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Abstract. This article applies the co-citation analysis method and Interpretive 
Structural Modeling (ISM) to identify the influencing factors and hierarchical 
structure of the transformation of strategic emerging industry clusters. The study 
reveals that the fundamental factors influencing the transformation of strategic 
emerging industry clusters in China are Financial Mechanism, R&D Capability, 
Technology Transformation, and Strategic leadership of central enterprises. 
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1 Introduction 

In recent years, the construction of strategic emerging industry clusters has become an 
important approach to promote industrial structure upgrading and create new engines 
for economic development. According to data from the Ministry of Industry and Infor-
mation Technology, in 2022, the value-added of strategic emerging industries ac-
counted for over 13% of the country's GDP, with 45 national-level advanced manufac-
turing clusters generating a cluster output value exceeding 20 trillion yuan in the same 
year. However, statistical data shows that only 10% to 30% of China's cutting-edge 
technological achievements are applied in practical production, and only 20% of the 
technological achievements can truly form industrial applications. With the continuous 
breakthroughs in China's cutting-edge technological innovation, the efficient promo-
tion of achievement transformation will become crucial for the development of strategic 
emerging industry clusters. Currently, academic research in the field of strategic emerg-
ing industry clusters mainly focuses on evolutionary mechanisms [1-3], development 
paths [4-5], competitiveness analysis [6-7], innovation efficiency [8], while research on fac-
tors influencing achievement transformation is relatively scarce. Research in the field 
of achievement transformation mostly concentrates on the transformation patterns and 
paths in general industries [9-10], lacking sufficient consideration for the characteristics 
of strategic emerging industries, and often relying on subjective qualitative studies, 
lacking objective evaluation methods. 
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Therefore, this paper focuses on the analysis of factors influencing the transfor-
mation of achievements in strategic emerging industry clusters, aiming to explore key 
influencing factors and their interplay mechanisms. In terms of research methodology, 
this study employs Citespace software to identify the main influencing factors of tech-
nology achievement transformation. Furthermore, it utilizes Interpretive Structural 
Modeling (ISM) [10-13] to analyze the hierarchy of various influencing factors, their in-
terrelationships, and the paths of their effects. The objective is to provide theoretical 
foundations and practical references for accelerating the construction of strategic 
emerging industry clusters and enhancing the efficiency of technology achievement 
transformation. 

2 ISM Model for the Factors Influencing Technology 
Achievement Transformation 

2.1 Identification of Influencing Factors for Technology Achievement 
Transformation Based on Citespace 

This study utilizes the co-citation analysis method in Citespace software as the basis 
for selecting influencing factors for technology achievement transformation in emerg-
ing industry clusters. The literature data is sourced from the China National Knowledge 
Infrastructure (CNKI), using "technology achievement transformation" as the search 
term, and the search scope is set to "subject." The keywords from 4,000 articles pub-
lished between 2002 and 2023 are selected as the data source for this study. The output 
result is shown in Fig.1. 

 

Fig. 1. Keyword Mapping for The Transformation of Technology Achievements 

However, since the keywords cover various aspects such as research background, 
research objects, research questions, research purposes, research perspectives, and core 

42             Y. Tian et al.



conclusions, and they are expressed in different forms, this paper excludes non-influ-
encing factor keywords and consolidates similar keywords. The output results are 
shown in Table 1: 

Table 1. Citespace Output and Consolidated Keywords 

Citespace Output Results 
Consolidated Keywords 

Count Keyword 

18 Incentive Mechanism Incentive Mechanism 

27 Evaluation 
Evaluation Mechanism 

10 Performance Evaluation 

12 Financial Support 
Financial Support 

2 Guide the Fund 

10 Transformation Model 
Transformation Model 

4 Transfoamation Platform or Proformace 

13 Intellectual Property 

Knowledge Management 8 Patent 

16 Knowledge Management & Knowledge Relay 

10 Business Model Business Model 

24 Cooperation & Information Service Cooperation Mechanism 

18 Management 
Scientific Research Manage-
ment 

8 Ability Trait & Innovative People R&D Capability 

8 Market Prediction & Economic Benefit 
Technology Market 

26 
Contract & Commercialization of Research 
Finding 

37 Scientific and Technological Innovation 

Technology Leadership 23 
New and High Technology & Scientific 
Achievement 

143 Science and Technology 

161 
Technology Transfer & Achievement Trans-
formation 

Technology Transformation 

13 Transformation Efficiency 
Achievement Conversion Cy-
cle 

Compared to other industry clusters, China's strategic emerging industry clusters 
emphasize the leading role of central enterprises in technological innovation. There-
fore, based on Table 1, the factor "Strategic Leadership of Central Enterprises" is added 
to represent this influence, as explained in Table 2: 

Table 2. Main Influencing Factors on the Transformation of Scientific and Technological 
Achievements of Strategic Emerging Industry Clusters in China 

Si Factor Explanation 

S1 Incentive Mechanism 
Benefits of scientific and technological transformation and 
the relationship between the parties involved 
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S2 
Evaluation Mecha-
nism 

Assessment and Evaluation Indicators for the Efficiency of 
Scientific and Technological Achievement Transformation 

S3 Financial Support 
Including investment in science and technology research 
and development, science and technology transformation, 
science and technology promotion, etc. 

