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Abstract
Scientific activity has become increasingly complex in recent years. The need for interna-
tional research collaboration has thus become a common pattern in science. In this current 
landscape, countries face the problem of maintaining their competitiveness while cooperat-
ing with other countries to achieve relevant research outputs. In this international context, 
publications from international collaborations tend to achieve greater scientific impact than 
those from domestic ones. To design policies that improve the competitiveness of coun-
tries and organizations, it thus becomes necessary to understand the factors and mecha-
nisms that influence the benefits and impact of international research. In this regard, the 
aim of this study is to confirm whether the differences in impact between international and 
domestic collaborations are affected by their topics and structure. To perform this study, 
we examined the Library and Information Science category of the Web of Science data-
base between 2015 and 2019. A science mapping analysis approach was used to extract 
the themes and their structure according to collaboration type and in the whole category 
(2015–2019). We also looked for differences in these thematic aspects in top countries 
and in communities of collaborating countries. The results showed that the thematic factor 
influences the impact of international research, as the themes in this type of collaboration 
lie at the forefront of the Library and Information Science category (e.g., technologies such 
as artificial intelligence and social media are found in the category), while domestic col-
laborations have focused on more well-consolidated themes (e.g., academic libraries and 
bibliometrics). Organizations, countries, and communities of countries must therefore con-
sider this thematic factor when designing strategies to improve their competitiveness and 
collaborate.
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Introduction

Over the years, literature on international research collaboration (IRC) has reported 
an increase in international scientific activity (Gazni et  al., 2012). According to Adams 
(2013), this phenomenon of internationalization is a consequence of the increasing com-
plexity of science, since difficult problems require multidisciplinary teams, as well as a 
large pool of funding resources (Larivière et al., 2015). Hence, IRC is considered a stra-
tegic approach to enhance the competitiveness and economic wealth and prosperity of 
nations and communities of countries (European-Commission, 2021). Accordingly, nations 
started to implement science policies to attract new talent, encouraging academics to move 
abroad and participate in international projects (Suresh, 2012).

The global science system has changed toward the internationalization of science, or 
what is known as the fourth age of research (Adams, 2013), and nations assess their com-
petitiveness by measuring their scientific production and impact (Franzoni et  al., 2011). 
However, they face the trade-off of cooperating while maintaining a high level of com-
petitiveness (Chinchilla-Rodríguez et  al., 2019). This dichotomy is increasing, mainly in 
two regards: the knowledge required to be competitive and the assets that the countries 
exclusively have (i.e., the knowledge needed to be competitive might not be fully covered 
by the country’s assets), and the part of the knowledge that is produced domestically and 
that which is produced via international collaboration (Adams, 2013).

Mobility and migrant researchers are also increasing, as researchers who move abroad 
tend to achieve higher impact and enhance their careers (Robinson-Garcia et  al., 2019; 
Sugimoto et al., 2017). Indeed, mobility is the pathway to IRC (Kato & Ando, 2017), and 
nations might lose this talent if returning policies are not implemented efficiently (Adams, 
2013).

In this context, IRC has great benefits in terms of increasing impact in comparison with 
domestic collaboration practices (Chinchilla-Rodríguez et  al., 2019; Gazni et  al., 2012; 
Larivière et al., 2015; Narin & Whitlow, 1990; Persson, 2010; Sooryamoorthy, 2017; Sugi-
moto et al., 2017), which adds complexity to the problem of designing policies to improve 
the competitiveness of nations. In this sense, IRC has been studied during the last three 
decades to try to understand and measure its growth, impact, and causes of its increase, and 
to aid the design of better science policies (Chen et al., 2019). Numerous works have con-
firmed the increase in collaboration practices (Adams, 2012; Fortunato et al., 2018; Gazni 
et al., 2012; Larivière et al., 2015; Narin & Whitlow, 1990). Cultural, political, geographi-
cal, and linguistical factors have been shown to influence IRC strongly (Frame & Carpen-
ter, 1979; van Raan, 1997). With regards to the causes of this increase, self-citations do 
not seem to be the cause of the difference in impact between international and domestic 
collaborations (Van Raan, 1998), and the aforementioned growth is not uniform between 
fields of study (Gazni et al., 2012). Also, the increased impact of IRC does not affect all 
countries equally, and indeed a strong dependence on IRC may point to a lack of resources 
to be independent; countries that do not benefit from IRC may neglect leadership as well 
as their own development, with negative consequences on linguistic and thematic diver-
sity (Chinchilla-Rodríguez et al., 2019). Publishing in open access and with international 
collaborators increases impact (Gabrielle Breugelmans et al., 2018). Government funding 
does not, on average, have a significant effect on the citation impact achieved by IRC stud-
ies in the Organisation for Economic Co-operation and Development (OECD) (Leydesdorff 
et al., 2019). However, there are still unexplored factors that may influence the benefits that 
different countries and organizations obtain from IRC (Chen et al., 2019).
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Moreover, it is worth mentioning that IRC is not the only factor affecting the impact of 
papers. Tahamtan et al. (2016) concluded that three categories of factors might affect the 
number of citations: paper-related factors (e.g., the quality of the paper, the novelty of the 
work, and the characteristics of each field), journal-related factors (e.g., the impact factor 
and scope of the journal, and the form of publication), and author(s)-related factors (e.g., 
the number of authors, the international and national collaborations of the authors, and 
their gender, age, and race).

Moreover, the competitiveness of countries can be related to their low dependence on 
IRC in some scientific fields (Chinchilla-Rodríguez et  al., 2019), and in particular those 
that are more scientifically relevant (with high relative citation counts). Therefore, to be 
competitive, it is key to understand the strong themes (in terms of citation impact) that 
are at the forefront of the research, in which the nations and institutions have low depend-
encies, to potentiate them even more. In addition, it is also important identifying themes 
where the nations or institutions are depending too much on external collaboration, which 
is related to the lack of resources and low competitiveness, to increase their competitive-
ness in these themes by, for example, attracting foreign researchers or increasing the fund-
ing in these topics. Citation impact is partially related to scientific impact as well, as topics 
with high citation impact hold the attention or interest of the scientific community (Aksnes 
et al., 2019). Nonetheless, the use of citation impact has been criticized by other authors 
since it does not reflect all the dimensions of scientific impact, such as solidity/plausibil-
ity, originality, and societal value (Aksnes et al., 2019; Wilsdon, 2015). However, citation 
impact reflects some aspects related to scientific impact and relevance, and has been used 
as a proxy to carry out research evaluations in different scientific contexts, including insti-
tutions, nations Chinchilla-Rodríguez et  al. (2019) and Moed (2005), and research pro-
posals (Cabezas-Clavijo et al., 2013), among others. According to Robinson-Garcia et al. 
(2018), other indicators, such as altmetrics, could extend this coverage of impact to some 
of these other dimensions, e.g., societal impact.

In addition, owing to the increasing availability of digital data (Fortunato et al., 2018), 
new tools to analyze science and detect its patterns have emerged. Bibliographical net-
works and science mapping analysis tools have taken advantage of this opportunity to bet-
ter understand science and its evolution (Batagelj & Cerinšek, 2013; Cobo et  al., 2012; 
Moral-Muñoz et al., 2020).

Therefore, to define a strategy for international collaboration, there is first a need to 
understand the features of international collaboration and what factors are causing its 
increased citations compared with other types of collaboration. The aim of this paper is to 
provide insights specifically in this vein, focusing on the theme of collaboration types, as 
expertise in areas of knowledge is one of the exclusive assets that institutions and nations 
have in order to be competitive (Adams, 2013).

