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Abstract
[Purpose/Significance] As human society transitions from the information soci-
ety to the post-information era, it is undergoing a fundamental shift from “infor-
mation” to “intelligence.” Under the dual influence of big data environments and
artificial intelligence technology development, knowledge fusion serves as a criti-
cal link in the processes of knowledge-ization and intelligence-ization, providing
important theoretical and technical support for improving knowledge services,
intelligent services, and fostering advanced forms of intelligence. Conducting
a survey of knowledge fusion from a pan-disciplinary perspective expands the
research horizon and offers valuable insights for comprehensively explaining the
current state of knowledge fusion research and constructing a unified theoretical
research framework. [Method/Process] This paper employs a literature analysis
method combining quantitative and qualitative approaches to analyze the cur-
rent state of knowledge fusion research from different disciplinary perspectives,
and to summarize the main research content and issues of concern regarding
knowledge fusion across disciplines, factors involved in knowledge fusion, ap-
plication scenarios of knowledge fusion, etc. [Results/Conclusions] Knowledge
fusion research belongs to a multi-interdisciplinary field with blurred conceptual
boundaries and dispersed research areas; a unified research framework has not
yet been formed. Through literature investigation and based on a comprehen-
sive summary of previous knowledge fusion research achievements, this paper
delineates research orientations for knowledge fusion and proposes well-founded
recommendations for knowledge fusion research.
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Abstract
[Purpose/Significance] As human society transitions from the information so-
ciety to the post-information era, it is experiencing a leap from “information” to
“intelligence.” Under the dual influence of big data environments and artificial
intelligence technology development, knowledge fusion serves as a critical link in
the processes of knowledge capitalization and intelligence, providing important
theoretical and technical support for improving knowledge services, intelligent
services, and fostering advanced forms of intelligence. Conducting a compre-
hensive, multidisciplinary investigation of knowledge fusion research expands
its research horizons and offers a reference for fully explaining the current state
of knowledge fusion studies and constructing a unified theoretical framework.

[Method/Process] This paper employs a combined quantitative and qualita-
tive literature analysis method to examine the current state of knowledge fusion
research from different disciplinary perspectives, summarizing the main research
contents and concerns of knowledge fusion across disciplines, the factors involved
in knowledge fusion, and its application scenarios.

[Result/Conclusion] Knowledge fusion research is a highly interdisciplinary
field with fuzzy conceptual boundaries and scattered research domains, and
has not yet formed a unified research framework. Based on a comprehensive
review of previous knowledge fusion research outcomes, this paper delineates the
research orientations of knowledge fusion and proposes reasonable suggestions
for future research.

In big data environments, multiple disciplines are accumulating various forms of
multi-source knowledge, making knowledge fusion a crucial research topic. Com-
pared with knowledge from a single source, fused knowledge possesses greater
dimensionality and breadth, offering different perspectives for observing, com-
paring, and understanding the same problem. Applying the concepts, theories,
methods, technologies, and models of knowledge fusion enables the integra-
tion of multi-source knowledge, generating new knowledge, enriching its con-
tent and hierarchy, improving its credibility, constructing more complete knowl-
edge systems, providing more comprehensive, precise, and intelligent knowledge
services, and promoting improved decision-making [1]. Knowledge fusion is a
multidisciplinary research field, with computer science, library and information
science, management science, education, economics, and engineering technology
all studying it from different angles. Due to this interdisciplinary nature and
its rich connotation and extensive extension, no unified definition has yet been
formed. Therefore, conducting knowledge fusion research from a comprehen-
sive disciplinary perspective is significant for expanding its research horizons,
explaining its full landscape, and forming a unified theoretical framework.
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2. Current Status Analysis of Knowledge Fusion Research
2.1 Data Sources and Research Methods

A cross-database search was conducted in CNKI, covering four databases: mas-
ter’s theses, doctoral dissertations, journals, and domestic conferences. Using
the search query “subject = knowledge fusion,” 988 results were obtained.

The study employed a combined quantitative and qualitative literature anal-
ysis approach. Quantitative analysis included: (1) statistical description of
the temporal and disciplinary distribution of literature; and (2) co-occurrence
network analysis based on keywords from abstracts. The abstracts were seg-
mented and matched with a keyword list to generate a keyword list for all
articles, followed by construction of a co-word network diagram where node
attributes represented keyword frequency and edge attributes represented co-
occurrence counts. The network was then clustered using the Modularity Class
algorithm in Gephi software, which identifies networks with dense connections
within modules but sparse connections between them. Qualitative analysis pri-
marily involved content analysis, examining literature content individually and
interpreting the status of knowledge fusion research across disciplines in con-
junction with quantitative results.

