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Abstract
[Purpose/Significance] This study investigates the usage characteristics of
scientific datasets from both bibliometric and content analysis perspectives,
quantitatively evaluates their impact on disciplinary development, and pro-
vides references for scientific data management services and policy research.
[Method/Process] By comprehensively employing text mining and bibliometric
methods to analyze full-text articles from PubMed Central, this research ex-
amines dataset usage across seven dimensions including temporal distribution
and usage intensity, and subsequently assesses the actual impact of scientific
datasets on disciplinary development. [Results/Conclusion] The results indi-
cate that the influence of scientific datasets on biomedical research is growing
increasingly significant; data publishing and high-level journals promote the
openness and sharing of scientific datasets; dataset usage is concentrated
in the latter sections of papers with relatively few formal citations; and the
corresponding standards and norms require further strengthening.
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[Purpose/Significance] This study investigates the usage characteristics of
scientific datasets from both quantitative and content analysis perspectives,
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quantitatively evaluating the impact of scientific datasets on disciplinary devel-
opment to provide references for scientific data management services and policy
research. [Method/Process] Integrating text mining and bibliometric meth-
ods, we analyzed the full-text literature from PubMed Central, comprehensively
examining dataset usage across seven dimensions including temporal distribu-
tion and usage intensity. Based on this analysis, we evaluated the actual impact
of scientific datasets on disciplinary development. [Results/Conclusions] The
findings demonstrate that the influence of scientific datasets on biomedical re-
search is growing daily. Data publishing and high-level journals promote the
openness and sharing of scientific datasets. Dataset usage concentrates in the
latter half of papers, with formal citations being relatively rare, indicating that
corresponding standards and specifications require further strengthening.

Keywords: quantitative analysis; content analysis; scientific dataset; usage
characteristics

1. Introduction
Scientific datasets are data materials or products generated during research ac-
tivities or through reprocessing, with certain specifications and complete descrip-
tions, primarily including experimental data, observational data, and statistical
data [1]. With the rise of the open science movement, the sharing and reuse
of scientific datasets have become increasingly common, gradually emerging as
important research objects and output types throughout the entire research
process. Studying the usage characteristics and impact of scientific datasets
can, on one hand, help understand current data usage patterns and grasp re-
searchers’ needs and utilization behaviors regarding data; on the other hand, it
can concretize and quantify the actual contribution value of scientific datasets to
research activities and inform rational planning of scientific resource allocation
and enrich research evaluation indicators.

Current research on scientific dataset usage characteristics generally employs
either quantitative analysis or content analysis methods. Quantitative analysis
is a quantitative approach based on mathematics and statistics that examines
external and macroscopic features of knowledge entities [2]. From a quantitative
perspective, studies typically use metrics such as citation frequency, download
counts, and mention frequency to evaluate usage characteristics and impact.
C. W. Belter et al. [3] studied dataset citation behavior in oceanography us-
ing citation counts to assess dataset impact. Jiao Hong et al. [4] employed
bibliometric methods to conduct multi-dimensional analyses of reuse character-
istics of biomedical datasets. Content analysis delves into full-text content of
academic papers, examining usage behavior characteristics of various knowledge
entities through manual interpretation or natural language processing [5]. From
a content analysis perspective, studies typically examine usage patterns, loca-
tions, and intensity. Wang Xue et al. [6] analyzed literature from 10 disciplines
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in CNKI, using content analysis to compare data reuse behaviors across disci-
plines from perspectives such as mention patterns, usage locations, and source
types. Li Longfei et al. [7] adopted content analysis methods to study scientific
dataset usage patterns and quantitatively measure their value from an altmet-
rics perspective. Content analysis operates at a more micro level, enabling
investigation of dataset usage characteristics and impact from a granular article
structure perspective.