In this paper, we specifically examined the Library and Information Science (LIS) part 
of the Web of Science database during 2015–2019 through its bibliographical networks, 
as well as applying science mapping analysis methods. Some works have analyzed themes 
and research trends in the LIS category (e.g., Bauer et  al. (2016), Galvez (2018), Han 
(2020), Han et al. (2014), Hsiao and Hua Chen (2020), Ma and Lund (2021), Mokhtarpour 
and Khasseh (2020), Olmeda-Gómez et al. (2017), Yan (2015), Yan et al. (2010)), and the 
benefits of IRC in LIS have also been confirmed in literature (Asubiaro, 2019; Sin, 2011). 
However, to the best of the authors’ knowledge, no study has examined the themes and 
how they are structured in terms of types of collaboration in the LIS field, nor has it been 
shown whether they might be one of the factors that explain the gain in impact of IRC in 
LIS.
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The main objective of this paper is thus to identify whether the asymmetry in impact 
between research collaboration types might be caused by thematic and structural factors, 
which is a key focus in IRC (Chen et al., 2019). These factors can be verified at multiple 
levels, and we focus herein on a comparison of the themes and structure between collabo-
ration types as a whole, as well as at the levels of country and of communities of collabo-
rating countries. Understanding how the knowledge base of a field is disseminated among 
local, national, and international research, as well as in countries and communities of coop-
erating countries, is fundamental to help the design of future policies. We thus seek to 
answer the following research questions:

– RQ1 Are there any differences in citation impact between research collaboration types?
– RQ2 Are there any topological differences within the conceptual network between the 

different collaboration types?
– RQ3 Are there any topological differences within the social network between the differ-

ent collaboration types?
– RQ4 Are there any differences in themes and their impact on the different collaboration 

types?
– RQ5 Are there any differences in the structure of themes of collaboration types accord-

ing to the strategic diagram?
– RQ6 Are there any differences in top countries according to themes for different col-

laboration types?
– RQ7 Are there any differences in groups of collaborating countries at the international 

collaboration level according to international themes?

To answer these research questions, the papers in the LIS category published during 
2015–2019 were retrieved from the Web of Science database, and the resulting corpus 
was analyzed by means of science mapping analysis, bibliographical networks, and perfor-
mance measures.

The remainder of this paper is organized as follows: First, the methodology used to 
carry out the study is explained. Then, the results obtained are presented and described. 
Next, the discussion regarding all the results from a “whole” perspective and the findings 
of the study are presented. Finally, the conclusions and possibilities for future work are 
described.

Methodology

In this section, the process used to retrieve, analyze, and visualize the data is detailed to 
address the stated research questions. Before explaining the specific methods used, the 
retrieval and cleaning of the data are specified. To perform this study, the required data 
could be retrieved from several bibliographical databases, such as Scopus, Web of Sci-
ence, Dimensions, or ScholarMetrics, among others (Martín-Martín et  al., 2018; Vis-
ser et  al., 2021). For this paper, data were collected from the Web of Science using the 
query WC=“Information Science & Library Science” AND PY = 2015–2019 AND DT = 
(ARTICLE OR REVIEW) to search in the Science Citation Index Expanded (SCIE) and 
Social Sciences Citation Index (SSCI). The authors acknowledge that delimiting the field 
using a whole category could introduce limitations since some papers might not be related. 
However, it is important to note that limiting the field of LIS with a query on the basis of 
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keywords is very complex and may introduce biases. Moreover, selecting journals manu-
ally also increases the problem of biases. We thus chose to limit the field using a standard 
category, since this is the best way to ensure an objective and clear criterion to select all 
papers related to the LIS field. It should also be pointed out that our objective is to analyze 
the field of LIS rather than a subfield such as bibliometrics.

A cleaning process was then applied to the data by removing papers without affiliations 
and preprocessing the author’s keywords. After that, the author’s keywords representing the 
same concept were joined (e.g., artificial neural networks, ANN, neural networks; CRIS, 
CRIS System; current research information system; h-index, Hirsch index), and authors’ 
keywords with a broad meaning, known as stop words, were removed (e.g., adolescent/s; 
algorithm/s; case study/studies; number/s). This preprocessing was performed using the 
SciMAT software (Cobo et al., 2011b, 2012; Moral-Muñoz et al., 2020) by joining singular 
with plural words automatically. After that, the authors of this paper manually revised the 
whole set of keywords to join them if and only if the words represented the same concept. 
Next, the “whole” dataset was created, and it was divided into three different collaboration 
types according to previous studies (Chinchilla-Rodríguez et al., 2019; Gazni et al., 2012):

– Local type Papers in this category must include only one organization and one country.
– National type Papers with national collaboration must include a number of organiza-

tions greater than one and include only a single country.
– International type Papers are classified under this category when two or more countries 

are collaborating.

It is important to clarify that, apart from the aforementioned types of collaboration, this 
study also utilized the whole dataset. After this common process was finished, the research 
questions could be addressed by using specific methods over the four datasets obtained 
(i.e., whole, local, national, and international).

Regarding the question of asymmetry in citation impact between the different collabo-
ration types (RQ1), a variety of indicators related to citation impact, such as the h-index, 
the geometric mean of citations (Thelwall, 2016), and the standard deviation and median 
of citations, were measured. Moreover, and specifically focusing on highly cited papers 
(HCP), they were extracted utilizing two methods:

– H-classics for each year of the whole dataset, we measure the h-index (Hirsch, 2005), 
and papers belonging to the h-core were identified as HCP (Martínez et al., 2014). The 
h-core is the set of documents with h or more citations, with h being the Hirsch index 
(Rousseau, 2006).

– Best 1% for each year of the whole dataset, we sort the papers by number of citations 
and identify 1% of each year as HCP.

General measures were also computed to understand how papers are divided into the col-
laboration types, specifically the number of papers, percentage of papers, total citations, 
number of uncited papers, and percentage of uncited papers.

To address whether the differences in citations could be caused by topological differ-
ences in the conceptual (RQ2) or social networks (RQ3), we built two different networks, 
based on cowords and coauthors. These networks were built using the author’s keywords 
and author names from each document, which are the nodes in the networks. The edges 
joining two nodes are representative if two keywords or authors (depending on the net-
work built) appeared together in the documents or not. The network has two attributes: the 
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frequency of a node (i.e., how many times this node appeared in the documents), and the 
co-occurrence frequency of two nodes (or the weight of an edge), which is the number of 
times that the two nodes appear together in a document. To precisely address the question 
of finding social and conceptual topological differences in collaboration types, we com-
puted the following topological properties of the constructed networks: average degree, 
diameter, assortativity based on the degree, number of components, number of nodes of the 
biggest component (absolute and relative), average path length, and density. The number of 
nodes and number of edges were also computed to understand the size of the networks.

Furthermore, to reveal the themes and citation impact in the different collaboration 
types (RQ4), we detected the communities (themes) in the “whole” coword network, and 
extracted the citation impact for each of them. To do so, a normalization process was first 
performed over the frequency of co-occurrence (edge weight) by means of the equivalence 
index (Callon et al., 1991). After that, we extracted the “whole” themes by applying the 
Leiden community detection algorithm (Traag et  al., 2019) to the normalized “whole” 
coword network. The Leiden algorithm was chosen owing to its advantages (e.g., guaran-
tees regarding well-connected communities) over other algorithms.

After extracting the themes, the documents with keywords belonging to each theme 
were also analyzed. For this study, the documents of a theme are the union of the docu-
ments with any of the keywords of the theme. Using these, we measured the citation 
impact and general indicators of the themes found in the whole network. It is worth men-
tioning that, in these “whole” themes, the documents can have either local, national, or 
international collaboration. Therefore, to address RQ4, the global citation impact of each 
theme was measured by means of the following: citations geometric mean, the h-index, 
mean normalized citation score (MNCS) (Waltman et al., 2011), total and percentage of 
citations, percentage of uncited papers, and percentage of HCP. The percentage of HCP in 
each theme was measured in two ways: over the total number of HCP identified in the first 
research question (regardless of the type of collaboration), and over the number of papers 
related to the theme. The former facilitates the identification of themes with higher ratio 
of HCP, with the values being comparable between types of collaboration, while the lat-
ter helps to identify high-impact themes in the context of each collaboration type. We also 
measured the percentage of papers with each collaboration type.

The following citation impact indicators for the “whole” themes and collaboration types 
were also measured: percentage of uncited papers, citations’ geometric mean, and HCP 
(percentage of HCP over the total papers with the collaboration type related to the theme). 
The percentage of papers by collaboration type was also measured to obtain the degree of 
collaboration of each theme.

