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Abstract
[Purpose/Significance] Against the backdrop of deep digital development, dig-
ital humanities has become a field of deep interdisciplinary integration, with
scholarly research collaborations becoming increasingly frequent. There is a
need to analyze and mine these increasingly complex collaborative relationships
to help scholars identify potential collaboration opportunities and promote aca-
demic exchange. [Method/Process] Taking scholars, institutions, and keywords
as node data and co-authorship, citation, affiliation, and research topics as re-
lationship data, we construct a scholar collaboration graph, store it using the
graph database Neo4j, and utilize the Cypher query language and GDS algo-
rithm library to analyze collaboration community discovery, core scholar identifi-
cation, and collaboration trend prediction for scholars in the digital humanities
field. [Results/Conclusion] Experimental results demonstrate that the Neo4j
database effectively realizes the construction and graph analysis of scholar col-
laboration networks in the digital humanities field, enabling scholars to quickly
identify interdisciplinary researchers highly associated with their own research
interests and directions among numerous researchers, thereby promoting scholar
collaboration and disciplinary development in the digital humanities field.
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Abstract: [Purpose/Significance] In the context of deep digital development,
digital humanities has emerged as a field of interdisciplinary integration where
scholarly research collaboration is becoming increasingly frequent. Analyzing
and mining these increasingly complex collaborative relationships is essential to
help scholars identify potential cooperation opportunities and promote academic
exchange. [Method/Process] This study constructs a scholar collaboration graph
using scholars, institutions, and keywords as node data, and co-authorship, ci-
tation, affiliation, and research topics as relationship data. The graph is stored
using the Neo4j graph database, and Cypher query language together with the
Graph Data Science (GDS) algorithm library are employed to analyze cooper-
ation community discovery, core scholar identification, and cooperation trend
prediction among scholars in the digital humanities field. [Results/Conclusion]
Experimental results demonstrate that Neo4j effectively facilitates the construc-
tion and graph analysis of scholar collaboration networks in digital humanities.
It enables scholars to quickly identify interdisciplinary researchers whose inter-
ests and directions closely align with their own, thereby promoting scholarly
cooperation and disciplinary development in digital humanities.
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Digital humanities, as an interdisciplinary field bridging computer science and
the humanities, encompasses a broad range of disciplines including linguistics,
literature, library and information science, and computer science, evolving from
the field of humanities computing [1]. In today’s era of deep digitalization,
research on digital humanities has gained increasing momentum. Although Chi-
nese academia started relatively late in this area, it has developed rapidly and
shows promising prospects [2]. Currently, research on digital humanities in
China primarily focuses on three aspects: investigation and analysis of foreign
digital humanities projects, visualization of humanities and artistic resources
using digital technologies, and applications of digital humanities in library, in-
formation, and archival science. Additionally, China has made breakthroughs
in digital humanities education, with research institutions such as Shanghai Li-
brary, Renmin University of China Digital Humanities Research Center, Wuhan
University Digital Humanities Research Center, and Peking University Infor-
mation Management Department KVision Laboratory deeply promoting the
integrated development of digital humanities and library/information/archival
science [3].

Within this broad development platform, an increasing number of scholars in
digital humanities have emerged, forming a vast and complex academic research
network with diverse topics and frequent collaborations. However, a key focus of
recent research on scientific cooperation prediction has been how to accurately
identify collaborators with relevant research directions from the vast ocean of
academic resources, scholars, and institutions. Therefore, analyzing scholar co-
operation networks helps uncover patterns and trends in scholarly collaboration
and understand cooperative relationships within core research teams [13].
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Some scholars have begun exploring the use of graph databases for social net-
work analysis. Guo Kunming [14] leveraged Neo4j’s analytical advantages for
social relationships in heterogeneous networks, storing basic information and re-
lationships of individuals crawled from Baidu Baike, and applied the Common
Neighbors algorithm to calculate network structural similarity while using node
attribute similarity to predict social relationships in the constructed heteroge-
neous network. M. Kolomeets et al. [15] used the graph database OrientDB
to construct a VKontakte social network and employed PageRank to evaluate
the most influential opinion leaders in social groups. Ding Hongli [16] built a
multi-dimensional relationship network based on personnel information and call
records using Neo4j, and conducted visualization, utilizing Neo4j’s query and
analysis functions to mine personnel relationships, significantly improving exper-
imental efficiency. Compared to traditional social network analysis tools, graph
databases can display large-scale, constantly updated complex relationships be-
tween entities while enabling simpler and faster queries between network nodes
and relationship values, offering inherent advantages in mapping real-world en-
tities and relationships [17].

