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Abstract
This paper analyzes the types and characteristic attributes of entity academic re-
lationships in institutional repositories, constructs a discovery method for such
relationships based on linked data and elaborates its specific operational proce-
dures, and conducts empirical validation using data from the Hohai University
Institutional Repository. The results demonstrate that this method can achieve
semantic aggregation and linking of institutional repository resources, provide
linked data-based knowledge retrieval services, and precisely meet users’knowl-
edge needs.

Full Text
Research on Methods for Discovering Academic Relation-
ships Among Entities in Institutional Repositories Based
on Linked Data
Liang Meihong, Hu Xiaohui, Shu Pengfei, Liu Fei

Abstract

This article analyzes the types and characteristic attributes of academic rela-
tionships among entities in institutional repositories, constructs a method for
discovering these relationships based on linked data and explains its specific
operational process, and conducts empirical tests using data from Hohai Univer-
sity’s institutional repository. The results show that this method can achieve
semantic aggregation and association of institutional repository resources, pro-
vide knowledge retrieval services based on linked data, and accurately meet
users’knowledge needs.
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1 Introduction
Institutional repositories (IR) are important platforms for storing, managing,
disseminating, and sharing academic knowledge resources of institutions, play-
ing a significant role in promoting the sharing and exchange of research achieve-
ments, enhancing the influence of scientists and academic institutions, and
improving the organizational management of academic output. Institutional
repositories store various types and formats of academic achievement resources
such as papers, patents, and research reports produced by an academic insti-
tution, which contain rich associative relationships. Discovering and revealing
these relationships among resources helps achieve integrated organization and
one-stop discovery of resources. Linked Data refers to connecting and inte-
grating resources distributed across different times and spaces through linking
technologies, and is an important technical means for institutional repositories
to achieve semantic discovery of resources. Academic relationships are a type
of associative relationship that exists in the scientific research process. Insti-
tutional repositories contain research entities that have academic relationships
with each other, such as resources, scholars, institutions, and disciplines. Discov-
ering and revealing these academic relationships among entities helps enhance
the academic relevance of search results, improve user retrieval efficiency, and
elevate the deep-level knowledge service capabilities of institutional repositories
such as semantic retrieval, intelligent navigation, and scientific evaluation. This
study explores methods for discovering academic relationships among entities
in institutional repositories based on linked data technology, aiming to provide
references for resource integration organization and knowledge discovery in in-
stitutional repositories.

2 Literature Review
2.1 Research on Academic Relationships Among Entities in Institu-
tional Repositories

Currently, domestic and international research on entity relationships in institu-
tional repositories has achieved certain results, mainly using existing conceptual
models, computer technologies, and visualization tools. For example, establish-
ing ontology models to achieve semantic association between entities [1-2], using
association tables to store conceptual relationships among entities and conduct
multi-dimensional associations [3], and using visualization tools to establish rela-
tionships between entities [4]. However, research results on the association and
discovery of academic relationships among entities in institutional repositories
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are relatively scarce. In the field of library and information science, academic
relationship research mostly adopts methods such as social network analysis
and multivariate statistics to quantitatively analyze the development trajectory
of academic knowledge and academic exchange behavior [5-7]. The research
team has conducted preliminary discussions on academic relationships among
research entities in institutional repositories [8]179.

2.2 Research on Linked Data Applications in Institutional Reposito-
ries

Since its emergence, linked data has triggered extensive research and application.
Its essence lies in tightly connecting various distributed and heterogeneous data
through semantic associations to form an open, linked, and reusable data net-
work. In 2007, the World Wide Web Consortium (W3C) launched the Linking
Open Data (LOD) project and released the Linked Open Data cloud diagram.
As of February 2023, the project has collected 1,594 linked open datasets [9]. In
the library community, the Swedish National Library was the first to convert its
national union catalog into linked data. Subsequently, the United States, the
United Kingdom, France, and other countries have also released their library
bibliographic data as linked data [10]. China has also achieved certain results
in linked data research and application, such as the Shanghai Library releasing
a series of knowledge bases based on linked data using its own resources [11].