To provide a more complete picture of the collaboration types, we also carried out 
the same process but splitting the dataset before constructing the network. The themes 
extracted in this analysis thus provide a detailed overview of each collaboration type. For 
the specific themes extracted from each collaboration type, we measured the same indica-
tors for the “whole” analysis without the specific measures for each collaboration type, as 
in these themes only papers with a specific collaboration type are found. Therefore, the 
HCP percentage measure for each theme over the “whole” HCP papers helps to compare 
the citation impact of particular themes according to collaboration type.

The structure of collaboration types (RQ5) was revealed by measuring the internal and 
external cohesion of the themes according to their density and centrality. With these two 
measures, the themes of each collaboration type (i.e., whole, local, national, international) 
were plotted in a strategic diagram (Cobo et al., 2011a). The strategic diagram classifies the 
themes into four categories: motor, basic and transversal, highly developed and isolated, 
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and emerging or declining. Motor themes (upper right) are those related externally to con-
cepts that are applied to other themes that are conceptually close. Highly developed and 
isolated themes (upper left) have strong internal links, but not important external ties so 
have marginal importance for the field. In the bottom left part, themes are weakly devel-
oped and marginal, mainly representing emerging or disappearing themes. Themes in the 
bottom right part of the diagram are basic and transversal, since they have strong ties with 
the rest of themes but are not developed. The themes were labeled by selecting the most 
central keyword of the cluster. Using this analysis and these visualizations, the differences 
and similarities of the structure between collaboration types were studied.

Moreover, to analyze the differences of top productive countries according to the themes 
(RQ6), the relative contribution of each one in relation to the themes in each type of col-
laboration was compared. To achieve this, we focused on the top ten countries globally 
(i.e., selecting the top ten countries with the most papers published in the whole dataset). 
For each type of collaboration, the top five countries not included in the global ranking 
were selected as well. In the case of the whole network, we focused on the top 15 coun-
tries. Consequently, we could observe how the research output of top countries was dis-
tributed throughout the themes and compared the “whole” ones concerning the types of 
collaboration. To complement the analysis of top countries by collaboration type, we also 
studied the coauthors’ networks of each top country, thereby showing how the knowledge 
base of countries varies according to collaboration practices.

Regarding the above-mentioned fourth age of research, as countries cooperate among 
themselves, it is interesting to study the communities of countries and their respective 
knowledge bases (themes) (RQ7). To do so, we built a co-country network using the inter-
national collaboration dataset. We then applied the Leiden algorithm over the whole co-
country international network (Traag et  al., 2019) to find communities of countries that 
collaborate together. Subsequently, we obtained the distribution of the papers in the inter-
national themes extracted when answering RQ4. Finally, once the results were obtained 
and combined with the performance measures of the detected themes, we studied how 
research in communities of countries varies, taking into consideration the impact of the 
themes.

Results

According to the methodology described in “Methodology” section, a bibliometric analysis 
was performed, aiming to analyze whether one of the factors for the increase of IRC impact 
is the existence of a difference in the conceptual structure of collaboration types. A total 
of 22,127 papers were retrieved on 6 October 2020 using the advanced query explained 
above.

Differences in the citation impact (RQ1)

To address RQ1, we carried out a quantitative analysis of the impact according to collabo-
ration type as explained in “Methodology” section. The results (Table 1) showed that there 
exists a difference in impact, as noted in the geometric mean of citations. This benefit can 
also be seen in the number of HCP, either by 1% or the H-classics method, as they increase 
when the collaboration level is higher, whereas the proportion of uncited papers decreases 
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accordingly. Papers with local collaboration represent half of the total, while national and 
international papers accounted for the rest, with similar amounts.

Note that 1801 papers had no affiliation information (i.e., neither the country nor 
the organization) and were discarded (these 1801 papers represent 8.13% of the 22,127 
papers). Therefore, the sum of the papers from the three types of collaboration was not 
equal to the total number of retrieved papers.

In addition, as shown in Fig. 1, there is a pattern in the citation distributions of the types 
of collaboration. As the collaboration level increases, the number of outliers decreases, 
and the citation distribution shifts to higher citations. This can be noticed in the maximum 

Table 1  Impact measures 
according to collaboration type

To compute the geometric mean, zeros were treated by adding one to 
every value

Measure Local National International

H-index 70 61 75
Citations (geometric mean) 4.14 5.13 6.3
Citations (standard deviation) 17.77 15.05 23.39
Citations (median) 3 4 5
Uncited papers 2069 703 636
Uncited papers (%) 20.37% 14.78% 11.75%
HCP (H-classic) 92 55 125
HCP (H-classic) (%) 0.91% 1.16% 2.31%
HCP (1% whole) 65 43 96
HCP (1% whole) (%) 0.64% 0.9% 1.77%
Papers (%) 49.98% 23.39% 26.63%
Number of papers 10,158 4755 5413
Total citations 69,244 39,995 60,863

Fig. 1  Boxplot of local, national, and international collaboration citations. The number of citations is plot-
ted on a log scale; zeros were treated by adding one to each value of the distribution
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number of citations without outliers, as well as the median of citations, which is higher in 
each collaboration type than in the previous one (local < national < international).

In addition, as shown in Fig.  1, the maximum of citations without outliers is higher 
when the collaboration level increases, and the outliers are more reduced in national and 
international collaboration in comparison with the local collaboration type. The 25% of 
most cited papers increases when the academic collaboration is higher; this can be noticed 
by the third quartile being higher in each collaboration type.

Topological analysis of conceptual networks (RQ2)

Analyzing the conceptual and social structure of the LIS field is fundamental to discover-
ing their effects on the scientific impact of collaboration levels. Aiming to understand how 
scientific impact of collaboration types may be influenced by social and conceptual struc-
tures, we studied the coauthor and coword networks. Therefore, Tables 2 and 3 present dif-
ferent measures to characterize the coword and coauthor collaboration networks: the size 
of each collaboration network (#nodes), the number of links between them (#edges), the 
average number of edges incident on nodes (Avg. degree), the largest distance between any 
pair of nodes (diameter), the tendency of a node to be linked to similar nodes on the basis 
of the degree (assortativity), the number of network-independent components, the number 
of nodes in the biggest component (#Nodes P. Component), the percentage of nodes of the 

Table 2  Topological properties 
of the conceptual networks

Local National International Whole

#nodes 19,776 11,366 13,954 35,578
#edges 100,438 49,975 63,089 201,939
Avg. degree 10.2 8.8 9 11.3
Diameter 11 10 10 10
Degree assortativity − 0.03 0 − 0.01 − 0.04
#Components 279 225 228 380
#Nodes P. Component 18,498 10,351 12,978 33,939
%Nodes P. Component 93.5% 91.1% 93% 95.4%
Avg. path length 3.8 4.1 4 3.7
Density 0.05% 0.08% 0.06% 0.03%

Table 3  Structural measures of 
the coauthor networks

Local National International Whole

#nodes 17,238 13,642 13,434 37,878
#edges 23,833 36,617 41,671 99,910
Avg. degree 2.8 5.4 6.2 5.3
Diameter 25 19 20 27
Degree assortativity 0.7 0.5 0.9 0.7
#Components 5810 2037 1620 6,59
#Nodes P. Component 1840 4722 6233 18,924
%Nodes P. Component 10.7% 34.6% 46.4% 49.9%
Avg. path length 9.1 7.2 7 7.3
Density 0.02% 0.04% 0.05% 0.01%
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biggest component [Nodes. P. Component (%)], the average number of steps to reach any 
possible node (Avg. path length), and the density of the network (i.e., the percentage of 
edges of the possible ones in a complete network). We found that the conceptual networks 
do not follow any pattern on the basis of the degree of their nodes, as there is no assortativ-
ity based on the degree (i.e., there is no degree-based homophily), as presented in Table 2. 
In fact, this shows that specific concepts with low connections can be interrelated with 
each other and with other strongly connected concepts in the network following no pattern.

Topological analysis of social networks (RQ3)

In the social network (Table 3) the number of authors is very similar, with the exception of 
the local collaboration type, which has around 3000 more authors compared with the rest. 
The average degree of national and international social networks is higher, which means 
that the social network of authors is bigger, on average, for these collaboration types. Also, 
the assortativity is remarkable in the case of the international social network, which points 
to strong homophily on the basis of the links between authors.

