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Abstract
[Purpose/Significance] Currently, knowledge measurement research in the li-
brary and information science field has remained at the levels of knowledge
carrier measurement and knowledge attribute measurement due to its inabil-
ity to use knowledge units as the measurement unit. Proposing a research
approach that achieves knowledge content measurement from the perspective
of citation content analysis represents a worthwhile research direction to ex-
plore. [Method/Process] Based on reviewing the current status of knowledge
measurement research across different fields, this study summarizes the core ad-
vantages and key issues of conducting knowledge measurement research in the
library and information science field, proposes the main ideas and implementa-
tion paths for conducting such research from the citation content analysis per-
spective, and prospects the innovative applications and development directions
of this research approach. [Result/Conclusion] Conducting knowledge measure-
ment research from the citation content analysis perspective can break through
the long-standing research bottlenecks in the library and information science
field, truly extend the measurement object of knowledge from knowledge car-
riers to knowledge content, and achieve measurement of the quantity, quality,
value, and relationships of knowledge units.
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Abstract: [Purpose/Significance] Current knowledge measurement research in
library and information science remains constrained at the level of knowledge
carriers and knowledge attributes because it cannot adopt knowledge elements
as the unit of measurement. This paper proposes a research approach to achieve
knowledge content measurement from the perspective of citation content analy-
sis, representing a promising direction worth exploring. [Method/Process] Based
on a review of knowledge measurement research across different fields, this study
summarizes the core advantages and key challenges of conducting knowledge
measurement research in library and information science, outlines the main ideas
and implementation pathways for such research from a citation content analysis
perspective, and envisions innovative applications and future development direc-
tions for this research approach. [Result/Conclusion] Knowledge measurement
research from the citation content analysis perspective can break through long-
standing bottlenecks in library and information science, truly penetrating the
measurement unit from knowledge carriers to knowledge content, and enabling
quantitative, qualitative, value-based, and relational measurement of knowledge
elements.

Keywords: knowledge measurement; citation content; knowledge element;
knowledge evaluation

Introduction

Knowledge metrology was first proposed as a new disciplinary concept by Profes-
sor Liu Zeyuan at the “International Symposium on Research Evaluation, Scien-
tometrics, and Informetrics” in 1998 [1]. According to its definition, knowledge
metrology is an interdisciplinary field that takes the entire human knowledge
system as its object and employs object analysis and computational techniques
to conduct comprehensive research on society’s knowledge capabilities (includ-
ing production, circulation, consumption, accumulation, and proliferation) and
knowledge’s social relationships (including organizational forms, collaborative
networks, and social institutions) [2]. Influenced by both research perspectives
and temporal factors, scholars from different disciplines and fields hold varying
understandings of the connotation and extension of “knowledge measurement.”
In terms of research objects, existing knowledge measurement studies are con-
centrated in five domains: science of science, economics, management, computer
science, and library and information science [3].

Scholars have long aspired to elevate knowledge measurement from indirect
to direct approaches, proposing the smallest independent knowledge unit—the
knowledge element (or knowledge unit). However, constrained by technologi-
cal and methodological limitations of their time, they struggled to effectively
separate knowledge elements from document units and information units. Con-
sequently, although scholars theoretically articulated the concept of knowledge
elements and highlighted their importance for knowledge measurement, they
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could not achieve true knowledge content measurement. For a long time, knowl-
edge element construction has constituted the fundamental bottleneck hindering
in-depth knowledge measurement research in library and information science.

In recent years, the open access movement has made full-text data of literature
resources readily available. Simultaneously, text structure identification tech-
nologies such as chapter segmentation and citation location extraction, along
with text content mining technologies like topic extraction and citation strength
calculation, have provided broader space and possibilities for analytical and mea-
surement studies based on textual data from academic literature. In the past,
scholars could only reveal ordinal relationships between knowledge through man-
ual annotation, but with the development of knowledge graph technology, cur-
rent research can not only automatically extract knowledge associations but
also visually present the architecture, development 脉络, and frontier trends
of domain knowledge using visualized graphs. These environmental changes
and technological advancements have created new opportunities for knowledge
measurement research in library and information science, rendering previous
constraints obsolete and necessitating a rethinking of knowledge measurement
approaches in the field.

1. Current Status of Knowledge Measurement Research in Library
and Information Science

Knowledge is a complex concept, and its measurement presents a formidable
challenge. Tracing the evolution of research objects, knowledge measurement
research in library and information science has progressed through three stages:
knowledge carrier measurement, knowledge attribute measurement, and knowl-
edge content measurement. This dynamic evolution reflects scholars’ arduous
exploration and gradual deepening in conducting knowledge measurement re-
search.

