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Chapter 1

General introduction



1.1 Overview of the dissertation

Bibliometrics is the quantitative measurement of various aspects of research including productivity,
impact, subject categorisation, science networks, and time trends. Such bibliometric measurements are
made based on data about scientific publications. Key consumers of bibliometric reports are research
policymakers and those conducting research evaluation. Bibliometrics is a useful tool because it is
relatively quick, cheap, and easy to use, although research evaluators and policymakers may have other
tools available, especially the use of expert opinion, which is more resource-intensive but conducted by
peers with subject matter expertise. There is a lot of debate in the research community about how
bibliometrics and expert opinion should be combined, or whether one approach is better than the other.
The aim of this dissertation is to demonstrate the benefits of bibliometrics to policymakers and other
stakeholders, while highlighting and analysing the causes of its limits. Research evaluators and
policymakers will benefit from a good understanding of the advantages and limitations of bibliometrics
and how expert opinion can enhance the big picture presented by bibliometric analysis.

The following sections of chapter 1 comprise an introduction to research policy and research evaluation,
followed by a detailed history and description of bibliometric techniques used in research policy
development and research assessment. The chapter concludes with a summary of the motivation and
objectives for the dissertation. Chapters 2 — 6 comprise five bibliometric studies that illustrate how
quantitative techniques can generate large-scale database comparisons, subject maps, trend and
geographical analyses that can inform research policy and evaluation. These studies also highlight some
of the limitations of bibliometrics related to data reliability and the need for complementary expert
judgement. Across the studies, some common themes emerge that may improve the usefulness of
bibliometrics through community-led initiatives and new technologies.

Chapter 7 provides a summary of the findings of each of the studies along with the overall implications.
It becomes clear that bibliometrics is not only measuring, but also shaping the research system. Lessons
are learned on how bibliometrics can have both desired and unintentional effects on the research system.
Key takeaways from the studies on the debate between bibliometrics and expert opinion result in
recommendations on finding the ideal balance between these approaches. Positive effects of
community-led initiatives already noticeable in bibliometrics are encouraging and suggest there are
more ways the community can build on these gains. The future of bibliometrics in research evaluation
and policymaking will depend on improvements in data quality and curation, and on ensuring it shapes
the research community in a positive way.

1.2 Research policy

Many organisations and regional bodies offer differing definitions of research policy, science policy,
and a range of related policies. Science policy can be seen as making public funds ‘more effective and
more efficient’ at new knowledge creation (Organisation for Economic Co-operation and Development,
2024). The European Commission’s research & innovation policy aims to address major societal
challenges by ‘converting them into opportunities’ for innovation (DG Research and Innovation, 2020).
The Commission holds an annual research & innovation policy forum known as the European Research
& Innovation Days that aim to convene policymakers, citizens, and other stakeholders to co-design its
action plan (European Commission, 2024). The United States science and innovation policy aims to



‘strengthen research and innovation enterprise’ in pursuit of national goals (National Academies, 2024).
National or regional science policies often feed into the strategic plans of individual institutions, which
may develop their own research policy. Institutional research policies are often concerned with aspects
of research that include research ethics, equity, diversity, and inclusivity, open science, and intellectual
property, and are closely related to the distribution of research funds (e.g. Cambridge University, 2024;
New York University, 2024; University of California Berkeley, 2024; University of Pretoria, 2023;
University of Technology Sydney, 2024).

The definitions of science, research, innovation, and other related policies are therefore not clearly
distinguished or consistently defined and definitions often overlap, but research policy can generally be
seen as a component of a broader science and innovation policy. For the purposes of this dissertation, I
consider science policy as a broader term that governs the overall national approach to innovation, while
research policy is more concerned with activities conducted at institutional or departmental level.
Although the topics discussed here address challenges at a range of levels, I will from here on refer only
to research policy for the sake of clarity.

Research policymakers are usually involved in governance or allocation of financial resources to be
spent on research. Recipients of research funding may include universities, research institutions, private
industry, nonprofit organisations, individual researchers, postgraduate students, or government entities.
Typically research grants are used to pay salaries, buy or loan the use of equipment, build new
laboratories, cover travel for members of the research team, and pay the costs of publishing research
findings. Research policymakers therefore sometimes make use of bibliometric analyses to inform
policy development.

