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Abstract: This article discusses the interactions among project management, social capital, and
organizational efficiency in the cross-departmental synergetic design of home appliance enterprises,
with the goal of providing a reference for related enterprises’ collaborative innovation. The structural
equation modeling was used in this study to analyze the trust relationships, shared vision, and
mutually motivating innovation teams established among people, information, social capital, and
organizational efficiency in the project context. Research has found that effective information sharing
and communication in the cross-departmental synergetic design of enterprises can significantly
improve organizational performance and competitiveness under the conditions of social capital and
task adaptation. Synergetic design innovations in organizations promote mutual trust, understanding,
and the acceleration of innovation among organizational members, thereby achieving the enterprise’s
goal of sustainable development. This study concludes that social capital is essential for enterprises.

Keywords: sustainability; project management; social capital; organizational efficiency; synergetic design

1. Introduction

With the intensification of homogeneous competition in the home appliance consumer
market, the complexity and diversity of product design require cross-departmental syn-
ergetic innovation. In the current context of sustainable development of enterprises, the
advantage of cross-departmental synergetic innovation within the enterprise lies in its abil-
ity to promote consistent information sharing, collaboration, and communication among
teams, decompose product development into specific tasks, resources, costs, and time, to
improve project efficiency, and promote the enterprise to move towards a new stage of
sustainable development. Secondly, through research, we aim to promote the efficiency and
quality of project execution for home appliance enterprises and provide guarantees for them
to enhance their competitiveness and innovation capabilities in the home appliance market.
Arising from this, the synergetic design of enterprise projects across departments and
the evaluation of organizational efficiency as a systematic and standardized management
method are indispensable components of enterprise innovation strategies.

This article explores the adoption of a cross-departmental synergetic design model by
household appliance enterprises to maintain market competitiveness and foster positive
relationships among project management, social capital, and organizational efficiency. The
purpose of this approach is to develop an effective enterprise collaboration system (ECS)
to enhance organizational advantages and the efficiency of the enterprise’s collaborative
innovation capabilities. In our research, we discuss the factors that affect the quality and
efficiency of product output in the context of cross-departmental synergetic design within
home appliance enterprises, as well as how to effectively establish relationships between
project management, social capital, and organizational efficiency.
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The premise of synergetic design innovation is to develop an efficient organizational
system. The main existing problem in this context pertains to the need to avoid narrowness
within the organization, break down barriers and information silos among departments,
replace the previous command-based management model with interactive information
sharing in a context of collaborative management, achieve the goal of producing innovation-
driven products and services, and promote the maximization and sustainable development
of enterprise innovation achievements and efficiency. To achieve these objectives, we
employed a structural equation model approach to analyze the relationships between
project management, social capital, and organizational efficiency in the cross-departmental
synergetic design project management of home appliance enterprises. Finally, relevant im-
provement suggestions are proposed and can be used as a reference by relevant enterprises,
senior management, and other relevant units and personnel.

2. Literature Review

Hermann Haken proposed the concept of synergy (1973) and improved the theoretical
framework of synergetics (1977, 1980, 1989, 1995, 1997, 2006) [1]. Synergetic design is
an innovative process, and Peter Gloor (2006, 2008) defined the notion of a collaborative
innovation network (CoIN) as a cell team of self-motivated people with a shared vision [2].
Thomas Kvan argued that when a team collaborates to accomplish tasks that individuals
cannot perform, this situation reflects the value of collaboration [3]. The importance of
synergetic design has been discussed in multiple fields, and research on the definition of
and relationship models associated with synergetic design has also been conducted. The
synergetic design aims to promote improvement and innovation with regard to design
issues based on participation by all parties, a process that is collaboratively designed by
both service providers and service users [4]. Gianluca Spina et al. claimed that synergetic
design may occur in different forms and that it depends on two background factors: the
uncertainty of the design task and the ability to manage information flow [5].

Maaike Kleinsmann and Rianne Valkenburg (2008) defined synergetic design as the
process by which participants from different disciplines share their knowledge of both
fields. These authors explored the obstacles and driving factors associated with the ability
of multidisciplinary teams to establish a common understanding in the synergetic design
process [5]. Studies have identified obstacles and drivers of synergetic design across three
organizational levels: actors, projects, and companies. The effectiveness of creating mutual
understanding hinges not just on direct communication but also on project management
and organization [6]. The fact that the cognitive level and execution ability of each partici-
pant in synergetic design are equally important cannot be ignored. Maaike Kleinsmann et al.
(2005) claimed that a shared understanding and mutual communication could affect the
quality of the final product [7]. In addition, Amoako Gyampah et al. (2021) found that al-
though trust is crucial to the tasks of obtaining information and sharing knowledge among
synergetic design participants, the sharing of norms and knowledge is also crucial for
cross-departmental project management and success [8]. Alghababsheh, Mohammad, and
David Gallear studied the importance of the social capital dimension in the collaborative
practice of socially sustainable supply chain management (SSCM) [9].

