorporating decentralized social humanistic variables on the basis of M2, and
M6 is obtained by incorporating an interaction term between RH and social humanities on
the basis of M5. M7 is obtained by adding decentralized political and economic variables
on the basis of M2, and M8 is obtained by adding the interaction term between RH and
political economy on the basis of M7.

According to the conclusion obtained by Wen Zhonglin et al. (2005) [66], the signifi-
cant relationship between interaction items and engineering harmony shows that natural
ecology, social humanities, and political economy have moderating effects on RH and
engineering harmony. The results are shown in Table 6. M4 in the table shows that the
interaction term between RH and natural ecology plays a significant role in engineering
harmony (β = 0.097, p < 0.05). It means the natural ecology has a moderating effect on RH
and engineering harmony, so H1a is supported. M6 in the table shows that the interaction
term between RH and social humanities has no effect on engineering harmony (β = 0.081,
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p > 0.05). It means social humanities do not play a moderating effect on RH and engineer-
ing harmony, so H1b has not been verified. As shown in M8 in the table, the interaction
term between RH and political economy has no effect on engineering harmony (β = 0.025,
p > 0.05). It means the political economy does not play a moderating effect on RH and
engineering harmony, so H1c has not been verified.

Table 6. Moderating effect on RH and engineering harmony.

Variable
Engineering Construction Harmony

M1 M2 M3 M4 M5 M6 M7 M8

Gender −0.015 −0.013 0.007 0.007 −0.006 −0.007 0.013 0.013
Age −0.083 −0.042 −0.063 −0.060 −0.048 −0.051 −0.048 −0.048

Education −0.005 0.062 0.008 0.008 −0.007 −0.006 0.028 0.029
Work unit −0.090 −0.071 −0.027 −0.019 −0.037 −0.032 −0.044 −0.043
Working

years −0.111 −0.095 −0.027 −0.037 −0.037 −0.042 0.029 0.027

RH 0.726 *** 0.201 ** 0.269 *** 0.135 * 0.194 ** 0.140 ** 0.159 *
Natural
ecology 0.654 *** 0.647 ***

RH *
natural
ecology

0.097 *

Social
humanities 0.727 *** 0.720 ***

RH * social
humanities 0.081

Political
economy 0.791 *** 0.787 ***

RH *
political
economy

0.025

∆F 2.391 * 310.667 *** 127.561 *** 4.841 * 169.111 *** 3.576 380.997 *** 0.557
R2 0.044 0.563 0.7070 0.712 0.735 0.739 0.823 0.823

∆R2 0.44 0.520 0.144 0.005 0.172 0.004 0.260 0.000

Note: * means p < 0.05; ** means p < 0.01; *** stands for p < 0.001.

(2) The moderating effects of natural ecology, social humanities, and political economy
on WH and engineering harmony

In the same way, the moderating effects of natural ecology, social humanities, and
political economy on WH and engineering harmony are tested. Firstly, the analysis of
control variables is included to obtain M1. Secondly, the natural ecology and WH are
centralized, respectively, and then the interaction term between WH and natural ecology
is calculated and put into SPSS26.0 for statistical analysis. M2 represents the relationship
between engineering harmony and WH after decentralization. M3 is obtained by adding
decentralized natural ecological variables on the basis of M2. M4 is obtained by adding an
interaction term between WH and natural ecology on the basis of M3. M5 is obtained by
incorporating decentralized social humanistic variables on the basis of M2. M6 is obtained
by incorporating an interaction term between WH and social humanities on the basis of
M5. M7 is obtained by adding decentralized political and economic variables on the basis
of M2. M8 is obtained by adding the interaction term between WH and political economy
on the basis of M7. The results are shown in Table 7.
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Table 7. Moderating effect on WH and engineering harmony.

Variable
Engineering Construction Harmony

M1 M2 M3 M4 M5 M6 M7 M8

Gender −0.015 0.001 0.007 0.006 0.000 −0.001 0.013 0.012
Age −0.083 −0.023 −0.038 −0.038 −0.032 −0.032 −0.037 −0.037

Education −0.005 0.038 0.021 0.021 0.013 0.014 0.028 0.029
Work unit −0.090 −0.041 −0.026 −0.021 −0.033 −0.030 −0.037 −0.037
Working

years −0.111 −0.016 −0.005 −0.005 −0.014 −0.015 0.031 0.031

WH 0.861 *** 0.575 *** 0.585 *** 0.522 *** 0.525 *** 0.372 *** 0.379 ***
Natural
ecology 0.351 *** 0.374 ***

WH *
natural
ecology

0.062

Social
humanities 0.401 *** 0.417 ***

WH * social
humanities 0.036

Political
economy 0.582 *** 0.583 ***

WH *
political
economy

0.015

∆F 2.391 * 779.383 *** 52.106 *** 3.609 60.920 *** 1.258 163.480 *** 0.296
R2 0.044 0.760 0.800 0.803 0.806 0.807 0.853 0.853

∆R2 0.44 0.716 0.040 0.003 0.046 0.001 0.093 0.000

Note: * means p < 0.05; *** stands for p < 0.001.

In the table, M4 shows that the interaction term between WH and natural ecology has
no effect on engineering harmony (β = 0.062, p > 0.05). It means the natural ecology does
not play a moderating effect on WH and engineering harmony, so H2a has not been verified.
M6 shows that the interaction term between WH and social humanities has no effect on
engineering harmony (β = 0.036, p > 0.05). It means social humanities have no moderating
effect on WH and engineering harmony, so H2b has not been verified. M8 shows that the
interaction term between WH and political economy has no effect on engineering harmony
(β = 0.015, p > 0.05). It means the political economy has no moderating effect on WH and
engineering harmony, so H2c has not been verified.

