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Abstract: Exploring pathways for sustainable synergistic development is a challenging 

issue for the construction industry, which is currently in a critical period of transfor-

mation. Current research has confirmed that industrial clusters are an important organi-

zational form for promoting sustainable synergistic development. However, the existing 

research on construction industry clusters has overly focused on cluster attribute analysis 

and evaluation. Investigating the core mechanisms of synergistic development within 

construction industry clusters is particularly crucial. From the perspectives of ecological 

and synergetic theories, this paper constructs the ecosystem of the construction industry 

cluster and analyzes its synergistic development process. It identifies the driving factors 

of the synergistic development of the construction industry cluster and uses the ISM 

model to determine the structural hierarchical relationships among factors. Taking Shan-

dong Province as the data sample, this study employs the Haken model to conduct an 

empirical investigation of the level of synergy and its driving mechanisms, establishing a 

three-stage framework for the driving mechanisms. The results show the following re-

sults: (1) Operating efficiency and innovation ability are the top factors to promote the 

synergistic development of the construction industry. (2) Market demand, as an order pa-

rameter, is an important condition for triggering and amplifying fluctuations in the con-

struction industry cluster system, and it acts as a controlling factor to promote the sys-

tem’s self-organization evolution to a new ordered and stable state. (3) The construction 

industry cluster in Shandong Province is in the initial stage of low synergy and is gradu-

ally evolving to moderate synergy. From a new research perspective, this study helps 

construction industry planners and policymakers understand the mechanisms of evolu-

tion and key driving factors of construction industry clusters. 

Keywords: construction industry cluster; synergistic development; Haken model;  

industrial ecosystem; dynamic mechanism 
 

1. Introduction 

Industrial clusters have long been regarded as the core engine of urban and regional 

development [1]. Currently, the global economy faces numerous challenges, including in-

creasing resource constraints and environmental regulations, as well as the increasingly 

fierce competition in the market, which has led to industrial clusters gradually becoming 

a key driver of national competitiveness [2]. As a vital pillar industry, the construction 

industry plays an especially important role in national economic development. Promoting 
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the new industrialization of the construction industry, with prefabricated buildings as an 

example, to comprehensively transform and upgrade the construction industry is a devel-

opment strategy for the construction sector globally in many countries. As China’s con-

struction industry enters a critical period of transformation and upgrading, the ad-

vantages of coordinated development in construction industry clusters in enhancing the 

competitiveness of the construction industry, promoting regional economic improve-

ment, and achieving high-quality development in the construction industry are gradually 

becoming apparent. During the 14th Five-Year Plan period, various provinces and cities 

in China, such as Guangdong Province [3] and Shandong Province [4], have issued a series 

of planning measures to foster the creation of modern construction industry clusters, new 

construction industrialization industry clusters, and construction industry aggregation ar-

eas. These diverse and highly functional construction industry clusters will contribute to 

the high-quality and coordinated development of the construction industry. 

Industrial clusters, as the best strategy for enhancing regional comprehensive com-

petitiveness [5], have become the organizational choice for many enterprises due to their 

high capital utilization rates and external economic advantages [2,6,7]. Scholars have also 

explored the clustering phenomenon in the construction field and found that construction 

industry clusters can improve the efficiency of construction enterprises’ production activ-

ities and create competitive advantages for cluster enterprises [8]; the agglomeration ef-

fects that generate technological, financial, and talent advantages can enhance the produc-

tivity of construction enterprises and reduce resource consumption [9]. After long-term 

development, the importance of clusters as a form of organization has gradually been re-

alized, and the coordinated development of industrial clusters is key to the rational allo-

cation and efficient use of industrial factors of production. Hengjiang Liu et al. [10] believe 

that the synergistic development of industrial clusters is a dynamically evolving process: 

industrial clusters continuously develop in a regular and stable way under the influence 

of endogenous driving mechanisms and exogenous stimulating mechanisms. Xuyun Li 

and Jia He [11] believe that the synergistic development within regional industries should 

focus on the overall industrial layout adjustment of industrial clusters and deepen the 

cooperative development through the rational construction of industrial chain ecology. 

Weidong Sun [12] proposes that small- and medium-sized enterprises (SMEs) and other 

actors within industrial clusters need to rely on external innovative resources to achieve 

coordinated development. 

At present, a number of theories have been put forward to explain why closely re-

lated firms are geographically co-located and how this can induce knowledge spillovers, 

innovation, etc. [13,14]. Research on construction industry clusters in China is primarily 

focused on cluster identification, analysis of cluster types and patterns, and cluster evalu-

ation. The research team led by Jian Sun [15,16], based on industrial cluster theory, uses 

Location Quotient analysis to identify construction industry clusters and classify them 

according to their causes and industrial characteristics. By dissecting real-case scenarios, 

they analyzed the internal and external mechanisms of construction industry clusters, 

highlighting scale, efficiency, firm density, and entrepreneurial spirit as significant factors 

influencing cluster competitiveness. Furthermore, Long Gao et al. [17] were the first to 

explore the formation and development paths of Chinese construction clusters, noting 

that these clusters are gradually ascending from the lower levels of the industrial chain. 

Jiangpeng Zhang et al. [18] delineated the construction cluster network system, suggest-

ing that the evolution of construction clusters is a process in which the main organizations 

within the network enhance their competitive advantage by improving their resource ac-

quisition capabilities through competitive and cooperative interaction mechanisms. It is 

evident that while some regional construction industry clusters have preliminarily 

formed, the state of their collaborative development remains uncertain. How to sustain 
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their development and prevent decline is an urgent issue that needs to be addressed, 

which necessitates research into the core mechanisms of synergetic development within 

industrial clusters. 

With the application of ecosystem thinking in the field of industrial economics and 

the increasing complexity of the business environment, the concept of the ecosystem has 

increasingly been used to describe the growing interdependencies among participants 

[19]. The ecological characteristics exhibited by industrial clusters have demonstrated the 

applicability of ecological theory in the study of cluster development and evolution 

[20,21], offering a new perspective on the synergetic development of industrial organiza-

tions. Despite extensive discussions on ecosystems in the management literature [22,23], 

research on ecosystems within the context of construction industry clusters remains scarce 

[24,25]. 

In summary, existing research on construction industry clusters lacks an in-depth 

analysis of the core mechanisms of cluster synergistic development from new research 

perspectives. Therefore, this study adopts an ecological perspective by dissecting the eco-

system model of construction industry clusters and analyzing the intrinsic patterns and 

dynamic mechanisms of their synergistic development. This study provides theoretical 

references for the synergistic development of construction industry clusters and explores 

pathways towards their sustainable development. 

