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Abstract: This study investigates 3883 articles published by researchers affiliated with Chiang Mai
University in science and technology from January 2010 to December 2019 to test whether research
team characteristics and collaboration patterns can determine a citation rate. Citations were retrieved
from the Scopus database and compared with their (1) number of authors, (2) type of publication,
(3) gender of authors, (4) SJR values, (5) country of international collaborators, (6) number of affiliated
institutions, and (7) international diversity index. The findings were based on quantile regressions
and indicated that the number of authors strongly influenced citations, which increases the likelihood
of being cited. The citation advantage of being a foreign-first author only existed at the 0.25th quantile;
however, the evidence of foreign-first author citation advantages or disadvantages for the moderate
and very productive publications was not found. A significantly positive effect of SJR value on
citations was found while being a female first author negatively impacted the citation rate. These
findings can be used in the planning and managing process of producing scientific and technological
research to improve the research quality, boost the research impact, and increase opportunities for
research results to be utilized.
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1. Introduction

Scientific research aims at broadening the circle of knowledge in the light of the profi-
ciency’s acceleration and the information’s proliferation; it is a measure of the advancement
of society and nation, as the nation’s wealth is not measured by natural wealth, but the
productivity of human capital is serving the community. Research-related activities are
activities that a definite process uses both intellectual and physical resources to accom-
plish since it is an academic activity that results from problem-solving and creativity. The
systematic intellectual resources and the resulting outcomes benefit academic discovery,
community development, social change, and industry advancement (Imhonopi and Urim
2013). Some countries prioritize various kinds of research because it has a vital role in
developing human societies of different aspects of civilizational advancement. Today’s
problems, with a wide range of global impacts (e.g., green energy exploration, resource
destruction, biodiversity damage), require advanced science and technology to deal with
such problems. Science and technology are concerned with applying knowledge of nature
to benefit human life and industrial development. Research in science and technology can
help solve poverty, especially in underdeveloped countries, by producing products that
meet basic human needs and serve as indicators of economic progress and political power.
The crystallization of science and technology in nations has brought about economic, social,
and political advancement, which significantly benefits the country’s development. Science
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and technology, research, and innovation are interrelated; research and innovation are
robust if science is robust. Strengthening the infrastructure that supports research and
technology services to endow the creation of scientific and technological knowledge is
a matter for the authorities in each country. Several educational institutions and policy-
makers worldwide are focusing on accelerating academic circles in science and technology
capabilities to meet current and future demands; therefore, it has become a policy of con-
cern for the Department of Education worldwide (Lee et al. 2019). STEM-related research
trends emerged and developed that have increased rapidly, with STEM publications in
multiple journals rising between 2013 and 2017 (Lin et al. 2019), which is in line with the
trend over the past three years of STEM research in Southeast Asia (Ha et al. 2020) and
Europe and America over the past year (Li et al. 2020).

Since the research is a systematic and controlled study with a planned research design,
the results must be practical and reliable; the essential qualification of a good researcher
relates to the individual perception of the underlying research ideology. It is necessary to
have an apparent involvement in research activities to be listed in the published article. Re-
searchers must determine the research subjects and plan and design operational guidelines
for conducting research. Writing a research project proposal is required by various funding
sources to submit a request for financial support, and a cross-disciplinary project is one
of the criteria to be considered. It was found that doing research as a small project has a
weakness; it can be used for limited benefits because it lacks connection with other projects
that can be used comprehensively. Researchers often work on topics in a particular field that
is not fully integrated, so the research results are just a fraction of the problem, which is not
practical. Therefore, research collaboration (RC) is essential because co-research encourages
the area for coordinating ideas and physical activities to attain valuable conclusions. The
concept behind research collaboration is derived from the proverb “two heads are better
than one”, in which more researchers working together have a better likelihood of solving
a specific problem or creating new scientific knowledge (Katz and Martin 1997). Research
Collaboration includes research networks, joint research, and the center of excellence, and
it is commonly recognized as cross-institutional, cross-disciplinary, cross-country research
collaboration. Such coordination enables seniority diversity, which is paramount to young
researchers, as scientific research production demands diverse skills and proficiencies.
Skills development is often generated through collaboration over some time. Therefore,
such cooperation is acknowledged as team management contributing to skill development
and transfer (Shaikh 2015).

The nature of the integrated team expands the dimensions of the research project. For
example, it is research to solve the country’s fundamental problems or lead to industrial
production in which several individual projects are related or integrated and interdisci-
plinary. Such a project is carried out in an integrated and holistic manner and coordinated
by the public and/or private sectors. The government’s policy approach towards research
should take the results of the country’s administration and development according to the
government’s policy, including the current state of the country’s research system, into
consideration in formulating the country’s research strategy to enable researchers to con-
duct integrated research effectively. Research collaboration is also indicative of the core
competency and productivity of the university since it aims to disseminate new findings,
exchange innovative learning, build research communities, and develop science across
disciplines. Increasing research capacity is now crucial in developing educational institu-
tions globally to become world-class universities. Institutions worldwide face international
challenges to increase research productivity (e.g., producing quality research, creating new
knowledge, publishing in high-quality journals, and being cited) and attempt to be ranked
in the well-known university list; they continually develop and publish research, consid-
ering the research quality assessment an indicator of the institution’s quality. Research
output is essential for applying assessment for entry into higher academic positions for the
individual researcher. In becoming a world-class university, research productivity is one
of the university’s missions. A multidisciplinary research environment positively affects
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research creativeness and wisdom creation (Gibbons et al. 1994; Schmickl and Kieser 2008).
Thus, funding bodies often encourage researchers to participate in university–industry
collaboration, centers of excellence, multidisciplinary research institutes and centers, and
industrial interdisciplinary research to create innovative knowledge (Bozeman and Cor-
ley 2004; Bozeman and Boardman 2014; Cummings and Kiesler 2005; Corley et al. 2006).
This policy explains the growing number of research collaborations due to the increasing
researcher’s number finding and applying for grant funding (O’Brien 2012). Nowadays,
Thai universities are constantly evolving to become world-class universities; therefore, this
research strategy is vital in achieving this goal to be consistent with the country’s policy of
upgrading education and research. From the current university rankings, research produc-
tivity is one of the most critical factors in evaluating which universities stand out because
research is the product of knowledge, which is distinctly abstract. According to information
from the International Institute of Management Development (IMD), the urgent issues
that should be addressed for Thailand’s research are increasing investment in research and
development, increasing the research and development personnel’s quantity and quality,
and encouraging the private sector to participate more in research and development (Open
Development Thailand 2017). Thailand established a research management policy for
creating research networks inside and outside the university, such as the Center of Excel-
lence, Thailand’s Research University Network. Many fora are organized for researchers
from different faculties to coordinate integrated research, particularly the government and
private sector funding. As a result, the establishment of the Center for Academic Excel-
lence has created collaboration and built research networks across disciplines, faculties,
and universities, which has resulted in networking with researchers at both national and
international levels (Johnston et al. 2020).

Academics are interested in the results of collaborative research on research produc-
tivity, with indicators being the publication number and the citation rates. The study
of indicators in this manner, a bibliometric analysis, employs published data to analyze
statistical data to measure research quality and the potential of researchers and institutions
(Agarwal et al. 2016). Chiang Mai University is an autonomous higher education institution
in Thailand that holds a clear policy to strive for research development to gain higher
competency for becoming a world-class university with the research promotion policies
to create a reputation and academic excellence in various fields. One of the key policies is
to promote the creation of facilities and resources and to create an academic environment
and atmosphere to support quality research in all disciplines. The standard quantitative
and qualitative measures of such a research strategy are research funding, the number of
articles published in international journals such as the Web of Science (ISI) or the Scopus
database, and regards citation counting, including the H-index. Citations are those that
link current research with research that has been previously researched and can be traced
back. In general, high-quality research has been cited instantaneously and received a high
citation rate (Bornmann and Daniel 2010; Van Dalen and Henkens 2005). The number
of citations is essential for assessing a research’s quality (Kaplan et al. 2014) and directly
affecting university rankings. Many factors influence the citation rates apart from the
research contribution that discovers new knowledge with a proper research methodology:
choosing to publish in journals of high quality and with a high reputation or high-impact
factor are of concern. The nature of the individual research discipline, topic interest, open
access, and writing style also influence the citation numbers because these factors might
affect the accessibility of the research; it also affects the researchers’ social relationships
(Bornmann et al. 2008; Didegah and Thelwall 2013).

Research collaboration was previously the result of researchers’ autonomous behavior;
without outside contributors’ intervention, researchers decide when and with whom to
collaborate. Important goals such as increasing research capacity, building the country’s
competitiveness, dealing with challenging problems in the global society, and maintaining
good international relations have become crucial for research cooperation (Boekholt et al.
2009). In this case, this study aimed to examine what characteristics of research teams
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(i.e., first author, gender, number of team members, number of institutions participat-
ing in research, cooperation with foreign researchers, type of work published, and the
international cooperation) influence research published in science and technology, and
how they affect the research productivity; it focused on implementing research policies
in team-level cooperation of the research published by professors and researchers in the
science and technology field of Chiang Mai University. The data were collected from the
Scopus database, and the quantile regression analysis was employed to study the impact
of research collaboration on the citations of Chiang Mai University’s researchers. The
answer of whether collaborative research can produce higher quality research reflects the
importance of research quality, in addition to answering scholastic questions; it creates
value for academics or researchers within the team in monetary and non-monetary areas
such as compensation, salary increases, awards, academic standing, and perceptions from
people in academic circles. Therefore, it is an interesting topic for researchers of all fields,
particularly scholars who do not have academic titles and junior researchers, as a guideline
for creating research to be more productive. Based on the belief that cooperation is pos-
itively correlated with research quality, universities and funding institutions encourage
collaborative research as a team and drive policy issues by offering incentive structures
for joint publication. Thus, the findings of this study could provide meaningful answers
to universities and funding institutions in support of researchers’ collaborative research
policies and can be further studied by expanding the scope or approach to increase diversity
and depth of study regarding research management both nationally and internationally.

2. Literature Review

There has been a continuous increase in the size and emphasis of scientific cooperation
in knowledge production in the 20th century. Sharing ideas and verifying scientific research
findings with other scientists is imperative; scientific knowledge production has always
been more sociable than in isolated institutions (Finholt and Olson 1997), and unprece-
dented levels of research collaboration stem from efforts to solve today’s global problems,
such as social, economic, technological transformations (Bozeman and Boardman 2014).
Diverse types of indexes are applied to define successful research. At present, the indicators
used for journal quality assessments include Impact Factor values from the Web of Science
database, SCimago Journal Rank (SJR), Impact Per Paper (IPP), and Normalized Impact
Per Paper (SNIP) values from the Scopus database. At the same time, assessing the quality
of publishing journals also uses metrics built on counting the total citations for that journal
over the past few years (Bornmann et al. 2012). The number of citations is calculated when
the published research is re-cited by research that resides in a trusted database. Research on
citation analysis has been increasingly studied, with content on citation analysis of journals
published in various fields regarding direction and trends from past to present. Factors
affecting citation values of published research were studied using bibliometrics (Agarwal
et al. 2016). Recent research indicates that interesting and high-quality research is often
citation-increasing (Bornmann and Daniel 2010) and published in journals with high SJR
values or high quartiles. Despite the number of citations that come from the quality of
research methodology and its contribution, it also depends on discipline, nature of research
writing, researchers and research team characteristics, and journal selection (Bornmann
et al. 2008).