In the modern world, scientific knowledge has become a resource upon which societies are built,
technological advances based, and for which people compete as they do for other commodities. In this
competitive environment, approval of research projects, hiring of academics, and assignation of
research funds require justification and are frequently subject to a selective evaluation process.
Techniques to assess research productivity, performance, and impact including bibliometrics have
therefore been developed to support decision-making and have become a key component of research
policy.

1.3 Research assessment

There are two broad approaches to research evaluation, one is to seek expert opinion of researchers
familiar with the research being assessed in processes collectively known as peer review. The other is
to aggregate quantitative performance indicators such as impact factors and is described as
bibliometrics. There are strong arguments for and against both peer review and bibliometrics in research
evaluation with research policymakers having to carefully set out their assessment procedures by
combining elements of both.

In the next part of this introduction, I will give an overview of the arguments in favour of and against
both peer review and bibliometric techniques and then introduce the concept of a middle path which
incorporates elements of both methods. Thereafter, I will concentrate on bibliometrics and its
relationship with various research policies, which is the subject of this dissertation. Bibliometrics is
sometimes seen simply as a tool to support research assessment. I take a broader view that bibliometric



techniques go beyond assessment and can be used for other types of studies such as describing the
structure of fields, collaboration network and trend analysis, and science mapping studies. I show that
bibliometrics can sometimes mislead us and raise questions about the extent to which we are
comfortable relying on bibliometric techniques and when we should incorporate a heavier emphasis on
peer review and expert judgement more in general.

1.3.1 Peerreview

Since 1731, members of the Royal Society of Edinburgh have been asked to review contributions prior
to publication, a process followed by the Royal Society of London in 1752 (Spier, 2002). Since then,
the academic community has judged research quality among fellow scholars, asking peers to review
each other’s scientific manuscripts and give their professional opinion on research proposals,
applications for academic posts, and many other processes that require specialised knowledge. Peers’
expert opinion is intended to provide a unique perspective based on deep understanding of the topic,
scientist, or process being assessed.

With this unique perspective comes the risk of prejudiced personal judgement where the reviewer is
influenced by preferences, or fear of negative perception and consequences of the review. To encourage
candid review, the reviewer’s identity is often masked (single-anonymous review) and to mitigate
potential reviewer bias the identity of those being reviewed is frequently anonymised (double-
anonymous review).

Conducting, writing, and publishing academic research requires knowledge and adherence to specific
scientific protocols. Other academics are therefore uniquely placed to judge the quality of another
scholar’s contribution. The peer review process has been shown to improve manuscripts through
suggestions on presentation, readability, and through identifying missing references and scientific or
statistical errors (Ware, 2008). Indeed, the very fact that manuscripts are subjected to the peer review
process is likely to incentivise authors to invest effort to maximise the chance of their manuscript being
favourably judged and accepted for publication (Ware, 2008) and can even improve reviewers’ own
writing (Lundstrom & Baker, 2009).

Critics of the peer review system point to a number of problems. One common argument against peer
review concerns the identity of the reviewer or reviewers. Surely the selection of review committee
members will determine the outcome of the review. If alternative members were appointed to the
committee, the result would likely be rather different (Bertocchi et al., 2015). Another argument
surrounds the risk of bias in which reviewers make prejudiced decisions based on their perceptions of
the people or institutions they are evaluating. This introduces the risk of creating self-serving networks
that support those scientists who are already in the club and make it difficult for newcomers to gain
access or approval of the network. Young people or those newly arrived from other places who have
not yet made their mark could inadvertently miss out on positive acclaim in favour of colleagues with
established names. Another criticism of peer review centres around the costs involved and the burden
on the reviewers, especially in the context of national level research assessments (Geuna & Martin,
2003; Martin & Whitley, 2010).

In summary, the processes behind qualitative evaluation of researchers have been described as resource-
intensive, and error-prone (Ioannidis & Maniadis, 2023). The peer review process offers benefits to the



scientific process but clearly requires a complementary, objective process to provide balanced research
assessment. For a full review of the peer review process, see Lee et al. (2013).

1.3.2 Bibliometric approaches

The existence of large amounts of stored data associated with published scholarly works and the
availability of analytical tools means that policy makers can quickly and easily observe the state of
certain aspects of science and detect trends that will enable informed decision making. The increase in
publication data and associated needs for new mechanisms to manage it has been described as the
industrialisation of research (de Solla Price, 1978).