2. Analysis of the Synergistic Development of Construction Industry  

Clusters from an Ecological Perspective 

2.1. Composition of the Construction Industry Cluster Ecosystem 

Organizational evolution is the result of both environmental selection and manage-

rial selection [26,27]. Construction industry clusters, along with their living environment, 

form an ecosystem that exhibits the basic characteristics of general ecosystems [28]. This 

cluster ecosystem is a complex system formed by the interactions of various entities, in-

cluding upstream and downstream enterprises in the construction industry chain and in-

termediary institutions. The main bodies of the construction industry cluster include con-

struction enterprises, financial institutions, government agencies, and research institu-

tions, as well as related industries and sectors such as manufacturing, services, and trans-

portation. The enterprises and institutions that make up the construction industry cluster 

act as Producers, Consumers, and Decomposers based on their positions in the industrial 

chain, forming organizational communities within the construction industry cluster. The 

cluster organizational community interacts with the natural, political, economic, and so-

cial external environments in which the cluster is situated, jointly facilitating the flow of 

resources such as materials, energy, information, and capital, and together maintaining 

the dynamic balance of the construction industry cluster ecosystem. The structure of the 

construction industry cluster ecosystem is primarily composed of three hierarchical net-

works: the Core System, the Support System, and the External Environment System, as 

shown in Figure 1. 
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Figure 1. Structural diagram of the construction industry cluster ecosystem. 

Natural ecosystems can be divided into two parts: the biological community (Internal 

System) and the inorganic environment in which they live (External System). The con-

struction industry cluster ecosystem operates analogously to natural ecosystems, sharing 

similar component structures, and can be divided into Internal and External Systems. 

(1) Internal System 

The Internal System encompasses the Core System and the Support System. The Core 

System possesses the central knowledge and professional expertise, consisting of key con-

struction enterprise organizations such as construction companies, survey and design 

firms, and material suppliers. The Support System ensures the normal operation of the 

Core System by providing the cluster with human resources, technology, capital, infra-

structure, and intermediary services, including research institutions, financial and insur-

ance organizations, government departments, industry associations, and other intermedi-

ary service agencies. Each entity within the Internal System belongs to either the Producer 

Population, Consumer Population, or Decomposer Population, forming Food Chains 

within the system. For instance, enterprises acting as Producers by supplying construction 

materials provide the nutrients necessary for enterprises acting as Consumers to carry out 

their operations. The residual materials and waste from construction production and op-

eration activities are recycled by energy-saving and recycling institutions acting as De-

composers and then supplied back to the Producers for the next cycle. Multiple Food 
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Chains within the construction industry cluster form a Food Web, constituting the organ-

izational community of the construction industry cluster. 

(2) External System 

The External System refers to the external environment in which the construction 

industry cluster organizational community is situated, that is, the outer environmental 

system at the outermost layer of the system’s structure, which serves as the external driv-

ing force for industrial agglomeration development. It mainly includes the natural re-

source environment and the constantly evolving Social Environments such as technology, 

economy, policy, and culture. Between the two, the Social Environment has a more critical 

impact on the human-led construction industry cluster ecosystem. The external environ-

ment can directly influence the core structure of the system by establishing regulations 

and rules, and it can also indirectly affect the core structure through the Support System, 

providing a favorable environment for the development of construction industry clusters. 

2.2. The Synergistic Development Process of the Construction Industry Cluster Ecosystem 

According to the Dissipative Structure theory (DST) [29] and synergetic theory, the 

emergence and function of synergy require certain conditions in the evolutionary devel-

opment process of the construction industry cluster ecosystem. When these necessary con-

ditions are met, the synergistic development trends exhibited by the system constitute the 

Natural Laws of industrial cluster evolution. Specifically, the basic conditions that should 

be satisfied include Openness, Disequilibrium, and the Unimpeded Interconnectivity of 

Elements. The disequilibrium within the open construction industry cluster ecosystem 

and the smooth interconnectivity between various elements allow the different compo-

nents of the system to develop through competition and cooperation, laying the founda-

tion for achieving synergistic development goals in construction industry clusters. 

Synergistic development is a macroscopic manifestation of system evolution, a pro-

cess primarily achieved through the synergistic interactions between the Internal System 

and External System. For the construction industry cluster ecosystem, competition creates 

the foundational conditions for synergistic development. The development of individual 

enterprises fosters competition, and various entities within the system move toward syn-

ergy through their interactions. This synergy, in turn, sparks higher-level competition. 

The system forms a synergistic mechanism under the influence of competition and coop-

eration among relevant factors, transforming some of these factors into competitive ad-

vantages. For instance, the synergistic mechanism promotes the application of new tech-

nologies by the main bodies of cluster construction enterprises, converting technological 

factors into competitive advantages for system development through innovative activi-

ties. Therefore, the synergistic development of the construction industry cluster ecosystem 

is mainly driven by the interactions between entities within the system and between the 

Internal System and the External System, with these interactions primarily manifesting as 

competition and cooperation. 

Only by inducing a Mutation in the system can the dissipative structure of the system 

truly be catalyzed, prompting the system to evolve towards a more ordered and stable 

structure, thereby achieving synergistic development in the construction industry cluster 

ecosystem. The key to this Mutation lies in the random fluctuations that arise from the 

interplay between the system’s self-organizing characteristics and synergistic driving fac-

tors. When a driving factor in the development of the construction industry cluster eco-

system changes, fluctuations occur randomly at various points within the system, such as 

fluctuations in the policy environment, capital investment, and Market Demand. These 

fluctuations, either occurring independently or interwoven, exert a subtle influence on the 

system’s development, called Micro Fluctuations. When the intensity of the driving factor 
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reaches the system’s own threshold, Micro Fluctuations are amplified into Giant Fluctua-

tions, propelling the construction industry cluster ecosystem to break through its original 

steady state and form a new dissipative structure. As the system crosses the critical point, 

the synergistic actions among its internal constituents based on the industrial chain grad-

ually strengthen, and the interactions between various driving factors inside and outside 

the system are amplified, leading to the formation of the order parameter that exerts a 

dominant influence. Therefore, the order parameter for the synergistic development of the 

construction industry cluster ecosystem primarily originates from the system’s random 

fluctuations, which are the result of the collective action of individual enterprises, enter-

prise populations, organizational communities, and the external environment, determin-

ing the type and direction of development of the construction industry cluster ecosystem. 

Based on the above discussion of the conditions, dynamics, and pathways for the 

synergistic development of the construction industry cluster system, a theoretical model 

for synergistic development is constructed. As shown in Figure 2, from an ecological per-

spective, the synergetic development model of the construction industry cluster system is 

as follows: the system’s main bodies are influenced by internal and external driving fac-

tors, leading to competitive and collaborative relationships that cause the system to depart 

from its original steady state. The collective synergistic response of groups of construc-

tion-related enterprises and institutions, along with system-driving factors, generates a 

force. When the cumulative effect of this force exceeds the system’s threshold for Muta-

tion, Micro Fluctuations within the system are amplified into Giant Fluctuations. Micro 

Fluctuations do not disrupt the system’s equilibrium state; the system can maintain its 

original dynamic balance through self-regulation. However, Giant Fluctuations push the 

system in a direction that is far from its own equilibrium state, causing the system to be-

come unstable. During the fluctuation process, the nonlinear interactions among various 

state variables in the system lead to the emergence of system order parameters, which 

then dominate the upgrading and development of the original system structure into a 

higher-level new stable state. Subsequently, the system, based on this new steady state, 

will undergo interactions between internal and external driving factors, creating new con-

ditions for fluctuations for the next round of evolution. It is within this cyclical process of 

evolution that the construction industry cluster ecosystem achieves its goal of synergistic 

development. 
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Figure 2. Theoretical model of synergy development in construction industry clusters. 