1.1 Knowledge Carrier Measurement Stage Taking knowledge carriers—
document units—as the measurement unit, this stage benefited from increas-
ingly sophisticated bibliometric indicators, methods, and evaluation systems.
Scholars treated documents as knowledge and conducted quantitative studies
on documents to indirectly measure knowledge’s main characteristics. Repre-
sentative and influential works during this period included F.J. Cole et al.’s [5]
temporal distribution curves of publication volumes to compare research focuses
and developmental changes in a discipline across different periods; P.L.K. Gross
et al.’s [6] statistical analysis of journal paper references to identify core journals
in a field; E. Garfield’s [7] proposal of using citation indexes to retrieve scientific
literature; P.O. Seglen’s [8] discussion of limitations in applying impact factors
to journal evaluation; H. Small’s [9] use of co-citation concepts to measure the
contribution of cited literature clusters to a field; S.C. Bradford’s [10] discovery
of the distribution pattern of papers in a field across journals; A.J. Lotka’s [11]
discovery of the quantitative relationship between authors and their produc-
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tivity; J.E. Hirsch’s [12] proposal of the h-index to quantify authors’ research
levels; and various laws of literature growth, aging, citation patterns, and Zipf’s
law.

Overall, the knowledge carrier measurement stage focused on the quantity and
value characteristics of knowledge, measuring and evaluating materialized knowl-
edge through its physical manifestations [13]. However, several problems ex-
isted: first, documents and knowledge are not completely equivalent—while
documents contain knowledge, this approach cannot measure how much knowl-
edge is contained within a document; second, it ignored the distinction between
knowledge quality and knowledge value, equating knowledge quality solely with
document value; third, it was relatively weak in measuring knowledge relation-
ships.

1.2 Knowledge Attribute Measurement Stage Taking information units
that reveal knowledge attributes as the measurement unit, this stage emerged
alongside the development of information technology and new non-document
resources for knowledge expression and transmission. Scholars used information
to characterize knowledge, marking and expressing knowledge’s internal and
external features through information units and their combinations based on
structured decomposition of document units. This stage produced numerous
theoretical research outcomes on knowledge measurement. For instance, Wen
Tingxiao et al. systematically reviewed research objects and content, basic units,
disciplinary origins, and main methods of knowledge measurement [14], and elab-
orated on research dimensions and measurement units [15-16]; Yu Yisheng et
al. [17] conducted in-depth discussions on the development history, measure-
ment content, and main challenges of knowledge measurement research. These
studies recognized the limitations of knowledge carrier measurement, pointed
out the importance of knowledge content measurement, and proposed the idea
of using knowledge elements as measurement units, but did not achieve knowl-
edge content measurement implementation.

Overall, the knowledge attribute measurement stage served as a transitional
or intermediate period. It neither overcame the inherent defects of knowledge
carrier measurement nor achieved the ultimate goal of knowledge content mea-
surement, suffering from several issues: first, information units are merely means
to control and process knowledge carriers, lacking completely independent prac-
tical significance and typically cannot exist independently of knowledge carriers,
still requiring knowledge carriers to locate knowledge content; second, this stage
only explored knowledge clues, which could be considered as addressing knowl-
edge relationships to some extent but could not precisely describe knowledge
linkages.

1.3 Knowledge Content Measurement Stage Taking knowledge elements
that describe knowledge content as the measurement unit, this stage has bene-
fited from the widespread application of text mining technologies, particularly
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knowledge identification and extraction technologies for literature resources.
Three research areas are crucial for achieving knowledge content measurement.
First, the in-depth development of knowledge element theory has enabled the
academic community to develop a clearer understanding of knowledge elements,
transforming them from a vague, virtual concept. Many studies have designed
description rules and service models for knowledge elements, achieving knowl-
edge element extraction and association to some extent [18-19]. Second, research
on identification and segmentation of document structure and function has en-
abled locating knowledge content from literature resources, such as chapter seg-
mentation [20], paragraph segmentation [21], and functional segmentation [22].
Third, research on identification and extraction of document content features
has enabled separating knowledge content from literature resources, such as
vocabulary identification [23], syntactic identification [24], and semantic identi-
fication [25].

Building on these foundations, with increasing data processing capabilities and
growing availability of open literature resources, more research has begun us-
ing textual data from academic literature for measurement analysis, with cita-
tion content being widely employed. Citation content contains knowledge con-
tent extracted by citing authors from cited literature within citing documents.
Through citation content analysis, the innovative relationship between citing
and cited literature and the reasons for citation can be revealed. Therefore,
conducting knowledge measurement research from the citation content analysis
perspective can both penetrate knowledge elements within knowledge carriers
and preserve the complex relationships between knowledge elements. Current
citation content analysis research can be divided into four aspects: first, knowl-
edge element and entity extraction, i.e., extracting the smallest representation
units of knowledge and their associated entities from academic literature, using
rule-based, statistical, and hybrid methods [24,26-27]; second, citation location
and degree analysis, which extends traditional citation analysis by identifying
the location and distribution of citation content in citing documents [28-29];
third, citation behavior and motivation analysis, which infers authors’ true cita-
tion purposes based on description methods of citation content, incorporating
sociological and psychological research methods [30-31]; fourth, citation senti-
ment and type identification, which uses semantic features of citation content to
obtain citing authors’ subjective sentiments toward cited literature and extends
this to academic evaluation of cited literature [32-33].