Neo4j and Its Application Advantages
With the continuous development of the internet, graph databases have at-
tracted significant attention from enterprises and scholars for their unique ad-
vantages in handling today’s high-concurrency massive big data and real-time ap-
plication scenarios. Graph databases store entities and their interrelationships
using graphical data structures composed of nodes, properties, and edges, where
nodes represent data entities, properties are attached information of nodes, and
edges represent relationships between nodes. This structure is suitable for stor-
ing and managing large-scale data with complex and dynamic relationships [18].
Compared to traditional relational databases, graph databases process unstruc-
tured and unpredictable data, better aligning with the characteristics of ex-
plosive data growth and users’personalized needs. They effectively support
associative relationships between entities, and when new tags and relationships
are added, there is no need to adjust previous structures. Graph databases offer
various extended functions including multi-layer association, shortest path, and
centrality measurement, and are widely applied in social networks, recommen-
dation systems, and relationship maps, representing a new tool for the big data
era.

Common graph databases include Neo4j, FlockDB, GraphDB, and Allegro-
Graph, among which the open-source Neo4j has become one of the most widely
used native graph databases due to its high performance, high stability, and
strong scalability [19]. Neo4j uses native graph storage and processing, reflect-
ing the essential nature of entity connections in relationship networks. It can
return associated data through fast paths during queries, demonstrating highly
efficient query performance. It supports the storage of unstructured data and
large-scale data growth, adapts well to changing requirements, and offers great
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flexibility. Additionally, Neo4j can analyze and reason about complex relation-
ships between entities, supporting logical language analysis and constraint-based
reasoning. Neo4j has its own query language—Cypher—a declarative, expressive,
and user-friendly graph query language [20] that uses simple keywords such as
CREATE (for creating graph nodes, relationships, and properties), MATCH
(for matching target information in existing graph databases), WHERE (as con-
ditions for MATCH functions), and RETURN (for returning specified values
after matching is completed). Based on these query statements, Neo4j enables
analysis and reasoning of graph data.

Reflecting Complex Scholar Cooperation Relationships

Cooperation relationships refer to collaborative behaviors among scholars during
academic research. Common forms include co-authorship and citation relation-
ships. In academic networks, more frequent co-authorship between two scholars
suggests higher likelihood of shared interests and mutual trust. Furthermore,
a scholar’s co-authors also collaborate with other scholars, forming a scholar
co-authorship network based on these cooperative relationships. This relation-
ship can be stored using graph structures, upon which social network analysis
methods and graph mining algorithms can be applied to analyze and cluster re-
lationships among scholars, thereby identifying the most suitable collaborators
and research teams.

Another cooperation relationship among scholars is citation relationships, which
include citing and being cited. Based on these two citation behaviors, schol-
ars form a citation network that serves as a link between citing literature and
cited achievements, reflecting the citer’s references, affirmations, and in-depth
research on related issues. Typically, such citation relationships are used to
achieve resource aggregation and scholar aggregation, with scholars as nodes and
citation relationships between documents as edges connecting nodes, thereby
constructing citation networks among relevant documents to better mine core
scholars or core teams from citation relationship networks. Regardless of the
cooperation relationship type, as research on related issues becomes more diversi-
fied, relationships among scholars grow increasingly complex. Neo4j is precisely
capable of storing and reflecting such large, complex, and changing associative
data, supporting large-scale data growth and updates while clearly presenting
the relationships between various nodes.