According to the characteristics of the research team, various factors affect the research
productivity in both quantitative and qualitative views (Abramo et al. 2009). Since research
collaboration creates advantages in several forms; it stimulates intellectual benefits from
information and knowledge exchange; it can lead to financial savings concerning training
costs, physical facilities, and pertinent resources. Collaboration, in theory, is more effective
due to the diverse skills of individuals in teams (Gibbons et al. 1994), since each individual
has unique talents and abilities. When they come to work together and share for a common
purpose, it can create a real competitive advantage (Murphy 2011). The research team did
not happen randomly; the selection of participants for the research team is determined
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by the ability of the researchers that the team expects. In this case, team characteristics
(e.g., team size, international collaborative research, seniority diversity, and institutional
diversity) play an essential role in building a research team to get the most influential
group. Many researchers endeavor to pinpoint the association between co-authorship and
its effect on research productivity.

It was found that co-authored research has a greater impact on productivity than
single author publications regarding the publication number (Wuchty et al. 2007; Lee
and Bozeman 2005; Sooryamoorthy 2017; Gazni and Didegah 2011). Articles with more
authors have a propensity for attracting more citations, particularly in science (Frenken
et al. 2005; Glänzel 2002; Leimu and Koricheva 2005; Persson et al. 2004; Wuchty et al.
2007). Co-authored papers with researchers within international collaborative teams were
more likely to attract citations than national or regional collaborative research (Narin
et al. 1991; Frenken et al. 2005). The international cooperation’s citation impact is greater
than the national one (Frenken et al. 2010), and international collaborators often receive
large amounts of funding (Bozeman and Corley 2004). Durden and Perri (1995) utilized
annual economics publications over 24 years as time-series data. The results revealed
a positive relationship between the number of co-authored papers and the publication
numbers; they also pointed out that cooperation boosts total publication productivity
and article production per capita. An Italian multidisciplinary study pointed out that
multiple-authored publications attracted more citations and indicated that collaboration
was beneficial to research (Franceschet and Costantini 2010). A more extensive research
team may be more inclined to create an article with more citations. Compared with other
factors being constant, they were more likely to have more reputable or older scholars who
had a greater impact on citations (Haslam et al. 2008)—the research team size may be less
influential than the additional prominent researchers.

Despite the evidence supporting the positive effects of collaboration, a negative impact
was found: increased travel costs, more transactions, and communication among team
members. Nobody can guarantee that members will get the most from the exchange of
facilities, and the success of a research project cannot be assured (Didegah and Thelwall
2013). Although decision-making quality improves with diverse team members brainstorm-
ing, large teams with heterogeneous members can make it difficult and time-consuming
to reach a consensus when making decisions. As a result, interpersonal conflict increases
with team size, thus impeding teamwork (Amason and Schweiger 1994). Diversity in the
seniority and nationality of team members harms team outcomes (Gazni and Didegah 2011;
Stvilia et al. 2010). The international collaboration had a greater influence to many extents.
In contrast, inter-institutional cooperation did not impact publication productivity (Dide-
gah and Thelwall 2013). In choosing collaborators, most researchers are not particularly
universal as they manage to coordinate with individuals in their workgroups (Bozeman
and Corley 2004).

Apart from the team’s characteristics, it is typically comprehended that selecting the
journal to be published is an essential factor that positively influences research citation
values. Researchers who expect the published paper to be quickly and broadly referenced
will need to publish in a peer-reviewed journal with a high quartile or a journal with a
high Impact Factor or SJR. The literature results also pointed out that the citations were
statistically significantly related to the journal quality indicators (Cartes-Velásquez and
Manterola 2017; Didegah and Thelwall 2013); however, selecting a journal with a high
reputation and high publishing demand reduces the likelihood of publishing success in
cases where the research paper is of inferior quality. At the same time, publishing in a
low-impact factor or SJR journal decreases the likelihood of research being cited or having
fewer citations.

In this case, managing a team of authors plays a vital role in such collaborative
situations. When multiple researchers work together on the same team, they need to share
resources and support each other to get the job done. Notably, in research teams funded
by government or private entities, the completion of projects on time affects subsequent
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funding considerations; it challenges research team leaders in managing large, complicated
collaborations to maximize the capabilities of team members together with mitigating
the weaknesses caused by their constituents. Therefore, it is necessary to understand the
characteristics of collaborative teams that may affect research efficiency; this comprehension
allows team managers to manage their members to increase the quality of subsequent
publications.

2.1. Number of Authors per Article

An issue that was investigated regarding the impact on research findings was the size
of the team, as more research contributors are expected to complete the research project
faster. Having more team members encourages more rigorous internal audits to correct
errors, and the sharing of specialized knowledge and skills within the team increases the
quality of research output. Therefore, multi-author publications are considered higher
quality than solo papers. Literature backs this assumption because it has been found that
the relationship between team size and scientific outcomes is positive (Beaver 2004; Lee
and Bozeman 2005; Wuchty et al. 2007; Martín-Sempere et al. 2008; Sooryamoorthy 2009;
Fischbach et al. 2011; Gazni and Didegah 2011; Fox et al. 2016). There is also substantial
evidence that the number of published citations has increased as a result of the larger author
team (Lawani 1986; Katz and Hicks 1997; Baldi 1998; Bornmann and Daniel 2010; Gazni and
Didegah 2011; Annalingam et al. 2014; Biscaro and Giupponi 2014). A positive effect of the
author numbers on the quality, length, and frequency of publications was found, and the
correlation between co-authorship and individual outcomes was negative after the team
downsized (Hollis 2001); however, there was also a negative correlation between research
size and efficiency: having a larger team decreases the productivity of the team (Carayol
and Matt 2006), and the bigger the team size, the higher the level of collaboration difficulty
(Beaver 2004). Teams made up of multiple authors did not result in more citations (Medoff
2003; Hinnant et al. 2012; Bergh and Perry 2006). Consistent with Abramo et al. (2009)’s
study, the strongly positive relationship between team sizes and research outcomes was
uncovered only in industrial and information engineering; moreover, past research also
concluded that a relationship between the number of authors and research productivity
did not exist (Seglen and Aksnes 2000). Regarding team size, the hypothesis is indicated as
follows.

H1. Citation counts increase with the number of listed authors for a publication.

2.2. Type of Research Article

A research article is a written work that takes information from a research report,
compiled or summarized into a body of knowledge in a form presented to the reader to
understand research problems and methods of research production, the findings, and the
implications. Research papers may be presented at an academic conference in either an oral
or poster format for publishing in academic conference proceedings—other types of the
research article include papers published in academic journals. Publishing research papers
must pass a review, and the contents are screened for being in the publishing criteria of
particular journal standards by the assessment committee. The sources for disseminating
research results are national academic conferences, international academic conferences,
national academic journals, and international academic journals. The benefits of publishing
research results will be for both researchers and the journal/proceeding itself; it is mutually
advantageous and satisfactory to all parties involved in helping develop knowledge, since
the research contributions will be disseminated and extended by other scholars for further
study. The completed research project, particularly the project funded by the third parties,
is required to be published in an accredited journal certifying that highly qualified experts
have reviewed the research project according to the standards.

In other words, the project will not be completed if it is not accepted for publication
in a suitable academic journal; it leads to the question of why it is necessary to publish in
a quality academic journal instead of print media or conference proceedings. The reason
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is that every article published in a quality academic journal is reviewed for scientific
credibility and validity through an intensive review process by experts in the field and
based on scientific principles, reliable research results, useful both in theory and in practice.
The higher the quality of a journal, i.e., the higher the impact factor, the more difficult it is
to be accepted for publication in such a journal. Once published, it demonstrates expertise
in the field and the ability to conduct rational research, scientifically accurate and reliable
processes of the research team, and the researchers’ self-worth, which means reputation
and journal quality reflect the researcher’s standing.

Typically, the number of articles a researcher publishes in a reputable or high-quality
journal is considered when necessary to decide a researcher’s recruitment, performance
assessment, advancement, or grant (Cunill et al. 2019). On the other hand, academics are
also rigorously convinced of the quality of accredited research; therefore, publishing a
paper in a journal, especially at the top quartile or in a reputable database, will attract more
citations, resulting in a higher citation rate. For this reason, scholars try to manage their
time resources to publish their research in academic journals. Regarding the analysis of
citation patterns in various scientific fields, citations from conference proceeding is still a
metric that many bibliographic researchers include in their studies. Despite the impact of
journal articles being significantly higher than that of conference papers, the importance
of this type of article could still be measured by the number of citations received (Michels
et al. 2013).

Contrary to the assumption that journal articles receive more citations than conference
papers, literature also reports that it depends on the discipline and the research topic, where
the hot topics or impact issues are cited frequently. Published proceedings offer a chance
to contend on a trending topic before others and depict the newest findings (González-
Albo and Bordons 2011; Lin et al. 2014) since the journal’s reviewing process takes a
long time than conference papers, this offers better quality. For rapidly evolving fields
such as computing and information science, presenting research results at symposiums or
academic conferences is one of the key ways to disseminate information and knowledge
as an additional source of standard journals (Glänzel et al. 2006; Shamir 2010; Makvandi
et al. 2021). Although proceedings gain citations rapidly, they have a limited scientific
impact and are outdated faster than journal articles (Lisée et al. 2008). According to Rahm
(2008), conference papers receive considerable citing than journal articles in some areas
of Computer Science, such as the database. Apart from directly submitting the paper to
the desired journal, extending conference work for journal publication is another path to
carrying out software engineering research (Montesi and Owen 2008). Generally speaking,
journal publications or conference papers get citations, particularly high-quality journals
and accredited conferences with a DOI and a credible publisher. Since both types of research
articles are continued with researchers for disseminating knowledge but lead to different
quality inferences. This paper, therefore, explores the potential impact differences between
them. The hypothesis regarding the type of article is as follows.

H2. Citation counts increase with the journal type of publication.

2.3. First-Author Gender

Previous research on gender differences in academics confirmed the existence of
gender differences in all region’s studies and almost all disciplines; however, there are
reports that such differences have decreased over time (Lynn et al. 2019). Such studies
highlight several concerns, including research productivity (Hengel and Moon 2020),
citations (Maddi and Gingras 2021), funding (Lerchenmueller and Sorenson 2018), and
success in tenure (Mathews and Andersen 2001; Corley and Gaughan 2005; Weisshaar
2017); they found that women scholars are less productive than their male peers regarding
publication numbers (Kyvik 1995; Cole and Zuckerman 1984; Lee and Bozeman 2005; Peñas
and Peter 2006). Some research proves that women’s publications are cited on average less
than those of men (Turner and Mairesse 2005; Aksnes et al. 2011), even when evaluating
articles or abstracts, concluding that males do better (Knobloch-Westerwick et al. 2013;
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Krawczyk and Smyk 2016). Abramo et al. (2009) confirmed significant gender differences in
research production using bibliographic indicators on male and female academics working
at Italian universities in science and technology. Nevertheless, the differences were smaller
than those reported in previous studies, and they also indicated that the effects of gender
differences decreased over time. The topic of gender disparities in publication authorship
and citation impact was examined, concluding that female first authors are cited more
diminutive than their male counterparts (Larivière et al. 2013), which is in line with the
study indicating that publications with male first authors received 3.6% more citations in
India (Thelwall 2018). While research indicates that women’s academic performance is
of inferior quality to men, some research argues that there is no difference between male
and female authors regarding the impact of publications (Long and Fox 1995; Bordons
et al. 2003; Mauleón and Bordons 2006; Gonzalez-Brambila and Veloso 2007). Other studies
pointed out that females’ research productivity is better than that of males in science (Long
1992; Borrego et al. 2010) and uncovered that the effect of women’s patents is greater
than that of men (Whittington and Smith-Doerr 2005). Tower et al. (2007) studied the top
six international journals in science, business, and social sciences and concluded that the
gender difference in academic efficacy was not found when considering the percentage
of women participating in the educational institution. The participation rate of women is
30–35% in academic positions, and women make up nearly 30% of the authors in the top
journals; they also found that the gender gap does not exist considering the Journal Impact
Factor based on their results. Therefore, the difference in quality is not due to gender
differences; it is more of a disciplinary issue. In this context, the hypothesis regarding first
author gender is as follows:

H3. Citation counts increase with the first author being female.

