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Abstract

[Purpose/Significance] This study aims to explore the theories and methods for
constructing fine-grained aggregation ontologies for web-based academic docu-
ments.

[Method/Process] Based on a review of relevant theories and methods, this paper
first clarifies fundamental theoretical issues such as the basic types, granularity
characteristics, and definitions of fine-grained aggregation ontology concepts.
Subsequently, taking the “citation analysis” topic corpus in the field of library
and information science under the web environment as the data source, it con-
ducts a detailed discussion on the construction of fine-grained aggregation unit
ontology from the perspectives of concepts, attributes and relationships, and
instances, and performs evaluation and discussion of the ontology.

[Results/Conclusions] This paper proposes for the first time the idea and method
of constructing fine-grained aggregation ontology based on the knowledge sys-
tem of aggregation units, which can provide reference for the construction of
knowledge organization system tools in fine-grained organization, retrieval, and
navigation based on aggregation units.
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Abstract

[Purpose/Significance] This study aims to explore the theories and methods
for constructing a fine-grained aggregation ontology for web-based academic doc-
uments. [Method/Process] Building upon relevant theories and methods, we
first clarify fundamental theoretical issues including the basic types, granular-
ity characteristics, and definitions of fine-grained aggregation ontology concepts.
Using the “citation analysis” topic corpus in library and information science un-
der the web environment as our data source, we systematically examine the
construction of fine-grained aggregation unit ontology from the perspectives of
concepts, attributes, relationships, and instances, followed by ontology evalua-
tion and discussion. [Result/Conclusion] This paper proposes, for the first
time, an approach and methodology for constructing fine-grained aggregation
ontology based on an aggregation unit knowledge system, which can inform the
development of knowledge organization system tools for fine-grained organiza-
tion, retrieval, and navigation based on aggregation units.

Keywords: information aggregation; ontology; web documents; library and
information science

Classification Number: G250
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1 Research Background

Current search engines still primarily organize massive web resources at the
level of websites, web pages, and various file carriers as the main units of con-
trol and organization. However, functions for searching and locating local infor-
mation units within web pages have emerged, such as Baidu’s ability to refine
encyclopedia entry search results down to specific knowledge points. Never-
theless, for domain users, their needs for web documents are often dispersed
across different genre types depending on search task scenarios. Consequently,
we still face the challenge of achieving fine-grained aggregation of multi-type
web academic documents—namely, how to enable network information systems
to present screened, extracted, and sequenced multi-type web resources (either
whole or partial) to users based on their explicitly expressed information needs
and retrieval contexts (such as tasks and user preferences). This requires con-
trolling aspects like aggregation unit types, granularity, relationships, and at-
tributes to more flexibly and accurately present target information that meets
users’ needs for web academic resources.

From an information organization perspective, implementing fine-grained aggre-
gation of web academic documents necessitates constructing a domain-approved
knowledge organization system that reflects the hierarchy and types of informa-
tion units within multi-type web documents and their relationships with user
needs. This system must formally define the concepts, relationships, and infer-
ence rules between concepts within the knowledge organization system, enabling
web resources to effectively express machine-recognizable semantic concepts and
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providing a semantic foundation for the extraction, organization, association,
and retrieval matching of fine-grained aggregation units.

In view of this, this paper aims to explore the theories and methods for con-
structing a fine-grained aggregation ontology for web academic documents based
on the concept of aggregation units. An aggregation unit, as the basic object of
fine-grained aggregation, refers to the fundamental text content unit controlled
and processed by the system when fine-grained aggregation serves as the method
of information organization and retrieval. It is a collective term for language
function units at different levels divided according to the genre structure of web
academic documents. Aggregation units for web academic documents can be
either entire documents or parts of web resources, such as paragraph units in
the conclusion/discussion sections of research papers, or sentence group units
like “proposing suggestions for future research” within conclusion/discussion
sections.

To achieve our research objectives, this paper first reviews relevant theories and
methods, proposes a theoretical framework for fine-grained aggregation ontol-
ogy, constructs the ontology through empirical research, and conducts evalua-
tion and discussion.