Real-time Querying of Target Scholars’Cooperation Relationships

Beyond storage capabilities, Neo4j’s retrieval function is exceptionally power-
ful, relying on the Cypher query language—a declarative graph database query
language that is concise, expressive, highly efficient, and extensible, allowing
users to customize their query methods. Cypher queries consist of four parts:
START, MATCH, WHERE, and RETURN. START specifies one or more start-
ing nodes in the graph, obtained through index lookup or directly through node
IDs. MATCH is used for graph pattern matching and is a crucial part of instan-
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tiation. WHERE provides conditions to filter pattern matching results. RE-
TURN specifies which nodes, relationships, and properties among the matched
data should be returned to the client. Through this traversal-based lookup
process, it is easy to locate and focus on desired scholar nodes, and through
conditional matching, obtain the cooperation relationships of target scholars
for targeted analysis. Additionally, Neo4j supports real-time updates to the
graph database without affecting existing data structures, enabling continuous
expansion of the current relationship graph to display increasingly complete and
complex cooperation networks.

Predicting Potential Cooperation Trends Among Scholars

Currently, there are two main methods for character relationship reasoning:
ontology-based methods and graph database-based methods [21]. Ontology-
based character relationship reasoning has high time complexity, and reasoning
speed decreases rapidly with increasing amounts of character relationship data,
making it difficult to meet the demands of character relationship reasoning in
the big data era. In contrast, graph database-based character relationship rea-
soning represents a new trend in character relationship data analysis. The data
storage structure and query methods of graph databases are based on graph the-
ory, making them suitable for CRUD operations on character relationship data
containing numerous connections. Graph database-based character relationship
reasoning methods first convert character relationship data into graph database
storage formats, then use graph database query languages for character rela-
tionship analysis [22]. As a highly efficient and scalable declarative graph query
language with rich development patterns, Neo4j offers incomparable advantages
for storing scholar relationship knowledge graphs. Complex relationship links
also endow it with reasoning capabilities to predict potential cooperation trends
among scholars, providing possible research directions for scientific cooperation
across different fields and disciplines.

Construction of Scholar Collaboration Relationship Map
Based on Neo4j Graph Database
Data Selection and Acquisition

This study selected CSSCI journals from CNKI Academic Resource Database
as the data source, retrieving literature with “digital humanities”or “human-
ities computing”as themes. As of April 3, 2021, a total of 615 documents
were retrieved. Data preprocessing was conducted using NoteExpress reference
management software, removing duplicate literature, conference calls for papers,
and documents not closely related to digital humanities themes, resulting in 334
valid documents. For documents with multiple authors, this study uniformly se-
lected the top three authors as research objects. After removing duplicates, 410
scholar nodes, 244 institution nodes, and 636 keyword nodes were obtained, with
example data processing results shown in [Figure 1: see original paper]. Python
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was then used to acquire co-authorship and citation relationships between schol-
ars, employment relationships between scholars and institutions, and research
topic relationships between scholars and keywords. This study primarily con-
structed the scholar cooperation graph based on these three types of nodes and
four types of relationships, with the data model shown in [Figure 2: see original
paper].

Data Import

To store graph data in a graph database, a specific graph data model must
be adopted, which concerns the implementation method for storing graph data.
Common graph data models include property graphs, hypergraphs, and triples.
Since the property graph model is intuitive and easy to understand, capable of
describing the vast majority of graph usage scenarios, Neo4j adopts the most
popular property graph model. First, both node and relationship data Excel files
were saved as“.csv”files. Then, using Cypher language’s CREATE statement,
node files and relationship files were input into the code editing area according
to the code example shown in [Figure 3: see original paper]. The final operation
result is shown in [Figure 4: see original paper], clearly displaying the number of
nodes, number of relationships, and the scholar cooperation relationship graph.
For a specific node, taking the Institute of Literature, Chinese Academy of Social
Sciences as an example, querying this node reveals two scholars working at this
institution, and their cooperating scholars, research topics, and other related
relationships are clearly presented, as shown in [Figure 5: see original paper].