The use of bibliometric analysis in the evaluation of science relies on the assumption that production
of new knowledge and the recognition of peers are the pillars of scientific impact (Desrochers et al.,
2018). In order to measure new knowledge production, research outputs such as academic papers (and
also other outputs including books, patents, and datasets) can be counted, so that a greater number of
papers is an indicator of higher scientific productivity. Scientific authorship has been described as the
‘undisputed coin in the realm of academia’ (Cronin, 2001) and is routinely used to assess productivity
of researchers, departments, universities, and countries. The link between the author and institution (and
therefore country) is made by the affiliation mentioned on the manuscript submitted to the publisher
and facilitates analysis of institutional and international collaboration networks and enables rankings of
scientists, universities, and countries.

Authors of studies that quote from, or use the ideas presented in earlier papers are expected to refer to
the original source in the cited references at the end of their paper. Citations have therefore been
described as ‘pellets of peer recognition’ (Merton, 1988). In other words, authors cite other scholarly
works because the cited work has in some way influenced the author in the writing of their own paper
(Merton, 1973). The author acknowledges this influence in the form of a cited reference, which allows
the author to use the cited work without committing plagiary (Merton, 1988) and which forms the basis
of the incremental nature of scientific discovery. For an in-depth review of the reward system of science,
see e.g., Desrochers et al. (2018). Large-scale aggregation of publications and citations forms the basis
of bibliometric analysis and serves as a proxy for measuring scientific productivity and impact. Indeed,
quantitative bibliometric analysis presents policy makers with a quick, easy, and cost-effective
complement to peer review.

Some of the assumptions described above do not always hold true and have been used to question the
validity and reliability of bibliometric techniques in research evaluation. Authorship can be complicated
by questions about the distinction between contributions that warrant full authorship versus those that
merit only acknowledgement (Costas & van Leeuwen, 2012; Desrochers et al., 2017), the hierarchical
order in which authors are listed, and the decline in single-author papers (Nabout et al., 2015), among
others. The motivation of authors to cite each others’ work is also the subject of much debate (Knorr-
Cetina, 2013; Nicolaisen, 2007). Problems include the potential for manipulation through citing one’s
own work or that of colleagues to manipulate citation metrics (Davis, 2012; Fister et al., 2016).

Practical matters also need to be considered when designing or interpreting bibliometric studies. For
instance, the usual source of publication and citation data for analysis is a citation database. Any
research outputs not indexed in the source database used cannot be included in the analysis. Database



coverage therefore becomes one of the defining factors in the outcome of any bibliometric study. We
will examine the main bibliometric data sources in section 1.3.

1.3.3 The middle path

As there is no ground truth that defines research quality, we cannot judge whether the peer review or
bibliometric approach is more accurate. It may be more prudent to judge the extent to which the two
approaches reach consensus, that is to what extent do peer review and bibliometric analysis agree?
Some studies have shown broad agreement between the results of peer review and bibliometric findings
(Bornmann & Leydesdorff, 2013; Pride & Knoth, 2018; A. Van Raan, 2006), while others have shown
weaker correlation (Mryglod et al., 2015b, 2015a; Wilsdon et al., 2015). There appears to be substantial
variance in correlation between peer review and bibliometrics depending on the level of aggregation at
which the comparison is made (Traag & Waltman, 2019), whether size-dependent or size-independent
correlations were used (Mryglod et al., 2013b, 2013a), and when assessing really high-quality research
(Bertocchi et al., 2015; CWTS Leiden University, 2007; Rinia et al., 1998).

Although peer review and bibliometrics are often discussed as separate approaches, they are in fact
intricately linked and each contains a component of the other. Expert opinion may be influenced by
bibliometric indicators and bibliometric studies are often aggregates of expert opinion. For example,
several major ranking systems ask academics to vote on the prestige of universities which, when
combined with publication and citation counts, determines the rank of universities. On the other hand,
when an academic cites another author’s papers in their article, this is usually seen as an intellectual
endorsement of the paper based on the academic’s expert opinion. By counting citations then, we are
summing up expert opinions. This shows that there is no clear-cut separation between bibliometric
indicators and expert opinion. In practice one will almost always be using a combination of input
derived from bibliometric indicators and expert opinion.