2 Theoretical and Methodological Foundations

Knowledge unit theory is closely related yet distinct from the construction of
fine-grained aggregation ontology. Knowledge unit theory provides a theoretical
basis for organizing information units within resource carriers and offers foun-
dational theories and methods for constructing knowledge organization systems
based on knowledge elements. However, knowledge unit theory defines knowl-
edge organization objects only as information content containing knowledge
units, whereas fine-grained aggregation ontology defines knowledge organization
objects as aggregation units defined by language functions. The organization of
aggregation units involves not only knowledge unit organization but also seman-
tic relationships arising from these units’ language functions and their associa-
tions with user search forms. Therefore, knowledge unit theory cannot cover all
issues required for constructing knowledge organization systems for fine-grained
aggregation and must be combined with genre theory and methodology—the
theoretical foundation of aggregation unit construction—to establish a theo-
retical and methodological basis for building aggregation unit knowledge sys-
tems. Additionally, the construction of fine-grained aggregation ontology relies
on fundamental theories and methods of ontology. Consequently, this study
synthesizes relevant theories on knowledge units, genre structure rules, and on-
tology construction to build a theoretical framework adapted to the needs of
fine-grained aggregation ontology construction.
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2.1 Research on Knowledge Unit Theory

Research on knowledge units within documents has attracted attention across
various disciplines, but academic consensus on knowledge units remains unestab-
lished. Definitions of knowledge unit concepts vary across different periods
and disciplines, encompassing terms such as “knowledge gene,” “knowledge con-
cept,” “knowledge node,” “knowledge factor,” “knowledge point,” “knowledge
element,” “knowledge link,” and “knowledge unit.” All refer to knowledge con-
tent with independent meaning within a certain unit, which can be a document,
a fragment of a document, or a conceptual knowledge point contained within a
document [1]. Research on knowledge units can be categorized into three types:
domain-oriented knowledge unit research for knowledge organization, knowledge
unit research for knowledge extraction and utilization, and curriculum-oriented
knowledge unit organization research in education.

2.1.1 Domain-Oriented Knowledge Unit Research for Knowledge Or-
ganization According to Wen Tingxiao, knowledge units can be divided into
three main forms based on the development stages and depth of knowledge
organization: document units, information units, and knowledge units. Knowl-
edge unit practice and research began with document units. As natural car-
riers containing knowledge, document units naturally became the initial units
for knowledge management, gradually forming a complete knowledge system.
Thus, document units, as early forms of knowledge units, contain knowledge
units, while knowledge units ultimately attach to certain forms of document
units and manifest as document units [1].

Related research emphasizes that knowledge organization objects should pen-
etrate to the level of knowledge units within documents, thereby compensat-
ing for the deficiency of existing knowledge organization theories in adequately
reflecting document content. However, no further theoretical or methodologi-
cal guidance exists regarding the granularity and hierarchy of knowledge units
within documents, failing to meet the requirements of aggregation unit division
for fine-grained aggregation knowledge organization systems.

2.1.2 Knowledge Unit Research for Knowledge Extraction and Uti-
lization Wen Youkui and colleagues systematically proposed “knowledge ele-
ment” theory from the perspective of knowledge organization: “It is assumed
that the organizational arrangement of text content consists of a logical order-
ing structure of independent knowledge elements, which are called knowledge
elements, and the logical dependency relationships are called knowledge chains.
Knowledge elements are the basic units for constructing knowledge structures.
Knowledge elements and their structures form different knowledge units” [2].
Knowledge element types include descriptive types (information reports, term
explanations, numerical values, literature citations, etc.) and process types (pro-
cedures, methods, definitions, principles, experiences, etc.) [2]. Wen Youkui
and others conducted systematic research on knowledge element theory and its
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knowledge organization methods [2-9], upon which CNKI built a search system
for knowledge elements such as definitions, numbers, and charts in academic
papers [10].

Evidently, the knowledge element concept in knowledge element theory origi-
nates from the refinement of knowledge organization object granularity, which
is similar yet different from the aggregation unit concept in this study’s fine-
grained aggregation ontology. The similarity lies in that both organize objects
from the text level to the text content level. The difference is that knowledge
element theory’s classification of knowledge element types (such as definitions,
numerical values, charts, etc.) focuses on knowledge organization and utiliza-
tion, aiming to build knowledge bases based on knowledge instances and their
relationships. In contrast, this study’s classification of aggregation unit types
focuses on the organization and utilization of useful information fragments, aim-
ing to construct associations between information fragments and between infor-
mation fragments and user task scenarios. Therefore, research on knowledge
element definition, extraction, ontology construction, and organization can pro-
vide numerous methodological foundations for aggregation unit extraction and
organization, as well as references for aggregation unit ontology construction.