Overall, existing research has made knowledge content measurement possible,
and future development will inevitably focus on achieving accurate knowledge
content measurement. However, currently only a few scholars recognize that ex-
isting research has created conditions for the emergence and development of a
new knowledge measurement paradigm based on knowledge elements [34], some
studies merely note the quiet rise of full-text-based bibliometric analysis [35-36],
and others discuss “knowledge measurement” without achieving true knowledge
content measurement. In fact, whether in the knowledge carrier measurement
stage, knowledge attribute measurement stage, or knowledge content measure-
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ment stage, scholars’ original intention has always been to measure knowledge
itself. Limited by cognitive levels and technological means, when precise direct
measurement of knowledge itself was impossible, they could only conduct rough
indirect measurement. Throughout this continuous exploration process, a series
of extremely important measurement indicators and methods have been derived.
Although these indicators and methods have not achieved direct measurement
of knowledge itself, their research perspectives, design concepts, and application
methods have laid an extremely important foundation for the in-depth develop-
ment of knowledge measurement research.

2. Unique Characteristics of Knowledge Measurement Research in
Library and Information Science

Knowledge measurement is a comprehensive, cross-disciplinary research chal-
lenge. Although scholars from different fields have conducted knowledge mea-
surement research from various perspectives, their research purposes and sig-
nificance differ, resulting in fragmented, scattered, and unsystematic outcomes.
Moreover, some fields face insurmountable bottlenecks in knowledge measure-
ment research. For example, in the science of science field, although scientific
and technological achievements are recognized by authorized institutions, avoid-
ing issues of research object scope, the transformation and evaluation of differ-
ent types of achievements (basic research, applied research, and developmental
work) greatly constrain knowledge measurement research. In management and
economics fields, whether from knowledge management or knowledge economy
perspectives, the greatest difficulty lies in measuring the flow of tacit knowl-
edge. In computer science, existing research focuses on knowledge acquisition
and application but lacks relatively mature knowledge measurement research
paradigms. In contrast, library and information science possesses unique advan-
tages for conducting knowledge measurement research.

2.1 Knowledge Measurement Research in Other Fields The proposal of
the knowledge economy era and the rise of knowledge economics have led schol-
ars to recognize the necessity of combining research methods and paradigms
from scientometrics, bibliometrics, informetrics, and econometrics to conduct
extensive interdisciplinary research on knowledge production and application,
input and output, stock and flow, distribution and transfer, value and price from
both macro and micro perspectives. Therefore, besides library and information
science scholars, scholars from other fields have also formed relatively indepen-
dent theoretical and methodological systems to address knowledge measurement
and valuation issues according to their respective needs [15].

In the science of science field, scholars aim to measure, analyze, evaluate, and
manage scientific and technological achievements, exploring the quantitative
characteristics, developmental patterns, and structural relationships of knowl-
edge within these achievements to reveal the laws of scientific and technological
development and scientific research activities. In this process, scholars take
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scientific and technological achievements as the main research object and ex-
tend to researchers, research institutions, regions, or countries related to these
achievements.

In the management field, scholars examine knowledge as an input resource to
investigate its output, efficiency, and effectiveness, making significant progress
in knowledge asset evaluation. Particularly in knowledge classification, man-
agement scholars divide knowledge into codifiable explicit knowledge and non-
codifiable tacit knowledge. The measurement of tacit knowledge and the trans-
formation from tacit to explicit knowledge have become key issues in manage-
ment knowledge measurement research.

In the economics field, scholars measure knowledge’s impact on socio-economic
development from the perspective of its economic value, focusing on applying
knowledge economics theories and methods to measure knowledge contribution
rates in the knowledge economy and knowledge industries. They treat knowl-
edge as an independent production factor incorporated into enterprise or social
production processes, examining this new economic growth model to measure
knowledge input, stock, flow, output, etc., in economic entities.

In the computer science field, scholars have conducted extensive and in-depth
research on explicit knowledge expression, understanding, processing, and stor-
age, achieving major breakthroughs in knowledge mining, knowledge discovery,
knowledge graphs, knowledge warehouses, and knowledge systems. They have
particularly enabled knowledge extraction, association, and service for text, im-
age, audio, video, and other resources to some extent, providing reliable tech-
nical means and methodological tools for knowledge measurement research on
these resources.

