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Abstract

[Purpose/Significance] Data literacy has become an essential basic competency
for individuals living in the digital age. [Method/Process] Reviewing published
literature on data literacy helps clarify the research trajectory of data literacy-
related studies and further optimize subsequent research. By collecting, or-
ganizing, and cleaning academic papers published in SCI, EI, CSSCI, CSCD,
and Peking University Core source journals indexed in CNKI, this study con-
ducts bibliometric analysis to systematically map the research trajectory of data
literacy. [Results/Conclusion] Domestic scholars have conducted preliminary
explorations in research on the connotation and value of data literacy, data lit-
eracy competency assessment, and data literacy cultivation pathways. Through
CiteSpace analysis, it is found that “data-driven” is the latest burst term in data
literacy-related research, which may represent the current research frontier in
the field of data literacy.
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Abstract

Data literacy has become an essential competency for individuals living in the
digital age. Reviewing published literature on data literacy helps clarify the
research trajectory and optimize future studies. This study conducts a biblio-
metric analysis of academic papers from SCI, EI, CSSCI, CSCD, and Peking
University core journals indexed in CNKI, systematically #i## ing the research
Bk£& of data literacy. Current domestic scholars have conducted preliminary ex-
plorations into the connotation and value of data literacy, capability evaluation,
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and cultivation pathways. CiteSpace analysis reveals that “data-driven” is the
latest emergent term in data literacy research, likely representing the current
research frontier.

Keywords: data literacy; knowledge graph; bibliometrics

For a long time, decision-making processes based primarily on intuition and per-
sonal experience have been criticized for their arbitrariness and lack of objective
foundation. With the continuous construction of digital infrastructure across
industries, the difficulty of storing and transmitting various information carriers
such as text and images in digital encoding formats has gradually decreased. The
vigorous development of big data information technology and breakthroughs in
computing and analytical technologies have enabled the aggregation, analysis,
and application of big data containing fragmented information from socioeco-
nomic, real-world, and management decision-making contexts. By interpreting
this series of fragmented information, the productive & and productive force
functions of data have been strengthened, profoundly changing traditional hu-
man thinking modes and production-lifestyles. Data-driven development has
gradually become an important trend in current social informatization develop-
ment.

Accompanied by the deep transformation of various fields driven by new-
generation information technology, the informatization environment across
industries is undergoing unprecedented changes. The ability to acquire, store,
and develop various types of data has become a fundamental capability for
industry practitioners. Data literacy, as a comprehensive ability to reasonably
acquire, understand, apply, evaluate, and manage data in a big data environ-
ment, represents an extension of concepts such as information literacy and
statistical literacy. It is an essential competency for individuals to innovatively
apply various types of data to carry out social production and life practices in
an informatized environment.

This paper employs bibliometric research methods to conduct statistical anal-
ysis, topic mining, and comparative literature analysis of academic literature
related to data literacy published in important domestic academic journals,
aiming to understand the development trends of data literacy research in China
and provide decision-making references for domestic scholars to capture research
dynamics and topics.
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1 Research Methods and Data Sources

In recent years, the explosive growth of literature and continuous optimization of
bibliometric research tools have attracted increasing numbers of scholars to the
field of bibliometric research. Bibliometrics is a method that combines math-
ematical and statistical approaches to collect, organize, and analyze existing
literature data for evaluation and prediction, enabling comprehensive identifica-
tion from multiple dimensions regarding literature topics, scholars, institutions,
and journals.

1.1 Research Methods

In the application of bibliometric methods, most scholars focus on the following
aspects: 1) Using core journals in specific disciplines as data sources and apply-
ing bibliometric methods to #i# research Pk, identify current hotspots, and
predict research directions. For example, Ding Xiulian and colleagues used bib-
liometric methods to #i# research hotspots in the field of management science
and engineering over the past decade based on papers published in 46 interna-
tional authoritative journals in the field [1]. 2) Conducting academic journal
evaluation research using bibliometric methods. Yu Liping and colleagues pro-
posed an improved composite bibliometric indicator for evaluating academic
journals by using the inverse of the low-cited paper ratio instead of citation
concentration based on the z-index principle [2]. Additionally, some scholars
have used bibliometric methods to study contributions from scholars in differ-
ent regions to specific fields.