2.2 Quantitative Analysis of Knowledge Fusion Research

2.2.1 Annual Distribution of Papers Statistical analysis of publication
years for the 988 relevant articles is shown in Figure 1 [Figure 1: see original
paper]. The figure reveals an approximately exponential growth trend in publi-
cations on knowledge fusion, with high growth rates maintained in recent years
except for a slight decline in 2014. The growth rates for 2015 and 2016 were
33.82% and 43.96%, respectively, with annual publications exceeding 100 pa-
pers starting in 2016. By July 9, 2018, 64 papers had already been published,
indicating growing scholarly attention to knowledge fusion.

2.2.2 Disciplinary Distribution of Papers Using document classification
numbers as a reference and combining them with content analysis, the domestic
knowledge fusion research is found to concentrate primarily in five disciplinary
areas after excluding categories with small quantities: computer science, library
and information science, engineering technology, economics and management,
and education. The specific distribution is shown in Figure 2 [Figure 2: see
original paper].

2.3 Content Analysis of Knowledge Fusion Research

Based on basic statistics, co-word network analysis was conducted on relevant
papers from the past five years in computer science, library and information
science, engineering technology, economics and management, and education to
summarize the main contents and key issues of knowledge fusion research in
each field.
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Overall, knowledge fusion research in computer science and engineering tech-
nology is technology- and application-oriented, though with different emphases.
Library and information science research highlights social and user-oriented at-
tributes while applying technology. Economics and management research fo-
cuses on how to appropriately apply management methods to enhance knowl-
edge value. Education research examines the role of knowledge fusion in indi-
vidual cognitive processes.

2.3.1 Knowledge Fusion Research in Computer Science Figure 3 [Fig-
ure 3: see original paper] shows the co-word network diagram for the computer
science field based on paper keywords. Overall, apart from traditional data
fusion and information fusion research, recent knowledge fusion studies in com-
puter science concentrate on two aspects: (1) knowledge fusion theories, tech-
niques, and applications based on knowledge engineering; and (2) knowledge
fusion theories, techniques, and applications in Internet and big data environ-
ments.

The concept of knowledge engineering was proposed by American computer
scientist Feigenbaum in 1977, referring to the use of artificial intelligence princi-
ples and methods to provide solutions for application problems requiring expert
knowledge. Properly employing expert knowledge acquisition, representation,
and reasoning processes constitutes an important technical issue in designing
knowledge-based systems [3]. Knowledge engineering studies how to use com-
puters to solve problems of knowledge acquisition, representation, organization,
management, and utilization, aiming to standardize and formalize knowledge
and seek optimal procedural steps for knowledge computation to enable com-
puter operations on knowledge [4-6]. Current understandings of knowledge en-
gineering research content vary, but generally it includes three subcategories:
knowledge measurement, knowledge reasoning, and knowledge fusion [7]. Thus,
knowledge fusion is a key technology in knowledge engineering, focusing on inte-
grating multi-source knowledge into new knowledge to improve its connotation,
hierarchy, and confidence level, helping decision-makers make more efficient and
accurate judgments. Knowledge fusion algorithms are therefore critical technolo-
gies directly affecting fusion effectiveness [8]. Existing research on knowledge
fusion methods in computer science includes both traditional data/information
fusion methods and their extensions, as well as artificial intelligence-based fusion
methods. Traditional methods include classical probability reasoning, Bayesian
reasoning, Bayesian convex set theory, D-S evidence theory, Kalman filtering,
fuzzy logic, rough sets, wavelet transforms, and information theory methods.
AI-based methods include cluster analysis, neural networks, and support vector
machines [9].