2.2 Core Advantages of Knowledge Measurement Research in Library
and Information Science Although knowledge measurement research in li-
brary and information science has experienced three different developmental
stages, scholars have consistently focused on literature as the knowledge carrier.
The only difference lies in the gradual evolution of knowledge measurement
units. Whether using document units, information units, or knowledge ele-
ments as basic measurement units, they all represent valuable explicit knowledge
recorded on carriers through certain methods and meaning expression systems.
This precisely avoids tacit knowledge that is difficult to quantify directly.

Second, knowledge element research has been applied in practice. As early as
the 1970s, experts in library and information science pointed out that the con-
trol unit of knowledge needed to advance from document units to knowledge
elements, hoping to directly organize and analyze the logical content of docu-
ments to identify connection nodes in knowledge creation processes and deeply
reveal the organic structure of knowledge [37]. Over decades, scholars have
conducted extensive exploration and research from theoretical, methodological,
technical model, and application platform perspectives, achieving remarkable
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results in knowledge element theory and review, knowledge element represen-
tation and modeling, and knowledge element extraction and implementation.
In recent years, with the development of cognitive theory and natural language
processing capabilities, library and information science has basically achieved
automatic extraction of full-text knowledge elements from literature resources,
truly enabling organization and service targeting knowledge content.

Third, the field possesses relatively mature research paradigms. Library and
information science has a long history of using metrological methods to con-
duct quantitative research on knowledge carriers, knowledge content, knowl-
edge activities, and their impacts. After decades of development, scholars have
gradually shifted their research perspective from knowledge carrier-based mea-
surement to knowledge content-based measurement. Meanwhile, bibliometrics,
informetrics, and webometrics—closely related metrological disciplines—have
reached maturity in library and information science, providing solid founda-
tions in techniques, tools, and methods for knowledge measurement research.
Knowledge measurement research represents the extension, deepening, and de-
velopment of these previous metrological studies.

2.3 Key Issues in Knowledge Measurement Research in Library and
Information Science The most critical issue in early knowledge measure-
ment research in library and information science was how to obtain the small-
est, independent knowledge measurement unit from literature. Although schol-
ars conceived the idea of using knowledge elements as measurement units long
ago, unclear conceptual definitions of knowledge elements, particularly the dif-
ficulty of knowledge element construction, hindered the in-depth development
of knowledge measurement research in library and information science for a
long time. Existing research only focused on knowledge carriers and attribute
features without achieving direct measurement of knowledge content.

To some extent, past knowledge measurement research in library and infor-
mation science merely borrowed research methods and paradigms from biblio-
metrics, informetrics, and scientometrics. Beyond its forward-thinking research
ideas and perspectives, its research content did not differ from existing metrolog-
ical studies. Currently, the core issue remains knowledge element construction,
with the prerequisite being clear identification of what knowledge elements are
in literature and how to extract them. Additionally, the following key questions
must be considered:

(1) Knowledge element quantity measurement: Since literature is a
resource with historical significance or research value that necessarily con-
tains a certain number of knowledge elements, how should the number
of knowledge elements in a document be calculated? How are knowledge
elements distributed within a document? How do knowledge element quan-
tities differ between documents?

(2) Knowledge element quality measurement: As the smallest, indepen-
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dent knowledge product, a knowledge element possesses characteristics
and features that satisfy specified and potential needs. How should the
actual quality of a knowledge element be measured? Do different knowl-
edge elements within the same document have the same knowledge qual-
ity? What is the relationship between knowledge quality and knowledge
value? In previous research, some scholars confused knowledge quality
with knowledge impact, using citation counts of knowledge carriers in
citation networks to measure knowledge quality. In fact, citation counts
measure the usage frequency of knowledge carriers as knowledge products,
representing a form of use value.

(3) Knowledge element value measurement: According to political eco-
nomics definitions of use value and value, it is difficult to measure a knowl-
edge element’s value or accurately determine its use value, but we can use
usage frequency to compare the use value of different knowledge elements.
This raises important research questions: How can knowledge element
usage frequency be obtained? Can knowledge elements only be used com-
pletely?

(4) Knowledge element relationship measurement: Complex logical
connections exist between knowledge elements, necessitating differentia-
tion of connection types in knowledge measurement. Within the same
document, connection relationships between knowledge elements affect
quantity measurement results; across different documents, they affect
value measurement results. Additionally, calculation methods and scope
of knowledge connections should differ between knowledge elements within
the same document and those across different documents.

3. Main Ideas for Conducting Knowledge Measurement Research
from the Citation Content Analysis Perspective

Beyond clear research objects, appropriate technical means, and mature research
paradigms, citation networks provide a research platform supporting big data
analysis for library and information science scholars. Previous knowledge mea-
surement research using citation networks has been common because citation
networks align with research objects and paradigms in library and information
science. However, constrained by knowledge element construction difficulties,
past research only macroscopically and superficially measured knowledge carri-
ers or attributes without penetrating knowledge content. Therefore, this paper
proposes a new idea for knowledge measurement research in library and infor-
mation science from the citation content analysis perspective, using full-text
mining technologies for literature resources, as shown in Figure 1 [Figure 1: see
original paper].