Nevertheless, opinions supporting the cases for peer review and bibliometric analysis while eschewing
the other are strong, and it can be tempting to see peer review and bibliometric analysis as two opposing
camps to choose between. It is easy to take an extreme position that points to the benefits of one camp
while emphasising drawbacks of the other. However, embracing the benefits of bibliometric indicators
and peer review while taking steps to address their drawbacks is likely to provide the most agreeable
way forward in research assessment.

Policy makers and other research stakeholders eagerly seek clarity on the right path to follow; should
we embrace, reject or improve bibliometric methods? In this dissertation, I opt for the path of
improvement. It is a rocky path, strewn with obstacles and open to criticism from both extremes of the
argument. Some of the criticism is valid, but as argued above, thinking in a simplistic way about
rejecting bibliometrics in favour of peer review, or the other way around, is counterproductive and
misses the crucial point that the two are intricately linked. To find balance, we need a more nuanced
perspective, which is what this dissertation aims to offer. Such a perspective is sorely needed to find a
middle path as the basis for pragmatic use of bibliometrics by policymakers and evaluators. By
identifying weaknesses in the bibliometric system, we can contribute to ways to address these
weaknesses and thereby improve the system. This will make the middle path that incorporates elements
of both peer review and bibliometric analysis smoother to travel.



1.4 Bibliometric analysis

In this section, I will provide an overview of how bibliometric analysis began and developed into an
integral part of systemic research policy development and research evaluation. I will describe the impact
of key moments such as the launch of the first citation index, changes brought by the World Wide Web,
and the mass meeting of academic minds that insisted on responsible use of metrics. I will also use the
section to present a summary of the major data sources used in bibliometric analysis and the important
differences between them. These differences are highly relevant because choosing one or another data
source can significantly influence the result of any bibliometric analysis. I will also cover the main
indicators used in bibliometrics and describe what they are supposed to measure. Due to the popularity
(or notoriety) of university rankings and because of their dependence on bibliometric analyses, I will
present the major international ranking systems. Finally, I will briefly discuss science mapping. As the
amount of data to be analysed has grown so large, creation of science maps has proven a useful way to
easily visualise patterns and trends in the networks. I will present a map of the terms that most frequently
occur in the five articles of this dissertation to visualise the connections between them.

1.4.1 A brief history of bibliometrics

In one of the first bibliometric studies, F.J. Cole, a professor of zoology and Nellie B. Eales, a museum
curator, counted the number of research papers on comparative anatomy published by authors in
European countries between 1543 and 1860 (Cole & Eales, 1917). Originally intended to be a study of
anatomical museums, the authors realised that the number of museums (537) was too small to draw
statistical conclusions. They switched their attention to scholarly literature because research papers are
permanent, accessible and it is easy to define who conducted the study and when (Cole & Eales, 1917).
At about the same time, there was a shift in higher education from the general cultural education
provided by the small community college towards the demand for the expert worker equipped with
specialised knowledge acquired from large universities that shifted emphasis towards graduate
education (Gross & Gross, 1927). Librarians had to quickly learn how to develop collections of relevant
scientific periodicals to cater for their specialist departments and began using citation counts as a
method of assessing the relative value of journals when building and maintaining their collections.
Librarians at Pomona College in Claremont, California listed the number of references from a single
volume of the Journal of the American Chemical Society to other periodicals in successive five-year
periods and then ranked the cited journals in order of relative importance to the field (Gross & Gross,
1927).

Following these early works, historians continued using publication analysis to further their
understanding of their field and librarians developed techniques to maximise the usefulness of their
collections. However, it was the advent of ‘big science’ that led to the shift from library-based
‘statistical bibliography’ to the large-scale use of bibliometrics as a key tool for the policy maker (Narin
& others, 1976). The need to constitute a coordinated set of measures related to books and documents
was first described in French as ‘La bibliométrie’ (bibliometrics) by Paul Otlet in his Traitée de
Documentation. Le livre sur le Livre. Théorie et Pratique (Otlet, 1934), and later Alan Pritchard’s
definition of the academic field of bibliometrics as ‘applying mathematical and statistical methods to
books and other media of communication’ (Lawani, 1980; Pritchard, 1969) was adopted in English
(Hood & Wilson, 2001). The closely related term ‘scientometrics’ is generally accepted to more broadly



encompass measurement of any aspect of science and technology and originated from Vassily
Nalimov’s use of the Russian ‘Naukometriya’ (Nalimov & Mulchenko, 1969).