2.4. Journal’s Scientific Prestige: The SJR Indicator

In understanding the nature of citations, Merton’s normative citation theory states that
these documents are cited when they influence the reader (Merton 1973). The references
in the article to the importance and usefulness of the results presented should be directly
correlated in principle. Subsequently, several factors other than cognitive influence and
peer perception were identified, such as reputation and respect; it is a factor that increases
not only the likelihood of academic promotion (Petersen et al. 2014) or research funding
(Bol et al. 2018), but it can also influence readers of the work (Petersen et al. 2014). In other
words, the more successful the researchers at the initial stage, the higher the chances of
getting a publication citation, which to help them achieve even more success later on; this
phenomenon is known as the Matthew Effect (Merton 1968). The SJR is a size-independent
reputation and respect proxy that ranks journals by their average prestige per article, based
on the perception that all citations are not created equal. Publishing in a high SJR score
journal can be defined as the early success of the researcher. With SJR, the journal’s subject
field, quality, and prestige influence the citations (Bollen et al. 2006). The SJR, short for
SCImago journal rank, is an index offered by Scopus as an alternative to measuring journal
quality in addition to Thomson Reuters’ Impact Factor (Falagas et al. 2008; Leydesdorff
2009); it was developed in 2009 by Prof. Félix de Moya in collaboration with researchers
at SCImago Research Group, Spain, and is a metric that ranks journals based on journal
articles and citations from Elsevier’s Scopus database (Guz and Rushchitsky 2009); it applies
the principle of the PageRank algorithm, which is the same method Google uses to rank
and measure the importance of popular web pages (Page et al. 1999). The journal’s weight
in which the article is cited normalizes the journal citation value. For example, a journal
in science with many citations has a lower weight than a social science journal with fewer
citations. Therefore, journal articles referred by journals with higher SJR values will also
receive higher SJR values. The SJR is calculated as the total number of citations a journal
has received in the current year divided by the number of articles published in the past
three years, with only selected articles and citations received from peer-reviewed papers,
including research papers, articles review, and articles from the conference report. The
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SJR will also benefit smaller journals, journals in languages other than English, and newly
released journals in the Scopus database apart from Thomson Scientific (Gasparyan 2011).
The investigation of whether citations are affected by the early success is a noteworthy
determination for authors wishing to boost their research impact. Therefore, the hypothesis
under the scientific prestige is as follows:

H4. Citation counts increase with the SJR value.

2.5. Cross-Institutional Research Collaboration

Combining knowledge and skills among experts from different fields allows research
teams to work on multiple projects simultaneously; it enables researchers to expand the
scope of research topics to cover human issues. Research and development (R&D) is an
integral part of the Thai government’s support to lift Thailand from the middle-income
trap, the economic crisis, and the increasing economic challenges. As the problems in
society worldwide become more complex, such as emerging infectious diseases, global
warming, and food shortages, using only knowledge from a particular field of study, from
a particular agency, or a particular sector may not solve the problem (Hall et al. 2008).
The creation of cooperation in research benefits researchers and institutions in terms of
strength of work, knowledge exchange, planning, and mutual support, resulting in the
continuation of the body of knowledge and the integration of resource utilization for cost-
effectiveness (Sonnenwald 2007), and the increase in research productivity (Beaver 2001;
Thorsteinsdóttir 2000). In addition, knowledge exchange and extension of the research work
create issues for continued development (Cvitanovic 2015). Recently research productivity
yielded by collaboration includes solutions to water contaminated with lead in Flint (Lewis
and Sadler 2021); conservation strategies for heritage sites by future climatic uncertainty
(Richards et al. 2020); a community-academic partnership in insects’ identification in a
dense fragment of lowland rainforest (Paliau et al. 2022); and the R&D of vaccine funding
by industry-academic collaboration (Cross et al. 2021).

The level of cooperation in research can be divided according to the working context,
i.e., organizational, local, national, and international cooperation, in an integrated manner
between experience and expertise (Song et al. 2019), and may collaborate methods and
budgets. What needs to be concerned is the coordination and linkage of work between
institutions to create a system that facilitates the promotion and expansion of scientific
research production so that research can be utilized for economic and social development.
Universities as educational institutions and learning centers for the development of knowl-
edge and innovation are fundamental goals that the government desires to support and
encourage more research and innovation to meet the country’s growth needs. In this case,
the university’s faculty and researchers are essential drivers in leading the university to
produce products that meet the country’s needs. Innovating and publishing research can
also help support this aim to become a world-class university; therefore, researchers should
have the opportunity to cooperate with researchers/academics from outside institutions
who have different bodies of knowledge and perspectives from different fields and sectors
to discover scientific knowledge or create innovations. Inter-institutional collaboration
can fill in the areas the individual research team lacks, such as skills, knowledge, budget,
and technology. In this case, expanding the collaborative research network also means
increasing the budget and valuable resources. As a result, government agencies constantly
promote cross-disciplinary, -organizational, and -sector collaboration to achieve effective
academic productivity (Hall et al. 2012). Therefore, researchers should not limit themselves
to the framework of their institutions but also seek externally as these will create a more
outstanding value.

Researchers within teams come from different institutional affiliations and have a wide
range of impacts, including exchanges, patents, expertise in specialized tools, software,
and critical information from individuals. Literature suggests that the number of affiliated
institutions positively impacts referrals (So et al. 2015); it raises the question of whether
a greater diversity of institutions within the research team can positively impact research
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productivity? Thus, the hypothesis regarding cross-institutional research collaboration is
as follows:

H5. Citation counts increase with the number of affiliated institutions for a publication.

2.6. International Research Collaboration

Combining human capital and physical resources from different backgrounds and cul-
tures benefits the production of scientific knowledge. International Research Collaboration
(IRC) is considered a driving force to strengthen intellectual capital and boost innovation.
Creating a research network in the form of a complete network integration leaves room
for senior and junior researchers to collaborate as a team. The assistance and knowledge
exchange in the network, both domestically and internationally, strengthen the research
groups and stimulates them to deliver high-quality, rapid, concrete research results that
benefit researchers to be developed in all aspects by leaps and bounds. Collaboration in
research, particularly international cooperation, is widely recognized as beneficial to both
researchers and related organizations as it improves research quality (Katz and Hicks 1997;
Van Raan 1998; Leydesdorff and Wagner 2008; Van den Besselaar et al. 2012), resulting in
more publications and citations (Glänzel and Schubert 2001; Glänzel 2001; Hara et al. 2003;
Persson et al. 2004; Haustein et al. 2015; Wesel 2016; Fox et al. 2016). A positive effect of
international collaboration has been found, either on research efficiency or average output
quality, based on the international collaboration of researchers from Italian universities
from 2001 to 2005, and each researcher is the analytical unit (Abramo et al. 2011). Aca-
demics from leading countries in academic circles such as the United States of America,
the United Kingdom, and Australia attract researchers worldwide by collaborating with
academics from these countries. At the same time, China and Germany are increasingly
influential as leading research-producing countries in the leading general higher education
journals (Fu et al. 2022). Therefore, the existing co-authorship model was strengthened. The
most successful teams in terms of quantity and quality consist of members from different
countries, and there is moderate team diversity since researchers leverage knowledge from
different research cultures and their implications (Barjak and Robinson 2008).

In comparison between domestic and international papers, previous studies have
concluded that internationally staffed publications are cited more often than domestically
collaborative publications (Narin et al. 1991; Schmoch and Schubert 2008; Sooryamoorthy
2009). As international collaboration is considered to increase publication visibility and
efficiency, the impact of having foreign researchers on research cooperation continues to
be scrutinized. Academics in developing countries especially appreciate international
cooperation because international collaborative papers attract readers’ attention and are
often cited in high-ranking journals rather than articles without cooperation internationally
(Cronin and Shaw 1999; Moed 2005). The way to organize international cooperation has
also impacted referrals; that is to say, it organizes which institutions or countries lead
the collaboration and which groups play secondary roles. Because high and low citation
countries cooperate, such research concludes that the order of authors is truly important.
When authors from high-impact countries came before, 67% of international bilateral
collaborative research had an average citation impact greater than the average citation
of purely domestic papers from cooperating countries. On the other hand, the order of
authors from low-impact countries proceeds first, leading to this percentage dropping to
43%. This concept is incorporated into the recently developed indicators—the so-called
“research guarantor” by Moya-Anegón et al. (2013); however, other studies offer evidence
that publications with international cooperation are not highly cited (Gazni and Didegah
2011; Rey-Rocha et al. 2001) but that the difficulty in managing International cooperation
may be reduced by bringing researchers closer together geographically (Cummings and
Kiesler 2005).
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In order to measure the diversity indices for internationality, the Simpson’s Diversity
Index is used to measure the degree of concentration in a community when individuals are
classified into types (Simpson 1949). The international diversity index for each research
team was calculated as follows:

Simpson′s Index =
∑ ni(ni − 1)

N(N − 1)
(1)

Simpson′s Index o f Diversity = 1− ∑ n(n− 1)
N(N − 1)

(2)

where:

ni = the total number of members that belong to species i;
N = the total number of members.

Simpson’s Diversity Index value is between 0 and 1, where 1 represents no diversity
and 0 indicates maximum diversity. The higher the value, the lower the diversity. Foreign
researchers within the research team have a higher impact in terms of publication that
tends to attract more citations than domestic collaboration (Narin et al. 1991). Some argue
that foreign researchers on the research team do not result in higher citations (Rey-Rocha
et al. 2001). Thus, the hypothesis regarding International Collaboration is as follows:

H6. Citation counts increase with the first author being a foreigner.

H7. Citation counts increase with the high international diversity of the research team.

3. Methodology
3.1. Data

Chiang Mai University has divided the disciplines offered at the university to facil-
itate the university’s administration and comply with the regulations referred to in the
university’s field of study; it covers all disciplines offered in faculties and colleges into three
groups as follows: (1) Science and Technology Discipline Group, namely the Faculty of
Science, the Faculty of Engineering, the Faculty of Agriculture, the Faculty of Agro-Industry,
the Faculty of Architecture, the College of Marine Studies and Management, the College of
Art, Media and Technology, and the International College of Digital Innovation; (2) Group
of Health Sciences, namely the Faculty of Medicine, the Faculty of Dentistry, the Faculty of
Pharmacy, the Faculty of Associated Medical Sciences, the Faculty of Nursing, the Faculty
of Veterinary Medicine, and the Faculty of Public Health; (3) Group of humanities and
social sciences, namely the Faculty of Humanities, the Faculty of Education, the Faculty
of Fine Arts, the Faculty of Social Sciences, the Chiang Mai University Business School,
the Faculty of Economics, the Faculty of Law, the Faculty of Mass Communication, and
the Faculty of Political Science and Public Administration (Office of Educational Quality
Development 2017).