In Internet and big data environments, computer technologies adapted for big
data storage, processing, and analysis have emerged, making this research focus
on multi-source heterogeneous data from the Web as primary sources. Unlike
knowledge engineering-based knowledge fusion, this research pays special at-
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tention to publicly available, dispersed, heterogeneous, and fragmented data
containing multi-source, heterogeneous, semantically diverse, and dynamically
evolving knowledge [10-11]. Beyond continuously adapting knowledge engineer-
ing content for big data fusion needs, new technical challenges have arisen,
including: (1) the challenge of dynamic data streams—previous data processing
methods, whether rule-based or learning-based, assumed static data with con-
stant volume and characteristics, making them unsuitable for big data knowl-
edge fusion; (2) the challenge of fragmented Internet knowledge—fragmentation
increases difficulty in identifying entities and relationships, requiring solutions
for knowledge abstraction, modeling, relationship inference, deep knowledge
discovery, and universal mechanism analysis rather than simple “patching to-
gether”; and (3) the challenge of cross-data-type fusion—big data knowledge
fusion must fully consider diverse data types and structures, including text, au-
dio, video, images, and geographic information, requiring seamless integration
of different data sources.

In summary, knowledge fusion research in computer science has a clear technol-
ogy orientation, focusing on theories, methods, and technologies for implement-
ing knowledge fusion.

2.3.2 Knowledge Fusion Research in Engineering Technology Figure
4 [Figure 4: see original paper] shows the co-word network diagram for the
engineering technology field. Knowledge fusion application in fault diagnosis
represents a distinctive feature of engineering technology research, typically us-
ing “hard data” as fusion subjects. With the rise of knowledge engineering,
research scope has expanded further, notably in product development and de-
sign. The frequent appearance of keywords such as knowledge base, knowledge
representation, neural networks, and kernel functions indicates that “soft data”
processing methods and technologies are gradually gaining attention in engineer-
ing technology.

Product development and design are intelligent activities requiring extensive
knowledge. Computer-aided design supported by knowledge base systems has
become a new approach, known as Intelligent Computer-Aided Design (ICAD)
[14]. According to modern innovation design theory, product design innovation
is a knowledge fusion process that must fully utilize explicit and implicit knowl-
edge. Multi-source knowledge related to industrial product design includes: (1)
existing knowledge; (2) market information; (3) digital simulation and virtual
reality; (4) physical model testing; (5) prototype testing; and (6) performance
of existing products (user feedback), covering both meta-knowledge and domain
knowledge [15]. A key characteristic of knowledge fusion-based product design
is knowledge reuse, with the fundamental principle being incremental acquisi-
tion of analytical expert knowledge to automate simulation analysis workflows.
Knowledge fusion technology can be applied to industrial product design pro-
cesses related to vehicles [16], engines [15], spacecraft [17], and aviation equip-
ment [18], representing a frontier and development trend in industrial design.
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Improving reliability of large complex equipment, production processes, and
large systems to prevent faults has always been a concern in engineering technol-
ogy. Computer and AI technologies have enabled intelligent fault diagnosis [19].
Intelligent fault diagnosis comprehensively utilizes physical information about
operational states and various expert knowledge, organically fusing data, infor-
mation, and knowledge to form comprehensive evaluations of system operation
and fault conditions for intelligent maintenance decisions. Actual fusion diag-
nosis systems include data fusion, knowledge fusion, data-to-knowledge fusion
(data mining), and knowledge-to-data fusion (data association) as an organic
whole [20]. Diagnostic methods include qualitative and quantitative model-
based approaches and AI-based methods, with the latter typically using neural
networks and focusing on expert and case knowledge fusion. Current research of-
ten combines these methods, with applications in thermal power [21], aerospace
[22], metallurgical and chemical engineering [23], and mechanical engineering
[24].

Knowledge fusion research in engineering technology is application-oriented,
overlapping with computer science in technical methods but emphasizing prac-
tical application to solve specific production problems. It is closely tied to
application scenarios, exhibiting strong practicality and specialization.

2.3.3 Knowledge Fusion Research in Library and Information Science
Figure 5 [Figure 5: see original paper] shows the co-word network diagram
for library and information science. The research themes cover a broad range,
featuring both disciplinary characteristics and extensive overlap with computer
science, management, and communication studies. However, content analysis
reveals significant differences from computer science and engineering technology
research.

According to J. Llinas [25], knowledge fusion objects include “hard data” (well-
structured, machine-understandable signal data from sensors and detectors rep-
resenting physical states) and “soft data” (unstructured natural language data
like articles, web pages, and social media, or structured data entered by hu-
mans). While computer science and engineering technology research both data
types, library and information science research has been implicitly limited to
“soft data” from the outset, aiming to “acquire, match, integrate, and mine
knowledge from numerous dispersed, heterogeneous resources to obtain valuable
or implicit new knowledge and provide knowledge services for solving domain
problems” [26].