However, due to significant disciplinary differences in scientific dataset usage
characteristics and challenges in identifying and extracting dataset information
from literature, most existing studies rely on manual annotation or small-scale
datasets, with relatively broad analysis levels and indicators. This study exam-
ines large-scale academic paper collections in the biomedical field, combining
quantitative and full-text content analysis methods to comprehensively inves-
tigate and analyze the usage characteristics of scientific datasets in academic
papers, and further analyze their actual impact on disciplinary development
from different perspectives. The significance of this research lies in utilizing
full disciplinary paper collections, employing rule-based extraction and natu-
ral language processing techniques to explore dataset usage characteristics from
both macro and micro perspectives, providing new perspectives for scientific
data management and services while offering novel approaches for subsequent
research.

2. Research Methods
2.1 Basic Approach

The full-text data for this study comes from PubMed Central (PMC), an open-
access subset provided by the U.S. National Center for Biotechnology Infor-
mation (NCBI) [8]. In addition to PMC, NCBI provides over 60 biomedical
databases and related research tools, assigning unique identifiers—accession
numbers—to scientific datasets in various formats. This study employs pat-
tern matching based on custom rules to identify and extract dataset mentions
from full texts as evidence of dataset usage in papers. We analyze dataset usage
characteristics through both quantitative and content analysis dimensions, and
summarize the actual influence of scientific datasets on biomedical research and
disciplinary development. The overall research framework is shown in Figure 1
[Figure 1: see original paper].

2.2 Data Acquisition

We bulk-downloaded PMC file packages via FTP service before May 25, 2021.
After merging index files, we obtained basic literature information and local
file locations. PMC full-text data is stored in XML format using the National
Library of Medicine (NLM) Document Type Definition (DTD) standard [9].
Ultimately, we acquired 3,219,908 full-text articles.
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Scientific dataset identification employs pattern matching through regular ex-
pressions in full-text content. Since accession number rules vary across NCBI
databases and many consist solely of numbers that cannot be automatically ex-
tracted via pattern matching, this study selected five commonly used databases
with well-defined formats and detailed accession number specifications: GEO
[10], RefSeq [11], SRA [12], CDD [13], and Assembly [14]. GEO is currently the
largest and most comprehensive gene expression database, collecting microar-
ray and high-throughput sequencing data submitted and shared by researchers
worldwide. RefSeq is a reference sequence database containing genomic and
transcript sample information, providing sequence data and related materials
for various organisms. The SRA database primarily stores next-generation se-
quencing raw data and associated quality control reports. CDD is a protein con-
served domain database collecting extensive conserved domain sequence and pro-
tein sequence information. The Assembly database provides assembled genomic
structures, related metadata, and assembly reports. Table 1 shows the regular
expressions constructed based on each database’s accession number rules.

Additionally, some literature contains batch usage patterns such as “GSE4357-
GSE4380” or “SRX001799 to SRX001808,” requiring separate batch extraction
rules with a maximum extraction threshold of 500; beyond this limit, such
patterns are ignored. After identification and extraction, we found 162,200
articles using datasets from the five databases, with a total of 435,920 datasets
used 2,606,552 times. Articles exhibiting dataset usage behavior account for
5.04% of all articles. Table 2 shows the distribution of dataset usage across the
five databases, with RefSeq containing 238,023 used datasets (approximately
55% of the total), indicating that datasets from this database receive substantial
attention and usage in the biomedical field.

2.3 Quantitative Analysis Indicators

Quantitative analysis employs direct indicators from datasets and dataset-using
literature to examine usage characteristics, including temporal distribution, doc-
ument type, disciplinary distribution, and high-frequency datasets. Quantita-
tive analysis uses the CountOne method [15], counting multiple uses of a dataset
in a paper as only one occurrence. Specific analysis contents include: � Tem-
poral distribution: analyzing annual trends in literature volume and dataset
usage counts to identify temporal patterns; � Document type: beyond research
articles and reviews, dataset usage appears in reports, briefings, comments,
etc., with statistical analysis revealing characteristic patterns across document
types; � Disciplinary distribution: exploring differential data usage needs across
disciplines from the perspective of publishing journals’ disciplinary affiliations;
� High-frequency datasets: analyzing characteristics of frequently used datasets
by ranking papers using specific datasets to identify research hotspots and re-
searcher preferences.
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2.4 Content Analysis Indicators

Content analysis employs detailed information about dataset mentions and us-
age in literature as indirect indicators, including usage intensity, usage sections,
and usage locations. Content analysis adopts the CountX method [16], incor-
porating all usage records of a dataset in a paper into the analysis. Table 3
provides detailed explanations of each indicator: � Usage intensity: using av-
erage usage frequency per paper to evaluate dataset impact within articles; �
Usage sections: dividing data usage into five detailed parts by section type to
compare dataset usage across different paper sections; � Usage location: cate-
gorizing eight data usage and presentation locations to compare dataset usage
characteristics in papers.