2.1.3 Curriculum-Oriented Knowledge Unit Organization Research
This research area is mainly concentrated in educational technology, where
knowledge units are often called “knowledge points”—basic units for transmit-
ting teaching information during teaching activities, including theories, princi-
ples, concepts, definitions, examples, and conclusions. Knowledge points can
be further decomposed; those that are structurally indivisible are called atomic
knowledge points. Related groups of knowledge points integrate into knowl-
edge units. The basic principle of knowledge point division is to ensure local
integrity of knowledge content, and their sizes can vary greatly depending on
needs. For example, a chapter can be divided into a large knowledge point, a sec-
tion within it can be subdivided into smaller knowledge points, and definitions
or theorems within a section can be divided into even smaller knowledge points.
Some scholars have built educational technology discipline resource libraries
based on knowledge units using the discipline’s knowledge classification system
[11]. Additionally, some scholars have proposed knowledge element description
models for knowledge organization and sharing of educational resources based
on knowledge element theory, exploring related methods and technologies for
knowledge abstraction and fusion [12].

Knowledge system construction in the education field actually aims at curricu-
lum knowledge organization and education rather than resource organization.
Therefore, its knowledge element instances are the knowledge itself, not re-
sources corresponding to the knowledge concepts. However, methods and tech-
nologies for knowledge element ontology construction can provide references
for constructing ontology concepts and relationships based on aggregation unit
knowledge systems.
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2.2 Research on Genre Structure Rules and Knowledge Systems

Genre presents certain formal features and structural rules according to its com-
municative goals. Although most genre theory research uses typical genres such
as scientific papers, news, or short stories as case studies, genre structures are
now recognized as existing in all communication networks, and most professional
communication typically relies on genre structures rather than external connec-
tions to accomplish their shared work [13]. Research on genre structure rules can
be summarized in two aspects: exploration and development of Swales’ model
in linguistics, and utilization and exploration of genre structures in library and
information science.

2.2.1 Exploration and Development of Swales’ Model in Linguistics
Representative genre structure theory includes J.M. Swales’ “move-step” anal-
ysis model for academic papers. Based on the introduction-methods-results-
discussion structure characteristic of research papers, this model further con-
ducts move-step analysis of the “introduction” section content according to re-
search paper objectives, thereby dividing research papers into information units
composed of different granularity levels: component-move-step [14].

Building upon Swales’ initial model, numerous scholars have applied genre anal-
ysis theory and methods to test natural sciences, biomedicine, social sciences
[14-16], wildlife behavior research, and ecological conservation fields [17]. The
Swales model has also been extended to other components of research papers,
including studies on abstracts [18], methods [19], results [20], discussions [21],
and all components [21-22]. B.A. Lewin et al. conducted comprehensive studies
on moves and steps in introduction and discussion sections of social science cor-
pora [23], testing and enriching the genre structure knowledge system of research
papers.

Additionally, domestic scholars have researched genre structures of discourses.
For example, Zhao Fuli studied the move structure of TV news leads referring to
Bhatja’s move model [24]; Ge Dongmei and Yang Ruiying researched academic
paper abstracts referring to Bhatja’s move model [25]; Cui Yanyan and Wang
Tongshun studied the structure of English academic lectures referring to the
Swales model [26]; Yang Ruiying conducted move and step analysis of English
for Academic Purposes academic paper components using the Swales model and
proposed components, moves, and steps for theoretical research academic papers
[27].

2.2.2 Utilization and Exploration of Genre Structures in Library and
Information Science Since the emergence of digital library projects in the
late 1990s, issues of digital document deconstruction and reorganization, identi-
fication and utilization of information units in digital resources have attracted
scholarly attention [28]. Most research on digital document division and uti-
lization is based on genre structure theory, combined with users’ information
acquisition tasks for division and association analysis.
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For example, A. Dillon tested people’s cognitive understanding of the genre
structure of online news, providing a basis for genre-based understanding and
within-text navigation [29]. A. Dillon and colleagues also conducted a series of
studies from a user cognition perspective on user disorientation problems and
navigation needs around discourse logical and semantic structures [29-34]. L.
Zhang constructed a functional unit classification system for psychology journal
papers, identifying minimal information units within journal article components
(e.g., introduction, methods, results, and discussion) [35-36] and tested the ef-
ficiency and effectiveness of reading information acquisition [37]. C.C. Ma and
S.J. Cao constructed a cross-genre aggregation unit classification system for the
library and information science field [38].

Existing research shows that genre structure division oriented toward user cog-
nition and needs plays an important role in improving information utilization
efficiency and effectiveness, providing theoretical support for fine-grained aggre-
gation. More importantly, both linguistics and library and information science
research on genre structure division and utilization have formed a series of knowl-
edge systems about language function units under genre structures. However,
current research on information unit utilization remains exploratory, without
further consideration from a knowledge organization perspective, and without
constructing corresponding knowledge organization systems to support practical
applications.