A defining moment came in 1955 when Eugene Garfield published his work showing how lists of cited
references from scholarly papers could be used to create a network of scholarly publications in specific
fields linked by citations (Garfield, 1955). Garfield then founded the Institute of Scientific Information
(ISI) in Philadelphia and promptly launched the Science Citation Index. Counting up the citations to
articles published in specific journals was considered a proxy for the journal’s influence and became a
counterweight to the opinions of science leaders. The Journal Impact Factor (JIF) was developed
throughout the 1960s (Garfield, 1972), commercialised in 1975, and has played an important role in
countless decisions by policymakers (Lariviere & Sugimoto, 2019), although Garfield did not
personally endorse its use as a performance indicator (Wouters, 2017). One argument against
widespread use of the JIF as a performance indicator was the concern that the metrics weren’t entirely
accurate (Moed & Van Leeuwen, 1995) due to widely varying citation dynamics between journals for
certain document types.

In an increasingly data-driven world, various national and multinational bodies began to turn their focus
toward measuring and analysing progress of science and technology. The U.S. National Science
Board’s Science Indicators report, first published in 1973 (National Science Board, 1973), presented a
system of science indicators to ‘describe the state of the scientific endeavour’. According to the report,
the indicators were intended to be adapted over time and become the basis for discovering trends and
identifying areas of strength and weakness.

Across the Atlantic, the Europeans were keen to investigate potential applications of bibliometric
analysis in strategic decision making. In 1980, Leiden University conducted the first detailed
bibliometric analysis of 140 research groups in response to a decision by the University Executive
Board to allocate funding partially based on research performance. The quantitative analyses were
complemented by interviews with the researchers being studied and supported by peer review.
Encouraged by this study, the university executive board supported the development of a group working
on new and improved bibliometric techniques, which a decade later was formally named the Centre for
Science and Technology Studies (CWTS) (van Raan, 2021).

There followed a rush to develop new bibliometric indicators for use in large-scale assessments of
scientific communities to support policy making at various levels in many countries. Taking the
Netherlands as an example, the Association of Universities in the Netherlands (VSNU) conducted a
large-scale evaluation of over 200 academic physics programmes at each of the 13 Dutch universities
as part of the Dutch national research quality assessment procedure. Each programme was judged by
an international review committee that provided the basis for strategic decision making in research
policy management (Rinia et al., 2001; Westerheijden, 1997).

In parallel, members of the Foundation for Fundamental Research on Matter (FOM) and CWTS at
Leiden University conducted a complementary bibliometric analysis and compared the results with the
VSNU expert committees (Rinia et al., 2001). The bibliometric analyses confirmed the results of the
quantitative peer assessment to a statistically significant degree (van Raan, 1996). The bibliometric
study also demonstrated there was no bias with respect to interdisciplinarity, i.e. peer judgement of
physics papers published in non-physics journals show the same level of agreement with bibliometric
indicators as physics papers published in journals within the physics field. Interestingly, for papers



published by authors in the condensed matter physics programme, regression analysis showed the
strongest consensus between peer judgement and article-level citation indicators and only weak
agreement between expert opinion and journal-only indicators (Rinia et al., 1998). This was considered
important evidence to support the role of bibliometric analysis in research evaluation. Meanwhile, the
latter finding supported the notion that journal impact factors alone should not be relied upon to predict
the quality of individual papers published in selected journals.

Soon after these pioneering bibliometric studies, a major change in global society occurred that would
have far-reaching consequences in the development of bibliometrics — the World Wide Web was
invented. The World Wide Web was designed to create a pool of human knowledge (Berners-Lee et al.,
1994) and it immediately became clear that it offered huge potential to the scholarly community,
especially in navigating forward and backward in time through articles related to each other by cited
references.