(3) The moderating effects of natural ecology, social humanities, and political economy
on SH and engineering harmony

Similarly, according to the previous steps, SPSS26.0 hierarchical regression analysis
is used to test the moderating effects of natural ecology, social humanities, and political
economy on SH and engineering harmony. Firstly, the analysis of control variables is in-
cluded to obtain M1. Secondly, the natural ecology and SH are centralized, respectively, and
then the interaction term between SH and natural ecology is calculated. M2 represents the
relationship between engineering harmony and SH after decentralization. M3 is obtained
by adding decentralized natural ecological variables on the basis of M2. M4 is obtained
by adding an interaction term between SH and natural ecology on the basis of M3. M5 is
obtained by incorporating decentralized social humanistic variables on the basis of M2. M6
is obtained by incorporating an interaction term between SH and social humanities on the
basis of M5. M7 is obtained by adding decentralized political and economic variables on
the basis of M2. M8 is obtained by adding the interaction term between SH and political
economy on the basis of M7. The results are shown in Table 8.
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Table 8. Moderating effect on SH and engineering harmony.

Variable
Engineering Construction Harmony

M1 M2 M3 M4 M5 M6 M7 M8

Gender −0.015 −0.003 0.007 0.005 −0.003 −0.005 0.013 0.012
Age −0.083 −0.064 −0.067 −0.064 −0.055 −0.057 −0.053 −0.054

Education −0.005 0.026 0.008 0.008 −0.003 −0.002 0.022 0.024
Work unit −0.090 −0.064 −0.036 −0.028 −0.043 −0.037 −0.045 −0.044
Working

years −0.111 −0.014 −0.004 −0.007 −0.018 −0.020 0.038 0.038

SH 0.812 *** 0.438 *** 0.475 *** 0.338 *** 0.368 *** 0.258 *** 0.281 ***
Natural
ecology 0.454 *** 0.476 ***

SH *
natural
ecology

0.100 **

Social
humanities 0.541 *** 0.557 ***

SH * social
humanities 0.077 *

Political
economy 0.684 *** 0.680 ***

SH *
political
economy

0.036

∆F 2.391 * 541.861 *** 66.478 *** 7.209 ** 70.577 *** 4.166 * 232.554 *** 1.400
R2 0.044 0.689 0.752 0.759 0.755 0.759 0.836 0.837

∆R2 0.44 0.645 0.063 0.007 0.066 0.004 0.147 0.001

Note: * means p < 0.05; ** means p < 0.01; *** stands for p < 0.001.

In the table, M4 shows that the interaction term between SH and natural ecology
plays a significant role in engineering harmony (β = 0.100, p < 0.01). It means the natural
ecology has a moderating effect on SH and engineering harmony, so H3a is supported. M6
shows that the interaction term between SH and social humanities plays a significant role
in engineering harmony (β = 0.077, p < 0.05). It means social humanities have a moderating
effect on SH and engineering harmony, so H3b is supported. M8 shows that the interaction
term between SH and political economy has no effect on engineering harmony (β = 0.036,
p > 0.05). It means the political economy does not have a moderating effect on SH and
engineering harmony, so H3c has not been verified.

6. Discussions and Conclusions

By constructing a model that RH, WH, and SH affect engineering construction har-
mony and introducing natural ecology, social humanities, and political economy as modera-
tor variables, the managers and constructors of engineering construction were investigated,
and 268 valid questionnaires were collected for empirical analysis. The main conclusions
are shown in Table 9.

Table 9. The moderating effects of environmental influencing factors.

Engineering
Construction

Harmony

Ren Harmony
(RH)

Wu Harmony
(WH)

Shi Harmony
(SH)

Natural ecology # × #

Social humanities × × #

Political economy × × ×
Note: # means “positively effect”; × means “no moderating effect”.
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6.1. The Impact of RH, WH, and SH on Engineering Harmony

(1) Ren harmony (RH) has a strong positive impact on engineering harmony.

In the process of engineering construction, it is necessary to put people first, make
full use of the elements of “Ren”, give full play to the enthusiasm and cooperation spirit
of employees, and improve their teamwork ability. It is conducive to the realization of
engineering construction harmony. By reasonably optimizing the organizational structure
and establishing good employee competition and cooperation relations, the coordination
among employees, organizations, and the external environment can be realized [67]. Previ-
ous studies have shown that coordination among team members can give full play to the
enthusiasm and initiative of engineering participants and reduce conflicts among members
in interests, culture, and psychology, thereby reducing the negative impact of subjectivity
and uncertainty. Engineering organizations are often composed of people from different
regions and cultures. It enhances the complexity of engineering construction harmony [68].
RH can realize the harmony of interpersonal relationships in the organization [69].

(2) Wu harmony (WH) has a significant positive impact on engineering harmony.

WH is the basic basis and functional goal of engineering construction harmony. It is
mainly manifested in the perfection and sufficiency of basic production equipment and
reasonable resource allocation in engineering construction [70]. WH is the foundation of
engineering construction harmony. It aims to achieve engineering quality, duration, and
cost objectives. In engineering construction, resource allocation, technological innovation,
quality control, and cost control will have a profound impact on engineering [71]. Firstly,
perfect equipment helps to improve the speed of engineering construction. Secondly, ad-
vanced construction technology and management means can effectively solve the problem
of resource imbalance. In addition, a higher level of material security system can effectively
promote the coordination of multi-objectives such as engineering quality, duration, and
cost, thereby achieving engineering harmony.

(3) Shi harmony (SH) has a significant positive impact on engineering harmony.

SH has a promotion effect on engineering construction harmony, and it is usually
achieved through the improvement of construction technology and scientific technological
innovation. Construction parties can increase technology research and development and
improve the technical level [11]. Strict engineering construction technology and standards
have been formulated to make the process more rigorous and avoid unnecessary waste.
The selection of different technologies will have different effects, and appropriate technolo-
gies can maximize efficiency. Through these technical means and management methods,
construction can improve its efficiency, reduce construction costs, and help construction
achieve a state of SH as much as possible.

6.2. The Moderating Effects of Natural Ecology

(1) Natural ecology positively regulates the promotion effect of RH on engineering harmony.

The natural ecological environment is the foundation of human production and devel-
opment. Engineering construction also has a certain impact on the natural ecology. Based
on the responsibility for the sustainable development of future generations, it is necessary
to fully consider the negative impact of engineering construction on natural ecology and
adhere to the concept of engineering ecological development based on the coordinated de-
velopment of man and nature [11]. An excellent organization team can combine the project
with the external environment while protecting the natural environment. Meanwhile, a
good natural ecology is embodied in a people-oriented ecological environment. It promotes
RH and further promotes the positive role of natural ecology between RH and engineering
harmony [13]. Therefore, the hypothesis of H1a is established.