Since the nature of each discipline is not the same, the nature of citations (e.g., citation
characteristics and trends) in each discipline is different as a result (Batista et al. 2006).
Some fields have a more expansive influence than others, so evaluating scientific research
productivity is generally best viewed in context within a particular field of study. Therefore,
journals in different disciplines should not be compared; they should be compared in the
same group (Gates et al. 2019). In this case, the data used in the study were Chiang Mai
University’s science and technology research field published on the Scopus database from
2010 to 2019, with 3883 publications. The papers were collected from the Scopus database
to cover the full range of researchers affiliated with Chiang Mai University. The detailed
information of the publication was collected (i.e., article name, citation number, author
number, abstract, keywords, publication type, publisher, volume, issue, start page, end
page) and the authors’ information (i.e., author name, affiliation, gender, and country of
institution). The research team, a collaborative group of Chiang Mai university researchers,
contributing to the publications, is represented as the main unit of analysis.
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3.2. Variables

Research productivity is an essential indicator for evaluating effectiveness in research
production. Research is like an input-output process, and results can be intangible (e.g.,
knowledge, skills, and consulting activities) and tangible (e.g., publications, patents).
Measuring research efficiency is a complex task, and accurate measurements are important
because researchers’ past publications are considered in productivity assessment, impacting
salaries and promotion. Universities and research institutes often use the number of
publications and citations to measure the performance of researchers and research teams.
The government considers the published results in allocating research funds at the macro-
level (Gonzalez-Brambila and Veloso 2007). In general, research productivity measures
can be measured in quantity and quality. The quantitative aspect can be measured by the
publication rate, while the number of citations reflects quality research productivity.

However, there is some argument over the effectiveness of the citation index (Hirsch
2007), which addresses widely used alternative indices, such as journal impact factors
and the H index. The Impact Factor is a tool to compare and rank journals. Typically, an
article chosen for publication in a journal is considered a seal of approval by the academic
community, certifying that an article has been reviewed by both the journal’s editors and
peer reviewers; thus, it can also reflect the quality of research published in a journal. H
index indicates the number of publications per researcher or citations per publication.
Although the H-index attempted to address the weaknesses of the citation index, it found
some disadvantages, such as interoperability (Petersen and Succi 2013); it did not consider
the context of the reference, how it is used, and whether or not it weighs. For instance, it is
just a reference for information without confirming or proving anything. Therefore, citation
analysis remains an important metric used for quality assessment (Schmoch and Schubert
2008). For example, citation-based metrics remain the basis for tenure decisions, funding,
and measuring journals’ relative status (Ioannidis 2008).

The frequency of citations from credible databases increasingly influences the scientific
evaluation process, from individual publication ratings to author evaluations and journal
ratings. Engaging prediction variables were the number of authors, type of article, the
femininity of the first author, foreign nationality of the first author, SJR value, and the
degree of diversity of the country to which the researchers are affiliated. Regarding the
dependent variable, citation data was collected from the Scopus database of Chiang Mai
University’s researchers’ science and technology research domain from 2010 to 2019, a total
of 10 years. The cutoff date for the Scopus citation count is December 31, 2019. Regarding
a reference group for dummy variables used in this study, a conference is defined as a
reference group for publication type; a male researcher is defined as a reference group for
gender; a Thai researcher is defined as a reference group for nationality.

3.3. Model Specification

In the analysis of inferential statistics, multiple linear regression analysis is used in
the case of parametric statistics. Quantile Regression (QR) and Ordinary Least Squares
Regression (OLS) are used in the case of non-parametric statistics. The specification of the
research productivity equation is:

citationsi = β0 + β1teamsizei + β2typejouri + β3 f emale f irsti
+β4inter f irsti + β5sjri + β6numa f fi + β7interdiveri + ei

(3)

where:

citations = the number of citations received by the publishing article;
teamsize = the number of author(s) per paper;
typejour = a journal type of publication, described with a value of 1;
f emale f irst = female as a first author, described with a value of 1;
inter f irst = being foreigners as a first author, described with a value of 1;
sjr = the journal’s SJR indicator, which is a numeric value;
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numa f f = the number of affiliation(s) in the research team;
interdiver = the international diversity per paper; value ranges from 0 to 1.

4. Results and Discussion
4.1. Authorship Pattern

The descriptive analysis of authorization patterns in science and technology research
during the study period demonstrated that the collaborative research was greater than
single-author publications. Of total publications, only 88 of 3883, or 2.27%, were single-
author publications, while 3795 papers were co-published.

According to Table 1, team sizes range from one to more than 20 authors; two author
publications accounted for 11.43% of total papers, and three authors’ articles accounted for
14.65% of publications. The maximum number of publications is four authors with 15.86%.
From the four written down, the percentage of the number of publications has continued
to drop noticeably. The 21 authors above have published a total of 48 publications (1.24%)
during ten years of study; it revealed that collaborative research dominates CMU’s science
and technology research.

Table 1. Chiang Mai university’s authorship pattern of publications trends in science and technology.

No. No. of Author Total No. of Publications Percentage of 3883

1 1 author 88 2.27
2 2 authors 444 11.43
3 3 authors 569 14.65
4 4 authors 616 15.86
5 5 authors 554 14.27
6 6 authors 458 11.80
7 7 authors 315 8.11
8 8 authors 237 6.10
9 9 authors 155 3.99

10 10 authors 122 3.14
11 11 authors 71 1.83
12 12 authors 64 1.65
13 13 authors 42 1.08
14 14 authors 27 0.70
15 15 authors 18 0.46
16 16 authors 20 0.52
17 17 authors 12 0.31
18 18 authors 9 0.23
19 19 authors 7 0.18
20 20 authors 7 0.18
21 >20 authors 48 1.24

Total 3883 100

4.2. Co-Authorship Pattern

In examining the authorship patterns of science and technology research, Table 2
shows the co-authorship pattern of Chiang Mai University’s research team in the science
and technology domain from 2010 to 2019. The author pattern is divided into five possible
co-authors groups, e.g., a single author or a collaboration of two, three, four, and more
than five authors. The total number of publications is 3883, with a total number of authors
of 23,927 based on our data. Regarding the year of publication, the number of authors
involved in science and technology, especially research teams of more than five co-authors,
tends to increase steadily. So far in 2019, the number of publications has declined across all
groups, decreasing the total publication number in that year. In the case of a single author,
the results showed significantly lower numbers than in co-authored research, where the
joint participation of more than five authors was remarkably high. Other metrics, such as
the degree of collaboration (DC), support the fact that typical practice collaboration between



Adm. Sci. 2022, 12, 71 14 of 28

authors and collaborative research has rapidly increased in Chiang Mai University’s science
and technology research. The collaboration level of authorship is calculated using the
following formula (Subramanyam 1983):

DC =
NM

NM + MS
(4)

where:

DC = Degree of Collaboration;
NM = Number of Multi-authored articles;
MS = Number of Single author articles.

Table 2. Chiang Mai university’s co-authorship pattern from the year 2010 to 2019.

Year of
Publication

Single
Author

Two
Authors

Three
Authors

Four
Authors

≥Five
Authors

Total
Publication

Total
Authors DC

2010 3 41 38 47 97 226 1089 0.987
2011 8 36 50 53 146 293 1589 0.973
2012 8 33 63 65 179 348 1831 0.977
2013 7 36 57 62 189 351 1880 0.980
2014 14 51 64 58 185 372 1906 0.962
2015 7 62 69 58 235 431 2624 0.984
2016 11 56 65 74 266 472 3254 0.977
2017 8 51 58 87 297 501 3543 0.984
2018 17 57 73 77 369 593 3959 0.971
2019 5 21 32 35 203 296 2252 0.983

Total 88 444 569 616 2166 3883 23927 0.978

4.3. International Research Collaboration

To better understand the trend of international cooperation in science and technology
research of researchers at Chiang Mai University, Table 3 depicts the co-authoring patterns
of different countries. The data are sorted by the largest number of authors in each country
from the total number of publications and was classified as paper with two authors, multiple
authors, and Mega authors. Comparative results by country show that the United States,
Japan, China, Australia, United Kingdom, Germany, France, India, South Korea, and Italy
were among the top ranks in collaboration with CMU researchers. About 60% of all papers
in the dataset come from the presented countries through the collaboration of two and more
than two authors. The cross-country collaboration is depicted in Figure 1. The collaboration
network shows that most countries collaborated partner is with countries such as the
United States, Japan, and China. Figure 1 shows the results of international collaboration
by continent that cooperates with CMU researchers in science and technology; it exhibits
that Asian countries have the most cooperation with CMU researchers accounting for 39%,
European countries accounting for 32%, and North America, 16%, respectively.

Table 3. Chiang Mai university’s international authorship pattern in science and Technology.

Country Two Authors
Articles

Three
Authors
Articles

Four to Ten
Authors
Articles

More Than
Ten Authors

Articles
Total

United States 221 49 32 3 305
Japan 155 64 33 0 252
China 67 54 50 4 175

Australia 96 29 22 1 148
United Kingdom 103 19 7 0 129
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Table 3. Cont.

Country Two Authors
Articles

Three
Authors
Articles

Four to Ten
Authors
Articles

More Than
Ten Authors

Articles
Total

Germany 78 16 12 0 106
France 45 8 12 0 65
India 31 22 8 1 62

South Korea 45 14 3 0 62
Italy 40 6 16 0 62

Taiwan 24 21 15 1 61
Viet Nam 39 7 3 0 49

New Zealand 43 3 1 0 47
Iran 19 6 19 0 44

Other 71 Countries 431 182 80 1 694

Total 1437 500 313 11 2261
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Figure 1. Chiang Mai university’s cross-country collaboration in science and Technology by continent.

4.4. Authorship Pattern Based on Domestic Institutions

Cooperation pattern of domestic institutions that have networks with the CMU, as
shown in Tables 4 and 5. From Tables 4 and 5, 15 institutions and authors’ styles with the
most contributions in science and technology research are; Prince of Songkla University,
Mae Fah Luang University, Maejo University, University of Phayao, Suranaree University
of Technology, Rajamangala University of Technology, Kasetsart University, Chulalongkorn
University, Khon Kaen University, Naresuan University, Mahidol University, Rajamangala
University of Technology Lanna, Ratchathani University, Ubon Ratchathani University,
Srinakharinwirot University, respectively.



Adm. Sci. 2022, 12, 71 16 of 28

Table 4. Top 16 Most Collaborative Institutions.

No. Collaborative Institution No. of Collaborated
(Percentage)

1 Chiang Mai University 1616 (45.16)
2 Prince of Songkla University 197 (5.51)
3 Mae Fah Luang University 193 (5.39)
4 Maejo University 138 (3.86)
5 University of Phayao 138 (3.86)
6 Suranaree University of Technology 135 (3.77)
7 Rajamangala University of Technology 114 (3.19)
8 Kasetsart University 112 (3.13)
9 Chulalongkorn University 111 (3.10)
10 Khon Kaen University 89 (2.49)
11 Naresuan University 68 (1.90)
12 Mahidol University 67 (1.87)
13 Rajamangala University of Technology Lanna 52 (1.45)
14 Ratchathani University 38 (1.06)
15 Ubon Ratchathani University 37 (1.03)
16 Srinakharinwirot University 35 (0.98)

Table 5. Chiang Mai university’s domestic collaboration pattern by institutions.

Institution Two Authors
Articles

Three Authors
Articles

Four to Ten
Authors Articles

More Than Ten
Authors Articles Total

Prince of Songkla University 178 14 5 0 197
Mae Fah Luang University 164 28 1 0 193

Maejo University 131 4 3 0 138
University of Phayao 133 5 0 0 138

Suranaree University of Technology 127 7 1 0 135
Rajamangala University of

Technology 107 7 0 0 114

Kasetsart University 79 21 12 0 112
Chulalongkorn University 68 11 32 0 111

Khon Kaen University 68 16 5 0 89
Naresuan University 59 9 0 0 68
Mahidol University 51 11 5 0 67

Rajamangala University of
Technology Lanna 52 0 0 0 52

Ratchathani University 37 1 0 0 38
Other 57 Institutions 487 19 4 0 510

Total 1741 153 68 0 1962

The collaborative pattern findings show that the percentage from within CMU col-
laboration papers (45.16%) is higher than in collaboration with other institutes. The top
15 domestic collaboration ranges from 35 to 197 papers. Prince of Songkla University is
the most frequent collaborator with CMU. The pattern of two-author articles is the most
frequent coordination (1741 papers or 88.75%) of domestic collaboration. Among the top
15 institutes, Rajamangala University of Technology Lanna is the institute that has never
collaborated with CMU in the more than two collaborators pattern. The pattern of more
than nine institutions collaborating with CMU did not exist.
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4.5. Findings
4.5.1. The Least Squares Assumptions

The most common estimation method for linear models is the Ordinary Least Squares
(OLS) method; however, the OLS estimation in the regression model is effective as a Best
Linear Unbiased Estimator (BLUE). Therefore, to examine the characteristics of the data
before analyzing the relationship, the variables used in the analysis were checked against
five preliminary GM assumptions that would make the OLS estimate unbiased, as follows.