2.3 Ontology Construction Theory and Methods

Existing ontology research provides direct theoretical and methodological foun-
dations for fine-grained aggregation ontology construction. The following as-
pects are examined: ontology types, construction principles and methods, con-
struction tools, and evaluation methods.

2.3.1 Ontology as Formal Specification of Shared Conceptual Mod-
els Numerous ontology studies exist, particularly abroad, with many research
organizations and institutions establishing various types of ontologies accord-
ing to their needs. Based on application scope and level, ontologies can be
divided into general ontologies, domain ontologies, and application ontologies.
General ontologies are not targeted at specific domain knowledge and can be
reused across domains; domain ontologies express knowledge systems of specific
disciplines; application ontologies are created for specific applications and can
include cross-disciplinary knowledge. General and domain ontologies serve as
upper-level ontologies for application ontologies [39-41].

More specifically, R. Mizoguchi et al. proposed classifying ontologies according
to their application purposes into domain ontologies, top-level (general) ontolo-
gies, and task ontologies. Task ontologies express concept classes, attributes,
and relationships specific to particular tasks through top-level concepts, describ-
ing conceptual systems in specific tasks or behaviors and providing concept sets
that can answer questions related to specific tasks or behaviors [41]. N. Guarino
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proposed classifying ontologies based on the specificity of ontology concepts and
their independence from domains. According to the level of detail of ontology
concepts, they can be divided into more detailed reference ontologies and more
concise shared ontologies; according to the independence of ontology concepts
from disciplines, they can be divided into four categories: top-level ontologies,
domain ontologies, task ontologies, and application ontologies [42-43]. Addi-
tionally, some scholars classify ontologies into five types based on application:
domain ontologies, general (common sense) ontologies, knowledge ontologies,
linguistic ontologies, and task ontologies [44-45].

2.3.2 Mature Theories and Methods for Ontology Construction
Among these, typical ontology construction principles include T. Gruber’s five
principles of ontology construction: clarity, coherence, extensibility, neutrality,
and minimal ontological commitment [46]. Typical construction methods
include: skeleton method, IDEF5 method, seven-step method, five-step cycle
method, METHONTOLOGY method, TOVE method, KACTUS method,
SENSUS method, and cyclic acquisition method [45].

2.3.3 Protégé as an Important Ontology Construction Tool Protégé
features a visual user interface, supports DAML4OIL and OWL languages,
enables modular design [47], and allows external modification using ontology
description languages. Due to its open-source code, Chinese version availability,
and other advantages, Protégé has been widely adopted in China [47].

2.3.4 Diverse Ontology Evaluation Methods These include user evalu-
ation, application evaluation, corpus evaluation, expert evaluation, composite
indicator evaluation, and gold standard evaluation. While these methods have
their applicability and operability, research indicates they also have limitations,
with less-than-ideal cross-domain applicability and difficulty in large-scale ap-
plication. Currently, constructing indicator systems is the most common evalu-
ation method [47]. Additionally, scholars note that ontology evaluation method
research remains exploratory both domestically and internationally, lacking
widely recognized evaluation theoretical and methodological systems. KEvalu-
ation focuses on concepts, attributes, and relationships, without creating com-
prehensive ontology evaluation systems or authoritative evaluation standards
[47].

3 Construction of Fine-grained Aggregation Ontology
3.1 Theoretical Framework of Fine-grained Aggregation Ontology

3.1.1 Basic Types of Fine-grained Aggregation Ontology Concepts
Ontology construction generally involves two stages: the first stage aims to
determine the ontology’s concept set and establish a core terminology set; the
second stage aims to determine relationships between concepts. Based on the
objectives and framework of web resource fine-grained aggregation, this paper
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defines four basic types of concepts for fine-grained aggregation ontology: web
documents, aggregation units, domain concepts, and task scenarios, as shown
in Figure 1 [Figure 1: see original paper].

Based on this, the approach to constructing fine-grained aggregation ontology
is:  determine the aggregation unit concept set through the aggregation unit
knowledge system; determine the domain concept set through methods for con-
structing domain knowledge organization systems; determine the task scenario
concept set through existing research. Since domain ontology construction has
extensive research and task scenario ontologies are relatively simple, this paper
focuses on exploring ontology construction methods based on aggregation unit
knowledge systems.

