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Abstract
[Purpose/Significance] To reveal the academic contributions and evolutionary
characteristics of major countries in the field of library and information sci-
ence since 2002 across dimensions including total publication output, citations,
research topics, and academic collaboration, thereby providing references for
discipline construction in LIS and for researchers tracking research topics and
frontiers.

[Method/Process] Taking 86 core journals in the field of library and information
science indexed in the WoS database over the past 15 years as the research
object, this study applies research methods including bibliometrics, scientific
knowledge mapping, and econometric models, and utilizes data analysis tools
such as TDA, Ucinet, and VOSviewer to conduct an in-depth analysis of the
academic contributions of major countries in LIS from three perspectives: total
output characteristics, citation characteristics, and thematic characteristics of
academic papers, and constructs an econometric model to examine the influence
mechanisms of spatial distance and academic capacity on academic collaboration
among major countries.

[Results/Conclusions] The United States demonstrates strong research strength
in the field of library and information science, China exhibits the fastest growth
in academic contributions, while the Netherlands, Finland, and Belgium per-
form prominently on the normalized citation ratio indicator; research topics are
mainly concentrated in eight thematic categories: library, information retrieval,
Internet, knowledge management, social networks, metrics, user studies, and re-
search methods, with the United Kingdom, Spain, China, and the United States
having the most extensive research topics; both spatial distance and academic
capacity exert significant influence on international academic collaboration.
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Full Text
Abstract
[Purpose/Significance] This study reveals the academic contributions and
evolutionary characteristics of major countries in the field of library and in-
formation science (LIS) since 2002 across multiple dimensions, including total
scholarly output, citations, research themes, and academic collaboration. The
findings provide valuable references for discipline construction in LIS and for
researchers tracking research topics and frontiers. [Method/Process] Focus-
ing on 86 core journals in LIS indexed in the Web of Science (WoS) database
over the past 15 years, this research employs bibliometric analysis, scientific
knowledge mapping, and econometric models, utilizing analytical tools such as
TDA, Ucinet, and VOSviewer. The study conducts an in-depth analysis of ma-
jor countries’ academic contributions from three perspectives: publication vol-
ume characteristics, citation features, and thematic features, while constructing
an econometric model to examine the influence mechanisms of spatial distance
and academic capacity on academic collaboration among these countries. [Re-
sult/Conclusion] The United States demonstrates strong research strength
in LIS, while China shows the fastest growth in academic contributions. The
Netherlands, Finland, and Belgium excel in normalized citation rate indicators.
Research themes concentrate in eight categories: libraries, information retrieval,
internet, knowledge management, social networks, metrology, user studies, and
research methods, with the United Kingdom, Spain, China, and the United
States covering the broadest range of topics. Both spatial distance and aca-
demic capacity significantly influence international academic collaboration.

2 Framework Design and Implementation Mechanism
2.1 Framework Design

To comprehensively analyze the academic contributions of major countries in
LIS, this study constructs a research framework as shown in Figure 1 [Figure 1:
see original paper].

First, query construction and data collection. This study examines 86
core journals in LIS from the WoS Core Collection (SCI, SSCI, A&HCI) be-
tween 2002 and 2016, limiting document types to “Article” and using the ad-
vanced search expression “SU=library and information science.” This retrieval
yielded 47,758 records from 154 countries/regions, designated as dataset D1.
Simultaneously, based on author affiliation fields without distinguishing author
order (i.e., counting each appearance of a country in a paper without multiple
counting or ranking), we extracted 39,647 records from 19 major countries ac-
counting for over 1% of total publications, designated as dataset D2. We also
obtained 913,877 references from these 19 countries during 2002–2016, desig-
nated as dataset D3. Using WoS’s “Create Citation Report” function, we re-
trieved citation data for these 19 countries’ publications from 1999–2013 (with
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citations in 2002–2016 from all 154 countries/regions), totaling 81,970 records,
designated as dataset D4. The retrieval was conducted from January 10–13,
2018.

