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Abstract. Interdisciplinary construction is the main direction of developing the 

higher education discipline system. Based on the discipline classification of lib-

eral arts, science, engineering, agriculture, and medicine, the article analyzes the 

interdisciplinary structural characteristics including the diversity and association 

of supporting disciplines from 2019 to 2023, through Shannon entropy and social 

network analysis respectively. The article found that the disciplines of other 

fields have a high degree of interdisciplinary integration, but the diversity of en-

gineering-oriented interdisciplines is still low, and the association between engi-

neering is weak. As a whole, the association of disciplines shows the character-

istics of core-periphery structure. Universities should give full play to the effect 

of core disciplines, and expand the path of interdisciplinary construction, and es-

tablish a pluralistic talent training system of interdisciplines.  
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1 Introduction 

In the new era, the original single discipline system has made it difficult to meet the 

needs of knowledge production and talent training. The construction of interdisciplines 

is the way to achieve original innovation (Li, 2023) [1], breaking down the disciplinary 

barriers, and giving full play to the advantages of interdisciplines are the key points in 

the construction of discipline systems in universities. As an important part of talent 

training, graduate education should promote the combination of technology and pro-

duction practice through interdisciplinary integration, and construct disciplinary clus-

ters of hard and soft disciplines (Chen, 2022) [2], tamping the foundation of discipline 

knowledge for talent training. Therefore, the current situation of interdisciplinary con-

struction and how to develop in the future are urgent problems to be explored.  

The disciplinary structure can reflect the internal logic of the discipline (Chen,1990) 
[3]. Exploring the interdisciplinary structural characteristics is helpful to clarify the cur-

rent situation of interdisciplinary construction. The core of interdisciplines is the inte-

gration of discipline knowledge (Porter et al. 2007) [4], it is formed by the deep inter-

section of various supporting disciplines (Zhu & Zhang, 2024) [5], and they constitute  
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the internal structure of interdisciplinarity in the form of innovative knowledge (Wang
& Li, 2023) [6]. Thus, it can be seen that the diversity and association of supporting
disciplines are the key dimensions to examining the interdisciplinary structural charac-
teristics. In existing research, De (2020) [7] analyzed the disciplinary association char-
acteristics based on 13 discipline fields, as well as natural science and humanities and
social sciences. Ma & Zheng (2022) [8] separately analyzed the supporting disciplines’
association characteristics of closely related interdisciplines and distant interdisci-
plines. Wang & Li (2023) [6] constructed the Interdisciplinary True-diversity index to
measure interdisciplinary diversity and analyzed interdisciplinary cohesion from the
perspective of discipline and discipline field. Tao & Qie (2022) [9] analyzed the struc-
ture of the interdisciplinary layout through the interdisciplinary degree, concentration
degree, and grouping strength. Ma. et al. (2023) [10] explored the network structure of
interdisciplinary association through the method of complex network analysis.

To sum up, the existing research on the characteristics of interdisciplinary diversity,
and association has mostly started with 13 discipline fields. However, fewer studies
classify disciplines based on disciplinary research fields and knowledge systems.
Scholars also rarely analyze interdisciplinary development trends. Thus, from the per-
spective of discipline classification of liberal arts, science, engineering, agriculture, and
medicine, this article based on the interdisciplinary data from 2019 to 2023, analyzes
the interdisciplinary structural characteristics, including the diversity and association
of supporting disciplines. To explain the current situation of interdisciplinary construc-
tion, and the degree of knowledge integration among the disciplines of various fields.

2 Methodology

2.1 Research Design

The data of “List of interdisciplines set up autonomously by degree conferring institu-
tions (excluding military units)” released from 2019 to 2023 are taken as the main re-
search object in this article, and analyzes the diversity and association of supporting
disciplines through Shannon entropy and social network analysis respectively. The aim
is to analyze interdisciplinary development trends longitudinally while researching in-
terdisciplinary structural characteristics horizontally.