Library and information science knowledge fusion research can be categorized
into two types: (1) studies on methods, techniques, algorithms, and applica-
tions, which align with general computer science methods but address specific
knowledge service needs in library and information science; and (2) studies on
knowledge fusion architecture frameworks, which are more abstract and macro-
level than system-oriented frameworks in computer science and engineering,
exemplified by research from Zhang Xinyuan et al. [27], Tang Xiaobo et al. [28],
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and Wang Yuefen et al. [29]. These frameworks provide theoretical foundations
for optimizing knowledge fusion architectures for specific needs.

Both types of research exhibit strong social/user orientation, a characteristic
determined by the discipline’s nature. While studying theories, technologies,
and applications of knowledge fusion, library and information science research
fundamentally aims to meet human knowledge needs using “soft data” sources
like literature and web data, rather than focusing on machine intelligence using
“hard data” as in engineering.

2.3.4 Knowledge Fusion Research in Economics and Management
Figure 6 [Figure 6: see original paper] shows the co-word network diagram
for economics and management. Research in this field primarily focuses on
knowledge integration and management in various organizations, emphasizing
the value of knowledge as a dynamic capital form resulting from human labor
[31].

In the knowledge economy era, planning and managing knowledge creation and
application has become central to innovation in knowledge-intensive organiza-
tions such as enterprises, universities, and research institutions, making knowl-
edge fusion key to enhancing innovation capacity [32]. In enterprises, knowledge
has gradually replaced other assets as the most important resource for creating
core competencies and improving performance, with competitive advantages
stemming from knowledge fusion rather than single knowledge sources [33]. Re-
search focuses on organizational knowledge fusion models, mechanisms, effects,
and capabilities, addressing how to effectively fuse individual tacit knowledge,
explicit knowledge, behavioral knowledge, and external beneficial knowledge to
achieve organizational knowledge accumulation, complete innovation tasks, im-
prove performance, and promote development [34-40].

Enterprise mergers and acquisitions best illustrate the importance of knowl-
edge fusion. Knowledge integration in post-merger enterprises typically involves
three stages: knowledge protection, knowledge transfer, and knowledge fusion
with collaborative innovation, with the latter being the ultimate goal [41-43].
Explicit knowledge fusion relies on organizational learning mechanisms through
knowledge matching and reconstruction rather than simple combination. Tacit
knowledge fusion occurs primarily through dialogue, where acquiring the other
party’s tacit knowledge and integrating it with existing knowledge systems cre-
ates new knowledge.

Economics and management knowledge fusion research is management-oriented,
based on theories such as knowledge-based view, knowledge management, knowl-
edge transfer [42], social exchange theory, and planned behavior theory [44].
Application research involves knowledge maps and knowledge management sys-
tems [45-47], focusing on using tools and technologies to accomplish management
tasks rather than technical implementation.
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2.3.5 Knowledge Fusion Research in Education Figure 7 [Figure 7: see
original paper] shows the co-word network diagram for education. Research
focuses on theory and practice in teaching and learning, roughly divided into
three aspects: teaching methods and models, educational reform, and university
research and team building (the latter overlapping with economics and manage-
ment themes).

Teaching method research aims to improve teaching and learning efficiency. In
classroom instruction primarily involving declarative knowledge, multi-source
knowledge fusion enriches and expands content, stimulating interest and inno-
vation. In teaching procedural knowledge, the focus is on solving “what to do”
and “how to do it” problems, emphasizing the fusion of theoretical and practical
knowledge.

Educational technology is another hotspot. The “deep fusion” concept of infor-
mation technology and education seeks effective pathways for structural educa-
tional transformation. The TPACK (Technological Pedagogical Content Knowl-
edge) framework integrates content knowledge (CK), pedagogical knowledge
(PK), and technology knowledge (TK) to improve knowledge construction in
teaching activities [49].

Curriculum and major reform is important in vocational, adult, and higher
education. With growing demand for interdisciplinary talents, many institutions
are establishing interdisciplinary majors that fuse multi-disciplinary knowledge
into curriculum systems to cultivate versatile, well-grounded, practice-oriented
talents [50-51].