Research on linked data applications in institutional repositories mainly focuses
on three aspects: � Application of linked data in institutional repository con-
struction, such as Zhou Yu et al. [12] proposing a method for constructing insti-
tutional repositories based on linked data; Guo Weibing et al. [13] exploring the
construction and service models of defense scientific research institutional repos-
itories based on the basic principles of linked data. � Application of linked data
in data association and services of institutional repositories, such as Chen Jie
et al. [14] exploring the association mechanism between scientific and technical
report data and institutional repositories; Lin Jing et al. [15] studying extended
services of institutional repositories based on linked data consumption. � Ap-
plication of linked data in resource discovery of institutional repositories, such
as Wang Sili et al. [16] studying the application of linked data in semantic ex-
tension of institutional repositories; Du Pingping et al. [17] pointing out that
linked data can be used to establish relational links for scientific research data in
institutional repositories; Zhao Yiping [18] constructing a system for resource ag-
gregation and knowledge discovery in institutional repositories based on linked
data.

In summary, although academia has conducted research on entity relationships
in institutional repositories and linked data applications, in-depth discussion
on discovering academic relationships among entities in institutional reposito-
ries based on linked data is still insufficient. Therefore, this study explores
methods for discovering academic relationships among entities in institutional
repositories based on linked data technology, and uses Hohai University’s insti-
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tutional repository as a data source to verify the feasibility and effectiveness of
the method.

3 Method for Discovering Academic Relationships Among
Entities in Institutional Repositories Based on Linked Data
The process of using linked data for academic relationship discovery is: � Clarify
the types of academic relationships among entities in institutional repositories
and their characteristic attributes; � Convert resource data into data conforming
to the linked data format; � Use appropriate association methods to discover
academic relationships in the data and establish association links; � Reveal the
results of academic relationship associations through visualization methods to
achieve semantic aggregation of institutional repository resources.

3.1 Types of Academic Relationships

In previous research, the research team used four types of entities—resources,
scholars, institutions, and disciplines—as analysis objects, and found that aca-
demic relationships among different types of entities in institutional reposito-
ries include citation, affiliation, relevance, mentorship, collaboration, frontier
hotspots, and interdisciplinary relationships [8]181. Specifically, resource en-
tities have academic relationships such as citation, affiliation, and relevance—
for example, a resource has a citation relationship with its references, and re-
sources in the same discipline have relevance relationships. Scholar entities have
academic relationships such as mentorship, collaboration, and citation—for ex-
ample, the author of a dissertation has a mentorship relationship with their
advisor. Institution entities have collaborative relationships, which include col-
laborations between first-level institutions, second-level institutions, and other
institutions at different levels. Discipline entities have academic relationships
such as frontier hotspots and interdisciplinary relationships. In addition, both
resource entities and scholar entities have affiliation relationships with institu-
tion entities; resource entities, scholar entities, and institution entities all have
research field affiliation relationships with discipline entities [8]181. The aca-
demic relationships among entities in institutional repositories are shown in
Table 1 .

3.2 Linked Data Preparation Process

The prerequisite for achieving academic relationship association and discovery
among entities in institutional repositories based on linked data is converting
institutional repository data into data conforming to the linked data format.
According to the concept of linked data and its four basic principles for publica-
tion (name resources with URIs; resource URI names can be found via HTTP
URIs; when a resource URI name is found, useful information can be obtained;
the obtained information contains links to more resources) [19], the linked data
preparation process is divided into the following three steps:
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First, data description and standardization processing. Resources stored in in-
stitutional repositories include manually uploaded data and machine-crawled
data, which have different data structures and content. They need to be uni-
fied through standardized description, including constructing metadata sets for
different types of resources, building authority files for scholars, institutions,
and disciplines, and selecting appropriate schemes such as Dublin Core meta-
data (DC metadata) for data attribute description. It should be noted that
institutional repositories usually already have some metadata sets based on spe-
cific metadata schemes, scholar dictionaries, institution dictionaries, etc., during
construction. Therefore, when performing data standardization processing, it
is necessary to consider reusing or mapping existing content to ensure data
consistency and completeness.