This article classifies the data based on discipline fields. The disciplines of engineer-
ing, science, agriculture, and medicine are classified according to the corresponding
discipline fields in the bibliography of discipline and major, and according to the con-
tent of humanities and social sciences, the disciplines in the rest of the nine discipline
fields, such as philosophy and economics are classified as liberal arts for analysis.

This article further processes the classified data of interdisciplines. First, based on
the proportion of disciplines in each field in the supporting disciplines, interdisciplines
are mainly classified into liberal arts-oriented, science-oriented, engineering-oriented,
agriculture-oriented, and medicine-oriented types. Second, to analyze the association
of supporting disciplines, Python is used to count the frequency of two disciplines as
supporting disciplines for the same interdiscipline. If there is a co-occurrence relation-
ship between the two disciplines, the count is 1, otherwise, the count is 0. Finally, the
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co-occurrence matrix of disciplines in each field, and the co-occurrence matrix contain-
ing all supporting disciplines are formed from 2019 to 2023.

2.2 Design of Correlation Measure Index

Index for Measuring the Diversity of Supporting Disciplines.
The concept of diversity is derived from the biological sciences (McCann, 2000) [11].

In this article, Shannon entropy is selected as the diversity measure index, and the in-
terdisciplinary diversity is measured with 2 as the bottom number. Shannon entropy is
usually used to characterize the uncertainty of uncertain events in the system or to meas-
ure the complexity of the system. The formula is defined as follows. Among them,
denotes the proportion of disciplines in (ݔ) - field to the total number of supportݔ
ing disciplines of the interdiscipline. Larger discipline Shannon entropy indicates a
more balanced distribution of disciplines in each field, and smaller discipline Shannon
entropy means the distribution of disciplines in each field is more concentrated. In this
article, the diversity of interdisciplines is measured according to the classification of
disciplines in 13 fields.

(ݔ)ܪ = −∑ (ݔ) log (ݔ)
ୀଵ (1)

Index for Measuring the Association of Supporting Disciplines.
This article used UCINet 6 as the main research tool for social network analysis. The

closeness of the discipline co-occurrence network is presented through network density
calculation, and the core disciplines are found through centrality calculation. At the
same time, this article further analyzes the supporting disciplines’ co-occurrence net-
work through Lambda Sets analysis, to explore the activity of disciplines in each field
in interdisciplinary integration.

3 Result

3.1 Analysis of Interdisciplinary Diversity

Table 1. Number of discipline fields involved in each interdisciplinary Shannon entropy range.

Shannon entropy range Number Shannon entropy range Number
0 1 1.9< ≤2 4

0.6< ≤1 2 >2 5
1< ≤1.6 3 - -

Figure 1 shows the proportion of interdisciplines dominated by different fields in
each range of Shannon entropy from 2019 to 2023. Combined with Table 1, the sup-
porting disciplines of liberal arts-oriented interdisciplines mainly involve 2 to 3 disci-
pline fields, and a few are supported by five or more discipline fields. The proportion
of interdisciplines that involve multiple discipline fields is increasing. Among the en-
gineering-oriented interdisciplines, the interdisciplines supported only by engineering
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account for the largest proportion. However, the proportion of interdisciplines involv-
ing 2 to 3 discipline fields is increasing. In the recent two years, some universities have
set up interdisciplines involving 4 discipline fields again. Science-oriented interdisci-
plines, agriculture-oriented interdisciplines, and medicine-oriented interdisciplines are
mainly supported by two discipline fields. The medicine-oriented interdisciplines are
gradually becoming more specialized, and the proportion of science-oriented and agri-
culture-oriented interdisciplines in each range shows a floating state. However, the
number of disciplines involving three discipline fields is relatively large in the agricul-
ture-oriented interdisciplines, and universities have also set up science-oriented inter-
disciplines and medicine-oriented interdisciplines involving four discipline fields in re-
cent years.

Fig. 1. The proportion of interdisciplines in each range of Shannon entropy.