Analysis of Scholar Cooperation Network
Faced with massive and complex unstructured relationship data, Neo4j provides
an effective solution for technical applications. However, reviewing domestic
literature reveals that current research utilizing Neo4j’s embedded graph al-
gorithms and Cypher query language for data analysis and processing remains
relatively limited. This study fully leverages Neo4j’s powerful graph algorithm
capabilities to analyze scholar cooperation networks in the digital humanities re-
search field. Neo4j’s Graph Data Science (GDS) library can implement various
complex social network analyses, including centrality algorithms, community
detection algorithms, path finding algorithms, and link prediction algorithms.
This study employs relevant graph algorithms to realize scholar cooperation
community discovery, core scholar identification, and scholar cooperation trend
prediction, providing references for scholars in the digital humanities field to
find their cooperation partners and resources from different perspectives.

Cooperation Community Discovery

In recent years, digital humanities technology has developed rapidly, attract-
ing more and more scholars to conduct extensive and in-depth research on re-
lated issues, thus forming a complex scholar network. Community structure is
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an important property in complex networks, manifested as densely connected
nodes within communities and sparsely connected nodes between different com-
munities [23]. It can cluster scholars with similar characteristics or common
attributes, helping scholars discover and find peers with similar interests or
interdisciplinary collaborators for mutual exchange.

Among community detection algorithms such as Louvain, Label Propagation,
and Infomap, Louvain performs well in both efficiency and effectiveness and
can discover hierarchical community structures. Guo Li et al. [24] used the
classic dataset American College Football to compare the Louvain algorithm
with commonly used overlapping community detection algorithms CPM, LFM,
and COPRA, with results showing Louvain significantly outperformed other
algorithms. G. Drakopoulos et al. [25] constructed two social network graphs
on Twitter for controversial topics and ordinary topics respectively in Neo4j,
and evaluated four community detection algorithms including Louvain, Edge
Betweenness, Walktrap, and CNM, empirically finding that Louvain produced
communities with higher cohesion and more closely connected members. There-
fore, this study selected the Louvain method to detect communities in the con-
structed scholar cooperation network for modular clustering of scholars, thereby
better analyzing the characteristics of scholar aggregation partitions and their
trends of strengthening or dispersion.

Applying the Louvain algorithm in GDS discovered 100 scholar cooperation com-
munities, with partial results shown in [Figure 6: see original paper] presented in
descending order of community size. The largest community contains 26 schol-
ars, among whom Deng Jun, Wang Ruan, Zhong Chuyi, Song Xianzhi, and Sun
Shaodan have high co-authorship frequencies, conducting analysis and research
on historical projects from a digital humanities perspective; He Chenzhi and Xu
Xiaojuan conducted practical research on crowdsourcing projects for digital hu-
manities in libraries; Li Daoxin analyzed application paths of digital humanities
from the perspective of film art, among others. It is evident that in modularized
communities, there are scholars with high co-authorship frequencies as well as
scholars from different disciplines citing each other, with scholars in the same
community having high degrees of association and shared research directions
and hotspots, exhibiting high similarity. Meanwhile, [Figure 7: see original
paper] the scholar cooperation relationship graph also clearly shows the distri-
bution and closeness of scholars in different communities. Nodes of the same
color represent that they are in the same community. While research themes
are similar, different scholars cite each other, further strengthening the degree
of association between scholars and providing a learning platform for knowledge
exchange and sharing.

Core Scholar Identification

Core scholars refer to those who have produced numerous research achievements,
possess significant academic influence, and have contributed to the development
of a particular research field—they are the backbone driving academic progress
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in that field [26]. Analysis of core scholars facilitates research by helping scholars
comprehensively locate core scholar groups of interest and quickly access core
scientific literature in the field, thereby rapidly understanding the current state
and gaps in research to lay a solid foundation for in-depth study.