3. Analysis of Synergistic Driving Factors in Construction  

Industry Clusters 

3.1. Construction of the Synergistic Driving Factors Indicator System 

Synthesizing the aforementioned analysis, the construction industry cluster ecosys-

tem, which is composed of a three-tiered network that includes the Core System, the Sup-

port System, and the External Environment System, is subject to the synergistic influence 

of various factors. On one hand, different enterprises and organizations within the Inter-

nal System, in pursuit of profit objectives, form a dynamic balance of competition and 

cooperation through complementary advantages and innovation research. On the other 

hand, the construction industry cluster interacts with the constantly changing External 

Environment System. Changes in cluster elements, Industrial Structure, and the external 

environment cause cluster enterprises to continuously adjust their ecological niches for 

development, engaging in collaborative development under the influence of both internal 

and external factors. Based on the analysis of the synergetic development of the construc-

tion industry cluster ecosystem, combined with the research on industrial cluster collabo-

ration by scholars Zhiguo Chen [30], Junjie Fan [31], and Yibing Gao [32], the synergistic 

driving factors of the construction industry cluster are identified from two dimensions: 

the Internal System and the External System. The internal synergistic driving factors are 

summarized into three major categories: Operational Efficiency, Innovation Capability, 

and Industrial Structure, while the external synergistic driving factors are summarized 
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into three major categories: Market Demand, Resource Endowment, and Social Environ-

ment. 

Additionally, by reviewing existing research findings and referring to the relevant 

literature on building industrialization, industrial cluster collaboration, and evaluation 

indicators for industrial synergetic development, over 20 representative documents were 

selected. In conjunction with the characteristics of construction industry clusters and the 

accessibility of data, 23 high-frequency measurement indicators across six levels of indi-

cators were identified, as shown in Table 1. 

Table 1. Indicator system of synergistic driving factors in construction industry clusters. 

Dimensions First-Level Indicators Second-Level Indicators Units Attributes 

Internal 

System Drive 

Operational Efficiency 

(N1) 

Construction asset–liability ratio % Quantitative data 

Total profit and tax of construction 

enterprises 
Billion CNY Quantitative data 

Main business revenue Billion CNY Quantitative data 

Value added to the construction 

industry 
Billion CNY Quantitative data 

Innovation Capability 

(N2) 

Level of industry–academia–research 

cooperation 
— Qualitative scoring 

Proportion of scientific research 

investment 
% Quantitative data 

Proportion of professional and 

technical personnel 
% Quantitative data 

Labor productivity CNY/person Quantitative data 

Industrial Structure 

(N3) 

Completeness of industrial chain — Qualitative scoring 

Rationality of professional division of 

labor 
— Qualitative scoring 

Proportion of output value of top and 

first-class general contracting 
% Quantitative data 

Capital–labor ratio % Quantitative data 

External 

System Drive 

Market Demand (N4) 

Degree of market competition of 

enterprises 
— Qualitative scoring 

Demand for product diversity — Qualitative scoring 

Output value completed outside the 

province 
Billion CNY Quantitative data 

Resource Endowment 

(N5) 

Proportion of building area % Quantitative data 

Number of construction enterprises Units Quantitative data 

Total assets Billion CNY Quantitative data 

Scale of talent 

Ten 

thousand 

people 

Quantitative data 

Social Environment (N6) 

Degree of digital technology 

application 
— Qualitative scoring 

Promotion of industrial clusters — Qualitative scoring 

Implementation of government 

policies 
— Qualitative scoring 

Social capital investment Billion CNY Quantitative data  

3.2. Hierarchical Effects of Synergistic Driving Factors 

Interpretive Structural Modeling (ISM) is a classic systems analysis method that can 

analyze the structural relationships among various influencing factors in complex net-

work systems through a multi-level extraction approach. Compared to other alternative 
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methods, ISM not only helps to discover the hierarchical organization of various factors 

[33] but also provides order and direction for the complex relationships among elements 

within the system [34]. Therefore, to clarify the hierarchical structure of the driving factors 

in the synergistic development of construction industry clusters, this paper employs ISM 

to analyze the relationships and hierarchical structure among the driving factors of Oper-

ational Efficiency (N1), Innovation Capability (N2), Industrial Structure (N3), Market De-

mand (N4), Resource Endowment (N5), and Social Environment (N6). A 10-person ISM 

expert group was formed, and expert opinions in the field of construction were collected 

via a survey questionnaire. After verification and rationalization, an adjacency matrix A, 

representing the direct impact relationships among the synergistic driving factors, was 

obtained. In this matrix, a direct influence of synergistic driving factor Ni on Nj is repre-

sented as “𝑎𝑖𝑗 = 1”, and no direct influence as “𝑎𝑖𝑗 = 0”. The influence relationship of fac-

tors on themselves is not judged, so the diagonal values are fixed at 0. 

The identity matrix I is introduced to the adjacency matrix A and the resulting matrix 

(A + I) is further processed according to the rules of Boolean matrix operations; when it 

satisfies (A+ I)n−1 ≠ (A+ I)n = (A+ I)n+1 , the reachable matrix M can be obtained as 

(A+ I)n+1. The logical AND operation rules for Boolean matrices are as follows: 0 + 0 = 0; 

0 + 1 = 1; 1 + 1 = 1; 1 × 0 = 0; 0 × 1 = 0; and 1 × 1 = 1. Using MATLAB software for auxiliary 

calculations, the reachable matrix M can be derived. 

A =

[
 
 
 
 
 
0 1 0
1 0 0
1 0 0

0 0 0
0 0 0
0 0 0

1 0 1
0 1 0
0 1 0

0 0 1
0 0 0
0 1 0]

 
 
 
 
 

  M =

[
 
 
 
 
 
1 1 0
1 1 0
1 1 1

0 0 0
0 0 0
0 0 0

1 1 1
1 1 0
1 1 0

1 1 1
0 1 0
0 1 1]

 
 
 
 
 

  

By using set operations and continuously extracting the same elements from the 

reachable set and the intersection set, a hierarchical classification Table 2 can be obtained. 

Table 2. Hierarchical classification table of driving factors. 

Driving Factors Reachable Set: P(Ni) Preliminary Set: Q(Ni) Intersection Set: T(Ni) 

N1 1, 2 1, 2, 3, 4, 5, 6 1, 2 

N2 1, 2 1, 2, 3, 4, 5, 6 1, 2 

N3 1, 2, 3 3, 4 3 

N4 1, 2, 3, 4, 5, 6 4 4 

N5 1, 2, 5 4, 5, 6 5 

N6 1, 2, 5, 6 4, 6 6 

Based on the hierarchical classification results of the various factors, the hierarchical 

structure of the synergistic driving factors of the construction industry cluster is depicted 

as shown in Figure 3. 
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Figure 3. Hierarchical structure of synergy driving factors in construction industry clusters. 