1.2 Data Sources

To enhance the quality of literature data for data literacy research and avoid
interference from overlapping domestic and international databases, literature
sources were limited to academic papers indexed in CNKI’s SCI, EI, CSSCI,
CSCD, Peking University Core, and AMI categories. Based on the characteris-
tics of common literature retrieval methods such as “topic,” “title,” “keywords,”
“abstract,” and “full text,” and balancing recall and precision, this study se-
lected “topic” for retrieval. Using CNKI’s advanced search function, with the
time range set to 2022 and earlier, the topic term set to “data literacy,” and
source categories limited to SCI, EI, CSSCI, CSCD, and Peking University Core,
565 literature records were initially obtained.

To improve research result accuracy, data cleaning was performed before
analysis to further enhance precision by removing reviews, conference reports,
achievement introductions, prefaces, entries without authors, and other
irrelevant items, resulting in 502 valid papers.
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2.1 Annual Publication Growth Trend

Typically, the growth of scientific knowledge is closely related to changes in
publication volume on a given topic. When measuring research output and
hotspots, scholars often use publication volume as an important indicator, which
to some extent reflects the research #&E and maturity of a topic.

By #2 and comparing the publication data, the first literature on the theme of
“data literacy” appeared in 2010. As shown in Figure 1 [Figure 1: see original
paper], which displays the annual trend of “data literacy” literature publication
volume, the number of publications began to rise around 2015, but the growth
trend remained relatively flat between 2016 and 2019.

2.2 Journal Distribution Analysis

According to information management theory, analyzing information distribu-
tion helps understand the concentration and dispersion characteristics and pat-
terns of information. Hou Jianhua (2015) and other scholars found that the
Matthew effect also exists in publishing journals and research directions through
their study of Chinese journal evaluation [4]. After #it the distribution of pub-
lished literature across journals, 130 journals were found to have published data
literacy research papers. The top 10 journals by publication volume published
a total of 206 papers, accounting for 41.4%; journals with more than 10 pub-
lications published a total of 251 papers, accounting for 50%. Specific source
journals are shown in Table 1 . Further analysis reveals that in data liter-
acy research, approximately 10% of journals published over 50% of all papers,
demonstrating an enrichment phenomenon of data literacy research papers in
a minority of journals. These top journals are all in the fields of library and
information science and education research.

Table 1: Source Journals with More Than 10 Publications on Data
Literacy Research [Note: Impact factor data in the table are from CNKI 2022
comprehensive impact factor.]

2.3 Author Collaboration Network Analysis

The number of publications by the same scholar on the same topic often rep-
resents deeper research in that field and demonstrates the scholar’s potential
leadership role, with their academic achievements possibly serving as important
channels for ideas and perspectives in the research field. When using CiteSpace
to analyze author collaboration networks, g-index was selected for data screen-
ing, yielding 269 nodes and 139 connections without network simplification,
indicating that research on data literacy remains relatively fragmented. When
the threshold was set to 3 for visual analysis of the author collaboration net-
work, Figure 2 [Figure 2: see original paper| shows a relatively sparse network.
From the publication statistics, only scholars such as Yang Xianmin, Huang
Ruhua, Hu Hui, and Deng Lijun have published extensively on “data literacy.”
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Yang Xianmin focuses on data literacy in education and teaching, primarily on
teacher data literacy, while Huang Ruhua, Hu Hui, and Deng Lijun focus on
data literacy in library science.

2.4 Research Institution and Collaboration Network Anal-
ysis

Using CiteSpace software again with g-index selected for data screening and the
threshold set to 5, the research institution collaboration network is shown in
Figure 3 [Figure 3: see original paper|. The figure reveals that collaboration
among domestic research institutions in this field is not strong, though some
cooperation exists. The top five institutions by publication volume are Wuhan
University School of Information Management, National Science Library of the
Chinese Academy of Sciences, University of Chinese Academy of Sciences, Sun
Yat-sen University School of Information Management, and Sichuan Interna-
tional Studies University Library.

3 Knowledge Graph Based on Keywords

Analyzing the keyword co-occurrence knowledge graph of data literacy research
articles can reveal knowledge clustering and evolution patterns in the field, as
well as co-citation trajectories and evolution networks, thereby helping to extract
current research hotspots and clarify evolution trends.

3.1 Research Hotspot Analysis Based on Keyword Co-occurrence
Network

Literature keywords provide a high-level summary of research content. In CiteS-
pace, node size indicates keyword frequency, with high-frequency terms repre-
senting current research hotspots. Connections between nodes indicate that the
represented keywords appear in the same literature. Without network simpli-
fication, CiteSpace calculations yielded 323 nodes and 575 connections. With
the threshold set to 24 and cluster analysis performed on keywords, Figure 4
[Figure 4: see original paper] shows the keyword co-occurrence and clustering
map after adjusting the display effect.