Synergetic design differs from collaborative design in that the former features high
task adaptability and can facilitate high-frequency communication, thus allowing the par-
ties involved to obtain more resources, save innovation costs, and obtain more innovation
support. In organizations, the importance of synergetic design is often reflected in the
improvement of work efficiency, design innovation and quality, and knowledge sharing.
Synergetic design can allow the relevant parties to avoid becoming mired in personal think-
ing and create a shared understanding. Therefore, in the study, synergetic design refers to
the formation of a common goal team composed of participants from different professional
fields to improve work efficiency and design service quality based on knowledge and
information sharing, clear tasks, and responsibilities.
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In other words, knowledge related to the problem is generally distributed among
stakeholders [10]. Knowledge sharing helps break patterns of thinking and overcome
deadlocks and, thus, has a positive promoting effect on cross-departmental collaborative
product research and development in home appliance enterprises.

In the context of synergetic design, social capital, project management, and organiza-
tional efficiency are important factors with regard to improving innovation capabilities.
Social capital improves organizational performance through consistency in team collabo-
ration [11] and has positive impacts on organizational creativity and efficiency [12]. The
cross-departmental synergetic design team itself constitutes a project-based organization
and implementation environment, which can maximize organizational efficiency. Di Vin-
cenzo and colleagues showed that project performance correlates significantly with the
structure of the project’s social capital [13].

The significance of studying cross-departmental synergetic design in home appliance
enterprises lies in the achievement of value creation, which requires collaboration and
efficiency throughout the value chain. The challenge of sustainable development for home
appliance enterprises involves overcoming the boundaries among departments through
cross-departmental synergetic design, integrating technical and nontechnical elements,
and ensuring that cross-departmental collaboration and the spread of efficiency within the
organization remain orderly [12].

Sustainable development encompasses more than just environmental concerns; it
also pertains to a company’s ability to consistently address and adapt to developmental
challenges [14]. Home appliance enterprises can ensure efficiency, an improved level of
quality, and product research and development models that are competitive in the market
through cross-departmental synergetic design [15].

3. Research Hypotheses and Conceptual Models
3.1. Project Management

Project management is a management method that is used to achieve established goals
through reasonable resource allocation and coordination within a specific time frame [16].
It emphasizes the clarity of project objectives, requirements, and constraints, as well as the
quality and efficiency of project deliverables [17]. In projects featuring cross-departmental
synergetic design, project management ensures smooth progress and successful completion
by promoting “information-information symmetry”, which refers to information exchange
and sharing among relevant departments [18]. Project management promotes information
sharing and exchange among relevant departments by providing clear communication
channels, effective meetings, and collaborative tools, thereby improving the timeliness
and accuracy of information [19]. Project management also emphasizes “person task
adaptation”, which involves assigning suitable employees to projects that are suitable
for their skills and abilities to improve the efficiency and quality of project execution. By
evaluating employees’ skills and experience, they can be efficiently matched to suitable
tasks, thereby enhancing job satisfaction and productivity [20].

Project management plays a crucial role in cross-departmental synergetic design
projects in home appliance enterprises. These synergetic design projects often involve coop-
eration and coordination among multiple departments and teams; therefore, a strong project
management framework is needed to ensure the smooth progress of all work [21]. Project
management can provide clear communication channels, task allocation, and schedule
management in this situation, helping teams collaborate efficiently and share informa-
tion. By implementing project management, home appliance enterprises can coordinate
work among different departments more effectively, improve the efficiency and quality of
synergetic design projects, and achieve better business results.
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3.1.1. Information-Information Symmetry

One important goal of project management in cross-departmental synergetic de-
sign projects in home appliance enterprises is to ensure the efficiency of information
exchange and sharing among relevant departments [22], which is referred to in this study
as “information-information symmetry”.

In cross-departmental synergetic design projects, different departments and teams
must collaborate and coordinate with each other, sharing important information such as
project progress, requirements, and decisions [10]. Effective “information-information
symmetry” helps eliminate information silos, improve communication and collaboration
efficiency among teams, and thus promote the smooth progress of projects.

However, cross-departmental synergetic design projects in home appliance enterprises
face certain difficulties with regard to achieving effective “information-information sym-
metry”, such as communication and understanding barriers due to different backgrounds
and professional fields, cross-departmental information barriers, and the problems of
information overload and screening in home appliance enterprises. If these issues can
be effectively addressed, information sharing and communication among teams can be
promoted, and project collaboration efficiency and the likelihood of successful delivery can
be improved [23].

3.1.2. Human-Task Adaptation

With regard to cross-departmental synergetic design projects in home appliance enter-
prises, “human task adaptation” is an important factor in project management. Human task
adaptation refers to the process of assigning employees with relevant skills and experience
to tasks that match their abilities and interests. Members of different departments and
teams have different professional backgrounds and skill sets. By ensuring that employees
are suitable for project tasks, their strengths can be fully utilized to improve work efficiency
and quality [24]. When employees feel that their skills and abilities are fully utilized, they
are more motivated to work and more likely to achieve good work outcomes. In contrast, if
employees are assigned tasks that do not match their abilities, they may feel frustrated and
dissatisfied, which may lead to a decrease in work efficiency and quality [25]. In addition,
collaboration and coordination among different departments and teams are crucial. As-
signing employees with different professional backgrounds and skills to corresponding
tasks can promote complementarity among different teams and enhance the effectiveness
of cross-departmental collaboration [26]. This approach helps to break down information
silos, promote information sharing and communication among teams, and improve project
collaboration efficiency.