The ISM model constructed in this study for the synergistic driving factors of the 

construction industry cluster is a four-tiered hierarchical directed structure model, where 

arrows represent the direction of the influence of the synergistic driving factors. This 

model has preliminarily determined the structural hierarchical relationships among the 

six major categories of synergistic driving factors, ranging from L1 to L4, with layers tran-

sitioning from superficial to deeper as the level number increases. At level L1, Operational 

Efficiency (N1) and Innovation Capability (N2) are top-level factors that directly affect the 

synergistic development of the construction industry. At the bottom level, L4, Market De-

mand (N4) is a deep-layer driving factor that often influences the target from the root. At 

the intermediate levels, L2 and L3, Industrial Structure (N3), Resource Endowment (N5), 

and Social Environment (N6) indirectly influence the target by affecting the top-level fac-

tors and serve as a bridge linking the top-level driving factors with the deep-layer driving 

factors. 

Based on the ISM model, the logical structural relationships and driving pathways of 

the synergistic driving factors within the construction industry cluster can be preliminar-

ily clarified. However, the specific nature of the interactions between these factors—such 

as whether they are positive or negative—and the definition of synergistic order parame-

ters still require further elaboration. 

4. Analysis of Synergistic Dynamics Mechanism in Construction  

Industry Clusters Based on the Haken Model 

4.1. Haken Model 

The synergetic theory is considered to be the theory that studies the laws governing 

the formation of synergistic structures within complex systems [35], providing methodo-

logical guidance for exploring complex systems characterized by both synergy and com-

petition [36]. The Haken model [37] is an important model in synergetic theory for meas-

uring the system's orderliness. By distinguishing between fast and slow variables within 
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the system, it identifies the order parameters that dominate the orderly structural devel-

opment process of complex systems. This allows for the determination of the key factors 

influencing the interactions between subsystems and variables within the system, as well 

as the overall evolution of the system. The model is capable of describing the interaction 

mechanisms among state variables within the system through various parameters. The 

construction industry cluster ecosystem meets the application conditions of the Haken 

model with characteristics such as self-organization, Openness, non-equilibrium, and 

nonlinearity. The Haken model can be used to identify the order parameters for the syn-

ergistic development of construction industry clusters, thereby revealing the driving 

mechanisms that lead the overall development of construction industry clusters towards 

a more orderly structured collaboration. 

The core content of the Haken model includes the adiabatic approximation assump-

tion, the evolution equation of order parameters, and the potential function, which mainly 

involves two state variables. By selecting two variables, Q1 and Q2, from the construc-

tion industry cluster ecosystem, their model relationship can be established as follows: 

Q̇1 = −γ
1
Q1 − aQ1Q2 (1) 

Q̇2 = −γ
2
Q2 + bQ1

2 (2) 

where γ
1
  and γ

2
 are damping coefficients, while a and b are interaction strength 

coefficients. According to the adiabatic approximation assumption, the damping coeffi-

cients must satisfy |γ
2
| ≫ |γ

1
|(γ

2
> 0) and the two values must differ by at least one or-

der of magnitude. At this point, Q1 is the slow variable that dominates Q2  and controls 

the system’s evolution, i.e., the system’s order parameter. It can be set that Q̇2 = 0, which 

provides the following: 

Q2 =
b

γ
2

Q1
2 (3) 

Substituting (3) into (1), the system’s order parameter evolution equation is obtained 

as follows: 

Q̇1 = −γ
1
Q1 −

ab

γ
2

Q1
3 (4) 

To facilitate practical analysis, the Haken model is discretized as follows: 

Q1(k+1) = (1− γ
1
)Q1(k)− aQ1(k)Q2(k) (5) 

Q2(k+1) = (1 − γ
2
)Q2(k)+ bQ1(k)Q1(k) (6) 

The potential function can determine the stability of the system’s potential energy 

and thus explore the evolutionary trend of the system. Integrating the negative of Q̇1 in 

Equation (4) yields the system’s potential function as follows: 

V =
1

2
γ

1
Q1

2 +
ab

4γ
2

Q1
4 (7) 

When the system is in a stable state, Q̇1 = 0. At this time, the equilibrium points of 

the potential function can be found as follows: when a × b × γ
1
× γ

2
> 0 , the equation 

Q̇1 = 0  has a unique solution of 0; when a × b × γ
1
× γ

2
< 0 , the equation Q̇1 = 0   has 

three solutions. 
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{
 
 
 

 
 
 Q1

* = 0

Q1
** = |

γ
1
γ

2

ab
|

1
2

Q1
*** = − |

γ
1
γ

2

ab
|

1
2

  

At this point, any point in the system that deviates from the equilibrium point will 

eventually return to the equilibrium point, and the stability of any point is determined by 

the straight-line distance between that point and the equilibrium point. 

4.2. Data Sources and Analysis 

Quantitative indicator data were selected from the comprehensive data of Shandong 

Province, China, spanning from 2015 to 2022. The data were primarily sourced from var-

ious statistical websites, including statistical yearbooks at different levels, annual reports 

on the construction industry, the Shandong Provincial Government website, and so on. 

The initial indicator values were derived from the organization and analysis of relevant 

statistical materials. 

Qualitative indicator data were obtained through the distribution of questionnaires. 

Given the accessibility of data and the specialized nature of the indicators being investi-

gated, the distribution of questionnaires was limited to practitioners in construction en-

terprises or individuals engaged in research related to the construction industry. Distrib-

uted online, a total of 220 questionnaires were collected. After excluding invalid question-

naires with identical answers and those with short response times, 172 valid question-

naires were obtained, resulting in an effective response rate of 78.2%. The collected ques-

tionnaire data were analyzed for reliability and validity using SPSS 26. The Cronbach’s α 

value of 0.832 (greater than 0.7) indicates good consistency within the sample data and a 

high degree of credibility. The KMO value of 0.811 (greater than 0.7) and the significance 

level (Sig.) of 0.000 (less than 0.05) suggest that the questionnaire has a relatively ideal 

level of stability and consistency [38]. 

The data were processed using the range transformation method, and the Entropy 

Weight Method (EWM) was employed to assign weights to the various indicators of the 

driving factors in the synergistic development of the construction industry cluster, which 

were then used for simulation calculations. 

4.3. Model Calculation and Analysis 

(1) Order Parameter Identification 

Using Eviews13, the six variables mentioned above were combined in pairs for anal-

ysis, with the requirement that at least two variables’ coefficients must pass the signifi-

cance test [39]. After processing the data with the software, a total of 30 sets of calculation 

results were output. Due to space limitations, the specific steps of the software operation 

and the selection process of the regression results are omitted in this paper. Only the 12 

results where the motion equations are established (with the significance levels of γ
1
 and 

γ
2
 reaching 10%) are listed, as shown in Table 3. 
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Table 3. Partial results of Haken model variable analysis. 