3.1.2 Granularity Characteristics of Fine-grained Aggregation Ontol-
ogy From existing knowledge organization theory, we know that the level of
detail in knowledge organization systems affects web resource retrieval and uti-
lization efficiency—the finer the knowledge granularity, the higher the descrip-
tive accuracy; the smaller the information fragment, the higher the retrieval
relevance. Therefore, based on the two important knowledge bases in the web
resource fine-grained aggregation ontology framework—the domain knowledge
system and aggregation unit knowledge system—this paper defines granular-
ity characteristics for web resource knowledge organization systems by dividing
them into domain concept granularity and controlled unit granularity, as shown
in Table 1 .

The clarity of granularity levels between domain knowledge systems and aggre-
gation unit knowledge systems helps improve the efficiency and effectiveness
of web resource fine-grained aggregation from two aspects: domain knowledge
accuracy and web academic document accuracy/relevance.

3.1.3 Definition of Fine-grained Aggregation Ontology Concepts For
fine-grained aggregation ontology, since previous research has established an ag-
gregation unit knowledge system [38] and investigated the associations between
tasks and information units [36,49], its core terminology and attributes can be
relatively easily determined and formally specified qualitatively.

This paper defines the domain concept C as a quadruple:
C = {C,, PC, RC, SynC}

where C, represents the domain concept; PC represents general attributes of the
domain concept; RC represents the set of domain concept relationships; SynC
represents the synonym set of domain concept C,,.

This paper defines the task scenario T as a triple:

T = {T,, CT, PT, RT}
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where T, represents the task type concept; CT represents the domain concept
corresponding to the task theme; PT represents general attributes of the task;
RC represents the set of task concept relationships.

This paper defines the complete concept of aggregation unit concept A as a
quintuple:

A = {A,, CA, U(A,,T), RA, SynA}

where A, represents the aggregation unit concept; CA represents the domain
concept corresponding to the aggregation unit theme; U(A,,T,) represents the
task scenario relevance of the aggregation unit, determined by the task type T,
and its relevance degree to the aggregation unit A,. For example, the aggre-
gation unit “web encyclopedia” has encyclopedia genre attributes at the genre
level, and its semantic function is to introduce various aspects of correspond-
ing concepts, with high perceived usability under the “learning background”
task. U is the specific numerical value of perceived usefulness in instances; RA
represents the relationship set; SynA represents the synonym set of concept A,,.

This paper defines the complete concept of web document concept D as a nonu-
ple:

D = {D,, CD, Tit, Cont, Auth, Inst, S, G, Time}

where D, represents the web document concept; CD represents the domain
concept corresponding to the aggregation unit theme; Tit represents document
title; Cont represents document content; Auth represents document author; Inst
represents document institution; S represents document source; G represents
document genre; Time represents publication time.

3.2 Construction and Formalization of Fine-grained Aggregation On-
tology

Using 81 types of web documents on the topic of “citation analysis” from a
previously constructed library and information science corpus [38] as the data
source, this paper establishes the four concept sets, attributes, relationships,
and corresponding instances of the fine-grained aggregation ontology through
empirical research, constructing and formalizing the ontology.

The experimental corpus includes four genre types: open access research papers,
online bibliographic records, web encyclopedia entries, and academic blog posts.

3.2.1 Fine-grained Aggregation Ontology Concept System According
to the basic types of fine-grained aggregation ontology concepts, its concept
system includes: aggregation unit concept system, domain concept system, task
concept system, and document concept system.

(1) Aggregation Unit Concept System. Based on the aggregation unit
knowledge system, we construct the aggregation unit concept set and inter-
concept relationships [38], determining aggregation unit ontology concepts and
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their attributes in a top-down manner: according to the aggregation unit classi-
fication system, we identify aggregation unit concepts at different levels, such as
research papers, introductions, topic background introductions, and other level
concepts, as shown in Table 2 .

(2) Domain Ontology Construction. Domain resource ontology construc-
tion has a long research history with relatively mature theoretical and method-
ological foundations. To explore methods for constructing fine-grained aggrega-
tion ontology, this paper uses a dictionary-based, machine-assisted approach to
construct the topic concept knowledge system. Specifically, we use the knowl-
edge system about citation analysis from the Baidu Baike entry as the foun-
dation for the “citation analysis” corpus knowledge system. We employ the
ROSTCM software developed by Wuhan University to segment the corpus text
and calculate word frequencies, obtaining high-frequency keyword concepts re-
flecting domain characteristics. After discussion among research team members,
all meaningful new words are added to the citation analysis knowledge system
for refinement, thereby constructing the “citation analysis” ontology using a
“top-down” approach. Ultimately, we construct a domain concept system com-
prising 6 levels and 100 concepts.