Linear in Parameters

The linearity condition can be verified by the graph representing the relationship of
independent variables with dependent variables, shown in Figure 2; it was found that
the red line was not a straight line along the graph’s horizontal axis; therefore, it can be
concluded that it is not a linear condition.
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Normal Distribution

The underlying random variable is normally distributed and is checked whether there
is a normal distribution by using the histogram of citations, as shown in Figure 3 and
statistical testing using the Kolmogorov–Smirnov Test. The histogram shows the number of
citations and research at each journal level, with the vertical axis representing the number of
data frequencies representing a non-normal distribution. From the Kolmogorov–Smirnov
Test at the significance level of 0.05, the maximum deviation was 0.573, and the p-value
was 2.2 × 10−16, which is less than the specified level of significance. Therefore, it can be
concluded that it is a non-normal distribution, which is in line with the graphical test.

Autocorrelation

Durbin–Watson statistics can test this preliminary agreement. The decision considering
the statistical value from Durbin–Watson means there should be a value between 1.5–2.5 to
be concluded that each error value is independent. In this case, considering the statistical
value of Durbin–Watson, the value obtained from the test was found to be 1.7214, which is
between 1.5–2.5. Therefore, it was concluded that individual error value is independent.
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Homoscedasticity

The error variance is assumed to be constantly tested by the residuals versus fitted
value plot and the Breusch–Pegan Test method at a significance level of 0.05. According
to Figure 4, the residuals versus leverage plot change shows that the data has a constant
error variance; moreover, the test results using the method The Breusch–Pegan Test at a
significance level of 0.05 showed a lower probability value than the defined significance
level (p-value < 0.0001). Therefore, it can be concluded that the data has a constant error
variance.

Adm. Sci. 2022, 12, x FOR PEER REVIEW 18 of 28 
 

 

 
Figure 3. Histogram of citations. 

Homoscedasticity 
The error variance is assumed to be constantly tested by the residuals versus fitted 

value plot and the Breusch–Pegan Test method at a significance level of 0.05. According 
to Figure 4, the residuals versus leverage plot change shows that the data has a constant 
error variance; moreover, the test results using the method The Breusch–Pegan Test at a 
significance level of 0.05 showed a lower probability value than the defined significance 
level (p-value < 0.0001). Therefore, it can be concluded that the data has a constant error 
variance. 

 
Figure 4. Residuals versus fitted value plot. 

Multicollinearity 
This assumption is validated using statistical values of Variance Inflation Factor (VIF) 

and Tolerance (TOL). There is a Multicollinearity problem if the Variance Inflation Factor 
is very close to 10. If the tolerance of a variable is close to 1, it means that the variables are 
independent of each other. The results of examining the relationship among independent 
variables are shown in Table 6.  

Figure 4. Residuals versus fitted value plot.

Multicollinearity

This assumption is validated using statistical values of Variance Inflation Factor (VIF)
and Tolerance (TOL). There is a Multicollinearity problem if the Variance Inflation Factor is
very close to 10. If the tolerance of a variable is close to 1, it means that the variables are
independent of each other. The results of examining the relationship among independent
variables are shown in Table 6.



Adm. Sci. 2022, 12, 71 19 of 28

Table 6. The statistical values of Variance Inflation Factor (VIF) and Tolerance (TOL).

Variable VIF TOL

teamsize 5.7094 0.1752
typejour 1.0027 0.9973

femalefirst 1.0033 0.9967
interfirst 1.1407 0.8766

sjr 1.0394 0.9621
numaff 5.9349 0.1685

interdiver 1.0021 0.9979

Table 6 presented that the Variance Inflation Factor of some variables is greater than
5, but the Tolerance of all variables is less than 1; it can be concluded that a relationship
between the independent variables or a Multicollinearity problem is found. The tests used
in the analysis to determine whether it was consistent with all five of the preliminary
agreements revealed that it was non-compliant with the use of parametric statistics. This
research, therefore, uses non-parametric statistics, including determination of the Spearman
correlation coefficient and quantile regression analysis to suit such data.

4.5.2. The Impact of Authorship Characteristics on Citations

The outlier-tolerant quantitative regression is used as the primary regression to study
the impact of a team of authors’ characteristics on research productivity. To verify the
robustness, a comparison of results from OLS regression and quantile regression for the
median (0.5th quantile), the simplest quantile regression model that can be compared, is
demonstrated. Since both methods attempt to simulate the central location of the response
distribution, the interpretation of the regression coefficient of both methods is comparable;
moreover, the quantile 0.5 gives the conditional median of the variable as it defines the
independent variable and is considered a non-parametric alternative to linear regression
tailored to the conditional mean. Thus, comparing OLS with the median regression is a
common practice. In this study, we used the bootstrapping method to estimate the standard
error since the i.i.d. does not support a change in response. Although the bootstrap point
estimation is similar to the asymptotic approach, it gives an oblique standard error than
the asymptotic standard error method. That is, bootstrap reported lower accuracy levels of
quantile estimates of 0.5 than asymptotic estimates (Hao and Naiman 2007).

Stepwise Regression

The selection of the explanatory variable using statistical values, a statistics-based
selection, is the process of inserting the source variable into the regression equation to
select the factors with the highest relation to the dependent variable; and the statistically
significant variable is added to the regression equation first. The regression equation with
the explanatory variable from the above method describes the variance in the dependent
variable the most, together with other statistically significant factors in the equation, making
the regression model the best-predicted equation. Stepwise selection alternating between
forward and backward is one of the methods of statistics-based selection, which is the
step-by-step iterative construction of a regression model. The process involves selecting
independent variables in a final model by adding or removing potential factors that meet
the criteria for entry or removal in sequence. Based on statistical significance after each
repetition, the process continues adding or removing variables and ends when the influence
of all remaining explanatory variables in the equation is statistically significant. From
stepwise regression, a new equation is obtained:

Citationsi = β0 + β1teamsizei + β3 f emale f irsti + β4inter f irsti + β5sjri + ei (5)

We start by combining all variables in the same regression. The number of co-authors
appears to be a significant predictor of publication quality. For example, a larger team may
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consist of people with more senior and more experienced authors possibly writing higher
impact articles. Women’s first authors were associated with moderate citation counts and
high-impact SJR values on citation counts. We first combine the two in the same regression
(columns 2–3) and then consider the effects separately (columns 4–5). Therefore, the effect
of variables on team attributes affecting research productivity is presented in Table 7.

Table 7. The impact of authorship characteristics on citations considering OLS and quantile regression
(0.5th quantile).

Variable
Full Model Reduced Model

OLS Q (0.5) OLS Q (0.5)

teamsize 0.216 ***
(0.070)

0.253 ***
(0.082)

0.384 ***
(0.030)

0.193 ***
(0.057)

typejour 6.024
(6.063)

2.407 ***
(0.584)

femalefirst −1.183 **
(0.515)

−0.456 **
(0.195)

−1.165 **
(0.514)

−0.370 **
(0.194)

interfirst −0.493
(0.580)

0.086
(0.301)

−0.164
(0.566)

0.212
(0.248)

sjr 3.364 ***
(0.312)

1.720 ***
(0.367)

3.383 ***
(0.312)

1.733 ***
(0.374)

numaffiliation 0.467 ***
(1.174)

−0.141
(0.128)

Interdiver 0.809
(0.722)

0.163
(0.264)

Constant −3.469
(6.056)

−1.646 **
(0.652)

3.154 ***
(0.459)

0.646 **
(0.285)

Observations 3883 3883 3883 3883
R Square 0.079 0.076

Adjusted R Square 0.077 0.075
Residual Std. Error 16.004 16.004

F Statistic 47.197 *** 80.238 ***
Note: Standard errors are in parentheses; ** p < 0.05, *** p < 0.01.

Although authorship characteristics typically stay influential for citation counts, the
findings were not always as hypothesized.

H1 hypothesizes a positive relationship between the number of authors per paper and
citations. The analysis results revealed a significant positive impact of the team size on
citations (p < 0.01) at the 0.5th quantile and OLS model. The reduced model also confirms
the strong relationship. The team size’s coefficient in the quantile regression model, 0.193,
is higher than that of the OLS’s coefficient, which is 0.384. It could be implied that the new
knowledge circulates faster with more authors and is expected to be better communicated
to the relevant scientific community.

H2 predicts a relationship between the journal type of publication and team research
productivity. In column 3, the results showed a positive relationship (p < 0.01) between
being journal papers and citations in the 0.5th-quantile regression model, which is 2.407;
however, the impact does not exist in the OLS model. Therefore, the number of citations is
higher for the journal type of publication than for the conference proceeding paper.

H3 expects a positive correlation between female first-author papers and citations. In
columns 2, 3, 4, and 5, the results indicated a significant negative impact of the teams with
the female-first author on citations (p < 0.05) at the 0.5th quantile and OLS model; and is in
line with the reduced model; it implies that the number of citations is lower for a female
first author paper.

H4 hypothesizes a positive impact of the SJR value on team research productivity.
Considering columns 2, 3, 4, and 5, the analysis results using citations as the research
productivity proxy indicated a positive correlation, both with OLS and QR (0.5); and is also
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confirmed in the reduced model. Therefore, the number of citations increases when the SJR
value increases by one, holding all the other factors constant.

H5 expects that citation counts increase with the number of affiliated institutions for a
publication. The results showed that the number of affiliated institutions positively impacts
citations (p < 0.01) in the OLS regression model; however, such an impact does not exist
in the median (0.5th quantile) model. In this case, data are insufficient to conclude that a
paper with more institutional collaborators gains more citations.

H6 predicted a negative relationship between the international first author paper and
citations. The results from the conditional-median and conditional-mean models revealed
that they fall short of statistical significance in both models and are in line with the reduced
models.

H7 hypothesizes a positive relationship between international diversity and research
productivity. The conditional-mean and conditional-median models indicated a positive
impact of international diversity on citations, but they are not statistically significant.

4.5.3. Estimation of Individual Conditional Quantiles

We also investigated the inner quantiles of the response variable’s distribution in
response to the predictor variables besides the median. The citation counts estimated from
quantile regression across all quantiles are demonstrated in Table 8. Based on the results,
the increasing number of authors in the team boosts citations over the entire distribution,
except for the 0.25th quantile, with the most potent effect observed at 0.5–0.75th quantiles
and a weak effect at the 0.99th quantile. Specifically, the co-authors’ number does not
matter to the relatively unproductive teams; it has little effect on the most productive teams,
while it strongly impacts moderately productive groups. Many studies supported that
the number of researchers within the team affects increasing referrals. In other words, the
larger the number of researchers, the more likely it is to be cited (Bornmann and Daniel
2010; Annalingam et al. 2014; Biscaro and Giupponi 2014); this effect may be explained
by the fact that more comprehensive networks involve longer author lists. Such a more
extensive network allows readers to see the publication better and may cause possible
future references (Liskiewicz et al. 2021); however, the outcome of high referrals should
not be an impetus to create self-contained groups of researchers where individuals do
not actually participate in the research. Instead, it is best to include a co-author with
additional expertise, since diversity is the cornerstone for comprehensive analysis, leading
to multidimensional utilization.