Second, data cleaning. The cleaning process focused on country and keyword
fields. (1) Country field cleaning: Merging different regional entries for the same
country (e.g., combining mainland China with Hong Kong and Macau, and
merging England, Scotland, and Northern Ireland). (2) Keyword field cleaning:
Comparative analysis revealed that author keywords in WoS better represent
research themes than system-assigned keywords, indicating high academic stan-
dards among LIS scholars in literature formatting. To clarify knowledge themes,
we standardized author keywords by merging synonyms, splitting compound
terms, and removing invalid keywords. For example, “information literacy” in
WoS includes four variants: information literacy, information literacies, informa-
tion alliteracy, and literacy:information, which required standardization. This
process reduced the 72,086 keywords in dataset D1 to 44,406.

Third, high-frequency term selection and co-occurrence matrix con-
struction. We selected 19 countries with over 1% publication share as major
countries. Following J.C. Donohue’s algorithm based on Zipf’s second law for
determining high-frequency keyword thresholds, we calculated the number of
high-frequency keywords using Formula 1, where I� represents the number of
high-frequency keywords and I1 represents keywords appearing only once.

8𝐼1
√

+1 − 1

Fourth, data analysis. This includes visual analysis of research themes and
empirical analysis of factors influencing academic collaboration.

2.2 Research Methods and Implementation Mechanism

Using the four standardized datasets (D1, D2, D3, D4), this study conducts
visual analysis of major countries’ academic contributions in LIS from four as-
pects.

First, based on datasets D2 and D3, we employ time-series analysis to compare
annual publication volume and citation patterns of major countries, examining
overall trends in scholarly output.

Second, based on dataset D4, we calculate the annual normalized citation ratio
(RoC) for major countries using L. Bornmann et al.’s method (Formula 2) to
compare citation impact across countries. In Formula 2, R�,� represents country
a’s normalized citation ratio in year t; P�,� is the number of publications by
country a in year t; C��,��3 represents citations received in year t+3 by these
publications from country j; M is the number of countries publishing in year t;
and N is the number of countries citing these publications in year t+3.
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Third, based on datasets D1 and D2, we construct thematic knowledge maps
for LIS. Using NetDraw integrated in Ucinet, we create thematic knowledge
maps and country-theme two-mode knowledge maps for different time windows.
VOSviewer is used to generate academic collaboration networks among major
countries across time windows, capturing the evolution of research themes and
applying content analysis to summarize thematic categories and their distribu-
tion across countries.

Fourth, based on dataset D2, we explore factors influencing academic collabora-
tion among major countries. We construct an econometric model incorporating
spatial distance and academic capacity variables to examine mechanisms affect-
ing collaboration, with empirical analysis conducted using Stata.

3 Analysis of Total Publication Output Characteristics
3.1 Temporal Analysis of Total Publication Output

Based on bibliometric analysis methods, countries’ publication volumes in LIS
directly reflect their research capacity and academic status [10] (see Table 1 and
Figure 2 [Figure 2: see original paper]).

Using SPSS 22.0 for curve fitting, we found that a linear function y = 0.046x2

- 181412.72 (R2* = 0.98) best fits the temporal evolution of total publications
from major countries. The United States and the United Kingdom rank first
and second respectively in total publications in the WoS Core Collection, with
the U.S. far outpacing other countries, accounting for 41.86% of total output
from all major countries. Notably, China and Spain have demonstrated rapid
growth, with China’s publications increasing sharply since 2004 and surpassing
the United Kingdom in 2012, while Spain has consistently ranked fourth since
2008. Canada, Australia, Germany, the Netherlands, South Korea, and Brazil
constitute the second tier of publication output.

3.2 Component Clustering Based on Publication Output

To better reflect temporal variations in publication output, we introduce the
coefficient of variation (CV), the ratio of standard deviation to mean. A higher
CV indicates greater fluctuation in a country’s annual output over the 15-year
period. The mean publication volume and mean CV for major countries are
158 and 0.41, respectively. Drawing on the Boston Matrix concept, we use these
means as axes to construct a two-dimensional matrix, dividing the 19 countries
into four components (see Figure 3 [Figure 3: see original paper]).