3. Results Analysis
3.1 Quantitative Analysis Results

3.1.1 Temporal Distribution From 1998 to 2021, 162,200 biomedical arti-
cles used 435,920 datasets. Figure 2 [Figure 2: see original paper] shows the
annual distribution of articles and dataset usage counts. After 2006, with the
transformation of research paradigms and the rise of data-driven disciplines
such as bioinformatics and medical informatics, both the number of articles
using datasets and dataset usage quantities began to grow dramatically. The
number of articles increased from 724 in 2006 to 27,279 in 2020, with an average
annual growth rate of 35.5%. Dataset usage counts grew from 24,783 in 2006 to
400,320 in 2020, with an average annual growth rate of 31.5%. Scientific data
sharing and reuse are profoundly influencing the development of biomedical re-
search fields, particularly opening new development avenues for biomedicine in
the past decade.

3.1.2 Document Type We identified 29 document types with dataset usage
behavior. Ranked by quantity, these include: research articles, briefings, re-
views, case reports, others, data papers, communications, corrections, product
reviews, abstracts, methods papers, editorials, systematic reviews, reports, arti-
cle commentaries, meeting reports, protocols, calendars, appendices, announce-
ments, retractions, chapter articles, concern statements, replies, book reviews,
research letters, descriptions, news. Research articles account for approximately
92% of the total literature. Figure 3 [Figure 3: see original paper] shows the
distribution across document types.

Excluding research articles, Figure 4 [Figure 4: see original paper] shows the
annual publication volume distribution for the seven document types with rela-
tively high dataset usage. Among these, product reviews first used datasets in
2004 (two articles using RefSeq and CDD datasets for gene database construc-
tion and protein specificity alignment software development testing [17-18]).
Subsequently, datasets began appearing in briefings, reviews, and case reports,
with review literature showing steady year-over-year growth in dataset usage,
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indicating that datasets have become research materials integrated into disci-
plinary development histories. Additionally, data papers emerging since 2014
have grown rapidly. As a new academic publication format primarily describ-
ing data structure, processing methods, and reusability, data papers are actively
promoting scientific data development and utilization [19].

3.1.3 Disciplinary Distribution Literature using datasets was published in
3,127 journals. The journal with the most publications is PLOS ONE, with
20,931 articles using datasets. To ensure broad coverage and enhance inter-
pretability, we excluded journals with fewer than 100 publications, yielding 229
journals with a total of 131,359 articles (approximately 81% of the total lit-
erature). Using the 2019 Journal Citation Reports from the National Science
Library, Chinese Academy of Sciences [20], we examined and evaluated the re-
search fields and impact of these top 229 journals. We found 181 SCI-indexed
journals, with 120 (66%) classified as Q1 or Q2. Disciplinary distribution and
journal quartiles are shown in Figure 5 [Figure 5: see original paper].

From a disciplinary perspective, biology journals account for 56% of the to-
tal, with biochemistry, molecular biology, genetics, and cell biology showing
the most frequent dataset usage. In medical fields, research & experimental
medicine, oncology, and psychiatry journals are most numerous, representing
the medical disciplines with highest dataset usage. The results also include
comprehensive disciplines, food science, and agricultural sciences, demonstrat-
ing the interdisciplinary and cross-disciplinary nature of scientific dataset usage.