The top ten keywords by frequency are data literacy, big data, information liter-
acy, library, scientific data, artificial intelligence, data-driven, data journalism,
data librarian, and data service. Keyword frequencies and centrality values are
shown in Table 2 .

Table 2: High-Frequency Keywords in Data Literacy Research (2010-
2022) [Note: The table would show serial number, frequency, and centrality
values.|
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3.2 Keyword-based Cluster Analysis

After cluster analysis of keywords, the clustering module value Q is 0.5819, and
the clustering average silhouette value S is 0.907, both greater than 0.3 and 0.7
respectively, indicating that the clustering structure is reasonable and effective.
In CiteSpace, clusters with fewer than 10 documents are not displayed by de-
fault, so Figure 4 shows only 10 cluster labels: #0 Big Data Research; #1 Data
Literacy Research; #2 New Liberal Arts Research; #3 Influencing Factors Re-
search; #4 Information Literacy Research; #5 Library Research; #6 Data Jour-
nalism Research; #7 Indicator System Research; #10 Self-Regulated Learning
Theory Research; #11 Connotation and Characteristics Research. Converting
Figure 4 to Timeline view yields Figure 5 [Figure 5: see original paper].

Figure 5: Timeline View of Keyword Co-occurrence in Data Literacy
Research (2010-2022)

Based on keyword clustering and further analysis of published data literacy
research papers, research hotspots can be refined as follows:

(1) Research on the Connotation and Value of Data Literacy

Regarding this theme, academic circles have mainly focused on teaching and
research personnel and librarians. Data literacy is a core competency for librar-
ians and researchers and a key concept in data management service research [5].
For teachers, those with data literacy can better adapt to data-intensive scien-
tific research models, which also promotes research output [6] and facilitates the
transformation of teacher professional development from “rough experience” to
“evidence-based” paradigms [7]. For students, the dimensions of data literacy
vary across different educational stages [8-9], but being adept at using big data
to obtain needed information can help enhance professional knowledge reserves
and better prepare them for society [9].

(2) Research on Data Literacy Capability Evaluation

As research on the connotation of data literacy deepens, evaluations of data lit-
eracy capabilities have gradually increased, with research subjects concentrated
among university teachers and students. Data literacy represents a new soci-
etal requirement for individual competencies in the big data era, inheriting and
developing traditional information literacy [10]. Different groups among univer-
sity teachers, doctoral students, master’s students, and undergraduates show
significant differences in data literacy capabilities [11]. In evaluation indicator
system research, scholars have conducted a series of studies from different dimen-
sions. For example, Li Qing and Zhao Huanhuan (2018) used multiple research
methods to Y348 and analyze % ed literature on data literacy components,
constructing a teacher data literacy evaluation indicator system from four as-
pects: data knowledge, data skills, teaching application, and awareness/ethics
[12]. Ma Teng and Sun Ling (2019) built an evaluation indicator system from
dimensions such as information, information environment, and information tech-
nology based on information ecology theory to evaluate student data literacy
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[13]. For primary and secondary school students, capability models can be con-
structed from dimensions such as data knowledge and skills, data thinking, data
awareness, and data ethics [14]. Combining high school mathematics teaching
characteristics, some scholars have designed an evaluation framework for data
analysis literacy from four dimensions [15]. Reviewing published research on
data literacy evaluation reveals that most existing capability evaluation stud-
ies include dimensions such as data awareness, data processing capability, data
communication, and data evaluation in their indicator systems.

(3) Research on Data Literacy Cultivation Pathways

To generate value from data across different fields, it is necessary to cultivate
data literacy capabilities among practitioners in those fields. Compared with
Harvard University’s educational practices, data management services in Chi-
nese universities are in a disordered state. In the big data era, universities should
first formulate data literacy education and management policies [16]. For teach-
ers (including normal school students), data literacy cultivation involves broad
knowledge areas and is a systematic project requiring joint efforts from multiple
parties [17]. For primary and secondary school teachers, a teaching model for
cultivating data literacy based on self-regulated learning theory and regulatory
scaffolding can be constructed [18]. For researchers, a data literacy cultivation
framework based on data lifecycle and research project lifecycle theories can
help researchers overcome capability deficiencies [19].