(2) Natural ecology has no moderating effect on the promotion of WH to engineering harmony.

In the process of engineering construction, WH means making the best use of the
current resources and exceeding the value for money. The research shows that compared
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with the positive regulation of natural ecology on RH and engineering harmony, natural
ecology has a positive effect on WH and engineering harmony, but it is not significant.
Therefore, the hypothesis of H2a has not been verified. In the process of engineering
construction, the scheduling problem of resource surplus and resource shortage needs
special attention, and material plans and procurement need to be carried out according to
resource requirements. Because the material resources are limited, the excessive plunder
and consumption of natural resources will lead to the unstable development of engineering
harmony and the material plan can be coordinated as a whole according to the existing
resources. If the behavior beyond the ecological capacity is taken, it will inevitably destroy
the environment and cause irreversible effects, thus leading to disharmony in engineering
construction. Through the above means, the WH in engineering construction can be better
achieved so that the project party can benefit from a good natural ecological environment.

(3) Natural ecology positively regulates the promotion effect of SH on engineering harmony.

SH is the performance of achieving its work and high working efficiency in engineering
construction. Natural ecology is a kind of natural material and energy that can affect human
survival and development. In the process of engineering construction, it is necessary to
have an innovative attitude toward “Shi”. Innovation can better combine all the elements
in engineering construction so as to better break and rebuild the ecological environment of
engineering construction, maintain the dynamic balance of the engineering construction
system, and enhance the promotion effect of natural ecology on SH and engineering
harmony. The variability of natural ecology also requires comprehensive consideration of
complex and harsh construction environments, needs to use more advanced and practical
technologies, and avoids using technologies and methods that cause serious damage to the
environment. Through the above methods, the state of SH in the process of engineering
construction can be better achieved; that is, H3a is established.

6.3. The Moderating Effects of Social Humanities

(1) Social humanities have no moderating effect on the promotion of RH to engineering harmony.

Engineering is endowed with more and more social and humanistic connotations,
and humanistic factors such as region, religion, culture, and art should be considered in
engineering design. A good social and humanistic environment can promote effective
communication, enhance the contractual spirit of project participants, and improve the
cohesion of the team. Humanistic care should be reflected in construction management.
Project managers need to have professional ethics and professional integrity. However, in
engineering construction, the continuous improvement of material production mode can
achieve good economic and social benefits. It can be seen that social humanities have no
direct moderating effect on the promotion of RH to engineering harmony; that is, H1b has
not been verified.

(2) Social humanities have no moderating effect on the promotion of WH to engineering harmony.

A good social and humanistic environment is an important guarantee for the success
of the project. The social and cultural environments in different regions are very different.
Full respect and adaptation to customs, lifestyles, and religious beliefs will play a great
role in promoting the coordinated development of the project. Excessive exploitation
and utilization of resources will lead to the unsustainable development of engineering
construction. Social humanities can strengthen the sense of responsibility for the sustainable
development of future generations by raising people’s awareness of conservation. However,
the engineering construction is based on the local market, and the social humanities have
been fully considered in the project design and construction. The social humanities have
been deeply integrated with engineering construction. This leads to the respondents having
limited feelings about the role of social humanities in the promotion of WH to engineering
harmony. Therefore, social humanities have no moderating effect on the promotion of WH
to engineering harmony; that is, H2b failed to be verified.
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(3) Social humanities positively regulate the promotion effect of SH on engineering harmony.

The data results show that social humanities can positively regulate the promotion
effect of SH on engineering harmony. The relationship between the subject and the object of
the project will change with the different social and humanistic environments in different
regions. It makes SH play a greater role in the project in different environments. In
engineering construction, it is necessary to minimize the use of technologies and methods
that damage the environment. If the engineering construction method that exceeds the
ecological load is adopted, it will have a negative impact on the sustainable development
of the environment. In addition, SH must maintain innovation. Through technological
innovation, the advancement and applicability of technology can be better improved so
as to enhance the promotion effect of SH on engineering harmony and further improve
the social and humanistic value. To sum up, social humanities positively regulate the
promotion effect of SH on engineering harmony; that is, H3b is established.

6.4. The Moderating Effects of Political Economy

(1) Political economy has no moderating effect on the promotion of RH to engineering harmony.

The political and economic environment plays a limited role in the influence of RH on
engineering harmony; that is, H1c has not been verified. There may be the following reasons.
First of all, although RH plays an important role in promoting engineering harmony, the
positive influence is gradually weakened under good political and economic conditions.
The more adversity the engineering enterprises face, the more they can show the talents of
managers. Secondly, superior economic policies may cause managers to have cognitive
biases and make irrational decisions that they fail to realize. In addition, information about
the market economy, such as exchange rate and tax rate changes, is not common sense in
life. Non-procurement or non-sales personnel pay less attention to such information. It
leads to a dull perception of the market economy environment in the research sample [72].
The research results have a certain degree of false. It makes this part of the empirical test
unable to fit the research hypothesis well.

(2) Political economy has no moderating effect on the promotion of WH to engineering harmony.

In the process of engineering construction, a positive economic system and clear
laws and regulations can theoretically promote the rational allocation of resources and
engineering harmony. However, this study finds that this effect is limited; that is, H2c has
not been verified. The political and economic environment mainly affects the economic
activities of enterprises and external units, such as material procurement and technical
cooperation. Engineering construction activities rely more on engineering standards and
norms. In this case, the key to achieving engineering harmony lies in the introduction
of standards and norms. In addition, the political environment affects the transnational
operation of enterprises to a large extent. For domestic engineering construction enterprises,
the political and economic environment is relatively stable and has a relatively small impact
on engineering construction. In addition, it cannot be ruled out that errors may be caused by
the respondents’ insufficient perception of the changes in the stable political and economic
environment.

(3) Political economy has no moderating effect on the promotion of SH to engineering harmony.