The Betweenness Centrality algorithm is a classic indicator for measuring net-
work centrality. This study utilizes the Betweenness Centrality algorithm in
GDS to measure the importance of different nodes in the scholar network, i.e.,
to detect the influence of a node on information flow in the graph. The algo-
rithm calculates all unweighted shortest paths between all node pairs in a net-
work, with each node receiving a score based on the number of shortest paths
passing through it. Nodes that more frequently lie on shortest paths between
other nodes receive higher scores.

In GDS, the Betweenness Centrality algorithm scored the shortest paths of
410 scholars, assigning each scholar a ranking number while sorting by score
in descending order, with identification results shown in . Scholar Liu Wei
received the highest score, followed by Zhao Yuxiang. Higher scores indicate
these scholars are more active in digital humanities research and have made
substantial contributions with significant academic influence in this field. Based
on the identification results, a scatter plot was drawn as shown in [Figure 8: see
original paper], where an obvious cliff-like decline appears after node 16, leading
to the preliminary conclusion that the top 16 scholars can be identified as core
scholars in digital humanities research. Among these core scholars, Liu Wei and
Xia Cuijuan work at Shanghai Library, Zhu Xuefang and Ye Ying at Nanjing
University, Zhao Yuxiang at Nanjing University of Science and Technology, and
Wang Xiaoguang at Wuhan University, among others. To some extent, this
reflects that these scholars’institutions are the main bases for their scientific
research, and they represent core teams in the field, leading their students and
collaborators to conduct in-depth digital humanities research with numerous
achievements. Among them, Shanghai Library hosts national philosophy and
social science fund projects on digital humanities. To more clearly reflect core
scholars, the size of scholar nodes in the graph presented by Neo4j can be used
to reflect their positions in digital humanities research, as shown in [Figure
9: see original paper], where larger nodes indicate greater academic influence.
This provides important reference value for relevant researchers to locate core
scholars in the field in a more convenient, fast, and clear manner.

Cooperation Trend Prediction

In the era of big data, the trend toward collaborative academic research is in-
creasingly evident. As an important component of scientific research activities,
cooperation forms play an extremely important role in enhancing research effi-
ciency and promoting research output. Research shows that over the past 20+
years, the number of collaborative studies in various disciplines has shown a sig-
nificant growth trend, with scholars sharing the same research field and similar
research directions being more likely to cooperate in the future [30]. However,
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due to temporal and spatial barriers, it is difficult for scholars to accurately iden-
tify researchers with similar research directions from the vast scholar community.
Therefore, analyzing and mining potential cooperation partners can effectively
improve research efficiency. This study uses link prediction algorithms in GDS
to calculate proximity between nodes, thereby helping scholars find potential
cooperation opportunities.

Link prediction algorithms predict the likelihood of edge formation between
pairs of nodes not yet connected, based on known node feature information and
network topology. Common link prediction algorithms include neighbor-based
link prediction and common neighbor-based link prediction. Neighbor-based
algorithms include total neighbors and preferential attachment, while common
neighbor-based algorithms include common neighbors, resource allocation, and
Adamic-Adar (AA) algorithm [31]. D. Liben-Nowell et al. [32] and T. Zhou et
al. [33] compared multiple link prediction algorithms experimentally and found
the AA algorithm to be relatively superior. The AA algorithm calculates the
closeness between two nodes based on the adjacent node sets of common neigh-
bors, with nonlinear normalization of set quantities. The formula for predicting
scholar cooperation links in the network is as follows:

𝐴(𝑥, 𝑦) = ∑
𝑧∈𝑁(𝑥)∩𝑁(𝑦)

1
log |𝑁(𝑧)|

In this formula, when the calculated value is 0, it indicates the two nodes are
not close; when the value is larger, it indicates the nodes are closer. In the
above scholar cooperation community analysis, compared to different commu-
nities, scholars within the same community have tighter cooperation relation-
ships, though even within the same community, their cooperation varies in den-
sity. This study selected the fourth largest scholar cooperation community,
with core scholar “Liu Wei”as the research object, using the above formula
and Cypher query language“MATCH (s1:author{Author:‘Liu Wei’}),MATCH
(s2:author{Author:’*’}),RETURN gds.alpha.linkprediction.adamicAdar(s1, s2)
AS score”to calculate and present the possible link degree between Liu Wei and
other scholars in the same community. The prediction scores are shown in .
Among them, Liu Wei and Zhao Yuxiang have the highest score for potential
link formation, indicating the greatest possibility of cooperation, while Liu Wei
and Wang Li have the lowest possibility of cooperation.