Serial 

Number 

Model 

Hypothesis 
Motion Equation Control Parameter Conclusion 

① 
Q1 = N2 

Q2 = N3 

Q1(k+ 1) = 1.856Q1(k)− 0.065Q1(k)Q2(k) 

(***)    (***) 
Q2(k+ 1) = 1.195Q2(k)+ 0.001Q1(k)Q1(k) 

(***)     (*) 

R1
2 = 0.922    R2

2 = 0.967 

γ
1
= −0.856 

γ
2
= −0.195 

a = 0.065 
b = 0.001 

The equation is 

valid; does not 

satisfy the 

adiabatic 

approximation 

assumption; 

the model 

hypothesis is 

not established. 

② 
Q1 = N3 

Q2 = N2 

Q1(k+1) = 1.180Q1(k)+ 0.001Q1(k)Q2(k) 

(***)     (*) 
Q2(k+1) = 1.405Q2(k)− 0.019Q1(k)Q1(k) 

(***)     (*) 

R1
2 = 0.969    R2

2 = 0.918 

γ
1
= −0.180 

γ
2
= −0.405 

a = −0.001 
b = −0.019 

The equation is 

valid; does not 

satisfy the 

adiabatic 

approximation 

assumption; 

the model 

hypothesis is 

not established. 

③ 
Q1 = N2 

Q2 = N4 

Q1(k+1) = 1.790Q1(k)− 0.070Q1(k)Q2(k) 

(***)     (**) 
Q2(k+1) = 1.129Q2(k)− 0.002Q1(k)Q1(k) 

(***)     (*) 

R1
2 = 0.928    R2

2 = 0.983 

γ
1
= −0.790 

γ
2
= −0.129 

a = 0.070 
b = −0.002 

The equation is 

valid; does not 

satisfy the 

adiabatic 

approximation 

assumption; 

the model 

hypothesis is 

not established. 

④ 
Q1 = N4 

Q2 = N2 

Q1(k+1) = 1.126Q1(k)− 0.002Q1(k)Q2(k) 

(***)     (*) 
Q2(k+1) = −0.074Q2(k)+ 0.217Q1(k)Q1(k) 

(**)    (***) 

R1
2 = 0.981    R2

2 = 0.947 

γ
1
= −0.126 

γ
2
= 1.074 

a = 0.002 
b = 0.217 

The equation is 

valid; satisfies 

the adiabatic 

approximation 

assumption; 

the model 

hypothesis is 

established; 

and N4 is the 

order 

parameter. 

⑤ 
Q1 = N2 

Q2 = N6 

Q1(k+1) = 1.784Q1(k)− 0.048Q1(k)Q2(k) 

(***)     (*) 
Q2(k+1) = 1.054Q1(k)+ 0.003Q1(k)Q1(k) 

(***)    (***) 

R1
2 = 0.930    R2

2 = 0.994 

γ
1
= −0.784 

γ
2
= −0.054 

a = 0.048 
b = 0.003 

The equation is 

valid; does not 

satisfy the 

adiabatic 

approximation 

assumption; 

the model 

hypothesis is 

not established. 

⑥ 
Q1 = N6 

Q2 = N2 

Q1(k+1) = 1.045Q1(k)+ 0.003Q1(k)Q2(k) 

(***)    (***) 

γ
1
= −0.045 

γ
2
= 0.144 

The equation is 

valid; does not 
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Q2(k+1) = 0.856Q2(k)+ 0.030Q1(k)Q1(k) 

(***)    (***) 

R1
2 = 0.995    R2

2 = 0.960 

a = −0.003 
b = 0.030 

satisfy the 

adiabatic 

approximation 

assumption; 

the model 

hypothesis is 

not established. 

⑦ 
Q1 = N3 

Q2 = N4 

Q1(k+1) = 1.204Q1(k)− 0.002Q1(k)Q2(k) 

(***)     (*) 
Q2(k+1) = 1.17Q2(k)− 0.005Q1(k)Q1(k) 

(***)     (**) 

R1
2 = 0.968    R2

2 = 0.982 

γ
1
= −0.204 

γ
2
= −0.170 

𝑎 = 0.002 
b = −0.005 

The equation is 

valid; does not 

satisfy the 

adiabatic 

approximation 

assumption; 

the model 

hypothesis is 

not established. 

⑧ 
Q1 = N4 

Q2 = N3 

Q1(k+1) = 1.189Q1(k)− 0.008Q1(k)Q2(k) 

(***)    (**) 
Q2(k+1) = 1.167Q2(k)+ 0.004Q1(k)Q1(k) 

(***)     (*) 

R1
2 = 0.982    R2

2 = 0.968 

γ
1
= −0.189 

γ
2
= −0.167 

a = 0.008 
b = 0.004 

The equation is 

valid; does not 

satisfy the 

adiabatic 

approximation 

assumption; 

the model 

hypothesis is 

not established. 

⑨ 
Q1 = N3 

Q2 = N6 

Q1(k+1) = 1.223Q1(k)− 0.003Q1(k)Q2(k) 

(***)     (*) 
Q2(k+1) = 1.040Q2(k)+ 0.005Q1(k)Q1(k) 

(***)    (***) 

R1
2 = 0.968    R2

2 = 0.997 

γ
1
= −0.223 

γ
2
= −0.040 

a = 0.003 
b = 0.005 

The equation is 

valid; does not 

satisfy the 

adiabatic 

approximation 

assumption; 

the model 

hypothesis is 

not established. 

⑩ 
Q1 = N6 

Q2 = N3 

Q1(k+1) = 1.025Q1(k)+ 0.006Q1(k)Q2(k) 

(***)    (***) 
Q2(k+1) = 0.915Q2(k)+ 0.020Q1(k)Q1(k) 

(***)    (**) 

R1
2 = 0.997    R2

2 = 0.978 

γ
1
= −0.025 

γ
2
= 0.085 

a = −0.006 
b = 0.020 

The equation is 

valid; does not 

satisfy the 

adiabatic 

approximation 

assumption; 

the model 

hypothesis is 

not established. 

⑪ 
Q1 = N4 

Q2 = N6 

Q1(k+1) = 1.131Q1(k)− 0.002Q1(k)Q2(k) 

(***)     (*) 
Q2(k+1) = 1.030Q2(k)+ 0.010Q1(k)Q1(k) 

(***)    (***) 

R1
2 = 0.980    R2

2 = 0.996 

γ
1
= −0.131 

γ
2
= −0.030 

a = 0.002 
b = 0.010 

The equation is 

valid; does not 

satisfy the 

adiabatic 

approximation 

assumption; 

the model 

hypothesis is 

not established. 
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⑫ 
Q1 = N6 

Q2 = N4 

Q1(k+1) = 1.014Q1(k)+ 0.009Q1(k)Q2(k) 

(***)    (***) 
Q2(k+ 1) = 1.272Q2(k)− 0.009Q1(k)Q1(k) 

(***)     (*) 

R1
2 = 0.996    R2

2 = 0.982 

γ
1
= −0.014 

γ
2
= −0.272 

a = −0.009 
b = −0.009 

The equation is 

valid; does not 

satisfy the 

adiabatic 

approximation 

assumption; 

the model 

hypothesis is 

not established. 