Literature contains knowledge elements expressing viewpoints, definitions, the-
ories, and methods in semi-structured or unstructured forms. First, knowledge
description rules must be used to locate knowledge elements’ specific positions in
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documents. Then, based on a designed description framework, text content at
corresponding positions undergoes knowledge extraction and storage. Finally,
based on citation relationships between documents, knowledge elements at ci-
tation positions in citing documents are associated with knowledge elements in
cited fragments of cited documents, constructing a knowledge network based on
knowledge elements and their connections.

Currently, knowledge extraction follows two technical routes: statistics-based
and rule-based. Since knowledge in literature typically consists of complex sen-
tences, mathematical statistics and machine learning methods are often inad-
equate, making rule-based identification and pattern matching more suitable.
Given current cognitive theory development and natural language processing
capabilities, this paper designs knowledge element quantity measurement steps
as shown in Figure 2 [Figure 2: see original paper].

First, knowledge element characterization and description must be addressed.
To obtain high-quality knowledge element description rules from training texts
that lay the foundation for automated knowledge element extraction, a semi-
automated approach combining machine and human methods can be adopted.
During this process, training corpora should be as comprehensive and repre-
sentative as possible, with complete sentence segmentation, accurate syntactic
structure and grammatical components, and comprehensive domain knowledge
thesauri.

Second, knowledge element identification and extraction must be resolved.
Through natural language processing including sentence segmentation, word
segmentation, and keyword filtering of target documents, text fragments
potentially containing knowledge elements are identified and extracted. Based
on generated knowledge element description rules, text fragments’ dependency
syntax sequences are matched with description rule syntax sequences to
discover knowledge elements hidden in semi-structured or unstructured text
fragments.

Finally, knowledge elements’ quantitative characteristics must be measured and
analyzed from multiple dimensions to comprehensively reveal the total quantity,
flow, growth, distribution, and structure of knowledge elements across different
knowledge subjects.

3.1 Ideas for Measuring Knowledge Element Quantity in Documents
Extracting knowledge elements from documents is the foundation for calculat-
ing knowledge quantity. Based on knowledge networks, knowledge measurement
research can be conducted from the citation content analysis perspective: (1)
the quantity of knowledge elements in documents determines knowledge stock
in knowledge nodes; (2) knowledge elements in cited fragments determine the
knowledge content provided by cited literature; (3) knowledge elements at cita-
tion positions determine the knowledge content received by citing literature; (4)
by comparing differences between knowledge elements in cited fragments and
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citation positions, citation strength between knowledge nodes can be character-
ized, with citation strength determining knowledge flow between nodes; (5) by
comprehensively analyzing citation position, sentiment, and motivation, citation
types between knowledge nodes can be defined, with citation types determining
specific connections implied between knowledge elements.

3.2 Ideas for Measuring Knowledge Element Quality in Documents
Following the classic assertion that quality lies in meeting and exceeding expec-
tations, knowledge quality is actually the degree to which knowledge evaluators
perceive knowledge characteristics as conforming to their expectations [37]. Un-
like ordinary products, knowledge cannot be represented by direct quantitative
parameters, but its quality can be indirectly reflected through quality charac-
teristics or features. Therefore, knowledge quality evaluation should largely
be subjective, deriving from differences in evaluation dimensions employed by
different evaluators. As evaluation objects become increasingly abstract in prod-
uct attributes from document units to information units to knowledge elements,
quality connotations become more complex, requiring richer evaluation dimen-
sions. Accordingly, this paper adopts a multi-dimensional evaluation standard
at the theoretical level to comprehensively reveal a picture compatible with
the complex concept of knowledge quality, as shown in Figure 3 [Figure 3: see
original paper]. The advantage of multi-dimensional decomposition is that it
transforms the abstract concept of knowledge quality into concrete terms while
reducing misjudgment risks.

At the practical level, although different evaluation models may differ in evalua-
tion dimensions, overall patterns should exist. From the information dimension,
signals interpreting knowledge quality features can be input—such as author,
institution, journal, and project—to measure knowledge element quality from
knowledge attribute aspects. From the process dimension, texts revealing knowl-
edge production processes are input to evaluate whether each production 环节 is
reasonable and whether connections between 环节 are correct. From the ontol-
ogy dimension, frameworks showing knowledge’s intrinsic and contextual con-
structs are input to evaluate logical relationships between knowledge elements
and existing knowledge systems. From the application dimension, empirical pro-
cesses and reuse conditions are input to evaluate knowledge elements’ practical
effectiveness in solving real problems. On this basis, more specific evaluation
indicators can be established under each dimension, and expert scoring for each
indicator can be conducted using peer review methods to achieve quantitative
calculation and normalization of knowledge element quality features.