3.3 Frontier Analysis Based on Burst Detection Method

Burst detection analysis can identify key nodes in a research field to find current
active or frontier topics. Since reference data are not included in CNKI-exported
data, only keyword burst analysis was performed. With default parameters un-
changed, calculations yielded two burst keywords: “data journalism” (strength
3.3) and “data-driven” (strength 3.71). The burst period for “data journalism”
was 2014-2017, while for “data-driven” it was 2020-2022. The source literature
for this keyword during the burst period is shown in Table 3 .

Table 3: Source Literature for the Keyword “Data-driven” [Note: The
table lists authors, years, journals, and titles of papers.]

Based on the burst term “data-driven,” analysis shows that source journals still
mainly focus on education teaching and library/information science research.
Since the burst period is 2020-2022, “data-driven” can be considered the current
frontier in data literacy research.

3.3.1 “Data-driven” Research in Library and Information Science
Since the 21st century, big data has continuously been a research hotspot in
academia. Across different disciplines, research dimensions on big data are
gradually 484> ing. In data-driven library and information science research,
“data” serves as the development foundation, powerfully driving the develop-
ment of library and information science [20]. However, implementing data-
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driven approaches as the future development direction of libraries still requires
macro-level efforts. He Yali (2020) and colleagues, after investigating 15 for-
eign libraries including the U.S. National Library of Medicine and the British
Library, argued that in facing data-driven transformation, data should become
the support point for library decision-making management, the &7 point for
business reconstruction, and the growth point for user services [21]. At the mi-
cro level, the rise of new research paradigms has prompted the emergence of a
new generation of subject librarians characterized by data-driven approaches,
supported by big data technology applications, and based on multi-source data
services. Their functions are mainly reflected in knowledge services supporting
scientific and technological decision-making, research management, and research
processes [22].

3.3.2 “Data-driven” Research in Education and Teaching In the edu-
cation and teaching field, the governance transformation brought by data-driven
approaches plays an important role in accelerating the modernization of school
governance [23]. Compared with other traditional industries, China’s higher ed-
ucation field lacks innovation, and its education teaching and talent cultivation
models have the drawback of batch production, leading to serious homogeniza-
tion in talent cultivation. Therefore, universities should rely on data, follow
value orientations such as learning personalization, management refinement,
and teaching informatization, and explore effective methods to use big data
to achieve transformation in university education teaching methods and forms
[24]. By constructing new relationships among schools, government, and soci-
ety, comprehensive and deep integration between education governance business
and data can be promoted, enhancing education governance levels by leveraging
the enthusiasm of various stakeholders [25]. In recent years, the term “preci-
sion” has been used with increasing frequency and broader application scope.
In the field of sports training, “precision training” and “data-driven” have be-
come high-frequency terms and main themes. The advantages of data-driven
precision training enable athletes to obtain optimal stimulation based on individ-
ual differences, thereby producing optimal adaptation and improving training
quality [26]. However, if teachers’ data literacy is insufficient, data-driven em-
powerment of teacher leadership faces various problems such as insufficiently
convenient and refined individualized teaching [27]. To achieve effective opera-
tion of “data-driven” teaching, teachers need to clearly recognize that the value
embodiment of teaching data should always center on students, applying cold
data to warm teaching practices [28].

4 Conclusion

Through multi-angle analysis of research literature related to data literacy pub-
lished in SCI, EI, CSSCI, CSCD, and Peking University Core journals indexed
in CNKI, the following conclusions are drawn:

First, data literacy research has become one of the continuously growing hotspot
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topics in important journals of library science, information science, and educa-
tion. Research on big data, information literacy, and scientific data applications
already occupies an important position in library science, information science,
and education journals, with related research advancing from data management
toward data-driven approaches.

Second, from literature explicitly mentioning data literacy, early research mainly
explored the connotation and value of data literacy in the big data era, which
promoted subsequent research development. A large number of studies on data
literacy components, evaluation, and education cultivation have become increas-
ingly rich and diverse.

Third, among published research literature, most studies focus on student,
teacher, and researcher groups. In the big data era, the digital economy has
become a new driving force for economic growth. For people living in the dig-
ital age, data literacy will be one of the essential competencies for promoting
human development in the 21st century.

This study inevitably has limitations. First, regarding literature data sources,
although the selected academic research papers from SCI, EI, CSSCI, CSCD,
and Peking University Core journals indexed in CNKI are representative, the
overall coverage is insufficient. Second, foreign data literacy research was not
included in the analysis, lacking examination of international research hotspots
and frontier topics.
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