(3) Web Document Ontology and Aggregation Unit Ontology. Web
document ontology aims to construct ontology concepts and conceptual rela-
tionships regarding various dimensional information units of web documents,
thereby cooperating with the aggregation unit concept system to support fine-
grained aggregation of web documents. Referencing Zhu Jiaxian et al’s research
on Web resource ontology and Qiu Junping et al’s research on collection resource
semantic ontology [40,50], this paper constructs main concepts of the web doc-
ument ontology. Thus, the document ontology includes concepts such as genre,
content, creator, institution, source, and title, as shown in Figure 2 [Figure 2:
see original paper].

The task scenario concept set defines concepts about task scenarios, providing
a foundation for constructing associations between tasks and aggregation unit
concepts and supporting fine-grained aggregation of web documents. Based on
L. Zhang and L. Freund et al’s definitions of task ontology [36,49], this paper
constructs main concepts of the task ontology, as shown in Figure 3 [Figure 3:
see original paper].

3.2.2 Fine-grained Aggregation Ontology Attributes and Relation-
ships Based on the various ontology concept sets identified in the previous
stage, the second stage clarifies main attributes of ontology concepts, includ-
ing: perceived usefulness of aggregation units, semantic relationships between
aggregation unit classes and instances formed by aggregation units’ unique lan-
guage functions, relationships between web document ontology concepts, and
relationships between themes and aggregation unit ontologies and task ontolo-
gies. Therefore, fine-grained aggregation ontology mainly contains 11 major
attributes, as shown in Table 3 .
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Based on the class-attribute relationships in the fine-grained ontology, the fol-
lowing reasoning can be performed:

(1) Usefulness of Aggregation Units. If an aggregation unit’s “perceived
usability” score under a specific task scenario is higher than the threshold, then
the aggregation unit has high usefulness under that task scenario.

(2) Task Relevance Relationships of Aggregation Units. If certain ag-
gregation units’ perceived usability scores under a specific task scenario are all
higher than the threshold, then these aggregation units have task relevance.

(3) Themes of Aggregation Units. Lower-level aggregation units inherit
the attribute “domain concept is..” from higher-level aggregation units. If a
higher-level aggregation unit’s domain concept is X, then the lower-level aggre-
gation unit’s domain concept is also X. An equivalent inverse relationship exists
between higher and lower-level aggregation units.

(4) Document Ontology-Related Attributes of Aggregation Units. Ag-
gregation units at all levels obtain document ontology-related attributes: if
a document’s author /institution/source/title/genre is X, then the aggregation
unit’s author/institution/source/title/genre is X. An equivalent inverse relation-
ship exists between document ontology and aggregation unit.

Based on Table 2 and the formalized description of semantic reasoning based
on class attributes, this paper provides explicit formalized descriptions of these
semantic relationship types, determining from top to bottom that fine-grained
aggregation ontology mainly contains five major relationship types:

(1) Inheritance Relationships and Inverse Relationships. These include
subclass-to-class inheritance, instance-to-class inheritance, class-attribute rela-
tionships, and their inverses. Semantic relationships between concepts in ag-
gregation unit ontology are relatively clear and can be established based on re-
lationships between upper and lower aggregation units in the aggregation unit
knowledge system. For inheritance relationship attributes, definitions can be
made according to relationship sources and natures. Semantic relationships
between instances contained in classes can be obtained through relationships
between their belonging classes.

(2) Progression Relationships and Inverse Relationships. These are
semantic progression relationships and their inverses between subclasses of the
same parent class and their instances in aggregation unit ontology, which can be
established based on relationships between upper and lower aggregation units
in the aggregation unit knowledge system.

(3) Task Relevance. Since specific aggregation units have high perceived us-
ability under specific task types, associations based on task scenarios are formed
between aggregation units at the same or different levels. These can be qualita-
tively described and quantitatively formalized through numerical relationships
of aggregation unit perceived usefulness.
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(4) Semantic Relationships of Domain Concepts. These are semantic
associations formed between domain concepts; semantic relevance between in-
stances contained in classes at the same or different levels can be calculated
through weighted combination based on domain ontology concept relevance and
this class’s aggregation unit scenario association attributes.

(5) Relationships in Web Document Concepts. Associations between web
documents and their authors, institutions, etc., can be directly obtained from
web document metadata or acquired and integrated from public information
sources such as institutional websites.