Components are very reduced in the international collaboration network compared with 
the rest, and the number of nodes in the largest component is also greater. The average 
path length between nodes in the national and international collaboration types is much 
shorter than in the local collaboration type. All of this means that authors are closer to 
other authors (i.e., the number of researchers between a researcher and the rest of the net-
work is smaller), increasing the opportunity to collaborate.

Themes and structure of the collaboration types (RQ4 and RQ5)

In this section, we present the themes detected for each collaboration type and for the 
whole dataset in different subsections, and in each subsection, the themes and their perfor-
mance measures are described (RQ4). In each subsection, the structure of the collabora-
tion type is also revealed by plotting out the themes in a strategic diagram, which is then 
commented upon to address RQ5. On the basis of these results, RQ4 and RQ5 will be 
discussed globally.

Before presenting the results of the themes, it is important to clarify that, in the rest of 
the paper, the name of the themes will be shown in italic. Moreover, bold themes in the 
performance and impact measures tables are the ones with the highest impact (MNCS). It 
is also important to point out that a theme is composed of a sub-coword network; thus, the 
nodes enclosed in a theme could determine the concepts on which the theme is focused.

LIS whole themes

The “whole” strategic diagram is shown in Fig. 2. For these themes, the general perfor-
mance measures are presented in Table  4 while the collaboration-type-related measures 
are presented in Table 5. As Fig. 2 shows, the primary “whole” themes in the field were: 
bibliometrics, focused on citation, altmetrics, and social network analyses; academic 
libraries, focused on information literacy, collaboration, and higher education; and social 
media, focused on social networks such as Facebook and Twitter. Other themes are also 
distinctive owing to the mean normalized impact they achieved: big data, related to natural 
language processing, sentiment analysis, and text mining; knowledge management, related 
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to knowledge sharing and information management; and information retrieval, related to 
search engines and meta-analysis.

Concerning the themes with the highest impact, the results show that most of the themes 
were related to new technologies. In fact, big data, social media, information and com-
munication technology, information retrieval, or e-government are very important in the 
LIS category regarding the impact they achieved. In contrast, more traditional themes, such 
as academic libraries, qualitative research (i.e., information behavior, digital libraries), or 
content analysis, are below the world average citation in the field (MNCS < 1).

Moreover, focusing on the high-impact themes and the uncited papers within them, 
papers with international collaboration contributed more in relative terms to impact, since 
there were fewer uncited papers with international collaboration. In almost all the themes, 
the HCP were also international, and it is important to note that the national and local HCP 
were usually found in high-impact themes.

As can be seen in Table  5, themes that achieved an above-average impact mostly 
have an intense degree of international collaboration. However, an important part of 

Fig. 2  Whole dataset strategic diagram. The number under the themes signifies the number of papers that 
belong to that theme
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the high-impact themes were papers with local collaboration. In themes with an impact 
above the world average (MNCS > 1), HCP were mainly found in the international 
collaboration type, while the percentage of uncited papers was higher in the domestic 
collaboration types (i.e., local and national).

In addition, most of the international papers were found in high-impact themes 
(except for bibliometrics). Thus, international papers not only acquired a high impact 
in these themes, but national and local papers also increased it (see CGMI, CGMN, 
and CGML in Table 5) compared with other themes, such as health communication or 
academic libraries. In contrast, international papers in more traditional themes, such 
as those mentioned above, acquired very low impact compared with other themes.

From this perspective, international collaboration within a theme had, in most cases, 
more citations than local or national collaboration (except in the themes of electronic 
health records, grounded theory, and health communication). The impact of the theme 
will thus depend on the topic in question, meaning that papers on technological themes 
may have more impact than papers on traditional themes, and local papers on high-
impact topics may have a greater impact than international papers on traditional top-
ics. For instance, a local paper published on the big data theme may achieve a higher 
impact, on average, than an international paper on the academic libraries theme. This 
reinforces the idea that the themes are an important factor in the impact achieved by 
collaboration types, since a high proportion of papers with international collaboration 
belonged to high-impact themes (e.g., big data, social media).

Low-impact themes were less international, the percentage of uncited papers was 
higher, and the number of HCP was lower in them, independent of collaboration type. 
However, in the low-impact themes, the collaboration type with the most uncited 
papers was local collaboration, and HCP were mainly international. Although the 
international collaboration papers contributed to the impact of low-impact themes, 
it is noted how the international uncited papers, as well as the percentage of HCP, 
decreased when compared with modern themes such as big data or social media. This 
also suggests an influence of the themes on the scientific impact of collaboration types.

Nonetheless, as presented in Table 5, not all of the high-impact themes had a high 
rate of papers with international collaboration, although there were some noteworthy 
exceptions. For instance, the theme information retrieval had high normalized impact, 
but it was more present in the local collaboration type than in the international one. 
Additionally, this theme had a minimal number of uncited international papers while 
maintaining a high degree of HCP in all three types of collaboration. In contrast, bib-
liometrics is a theme with an appreciable degree of international collaboration, but 
remained in the middle- to high-impact themes. Moreover, it was the most important 
theme in our study considering the number of papers, but the percentage of HCP, either 
1% or H-classics, was lower than in other themes, regardless of collaboration type.

Regarding the structure of the LIS “whole” themes, the category was focused on 
themes such as bibliometrics, academic libraries, or health care, which are motor 
and basic themes. However, it is observed that the themes with the highest number of 
citations and proportion of HCP were other themes that are neither motor nor basic, 
implying that the themes that achieved high scientific impact are novel themes and do 
not belong to the core of the conceptual structure. In the coming years, these novel 
themes will probably become more integrated into the category.
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Local collaboration

As shown in Fig. 3 and presented in Table 6, local collaboration focused on the follow-
ing themes: Academic libraries related to information literacy, collaboration, and higher 
education; bibliometrics related to citation analysis, altmetrics, and social network analy-
sis; and social media related to topics such as social networks, social networking sites, 
and political communication. In addition, new technologies such as big data have a place 
in this collaboration type, focusing on concepts such as e-government, transparency, open 
data, and developing countries. Yet another important theme was information and com-
munication technology, which is related to content analysis, digital media, and journalism.

The themes with the strongest impact were internet of things and digital divide. The for-
mer is related to digitalization, academic librarians, and blockchain, which is a new tech-
nology, while the latter is related to cloud computing, user experience, and customer rela-
tionship management. These last two themes had a MNCS of 2.32 and 1.41, respectively, 
as presented in Table 6. In contrast, the themes that achieved less impact were academic 
libraries and information science, with MNCS of 0.63 and 0.68, respectively. HCP were 

Fig. 3  Local collaboration strategic diagram. The number under the themes signifies the number of papers 
that belong to that theme
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mostly found in technology-related themes, such as digital divide, social media, and big 
data, but also in bibliometrics. This collaboration type also provides a high number of HCP 
with respect to the total of the whole dataset, although it must be pointed out that local col-
laboration contained 49.98% of the corpus. Interestingly, the most productive themes in the 
local collaboration type had a remarkable rate of uncited papers, which may indicate lower 
impact (MNCS).

Regarding the structure of local collaboration, high-impact themes (i.e., digital divide, 
internet of things) were found on the left-hand side of the strategic diagram (low central-
ity). As noted in the previous section, this implies that high-impact themes were novel 
themes that do not belong to the core of the LIS category.

National collaboration

The following themes regarding national collaboration type were addressed in Fig. 4 and 
Table 7: bibliometrics, academic libraries, and social media, all focusing on the same top-
ics as in local collaboration type; and electronic health records, which adds new technolo-
gies to the health context, such as machine learning and natural language processing.

Fig. 4  National collaboration strategic diagram



Scientometrics 

1 3

Ta
bl

e 
7 

 N
at

io
na

l c
ol

la
bo

ra
tio

n:
 p

er
fo

rm
an

ce
 a

nd
 im

pa
ct

 m
ea

su
re

s o
f t

he
m

es
. B

ol
d 

th
em

es
 a

re
 th

e 
on

es
 w

ith
 th

e 
hi

gh
es

t M
N

C
S

Th
em

e
D

O
C

 ▾
C

G
M

H
I

M
N

C
S

C
IT

C
IT

%
U

P%
H

C
H

C
%

W
H

C
H

C
%

T
H
C
1%

%
W

H
C

1%
%

T

B
ib

lio
m

et
ric

s
48

6
5.