Table 8. Estimating a quantile regression across the distribution of citations.

Variable Q (0.25) Q (0.50) Q (0.75) Q (0.99)

teamsize 0.012
(0.016)

0.193 ***
(0.057)

0.392 ***
(0.105)

3.122 *
(1.759)

femalefirst −0.010
(0.022)

−0.370 *
(0.194)

−1.161 ***
(0.420)

−26.223 **
(10.334)

interfirst 0.449 ***
(0.149)

0.212
(0.248)

−0.102
(0.518)

5.022
(12.601)

sjr 0.648 ***
(0.142)

1.733 ***
(0.374)

5.831 ***
(0.674)

28.395
(19.350)

Constant −0.134 ***
(0.051)

0.646 **
(0.285)

2.565 **
(0.586)

38.466 *
(13.512)

Observations 3883 3883 3883 3883
Note: Standard error are in parentheses; * p < 0.1, ** p < 0.05, *** p < 0.01.

Publication in which the first author is female at quantile levels of 0.50, 0.75, and
0.99 were statistically significant; however, all coefficients were negative; it indicates that
the independent variable has a negative relationship with the dependent variable at the
statistically significant level of 0.1, 0.05, and 0.01, respectively; it was concluded that the
average citations of a female first author are less than the average citations of an article with



Adm. Sci. 2022, 12, 71 22 of 28

a male first author, consistent with literature indicating that male first authors received
more citations than female first authors (Larivière et al. 2013; Thelwall 2018). The citation
advantage of being a foreign-first author only existed at the 0.25th quantile; however,
there was no evidence of foreign-first author citation advantages or disadvantages for the
moderate and very productive publications. The SJR values likewise have a strong positive
impact on the three lowest quantiles; more SJR values influence low and medium-quality
publications. A possible explanation for this somewhat misallocation of talent; the low
proportion of females entering into science compared to nonscience careers leads to gender
disparities in research productivity (Breda and Ly 2012).

5. Conclusions

While the government and institutions are increasingly focusing on cooperation in
the production of scientific research, competent authors are expected to be able to conduct
high-quality research that increases article discoverability and interestingness, resulting in
a better impact; this trend encourages independently formed teams to interact with other
associations to improve their work by taking criticism and critique into account (Stvilia
et al. 2010). In cooperation between institutions, researchers’ discipline, research problem
areas, sharing technology, and the interaction of learning and management within research
teams are essential to encourage researchers from one institution to work effectively with
their peers from other institutions. Therefore, interpersonal skills are something that
many researchers should have and need to practice because research can not only exist
in universities, but also need to build networks of external cooperation. In addition to
networking, maintaining relationships between institutions is imperative and always
supports the research production’s value (Boekholt et al. 2009). Joint research is more
complex than single writing, and effective team management is required. Therefore, it is
essential to understand the characteristics and diversity of research team compositions.
This study endeavors to clarify the factors that determine the productivity of joint research.
The number of citations is a baseline indicator of the team’s performance, obtained from
the Scopus database in a ten-year window between 2010 and 2019. We analyzed various
factors affecting citations of papers published in science and technology by researchers
affiliated with Chiang Mai University, using OLS regression with robust standard and
Quantile Regression. Our empirical parts generate the following findings.

• The relationship between journal type of publication and citations is positive. The
number of citations is higher for the journal type of publication than for the conference
proceeding paper.

• Since the first author contributed more to the paper, we examine the gender issue and
cross-country collaboration through the first-order position in the research production.
Concerning quantile regression, we found a negative correlation between female first
author papers and citation rate, conditional on the 0.5th, 0.75th, 0.99th, that is, the
number of citations is lower for the paper with the female-first author, but such effect
did not happen in the low productive papers. In determining the impact of the foreign-
first author on citations, we found a positive relationship only in the low productive
papers.

• With SJR value, we found a positive relationship with low to medium quantile citation
rate. The number of citations increases when the SJR value increases except for the top
productive papers.

• The conditional-mean model found a significantly positive association between the
number of affiliated institutions and citations (p < 0.01); however, such an effect does
not exist in the conditional-median model. Thus, data are insufficient to conclude that
a paper with more institutional collaborators gains more citations.

• Finally, no relationship between international diversity and citations was found, since
the analysis does not show any significant correlation. Although literature points out
a positive effect of team size, institutions, and countries’ collaboration on citation rates,
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our data support the findings relevant to past research only the number of co-authors
that influences citations.

This study sheds light on how authorship patterns and research team characteris-
tics correlate to article-level citations, focusing on domestic and international research
collaborations; however, our research also has some limitations. This study was only a
research study in the Science and Technology group of Chiang Mai University, and the data
were collected in 10 years time-bound. Some factors were omitted from the analysis (e.g.,
academic experience, gender diversity, and seniority diversity); they should be included in
the model to provide a comprehensive view; moreover, literature proved that publishing
in Open Access is beneficial to the citation frequencies compiled by a given publication
(Liskiewicz et al. 2021).

Future studies should expand the disciplinary scope by investigating the productivity
impact of other domains such as health sciences, humanities, and social sciences. The
interval between the year of publication and the cutoff date for citation counting should be
extended to allow enough time for some publications that are not cited. The investigation of
factors beyond the scope of this research must be addressed, such as open access, the team’s
average H-Index, and differences in the institute’s affiliation. According to the research
team formation, an analysis of possible differences in the origin of the international authors
is interesting to discover; such a social bias may exist when corresponding authors are
from different countries (e.g., assumably biased toward English-speaking ones and vice
versa). The factors mentioned earlier become more critical with alternative approaches
to measuring the increased impact: future research may include reconstructive metrics
(e.g., Eigenfactor, Impact Factor), social recognition, and therefore need a holistic approach.
In addition, researchers may examine the impact of team composition in greater depth
(e.g., the pattern and type of team relationships) by interviewing team members to observe
and collect qualitative data (e.g., motivation for participating in the research team). The
abovementioned recommendations enable further studies in accurate and comprehensive
modeling of research productivity improvement topics to better understand the relationship
between team composition and research efficiency.

Author Contributions: Conceptualization, B.P. and R.W.; methodology, B.P.; software, B.P.; validation,
B.P.; formal analysis, B.P.; investigation, B.P.; resources, B.P.; data curation, B.P.; writing—original
draft preparation, B.P.; writing—review and editing, B.P.; visualization, B.P.; supervision, R.W.; project
administration B.P.; funding acquisition, B.P. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was supported by CMU Junior Research Fellowship Program.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: The first author would like to express special thanks to Chayanut Phantharot for
administrative and technical support.

Conflicts of Interest: The authors declare no conflict of interest.

References
Abramo, Giovanni, Andrea D’Angelo, and Marco Solazzi. 2011. Are researchers that collaborate more at the international level top

performers? An investigation on the Italian university system. Journal of Infomatrics 5: 204–13. [CrossRef]
Abramo, Giovanni, Cirica D’Angelo, and Alessandro Caprasecca. 2009. Gender differences in research productivity: A bibliometric

analysis of the Italian academic system. Scientometrics 79: 517–39. [CrossRef]
Agarwal, Ashok, Ahmad Majzoub, Sandro C. Esteves, Edmund Ko, Ranjith Ramasamy, and Armand Zini. 2016. Clinical utility of

sperm DNA fragmentation testing: Practice recommendations based on clinical scenarios. Translational Andrology and Urology 5:
935–50. [CrossRef] [PubMed]

Aksnes, Dag W., Kristoffer Rorstad, Fredrik Piro, and Gunnar Sivertsen. 2011. Are female researchers less cited? A large-scale study of
Norwegian scientists. Journal of the American Society for Information Science and Technology 62: 628–36. [CrossRef]

http://doi.org/10.1016/j.joi.2010.11.002
http://doi.org/10.1007/s11192-007-2046-8
http://doi.org/10.21037/tau.2016.10.03
http://www.ncbi.nlm.nih.gov/pubmed/28078226
http://doi.org/10.1002/asi.21486


Adm. Sci. 2022, 12, 71 24 of 28

Amason, Allen C., and David M. Schweiger. 1994. Resolving the Paradox of Conflict, Strategic Decision Making, and Organizational
Performance. International Journal of Conflict Management 5: 239–53. [CrossRef]

Annalingam, Anupama, Hasitha Damayanthi, Ranil Jayawardena, and Priyanga Ranasinghe. 2014. Determinants of the citation rate of
medical research publications from a developing country. SpringerPlus 3: 140. [CrossRef]

Baldi, Stephane. 1998. Normative versus Social Constructivist Processes in the Allocation of Citations: A Network-Analytic Model.
American Sociological Association 63: 829–46. [CrossRef]

Barjak, Franz, and Simon Robinson. 2008. International collaboration, mobility and team diversity in the life sciences: Impact on
research performance. Social Geography 3: 23–36. [CrossRef]

Batista, Pablo D., Mônica G. Campiteli, and Osame Kinouchi. 2006. Is it possible to compare researchers with different scientific
interests? Scientometrics 68: 179–89. [CrossRef]

Beaver, Donald. 2001. Reflections on Scientific Collaboration (and its study): Past, Present, and Future. Scientometrics 52: 365–77.
[CrossRef]

Beaver, Donald. 2004. Does collaborative research have greater epistemic authority? Scientomatrics 60: 399–408. [CrossRef]
Bergh, Donald D., and John Perry. 2006. Some predictors of SMJ article impact. Strategic Management Journal 27: 81–100. [CrossRef]
Biscaro, Claudio, and Carlo Giupponi. 2014. Co-Authorship and Bibliographic Coupling Network Effects on Citations. PLoS ONE 9:

e99502. [CrossRef] [PubMed]
Boekholt, Patries, Jacob Edler, Paul Cunningham, and Kieron Flanagan. 2009. Drivers of International Collaboration in Research. Brussel:

European Commission.
Bol, Thijs, Mathijs de Vaan, and Arnout van de Rijt. 2018. The Matthew effect in science funding. Proceedings of the National Academy of

Sciences 115: 4887–90. [CrossRef] [PubMed]
Bollen, Johan, Marko A. Rodriquez, and Herbert Van de Sompel. 2006. Journal status. Scientometrics 69: 669–87. [CrossRef]
Bordons, María, Fernanda Morillo, M. Teresa Fernández, and Isabel Gómez. 2003. One step further in the production of bibliometric

indicators at the micro level: Differences by gender and professional category of scientists. Scientometrics 57: 159–73. [CrossRef]
Bornmann, Lutz, and Hans-Dieter Daniel. 2010. The citation speed index: A useful bibliometric indicator to add to the h index. Journal

of Informetrics 4: 444–46. [CrossRef]
Bornmann, Lutz, Hermann Schier, Werner Marx, and Hans-Dieter Daniel. 2012. What factors determine citation counts of publications

in chemistry besides their quality? Journal of Informetrics 6: 11–18. [CrossRef]
Bornmann, Lutz, Rüdiger Mutz, and Han-Dieter Daniel. 2008. Citation counts for research evaluation: Standards of good practice

for analyzing bibliometric data and presenting and interpreting results. Ethics in Science and Environmental Politics 8: 93–102.
[CrossRef]

Borrego, Ángel, Maite Barrios, Anna Villarroya, and Candela Ollé. 2010. Scientific output and impact of postdoctoral scientists: A
gender perspective. Scientometrics 83: 93–101. [CrossRef]

Bozeman, Barry, and Craig Boardman. 2014. Assessing Research Collaboration Studies: A Framework for Analysis. In Research
Collaboration and Team Science. Cham: Springer, pp. 1–11.