3.1.4 High-Frequency Datasets Statistical analysis of dataset usage fre-
quency reveals that 346,115 datasets (79% of the total) were used only once.
Plotting dataset usage frequency against dataset count yields the relationship
shown in Figure 6 [Figure 6: see original paper] in both original and double log-
arithmic coordinates. Univariate linear regression produces: log(dataset count)
= 4.59 - 1.91 log(dataset usage frequency), with R2 = 0.88, showing a clear lin-
ear relationship. The results indicate that numerous datasets receive minimal
usage while a small number receive extensive usage.

Table 4 details the top 20 high-frequency datasets. Five datasets originate from
GEO, with the remaining 15 from RefSeq. The most frequently used dataset,
“GPL570,” is a commercial dataset from Affymetrix, a renowned U.S. biochip
company; the other four GEO datasets also come from this company’s chip prod-
ucts. Among the top 20 datasets, five focus on tumor research, three on actin
function, three on the human genome, three on glyceraldehyde-3-phosphate de-
hydrogenase, with others related to interleukins, Mycobacterium tuberculosis,
Escherichia coli, and SARS-CoV-2 research. High-frequency dataset usage in-
tuitively reflects disciplinary research hotspots.
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3.2 Content Analysis Results

3.2.1 Usage Intensity Traditional frequency metrics only indicate whether a
dataset appears in a paper. However, if dataset A is used repeatedly in a paper
while dataset B appears only once, dataset A’s impact on that article should
be greater. Therefore, this study employs usage intensity to analyze dataset
usage characteristics and influence. The dataset “NR_{033736}” from RefSeq
exhibits the highest usage intensity, being used 768 times in a single paper [21].
Based on overall usage patterns, we divided scientific dataset usage intensity
into 11 intervals, with results shown in Figure 7 [Figure 7: see original paper].

Figure 7 reveals that biomedical dataset usage intensity primarily falls between
1-6, with the highest concentration in the 2-3 interval, followed by 1, 5-6, and
1-2. This differs markedly from paper citations, as scientific datasets exhibit
more high-intensity usage phenomena, indicating that a single dataset may be
used repeatedly throughout the research process.

3.2.2 Usage Sections Different paper sections carry varying importance, and
datasets used in different sections consequently have different significance and
impact. Following the IMRaDC structure of empirical research papers [22],
we divided sections into five parts: abstract, introduction, data & methods,
results & discussion, and conclusion. Tables and figures listed in appendices
were assigned to corresponding sections via “id” markers. For non-research
articles such as data papers and product reviews that cannot be mapped to
these five sections, we manually assigned them to functionally similar sections;
those that could not be assigned were excluded from statistical analysis (a small
proportion that does not significantly affect results). Section distribution results
are shown in Figure 8 [Figure 8: see original paper].

Figure 8 shows that 49% of dataset usage occurs in the “data & methods” sec-
tion, followed by “results & discussion.” The “abstract” provides overviews with-
out extensive data elaboration; the “introduction” includes brief background on
methods and datasets; the “data & methods” and “results & discussion” sec-
tions focus on experimental data analysis and interpretation, making them the
two most dataset-intensive sections, accounting for approximately 95% of to-
tal dataset usage. The “conclusion” section contains minimal specific dataset
descriptions. Overall, dataset usage section distribution shows extreme imbal-
ance, reflecting the emphasis on empirical analysis and results interpretation in
biomedical literature and demonstrating the critical importance and influence
of scientific datasets in this field.

3.2.3 Usage Locations Similar to usage sections, datasets used in different
locations carry different importance and impact. We categorized usage loca-
tions into eight types: main text, tables, figures, references, acknowledgments,
appendices, footnotes, and annotations. Main text includes datasets appearing
in titles, abstracts, and body text. Location distribution results are shown in
Figure 9 [Figure 9: see original paper].
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Figure 9 indicates that biomedical datasets most frequently appear in tables,
followed by main text descriptions and figure captions. In biomedical literature,
tables and figures carry equal importance to main text, warranting attention to
table and figure data identification and utilization in related research. Notably,
datasets in references account for only 0.04% of total usage, indicating that
formally cited datasets remain rare. This suggests that scientific dataset formal
citation issues warrant greater attention, as standardized citation is crucial for
enhancing data value and promoting researchers’ enthusiasm for data sharing
and reuse.