3.2. Social Capital

A key driving factor of team achievements is social capital, which is defined as a
characteristic of social organizations that promotes cooperative competition and mutual
benefits among teams, ultimately promoting team efficiency [27]. Social capital plays an
important role in promoting information sharing, knowledge transfer, and collaboration in
project management. Baruch and Lin identified three key factors in social capital: (1) trust
(within the team), i.e., the strength of social dependence among peers in the network;
(2) social interaction, i.e., structural interactions or connections among individuals in
social networks; and (3) a shared vision, which refers to the sharing of resources, such
as language, explanations, and ways of thinking, with the goal of promoting effective
communication [27].

First, social capital promotes information sharing and knowledge transfer. In an
environment featuring high trust and cooperation, team members are more willing to
share important information and professional knowledge, thereby improving the quality
and accuracy of decision-making, accelerating problem resolution, and improving project
execution efficiency (trust). Second, social capital enhances team collaboration and collabo-
ration capabilities. After establishing trust and cooperative relationships, team members
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are more likely to coordinate and cooperate in their work, pursuing project goals jointly
(social interaction). In addition, social capital is also crucial for the innovative ability of
organizations. When team members exhibit high levels of trust and cooperation, they are
more willing to share innovative ideas and try new methods [28]. This atmosphere of
innovation and exploration promotes organizational flexibility and creativity, thus helping
project teams adapt and innovate more effectively with regard to problem-solving in re-
sponse to challenges and changes (shared vision). Social capital creates an environment of
open communication and feedback that encourages team members to listen to, understand,
and respect each other, thereby enhancing team collaboration effectiveness [29].

Social capital plays an important role in project management and organizational
efficiency. Its formation is a long-term process that exhibits specific characteristics and
types. Social capital improves project execution efficiency and organizational efficiency
by promoting information sharing, collaboration, and innovation [30]. To maximize the
benefits of social capital, leaders and project managers should focus on its cultivation and
foster a positive environment for their teams.

3.3. Organizational Efficiency

Organizational efficiency refers to the resource utilization efficiency and productivity
level achieved by an organization in the achievement of established goals [31]. This term
focuses on how to maximize the use of limited resources to complete work and ensure the
improvement of work quality and customer satisfaction. For home appliance enterprises,
organizational efficiency is vital in swiftly responding to market demands, delivering
top-quality products and services, and sustaining a competitive edge.

Leiringer and Zhang claimed that organizational capacity (efficiency) stems from
two sources: internal development and external acquisition [32]. Organizations can achieve
external acquisition via various channels, including knowledge acquisition [33], knowledge
sharing [34], and corporate procurement [35]. These avenues enable rapid capability
development. The foundation of the internal capability development perspective is the
hypothesis that capabilities, such as task matching degree and information symmetry
efficiency, are specific to the organization.

In cross-departmental synergetic design project management in home appliance en-
terprises, there are close interrelationships among project management, social capital, and
organizational efficiency. The effective implementation of project management can promote
the establishment and enhancement of social capital, thereby improving organizational
efficiency. The existence and development of social capital also contribute to the smooth
progress of project management, thereby improving the level of organizational efficiency.

3.4. Model and Hypotheses

Based on the preceding discussion, this study developed an architecture model
(Figure 1), and the following hypotheses are proposed:

H1: Social capital positively affects organizational efficiency.

H2: Information-information symmetry positively affects social capital.

H3: Information-information symmetry positively affects organizational efficiency.

H4: Human task adaptation positively affects social capital.

H5: Human task adaptation positively affects organizational efficiency.
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Figure 1. Research structure.

3.5. Questionnaire Design

This study designed questionnaire items based on the research topic and the relevant
literature. The sources of the variable codes, questions, and scales are shown in Table 1.

Table 1. Research variables, definitions, and references.

Attributes Research Variables Operational Definition References

First order

Social capital

A network of trust, shared vision, and social interaction
is established among internal members of the
organization, which promotes collaborative cooperation
and the formation of innovative capabilities as
resources.

[12,27]

Organizational efficiency

The resource utilization efficiency and productivity level
achieved by an organization in the achievement of
established goals reflect the overall efficiency and
quality of the organization’s operations.

[12]

Information–information
symmetry

The balance and efficiency of information exchange and
sharing among relevant departments in
cross-departmental synergetic design project
management.

[36]

Human-task adaptation The degree of matching between project members and
assigned tasks. [37]

Second order

Trust
Belief in the reliability and integrity of other team
members based on mutual understanding and a
cooperative history.

[12,27]

Shared vision The shared vision and goals of team members can
inspire teamwork and efforts to achieve common goals. [12,27]

Social interaction

Frequent communication, cooperation, and support
activities among internal members of the organization
promote the formation and development of social
capital.