Bozeman, Barry, and Elizabeth Corley. 2004. Scientists’ collaboration strategies: Implications for scientific and technical human capital.
Research Policy 33: 599–616. [CrossRef]

Breda, Thomas, and Son Thierry Ly. 2012. Do Professors Really Perpetuate the Gender Gap in Science? Evidence from a Natural Experi-ment in
a French Higher Education Institution. CEE DP 138. London: Centre for the Economics of Education.

Carayol, Nicolas, and Mireille Matt. 2006. Individual and collective determinants of academic scientists’ productivity. Information
Economics and Policy 18: 55–72. [CrossRef]

Cartes-Velásquez, Ricardo, and Carlos Manterola. 2017. Impact of collaboration on research quality: A case analysis of dental research.
International Journal of Information Science and Management (IJISM) 15: 89–93.

Cole, Jonathan R., and Harriet Zuckerman. 1984. The productivity puzzle. In Advances in Motivation and Achievement. Greenwich: JAI
Press, pp. 217–58.

Corley, Elizabeth, and Monica Gaughan. 2005. Scientists’ Participation in University Research Centers: What are the Gender
Differences? The Journal of Technology Transfer 30: 371–81. [CrossRef]

Corley, Elizabeth A., Craig Boardman, and Barry Bozeman. 2006. Design and the management of multi-institutional research
collaborations: Theoretical implications from two case studies. Research Policy 35: 975–93. [CrossRef]

Cronin, Blaise, and Debora Shaw. 1999. Citation, funding acknowledgement and author nationality relationships in four information
science journals. Journal of Documentation 55: 402–8. [CrossRef]

Cross, Samuel, Yeanuk Rho, Henna Reddy, Toby Pepperrell, Florence Rodgers, Rhiannon Osborne, Ayolola Eni-Olotu, Rishi Banerjee,
Sabrina Wimmer, and Sarai Keestra. 2021. Who funded the research behind the Oxford–AstraZeneca COVID-19 vaccine? BMJ
Global Health 6: e007321. [CrossRef]

Cummings, Jonathon N., and Sara Kiesler. 2005. Collaborative Research Across Disciplinary and Organizational Boundaries. Social
Studies of Science 35: 99–118. [CrossRef]

Cunill, Onofre Martorell, Antonio Socias Salva, Luis Otero Gonzalez, and Carles Mulet-Forteza. 2019. Thirty-fifth anniversary of the
International Journal of Hospitality Management: A bibliometric overview. International Journal of Hospitality Management 78:
89–101. [CrossRef]

http://doi.org/10.1108/eb022745
http://doi.org/10.1186/2193-1801-3-140
http://doi.org/10.2307/2657504
http://doi.org/10.5194/sg-3-23-2008
http://doi.org/10.1007/s11192-006-0090-4
http://doi.org/10.1023/A:1014254214337
http://doi.org/10.1023/B:SCIE.0000034382.85360.cd
http://doi.org/10.1002/smj.504
http://doi.org/10.1371/journal.pone.0099502
http://www.ncbi.nlm.nih.gov/pubmed/24911416
http://doi.org/10.1073/pnas.1719557115
http://www.ncbi.nlm.nih.gov/pubmed/29686094
http://doi.org/10.1007/s11192-006-0176-z
http://doi.org/10.1023/A:1024181400646
http://doi.org/10.1016/j.joi.2010.03.007
http://doi.org/10.1016/j.joi.2011.08.004
http://doi.org/10.3354/esep00084
http://doi.org/10.1007/s11192-009-0025-y
http://doi.org/10.1016/j.respol.2004.01.008
http://doi.org/10.1016/j.infoecopol.2005.09.002
http://doi.org/10.1007/s10961-005-2582-4
http://doi.org/10.1016/j.respol.2006.05.003
http://doi.org/10.1108/EUM0000000007153
http://doi.org/10.1136/bmjgh-2021-007321
http://doi.org/10.1177/0306312705055535
http://doi.org/10.1016/j.ijhm.2018.10.013


Adm. Sci. 2022, 12, 71 25 of 28

Cvitanovic, Chris. 2015. Amid mounting political and social uncertainty, institutions must evolve to support evidence-based
decision-making. Impact of Social Sciences Blog. Available online: http://eprints.lse.ac.uk/id/eprint/70814 (accessed on 24 April
2022).

Didegah, Feresteh, and Mike Thelwall. 2013. Which factors help authors produce the highest impact research? Collaboration, journal
and document properties. Journal of Informatrics 7: 861–73. [CrossRef]

Durden, Garey C., and Timothy J. Perri. 1995. Coauthorship and publication efficiency. Atlantic Economic Journal 23: 69–75. [CrossRef]
Falagas, Matthew E., Vasilios D. Kouranos, Ricardo Arencibia-Jorge, and Drosos E. Karageorgopoulos. 2008. Comparison of SCImago

journal rank indicator with journal impact factor. The FASEB Journal 22: 2623–28. [CrossRef]
Finholt, Thomas A., and Gary M. Olson. 1997. From Laboratories to Collaboratories: A New Organizational Form for Scientific

Collaboration. Psychological Science 8: 28–36. [CrossRef]
Fischbach, Kai, Johannes Putzke, and Detlef Schoder. 2011. Co-authorship networks in electronic markets research. Electronic Markets

21: 19–40. [CrossRef]
Fox, Charles W., CE Timothy Paine, and Boris Sauterey. 2016. Citations increase with manuscript length, author number, and references

cited in ecology journals. Ecology and Evolution 6: 7717–26. [CrossRef] [PubMed]
Franceschet, Massimo, and Antonio Costantini. 2010. The effect of scholar collaboration on impact and quality of academic papers.

Journal of informetrics 4: 540–53. [CrossRef]
Frenken, Koen, Roderik Ponds, and Frank Van Oort. 2010. The citation impact of research collaboration in science-based industries: A

spatial-institutional analysis. Papers in Regional Science 89: 351–71. [CrossRef]
Frenken, Koen, Werner Hölzl, and Friso de Vora. 2005. The citation impact of research collaborations: The case of European

biotechnology and applied microbiology (1988–2002). Journal of Engineering and Technology Management 22: 9–30. [CrossRef]
Fu, Yuan Chih, Marcelo Marques, Yuen-Hsien Tseng, Justin J. W. Powell, and David P. Baker. 2022. An evolving international research

collaboration network: Spatial and thematic developments in co-authored higher education research, 1998–2018. Scientometrics
127: 1403–29. [CrossRef]

Gasparyan, Armen Yuri. 2011. Get indexed and cited, or perish. European Journal of Science Education 37: 66.
Gates, Alexander J., Qing Ke, Onur Varol, and Albert-László Barabási. 2019. Nature’s reach: Narrow work has broad impact. Nature

575: 32–34. [CrossRef] [PubMed]
Gazni, Ali, and Fereshteh Didegah. 2011. Investigating difference types of research collaboration and citation impact: A case study of

Hardvard University’s publications. Scientometrics 87: 251–65. [CrossRef]
Gibbons, Michael, Camille Limoges, Helga Nowotny, Simon Schwartzman, Peter Scott, and Martin Trow. 1994. The dynamic of science

and research in contemporary societies. In The New Production of Knowledge. London: SAGE Publications.
Glänzel, Wolfgang. 2001. National characteristics in international scientific co-authorship relations. Scientometric 51: 69–115. [CrossRef]
Glänzel, Wolfgang. 2002. Coauthorship Patterns and Trends in the Sciences (1980–1998): A Bibliometric Study with Implications for

Database Indexing and Search Strategies. Library Trends 3: 461–73.
Glänzel, Wolfgang, and András Schubert. 2001. Double effort = Double impact? A critical view at international co-authorship in

chemistry. Scientometrics 50: 199–214. [CrossRef]
Glänzel, Wolfgang, Balázs Schlemmer, András Schubert, and Bart Thijs. 2006. Proceedings literature as additional data source for

bibliometric analysis. Scientometrics 68: 457–73. [CrossRef]
González-Albo, Borja, and María Bordons. 2011. Articles vs. proceedings papers: Do they differ in research relevance and impact? A

case study in the Library and Information Science field. Journal of Informetrics 5: 369–81. [CrossRef]
Gonzalez-Brambila, Claudia, and Francisco M. Veloso. 2007. The determinants of research output and impact: A study of Mexican

researchers. Research Policy 36: 1035–51. [CrossRef]
Guz, Alexander N., and J. J. Rushchitsky. 2009. Scopus: A system for the evaluation of scientific journals. International Applied Mechanics

45: 351–62. [CrossRef]
Ha, Cao Thi, Trinh Thi Phuong Thao, Nguyen Tien Trung, Ngo Van Dinh, and Tran Trung. 2020. A bibliometric review of research

on STEM education in ASEAN: Science mapping the literature in Scopus database, 2000 to 2019. Eurasia Journal of Mathematics,
Science and Technology Education 16: em1889.

Hall, Kara L., Annie X. Feng, Richard P. Moser, Daniel Stokols, and Brandie K. Taylor. 2008. Moving the science of team science forward:
Collaboration and creativity. American Journal of Preventive Medicine 35: S243–49. [CrossRef] [PubMed]

Hall, Kara L., Daniel Stokols, Brooke A. Stipelman, Amanda L. Vogel, Annie Feng, Beth Masimore, Glen Morgan, Richard P. Moser,
Stephen E. Marcus, and David Berrigan. 2012. Assessing the value of team science: A study comparing center-and investigator-
initiated grants. American Journal of Preventive Medicine 42: 157–63. [CrossRef] [PubMed]

Hao, Lingxin, and Daniel Q. Naiman. 2007. Quantile Regression. London: Sage Publications.
Hara, Noriko, Paul Solomon, Seung-Lye Kim, and Diane H. Sonnenwald. 2003. An emerging view of scientific collaboration: Scientists’

perspectives on collaboration and factors that impact collaboration. Journal of the American Society for Information Science and
Technology 54: 952–65. [CrossRef]

Haslam, Nick, Lauren Ban, Leah Kaufmann, Stephen Loughnan, Kim Peters, Jennifer Whelan, and Sam Wilson. 2008. What makes an
article influential? Predicting impact in social and personality psychology. Scientometrics 76: 169–85. [CrossRef]

Haustein, Stefanie, Rodrigo Costas, and Vincent Larivière. 2015. Characterizing Social Media Metrics of Scholarly Papers: The Effect of
Document Properties and Collaboration Patterns. PLoS ONE 10: e0120495. [CrossRef]

http://eprints.lse.ac.uk/id/eprint/70814
http://doi.org/10.1016/j.joi.2013.08.006
http://doi.org/10.1007/BF02298991
http://doi.org/10.1096/fj.08-107938
http://doi.org/10.1111/j.1467-9280.1997.tb00540.x
http://doi.org/10.1007/s12525-011-0051-5
http://doi.org/10.1002/ece3.2505
http://www.ncbi.nlm.nih.gov/pubmed/30128123
http://doi.org/10.1016/j.joi.2010.06.003
http://doi.org/10.1111/j.1435-5957.2010.00309.x
http://doi.org/10.1016/j.jengtecman.2004.11.002
http://doi.org/10.1007/s11192-021-04200-w
http://doi.org/10.1038/d41586-019-03308-7
http://www.ncbi.nlm.nih.gov/pubmed/31695218
http://doi.org/10.1007/s11192-011-0343-8
http://doi.org/10.1023/A:1010512628145
http://doi.org/10.1023/A:1010561321723
http://doi.org/10.1007/s11192-006-0124-y
http://doi.org/10.1016/j.joi.2011.01.011
http://doi.org/10.1016/j.respol.2007.03.005
http://doi.org/10.1007/s10778-009-0189-4
http://doi.org/10.1016/j.amepre.2008.05.007
http://www.ncbi.nlm.nih.gov/pubmed/18619406
http://doi.org/10.1016/j.amepre.2011.10.011
http://www.ncbi.nlm.nih.gov/pubmed/22261212
http://doi.org/10.1002/asi.10291
http://doi.org/10.1007/s11192-007-1892-8
http://doi.org/10.1371/journal.pone.0120495


Adm. Sci. 2022, 12, 71 26 of 28

Hengel, Erin, and Eunyoung Moon. 2020. Gender and Equality at Top Economics Journals. Working Papers. Liverpool: Department of
Economics, University of Liverpool.