Component K1 (high market share but below-average growth rate) comprises
the United States, United Kingdom, and Canada—traditional research power-
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houses in LIS. Component K2 (above-average market share and growth rate)
includes China and Spain—emerging research powers. Component K3 (low
market share but above-average growth rate) consists of Brazil, South Korea,
Italy, South Africa, and seven other countries with research potential. Com-
ponent K4 (below-average market share and growth rate but maintaining up-
ward momentum) includes Finland, the Netherlands, Singapore, and Belgium—
countries with slowing research growth.

4 Analysis of Citation Characteristics of Publication Out-
put
Citation analysis objectively evaluates the recognition and attention received by
countries’ research achievements and measures their influence in international
knowledge exchange and cooperation [11]. This study employs two indicators—
citation volume and normalized citation ratio (RoC)—for temporal analysis.

4.1 Temporal Analysis of Citation Volume

Analysis results for major countries’ citation volumes are presented in Table 2
and Figure 4 [Figure 4: see original paper]. The United States shows citation
growth far exceeding other countries, with a mean citation share of 51.74%.
The United Kingdom, Canada, and China rank second, third, and fourth respec-
tively. Combined with Figure 5 [Figure 5: see original paper], which compares
publication and citation rankings, the U.S. and U.K. dominate both metrics,
reflecting long-term government and funding agency support for LIS and accu-
mulated academic achievements. Canada, as a K1 research powerhouse along-
side the U.S. and U.K., also demonstrates substantial impact, ranking third in
citation influence. China shows remarkable growth in both publications and ci-
tations over the past 15 years, ranking third and fourth respectively, indicating
strong research momentum despite a slightly lower citation ranking. Conversely,
Brazil, Spain, and Italy exhibit citation rankings significantly lower than their
publication volumes, suggesting a need to improve publication quality. Den-
mark, Finland, and Singapore, while ranking lower in output, achieve citation
performance exceeding their publication rankings, representing a “small but ex-
cellent” model. Australia, Germany, South Korea, and Sweden show consistent
rankings between output and citation metrics.

4.2 Temporal Analysis of Normalized Citation Ratio

Applying Formula 2, we calculated the annual RoC for major countries from
1999–2013 and computed mean RoC values (see Table 3 ), classifying countries
into three expectation-based subgroups. The evolution of each subgroup’s RoC
over time is shown in Figure 6 [Figure 6: see original paper].

(1) Exceeding expectations (RoC ≥ 1.2): Eleven countries exceed expec-
tations, with the Netherlands, Finland, and Belgium ranking top three. Despite
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modest publication volumes, these countries achieve high citation levels inter-
nationally. The United States and Canada also achieve RoC > 1.2, indicating
exceptional quality alongside high productivity, suggesting they will maintain
their leadership positions. Notably, China’s RoC reaches 1.53, demonstrating
strong research strength in both quantity and quality.

(2) Meeting expectations (0.8 ≤ RoC < 1.2): The United Kingdom,
Italy, Spain, and Germany meet expectations, with the U.K. achieving an RoC
of 1.14, maintaining high-quality output amid rapid technological development
and paradigm shifts.

(3) Below expectations (RoC < 0.8): Brazil, France, India, and South
Africa fall below expectations, lagging in both publication quantity and quality.

5 Thematic Knowledge Mapping Analysis of Publication
Output
Keywords, as distillations of research content, reflect study themes and serve as
important indicators in bibliometric research [12]. Constructing thematic knowl-
edge maps from keyword co-occurrence matrices enables visual interpretation of
research content and better understanding of knowledge development trajecto-
ries and frontiers [13]. This study analyzes LIS thematic knowledge maps from
temporal and country dimensions.