From the research conclusion (3), it can be seen that there is no doubt that SH has
promoted engineering harmony. However, the political economy does not have a significant
moderating effect on the promotion of SH for engineering harmony; that is, H3c has not
been verified. This may be due to the following reasons. First, the existing technologies and
methods adapt to the current political and economic environment. Engineering technology
innovation needs a lot of investment. The original technology has market advantages,
and managers are unwilling to change the existing situation. Therefore, conservative
technologies and methods are chosen in innovation reform. It makes the path of dependence
of innovation more serious. Second, the improvement of innovation ability comes from the
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dynamic external environment, and the current good political and economic environment
cannot have a significant impact on engineering management. Therefore, there is no
theoretical positive impact mechanism of innovation-oriented SH on engineering harmony.

7. Research Contribution and Research Limitations
7.1. Theoretical Contribution and Managerial Implications

(1) It provides a good perspective for the realization of engineering management per-
formance and provides a new idea for the theoretical exploration and the practical
guidance of engineering construction management.

In this paper, the concept and content of “engineering construction harmony” are
put forward, and the connotation definition and system division of RH, WH, and SH in
the performance of engineering construction harmony are carried out. Engineering con-
struction harmony can only be realized when the coordination state is achieved within the
subsystems of RH, WH, and SH and between the subsystems and the external environment.
Compared with traditional engineering management methods, the concept of “harmony”
is used to guide engineering management. Engineering harmony is used to measure the
effectiveness of engineering management, and a scientific scale is set up to reflect this index.
RH, WH, and SH have obvious multidimensional advantages. This paper provides a new
idea for the theoretical exploration of engineering construction management and practical
guidance of engineering construction.

(2) It has been proved that Ren harmony (RH), Wu harmony (WH), and Shi harmony
(SH) are three indispensable and important factors in realizing engineering construc-
tion harmony.

Ren, Shi, and Wu, as the elements that make up engineering, must simultaneously
transform into three coordinated states: RH, WH, and SH. Engineering construction har-
mony must first ensure the harmony of three subsystems: RH, WH, and SH. RH is the
leading factor of engineering construction harmony. It realizes the coordination among
the organization, employees, and the external environment by rationally optimizing the
organizational structure and strengthening the competition and cooperation among em-
ployees. WH is realized through resource allocation and engineering target control. It
has a far-reaching impact on the completion of engineering and is the functional goal of
engineering construction harmony. SH can improve the efficiency of engineering construc-
tion through strict engineering standards, strengthening technological innovation, and
selecting applicable technologies. It is an important guarantee for engineering construction
harmony. Therefore, in the process of engineering management, it is necessary to pursue
the development balance of RH, WH, and SH and build a people-oriented, harmonious,
and synergistic mechanism for engineering construction.

(3) The mechanism of external conditions such as natural ecology, social humanities, and
political economy acting on engineering harmony is explored.

External environments such as natural ecology, social humanities, and political econ-
omy have formed tangible or intangible constraints on engineering construction and have
also posed new challenges regarding whether engineering can be harmonious and how
to realize harmony. It is necessary to explore the mechanism of its impact on engineering
harmony from the external environmental factors. It is generally believed that external
environmental factors such as natural ecology, social humanities, and political economy can
simultaneously have a positive moderating effect on the promotion of RH, WH, and SH to
engineering harmony. However, based on the analysis of the questionnaire survey results,
this study concludes that the role of the three is limited. Natural ecology has a promotion
effect on RH, SH, and engineering harmony. Social humanities only have an enhancement
effect on SH and engineering harmony. Political economy does not play a significant role
in any process. The reason why the role of political economy is not obvious may be that
the domestic political and economic environment is relatively stable, and the respondents’
perception of this external environment is low. Generally speaking, engineering harmony is
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indirectly influenced by external environmental factors. However, because the moderating
effects of natural ecology, social humanities, and political economy on RH, WH, and SH are
limited, engineering harmony is directly influenced by RH, WH, and SH within the system.

(4) In the process of engineering construction, it is necessary to pay attention to the
influence of natural ecology and social humanities on engineering harmony and focus
on the changing trend of political economy.

Natural ecology has a promotion effect on RH, SH, and engineering construction
harmony. In the process of engineering construction, it is necessary to pay attention to
the protection and rational utilization of natural ecology and adhere to the concept of
engineering ecological development with the coordinated development of man and nature.
First of all, in the planning and design phase, the coordination of engineering with climate,
topography, geology, hydrology, and other conditions should be maintained. Secondly, in
the process of construction, the construction technology and construction techniques should
be reasonably selected to avoid using technologies and methods that cause serious damage
to the environment so as to minimize the negative impact of engineering construction on
the natural environment. In addition, a good natural ecological environment can better
promote people-oriented engineering construction. It can also strengthen engineering
technology innovation and technical level improvement, thus improving the efficiency
of engineering construction and realizing the common improvement of economic and
social benefits.

A good social and humanistic environment can enhance the promotion effect of SH on
engineering harmony. In the process of engineering construction, engineering teams should
strengthen their learning and understanding of social and corporate culture. It is necessary
to strengthen the training of the team’s divergent thinking and overall ability, constantly
improve and enrich the knowledge structure, improve the technical innovation ability, and
enhance the team’s adaptability to the new environment. Managers’ understanding and
recognition of corporate culture are conducive to establishing an interactive management
system. It is also convenient to pay attention to the differences of individual members
and improve work adaptability and post-responsibility. Thus, employees’ enthusiasm
and satisfaction are enhanced, and SH can play a greater role in promoting engineering
construction harmony.

7.2. Research Limitations and Future Directions

This study explores the impacts of the three subsystems of RH, WH, and SH on engi-
neering harmony, as well as the moderating effects of external environmental factors such
as natural ecology, social humanities, and political economy on engineering harmony. But
the limitations of the topic are as follows: (1) The sample data are mainly collected in China,
and future research should expand the research objects, including foreign practitioners and
researchers. (2) The original data came from the questionnaire, which may have subjective
bias; thus, future works can try to use practical engineering cases to study environmental
influencing factors of the realization of engineering construction harmony.
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Appendix A. Questionnaire on Engineering Construction Harmony

Dear Sir/Madam,
Thank you very much for taking the time to participate in this questionnaire. This

questionnaire is only for academic research about the evaluation of engineering construction
harmony, and it does not have any commercial use. Please fill in according to your actual
situation. We apologize for taking up your valuable time. Thank you for your cooperation!