3.2 Association Analysis of Supporting Disciplines

Analysis of Association within Disciplines in the Same Field.
From 2019 to 2023, the co-occurrence network density of disciplines in each field

showed an increasing trend and reached the maximum network density in 2023. Among
them, the network density of the liberal arts co-occurrence network is 0.6087. The num-
ber of disciplines with high centrality in the network has increased significantly, and
the supporting and connecting role of literature and management science in interdisci-
plinary construction has gradually prominent. The network density of the engineering
co-occurrence network is 0.41. According to the high centrality disciplines in the net-
work from 2019 to 2023, Mechanical Engineering, and Computer Science and Tech-
nology have promoted communication and integration between disciplines. The science
co-occurrence network has 47.4 % of the network connections, Biology gradually with-
drew from the ranks of the highest centrality disciplines, but Mathematics, Chemistry,
Statistics, and Geography give full play to their disciplinary advantage and core role.
The density of agriculture co-occurrence networks reached 0.639, the density of medi-
cine co-occurrence network reached 0.667, and the disciplines within the two fields are
more closely associated. Among them, Crop Science and Horticulture in agriculture are
most closely associated with other disciplines, and the most active disciplines in medi-
cine are Clinical Medicine and Public Health and Preventive Medicine.
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Analysis of Association within disciplines in Various Fields.
From 2019 to 2023, the density of the supporting disciplines’ co-occurrence network

showed an increasing trend, but the network density was only 0.2401 in 2023. Among
them, Computer Science and Technology and Management Science and Engineering
are the top two disciplines of degree centrality and betweenness centrality for five con-
secutive years, which are important components of many interdisciplinary knowledge
systems. At the same time, the Lambda Sets analysis shows that the maximum Lambda
of the network has increased from 2019 to 2023, and the corresponding subgroups are
all {Computer Science and Technology, Management Science and Engineering} sets.
When other disciplines are added to the set, the Lambda is significantly reduced.

To further explore the subgroup distribution of disciplines in each field, the Lambda
Sets analysis results are simplified by the form of hierarchical classification (Figure 2).
When the set is located in the first level, it indicates that the discipline relationship
within the set is the most robust. Currently, the disciplines are mainly concentrated in
the set of the fourth, fifth, and sixth level, and the level distribution of disciplines in the
same field is relatively scattered. Among them, the second and third level only include
liberal arts, science, and engineering. In the field of medicine and agriculture, only
Basic Medicine, Clinical Medicine, Public Health and Preventive Medicine, and Crop
Science are in the fourth level, other disciplines are scattered in the fifth and sixth level.

Fig. 2. Simplified graph of Lambda Sets analysis.

4 Discussion

The disciplines of liberal arts, science, agriculture, and medicine have a high degree of
interdisciplinary integration, but the integration degree of engineering is still low. In
terms of the dominant discipline field of interdisciplines, the diversity of liberal arts-
oriented interdisciplines, science-oriented interdisciplines, agriculture-oriented inter-
disciplines, and medicine-oriented interdisciplines is relatively high. Most of the engi-
neering-oriented interdisciplines only involve the engineering field, and engineering is
weakly integrated with disciplines in other fields. However, from the trend of engineer-
ing-oriented interdisciplinary construction, the discipline fields involved in supporting
disciplines gradually diversified.

In the fields of liberal arts, agriculture, and medicine, disciplines are more closely
associated, and the association between engineering is weak. According to the analysis
of the internal association of disciplines in each field, it can be seen that the activity of
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disciplines in the liberal arts co-occurrence network has increased significantly. Be-
cause of their professional characteristics, agriculture, and medicine are closely related
to other disciplines in the same field. The degree of discipline association in the science
co-occurrence network is general, while the internal association of engineering is rela-
tively weak. Combined with the diversity analysis results of engineering-oriented in-
terdisciplines, it can be seen that some disciplines have already established a relatively
stable association, and as the core disciplines in the interdisciplinary construction pro-
mote the participation of another engineering. So, the engineering co-occurrence net-
work does not show a clear centralized trend, but the network density is low.