4. Discussion and Conclusions
Based on the above results, we draw the following conclusions:

(1) The influence of scientific datasets on biomedical research is increasing
daily. Statistics based on paper counts and usage intensity represent the
breadth and depth of dataset usage, respectively. Broader usage scope
indicates greater actual impact, and the dramatic growth in papers us-
ing scientific datasets over the past decade demonstrates their increasing
influence. Usage intensity reveals unique dataset usage characteristics,
showing significantly higher intensity than citation intensity for papers
[23] and books [24], indicating that datasets are less frequently mentioned
as background references and more often directly used in conjunction with
research results.

(2) Data publishing and high-level journals promote scientific dataset open-
ness and sharing. Analysis of document types and disciplinary distribution
shows that datasets are gradually becoming independent research materi-
als playing key roles in scientific communication. Current data publishing
models—including data repositories, data journals, and joint data-paper
publishing—particularly the emergence of data journals, have made data
papers the fastest-growing vehicle for scientific data publication, estab-
lishing datasets as evaluable, measurable research outputs. Investigation
of Q1 journals reveals that all 51 journals provide detailed dataset sub-
mission requirements in author guidelines, demonstrating that high-level
journal initiatives in open data accelerate data sharing and reuse, advanc-
ing research progress.

(3) Dataset usage concentrates in the latter half of papers, with few formal
citations. Usage sections and locations show that datasets most frequently
appear in tables, followed by main text mentions. Researchers should 重
视 table and figure data mining. The most common sections are “data &
methods” and “results & discussion,” contrasting with other fields where
papers and books are typically cited in “introduction” sections [25-26].
Biomedical papers frequently cite literature and use datasets in “results
& discussion,” indicating this is the most important section, with approx-
imately 95% of dataset usage occurring in the latter half of papers. The

chinarxiv.org/items/chinaxiv-202304.00777 Machine Translation

https://chinarxiv.org/items/chinaxiv-202304.00777


small proportion of formally cited datasets in references suggests that
datasets are primarily listed through informal mentions, indicating both
the large number of datasets involved in biomedical research and the need
for further development of data citation standards. Formal citation is es-
sential for enhancing data value and motivating researchers to share and
reuse data.

This study provides comprehensive analysis from macro and micro perspec-
tives, offering more complete and reliable results than previous research and
providing references for scientific data management and services. Future ef-
forts should: (1) advance establishment of scientific data citation standards and
improve unique identifier and version management by scientific databases; (2)
ensure scientific database construction is professional, timely, and open, with
specialized databases maintained by professional teams and peer reviewers, and
guarantee free and open access through optimized multi-channel funding; (3)
strengthen scientific data talent cultivation in universities and libraries, includ-
ing data management researchers, data analysts, and data curators to meet
rapidly developing data management and service needs.

However, this study has limitations: (1) due to identification method con-
straints, we only examined datasets from five NCBI databases with relatively
standardized accession numbers, limiting research scope; (2) we analyzed only
from the paper perspective without examining dataset metadata and content,
equating dataset mentions with usage without further investigating usage in-
tentions, leaving room for deeper analysis. Future work will improve dataset
identification scope and accuracy, analyzing dataset usage characteristics and
impact from more granular perspectives.
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[Purpose/significance] This paper analyzes the use characteristics of scien-
tific datasets from the perspectives of quantitative analysis and content analysis,
quantitatively evaluates the impact of scientific datasets on disciplinary develop-
ment, and provides references for scientific data management services and policy
research. [Method/process] Methods of text mining and bibliometrics were
used to analyze the full-text literature in PubMed Central. This study compre-
hensively investigated the use of scientific datasets from seven aspects such as
time distribution and use intensity, and on this basis, evaluated the actual im-
pact of scientific datasets on disciplinary development. [Result/conclusion]
The research results show that the influence of scientific datasets on scientific
research in the biomedical field is increasing with each passing day. Data pub-
lishing and high-level journals promote the opening and sharing of scientific
datasets. The use of scientific datasets is concentrated in the second half of the
paper and there are few formal references. The corresponding standards and
specifications need to be further strengthened.
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