Hinnant, Charles C., Besiki Stvilia, Shuheng Wu, Adam Worrall, Gary Burnett, Kathleen Burnett, Michelle M. Kazmer, and Paul F.
Marty. 2012. Author-team diversity and the impact of scientific publications: Evidence from physics research at a national science
lab. Library & Information Science Research 34: 249–57.

Hirsch, J. E. 2007. Does the h index have predictive power? Proceedings of the National Academy of Sciences 104: 19193–98. [CrossRef]
Hollis, Aidan. 2001. Co-authorship and the output of academic economists. Labour Economics 8: 503–30. [CrossRef]
Imhonopi, David, and U M Urim. 2013. Factors affecting scholarly research output in Nigeria: Perception of academics in South-Western

Universities. Unilag Sociological Review (USR) 10: 24–58.
Ioannidis, John P. A. 2008. Why Most Discovered True Associations Are Inflated. Epidemiology 19: 640–48. [CrossRef] [PubMed]
Johnston, Elizabeth, Cheryl Burleigh, and Andrea Wilson. 2020. Interdisciplinary Collaborative Research for Professional Academic

Development in Higher Education. Higher Learning Research Communications 10: 62–77. [CrossRef]
Kaplan, Robert M., David A. Chambers, and Russel E. Glasgrown. 2014. Big Data and Large Sample Size: A Cautionary Note on the

Potential for Bias. Clinical and Translational Science 7: 342–46. [CrossRef] [PubMed]
Katz, J. Sylvan, and Ben R. Martin. 1997. What is research collaboration? Research Policy 26: 1–18. [CrossRef]
Katz, J. Sylvan, and Diana Hicks. 1997. How much is a collaboration worth? A calibrated bibliometric model. Scientometrics 40: 541–54.

[CrossRef]
Knobloch-Westerwick, Silvia, Carrol J. Glynn, and Michael Huge. 2013. The Matilda Effect in Science Communication: An Experiment

on Gender Bias in Publication Quality Perceptions and Collaboration Interest. Science Communication 35: 603–25. [CrossRef]
Krawczyk, Michal, and Magdalena Smyk. 2016. Author’s gender affects rating of academic articles: Evidence from an incentivized,

deception-free laboratory experiment. European Economic Review 90: 326–35. [CrossRef]
Kyvik, Svein. 1995. Are big university departments better than small ones? Higher Education 30: 295–304. [CrossRef]
Larivière, Vincent, Chaoqun Ni, Yves Gingras, Blaise Cronin, and Cassidy R. Sugimoto. 2013. Bibliometrics: Global gender disparities

in science. Nature 504: 211–13. [CrossRef]
Lawani, S. 1986. Some bibliometric correlates of quality in scientific research. Scientometrics 9: 13–25. [CrossRef]
Lee, Min-Hsien, Ching Sing Chai, and Huang-Yao Hong. 2019. STEM education in Asia Pacific: Challenges and development. The

Asia-Pacific Education Researcher 28: 1–4. [CrossRef]
Lee, Sooho, and Barry Bozeman. 2005. The Impact of Research Collaboration on Scientific Productivity. Social Studies of Science 35:

673–702. [CrossRef]
Leimu, Roosa, and Julia Koricheva. 2005. Does Scientific Collaboration Increase the Impact of Ecological Articles? BioScience 55: 438–43.

[CrossRef]
Lerchenmueller, Marc J., and Olav Sorenson. 2018. The gender gap in early career transitions in the life sciences. Research Policy 46:

1007–17. [CrossRef]
Lewis, E. Yvonne, and Richard C. Sadler. 2021. Community–academic partnerships helped Flint through its water crisis. Nature 594:

326–29. [CrossRef]
Leydesdorff, Loet, and Caroline S. Wagner. 2008. International collaboration in science and the formation of a core group. Journal of

Informetrics 2: 317–25. [CrossRef]
Leydesdorff, Loet. 2009. How are new citation-based journal indicators adding to the bibliometric toolbox? Journal of the American

Society for Information Science and Technology 60: 1327–36. [CrossRef]
Li, Yeping, Ke Wang, Yu Xiao, and Jeffrey E. Froyd. 2020. Research and trends in STEM education: A systematic review of journal

publications. International Journal of STEM Education 7: 1–16. [CrossRef]
Lin, Tzu-Chiang, Tzung-Jin Lin, and Chin-Chung Tsai. 2019. Research trends in science education from 2013 to 2017: A systematic

content analysis of publications in selected journals. International Journal of Science Education 41: 367–87. [CrossRef]
Lin, Wei-Chao, Chih-Fong Tsai, and Shih-Wen Ke. 2014. Correlation analysis for comparison of the citation impact of journals,

magazines, and conferences in computer science. Online Information Review 39: 310–25. [CrossRef]
Lisée, Cynthia, Vincent Larivière, and Éric Archambault. 2008. Conference proceedings as a source of scientific information: A

bibliometric analysis. Journal of the American Society for Information Science and Technology 59: 1776–84. [CrossRef]
Liskiewicz, Tomasz, Grzegorz Liskiewicz, and Jan Paczesny. 2021. Factors affecting the citations of papers in tribology journals.

Scientometrics 126: 3321–36. [CrossRef]
Long, J. Scott. 1992. Measures of Sex Differences in Scientific Productivity. Social Forces 71: 159–78. [CrossRef]
Long, J. Scott, and Mary Frank Fox. 1995. Scientific Careers: Universalism and Particularism. Annual Review of Sociology 21: 45–71.

[CrossRef]
Lynn, Freda B., Mary C. Noonan, Michael Sauder, and Matthew A. Andersson. 2019. A Rare Case of Gender Parity in Academia. Social

Forces 98: 518–47. [CrossRef]
Maddi, Abdelghani, and Yves Gingras. 2021. Gender diversity in research teams and citation impact in economics and management.

Journal of Economic Surveys 35: 1381–404. [CrossRef]
Makvandi, Pooyan, Anahita Nodehi, and Franklin R. Tay. 2021. Conference accreditation and need of a bibliometric measure to

distinguish predatory conferences. Publications 9: 16. [CrossRef]

http://doi.org/10.1073/pnas.0707962104
http://doi.org/10.1016/S0927-5371(01)00041-0
http://doi.org/10.1097/EDE.0b013e31818131e7
http://www.ncbi.nlm.nih.gov/pubmed/18633328
http://doi.org/10.18870/hlrc.v10i1.1175
http://doi.org/10.1111/cts.12178
http://www.ncbi.nlm.nih.gov/pubmed/25043853
http://doi.org/10.1016/S0048-7333(96)00917-1
http://doi.org/10.1007/BF02459299
http://doi.org/10.1177/1075547012472684
http://doi.org/10.1016/j.euroecorev.2016.02.017
http://doi.org/10.1007/BF01383753
http://doi.org/10.1038/504211a
http://doi.org/10.1007/BF02016604
http://doi.org/10.1007/s40299-018-0424-z
http://doi.org/10.1177/0306312705052359
http://doi.org/10.1641/0006-3568(2005)055[0438:DSCITI]2.0.CO;2
http://doi.org/10.1016/j.respol.2018.02.009
http://doi.org/10.1038/d41586-021-01586-8
http://doi.org/10.1016/j.joi.2008.07.003
http://doi.org/10.1002/asi.21024
http://doi.org/10.1186/s40594-020-00207-6
http://doi.org/10.1080/09500693.2018.1550274
http://doi.org/10.1108/OIR-11-2014-0273
http://doi.org/10.1002/asi.20888
http://doi.org/10.1007/s11192-021-03870-w
http://doi.org/10.2307/2579971
http://doi.org/10.1146/annurev.so.21.080195.000401
http://doi.org/10.1093/sf/soy126
http://doi.org/10.1111/joes.12420
http://doi.org/10.3390/publications9020016


Adm. Sci. 2022, 12, 71 27 of 28

Martín-Sempere, M., Belén Garzón-García, and Jesús Rey-Rocha. 2008. Team consolidation, social integration and scientists’ research
performance: An empirical study in the Biology and Biomedicine field. Scientometrics 76: 457–82. [CrossRef]

Mathews, A. Lanethea, and Kristi Andersen. 2001. A Gender Gap in Publishing? Women’s Representation in Edited Political Science Books.
Cambridge: Cambridge University Press.

Mauleón, Elba, and María Bordons. 2006. Productivity, impact and publication habits by gender in the area of Materials Science.
Scientometrics 66: 199–218. [CrossRef]

Medoff, Marshall H. 2003. Collaboration and the quality of economics research. Labour Economics 10: 597–608. [CrossRef]
Merton, Robert K. 1968. The Matthew Effect in Science: The reward and communication systems of science are considered. Science 159:

56–63. [CrossRef] [PubMed]
Merton, Robert K. 1973. The Sociology of Science: Theoretical and Empirical Investigations. Chicago: University of Chicago Press.
Michels, Carolin, Junying Fu, Peter Neuhäusler, and Rainer Frietsch. 2013. Performance and Structures of the German Science System

2012. In Studien zum Deutschen Innovationssystem. No. 6-2013. Berlin: Expertenkommission Forschung und Innovation (EFI),
Available online: http://www.time.com/time/magazine/article/0,9171,975290,00.html (accessed on 24 April 2022).

Moed, Henk F. 2005. Citation analysis of scientific journals and journal impact measures. Current Science 89: 1990–96.
Montesi, Michela, and John Mackenzie Owen. 2008. From conference to journal publication: How conference papers in software

engineering are extended for publication in journals. Journal of the American Society for Information Science and Technology 59: 816–29.
[CrossRef]

Moya-Anegón, Félix, Vicente P. Guerrero-Bote, Lutz Bornmann, and Henk F. Moed. 2013. The research guarantors of scientific papers
and the output counting: A promising new approach. Scientometrics 97: 421–34. [CrossRef]

Murphy, John Joseph. 2011. Pulling Together: 10 Rules for High Performance Teamwork. Napervill: Sourcebooks, Inc.
Narin, Francis, Kimberly Stevens, and Edith S. Whitlow. 1991. Scientific co-operation in Europe and the citation of multinationally

authored papers. Scientometrics 21: 313–23. [CrossRef]
O’Brien, Timothy L. 2012. Change in academic coauthorship, 1953–2003. Science, Technology, & Human Values 37: 210–34.
Office of Educational Quality Development (EQD). 2017. Announcement of Chiang Mai University on the Classification of Disciplines of

Academic Departments Responsible for Teaching and Learning Management. Chiang Mai: Office of Educational Quality Development
Chiang Mai University, Available online: https://www.eqd.cmu.ac.th/Curr/doc/rule_cmu/announce/Division%20of%20
Academic%20Affairs%20in%20Teaching%20and%20Learning.pdf (accessed on 24 April 2022).

Open Development Thailand. 2017. The Twelfth National Economic and Social Development Plan (2017–2021). Available online:
https://data.opendevelopmentmekong.net/library_record/12 (accessed on 2 April 2022).

Page, Lawrence, Sergey Brin, Rajeev Motwani, and Terry Winograd. 1999. The PageRank Citation Ranking: Bringing Order to the Web.
Stanford: Stanford InfoLab.

Paliau, Jason, Alfred Mani, Lui Napa, Cassey Uvau, Steven Sau, Robert Kiapranis, Paul Dargusch, Fabio Attorre, and Vojtěch Novotný.
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