Second, RDF conversion and URI naming. Linked data is data stored in Re-
source Description Framework (RDF) format and named with URIs [20]. There-
fore, standardized institutional repository data should be converted into RDF
format and named using URIs. RDF uses a triple format to express the re-
lationships between resources, attributes, and attribute values, and carries se-
mantic information, facilitating data identification and use [21]; URIs, as unique
identifiers for internet resources [22], can reuse existing resources or customize
identifiers according to relevant syntax rules. After conversion and naming, enti-
ties in institutional repositories obtain unique identifiers and can establish links.
For example, the author attribute of a resource can be expressed as scholar:{,
dc:creator, name}, and the institution affiliation attribute of a scholar can be
expressed as institution:{, dc:institution, name}. Entities such as resources,
scholars, institutions, and disciplines that have undergone linked data conver-
sion in institutional repositories should have unique identifiers.

Third, linked data publication. There are currently multiple linked data pub-
lishing platforms. Institutional repositories should select appropriate platforms
based on actual conditions such as resource scale and data update frequency,
and publish standardized institutional repository data as linked data to provide
resource guarantees for knowledge discovery services.

3.3 Academic Relationship Association Methods and Process

Based on the types of academic relationships that exist between entities in
institutional repositories and the main characteristic attributes of correspond-
ing resources, academic relationships among entities such as resources, scholars,
institutions, and disciplines are discovered through sequential attribute value
matching. When selecting characteristic attributes, priority is given to unique
identifiers; in the absence of unique identifiers, relatively standardized attributes
such as names, numbers, subject terms, and classification numbers are selected.
The academic relationship association methods and process for institutional
repository entities are shown in Figure 1 [Figure 1: see original paper].

At the resource level, academic relationships between resources are determined
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based on attributes such as references, unique identifiers, affiliated projects, and
disciplines. By matching whether the URI unique identifier attribute values of a
resource and its references are the same, the existence of a citation relationship is
confirmed. For example, in Figure 1, the identifier (unique identifier) attribute
value of Resource 2 is the same as the reference attribute value of Resource 1, so
Resource 1 and Resource 2 have a citation relationship. By matching attribute
values such as resource source, type, and affiliated project, the existence of an
affiliation relationship is confirmed based on whether the attribute values are
the same. For example, in Figure 1, the project attribute values of Resource 1
and Resource 3 are the same, so Resource 1 and Resource 3 have an affiliation
relationship. By matching attribute values such as author, institution, subject
term, and discipline, the existence of a relevance relationship is confirmed based
on whether the attribute values are the same. For example, in Figure 1, the
subject attribute values of Resource 1 and Resource 4 are the same, so Resource
1 and Resource 4 have a relevance relationship.

At the scholar level, academic relationships between scholars are determined
based on attributes such as author, advisor, and other authors. By matching
the attribute values of authors and advisors of the same resource, the existence
of a mentorship relationship is confirmed. For example, in Figure 1, Scholar 2
is the advisor (tutor) of Resource 4, and the creator (author) attribute value of
Resource 4 is Scholar 1, so Scholar 1 and Scholar 2 have a mentorship relation-
ship. By matching the attribute values of authors and other authors of the same
resource, the existence of a collaboration relationship is confirmed. For exam-
ple, in Figure 1, the creator (author) and contributor (other author) attribute
values of Resource 5 are Scholar 1 and Scholar 3 respectively, so Scholar 1 and
Scholar 3 have a collaboration relationship. By matching the attribute values of
resource authors and reference authors, the existence of a citation relationship
is confirmed. For example, in Figure 1, the creator (author) and contributor
(other author) attribute values of Resource 5 are Scholar 1 and Scholar 3 re-
spectively, and the creator (author) attribute value of Resource 6, which is a
reference of Resource 5, is Scholar 4, so both Scholar 1 and Scholar 3 have a
citation relationship with Scholar 4.