[12,27]

3.6. Research Objects

The theme of this study is to explore the relevant role of cross-departmental synergetic
design project management in home appliance enterprises. Home appliance enterprises,
as key players in contemporary business, have intricate project management needs. This
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spans from product research and development to technology implementation, marketing,
and promotion. Close collaboration among departments and teams is essential for efficient
project execution and achieving set goals.

Therefore, for the survey conducted as part of this study, employees from different
departments of relevant enterprises were selected to investigate their relevant perceptions.
By conducting in-depth research on the roles, impacts, and experiences of relevant em-
ployees in cross-departmental synergetic design project management, we can provide
valuable insights and suggestions for the improvement of project management practices
and organizational efficiency and promote the sustainable development and innovation of
home appliance enterprises.

4. Empirical Analyses
4.1. Data Collection

This study was conducted in the form of an online questionnaire that was administered
between January and April 2023. In this study, we reached out to several home appliance
companies with whom our school has established long-standing partnerships. Upon
receiving approval from the executives of these companies, we distributed questionnaires
within the respective communities and WeChat groups associated with these businesses.
The surveys were completed by the employees and staff members of these home appliance
companies. With the exception of basic personal information, all items were scored on a
7-point Likert scale ranging from 1 (strongly disagree) to 7 (strongly agree). All respondents
clicked on the website link to the survey questionnaire to view a description of the study.
They answered the research questions voluntarily and could withdraw from the survey
at any time. Therefore, all participants agreed to complete the questionnaire with full
knowledge and voluntary participation.

The final number of observations collected for this study was 700. After excluding
invalid responses (those containing logical errors or the same option chosen too many
times), the remaining sample included 671 respondents for an effective recovery rate of
95.85%. The questionnaire used in this study included 22 questions, and the sample size
of 671 valid responses met Jackson’s criterion that the ratio of estimated parameters to
sample size should be higher than 1:10 [38]. Therefore, subsequent data analysis work was
conducted based on this criterion. Statistical analysis was conducted on the data provided
by the participants in the valid responses. The statistical results are shown in Table 2.

Table 2. Basic data of the respondents.

Category Project Number of People Percentage (%)

Gender Male 258 38.45
Female 413 61.55

Age

20–24 157 23.4
25–29 286 42.62
30–34 92 13.71
35–39 48 7.15
40–44 59 8.79

Above 45 29 4.32

Department

Design department 357 54.2
Production technology

department 219 32.64

Marketing Division 62 9.24
Resources department 21 3.13
Financial department 7 1.04

Safety supervision department 5 0.75
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Table 2. Cont.

Category Project Number of People Percentage (%)

Educational
background

Primary school 7 1.04
Junior high school 4 0.6
Senior high school 36 5.37

College 268 39.94
Master’s 341 50.82

Learned scholar 12 1.79
Post-doctoral 3 0.45

The proportion of young people working in home appliance enterprises is relatively
high. The data collected in this study align closely with the typical distribution of person-
nel in such enterprises. Most of the departments at which the test subjects were located
were closely involved in design (i.e., the design department, the production technology
department, and the marketing department), thus providing preliminary evidence indi-
cating that the test subjects were appropriate for investigating the topics relevant to this
study. The reliability and validity testing of the sample in this study is explained in the
following section.

4.2. Reliability Analysis

The reliability of the constructs is tested through Cronbach’s α coefficient and the
corrected-item-to-total (CITC). As shown in Table 3, the CITC coefficients of all factors
were higher than 0.5. After deleting items, the Cronbach’s α coefficient did not improve
significantly, and the Cronbach’s α coefficients of all constructs were all over 0.8, indicating
that the internal consistency of the constructs in this study was high, and the data could be
used for further analysis.

Table 3. Reliability analysis.

Latent Variable Code CITC Cronbach’s α After Deletion Cronbach’s α

Trust

TR1 0.723 0.858

0.882
TR2 0.789 0.831
TR3 0.772 0.839
TR4 0.696 0.867

Shared vision

SV1 0.554 0.834

0.832
SV2 0.718 0.761
SV3 0.718 0.762
SV4 0.656 0.789

Social interaction

SI1 0.582 0.826

0.834
SI2 0.703 0.773
SI3 0.716 0.767
SI4 0.658 0.793

Organizational efficiency
OE1 0.528 0.732

0.754OE2 0.62 0.628
OE3 0.603 0.648

Human-task adaptation

HTA1 0.597 0.806

0.827
HTA2 0.685 0.767
HTA3 0.708 0.756
HTA4 0.624 0.795

Information–information symmetry
IIS1 0.687 0.728

0.816IIS2 0.703 0.711
IIS3 0.616 0.8

4.3. Exploratory Factor Analysis

While the model and constructs of this study are based on established theories and
prior academic work, the questions originated from scales crafted by various scholars.
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Therefore, it was necessary to use exploratory factor analysis to ensure the structural validity
of the measurement model. The questionnaire data were tested using SPSS 22 software, and
KMO and Bartlett’s sphericity tests were used to judge whether the questionnaire and scale
were suitable for factor analysis. As shown in Table 4, the KMO value was 0.886, which
was significantly higher than the standard of 0.70 [39]. The Bartlett’s sphericity test shows
significant results (p < 0.05), thus indicating that the model was suitable for factor analysis.