Part I Basic Information

1 Your gender?
# men # women

2 Your age bracket?
# under 25 years old # 25–35 years old # 35–45 years old # 45–55 years old # Over 55 years old

3 Your educational background?

# under bachelor’s degree # bachelor’s degree
# Master’s degree
(including students)

# Doctoral degree
(including students)

4 What is the nature of your work unit?
# owner # construction # consultation # other units

5 How many years have you worked in the engineering industry?
# under 2 years # 2~5 years # 5~10 years # Over 10 years

Part II The evaluation of engineering construction harmony

The engineering construction harmony management is a process in which the stake-
holders of the project comprehensively use management means, tools and methods to
coordinate and solve the contradictions between the elements of engineering construction
and the problems between the elements and the environment. The Likert 5-level scale is
adopted in the study, where “1” means that you strongly disagree, “2” means that you
strongly disagree, “3” means that you generally agree, “4” means that you strongly agree,
and “5” means that you strongly agree.

1 2 3 4 5

6 You are clear about your role in the organization and your work tasks. # # # # #
7 You can better complete the tasks assigned by the organization. # # # # #
8 You agree with the team’s work objectives. # # # # #

9
You think the team can respond quickly to unexpected events and make the
right decision.

# # # # #

10
You think that the number of production tools (hardware, software, etc.)
needed in the construction process can be met.

# # # # #

11
You think that the quality (specification, grade, etc.) of the production tools in
the construction process can meet the needs of construction.

# # # # #

12
You think that the construction technology and management method of this
project are more advanced in the construction process.

# # # # #

13 There is no waste of resources in your team. # # # # #

14
Your team can well decompose the overall project objectives into a number of
reasonable phased objectives (including quality, duration and cost objectives).

# # # # #

15
Your team can well complete the phased objectives (including quality, duration
and cost objectives).

# # # # #
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1 2 3 4 5
16 There is no major safety accident in your project. # # # # #
17 Your team has a detailed risk response strategy. # # # # #

18
Your project has no impact on the surrounding natural environment and social
production.

# # # # #

19
The construction of your project will not affect the normal life of the
surrounding residents.

# # # # #

20 Your project used green energy or materials in the construction process. # # # # #
21 The historical inheritance of your project is high. # # # # #
22 Your project has a high degree of integration with urban culture. # # # # #
23 Your project can enhance the brand image of the city. # # # # #

24
The rise of local material level has not had a substantial impact on the project
construction.

# # # # #

25
Changes in exchange rates and tax rates have not had a substantial impact on
the project construction.

# # # # #

26
The policies of local government have a promotion effect on the smooth
construction of your project.

# # # # #

27
Changes in relevant government quality standards and specifications have not
affected the project construction.

# # # # #

28 The overall benefit of your project is high. # # # # #
29 Your project has a high degree of synergy in the construction process. # # # # #
30 The resource allocation of your project is timely and reasonable. # # # # #
31 Different units in your project have a high degree of technical cooperation. # # # # #

References
1. Zuo, W.W.; Wang, Q.K.; Li, P. Rent-Seeking Decisions of the Main Participants in Construction Projects Based on Evolutionary-

Game and System Dynamics. J. Civ. Eng. Manag. 2022, 28, 106–119. [CrossRef]
2. Chen, Q.; Jin, Z.G.; Xia, B.; Wu, P.; Skitmore, M. Time and Cost Performance of Design-Build Projects. J. Constr. Eng. Manag. 2016,

142, 04015074. [CrossRef]
3. Juan, Y.K.; Liou, L.E. Predicting the Schedule and Cost Performance in Public School Building Projects in Taiwan. J. Civ. Eng.

Manag. 2022, 28, 51–67. [CrossRef]
4. Guo, K.; Zhang, L. Multi-objective optimization for improved project management: Current status and future directions. Autom.

Constr. 2022, 139, 104256. [CrossRef]
5. Mei, T.T.; Wang, Q.K.; Xiao, Y.P.; Yang, M. Rent-seeking behavior of BIM-and IPD-based construction project in China. Eng. Constr.

Archit. Manag. 2017, 24, 514–536. [CrossRef]
6. Liu, J.Y.; Xie, Q.X.; Xia, B.; Bridge, A.J. Impact of Design Risk on the Performance of Design-Build Projects. J. Constr. Eng. Manag.

2017, 143, 04017010. [CrossRef]
7. Xi, Y.M.; Xiong, C.; Liu, P. Review and Discussion on the Application of He Xie Management Theory. J. Manag. World 2020, 36,

195–209.
8. Li, Z.; Wang, J.; Chen, G.Z. Research on harmony of engineering project management. Mod. Manag. Sci. 2008, 104–105. [CrossRef]
9. He, J.S. On Engineering Management; China Architecture & Building Press: Beijing, China, 2017.
10. Yin, R. Engineering in the Field of Vision of Philosophy. Eng. Sci. 2008, 4–8. [CrossRef]
11. Lin, M.G.; Wang, Q.K.; Peng, H.T.; Wang, Y.D. The origin and system analysis of harmonious management for engineering. Front.

Eng. Manag. 2014, 2, 241–248. [CrossRef]
12. Zuo, W.W. Mechanism on Harmonious Management of Engineering Construction Based on the System Approach of “Ren-Shi-Wu”; Wuhan

University of Technology: Wuhan, China, 2020.
13. Wang, Q.K.; Zuo, W.W.; Li, Q.Y. Engineering Harmony under Multi-Constraint Objectives: The Perspective Of Meta-Analysis. J.