At the institution level, academic relationships between institutions are deter-
mined based on institution attributes. By matching institution attribute values
of the same resource, first-level institution collaboration relationships are con-
firmed. Under the same first-level institution, second-level institution collabora-
tion relationships are confirmed by matching second-level institution attribute
values. For example, in Figure 1, Resource 6 has institution attribute values of
Institution 1 and Institution 2, so Institution 1 and Institution 2 have a collab-
oration relationship. In Resource 6, Institution 2 has second-level institution
attribute values of Second-level Institution 1 and Second-level Institution 2, so
Second-level Institution 1 and Second-level Institution 2 have a collaboration
relationship.

At the discipline level, academic relationships between disciplines are deter-
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mined based on attributes such as discipline, keywords, and subject terms. By
matching resource discipline attribute values, the existence of interdisciplinary
relationships is confirmed. For example, in Figure 1, Resource 6 has subject
attribute values of Discipline 1 and Discipline 2, so Discipline 1 and Discipline 2
have an interdisciplinary relationship. By matching resource keywords, subject
terms, and other attributes, frontier hotspots in disciplines are obtained using
methods such as social network analysis. At the level of different entity types,
academic relationships between different entities are determined based on at-
tributes such as author, institution, and discipline. For example, in Figure 1,
the creator (author) attribute value of Resource 4 is Scholar 2, so Scholar 2 and
Resource 4 have a contribution relationship; the institution attribute value of
Scholar 4 is Institution 2, so Scholar 4 and Institution 2 have an affiliation rela-
tionship; Resource 6 has institution attribute value of Institution 2 and subject
attribute value of Discipline 2, so Institution 2 and Discipline 2 have a research
field affiliation relationship.

3.4 Application of Academic Relationship Discovery Results

Using academic relationship association methods can obtain academic relation-
ships among four types of entities: resources, scholars, institutions, and dis-
ciplines in institutional repositories. By using data URI unique identifiers to
point to each other, semantic linking of entities is achieved, and appropriate
visualization tools are used to intuitively display linkable data with academic
relationships, which is conducive to semantic aggregation and organization of
resources and facilitates user browsing and information acquisition. Published
linked data enables institutional repository resources to be associated with net-
work resources, expanding the academic relationship network and providing
strong support for academic exchange and diffusion.

4 Empirical Study of Academic Relationship Discovery
Among Entities in Institutional Repositories Based on
Linked Data
Hohai University’s institutional repository comprehensively collects Chinese and
foreign scientific research achievements of Hohai University’s faculty, and has
built a metadata framework, author table, and institution table. This study uses
this institutional repository as a data source to verify the scientificity, rationality,
and effectiveness of the aforementioned construction method.

4.1 Data Acquisition and Processing

In Hohai University’s institutional repository, 10 resource entity data items were
selected as empirical research samples, and data processing was carried out ac-
cording to the following process: � Export data; � Construct metadata sets and
perform preliminary cleaning and processing; � Based on the existing metadata
framework, author table, and institution table in the institutional repository,
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construct authority documents for scholars, institutions, and disciplines; � Use
the DC metadata scheme to standardize data description; � Convert the stan-
dardized data into RDF format and name it with Uniform Resource Identifiers
(URIs) to obtain data in linked data format.

4.1.1 Authority Document Establishment and DC Description First,
construct metadata sets. Export the 10 sample data items into a structured
two-dimensional table, where each column represents an attribute of a resource
entity and each row represents all attribute values of a resource entity. Prelim-
inary data cleaning is performed in Excel: split multiple author information in
the other authors attribute into separate columns to ensure each attribute cor-
responds to only one attribute value; split first-level institution and second-level
institution names in the institution attribute into separate columns and delete
non-institution name content such as addresses and postal codes, retaining only
second-level institution information of Hohai University; unify punctuation for-
mats in Chinese and foreign language attributes; supplement missing data for
important attributes, etc. Finally, a resource metadata set is constructed.