Table 4. KMO and Bartlett’s sphericity test.

KMO and Bartlett’s Sphericity Test

KMO Value 0.886

Bartlett’s sphericity test
Approximate chi-square 7396.359

df 231
p 0

This study then used principal component analysis to measure the distinctiveness and
accuracy of the scale dimensions. As shown in Table 5, factors with eigenvalues greater
than were extracted, resulting in a cumulative variance interpretation rate of 69.704%, and
the interpretation rates of individual factors were all below 40%. No single factor explained
most of the variance, thus meeting Thompson’s criteria [40]. There was no common method
variation in the scale used in this study, and the number of factors matched the dimensions
of the preset model in this study.

Table 5. Principal component analysis results of questionnaire values.

Factor Number
Interpretation Rate of Variance before Rotation Interpretation Rate of Variance after Rotation

Eigenvalue Variance Explanation Rate Total Eigenvalue Variance Explanation Rate Total

Factor1 7.306 33.211 33.211 3.053 13.876 13.876
Factor 2 3.241 14.733 47.944 2.732 12.419 26.295
Factor 3 1.558 7.081 55.025 2.71 12.317 38.612
Factor 4 1.18 5.364 60.389 2.6 11.816 50.428
Factor 5 1.056 4.802 65.191 2.228 10.125 60.553
Factor 6 0.993 4.513 69.704 2.013 9.151 69.704

This study then used principal component analysis to extract new factors from original
scale items. As shown in Table 6, factors with eigenvalues greater than one were extracted,
resulting in a cumulative variance interpretation rate of 69.704%, and the interpretation
rates of individual factors were all below 40%. No single factor explained most of the
variance, thus meeting Thompson’s criteria [41]. There was no common method variation
in the scale used in this study, and the number of factors matched the dimensions of the
preset model in this study.

Table 6. Exploratory factor analysis results of questionnaire values.

Code
Factor Loading

Communality
Factor1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6

TR1 0.793 0.134 0.008 0.24 0.046 0.108 0.719
TR2 0.831 0.166 0.111 0.228 0.034 0.101 0.794
TR3 0.842 0.094 0.058 0.224 0.049 0.089 0.781
TR4 0.734 0.22 0.089 0.29 0.025 0.035 0.681
SV1 0.262 0.313 0.017 0.611 0.062 −0.07 0.549
SV2 0.294 0.151 0.05 0.785 0.091 0.108 0.747
SV3 0.231 0.149 0.029 0.809 −0.047 0.2 0.773
SV4 0.318 0.183 0.09 0.704 0.098 0.135 0.667
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Table 6. Cont.

Code
Factor Loading

Communality
Factor1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6

SI1 0.148 0.73 0.031 0.106 −0.041 0.216 0.616
SI2 0.092 0.791 0.164 0.206 0.121 0.075 0.723
SI3 0.168 0.761 0.118 0.234 0.108 0.158 0.712
SI4 0.193 0.725 0.15 0.15 0.158 0.169 0.661

OE1 0.094 0.2 0.222 0.113 0.118 0.691 0.603
OE2 0.113 0.184 0.169 0.088 0.217 0.756 0.702
OE3 0.092 0.173 0.253 0.113 0.149 0.742 0.688

HTA1 0.028 0.052 0.671 0.153 0.195 0.269 0.588
HTA2 0.092 0.088 0.804 0.1 0.169 0.142 0.721
HTA3 0.047 0.109 0.838 0.012 0.149 0.112 0.751
HTA4 0.079 0.188 0.713 −0.092 0.24 0.165 0.643
IIS1 −0.042 0.089 0.247 0.053 0.807 0.154 0.749
IIS2 0.015 0.137 0.19 0.03 0.849 0.13 0.793
IIS3 0.173 0.044 0.253 0.075 0.737 0.171 0.674

4.4. Confirmatory Factor Analysis
4.4.1. Convergent Validity

This study used AMOS v22.0 software to conduct structural equation model analysis.
Many studies have employed AMOS for analysis, demonstrating its reliability in structural
equation modeling. According to Anderson and Gerbing, data analysis can be divided
into two stages [42]. The first stage is the measurement model, which uses the maximum
likelihood estimation method. The estimated parameters include factor loading, reliability,
convergent validity, and discriminant validity and are based on the recommendations
from Hair et al. [43], Nunnally and Bernstein [44], Fornell and Larcker [45] concerning
convergent validity, and Chin [46] and Hooper [47] regarding standardized factor loading,
as depicted in Table 5. In this study, the standardized factor loadings exceeded 0.6, the
reliability values of the included factors surpassed 0.7, and the average variance extraction
(AVE) values were above 0.5, indicating strong convergent validity [43] (Table 7).

Table 7. Measurement model.