Civ. Eng. Manag. 2020, 26, 131–146. [CrossRef]
14. Zuo, W.W.; Wang, Q.K.; Peng, H.T. Adaptation Mechanism of Relationship between the Subject and Object in Harmonious

Management of Engineering Construction. J. Wuhan Univ. Technol. 2021, 43, 74–82.
15. Zuo, Q.T. Harmony Theory: Theory, Method and Application, 2nd ed.; Science Press: Beijing, China, 2016.
16. Huynh, T.T.M.; Dang, C.N.; Le-Hoai, L.; Pham, A.D.; Nguyen, T.D. Proposing a strategy map for coastal urban project success

using the balanced scorecard method. Eng. Constr. Archit. Manag. 2020, 27, 2993–3030. [CrossRef]
17. Sadikoglu, E.; Jäger, J.; Demirkesen, S.; Baier, C.; Oprach, S.; Haghsheno, S. Investigating the Impact of Lean Leadership on

Construction Project Success. Eng. Manag. J. 2023, 36, 206–220. [CrossRef]
18. Montalbán-Domingo, L.; Casas-Rico, J.; Alarcón, L.F.; Pellicer, E. Influence of the experience of the project manager and the

foreman on project management’s success in the context of LPS implementation. Ain Shams Eng. J. 2024, 15, 102324. [CrossRef]

https://doi.org/10.3846/jcem.2022.16159
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001056
https://doi.org/10.3846/jcem.2021.15853
https://doi.org/10.1016/j.autcon.2022.104256
https://doi.org/10.1108/ECAM-11-2015-0178
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001299
https://doi.org/10.3969/j.issn.1007-368X.2008.01.037
https://doi.org/10.3969/j.issn.1009-1742.2008.03.001
https://doi.org/10.3969/j.issn.1009-1742.2014.10.003
https://doi.org/10.3846/jcem.2020.11820
https://doi.org/10.1108/ECAM-11-2018-0527
https://doi.org/10.1080/10429247.2023.2245317
https://doi.org/10.1016/j.asej.2023.102324


Buildings 2024, 14, 1620 30 of 31

19. Muneer, M.; Khan, N.; Hussain, M.A.; Shuai, Z.; Khan, A.A.; Farooq, R.; Moawwez, M.A.; Tariq, M. A Quantitative Study of the
Impact of Organizational Culture, Communication Management, and Clarity in Project Scope on Constructions’ Project Success
with Moderating Role of Project Manager’s Competencies to Enhance Constructions Management Practices. Buildings 2022,
12, 1856. [CrossRef]

20. Luo, L.; Zhong, Z.W.; Zheng, J.W.; Bo, Q.S.; Yang, D.L. Using Fuzzy Cognitive Maps to Explore the Dynamic Impact of Megaproject
Governance on Performance. J. Infrastruct. Syst. 2023, 29, 04023011. [CrossRef]

21. Abal-Seqan, M.H.; Pokharel, S.; Naji, K.K. Key Success Factors and Their Impact on the Performance of Construction Projects:
Case in Qatar. Sustainability 2023, 15, 3700. [CrossRef]

22. Luo, L.; Zhang, L.M.; Zheng, X.; Wu, G.D. A hybrid approach for investigating impacts of leadership dynamics on project
performance. Eng. Constr. Archit. Manag. 2022, 29, 1965–1990. [CrossRef]

23. Zheng, J.W.; Gu, Y.; Zhang, Z.D.; Xie, H.T.; Li, P.K.; Li, H.Y. The relationship between empowering leadership and project
performance: A resource perspective. Eng. Constr. Archit. Manag. 2023, 30, 2969–2990. [CrossRef]

24. Kuoribo, E.; Yomoah, R.; Owusu-Manu, D.; Acheampong, A.; Debrah, C.; Edwards, D.J. Assessing the interactive effects of the
ethics of construction professionals on project performance in the Ghanaian construction industry. Eng. Constr. Archit. Manag.
2022, 30, 5233–5252. [CrossRef]

25. Gong, Y.P.; Zaman, U. Exploring mega-construction project success in China’s vaunted Belt and Road Initiative: The role of
paternalistic leadership, team members’ voice and team resilience. Eng. Constr. Archit. Manag. 2023. ahead of print. [CrossRef]

26. Wu, G.D.; Zhao, X.B.; Zuo, J.; Zillante, G. Effects of team diversity on project performance in construction projects. Eng. Constr.
Archit. Manag. 2019, 26, 408–423. [CrossRef]

27. Imam, H. Roles of Shared Leadership, Autonomy, and Knowledge Sharing in Construction Project Success. J. Constr. Eng. Manag.
2021, 147, 04021067. [CrossRef]

28. Barutha, P.J.; Jeong, H.D.; Gransberg, D.D.; Touran, A. Evaluation of the Impact of Collaboration and Integration on Performance
of Industrial Projects. J. Manag. Eng. 2021, 37, 04021037. [CrossRef]

29. Yussef, A.; Gibson, G.E.; Asmar, M.E.; Ramsey, D. Quantifying FEED Maturity and Its Impact on Project Performance in Large
Industrial Projects. J. Manag. Eng. 2019, 35, 04019021. [CrossRef]

30. Daboun, O.; Abidin, N.I.; Khoso, A.R.; Chen, Z.S.; Yusof, A.M.; Skibniewski, M.J. Effect of relationship management on
construction project success delivery. J. Civ. Eng. Manag. 2023, 29, 372–397. [CrossRef]

31. Acheamfour, V.K.; Kissi, E.; Adjei-Kumi, T. Ascertaining the impact of contractors pre-qualification criteria on project success
criteria. Eng. Constr. Archit. Manag. 2019, 26, 618–632. [CrossRef]

32. Wu, S.Y.; Yu, L.; Cao, T.T.; Yuan, C.; Du, Y.L. How Dependence Asymmetry and Explicit Contract Shape Contractor-Subcontractor
Collaboration: A Psychological Perspective of Fairness. J. Constr. Eng. Manag. 2023, 149, 04023103. [CrossRef]

33. Li, X.L.; Li, H.M.; Zhang, R.R.; Yin, Y.L.; Sun, S.A.; Bai, J.; Liu, R.H. Impact of asymmetric trust on construction project management
performance: The mediating role of knowledge sharing. Eng. Constr. Archit. Manag. 2023. ahead of print. [CrossRef]

34. Molenaar, K.R.; Dai, Q.T. Exploring critical delivery selection risk factors for transportation design and construction projects. Eng.
Constr. Archit. Manag. 2014, 21, 631–647.