1.4.2 Impact of the World Wide Web

It was sometimes said at ISI that Garfield’s citation index waited 40 years for the World Wide Web to
be invented. Indeed, soon after the advent of the World Wide Web, the Web of Science was launched,
which comprised the Science Citation Index joined by the Social Sciences Citation Index, the Arts &
Humanities Citation Index, and later others. Thousands of universities around the world paid
subscription licences so their academics could navigate the citation links and discover papers relevant
to their work. Journal editors and publishers recognised the value of being on the inside and still today
routinely submit journals for scrutinization against the Web of Science selection criteria. Only those
journals that pass the test will be indexed, while others are told they may re-apply in a couple of years.
Once a journal is indexed in Web of Science (or in other similar citation indexes, in particular Scopus),
its content becomes more easily discoverable to academics who have access to the index. Some
publishers see value in this increased visibility and submit their journals to the various selection and
inclusion processes set out by the owners of Web of Science and other similar citation indexes. As
university ranking systems often use citation indexes as the basis for the bibliometric component of
their ranking calculations, some universities incentivise their academics to publish in ‘indexed’
journals. From the beginning of citation indexing, it was known that journals in different subject fields
exhibit different publication and citation behaviour and therefore need to be treated according to the
norms in their field (Garfield, 1983). I will now discuss the classification of journals into subject areas.

1.4.3 Science classification systems

Science classification systems developed that revolved around journals as nodes in the system
connected by citations between them (Small, 1993; Small et al., 1985; Small & Sweeney, 1985). In the
Web of Science, the journals are classified into one or more of approximately 250 subject areas and
Scopus has developed a similar system. In both cases, a scholarly paper is not directly assigned to a
subject field, rather all the articles in any given journal are assigned to the subject field that the journal
has been assigned to. That means the system is not very sensitive because journals are not always strict
about the precise field they cover, and many papers address topics that cross boundaries between
subjects or are multidisciplinary in their nature.



The inherent differences in publication and citation behaviour between subject fields means that the
performance of academics in one field cannot be directly compared with those in another field using
simple bibliometric indicators. The top listed journals in the medical sciences have higher Impact
Factors than the top journals in the social sciences. Newer journal indicators were developed that take
into consideration the context of the subject field in which researchers publish their papers. An example
of such an indicator is the Source Normalized Impact per Paper (SNIP) (Moed, 2010).

Alternative classification systems have been developed whereby articles are attributed directly to
subject fields based on their contents. Dimensions uses the article-level classification system which cuts
out the need to use the journal as the unit of aggregation. In a comparison between journal-level subject
classification in Web of Science and the article-level system in Dimensions the authors claimed that the
journal-level system in Web of Science was more accurate (Singh et al., 2020).

1.4.4 Bibliometric datasources

In every bibliometric analysis, the data to be analysed has to be defined and collected. Initial studies
used journals indexed in the Science Citation Index but following the launch of several other data
sources bibliometricians have a choice. The choice of data source is important and can influence the
results of any study. Indeed, comparison of bibliometric data sources is a frequently discussed topic
within the field of bibliometrics. It is useful therefore to describe the available data sources and I shall
use this section to introduce the main ones.

The Web of Science is made up of component databases. The following databases make up the core
collection of Web of Science: Science Citation Index Expanded, Social Sciences Citation Index, Arts
& Humanities Citation Index, Conference Proceedings Citation Index (Science and Social Science &
Humanities editions), Book Citation Index (Science and Social Science & Humanities editions), and
the Emerging Sources Citation Index. The databases in the core collection are usually used when
conducting bibliometric analyses based on the Web of Science. However, there are also regional
databases including the Arabic Citation Index and Chinese Science Citation Database, subject-specific
indexes such as the BIOSIS Citation Index, and indexes of non-journal literature such as the Data
Citation Index.

In 2004, the publisher Elsevier launched a rival bibliometric database, Scopus, by combining several
existing databases including Medline, Compendex, and Embase. This created a competitive market for
access to global, multidisciplinary discovery services and bibliometric data that continues to this day.
Web of Science and Scopus have each developed a coverage policy that determines which journals,
conferences, and books they include in their databases. Web of Science comprises publications from
high impact journals and conferences selected by an internal editorial team and focuses on quality
(Birkle et al., 2020). Scopus is more inclusive, comprising publications from over 39,000 serial titles
and relies on an external content selection and advisory board (Baas et al., 2020). Although there is
considerable overlapping content between Web of Science and Scopus, important distinctions remain
due to differences in coverage policy, indexing practices, subject field definition, publication date
discrepancies, and differences in author name disambiguation, affiliation unification, and document
type assignation.

Also in 2004, Google launched its own citation resource known as Google Scholar with almost universal
coverage, no date limitation, and the huge advantage that it was freely available. That opened up access
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to millions of academics all over the world, especially those not working or studying at a university
with a Web of Science or Scopus subscription. Google Scholar has become widely used as an Internet
discovery tool, but not as a data source for bibliometric studies, mainly because the underlying data is
not made available. Google prevents automatic retrieval of its data using technology such as captcha
that can only be solved by humans (Else, 2018). Another consequence of Google Scholar’s inclusivity
is that it may not be sensitive to the differences in output quality as determined by selective databases
(Diem & Wolter, 2013) and therefore not an ideal source for evaluation.