Meanwhile, the scholar cooperation relationship graph of Liu Wei’s community
was presented using Cypher query statements, as shown in [Figure 10: see
original paper]. This graph shows that scholars in the same community are
closely associated, though there are also a few scholars who have not established
direct cooperation relationships, such as Liu Wei with Cen Jiongliang, Zeng Hui,
Liu Hong, and Wang Li, corresponding to their lower cooperation link prediction
values. By analyzing and [Figure 10: see original paper], it is not difficult to
find that among scholars who have already established direct connections, Song
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Shijie has the lowest score, which can be determined as the minimum threshold
for new link formation. That is, when the score between two scholars without
direct connection exceeds this threshold, it indicates a higher likelihood of link
formation and greater cooperation possibility. Thus, it can be seen that Liu
Wei is more likely to have effective academic exchanges and cooperation with
Cen Jiongliang, Zeng Hui, and Liu Hong, showing a clear cooperation trend.

In summary, Neo4j’s statement querying and algorithm analysis functions are
effective tools for predicting scholar cooperation trends, saving time for scholars
in finding cooperation partners and improving cooperation benefits. Against
the backdrop of increasingly frequent scholarly exchanges, research cooperation
has become a necessary form for scholars to promote academic research develop-
ment. The more diverse and multidisciplinary the cooperation among scholars,
the more active and efficient the academic exchange atmosphere in the field,
with different thinking collisions driving the diversified and interdisciplinary
development of digital humanities.

Conclusion
With the deepening development of the digital era,“digital humanities”has im-
portant practical significance for implementing document rescue and protection,
providing public cultural services, and promoting excellent traditional Chinese
culture. In China, digital humanities as a professional academic research field
has begun to accelerate its development, and research results born from this
interdisciplinary research paradigm will be presented through more coopera-
tion forms. For researchers, cooperation can generate new ideas and research
directions, increasing collaborators’output and influence. For disciplinary de-
velopment, cooperation can promote the formation of new knowledge systems,
broaden scholars’knowledge horizons, and update their knowledge structures,
thereby promoting the deep integrated development of digital humanities across
multiple disciplines while helping scholars quickly and efficiently find interdisci-
plinary researchers highly associated with their research interests and directions.

This study utilizes Neo4j, a powerful tool for processing complex associative
data, to store and analyze research subjects (scholars) and their relationships
in China’s digital humanities field, employing the GDS algorithm library to re-
alize scholar cooperation community discovery, core scholar identification, and
cooperation trend prediction. Although social network analysis methods are
common in analyzing various association network structures from perspectives
such as centrality, cohesive subgroups, and core-periphery, this study not only
achieves functions attainable by traditional social network analysis methods but
also implements data storage, real-time updates, instant querying, and predic-
tive reasoning functions, representing a powerful supplement to social network
analysis and providing new ideas and methods.

However, this study has several limitations: (1) When acquiring relevant liter-
ature, some research results whose titles did not include “digital humanities”
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or “humanities computing”but whose content focused on digital humanities
were overlooked, resulting in relatively small amounts of scholar node and rela-
tionship data and slight deficiencies in completeness. (2) The larger the data
volume and the higher the complexity, the more obvious the advantages of Neo4j
in data processing. However, this study’s application of Neo4j’s functions is
relatively simple, not fully leveraging its data analysis advantages. Therefore,
in future research, the authors will continue to deeply study Neo4j’s powerful
data analysis functions, continuously expand and update scholar data volumes,
and fully demonstrate the complex cooperation relationships among scholars to
provide references for potential scientific research cooperation.
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