3.2.3 Instances of Fine-grained Aggregation Ontology Using the “ci-
tation analysis” corpus as the source for fine-grained aggregation ontology in-
stances, we extract and count relevant instance information of web documents
in the corpus according to the fine-grained aggregation ontology, obtaining in-
stance quantity distributions for ontology classes as shown in Tables 4 and 5

Table 4 shows instance statistics for ontology classes in the aggregation unit
knowledge system, while Table 5 shows instance statistics for document ontology
and domain concept ontology classes. As shown in Tables 4 and 5, aggregation
unit ontology instances come from 81 instances across four genres, containing
254 component units under genre units, and 1,247 language function units under
component units. The domain concept ontology includes 100 instances, while
the document ontology contains 89 authors, 50 institutions, and 38 sources.

For fine-grained aggregation ontology classes, instance attributes can be defined
according to the class attributes in the ontology. Here, we focus on exploring the
numerical attribute of aggregation unit instances obtained through calculation—
perceived usefulness of aggregation unit instances. During aggregation unit
attribute definition, perceived usability serves as a numerical attribute of aggre-
gation unit class, influenced by aggregation unit type and user task scenario,
acting as an indicator of aggregation unit task relevance.

3.2.4 Formalization of Fine-grained Aggregation Ontology Based on
Protégé Based on clarified concepts and attributes of fine-grained aggrega-
tion ontology, we provide formalized specifications to form a formalized ontol-
ogy. Using the “citation analysis” dataset as the corpus source, we employ the
ontology editing and visualization tool Protégé to add semantic tags, perform
coding and formalization according to OWL language specifications, thereby
establishing the fine-grained aggregation ontology for web documents, with its
full view shown in Figure 4 [Figure 4: see original paper].

From the perspective of major ontology classes, fine-grained aggregation ontol-
ogy includes aggregation unit ontology, domain ontology, web document ontol-
ogy, and task ontology. Therefore, viewing the upper-level ontology concepts
according to hierarchical structural relationships reveals the main composition
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and relationships of fine-grained aggregation ontology, as shown in Figure 5
[Figure 5: see original paper].

As shown in Figure 5, aggregation unit ontology forms the foundation of fine-
grained aggregation ontology, providing hierarchical relationships, semantic re-
lationships, and task relevance relationships for resource fine-grained aggrega-
tion, thereby supporting fine-grained aggregation of web documents and visual
navigation and retrieval methods based on relationships between aggregation
units. The hierarchical overview of aggregation unit ontology is shown in Fig-
ure 6 [Figure 6: see original paper].

As shown in Figure 6, aggregation units belong to part of the content attribute
in document ontology, containing the attribute of perceived usability, described
by domain concepts, and including network document genres such as online bib-
liographic abstracts, OA papers, academic blog posts, and online encyclopedia
entries. Relationships exist between aggregation units at various levels, includ-
ing whole-part relationships and progression relationships and their inverses
between aggregation units in the same group at the same level.

Based on the “citation analysis” web document corpus, the hierarchical structure
of concept relationships in the domain ontology is shown in Figure 7 [Figure 7:
see original paper].

The relationships between document ontology, task ontology, and domain and
aggregation unit ontologies are shown in Figure 8 [Figure 8: see original paper].
As shown, domain concepts are themes of document ontology, task ontology,
and aggregation unit ontology. Aggregation units originate from the content
attribute of document ontology.

4 Evaluation and Discussion of Fine-grained Aggregation
Ontology

Yue Lixin and Liu Wenyun synthesized various foreign evaluation indicators
to propose ontology evaluation standards of completeness, clarity, consistency,
extensibility, and compatibility [51]. This paper evaluates the constructed fine-
grained aggregation ontology around these criteria.

4.1 Completeness

Since the constructed fine-grained aggregation ontology derives from experimen-
tal corpora, it can largely cover concepts and relationships of various ontologies
in the corpus, especially achieving 100% coverage of document ontology. Com-
pared with the initial classification system of aggregation units proposed by
C.C. Ma and S.J. Cao [38], since this study’s aggregation unit ontology does
not adopt the two semantic function units with lower scores in the initial clas-
sification system, the coverage of aggregation unit ontology is 96.5%.