In this context, Digital Science launched Dimensions in 2018. Dimensions seeks to harness the best of
both worlds (Hook et al., 2018). Largely based on Crossref, Dimensions is more inclusive than Web of
Science and Scopus, offers a limited free version, and extends the bibliometric database to cover a
greater portion of the research lifecycle. Dimensions comprises data on research inputs such as grants,
along with outputs including datasets, publications, and patents, also links outcomes such as social
media impact, citations, policy documents, and clinical trials (Herzog et al., 2020).

Crossref is an organisation that generates digital object identifiers (DOIs) and assigns them to academic
publications. Scholarly publishers can become Crossref members, which entitles them to upload article
metadata from their journals into the Crossref database, whereupon each article is registered to a unique
DOI (Collins, 2022). Members are encouraged to link the articles’ URL and other metadata with the
DOI and update the URL links whenever the article is moved. Regardless of where the document is
posted on the Internet, the DOI remains the permanent and unique identifier for the document.
Currently, Crossref comprises metadata for more than 100 million records and is adding metadata over
10 million records per year. This metadata is openly available, which makes it an attractive source for
bibliometric study (Hendricks et al., 2020).

Following some high-profile cases in which journal selection policy was implicated in producing
suspicious university ranking results, Microsoft launched Microsoft Academic Services (MAS) as a
fully open scientific knowledge graph (Sinha et al., 2015). MAS collects data from the entire public
web and includes studies at all stages of publication to avoid sampling bias and the associated potential
impact on bibliometric studies (Wang et al., 2020). MAS does not use DOIs or ORCIDs because of the
view that such technical standards are not well used by the scientific community and fail to live up to
their promised consistency (Wang et al., 2020). A large-scale comparison between major databases
showed MAS had far broader coverage than Web of Science, Scopus, Crossref, and Dimensions (Visser
et al., 2021; Wang et al., 2020).

Microsoft Academic and related services were discontinued in January 2022 and OpenAlex was
launched to fill the void. OpenAlex is named after the world’s first library in Alexandria, Egypt and
aims to improve transparency of research evaluation (Piwowar et al., 2022; Priem et al., 2022) by
linking scholarly works, authors, venues, institutions, and concepts. The main data sources are the
discontinued Microsoft Academic and Crossref along with preprint and data repositories such as arXiv
and Zenodo. OpenAlex currently comprises 243 million works (OpenAlex, 2023). While some of the
current data sources remain entirely or partially behind a paywall, OpenAlex is a fully open data source
with open API and open source code (Priem et al., 2022).

There are many other bibliometric datasources available, and this section cannot mention them all.
Some newer global, multidisciplinary sources have not been included in this overview and there are a
multitude of region-specific and discipline-specific data sources available. Those mentioned above
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should be taken as prominent examples of bibliometric data sources in a growing field, rather than an
exhaustive review.

1.4.5 Applied bibliometrics — University rankings

Journal metrics such as the Journal Impact Factor have been used to rank journals according to their
citation impact leading to competition among publishers to maximise the performance of their journals.
In the last 20 years, bibliometric indicators have been used to rank the performance of universities in
published league tables or university rankings.

In 2003, the Academic Ranking of World Universities launched the Shanghai Ranking, which quickly
stimulated lively debate on the methodology used and its validity (Liu & Cheng, 2005; Van Raan,
2005). A paper entitled Should you believe in the Shanghai Ranking? comprises a scathing review of
irrelevant criteria, a methodology ‘plagued by major problems’, and a poorly structured system (Billaut
et al., 2010).

The following year, Times Higher Education launched the World University Rankings in cooperation
with QS, which eventually split into two competing ranking systems. Each of these ranking systems
has developed its own methodology based to varying degrees on bibliometric indicators alongside
university-provided metrics such as faculty-student ratio, and surveys that quantify the opinions of the
scientific community on the prestige of top institutions. More ranking systems were launched, and fierce
competition ensued between bibliometric data providers to become the trusted database partner of the
most popular rankings.