5.1 Evolution of Thematic Knowledge Mapping in Different Time
Windows

5.1.1 Thematic Knowledge Network Mapping. Using dataset D1, we di-
vided the 15-year period into three equal time windows: T1 (2002–2006), T2
(2007–2011), and T3 (2012–2016). Applying Donohue’s high-frequency thresh-
old algorithm (Formula 1), we identified 120 high-frequency keywords for T1
(4,515 occurrences, 56.15% of total), 172 for T2 (10,583 occurrences, 59.03%),
and 219 for T3 (17,902 occurrences, 63.23%). Using Thomson Data Analyzer
to construct co-occurrence matrices and NetDraw for visualization, we created
thematic knowledge maps for each window (see Figure 7 [Figure 7: see origi-
nal paper]). The network structures show increasing density and more frequent
co-occurrence behavior among high-frequency keywords across time windows.

5.1.2 Thematic Category Analysis. Thematic analysis reveals eight major
categories: libraries, information retrieval, internet, knowledge management,
social networks, metrology, user studies, and research methods.

• T1 period: Themes include “internet” (linked to e-commerce, ICT, dig-
ital divide), “libraries” (linked to interlibrary loan, document delivery,
e-journals), and “information retrieval” (linked to search engines, classifi-
cation, databases).

• T2 period: Themes expand to include “internet” (evolving from Web
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1.0 to Web 2.0), “information retrieval” (linked to semantic web, digital
libraries), “user studies” (focused on information needs, behavior, liter-
acy), “knowledge management” (linked to knowledge sharing, transfer,
creation), “bibliometrics” (measuring research performance and collabo-
ration), “social networks” (studying Twitter, Blogs, Facebook with sen-
timent analysis and privacy issues), and “qualitative research methods”
(frequently using interviews, case studies, and grounded theory in health-
care contexts).

• T3 period: Themes include “information retrieval” (shifting focus to in-
formation needs, behavior, literacy), “academic libraries” (linked to open
access, social networks, information literacy), “knowledge management”
(increasing emphasis on intellectual property and social network-based dis-
aster management), “bibliometrics,” “social networks,” and “qualitative
research methods.”

5.1.3 Highly Cited Paper Analysis. Content analysis of highly cited papers
across time windows and thematic categories identifies ESI highly cited papers
from the past 15 years (see Table 4 ). These papers focus on social networks,
user behavior, big data, and information systems, primarily published in MIS
Quarterly, Journal of Computer-Mediated Communication, and JASIST.

5.2 Two-mode Knowledge Mapping Analysis of Country-Theme

5.2.1 Two-mode Knowledge Mapping. Two-mode networks analyze
relationships between two different node types, specifically affiliation net-
works [25]. Our network comprises countries and keywords as nodes. Since
dataset D2 counted all authors’ contributions (potentially double-counting
multi-country papers), it provides comprehensive assessment of countries’
contributions to different themes. We selected 114 keywords with frequency
$�100, 𝑐𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑛𝑔𝑎19×$114 two-mode matrix. To manage complexity, we
retained only keywords in the top quartile of association strength for each
country and removed keywords with association strength <25, resulting in a
final matrix with 19 country nodes and 65 keyword nodes, visualized in Figure
8 [Figure 8: see original paper].

5.2.2 Two-mode Network Centrality Analysis. Centrality analysis results
for country and keyword nodes are shown in Table 5 . Social networks, informa-
tion retrieval, and knowledge management represent the hottest research topics
with the strongest research forces. The United Kingdom, Spain, China, and
the United States exhibit the broadest research themes. The U.K. excels in li-
brary science topics (document delivery, public libraries, e-books). Spain leads
in metrology topics (webometrics, semantic web, research evaluation). China
shows strong performance in text mining, data mining, H-index, user satis-
faction, and technology acceptance models. The United States demonstrates
depth in digital divide, digital libraries, trust/privacy issues, and knowledge
sharing/decision support.
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6 Analysis of Factors Influencing Academic Collaboration
Among Major Countries
6.1 Factor Discovery Based on Country Collaboration Knowledge
Mapping

As scientific collaboration deepens, the international academic collaboration
landscape in LIS evolves accordingly. We constructed collaboration networks
for three time windows among 19 major countries to explore collaboration mech-
anisms. In Figure 9 [Figure 9: see original paper], node sizes represent publi-
cation volumes, line thickness indicates collaboration intensity, and node colors
represent clusters identified by VOSviewer.