Additionally, machine learning algorithms can enable rapid assessment of knowl-
edge element quality. Text mining technologies can directly extract quality
features x corresponding to each evaluation indicator from input data. For ex-
ample, assuming a regression relationship between knowledge element quality
features x and prediction results p, model training can first optimize actual
parameters for each evaluation indicator in the assessment model, then select
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optimization algorithms to continuously minimize error values between predic-
tion results p and expert scores y, ultimately achieving convergence between
peer review and machine learning results.

3.3 Ideas for Measuring Knowledge Element Value in Documents
Knowledge value lies in its flow, depending not only on knowledge quality itself
but more crucially on the depth and breadth of knowledge flow. Knowledge
elements in literature do not exist in isolation. Typically, a document builds
upon multiple documents through citation behaviors between knowledge ele-
ments. This objective fact aligns with both the inherent development 规律 of
science and the inheritability and variability between knowledge elements in re-
search activities. Generally, cited literature serves as the research foundation
for citing literature, with cited fragments guiding citing literature. Therefore,
knowledge elements contained in cited fragments can be considered as flowing to
corresponding citation positions in citing literature. Accordingly, this paper de-
signs a research 思路 for evaluating knowledge element value based on knowledge
element flow conditions, as shown in Figure 4 [Figure 4: see original paper].

In the knowledge flow measurement module, based on citation relationships be-
tween citing and cited documents and using knowledge elements as measurement
units, knowledge element flow in single triples is measured. First, citation posi-
tions must be identified in citing documents to extract citation content. Then,
citation content is compared with cited fragments to extract knowledge elements
from both citing and cited documents based on knowledge element description
rules. Finally, similarity between knowledge elements is calculated to measure
knowledge flow in a single citation process. When calculating similarity, sub-
topics, syntactic structures, and text content between knowledge elements must
be considered, with weights designed through feature fusion to comprehensively
calculate final values.

In the knowledge value measurement module, based on citation relationships
provided by citation databases and using knowledge element flow conditions
in citation networks as evaluation criteria, knowledge element value is assessed.
First, flow relationships between knowledge elements are extracted from citation
databases—i.e., knowledge elements flowing from cited to citing documents.
Second, heterogeneous, weighted networks with knowledge elements as network
nodes are constructed. Then, knowledge flow between knowledge elements is
incorporated with external data revealing relationship types to comprehensively
analyze knowledge elements’ positions and roles in knowledge networks. Finally,
content similarity algorithms and role importance algorithms are integrated to
rank the value of interdependent and mutually influential knowledge elements.

3.4 Ideas for Measuring Relationship Types Between Knowledge El-
ements Various connections exist between knowledge elements, and revealing
and utilizing these connections is the starting point for knowledge organization,
management, and service. Relationship types between knowledge elements are
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essentially the kinds of associations hidden between them that can be under-
stood and ordered. For knowledge elements directly connected through citation
relationships or knowledge attributes, their relationship types are obvious; how-
ever, relationship types between indirectly connected knowledge elements can
also be mined through intermediary knowledge elements. Considering the ori-
gins of knowledge elements, relationship types must address both connections
within the same document and across different documents. Accordingly, this
paper designs a research 思路 for measuring relationships between knowledge
elements as shown in Figure 5 [Figure 5: see original paper].

Within the same document, based on knowledge element classification, knowl-
edge elements must first be divided into different types. According to knowledge
description frameworks, they are structurally stored. Then, considering expert
opinions and training results, reasonable knowledge relationship categories and
classification standards are established to guide extraction of relationship fea-
tures between knowledge elements. Finally, association vectors are used to store
different association features between knowledge elements, with semantic sim-
ilarity calculated separately for each association vector, ultimately integrating
all association vector calculation results to comprehensively judge relationship
types between knowledge elements.

Across different documents, relationship type classification should primarily rely
on citation content analysis results. Citation relationships establish the most di-
rect knowledge associations between knowledge elements, but these associations
imply complex relationship types. Although current technology can correspond
citation content in citing documents with cited fragments in cited documents,
in practice it is difficult to unify citation behavior’s initial motivation with fi-
nal outcomes. Therefore, comprehensive analysis of corresponding knowledge
elements in citation content and cited fragments is required, considering calcu-
lation results of citation position, sentiment, purpose, and strength to identify
relationship types between knowledge elements from multiple angles, perspec-
tives, and levels.