The association of disciplines shows the characteristics of the core-periphery struc-
ture. According to the analysis of the association of each discipline, it can be seen that
the core disciplines of interdisciplinary construction are developing steadily and the
relationship is robust. Both of them have a positive role in promoting interdisciplinary
construction. From the perspective of discipline association, some disciplines within
the liberal arts, science, and engineering are more robustly associated with other disci-
plines, whereas disciplines within agriculture and medicine have relatively less robust
relationships with other disciplines. As a whole, the disciplines in most sets are rela-
tively weakly correlated. Although some disciplines have the potential to integrate with
other disciplines, their participation in interdisciplinary construction is low, and the ap-
plication of the disciplines still needs to be strengthened.

5 Conclusions

5.1 Main Conclusions

The article is based on the relevant data from 2019 to 2023, and mainly analyzes the
structural characteristics of the diversity and association of supporting disciplines in the
interdisciplines, through Shannon entropy and social network analysis respectively.
The article found that the disciplines of liberal arts, science, agriculture, and medicine
have a high degree of interdisciplinary integration, but the diversity of engineering-
oriented interdisciplines is still low. In the fields of liberal arts, agriculture, and medi-
cine, disciplines are more closely associated, but the association between engineering
is weak. As a whole, the association of disciplines shows the characteristics of core-
periphery structure.

5.2 Contribution

Firstly, according to the nature and research field of the discipline, this article puts for-
ward a new form of discipline research, based on liberal arts, science, engineering, ag-
riculture, and medicine. Secondly, based on the relevant data from 2019 to 2023, this
article explores the development law of interdisciplinary structural characteristics lon-
gitudinally and has a certain reference value for universities to explore the development
direction of interdisciplinary construction. Finally, this article puts forward the follow-
ing suggestions for interdisciplinary construction.
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Give Full Play to the Effect of Core Disciplines.
Universities should give full play to the leading and intermediary role of the disci-

plines with high centrality in each field, and promote the participation of edge disci-
plines within the same field in disciplinary integration, to provide innovative perspec-
tives and approaches to solving problems in relevant fields. Universities should also
focus on promoting the deep integration of disciplines in various fields, explore the
“bridge” between agriculture, medicine, and other disciplines respectively, and
strengthen the construction of agriculture-oriented interdisciplines and medicine-ori-
ented interdisciplines. Assisting our country to make breakthroughs in technological
innovations in agriculture and medicine. At the same time, universities should construct
a comprehensive and diversified interdisciplinary group with the high centrality disci-
plines as the center, and educational philosophy and major characteristics as the guide.
Optimize and adjust the layout of disciplines, and promote the coordinated development
of advantageous disciplines, characteristic disciplines, and emerging interdisciplinary
disciplines.

Expand the Path of Interdisciplinary Construction.
At present, interdisciplinary integration is still dominated by the ‘narrow cross’, and

the integration between some disciplines is relatively less. Therefore, universities
should strengthen the design of interdisciplinary construction schemes, and according
to the internal logic of discipline integration, scientifically select supporting disciplines,
to improve the random stacking problem between interdisciplinary knowledge. Ration-
ally plan and expand the discipline integration path of wide cross, and explore potential
interdisciplinary fields. Promote the integration and innovation of natural sciences and
humanities and social sciences, to enhance the theoretical basis and humanistic conno-
tation of interdisciplines.

Establish a Pluralistic Talent Training System of Interdisciplines.
The construction of interdiscipline is not only the integration of knowledge across

discipline fields but also the crossing of science and society, which requires the partic-
ipation of universities, professional researchers, and other relevant organizations. Also,
the process of promoting interaction between participants is necessary to promote in-
terdisciplinary research (König et al. 2013) [12]. Therefore, universities should pay at-
tention to the application research of disciplines, and strengthen the training of talent
innovation and practical ability. At the same time, universities should formulate inter-
disciplinary evaluation mechanisms with diversified evaluation sources and evaluation
objects. Relevant organizations should also integrate resources build an interdiscipli-
nary information service platform with universities, and actively organize seminars,
training sessions, and other activities. To provide a communication platform for re-
searchers, and promote the cooperation of various organizations to solve practical prob-
lems.
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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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