S4 
Transformation 
Model 

Mode of transforming scientific and technological achieve-
ments into results in industrial clusters 

S5 
Knowledge Manage-
ment 

Including intellectual property management, patent trans-
action rules and revenue sharing systems 

S6 Business Model 
Channels through which scientific and technological re-
sults can be widely disseminated 

S7 
Cooperation Mecha-
nism 

Mechanisms for communicating information between en-
terprises within a cluster 

S8 
Scientific Research 
Management 

Management process of technological innovation from sci-
entific research, technology development to technology ap-
plication 

S9 R&D Capability Comprehensive quality of researchers 

S1
0 

Technology Market 
Degree of matching of scientific and technological 
achievements with market needs 

S1
1 

Technology Leader-
ship 

Degree of scientific and technological innovation in 
emerging technologies 

S1
2 

Technology Transfor-
mation 

Extent to which technological development can move to 
the next stage or be applied in other areas 

S1
3 

Achievement Conver-
sion Cycle 

Time from science and technology development to conver-
sion to real productivity 

S1
4 

Strategic Leadership 
of Central Enterprises 

The ability of central enterprises to dominate and lead in-
dustrial innovation and development in emerging industry 
clusters 

2.2 Constructing the Adjacency Matrix Based on the Interrelationships 
between Influencing Factors 

The Delphi method is used to determine whether there is a direct binary relationship 
between each influencing factor. The binary relationship can be represented as: 

 𝑎
1 𝑆  ℎ𝑎𝑠 𝑎𝑛 𝑖𝑚𝑝𝑎𝑐𝑡 𝑜𝑛 𝑆

0 𝑆  ℎ𝑎𝑠 𝑛𝑜 𝑖𝑚𝑝𝑎𝑐𝑡 𝑜𝑛 𝑆
 (1) 

Each element in the set of influencing factors is correlated with other (n-1) elements 
to construct the neighbor matrix of influencing factors of outcome transformation𝐴
（𝑎ij）  , as follows: 
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0 0 0 1 0 0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 0 0 1 0 0 0 0
0 0 0 1 0 1 0 0 1 0 1 1 1 0
0 0 0 0 0 0 0 1 0 0 0 0 1 0
0 0 0 1 0 0 0 1 0 0 0 0 1 0
0 0 0 1 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 1 0 0 1 0
0 1 0 1 0 0 0 0 0 0 0 0 1 0
0 0 0 0 1 0 0 0 0 0 1 1 1 0
0 0 0 0 0 1 0 0 0 0 0 0 1 0
0 0 0 0 1 0 0 0 0 0 0 0 0 0
1 0 1 1 1 1 0 0 0 1 0 0 1 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 1 1 1 1 0 1 1 1 0 1 0 0 0⎦
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⎥
⎥
⎤

 

2.3 Establishing the Reachability Matrix for the Influencing Factors of 
Technology Achievement Transformation 

The adjacency matrix represents the direct binary relationships between elements, and 
the ISM model defines a transitive binary relationship between factors. Through this 
transitivity, certain elements may establish indirect impact relationships. The reacha-
bility matrix captures the transitive binary relationships between factors, representing 
the relationships that can be reached between any pair of nodes through any path length. 
The reachability matrix (M) can be calculated using Boolean algebra operations, as 
shown in the following formula: 

 𝐴 𝐼 𝐴 𝐼 ⋯ 𝐴 𝐼 𝐴 𝐼 𝑀 (2) 

It is calculated that 𝐴 𝐼 𝐴 𝐼  , the reachable matrix is: 

𝑀 𝐴 𝐼

⎣
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎡
1 1 0 1 0 1 0 1 0 1 0 0 1 0
0 1 0 1 0 1 0 1 0 1 0 0 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 1 0 1 0 1 0 1 0 1 0 0 1 0
0 1 0 1 1 1 0 1 0 1 0 0 1 0
0 1 0 1 0 1 0 1 0 1 0 0 1 0
0 1 0 1 0 1 1 1 0 1 0 0 1 0
0 1 0 1 0 1 0 1 0 1 0 0 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 1 0 1 0 1 0 1 0 1 0 0 1 0
0 1 0 1 1 1 0 1 0 1 1 0 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1⎦
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⎥
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⎥
⎥
⎥
⎥
⎤
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2.4 Hierarchy of Influencing Factors 