Second, construct authority documents. Based on the existing author table in
Hohai University’s institutional repository and the faculty information table
provided by the university’s personnel department, construct an authority doc-
ument for scholars with Hohai University faculty and students as the main body,
with missing content supplemented through research on the university’s offi-
cial website and searches for author introductions in academic literature. Based
on the existing institution table in the institutional repository, construct an
authority document for institutions with Hohai University’s second-level insti-
tutions as the main body, with missing content supplemented through research
on the university’s official website. Based on the existing discipline table in the
institutional repository, construct an authority document for disciplines, using
first-level disciplines published by the Ministry of Education as standardized
names, and mapping Chinese Library Classification numbers, ESI disciplines,
and WOS disciplines to the discipline names published by the Ministry of Ed-
ucation as aliases. The mapping between authority document attributes and
fields in Hohai University’s institutional repository vocabulary is shown in Ta-
ble 2 . Standardize and clean the data in the metadata set according to the
constructed authority documents.

Third, standardize metadata description. The DC metadata scheme used in this
study contains 15 core elements. According to Hohai University’s institutional
repository’s existing metadata framework and academic relationship matching
attribute requirements, metadata elements are extended to obtain a metadata
description scheme (as shown in Table 3 ). Based on this scheme, DC metadata
description is performed on empirical sample data and authority document data
to unify and standardize data with different structures and formats.
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4.1.2 RDF Conversion and URI Naming Convert the standardized
data into RDF format according to the composition content of RDF triples
to reveal the relationships between entities and attributes. Name the data
according to URI naming principles for standardized description and data
converted to RDF format. Data URI naming includes naming of four types
of entities: resources, scholars, institutions, and disciplines, with naming
results serving as attribute values for the entities’unique identifiers. Based
on existing data URIs in Hohai University’s institutional repository, the
naming mechanism is: prefix + unique identification number, where the
URI naming prefixes for resources, scholars, institutions, and disciplines
are respectively: “http://ir.hhu.edu.cn/Articles/Article_{Detail}.aspx?id=”,
“http://ir.hhu.edu.cn/writer/rw_{zp}.aspx?id=”,“http://ir.hhu.edu.cn/organ/jg_{zp}.aspx?id=”
, “http://ir.hhu.edu.cn/class/db_{zp}.aspx?id=”. Finally, unified, standard-
ized, cleaned, and described empirical sample data is obtained, providing data
preparation for subsequent work.

4.2 Data Association Process and Association Results

Using the academic relationship association method proposed in this study, at-
tribute value matching and reasoning are performed on empirical sample data
to obtain academic relationships between entities and establish links.

Figure 2 [Figure 2: see original paper] uses the serial numbers in the standard-
ized description data to represent entities, and shows the matching of academic
relationships among entities in empirical sample data using examples with more
types of academic relationships. At the resource level: Resource 1’s reference
is Resource 8, and the two have a citation relationship; Resource 1 and Re-
source 2 have the same discipline attribute, both being atmospheric science
and hydraulic engineering disciplines, and the two have a relevance relationship;
Resource 1 and Resource 10 belong to the same National Natural Science Foun-
dation project, and the two have an affiliation relationship. At the scholar level:
In Resource 2, Scholar 2 is Scholar 1’s advisor, and the two have a mentorship
relationship; Scholar 1 and Scholar 2 are both authors of Resource 1, and the
two have a collaboration relationship; Scholar 1 and Scholar 12 are respectively
authors of Resource 1 and its reference Resource 8, and the two have a cita-
tion relationship. At the institution level: Institution 1 and Institution 6 are
both second-level institutions of Resource 1, and the two have a collaboration
relationship. At the discipline level: Discipline 26 and Discipline 49 are both
discipline attributes of Resource 1, and the two have an interdisciplinary rela-
tionship. Finally, academic relationship association results for all sample data
are obtained.

Based on the academic relationship association results, semantic association and
aggregation of entities with academic relationships are achieved through mutual
linking and pointing of entity URIs, which improves the depth and breadth
of academic relationship discovery and facilitates users’more convenient and
efficient access to and utilization of resources in institutional repositories.
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