Construct Item Unstd. S.E. p Std. AVE CR

Trust

TR1 1.000 - - 0.781

0.657 0.884
TR2 1.067 0.045 0.000 0.862
TR3 0.993 0.043 0.000 0.835
TR4 0.900 0.044 0.000 0.759

Shared vision

SV1 1.000 - - 0.627

0.564 0.837
SV2 1.303 0.081 0.000 0.797
SV3 1.270 0.078 0.000 0.801
SV4 1.235 0.079 0.000 0.765

Social interaction

SI1 1.000 - - 0.629

0.563 0.836
SI2 1.239 0.080 0.000 0.754
SI3 1.311 0.080 0.000 0.825
SI4 1.223 0.077 0.000 0.778

Organizational efficiency
OE1 1.000 - - 0.650

0.512 0.758OE2 1.204 0.081 0.000 0.748
OE3 1.204 0.081 0.000 0.744

Human-task adaptation

HTA1 1.000 - - 0.678

0.550 0.830
HTA2 1.273 0.075 0.000 0.772
HTA3 1.201 0.070 0.000 0.789
HTA4 1.124 0.070 0.000 0.722
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Table 7. Cont.

Construct Item Unstd. S.E. p Std. AVE CR

Information–information symmetry
IIS1 1.000 - - 0.804

0.603 0.819IIS2 1.013 0.051 0.000 0.811
IIS3 0.874 0.049 0.000 0.709

Discriminant validity was determined using the criteria set by Fornell and Larcker [45].
The model exhibits discriminant validity if the square root of the AVE for each construct
exceeds its correlation coefficients with other constructs. As demonstrated in Table 8,
all diagonal values in this study exceeded those off the diagonal, confirming the good
discriminant validity of each construct.

Table 8. Differential validity test results for the formal questionnaire.

TR SV SI OE HTA IIS

Trust 0.810
Shared vision 0.629 0.751

Social interaction 0.429 0.506 0.750
Organizational efficiency 0.305 0.346 0.475 0.715
Human-task adaptation 0.213 0.198 0.345 0.521 0.742

Information–information symmetry 0.169 0.192 0.293 0.447 0.525 0.776
Note: The items shown on the diagonal in bold represent the square roots of the AVE values; off-diagonal elements
are the correlation estimates.

4.4.2. Model Fit Test

This study selected multiple indicators to evaluate the fit of structural models based
on the research conducted by multiple scholars, such as Jackson et al. [48], Kline [49],
Schumacker [50], and Hu and Bentler [51]. Six dimensions were measured according to
the research hypotheses and models, as shown in Table 9 below. All standard model
fit evaluation indicators met the level of independence and the combination rules for a
recommended fit, proving that the structural model exhibited a good fit. The theoreti-
cal framework proposed by the research institute is consistent with the actual results of
the survey.

Table 9. Evaluation results.

Common Indicators GFI RMSEA CFI NFI TLI IFI SRMR

Judgment criteria >0.9 <0.10 >0.9 >0.9 >0.9 >0.9 <0.1
Value 0.916 0.063 0.927 0.903 0.916 0.928 0.06

4.5. Path Analysis

Table 10 below shows the results of the path analysis. Organizational efficiency is
significantly influenced by human task adaptation (b = 0.368, p < 0.001), information-
information symmetry (b = 0.149, p < 0.001), and social capital (b = 0.311, p < 0.001).
Social capital is significantly affected by human task adaptation (b = 0.306, p < 0.001) and
information-information symmetry (b = 0.105, p = 0.044). Table 10 shows the normalized
coefficient of the SEM in this study. A higher coefficient implies that the independent
variable has a more important impact on the dependent variable. Figure 2 shows the
influence of the variables in the structural model.
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Table 10. Regression coefficients.

DV ← IV Non-Standardized
Regression Coefficient SE p Standardized

Regression Coefficient R2

Organizational
efficiency

← Human task adaptation 0.368 0.058 0.000 0.378
0.566← Information–information

symmetry 0.149 0.038 0.000 0.215

← Social capital 0.311 0.043 0.000 0.366

Social capital ← Human task adaptation 0.306 0.076 0.000 0.268
0.131

← Information–information
symmetry 0.105 0.052 0.044 0.130

Figure 2. SEM model path estimation diagram.

5. Discussion

The validation and verification of the SEM provide some key findings, which are
discussed in the following.

H1 focuses on the positive impact of social capital on the organizational efficiency of
cross-departmental synergetic design project management in home appliance enterprises,
according to employees of the enterprise. This positive relationship between social capital
and organizational efficiency is consistent with the results of previous research [12], thus
emphasizing the importance and relevance of social capital with regard to improving the
overall performance of such projects. In the context of cross-departmental synergetic design
projects, social capital, as a valuable resource, promotes trust, mutual understanding, and
a shared vision among team members. This positive work atmosphere encourages open
communication, the exchange of ideas, and joint problem-solving, ultimately leading to
improved project outcomes. In addition to promoting effective cooperation, social capital
also impacts organizational efficiency by simplifying the decision-making process. Stable
social connections and shared values within the organization foster a willingness among
employees to actively seek opinions and welcome feedback from colleagues.