Figure 9 shows increasing collaboration frequency, with network density reach-
ing 0.93 in T3. The United States, United Kingdom, China, and Canada con-
sistently rank top in centrality, maintaining solid collaborative relationships.
Other countries show relatively stable collaboration partners over time. Set-
ting a collaboration threshold of 10 reveals clear regional patterns: Sweden
collaborates only with European neighbors (Netherlands, Germany, Finland),
while Singapore collaborates only with Asian neighbor South Korea. Studies
by Acosta et al. [26] and Parreira et al. [27] confirm spatial distance as a key
factor, as collaboration costs increase with distance.

6.2 Empirical Analysis of the Academic Collaboration Influence Fac-
tor Model

Building on Zhang and Ouyang’s [28] gravity model for academic collaboration,
we construct our model (Formula 3), where H��,� represents collaborative pub-
lications between countries i and j in period t; P1�,� and P2�,� represent their
respective publication outputs (academic capacity); D�� is spatial distance (cal-
culated from capital city coordinates); and ���,� is the error term.

𝐻𝑖𝑗,𝑡 = 𝛼0 + 𝛼1 ln𝑃1𝑖,𝑡 + 𝛼2 ln𝑃2𝑗,𝑡 + 𝛼3 ln𝐷𝑖𝑗 + 𝜀𝑖𝑗,𝑡

The 19 countries include 4 Asian, 10 European, 2 North American, and 1 each
from South America, Oceania, and Africa. We analyze collaboration models by
continent (Asia, Europe, North America) and time window (T1, T2, T3). Since
H��,� is a count variable, negative binomial regression is appropriate. Empirical
results using Stata 14.0 are shown in Table 6 .

Results indicate that both countries’ research capacities significantly and pos-
itively influence collaboration, while spatial distance has a significant negative
effect, though academic capacity’s impact is stronger. Improving publication
quality is thus an effective way to overcome spatial barriers and promote inter-
national exchange.

(1) Impact of academic capacity: Asian countries’ collaborations are more
strongly influenced by academic capacity. Across continents, collaborators’ aca-
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demic capacity has greater impact than one’s own capacity, and this influence
strengthens over time.

(2) Impact of spatial distance: Asian countries (China, South Korea, Singa-
pore, India) are most affected by spatial distance, with frequent intra-regional
collaboration but limited intercontinental exchange. European countries also
show regional tendencies, while North American countries (U.S., Canada) are
less constrained by distance, demonstrating better international perspectives.
Over time, regionalization of academic exchange has intensified, contrary to as-
sumptions about increasing internationalization, possibly due to political, eco-
nomic, and cultural cooperation within regions and facilitation by organizations
like the EU and APEC.

7 Conclusions and Discussion
This study collected 15 years of publication and citation data for 19 major LIS
countries, constructing co-word matrices and scientific knowledge maps to ana-
lyze contributions from publication, citation, and thematic perspectives, while
revealing mechanisms influencing academic collaboration.

The United States demonstrates formidable research strength and outstanding
academic contributions in LIS. China shows the fastest growth, ranking second
in publication volume in recent years. The United Kingdom, Canada, Spain,
and Australia also rank high across dimensions, while the Netherlands, Finland,
and Belgium exceed expectations in normalized citation rates. Research themes
concentrate in eight categories, with the U.K., Spain, China, and the U.S. cov-
ering the broadest ranges. Spatial distance and academic capacity significantly
affect collaboration, with both factors’ influence increasing over time. Among
the three continents, Asian countries’ collaborations are most affected by these
factors.

Limitations: This study comprehensively reveals international academic con-
tributions in LIS at the publication level but does not examine countries’ partic-
ipation in international conferences, academic institutions, or journal editorial
boards, nor does it assess the social impact of their research. These aspects
represent directions for future work.
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