Note: ***, **, and * represent passing the significance level tests at 1%, 5%, and 10%, respectively. 

From the table, it can be seen that under the assumption ④ and the condition that 

the motion equation is established, γ
1
= −0.126, γ

2
= 1.074, a = 0.002, b = 0.217 , which 

satisfy the adiabatic approximation assumption that |γ
2
| ≫ |γ

1
| and γ

2
> 0. Therefore, 

Market Demand (N4) is the order parameter, Q1, and Innovation Capability (N2) is an-

other state variable, Q2. This indicates that compared to other driving forces, the stimula-

tion of Market Demand has a greater impact on the synergistic development of the cluster, 

and the interaction path between Market Demand and Innovation Capability is the main 

driving path for the cluster to develop in an orderly and synergistic direction. 

The parameter γ
1
= −0.126 < 0 indicates that a positive feedback mechanism has 

been established within the system between the Market Demand drive and the continuous 

improvement in Innovation Capability, promoting the system to gradually evolve to-

wards an orderly direction. This also implies that the market environment is becoming 

more conducive to the synergistic development of the construction industry cluster. The 

parameter γ
2
= 1.074 > 0 indicates that a stable positive feedback mechanism between 

the Market Demand drive and the interactive development of Innovation Capability has 

not yet fully formed within the system. That is, the existing Market Demand still needs 

further stimulation for cluster development, and the efficiency of innovation in cluster 

enterprises is not high enough, which means the driving path from Market Demand to 

Innovation Capability needs further improvement. 

The parameter b = 0.217 > 0  indicates that the order parameter Market Demand 

(N4) can promote the development of the state parameter Innovation Capability (N2), 

meaning that the synergistic driving factor Market Demand ultimately plays a promoting 

role in the factor Innovation Capability. a = 0.002 > 0 indicates that the state parameter 

Innovation Capability (N2) can to some extent inhibit the growth of the order parameter 

Market Demand (N4), meaning that the synergistic driving factor Innovation Capability 

can exert a hindering effect on Market Demand by influencing other factors on the driving 

path. According to the results of the interaction of the two factors, the role of cluster inno-

vation on Market Demand can be divided into two stages: in the initial stage, innovative 

activities are the key means to meet Market Demand, and the innovative achievements of 

the cluster are used to satisfy the economic market’s demand for construction products. 

Market demand will not continue to grow in the short term, meaning that the factor of 

Innovation Capability has a hindering effect on the factor of Market Demand. However, 

this hindering effect will not last forever because innovation can not only open up new 

market spaces for limited Market Demand but also change the structure and patterns of 

Market Demand, providing new choices and possibilities for Market Demand. At this 

time, the role of cluster innovation in Market Demand enters an advanced stage, where 

innovation drives continuous changes in Market Demand. 

(2) Potential Function Solution 

Based on the aforementioned analysis results, the evolution equation for the order 

parameter of the construction industry cluster ecosystem is obtained as follows: 
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Q̇1 = 0.126Q1 − 0.0004Q1
3 (8) 

Integrating the negative of Q̇1 in Equation (8) yields the potential function for the 

system’s evolution as follows: 

V = −0.063Q1
2 + 0.0001Q1

4 (9) 

Since a × b × γ
1
× γ

2
< 0, it is known that setting Q̇1 = 0 results in three solutions 

for the potential function: Q1
* = 0, Q1

** = 17.66, Q1
*** = −17.66. The potential function 

graph is illustrated in Figure 4. 

 

Figure 4. Synergistic development potential function graph of construction industry clusters. 

The potential function maps the development and evolution path of the system. As 

shown in Figure 4, when Q > 0, the system’s stable point is Q1
**(17.66,− 9.92); when Q < 

0, the system’s stable point is Q1
***(− 17.66,− 9.92). The point Q1

* is an unstable point 

and will eventually return to the stable points Q1
**or Q1

***. When the control variables 

are appropriate, the Market Demand (N1) and Innovation Capability (N2) within the con-

struction industry cluster ecosystem will have a non-zero effect. 

Considering the actual situation, the order parameter for Market Demand is a posi-

tive variable, which means a new stable solution forms at Q1
** = 17.66. The distance of 

any point from Q1
** determines the state of that point. The system state evaluation func-

tion is as follows: 

d = √(Q
1
− 17.66)2 + (V(Q

1
)+ 9.92)2 (10) 

The closer the state point is to the stable point Q1
**, the smaller the d value, indicating 

a higher degree of system synergy. To facilitate the comparison of score values, the d value 

is normalized to a positive indicator within the [0,1] range, known as the synergy score S: 

S =
dmax − d

dmax − dmin
 (11) 

where dmax  is the maximum value of the sample data and dmin  is the minimum 

value of the sample data. The range of synergy score S will be mapped to the [0,1] interval, 

with higher S values indicating a higher level of synergetic development. This study refers 

to Jinhua Zhang’s [40] research, using the trisection points of the interval as the boundary 

of the synergetic level, dividing the synergy score into three stages: (0,0.333] for low syn-

ergy; (0.334,0.666] for moderate synergy; and (0.667,1] for high synergy. The synergy 

(0，0)

V(Q1)

(17.66，－9.92)(－17.66，－9.92)

Q1
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scores for the synergistic development of construction industry clusters in 16 cities in 

Shandong Province, China, from 2015 to 2022, are shown in the following table. 

To clearly present the synergistic development status of construction industry clus-

ters in various regions of Shandong Province, a trend chart was created based on the syn-

ergy scores of each city from Table 4, as shown in Figure 5 below: 

Table 4. Synergistic score values of Shandong Province’s construction industry clusters. 

 2015 2016 2017 2018 2019 2020 2021 2022 
Average 

Value 

Jinan City 0.816 0.826 0.843 0.840 0.992 0.974 0.980 0.985 0.907 

Qingdao City 0.585 0.622 0.736 0.750 0.780 0.542 0.624 0.717 0.670 

Zibo City 0.173 0.149 0.194 0.389 0.372 0.173 0.292 0.332 0.259 

Zaozhuang City 0.138 0.141 0.130 0.136 0.048 0.040 0.027 0.037 0.087 

Dongying City 0.038 0.047 0.048 0.159 0.172 0.128 0.134 0.159 0.111 

Yantai City 0.335 0.363 0.462 0.569 0.699 0.416 0.570 0.693 0.513 

Weifang City 0.349 0.551 0.499 0.502 0.556 0.245 0.283 0.323 0.414 

Jining City 0.359 0.370 0.358 0.377 0.376 0.345 0.333 0.391 0.364 

Tai’an City 0.097 0.109 0.125 0.225 0.332 0.206 0.228 0.287 0.201 

Weihai City 0.223 0.231 0.241 0.212 0.133 0.131 0.109 0.114 0.174 

Rizhao City 0.109 0.099 0.108 0.117 0.171 0.139 0.141 0.158 0.130 

Linyi City 0.008 0.012 0.010 0.016 0.280 0.297 0.311 0.297 0.154 

Dezhou City 0.040 0.053 0.052 0.377 0.440 0.404 0.410 0.420 0.275 

Liaocheng City 0.103 0.129 0.136 0.127 0.127 0.016 0.046 0.071 0.094 

Binzhou City 0.098 0.095 0.090 0.107 0.024 0.031 0.027 0.046 0.065 

Heze City 0.010 0.095 0.104 0.101 0.087 0.116 0.088 0.121 0.090 

 

Figure 5. Development trend of synergy in Shandong Province’s construction industry clusters. 