However, since this study’s task ontology concepts derive from task types pro-
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posed by L. Zhang and L. Freund [36,49], its completeness and systematicity
are insufficient compared with the task faceted classification system proposed
by Y. Li [52]. Therefore, future research can reference Y. Li’s task system
[62] to construct associations between tasks and aggregation units from more
facets and types, establishing a more complete task ontology. Additionally, for
more genre types of web documents in the library and information science field
and even more disciplinary fields, this study’s fine-grained aggregation ontology
requires not only supplementing and improving aggregation unit types and rela-
tionships but also constructing domain concept systems based on dictionaries or
large-scale corpora to ensure completeness of fine-grained aggregation ontology.

4.2 Clarity

This study constructs a fine-grained aggregation ontology for four genre types
of web documents in library and information science and user needs. However,
since aggregation unit division for multiple genres remains exploratory, is dif-
ficult, time-consuming, and lacks stable automatic classification methods, this
study uses small-scale corpus samples with manual division as the primary data
source. Although the small corpus size limits the application of fine-grained
aggregation ontology, it enables exploratory research on construction methods
and ontology utility while ensuring conceptual system accuracy.

All four types of concepts in the fine-grained aggregation ontology can be con-
structed into ontologies with clear hierarchies, clear concept boundaries, and ex-
plicit attribute and relationship definitions based on existing knowledge systems.
Among them, the aggregation unit knowledge system is constructed according
to genre structure theory in linguistics [38], making aggregation units have rel-
atively clear definitions in concepts, attributes, and relationships. Task ontol-
ogy references definitions by L. Zhang and L. Freund to clarify meanings and
attributes of different tasks [36,49]. Document ontology concepts are more uni-
versally understood. Domain concepts are determined through automatic word
segmentation, reference to online encyclopedia entries, and discussion among li-
brary and information science researchers, ensuring clear concept meanings and
inter-concept relationships, thereby guaranteeing clarity of fine-grained aggre-
gation ontology.

4.3 Consistency

Since the aggregation unit concept classes, attributes, and relationships that
serve as the main body are far fewer in number than the domain concept system,
and the aggregation unit knowledge system is generated through manual content
analysis and move-step analysis, the classification system construction itself
has undergone internal consistency investigation of divided aggregation units
[38], thus no noise data from semi-automated/automated construction processes
exists, resulting in high consistency.
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4.4 Extensibility

Although this study’s fine-grained aggregation ontology remains at the method
exploration and manual construction stage, its basic framework—especially the
aggregation unit concept system based on genre structure theory—allows main-
tenance and updates for ontology evolution. It can continuously improve hi-
erarchical structures and semantics, expand newly emerged terms, concepts,
and relationships through automated or semi-automated methods according to
actual conditions.

4.5 Compatibility

The aggregation unit knowledge system and task knowledge system included
in fine-grained aggregation ontology have unified and clear theoretical founda-
tions, enabling compatibility across aggregation unit knowledge systems and
task systems in multiple disciplines. Domain concepts selected based on ency-
clopedia entries combined with corpus word frequencies provide a foundation
for compatibility and mapping of concept systems.

This study aims at constructing fine-grained aggregation ontology for web aca-
demic documents, establishing the ontology after clarifying its theoretical frame-
work. It proposes, for the first time, the idea and method of constructing fine-
grained aggregation ontology based on aggregation unit knowledge systems, clar-
ifies basic types of fine-grained aggregation ontology concepts, clarifies the rela-
tionship between aggregation unit granularity and domain concept granularity,
defines ontology concepts, and thereby constructs the theoretical framework for
fine-grained aggregation ontology construction. Additionally, it clarifies ontol-
ogy construction approaches and methods from three aspects: ontology concept
system, attributes and relationships, and instance construction.

This study’s experimental corpus samples and corresponding ontology will be
applied to a fine-grained aggregation prototype system for systematic explo-
ration in aggregation unit automatic classification, organization and indexing,
and interaction research, aiming to more comprehensively explore and grasp
aggregation unit utility and provide a foundation for larger-scale, automated,
and intelligent exploration and application.
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Abstract: [Purpose/Significance] Fine-grained information aggregation has
become a focus in knowledge organization. This paper aims to explore the
construction of fine-grained aggregation ontology for web academic documents.
[Method/Process] The study clarifies the types, granularity characteristics, and
definitions of fine-grained aggregation ontology concepts. Using “citation analy-
sis” documents in library and information science as corpus, the ontology is built
through concepts, attributes, relationships, and instances, followed by evalua-
tion and discussion. [Result/Conclusion] This paper first proposes constructing
fine-grained aggregation ontology using aggregation unit concepts, informing
knowledge organization system development for fine-grained organization, re-
trieval, and navigation.
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