2
26

1
40

77
10

.2
14

1.
1

0.
6

1.
5

0.
6

El
ec
tr
on

ic
-h
ea
lth

-r
ec
or
ds

46
8

6.
7

33
1.
6

53
13

13
.3

10
3.
7

2.
1

4.
9

2.
1

So
ci

al
-m

ed
ia

35
3

6.
8

29
1.

5
41

58
10

.4
10

.5
3.

3
2.

5
3.

4
2

A
ca

de
m

ic
-L

ib
ra

rie
s

29
5

3.
7

17
0.

6
15

54
3.

9
20

0.
4

0.
3

0
0

M
en

ta
l-h

ea
lth

-a
nd

-il
ln

es
s

25
7

5.
3

19
1

20
82

5.
2

12
.8

0.
4

0.
4

0.
5

0.
4

So
ci

al
-n

et
w

or
k-

an
al

ys
is

23
6

6.
9

25
1.

3
23

95
6

7.
2

0.
4

0.
4

0
0

H
ea

lth
-c

ar
e

23
6

6.
5

23
1.

2
22

47
5.

6
9.

7
0.

7
0.

8
0.

5
0.

4
G

en
de

r
17

0
4.

8
19

1
13

55
3.

4
16

.5
0.

7
1.

2
0.

5
0.

6
O

nt
ol

og
y

13
6

3.
9

17
0.

8
90

3
2.

3
25

0.
4

0.
7

0
0

C
an

ce
r

13
1

5.
3

16
1

95
1

2.
4

10
.7

0
0

0.
5

0.
8

W
om

en
’s

-h
ea

lth
12

4
5.

8
15

1.
1

10
96

2.
7

10
.5

0.
4

0.
8

0.
5

0.
8

Pa
tie

nt
-p
or
ta
ls

11
8

7.
5

21
1.
6

15
06

3.
8

11
1.
1

2.
5

1.
5

2.
5

In
no

va
tio

n
10

2
5.

5
17

1.
4

11
92

3
16

.7
1.

5
3.

9
1

2
Li

ve
d-

ex
pe

rie
nc

e
96

6.
5

16
1.

1
86

2
2.

2
5.

2
0

0
0

0
Te

ch
no

lo
gy

-a
do

pt
io

n
93

6.
5

20
1.

5
11

36
2.

8
11

.8
0.

4
1.

1
0.

5
1.

1
V

irt
ua

l-c
om

m
un

iti
es

81
6.

7
17

1.
2

95
9

2.
4

11
.1

0.
7

2.
5

0.
5

1.
2

D
ig

ita
l-L

ib
ra

rie
s

75
4.

9
12

1
57

5
1.

4
8

0.
4

1.
3

0.
5

1.
3

Em
po

w
er

m
en

t
72

5.
6

14
1.

2
61

8
1.

5
9.

7
0

0
0.

5
1.

4
M

ed
ic

al
-in

fo
rm

at
ic

s
53

7.
1

13
1.

5
60

6
1.

5
7.

5
0.

4
1.

9
0.

5
1.

9



 Scientometrics

1 3

The strongest themes in terms of impact were electronic health records and patient 
portals, with MNCS of 1.56 and 1.63, respectively, as presented in Table 7. The patient 
portals theme focused on mobile health and electronic health. Otherwise, the themes with 
lower impact were academic libraries and ontology (e.g., information retrieval, data shar-
ing, and interoperability topics). The HCP were mainly found in themes related to health 
and technology, such as electronic health records, social media, patient portals, and inno-
vation (i.e., patents and information and communication technology). Uncited papers were 
also reduced in the same type of themes as HCP, which increased their impact. However, 
the contribution of national collaboration to the percentage of HCP over the whole dataset 
was very low, despite national papers representing 23.39% of the whole.

In the national collaboration structure, neither motor nor basic themes were found 
among the high-impact ones (e.g., innovation and social network analysis). Similar to local 
collaboration, high-impact themes in national collaboration were novel themes that were 
not a part of the LIS category’s core.

International collaboration

Finally, as shown in Fig. 5 and presented in Table 8, the themes at the international collab-
oration level have some similarities but also many differences from the other collaboration 
types: academic libraries, strongly related in this case to data mining, content analysis, and 
text mining; developing countries, focusing on topics such as information and communica-
tion technology and small and medium enterprises; social media and bibliometrics, focus-
ing on the same concepts as for the other collaboration types; knowledge management, 
focusing on knowledge sharing, innovation, and knowledge transfer; and themes focused 
on artificial intelligence (AI), such as sentiment analysis, big data, natural language pro-
cessing, and machine learning.

Also, the international collaboration type, as shown in Fig. 5 and presented in Table 8, 
was focused on some themes that also appeared in the other collaboration types, e.g., 
academic libraries, social media, and bibliometrics. Moreover, some themes that only 
appeared in this type of collaboration are developing countries, which focused on informa-
tion and communication technology and small and medium enterprises; sentiment analysis, 
which is related to artificial intelligence; and the themes natural language processing and 
machine learning. The bibliometrics theme, which focuses on similar topics in all the con-
sidered types of collaboration (e.g., citation analysis and altmetrics, among other topics), 
is an example of a theme that has similarities to other themes. In addition, social media is 
shared between all the collaboration types, aggregating topics such as social networks and 
political communication.

However, looking at the differences, academic libraries, also related to artificial intel-
ligence concepts such as data mining and text mining, had twice the normalized impact in 
this type of collaboration. Moreover, new themes centered on the development of artificial 
intelligence techniques, which did not appear in the other types, are: sentiment analysis, 
applied to concepts such as online reviews and electronic commerce; machine learning, 
related to ethnography and topic modeling; and, big data, which aggregates the internet of 
things and cloud computing, including resource-planning topics.

The theme with the strongest impact was literature review, which contained papers 
carrying out systematic literature reviews and meta-analyses on information systems 
and enterprise architecture, obtaining a MNCS of 3.13, as presented in Table  8. In 
addition, the artificial intelligence themes obtained a high impact; indeed sentiment 
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analysis, big data, machine learning, and natural language processing had twice 
the expected average impact (MNCS > 2). In contrast, more traditional themes, such 
as higher education and health care, obtained a lower rate of 0.97 and 1.27 MNCS, 
respectively, and not all the themes had a remarkable number of HCP. Nonetheless, 
the number of uncited papers in the themes was very low compared with the rest of 
the collaboration types. HCP were mostly found in technology-related themes, such 
as social media, knowledge management, or sentiment analysis, and it is important to 
mention that themes of this type of collaboration contribute, in the same way as in 
local collaboration, to the global number of HCP, despite the former only accounting 
for 26.63% of the corpus.

The high-impact and technology-related themes were structured as motor and basic 
themes in the structure of international collaboration in LIS, in contrast to domestic 
collaboration, so these themes made up the core of international collaboration. Moreo-
ver, motor and basic themes had higher centrality (i.e., are strongly linked to the rest of 
the themes), which explains the rise in scientific impact of the rest of the themes.

Fig. 5  International collaboration strategic diagram
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Themes in top countries (RQ6)

The results of the analysis of themes in top countries for each type of collaboration, as well 
as for the whole dataset, are described in the next subsections to address RQ6.

Top “whole” countries

Figure 6 shows the themes of the top 15 countries in the world by scientific output. The 
themes of academic libraries, bibliometrics, knowledge management, and social media 
were well represented in all countries. Other themes, such as content analysis, gender, 
grounded theory, and health communication, were weakly present in almost all countries.

Some themes were relevant only to specific countries, such as in the case of content 
analysis in Spain, or classification in Brazil. Additionally, some countries were more 
concerned with high-impact themes than others; for example, India, South Korea, Tai-
wan, and China dedicated around half of their scientific output to big data, e-government, 
information retrieval, knowledge management, social media, and information and commu-
nication technology. South Africa also dedicated almost 50% to academic libraries and 
bibliometrics.