Based on the data from Table 4 and Figure 5, it can be observed that from 2015 to 

2022, the synergy scores of the majority of cities in Shandong Province fell within the low 

synergy range and gradually increased. This indicates that the overall level of synergistic 

development of construction industry clusters in various regions of Shandong Province is 

in the initial stage and shows an upward trend year by year, evolving towards moderate 

synergy. Additionally, the synergy scores of the majority of regions declined in 2020 and 

then slowly rebounded. Analysis of the actual development situation reveals that the out-

break of COVID-19 at the end of 2019 led to the first significant decline in the total output 

value of Shandong Province’s construction industry in nearly five years in 2020. The 
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stagnation of construction production and business activities, the retreat of the construc-

tion market, and the suspension of work in other industries were a series of unfavorable 

factors that collectively caused the overall level of synergistic development of construc-

tion industry clusters in various regions of Shandong Province to decrease. Subsequently, 

with the strengthening of policy support from the Shandong Provincial Government, the 

level of synergistic development of construction industry clusters began to show an up-

ward trend. 

Regionally, Jinan City (0.907) and Qingdao City (0.670) have reached a high level of 

synergy in the development of their construction industry clusters, placing them in the 

first tier of synergistic development among construction industry clusters in Shandong 

Province. Jinan City has particularly maintained a high level of synergy for eight consec-

utive years. Yantai City (0.513), Weifang City (0.414), and Jining City (0.364) are at a mod-

erate level of synergy, positioning them in the second tier of synergistic development. 

The remaining 11 cities are all at a low level of synergy. Binzhou City (0.065) and 

Zaozhuang City (0.087), which rank at the bottom two in terms of synergy scores, show a 

significant gap compared to other cities. This indicates a considerable disparity in the syn-

ergistic development of construction industry clusters across different regions in Shan-

dong Province. Jinan and Qingdao, driven by Market Demand, have faster speeds in clus-

ter synergistic development and structural adjustment compared to other regions, and 

they are more capable of adapting to changes in the external environment of the clusters. 

4.4. Design of the Dynamics Mechanism 

Based on the order parameter evolution equation and potential function of the Haken 

model, the driving mechanism of the synergistic development of construction industry 

clusters can be revealed: taking Shandong Province as an example, Market Demand is the 

order parameter that dominates the synergistic development of its construction industry 

clusters. The path of action between Market Demand and Innovation Capability is the 

main driving path for the cluster to develop towards an orderly and synergistic direction. 

The interaction of various synergistic driving factors collectively promotes the construc-

tion industry cluster to break through its original stable state, evolving from disorder to 

order and from a lower level to a higher level of synergistic development. Combining the 

relevant synergetic theories and the hierarchical structure model of synergistic driving 

factors, the driving mechanism for the synergistic development of construction industry 

clusters was designed as shown in Figure 6. 
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Figure 6. Model of the driving mechanism for the synergistic development of the construction in-

dustry cluster. 

The dynamic triggering mechanism is the fundamental driving force behind the syn-

ergistic development of construction industry clusters, reflecting the source of momen-

tum and the process from nothing to something. The Openness of the construction indus-

try cluster system determines that the cluster will be influenced by the economic market 

environment. Under the drive of Market Demand, changes occur in the Industrial Struc-

ture and corporate behavior of the cluster, leading to random fluctuations that cause the 

cluster system to undergo Mutations, thereby triggering the formation of new orderly 

structures within the construction industry cluster. Specifically, the construction products 

generated by construction production and operation activities usually start with meeting 

Market Demand. At the same time, only enterprises that meet Market Demands can have 

the advantage of development. Changes in demand will guide the spatial selection of con-

struction industry cluster aggregation, adjustment of Industrial Structure, expansion of 

overall scale, and transformation of development methods, thus becoming the primary 

external driving force in the process of synergistic development of construction industry 

clusters. The order parameter of the cluster plays different roles at different times; the role 

of Market Demand may not be obvious in the initial stage, but when demand changes 

reach a certain level, it forms a driving force for the synergistic development of the con-

struction industry cluster. 

The dynamic transmission mechanism is the process by which synergistic develop-

ment and the continuous operation of the cluster are driven. Driven by Market Demand, 

construction industry clusters exhibit fluctuations that are amplified into Giant Fluctua-

tions through the positive feedback of various synergistic driving factors. Specifically, 

Market Demand transmits its promotional effect on innovation drive by driving environ-

mental changes, resource aggregation, industrial transformation, and the maximization of 

benefits. Innovation drive, in turn, provides positive feedback to Market Demand. Ac-

cording to the hierarchical structure of the factors’ influence, there are four pathways 

through which the driving effect of Market Demand is transmitted: Market Demand → 

Industrial Structure → Operational Efficiency → Innovation Drive, Market Demand → 

Operational Efficiency → Innovation Drive, Market Demand → Social Environment → 

Resource Endowment → Innovation Drive, and Market Demand → Social Environment 

→ Innovation Drive. Under the impetus of Market Demand, enterprises within the con-

struction industry cluster will spontaneously adjust and optimize their Industrial Struc-

ture, strengthen collaborative cooperation, and increase investment in innovative activi-

ties to form an innovation drive. Market demand also reshapes the Social Environment in 

which clusters are embedded, and with government regulation and technological 

knowledge spillovers, clusters will attract the entry of innovative resource elements. The 

augmentation of exploitable resources within the cluster further bolsters the innovation 

drive, enabling various pathways to collectively shape the cluster’s overall innovation 

drive as they convey the impetus of Market Demand. This process is also subject to feed-

back from other pathways, which serves to amplify the driving force of Market Demand. 

It is this positive feedback mechanism between the Market Demand drive and innovation 

drive that achieves the continuous and synergistic development of construction industry 

clusters. Furthermore, to gain market competitive advantage as well as meet diverse and 

multi-level Market Demands, cluster enterprises will further promote industrial agglom-

eration by establishing a stable, efficient, and resilient industrial chain system. Clusters 

focused on complementing and strengthening the chain make the industrial chain layout 

more rational and complete, enhancing the technological spillover effects between 
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industries and the resilience of the industrial chain. This is the process by which the syn-

ergy within construction industry clusters is enhanced. 