35. Wyke, S.; Lindhard, S.M.; Larsen, J.K. Using principal component analysis to identify latent factors affecting cost and time
overrun in public construction projects. Eng. Constr. Archit. Manag. 2023. ahead of print. [CrossRef]

36. Yang, X.T.; Yu, M.; Zhu, F.W. Impact of Project Planning on Knowledge Integration in Construction Projects. J. Constr. Eng. Manag.
2020, 146, 04020066. [CrossRef]

37. Huang, Y.; Shi, Q.; Pena-Mora, F.; Lu, Y.J.; Shen, C. Exploring the Impact of Information and Communication Technology on Team
Social Capital and Construction Project Performance. J. Manag. Eng. 2020, 36, 04020056. [CrossRef]

38. Abdullahi, I.; Watters, C.; Kapogiannis, G.; Lemanski, M.K. Role of Digital Strategy in Managing the Planning Complexity of
Mega Construction Projects. Sustainability 2023, 15, 13809. [CrossRef]

39. Zhang, L.H.; Yao, H.J.; Fu, Y.C.; Chen, Y.Q. Comparing Subjective and Objective Measurements of Contract Complexity in
Influencing Construction Project Performance: Survey versus Machine Learning. J. Manag. Eng. 2023, 39, 04023017. [CrossRef]

40. Zhang, H.M.; Chong, H.Y.; Zeng, Y.; Zhang, W. The effective mediating role of stakeholder management in the relationship
between BIM implementation and project performance. Eng. Constr. Archit. Manag. 2023, 30, 2503–2522. [CrossRef]

41. Mahalingam, A.; Yadav, A.K.; Varaprasad, J. Investigating the Role of Lean Practices in Enabling BIM Adoption: Evidence from
Two Indian Cases. J. Constr. Eng. Manag. 2015, 141, 05015006. [CrossRef]

42. Rendle, E.J.; Hunt, E.L.; Bicknell, A.W.J. A three-step approach for co-locating nature-based solutions within offshore wind farms.
Front. Ecol. Evol. 2023, 11, 690382. [CrossRef]

43. Zhang, Y.; Tang, W.; Duffield, C.F.; Zhang, L.; Hui, F.K.P. Environment Management of Hydropower Development: A Case Study.
Energies 2021, 14, 2029. [CrossRef]

44. Narita, D.; Sato, I.; Ogawada, D.; Matsumura, A. Evaluating the robustness of project performance under deep uncertainty of
climate change: A case study of irrigation development in Kenya. Clim. Risk Manag. 2022, 36, 100426. [CrossRef]

45. Zhu, L.; Cheung, S.O. Harvesting Competitiveness through Building Organizational Innovation Capacity. J. Manag. Eng. 2017,
33, 04017020. [CrossRef]

46. Liu, J.Y.; Cui, Z.P.; Feng, Y.B.; Perera, S.; Han, J. Impact of culture differences on performance of international construction joint
ventures: The moderating role of conflict management. Eng. Constr. Archit. Manag. 2020, 27, 2353–2377. [CrossRef]

https://doi.org/10.3390/buildings12111856
https://doi.org/10.1061/jitse4.Iseng-2195
https://doi.org/10.3390/su15043700
https://doi.org/10.1108/ECAM-02-2020-0094
https://doi.org/10.1108/ECAM-11-2021-1024
https://doi.org/10.1108/ECAM-10-2021-0865
https://doi.org/10.1108/ECAM-12-2022-1201
https://doi.org/10.1108/ECAM-05-2018-0220
https://doi.org/10.1061/(ASCE)CO.1943-7862.0002084
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000921
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000702
https://doi.org/10.3846/jcem.2023.18827
https://doi.org/10.1108/ECAM-03-2018-0110
https://doi.org/10.1061/JCEMD4.COENG-13225
https://doi.org/10.1108/ECAM-05-2022-0400
https://doi.org/10.1108/ECAM-02-2022-0189
https://doi.org/10.1061/(ASCE)CO.1943-7862.0001852
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000804
https://doi.org/10.3390/su151813809
https://doi.org/10.1061/JMENEA.MEENG-5331
https://doi.org/10.1108/ECAM-04-2020-0225
https://doi.org/10.1061/(ASCE)CO.1943-7862.0000982
https://doi.org/10.3389/fevo.2023.690382
https://doi.org/10.3390/en14072029
https://doi.org/10.1016/j.crm.2022.100426
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000534
https://doi.org/10.1108/ECAM-02-2019-0111


Buildings 2024, 14, 1620 31 of 31

47. Nguyen, L.H.; Watanabe, T. The Impact of Project Organizational Culture on the Performance of Construction Projects. Sustain-
ability 2017, 9, 781. [CrossRef]

48. Wehi, P.M.; Lord, J.M. Importance of including cultural practices in ecological restoration. Conserv. Biol. 2017, 31, 1109–1118.
[CrossRef] [PubMed]

49. Liu, M.; Chong, H.Y.; Liao, P.C.; Ganbat, T. Risk-Based Metanetwork Modeling for Sustainable Project Performance in International
Construction. J. Infrastruct. Syst. 2021, 27, 04021020. [CrossRef]

50. Kassem, M.A.; Khoiry, M.A.; Hamzah, N. Assessment of the effect of external risk factors on the success of an oil and gas
construction project. Eng. Constr. Archit. Manag. 2020, 27, 2767–2793. [CrossRef]

51. Kassem, M.A.; Khoiry, M.A.; Hamzah, N. Theoretical review on critical risk factors in oil and gas construction projects in Yemen.
Eng. Constr. Archit. Manag. 2021, 28, 934–968. [CrossRef]

52. Cheng, G.P.; Luo, L. Principles of Management, 4th ed.; Wuhan University of Technology Press: Wuhan, China, 2019.
53. Lin, C.P. Learning Virtual Community Loyalty Behavior From a Perspective of Social Cognitive Theory. Int. J. Hum. -Comput.