Top local collaboration countries

Most of the themes strongly appeared in all the countries in terms of local collabora-
tion (Fig. 7), whereas some were marginal. In fact, themes such as academic libraries, 
bibliometrics, social media, and knowledge management were powerfully present in all 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

AUSTRALIA
BRAZIL

CANADA
GERMANY

PEOPLES-R-CHINA
SOUTH-KOREA

SPAIN
TAIWAN

UNITED-KINGDOM
USA

FRANCE
INDIA
ITALY

NETHERLANDS
SOUTH-AFRICA

ACADEMIC-LIBRARIES BIBLIOMETRICS BIG-DATA
CAREGIVERS CLASSIFICATION CONTENT-ANALYSIS
DATA-QUALITY DECISION-MAKING E-GOVERNMENT
ELECTRONIC-HEALTH-RECORDS GENDER GROUNDED-THEORY
HEALTH-CARE HEALTH-COMMUNICATION ICT
INFORMATION-RETRIEVAL KNOWLEDGE-MANAGEMENT QUALITATIVE-RESEARCH
SOCIAL-MEDIA

Fig. 6  Themes in top countries (whole). ICT is an abbreviation for information-and-communication-tech-
nology. (Color figure online)
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the countries. In contrast, marginal themes such as archives, digital communication, and 
smartphones had a low representation in all the countries.

There were also particular countries in which some themes were not present, such as 
in the case of the Netherlands, in which neither the digital communication nor smart-
phone themes were present, or Australia, which also did not have studies in the smart-
phone theme. Regarding specific countries with a special interest in specific themes, the 
case of Spain is noteworthy, with a focus on the digital communication theme, in which 
Spanish authors published 50% of the total papers.

Concerning countries focused on high-impact themes, Table  6 shows that the two 
themes that achieved the highest impact were internet of things and digital divide. In 
Fig. 7, it is seen that the former acquired a high interest in relative terms from India and 
South Korea, while the latter was well represented by all the countries, although South 
Korea, the Netherlands, and Germany should be highlighted because they dedicated a 
large amount of attention to this theme.

On the other hand, taking into account the social structure of each country in the 
local collaboration, in Table 9 it is seen that the average degree was lower than 3, except 
for in China, where the value was fairly low, as will be introduced later. There were also 
some important values to highlight, such as the assortativity based on degree being very 
close to zero in Germany, China, South Korea, and Taiwan. This means that authors of 
these countries collaborated with others regardless of their importance in the network. 
In contrast, in other countries such as the United Kingdom or France, authors with a 
large number of connections collaborated, in most cases, with similar ones, while the 

Fig. 7  Themes of top countries (local collaboration). The top five countries of local collaboration are 
highlighted in bold. ICT is an abbreviation for information-and-communication-technology. (Color figure 
online)
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same occurs with authors with fewer connections. This shows that some countries had 
different types of relationships when collaborating locally.

Top national collaboration countries

Regarding the national collaboration type, Fig. 8 shows the relative number of papers in 
themes published by countries in the national collaboration type. Analyzing this figure, it 
is noted that some themes were strongly underrepresented, such as empowerment, medical 
informatics, lived experience, and patient portals. Nonetheless, several themes that were 
well structured among the countries, such as academic libraries (except for Italy), biblio-
metrics, social media, and social network analysis, were also identified.

In terms of how countries structured their research output, a minority were present in 
all the themes (i.e., the USA, Canada, Australia, and the United Kingdom), and the coun-
tries mentioned were also quite similar concerning their themes, whereas the rest varied 
(e.g., the USA is quite different from Spain in bibliometrics, electronic health records and 
patient portals).

Although all the countries had some similarities in this type of collaboration, it is worth 
noting that each country focused on its conceptual niche. The most remarkable cases were 
India and France, with the former mainly focusing on social media, ontology, bibliomet-
rics, and social network analysis, and the latter focusing more on bibliometrics, electronic 
health records, social network analysis, and social media. It is also worth mentioning the 
case of Italy, which focused around 50% of national collaboration on bibliometrics.

The presence of some high-impact themes in most countries, such as electronic health 
records and social media, is remarkable. Nonetheless, not all countries were equally 

Fig. 8  Themes of top countries (national collaboration). The top five countries of national collaboration are 
highlighted in bold. (Color figure online)
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interested in the previous themes (e.g., Australia or Canada were loosely interested, in 
comparison with the USA or France). There were also other high-impact themes, such 
as patient portals and medical informatics, which received minimal attention from most 
countries.

With respect to the coauthor network of each analyzed country, the average degree in 
national collaboration was generally higher than in local collaboration (Table  10). The 
assortativity also tended to increase, which reveals how the relationships between authors 
differ between types of collaboration. These measures may explain why countries focus 
much more on high-impact themes compared with local collaboration, owing to, for exam-
ple, sharing of resources between organizations in the same country.

Top international collaboration countries

Finally, Fig. 9 shows the conceptual structure of top countries in the international collabo-
ration type. Themes of this type of collaboration were prevalent in almost every country. 
The themes that did not have universal presence were collaboration, digital divide, health 
care, and peer review, which were not present in Malaysia, Sweden, Taiwan, and South 
Korea, respectively.

The countries were very similar concerning the themes, although in the cases of Brazil 
and Spain both were very interested in higher education, while other countries had less 
interest. In addition, Brazil had a low focus on sentiment analysis in comparison with the 
rest.

High-impact themes (e.g., literature review, sentiment analysis, and big data) were pre-
sent in every country. The relative number of papers published on these themes in each 
country was similar. However, there were some special cases where some themes did 
not appear in specific countries, such as sentiment analysis in Brazil or big data in the 
Netherlands.

Finally, the measures of the social structure of each country in the international collabo-
ration (Table 11) are presented. In these networks, the average degree of the authors in the 
network (i.e., the average number of links they have with other authors) differed strongly 
from the rest of the collaboration types, with the exception of the largest countries (i.e., 
the USA or China). The assortativity was also much closer to 1, which reveals strong links 
between similar-degree authors, which may affect the visibility of the papers and increase 
their probability of being cited. Nonetheless, China differed from other countries in that 
there was no pattern of collaboration, with authors both related to similar and non-similar 
ones (based on the degree). Strong links between different countries tended to homogenize 
the thematic landscape owing to the sharing of resources and knowledge, enabling these 
more modern and citable topics to be addressed.

Themes in country communities (RQ7)

As stated in the methodology, the Leiden algorithm was applied over the co-country net-
work to identify communities of countries. The relative contribution of groups of collabo-
rating countries to international themes is shown in Fig. 10.

Before describing the results of Fig. 10, it is vital to understand the nature of the eight 
groups of countries obtained. The ten most relevant countries making up the groups, 
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in terms of production, are presented in Table 12. In this table, countries in italics only 
appeared in the international collaboration; That is, in the LIS category during 2015–2019, 
they only had papers in collaboration with other countries but never alone. The eight 
groups obtained can be described as follows:

– Group 1 Most European countries, as well as a significant portion of Asian and 
North American countries, were included in this group. It is also worth noting that 
23 of the countries in this category were not involved in any local or national col-
laboration (e.g., Luxembourg, Liechtenstein, and Mozambique, among others). This 
group of countries was the most productive, as it is the largest and contains the top 
producing countries, such as the USA and China.

– Group 2 This group consists primarily of Middle Eastern countries (i.e., Cyprus, 
Jordan, Kuwait, Oman, and Turkey), Eastern European countries (i.e., Latvia, Lithu-
ania, Macedonia, Moldova, and Romania), and some African countries (i.e., Bot-
swana, Morocco, Libya, Oman, and Ethiopia), among others. Turkey, Bangladesh, 
and Jordan were the most productive countries in this group. Furthermore, only five 
nations in this group (i.e., Bhutan, Palestine, Libya, Moldova, and Mongolia) had no 
presence in the other collaboration categories.

– Group 3 Several African countries belong to this group, being geographically very 
close. This group also included five countries that only published papers by taking 
advantage of international collaboration (i.e., Cameroon, Cote d’Ivoire, Liberia, 
Senegal, and Swaziland).