The dynamic orderly mechanism is attributed to the self-organizing evolution capa-

bility of the construction industry cluster system. When the effects of various synergistic 

driving factors do not reach the system’s threshold, the cluster’s own regulatory function 

will quell the fluctuations caused by the driving factors, and the system maintains its orig-

inal equilibrium at this time. When the effects of the factors are strong enough, fluctua-

tions are amplified into Giant Fluctuations, and the system becomes unstable and evolves. 

The system then reaches a higher level of synergy under the dominance of the order pa-

rameter, Market Demand, and the construction industry cluster achieves a new state of 

orderly stability, entering a virtuous cycle until new fluctuations emerge. Market demand 

drives the synergistic development of the construction industry cluster, and in turn, the 

construction industry cluster, while meeting various industrial and consumer demands, 

will induce new demands, thereby driving a new round of development. This cycle re-

peats, making Market Demand a significant and sustained driving force for the synergis-

tic development of construction industry clusters. The orderly process of synergistic de-

velopment in construction industry clusters manifests as a cyclical pattern of Market De-

mand changes → synergistic driving factor effects → synergistic effects → system insta-

bility → structural change → increase in synergy → new Market Demand changes. 

5. Discussion 

5.1. Academic Value and Contribution 

The construction industry in China is a pillar of the national economy, encompassing 

multiple fields and a vast industrial chain. Currently, the construction industry is facing 

multiple challenges such as declining Market Demand, rising costs, and difficulties in fi-

nancing; especially, the rapid downturn in the real estate market has had a significant 

impact on the construction engineering industry market. With the aim of achieving Chi-

na's Dual Carbon goals, the innovation of low-carbon production technology, energy sav-

ing and emission reduction, and prefabricated construction have become new directions 

for the development of the construction industry, making sustainable development of the 

construction industry an urgent task. Industrial clusters are an important organizational 

form to promote sustainable synergistic development; therefore, this paper analyzes the 

hierarchical relationship and driving mechanisms of the driving factors of construction 

industry clusters, finding that Operational Efficiency and Innovation Capability can di-

rectly promote the synergistic development of construction industry clusters, while Mar-

ket Demand can trigger system changes and dominate the cluster system to achieve a new 

stable state. In addition, this paper analyzes the construction industry cluster from an eco-

logical perspective, filling the research gap in existing construction industry cluster theo-

ries. At the same time, as a new research perspective, the three-stage driving mechanism 

framework for synergistic development of construction industry clusters formed in this 

paper provides a theoretical basis and reference for subsequent mechanism studies of con-

struction industry clusters. 

5.2. Limitations 

Given the limited conditions, this study has formed some conclusions but still has 

the following limitations: 

(1) The index system for the driving factors of construction industry cluster collabora-

tion needs further refinement. This study identified six types of synergistic driving 

factors from a macro perspective based on the synergistic development patterns of 

the construction industry cluster ecosystem and selected measurement indicators 
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through literature research. However, the construction industry cluster is a complex 

system involving numerous driving factors, and there may still be omitted elements. 

(2) The sample data for empirical analysis needs to be further expanded. This study con-

ducted an empirical analysis using data from Shandong Province from 2015 to 2022 

as the sample, which has limited coverage and capacity. It does not fully consider the 

imbalance in development across different regions, making it difficult to fully and 

accurately reflect the overall situation of synergistic development in China's con-

struction industry clusters. 

In subsequent research, the index system can be improved based on a more compre-

hensive understanding and consideration of the specific development details and charac-

teristics of the clusters. Specific analysis of the order parameters in other provinces and 

regions can be conducted to formulate synergistic driving mechanisms tailored to the cur-

rent state of development of China's construction industry clusters, making the empirical 

results more universally applicable. 

6. Conclusions and Suggestions 

Based on the construction industry-related data from Shandong Province, China, 

from 2015 to 2022, and using the Haken model for empirical analysis, the following con-

clusions were drawn according to the system’s order parameter evolution equation and 

potential function: The synergistic development of construction industry clusters in var-

ious regions of Shandong Province is generally in the initial stage of low synergy and is 

gradually evolving towards moderate synergy. Market Demand is the order parameter 

driving the synergistic development of its construction industry clusters, meaning that 

Market Demand is the key synergistic driving factor that pushes cluster development be-

yond the critical point toward a new, more orderly steady state. At the same time, the path 

driven mainly by Market Demand and Innovation Capability propels the synergistic de-

velopment of the construction industry cluster ecosystem. This dynamic mechanism 

framework primarily consists of three stages: the Market Demand-oriented dynamic trig-

gering mechanism, the dynamic transmission mechanism characterized by interactions 

among the Social Environment, Resource Endowment, Industrial Structure, Operational 

Efficiency, and cluster innovation, and the dynamic orderly mechanism of systemic syn-

ergistic evolution. 

The synergistic development of construction industry clusters is influenced by a va-

riety of internal and external factors. The key to promoting synergistic development 

within clusters is to grasp the order parameters and regulate the relationships between 

various synergistic driving factors. Based on the research conclusions, the policy recom-

mendations for promoting the synergistic development of construction industry clusters 

from the perspectives of enterprises, clusters, and governments are as follows: 

(1) Enterprises are the main drivers of cluster development, and innovation is the most 

crucial factor for synergistic development within these clusters. Cluster enterprises 

should enhance their R&D and innovation awareness, actively introduce scientific 

research institutions, and build innovation cooperation platforms that are enterprise-

led and market-oriented, integrating industry–university–research–innovation. They 

should fully leverage the driving effect of core enterprises to strengthen the momen-

tum of enterprise aggregation in construction industry clusters. Additionally, they 

should continuously optimize the internal relationships and production structures of 

enterprises within construction industry clusters, and promote specialized division 

of labor and differentiated development among enterprises, thereby expanding ef-

fective supply and meeting the demands of the construction economy market. 
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(2) Construction industry clusters can continuously innovate and upgrade through in-

dustrial agglomeration, knowledge spillovers, and collective action, promoting close 

interaction between related enterprises and institutions to accelerate synergistic de-

velopment. Clusters need to deploy innovation chains centered on the construction 

industry chain and cultivate innovative clusters. They should value the role of con-

struction industry associations and jointly build cluster intermediary platforms that 

serve the synergistic development of the industry. Furthermore, they should break 

through the geographical constraints of construction industry clusters and develop 

virtual industry clusters, such as combining Geographic Information System (GIS) 

technology and Google Earth applications to break the traditional geographical and 

spatial limitations of construction industry clusters, achieving cross-regional integra-

tion of the industry chain. 

(3) The government should act as a key facilitator, strengthening the construction of 

market-oriented systems that benefit both the market and the government, to provide 

a favorable policy and institutional environment as well as a market supply and de-

mand environment for the synergistic development of construction industry clusters. 

Government departments should refine the market standards and legal frameworks 

related to construction industry clusters. They should enhance support and promo-

tion for the development of these clusters, actively support and guide the aggrega-

tion of innovative resources towards the clusters, and advance mixed development 

within the industry. 
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