H2 emphasizes the positive impact of information-information symmetry on the social
capital of cross-departmental synergetic design project management in home appliance
enterprises, according to employees of the enterprise. Within home appliance enterprises’
cross-departmental synergetic design project management, information-information sym-
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metry is crucial for efficient information exchange and sharing across departments. Em-
ployees generally believe that when information-information symmetry is effectively main-
tained and implemented, information exchange among different departments is smoother
and more efficient. This situation helps reduce information asymmetry and overcome
information silos, thereby providing team members with more opportunities to understand
each other and cultivating social capital to promote mutual trust and understanding.

H3 underscores the consensus among enterprise employees that information-informa-
tion symmetry positively influences the organizational efficiency of cross-departmental
synergetic design project management within home appliance enterprises. This discovery
highlights the important role of information-information symmetry in improving project
management efficiency. The implementation of information-information symmetry can
promote information exchange and sharing among departments, thus ensuring the accuracy
and timeliness of information transmission. This approach curtails information lag and
misunderstandings, fostering better understanding and streamlined communication among
team members and facilitating the project’s smooth progression. By effectively conveying
key information, various departments can coordinate resources more effectively, allocate
tasks reasonably, and avoid duplicate work. These benefits help reduce resource waste,
improve work efficiency, and thus enhance the overall efficiency of the organization.

H4 emphasized the positive impact of human task adaptation on the social capital of
cross-departmental synergetic design project management in home appliance enterprises as
perceived by employees. Effective task adaptation leads employees to align better with their
roles and responsibilities that correspond to their assigned tasks. As employees adeptly
adjust to their tasks, their heightened performance often reflects increased professional
competence and project responsibility, boosting team cohesion. Furthermore, as employees
acclimate to their tasks, their propensity to effectively communicate and collaborate with
teammates rises. This collaborative spirit fosters a shared vision, deepens cooperation, and
fortifies trust, cultivating social capital in the process.

H5 focuses on the positive impact of human task adaptation on the organizational
efficiency of cross-departmental synergetic design project management in home appliance
enterprises, according to employees of the enterprise. Human task adaptation helps
improve employee job satisfaction and engagement. When employees leverage their
strengths and interests, they tend to invest more time and energy, actively driving project
progress. This engaged attitude boosts work enthusiasm, directing focus towards task
completion and enhancing project efficiency. In addition, the decision-making efficiency
of human task adaptation projects is thus promoted. When employees have skills and
knowledge that match the task at hand, they can make decisions more quickly, thus
reducing uncertainty and hesitation in the decision-making process. This efficient decision-
making process helps accelerate project progress, reduce the waste of time and resources,
and improve the overall efficiency of project management.

6. Conclusions and Recommendations
6.1. Conclusions

In this paper, we delve into the intricacies of project management in the context of
inter-departmental collaborative design. This perspective has been chosen due to the
multi-faceted and intricate business requirements within the home appliance industry.
Notably, the development and design of new products necessitate close cooperation among
diverse departments. By concentrating on this pivotal aspect, our study introduces novel
approaches and recommendations aimed at enhancing project management efficiency and
organizational effectiveness for home appliance companies.

This research centers on the nexus between project management, social capital, and
organizational efficiency. Through an analysis utilizing structural equation models, we
substantiate that information-information symmetry, human-task adaptation, and social
capital each play pivotal roles in the management of collaborative design projects within
home appliance enterprises. The home appliance sector is characterized by rapid evolution
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and intense competition, necessitating more effective project management and harnessing
social capital to attain sustainable competitive advantages.

Consequently, the findings of this study offer valuable insights to home appliance
industry firms on optimizing information exchange, staffing strategies, and social capital
cultivation. In conclusion, our study furnishes both theoretical and practical guidance to
enterprises. It underscores the significance of bolstering information exchange, refining
staffing approaches, and nurturing robust social capital in project management practices.
These measures, in turn, can bolster overall efficiency, project management performance,
and organizational competitiveness. Our recommendations present a tangible blueprint for
success in the ever-evolving market landscape faced by home appliance businesses.

6.2. Theoretical Implications

This study focuses on cross-departmental collaborative design project management
in home appliance enterprises, aiming to explore the relationship between project man-
agement, social capital, and organizational efficiency. We try to clarify the relationship
between the three and analyze social capital and project management as more detailed
factors so as to explain the internal perception and related practices of enterprise employ-
ees in collaborative design. The results show that project management and social capital
are the key factors affecting organizational efficiency, which verifies the importance of
collaborative design in the cross-departmental management of home appliance enterprises.
In this study, human-task adaptation in project management has the highest impact on
organizational efficiency; that is, employees believe that they can maximize their value if
they are assigned appropriate tasks. While social capital has a slightly lower impact on
organizational efficiency than human-task adaptation, in other words, the importance of
social capital represents that research around social capital and its inherent trust, shared
vision, and social interaction is of great value. From a theoretical point of view, this study
proposes a new deconstruction, connection, and causality between project management,
social capital, and organizational efficiency and also provides a theoretical framework for
further analysis of cross-departmental collaborative design in the future.