– Group 4 This group included only Latin American countries. This aggregation of 
countries has six countries that were closely linked to international collaboration 

Fig. 9  Themes of top countries (international collaboration). The top five countries of international collabo-
ration are highlighted in bold. (Color figure online)
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since they did not appear in the other collaboration types (i.e., Bolivia, Costa Rica, 
Guatemala, Panama, Paraguay, and Venezuela).

– Groups 5–8 These groups were the smallest ones. Groups 6 and 7 comprised coun-
tries appearing only in the international collaboration. Group 8 was formed by only 
two countries. Furthermore, they were very isolated since the low production of their 
members results in their being slightly bound to the main component of the co-coun-
try network.

Having identified the groups, the presence of international themes in them can be ana-
lyzed. First, almost all themes were poorly present in groups with limited scientific pro-
duction (i.e., groups 6–8). In contrast, it is noted that nearly all the groups in groups 1–5 
were represented in each theme. The only exceptions include digital divide and senti-
ment analysis, in which the fifth group was not present.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Group 8

Group 7

Group 6

Group 5

Group 4

Group 3

Group 2

Group 1

ACADEMIC-LIBRARIES BIBLIOMETRICS BIG-DATA CITATIONS

CLASSIFICATION COLLABORATION DEVELOPING-COUNTRIES DIGITAL-DIVIDE

HEALTH-CARE HIGHER-EDUCATION KNOWLEDGE-MANAGEMENT LITERATURE-REVIEW

LIVED-EXPERIENCE MACHINE-LEARNING NATURAL-LANGUAGE-PROCESSING PEER-REVIEW

QUALITATIVE-METHODS SENTIMENT-ANALYSIS SMARTPHONE SOCIAL-MEDIA

SOCIAL-NETWORKING-SITES

Fig. 10  Thematic breakdown of groups of collaborating countries. (Color figure online)

Table 12  Groups of collaborating countries

Countries in italics are present only in the international collaboration type

ID Top 10 countries in group

1 USA, P.R. China, United Kingdom, Australia, Canada, Spain, Germany, the Netherlands, South Korea, 
France

2 Turkey, Bangladesh, Jordan, Kuwait, Tanzania, Oman, Romania, Ethiopia, Lithuania, Kazakhstan
3 South Africa, Nigeria, Ghana, Kenya, Zimbabwe, Uganda, Malawi, Cameroon, Liberia, Zambia
4 Mexico, Chile, Cuba, Colombia, Ecuador, Argentina, Peru, Venezuela, Uruguay, Guatemala
5 Ireland, Sudan, Myanmar
6 Niger, Burkina Faso, Nicaragua
7 Sri Lanka, Trinidad and Tobago
8 Fiji, Marshall Islands
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Focusing then on the conceptual analogies between the communities of countries, it 
is observed that groups 1, 2, and 3 were extremely similar (except for the social media 
and higher education themes). Moreover, the group of Latin American countries (group 
4) is close to the previous groups but with a low focus on knowledge management and 
more interest in bibliometrics.

The presence of high-impact themes (i.e., literature review, big data, machine learning, 
natural language processing, sentiment analysis, and social media) is thus very relevant. In 
fact, the relative number of papers on the aforementioned themes is above 20% in groups 1, 
2, 4, 5, 6, and 7. The group with the highest presence of high-impact themes was the first, 
corresponding to nearly one-third of its relative production. In contrast, the lowest attention 
was received from the group of African countries (group 3), at approximately 18%. Moreo-
ver, it is worth highlighting the interest of group 5 (Niger, Nicaragua, and Burkina Faso) in 
big data. A special interest in low-impact themes (digital divide and higher education) via 
international collaboration was seen for groups 3–5 and 8.

Discussion

In this paper, the LIS category during the period 2015–2019 was examined to analyze 
whether the themes and structure of collaboration types are important factors that may 
explain the increase in IRC citations. In this regard, and concerning RQ1, IRC yields a 
higher impact in terms of citations, which has already been stated in several works examin-
ing the LIS category of Web of Science (Asubiaro, 2019; Sin, 2011), and other works in 
different fields of science (Chinchilla-Rodríguez et  al., 2019; Gazni et  al., 2012; Lariv-
ière et al., 2015; Narin & Whitlow, 1990; Persson, 2010; Sooryamoorthy, 2017; Sugimoto 
et al., 2017). HCP were mainly found in themes with high IRC, which is in line with the 
results obtained by Persson (2010), however, according to our results, HCP are not found 
in the same proportion as IRC among the themes covered by the category, so the thematic 
dimension must also be taken into account when designing strategies for IRC.

The topology of the conceptual networks is similar, so they do not seem to be an impor-
tant factor contributing to the asymmetrical impact of the collaboration types (RQ2). In 
contrast, the social network topology differs (RQ3), showing two main aspects: authors in 
IRC networks have a large social neighborhood, and authors relate to authors with a simi-
lar number of relationships. Important authors tend to work with other important authors, 
as opposed to domestic collaboration, where this tendency is less pronounced. Although 
authors have a very good network of collaborators, self-citations have been rejected as a 
sole factor explaining the increasing impact of IRC (Van Raan, 1998). Nonetheless, in our 
study, the probability of being cited by non-collaborators and/or researchers is higher, as 
papers in these IRC networks may have greater visibility, which advances the conclusions 
made by Yan et al. (2010), who found that central authors correlate with citations.

Regarding the thematic landscape of the LIS category (RQ4), there are some thematic 
similarities according to collaboration types. The similarities noted are: bibliometrics, 
which is present in the three collaboration types and has a similar impact on all of them; 
social media, which is quite similar and highly related to social networks, but in interna-
tional collaboration is a stronger theme in terms of MNCS; and health care, which is very 
similar in the three collaboration categories as well, focusing on topics such as education, 
culture, and patient safety. In fact, there are two health-related themes in the three col-
laboration types: empowerment, which is about physical activity and mental illness; and 
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gender, which is about how gender relates to health, race, and information technology. All 
of them have about the same impact in all the collaboration types. Furthermore, academic 
libraries, which is related to collaboration and information literacy, is also similar. Nev-
ertheless, in the international sphere, computer science (e.g., data mining and text min-
ing, among others) plays an important role in this theme. In fact, the MNCS of academic 
libraries increased significantly in the international collaboration type and reached twice 
the impact acquired in the local and national collaboration types.

In this sense, it is important to highlight that the roles played by artificial intelligence 
(AI) and social media topics in the articles of the LIS category were also introduced in 
previous works (Hsiao & Hua Chen, 2020; Ma & Lund, 2021), but we found that these 
specialized themes were placed in the international collaboration type. In fact, our results 
show that there are multiple thematic differences that can explain the asymmetrical impact 
of collaboration types in LIS. Indeed, while in the local and national collaboration, AI top-
ics are more spread throughout the themes and received much less attention, in the inter-
national collaboration type, they are made up of four specific themes: natural language 
processing, big data, sentiment analysis and machine learning (which has the highest 
MNCS), with almost all of them reaching twice the average citation rate of this category. 
Furthermore, the bibliometrics theme in international collaboration is related to AI topics 
such as data mining and text mining, and literature review, which is in the international 
collaboration type, focuses on the revision of previous works on enterprise architecture 
and information systems and has the highest impact. There are also other themes with a 
significant impact: social networking sites and collaboration. These novel and technologi-
cal themes mostly come from international collaboration, where multidisciplinarity, a mix 
of knowledge, and the skills of teams play an important role (Larivière et al., 2015; Suresh, 
2012), which may explain the increase of citations, as they are at the vanguard of LIS sci-
entific production.

Hence, technological themes may achieve greater impact than traditional themes. There-
fore, a local paper in a high-impact theme may achieve a higher impact than an international 
paper in a low-impact theme. For instance, a local paper on big data may achieve more 
citations, on average, than a paper with international collaboration on academic libraries 
(see the measures of the whole LIS themes). In fact, a theme with remarkable international 
collaboration does not always mean higher impact (see bibliometrics, grounded theory, 
caregivers, or gender at the “whole” themes) and a low degree of international collabora-
tion does not mean low impact either (see information retrieval). These may be influenced 
by other aspects, which are very interesting for the competitiveness of countries, such as 
funding-biased policies in some areas, as in the case of information retrieval from 1998 to 
2008 as reported by Zhao (2010).