Interact. 2010, 26, 345–360. [CrossRef]
54. Li, X.X. Engineering System Theory; Science Press: Beijing, China, 2007.
55. Yin, H.; He, Q.; Guo, T.; Zhu, J.X.; Yu, B.T. Measurement Method and Empirical Research on the Sustainable Development

Capability of a Regional Industrial System Based on Ecological Niche Theory in China. Sustainability 2014, 6, 8485–8509. [CrossRef]
56. Memon, S.A.; Hadikusumo, B.H.W.; Sunindijo, R.Y. Using Social Interaction Theory to Promote Successful Relational Contracting

between Clients and Contractors in Construction. J. Manag. Eng. 2015, 31, 04014095. [CrossRef]
57. de Gooyert, V.; Rouwette, E.; van Kranenburg, H.; Freeman, E. Reviewing the role of stakeholders in Operational Research: A

stakeholder theory perspective. Eur. J. Oper. Res. 2017, 262, 402–410. [CrossRef]
58. Yuan, Y.Q.; Jin, M.Z.; Ren, J.F.; Hu, M.M.; Ren, P.Y. The Dynamic Coordinated Development of a Regional Environment-Tourism-

Economy System: A Case Study from Western Hunan Province, China. Sustainability 2014, 6, 5231–5251. [CrossRef]
59. Mitchell, M.; Skrzypacz, A. A Theory of Market Pioneers, Dynamic Capabilities, and Industry Evolution. Manag. Sci. 2015, 61,

1598–1614. [CrossRef]
60. McAdam, R.; Bititci, U.; Galbraith, B. Technology alignment and business strategy: A performance measurement and Dynamic

Capability perspective. Int. J. Prod. Res. 2017, 55, 7168–7186. [CrossRef]
61. Ekanayake, E.M.A.C.; Shen, G.; Kumaraswamy, M.; Owusu, E.K.; Xue, J. Capabilities to withstand vulnerabilities and boost

resilience in industrialized construction supply chains: A Hong Kong study. Eng. Constr. Archit. Manag. 2022, 29, 3809–3829.
[CrossRef]

62. Jia, F.W. Empirical Research on the Influence Factor Modle of Corporate Culture Construction Based on WSR; Nanjing Agricultural
University: Nanjing, China, 2018.

63. Tan, L.L. Knowledge Leakage Risk Management of Supply Chain Enterprises Based on WSR Methodology; Chang’an University: Xi’an,
China, 2019.

64. She, J.J. Research on Life Cycle Value of Public Works and Its Comprehensive Evaluation; Southeast University: Nanjing, China, 2017.
65. Shan, Y.H. Research on Integration Mechanism of Housing Industrial Chain Oriented to Construction Industrialization; Harbin Institute

of Technology: Harbin, China, 2015.
66. Wen, Z.; KitTai, H.; Lei, C. A Comparison of Moderator and Mediator and their Applications. Acta Psychol. Sin. 2005, 37, 268–274.
67. He, J.S.; Wang, M.J. Philosophy Thinking on Engineering and Engineering Management. Eng. Sci. 2008, 10, 9–12+16. [CrossRef]
68. Xi, Y.M.; Liu, P. The possibility and pathway of breakthrough for management in China: Exploration and engagement based on

HeXie Management research. J. Manag. Sci. China 2019, 22, 1–11.
69. Xi, Y.M.; Xiao, H.; Wang, H.T. HeXie Management Theory and Its New Development in the Principles. Chin. J. Manag. 2005, 2,

23–32.
70. Lin, M.G. Theoretical framework and realization mode of military engineering construction. Eng. Sci. 2012, 14, 24–33.
71. Qiu, X.P.; Zhang, L.; Zong, H.H. Harmonious theme optimization control of construction projects based on harmonious

management theory. Proj. Manag. Technol. 2012, 10, 90–93. [CrossRef]
72. Wen, M.R.; Yang, F.F. Construction and Evolution Process of Dynamic Capability Model under the Innovation Ecology Context.

Tech. Econ. Manag. Res. 2022, 55–60. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/su9050781
https://doi.org/10.1111/cobi.12915
https://www.ncbi.nlm.nih.gov/pubmed/28233353
https://doi.org/10.1061/(ASCE)IS.1943-555X.0000617
https://doi.org/10.1108/ECAM-10-2019-0573
https://doi.org/10.1108/ECAM-03-2019-0123
https://doi.org/10.1080/10447310903575481
https://doi.org/10.3390/su6128485
https://doi.org/10.1061/(asce)me.1943-5479.0000344
https://doi.org/10.1016/j.ejor.2017.03.079
https://doi.org/10.3390/su6085231
https://doi.org/10.1287/mnsc.2014.2064
https://doi.org/10.1080/00207543.2017.1351633
https://doi.org/10.1108/ECAM-05-2021-0399
https://doi.org/10.3969/j.issn.1009-1742.2008.03.002
https://doi.org/10.3969/j.issn.1672-4313.2012.05.018
https://doi.org/10.3969/j.issn.1004-292X.2022.01.011

	Introduction 
	Literature Review and Concept Connotation 
	Literature Review 
	Engineering Construction Harmony and Its Influencing Factors 
	Relationship between External Environmental Factors and Engineering Construction Harmony 
	Literature Summary 

	Concept Connotation 
	Engineering Construction Harmony 
	Ren Harmony, Wu Harmony, and Shi Harmony 
	Natural Ecology, Social Humanities, and Political Economy 


	Basic Assumptions and Conceptual Model 
	The Moderating Effect of Natural Ecology 
	The Moderating Effect of Social Humanities 
	The Moderating Effect of Political Economy 
	Conceptual Model 

	Methodology 
	Technical Route 
	Questionnaire Survey 
	Selecting Variables 
	Questionnaire Design 
	Questionnaire Distribution and Collection 

	Statistical Package for the Social Sciences (SPSS) 

	Results 
	Descriptive Statistics of the Respondents 
	Reliability and Validity Tests 
	Result Analysis 

	Discussions and Conclusions 
	The Impact of RH, WH, and SH on Engineering Harmony 
	The Moderating Effects of Natural Ecology 
	The Moderating Effects of Social Humanities 
	The Moderating Effects of Political Economy 

	Research Contribution and Research Limitations 
	Theoretical Contribution and Managerial Implications 
	Research Limitations and Future Directions 

	Appendix A
	References