Overall, these two aspects have different emphases. For knowledge elements
within the same document, since they share the same knowledge producer, cross-
relationships, oppositional relationships, and parallel relationships should be
primarily considered. For knowledge elements across different documents, due
to knowledge “inheritance” and “variation,” equivalence relationships, genus-
species relationships, and oppositional relationships should be mainly consid-
ered. Additionally, the above research 思路 only involves binary relationships
between two knowledge elements, yet association relationships between knowl-
edge elements also exhibit transitivity. Considering ternary relationships from
a structural perspective allows knowledge networks to be decomposed into ana-
lyzable micro-units and reveals richer structural features [39].
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4. Innovative Applications of Knowledge Measurement Research
from the Citation Content Analysis Perspective

Knowledge measurement is an important foundation for all knowledge activities,
with broad applications in knowledge production, acquisition, organization, and
presentation. The above considerations demonstrate that with current cognitive
theory development and natural language processing capabilities, and based on
existing research methods and theories of the “Five Metrics,” knowledge mea-
surement research from the citation content analysis perspective is fundamen-
tally achievable. This new research perspective will bring even more 引人注目
的 application scenarios, sufficient to promote the deepening and expansion of
future knowledge measurement research. Examining domestic and international
research trends, future knowledge measurement applications will concentrate in
three main areas.

4.1 Application Directions in Knowledge Management Many informa-
tion scientists have proposed that knowledge is the research object of library
and information science, but this assertion did not receive sufficient academic
attention for a long time [40]. Reviewing the research history of library and
information science reveals that its workflow has always progressed along the in-
formation chain of “facts—data—information—knowledge—intelligence,” with
current research focusing on the 环节 of processing information into knowledge
[41]. The research 思路 in this paper can transition knowledge management’s
control unit from document units and information units to knowledge elements,
thereby elevating knowledge management from indirect to direct approaches
and enabling effective identification, processing, and organization of knowledge
content.

For knowledge management, achieving measurement research with knowledge
elements as the basic unit will significantly adjust its current application scope:
(1) it can serve knowledge quantity management by measuring the total and
incremental knowledge of any knowledge owner, compensating for existing re-
search that can only measure literature totals and growth using exponential
growth models and information totals and growth using information entropy and
Moore’s law, but lacks quantitative methods for knowledge totals and growth
beyond the difficult-to-calculate Brookes’ knowledge equation; (2) it can serve
knowledge quality management by evaluating academic knowledge quality and
conducting knowledge quality detection and control, rather than evaluating re-
search outcomes based on knowledge carriers like journal papers; (3) it can serve
knowledge value management by evaluating knowledge input and output based
on the smallest, independent knowledge units, calculating the use value, social
impact, and contribution to scientific and technological progress of knowledge
and related products; (4) it can serve knowledge relationship management by
expanding single citation relationships to complex knowledge associations, re-
vealing hidden, understandable, and usable internal logic between knowledge
elements.
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4.2 Application Directions in Scientific Evaluation Scientific evaluation
in library and information science originated from bibliometrics and citation
analysis that emerged in the mid-20th century. By employing mathematical
and statistical analysis methods using various characteristic quantities of liter-
ature resources, it can describe, evaluate, and predict the current status and
development trends of science and technology, and conduct quantitative assess-
ments of entities involved in scientific activities. Throughout this long research
history, many scholars have pointed out that existing theories, methods, and
indicators, while playing an irreplaceable positive role in today’s scientific eval-
uation, still have limitations and cannot be applied wholesale. They should be
analyzed, used reasonably, effectively referenced, or even modified according to
specific circumstances to make evaluation results more objective, reasonable,
and scientific [42].

For scientific evaluation, measurement research with knowledge elements as the
basic unit can be applied to all fields related to scientific activities. Academic lit-
erature contains rich knowledge elements. Using knowledge elements as evalua-
tion objects and combining features such as citation position, strength, function,
sentiment, and motivation enables truly journal-independent academic evalua-
tion activities, fundamentally curbing undesirable tendencies in academic eval-
uation such as “paper-only” and “SCI-supremacy” that judge papers by their
journals. Specific applications include: (1) integrating knowledge element mea-
surement results into research outcome evaluation, including assessing the status
and role of books, journals, papers, and patents; (2) integrating knowledge ele-
ment measurement results into researcher evaluation, including qualitative and
quantitative assessment of academic influence and research performance; (3)
integrating knowledge element measurement results into research field evalua-
tion, assessing a discipline or research field’s development stage, status, level,
prospects, and the correlation between knowledge structure and content; (4)
integrating knowledge element measurement results into research institution
evaluation, measuring the quantity, quality, effectiveness, and application of
research outputs at various levels from cities and regions to countries, depart-
ments, and schools.