Moreover, regarding the structure of the LIS field according to the strategic diagram 
(RQ5), the high-impact themes were structured as non-motor themes when examining the 
whole category of LIS. From this perspective, the conceptual structure of LIS focuses on 
bibliometrics and academic libraries, which have been reported to be stable topics in the 
area (Hsiao & Hua Chen, 2020; Ma & Lund, 2021). However, themes with the highest 
impact are other themes that are structured as emerging (i.e., big data, knowledge manage-
ment), or very specialized, such as information retrieval, according to their position in the 
strategic diagram. Big data- and knowledge management-related topics were reported as an 
emerging trend in LIS by Ma and Lund (2021). This implies that the themes achieving high 
scientific impact do not belong to the core of the LIS category.

Continuing with the results of the structure of the specific collaboration types, in inter-
national collaboration, the high-impact themes are structured as motor and basic themes 
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(natural language processing, sentiment analysis, and collaboration), and thus are salient 
in the rest of the international works (i.e., very central themes), and the internal develop-
ment of these themes is high (i.e., very dense themes). Meanwhile, in domestic (i.e., local 
and national) collaboration, the high-impact themes are shown to be less central, which 
indicates that they are not used in the rest of the works at such levels of collaboration.

Therefore, there are many thematic and structural differences according to the strate-
gic diagram that explain the asymmetrical impact of the collaboration types (RQ4 and 
RQ5). Domestic collaboration in LIS is focused on stable themes such as bibliometrics 
and academic libraries, and minor works are dedicated to new themes. However, for 
international collaboration, motor themes are new themes that lie at the forefront of 
the LIS category. It is important to highlight that these new themes have emerged in 
a relatively short period of time (Ma & Lund, 2021). This result is relevant for future 
studies on policy implications, as a key assumption might be that a variation in the col-
laboration patterns and/or in the themes may change the impact of an institution or a 
nation. Hence, future studies should examine the importance of being at the vanguard 
of scientific fields, taking into account the degree of international collaboration needed 
to develop those particular themes. Nations and institutions should also update their 
internal studies on the thematic and collaboration landscape from time to time to verify 
whether they are at the vanguard of the field, and how much dependence on collabora-
tion they need Chinchilla-Rodríguez et  al. (2019) to advance in these topics to make 
decisions aided by a good assessment of the situation.

Differences in the themes of top countries (RQ6) were found mainly concerning some 
countries, such as South Africa, which had a large amount of its research output dedicated 
to two traditional themes, while others were focused on high-impact and new themes, such 
as China, Taiwan, or India. This shows that there is room for competitiveness in the LIS 
area, as there is a variation in the knowledge base of countries; however, they must design 
strategies to ensure a path and clear goals for the specific themes. In contrast, and regard-
ing the themes of specific collaboration types, the difference in themes between countries 
in domestic collaboration is much higher than in international collaboration. For interna-
tional collaboration, the thematic landscape of the countries is mostly homogeneous, which 
might reveal a tendency toward a common international agenda. This is a problem, as noted 
by Adams (2012), because these strategies can end up being driven by a bland establish-
ment consensus, which can ultimately lead to some researchers in underdeveloped nations 
abandoning project leadership, thus reducing thematic variety (Chinchilla-Rodríguez et al., 
2019). Countries and organizations should examine their knowledge and expertise, and 
identify those that differentiate them from the rest where they can lead research to be in the 
forefront of the fields of study. This will lead to better understanding of their competitive 
assets, while contributing to the wealth of scientific development and thematic diversity.

Eight communities of countries were identified herein with a remarkable thematic dif-
ference between them (RQ7). In previous literature, Leydesdorff and Wagner (2008) found 
a core group that includes the most international collaborations, which also exists in our 
study, involving all the well-established economies and top countries, plus 23 countries 
that appear only when collaborating internationally. This core group is the one that focuses 
much more on high-impact themes. Moreover, there are seven other groups in which the 
formation seems to be guided by cultural, linguistic, and/or political factors (Frame & Car-
penter, 1979; van Raan, 1997). There is a community of African countries, which were 
also previously reported in literature (Adams et al., 2014) and which is dedicated to stable 
and less impactful themes. It is also important to highlight some practices; for example, 
the community of countries of Niger, Nicaragua, and Burkina Faso is very interested in 
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big data, being at the forefront of the field. As can be seen, the core group leads the van-
guard of research in LIS, while the rest of the communities of developing countries differ 
in their strategy. There are some countries in these communities that only appear at the 
international collaboration level, which seems to be caused by the lack of resources in their 
research systems, as pointed out by Chinchilla-Rodríguez et al. (2019).

Therefore, the themes and how they are structured in the LIS field are two crucial fac-
tors affecting the increasing impact of IRC in the category. These themes, which are struc-
tured as motor and basic themes in the international collaboration research, lie at the fore-
front of the LIS field and must be considered by organizations and nations to understand 
the impact of IRC. A suggestion emerging from this paper is that future studies should look 
further into including the thematic and collaborative factors, studying their possible impli-
cations for scientific policy design.

Finally, the results of this paper are only for LIS, while future studies should confirm 
whether these results are consistent in other fields/areas of knowledge. Therefore, the 
results are not generalizable, and other fields have to be studied specifically, since in some 
fields, such as computer science, there are less emergent technologies related to other fields 
of science or no major differences between collaboration levels (Velez-Estevez et al., 2020) 
that contribute to the scientific knowledge of the area itself. With regards to the limitations, 
the methods employed in this paper are difficult to apply to the social sciences and humani-
ties, since citation-based indicators are less representative of the research impact of these 
disciplines (Waltman, 2016).

Conclusions

An analysis of the asymmetry in the impact of research collaboration types according to 
themes is presented herein. To achieve this, the LIS category was examined between the 
years of 2015 and 2019 (both included). The key finding of this paper is that the increased 
impact of IRC seems to be explained by a special focus on the forefront of research in the 
LIS category, which has been found to be an important factor. Therefore, we shed new light 
on the potential factors influencing the benefits of IRC. The forefront of research is mostly 
present in IRC of LIS, with emergent technologies applied in the field of study (i.e., artifi-
cial intelligence or social media, among others), while domestic research focuses on stable 
themes (i.e., academic libraries or bibliometrics).

Our findings also point out that differences in themes are present at the top country level 
(i.e., those with more scientific output), mostly in domestic collaboration. In contrast, IRC 
homogenizes the research, which could be a risk because it may lead to vague priorities 
around peer consensus research without a clear goal for organizations and nations. Com-
munities of countries also exhibit a large difference in the thematic aspect, indicating that 
there is room for competitiveness and a need for future studies concerning policies at the 
community level on the basis of these results, which might enhance the research systems of 
developing communities of countries, and also might help the core group to maintain their 
research system.

Moreover, organizations, countries, and communities of countries may update the anal-
ysis of their situation from time to time to check their position in the thematic landscape 
and at the domestic and international collaboration levels, identifying whether themes are 
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at the vanguard of the field, to precisely design and revise their strategies for both domestic 
improvement and IRC strategies.

While thematic and structural factors are important in IRC, it can also be influenced by 
other factors, such as publication location, funding, research leadership, or publishing in 
open access. Therefore, future research on this topic should consider these other variables 
to demonstrate what was stated in this study.

Finally, although the results of this paper emphasize the thematic implications in differ-
ent collaboration types, some limitations should also be noted: Only one database (Web of 
Science) was considered, and only the Library and Information Science category and the 
period of 2015–2019 were covered. Regarding the scope of our research, future studies 
must incorporate additional databases, different research categories, and a longer period 
to check whether these results are generalizable. New studies could also enrich these types 
of analyses with altmetrics or leadership indicators to reveal the possible societal impact 
of research carried out on the different collaboration levels and themes, and to observe the 
dominance of countries and/or communities of countries in the IRC landscape.
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