Based on the reachability matrix, the reachable set, the antecedent set𝑄 𝑆  and the 
intersection set of all elements are determined. Among them, the reachable set𝑅 𝑆  
refers to the set of other factors affected by the factor𝑆  , and the set of the jth column 
corresponding to the element of the reachable matrix𝑆  with the row "1". The formula 
is as follows: 

 𝑅 𝑆 𝑆 |𝑆 ∈ 𝑆, 𝑚 1    i,j=1,2,...,n (3) 

The antecedent set𝑄 𝑆  is the set consisting of the elements of row j corresponding 
to the elements of column "l" of𝑆  in the reachability matrix. The formula is as follows: 

 𝑄 𝑆 𝑆 |𝑆 ∈ 𝑆, 𝑚 1    i,j=1,2,...,n (4) 

The intersection set𝐶 𝑆  is the intersection of the reachable set𝑅 𝑆  and the ante-
cedent set𝑄 𝑆  , which reflects the mutual influence relationship among the factors. 
The formula is as follows: 

 𝐶 𝑆 𝑅 𝑆 ∩ 𝑄 𝑆 𝑆 |𝑆 ∈ 𝑆, 𝑚 1, 𝑚 1    i,j=1,2,...,n (5) 

If𝐶 𝑆 =𝑅 𝑆 , then this element is a high-level element, and the elements that meet 
this condition are at the same level. By extension, different hierarchical levels are ob-
tained, resulting in a table showing the decomposition of factors and their relationships 
into five levels, as shown in Table 3: 

Table 3. Breakdown of The Five Tier Factors and Their Relationships 

Level Hierarchical Factors 

1 13 

2 2,4,6,8,10 

3 1,5,7 

4 11 

5 3,9,12,14 

2.5 Plotting the Analytic Recursive Structure 

Based on the results of the hierarchical analysis mentioned above, the 14 factors influ-
encing the transformation of technological achievements in strategic emerging indus-
tries are distributed across 5 levels. By drawing a multi-level hierarchical structure di-
agram, the interpretive structural model diagram for the factors influencing the trans-
formation of technological achievements in strategic emerging industry clusters can be 
obtained, as shown in Fig.2: 
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Fig. 2. Influencing Factors of Transformation of Scientific and Technological Achievements of 
Strategic Emerging Industry Clusters in The Hierarchical Structure Model Diagram 

Based on the different levels of impact, the factors affecting the achievement trans-
formation of strategic emerging industry clusters in science and technology are classi-
fied into 4 categories: surface-level factors, shallow-level factors, middle-level factors, 
and fundamental factors. The surface-level factors include Evaluation Mechanism, 
Transformation Model, Business Model, Scientific Research Management, and Tech-
nology Market. The shallow-level factors include Incentive Mechanism, Knowledge 
Management, and Cooperation Mechanism. The middle-level factor is Technology 
Leadership. The fundamental factors include Financial Mechanism, R&D Capability, 
Technology Transformation, and Strategic Leadership of central enterprises. Therefore, 
in promoting the achievement transformation of strategic emerging industry clusters in 
science and technology, it is crucial to prioritize optimization and adjustments of the 
fundamental factors. These factors should serve as the starting point for decision-mak-
ing, gradually considering the influences of middle-level, shallow-level, and surface-
level factors. By doing so, the technology achievement transformation rate of China's 
strategic emerging industry clusters can be fundamentally improved. 

3 Conclusion 

In this study, the Citespace tool was utilized to extract 14 major factors influencing the 
achievement transformation of strategic emerging industry clusters in science and tech-
nology. System engineering methods and the Delphi method were employed to analyze 
the relationships between various factors. By constructing an ISM model, a clear hier-
archical structure diagram of the influencing factors was obtained, visually presenting 
the relative importance and relationships among the factors affecting achievement 
transformation. This provides a new reference for formulating strategies and recom-
mendations to improve the rate of achievement transformation. However, it is important 

Financial Mechanism  S3 R&D Capability  S9
Technology 

Transformation  S12

Strategic leadership of 
central enterprises  S14

Technology Leadership  S11

Incentive Mechanism  S1
Knowledge Management 

S5
Cooperation Mechanism  S7

Evaluation 
Mechanism  S2

Transformation 
Model  S4

Business Model  
S6

Scientific Research 
Management  S8

Technology 
Market  S10

Achievement Conversion 
Cycle  S13 Level 1

Level 2

Level 3

Level 4

Level 5
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to note that the ISM model is based on qualitative analysis and expert experience in 
analyzing the relationships between influencing factors. Further steps should involve 
incorporating quantitative analysis methods to provide more accurate analysis and eval-
uation of the effectiveness of achievement transformation. 
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Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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