4.3 Application Directions in Knowledge Service After years of theo-
retical discussion, library and information science still struggles to conduct effi-
cient and precise knowledge services, with the confrontation between “knowledge
thirst” and “information overload” persisting. From the knowledge resource per-
spective, although knowledge is mostly distributed in literature resources, its
current organization still primarily uses coarse-grained document units as ba-
sic units, unable to match users’ multi-granular, hierarchical knowledge needs.
Meanwhile, knowledge describing the same research object or problem is typ-
ically distributed across different disciplines with certain disciplinary barriers,
preventing the revelation of associations between different knowledge elements
[43]. These phenomena hinder the provision of superior knowledge service ex-
periences for end users.
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For knowledge service, measurement research with knowledge elements as the
basic unit can clarify knowledge reserves and their system structures, select-
ing measurement results that match users’ constraint conditions according to
actual needs to achieve deeper specialized knowledge services: (1) it enables
fine-grained knowledge service, transitioning from knowledge carrier-based (e.g.,
books, journals, patents) and information-based (e.g., topics, data, keywords)
service methods to knowledge content-based service methods—for example, by
mining, extracting, and analyzing knowledge elements in literature resources to
provide users with minimal units of human knowledge such as specific examples,
values, concepts, and laws; (2) it enables combinatorial knowledge service, tran-
sitioning from literature-based, discipline-based knowledge service methods to
cross-disciplinary, knowledge content-based methods—for example, using knowl-
edge relationship measurement results to construct objective knowledge systems
across disciplines and fields, providing users with knowledge assembly solutions
integrating multi-level concepts, solutions, and operational processes.

5. Summary and Outlook

Since the 1990s, to embrace the knowledge economy era, knowledge has been
regarded as a strategic and economic resource in social competition, receiving
unprecedented attention from all sectors of society. In recent years, although
research in scientometrics, bibliometrics, and informetrics has involved measure-
ment of knowledge carriers or attributes within their respective fields, differing
research purposes and significance have prevented these studies from conducting
systematic research at the height of knowledge science that penetrates knowl-
edge content, making it difficult to convincingly reveal and clarify knowledge’s
important role in modern social development. This paper envisions a feasi-
ble path for knowledge content measurement in library and information science
from the citation content analysis perspective, discusses foundational issues and
solutions for knowledge content measurement from four aspects (quantity, qual-
ity, value, and relationship), and finally envisions application scenarios after
achieving knowledge content measurement.

From the current perspective, knowledge measurement remains a research di-
rection between multiple disciplines with interdisciplinary characteristics. This
requires that when conducting knowledge measurement research, library and
information science must not only borrow theories, methods, and technologies
from other disciplines but also integrate them into the field to elevate them
to a new level, deepening a more complete research system and paradigm that
conforms to internal logic. Therefore, narrowing disciplinary gaps, removing
barriers, and synthesizing and integrating ongoing knowledge measurement re-
search from different levels and perspectives across various fields is particularly
important.

For example, science of science’s research performance evaluation and manage-
ment methods, management’s explicit and tacit knowledge management the-
ories, economics’ macro and micro economic value perspectives, computer sci-
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ence’s knowledge mining and storage technologies, and knowledge concepts from
education and information science all have significant reference value for knowl-
edge metrology research in library and information science.

More importantly, library and information science must generate new theo-
ries and methods that other disciplines do not possess or do not emphasize.
Throughout history, new theories, methods, and technologies have profoundly
impacted library and information science. However, at all times, the field should
act according to its actual conditions and characteristics, doing something in
some areas and refraining in others, rather than blindly pursuing comprehen-
siveness, otherwise it will lose its own characteristics. In summary, in this era
of scientific research intersection and integration, in an environment with both
opportunities and challenges, library and information science scholars should
find their positioning in inheritance and innovation, 坚守 and expansion, and
conduct knowledge measurement research with library and information science
characteristics.
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Rethinking Knowledge Measurement in Library and Information Sci-
ence from the Perspective of Citation Content Analysis

Bi Chongwu1, Ye Guanghui2, Xia Lixin2 1 School of Information Management,
Zhengzhou University, Zhengzhou 450001 2 School of Information Management,
Central China Normal University, Wuhan 430079

Abstract: [Purpose/Significance] The research of knowledge measurement in
Library and Information Science cannot take the knowledge element as measure-
ment unit, and always stays at the level of knowledge carrier measurement and
knowledge attribute measurement. This paper puts forward a research idea of
knowledge content measurement from the perspective of citation content analy-
sis, which is a research direction worth exploring. [Method/Process] On the ba-
sis of combing the research status of knowledge measurement in different fields,
this paper summarizes the core advantages and key problems of knowledge mea-
surement research in Library and Information Science, puts forward the main
ideas and implementation path of knowledge measurement research from the
perspective of citation content analysis, and looks forward to the innovative ap-
plication and development direction of this research idea. [Result/Conclusion]
The research of knowledge measurement from the perspective of citation con-
tent analysis can break through the long-standing research bottleneck in Library
and Information Science, truly penetrate the measurement object from knowl-
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edge carrier to knowledge content, and realize the quantity, quality, value and
relationship measurement of knowledge elements.

Keywords: knowledge measurement; citation content; knowledge element;
knowledge evaluation

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv — Machine translation. Verify with original.
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