6.3. Practical Implications

The results of this study can be used by relevant enterprises to make relevant adjust-
ments to their personnel allocation structure, planning, etc., with the goals of improving
the efficiency of project execution and stimulating the output of results. Therefore, based
on the research findings, the following suggestions are proposed for reference:

1. Improving innovation and creativity: Synergetic design promotes knowledge ex-
change and experience sharing among different departments, enabling teams to view
problems from different perspectives and take advantage of their own professional knowl-
edge and creativity. This diversified form of collaboration helps stimulate innovative
thinking and generate more forward-looking and competitive design solutions. (1) Knowl-
edge sharing platform: Create a platform for knowledge sharing among employees from
various departments, facilitating the exchange of expertise and experiences. This platform
can be implemented through internal networks, regular meetings, or online collaboration
tools. By encouraging knowledge sharing, employees can draw inspiration from different
departments, fostering innovation. (2) Diverse teams: Assemble diverse cross-departmental
teams comprising members with distinct backgrounds and expertise. Embracing diversity
stimulates a variety of perspectives and creative thinking, thereby yielding more forward-
looking and competitive design solutions. (3) Incentivize innovation: Establish a reward
system to incentivize employees to propose innovative ideas and translate them into action.
Rewards may include bonuses, recognition, and opportunities to lead special projects,
among others, designed to motivate employees to actively engage in innovative activities
throughout the collaborative design process.

2. Strengthen team cooperation: Synergetic design requires close cooperation and
coordination among team members. By jointly participating in the project design and
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decision-making process, team members can establish closer working relationships, thereby
strengthening team cohesion and collaboration efficiency. (1) Training and workshops: Im-
plement team training sessions and workshops to equip employees with essential teamwork
skills and effective communication techniques. These initiatives facilitate the development
of stronger working relationships and enhance collaboration efficiency. (2) Establishing
common goals: Guarantee that all team members possess a clear understanding of the
project’s common objectives. Collaboratively formulate measurable goals and key perfor-
mance indicators (KPIs). This practice ensures that the team remains focused and works
collectively toward achieving the project’s success.

3. Improve project execution efficiency: Synergetic design can reduce information
isolation and repetitive work, ensure information-information symmetry, and thus accel-
erate the decision-making and execution process. By optimizing human task adaptation,
team members can take full advantage of their professional abilities and improve overall
project management efficiency. (1) Information sharing platform: Create a centralized
platform for sharing project-related information, enabling all team members to access vital
data whenever needed. This approach reduces information disparities and expedites the
decision-making process, enhancing overall efficiency. (2) Well-defined task allocation: Es-
tablish a clear and concise division of tasks, ensuring that each team member comprehends
their responsibilities and duties. Optimizing the alignment between individuals and tasks
(man-task fit) allows everyone to leverage their professional expertise, thereby improving
project management efficiency.

4. Optimize resource allocation: Synergetic design enables different departments
to jointly plan and allocate resources, thereby avoiding resource waste and duplicate in-
vestment. This approach helps ensure optimal resource allocation and improve project
cost-effectiveness and execution efficiency. (1) Collaborative resource planning: Encourage
cross-departmental collaboration in resource planning, encompassing personnel, time, and
budget allocation. This collaborative effort ensures the optimal utilization of resources,
leading to reduced project costs and enhanced execution efficiency. (2) Performance assess-
ment: Institute a performance evaluation system and conduct regular reviews of resource
utilization to pinpoint potential inefficiencies and opportunities for enhancement. This
practice facilitates ongoing refinement of resource allocation strategies.

5. Increase project success rates: Synergetic design ensures the project management
team has a holistic grasp of project requirements and challenges, facilitating early problem
resolution. (1) Early problem resolution: Foster a proactive approach within the project
management team, encouraging the early identification and resolution of issues. This
approach aims to prevent the accumulation and subsequent delays of problems throughout
the project lifecycle. (2) Collaborative project planning: Promote collaborative project plan-
ning involving all relevant departments. This inclusive approach enhances the commitment
and cooperation of each department, thereby increasing the likelihood of project success.

6.4. Research Limitations and Suggestions

Some limitations of this study may highlight directions for future research:

1. The research objects explored in this study may have a distribution that is biased
towards departments with strong design relevance; however, other departments may
also have relevant experience, experience, perceptions, etc., that are relevant to cross-
departmental synergetic design project management. Therefore, subsequent research
can attempt to expand the research population and obtain more in-depth results;

2. While this study primarily examines the role of synergetic design in cross-departmental
project management for home appliance enterprises, there are still some factors
that may not have been explored in depth, and certain related factors might have
been overlooked;

3. The home appliance companies included in this study are predominantly large-scale
enterprises based in China. The potential impact of enterprise size variation on the
factors under investigation has not been considered. Future researchers may wish



Systems 2023, 11, 504 16 of 17

to delve deeper into the role of collaborative design in cross-departmental project
management within small and medium-sized enterprises (SMEs);

4. This study is a quantitative research paper that uses structural equation modeling
as its method of research and analysis. In the future, qualitative research can be
conducted to address the deeper meaning of this phenomenon that quantitative data
cannot express.
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