Education knowledge fusion research differs from other fields in its focus on indi-
viduals’ (learners’) processes of acquiring new knowledge through environmental
interaction and integrating it into personal knowledge systems, optimizing this
process to promote knowledge absorption. This is essentially a cognitive process,
making education knowledge fusion research cognition-oriented.

3. Suggestions for Knowledge Fusion Research
The analysis shows knowledge fusion research is interdisciplinary with different
orientations. Each discipline studies knowledge fusion from its own perspective,
constrained by its traditions. Comprehensive understanding requires a multi-
disciplinary approach. Library and information science has shown increasing
interest in knowledge fusion research, reflecting both disciplinary development
needs and growing demand for “soft data” knowledge fusion that previous re-
search could not satisfy. Based on this understanding, we propose the following
suggestions for knowledge fusion research in library and information science.

3.1 Strengthen Interdisciplinary Research

The five orientations of knowledge fusion research demonstrate its strong inter-
disciplinary characteristics. Technology-oriented research focuses on theories,
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frameworks, systems, processes, algorithms, and evaluation, providing technical
foundations. Application-oriented research applies technical theories to prac-
tical scenarios, accumulating experience for system design and development.
User-oriented research targets social needs to realize knowledge fusion’s social
value. Management-oriented research ensures orderly, healthy development of
knowledge fusion processes. Finally, cognition-oriented research focuses on indi-
viduals in knowledge fusion, constituting its philosophical and epistemological
foundation and logical starting point.

A complete knowledge fusion theoretical system requires all these orientations.
Current library and information science research has drawn heavily from com-
puter science but less from other orientations. We should broadly absorb ben-
eficial results from different disciplines. Library and information science has
natural connections with background disciplines of different orientations and
can relatively easily integrate their achievements. Additionally, library and in-
formation science professionals, through their information analysis work, may
have deeper insights into knowledge fusion’s distribution, hotspots, and trends
than experts in other fields.

3.2 Construct a Unified Knowledge Fusion Theory

Knowledge fusion research has gained prominence in academia (except educa-
tion) due to big data development. While e-commerce, military security, remote
sensing, and management science have achieved practical results, theoretical re-
search remains scarce, scattered, and lacking systematicness and hierarchical
unity. This makes it difficult to explain phenomena or guide practice. A unified
theoretical framework is urgently needed to absorb and accommodate related re-
search, enabling different concepts to be both distinct and interconnected within
the system.

As a relative newcomer, library and information science should contribute to this
effort. It has inherent advantages: strong foundations in user needs research
can clarify big data era knowledge fusion requirements; its applied nature and
extensive use of information technology, automation, management science, and
education concepts facilitate integration of different orientations; and prelimi-
nary research on concepts, supporting theories, frameworks, and methodologies
under big data environments has already begun.

3.3 Strengthen Applied Research

Knowledge fusion applications in mechanical manufacturing, industrial design,
and automation using “hard data” are relatively mature, but “soft data” appli-
cations remain underdeveloped due to technical challenges from acquisition to
service delivery and unclear mechanisms of user knowledge absorption. These
problems can be solved through application-driven approaches.

On one hand, library and information institutions possess rich knowledge re-
sources, providing experimental platforms for “soft data” knowledge fusion. The
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combination of technology and resources is essential for applications, as demon-
strated by digital library construction. “Soft data” knowledge fusion represents
the development trend, and library and information science-based research is
necessary. On the other hand, library and information science has entered the
knowledge services era, where services are based on capabilities to search, orga-
nize, analyze, and reorganize information and knowledge, integrating into users’
problem-solving processes. This analysis, reorganization, and integration is es-
sentially knowledge fusion, making applied research both a requirement and
prerequisite for knowledge services.

As society enters the big data era, the world seems digitized except for the
human brain—the only remaining “analog device” for which big data provides
environmental preparation. Knowledge’s discrete distribution and tendency to-
ward concentration require knowledge fusion to organically bind fragmented
knowledge. The existence of tacit and implicit knowledge, along with its enor-
mous representational and mining value, increases knowledge fusion’s complex-
ity and necessity. As a key link in enhancing decision support and knowledge
service intelligence, knowledge fusion will spawn new intelligence forms like
super-intelligence and fusion intelligence, making it a crucial research topic.
This paper summarizes five orientations of knowledge fusion research and pro-
poses issues warranting attention in library and information science, hoping to
stimulate further discussion among colleagues.
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