Controversy followed (e.g., Gadd, 2020) and moderate critics of university rankings proposed an
alternative system in which universities are listed with a range of bibliometric and other indicators and
the rank can be changed by the user depending on the criteria they select. A prime example of this is
the Leiden Ranking (Centre for Science and Technology Studies, 2022; Moed, 2017; Waltman et al.,
2012). In the absence of an overall or definitive ranking, this system can also be known as university
profiling.

1.4.6 Community-led initiatives to improve use of bibliometric techniques

The argument about interpretation and use of the Journal Impact Factor raged for many years, until in
2013, following a meeting of the American Society for Cell Biology, 150 scientists and 75 organisations
signed a statement calling for an end to misusing metrics to evaluate impact of individual articles and
the performance of those who wrote them. At the time of writing this dissertation, the declaration has
been translated into 30 languages and signatories number more than 20,000 individuals and 2,850
organisations (DORA, 2023). Among the signatories it is likely that a substantial proportion have signed
to create the image that they care about responsible use of metrics but continue using the JIF just as
before (Torres-Salinas et al., 2023). However, there was no organised resistance to the DORA
declaration and no widely communicated counterargument. Even the company that publishes the JIF,
Thomson Reuters (now Clarivate) was relieved that the broader scientific community was finally
questioning misuse of quantitative indicators and was willing to engage in discussions on newer, more
customised impact indicators.
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As access to bibliometric databases such as Web of Science and Scopus increased and the owners of
these databases launched their corresponding analytical tools, InCites and SciVal, organisations all over
the world increased their reliance on bibliometric indicators. The university ranking systems, partially
based on publication and citation metrics, gained further popularity to the point where in some parts of
the world, ranking methodologies have influenced, or even de facto replaced, university strategy. In
2015, the Leiden Manifesto (Hicks et al., 2015) set out ten principles that describe best practices for
metrics-based research assessment.

Similarly, in July 2022, the Coalition for Advancing Research Assessment (CoARA), started by the
European University Association representatives along with Science Europe and the European
Commission, published the agreement on reforming research assessment (ARRA). Widespread
concerns about assessment based on oversimplified metrics have incentivised the European research
community to call for an agreement between those being assessed and those conducting the assessment
to lay some ground rules (CoARA, 2022b). The agreement envisions assessment of research,
researchers and research organisations which is necessarily performed through qualitative peer
assessment and supported by responsible use of quantitative indicators.

1.4.7 Network visualisations

The enormous growth in sheer numbers of journals, articles, and academics has created challenges for
people tasked with evaluating science and scientists. Faced with large numbers of documents and
people, it is sometimes easier to detect links between them when publication networks are presented
visually as maps. One bibliometric mapping tool, VOSviewer, is specially designed to enable users to
create maps based on network data and to visualise and explore the maps (Waltman & van Eck, 2012).
The user can choose which attributes are presented on the map, for example author names, affiliations,
or keywords. Chapter 3 of this dissertation compares methodological approaches to identifying research
related to the UN sustainable development goals (SDGs) and uses VOSviewer maps to illustrate the
difference between clusters as related to climate change using keywords from the title and abstract of
the papers.

The opportunities of the Internet combined with the rapidly growing quantity of scholarly articles made
network visualisation attractive to bibliometricians. Every research paper can be a node on a map and
citations can serve as the links between them. Alternatively, papers can be represented by the keywords
mentioned in the title, abstract, or full text and term maps present words more prominently the more
frequently they are mentioned. As an example, in Figure 1.1, the most frequently occurring terms in the
five articles in this dissertation are presented using VOSviewer. The terms fall roughly into five clusters
related to topics studied in the articles and denoted by the different colours. The terms in purple, such
as country, country affiliation, country name, and population, are all related to geodiversity, while
conference, asean country, and Indonesian paper land in the blue cluster because they are related to the
work on policy and behaviour. Some of the terms appear to fall between clusters, such as SDGs, action,
and climate, which are somewhere between the red and green clusters. The terms indicate a close
relationship between the topics of stakeholder collaboration and SDG classification method. Terms at
the centre of clusters, such as affiliation discrepancy (data quality) and triple helix (stakeholder
collaboration), are specific to their cluster and are only weakly related to the other topics.

13



ghi countiy category

pop¢(\on

ghi category
ghi
countny.affiliation
hunger © “country
@ Gy
proxy focus individuab country
aftica
fald
tignd
acknowlggigement count@name indoriesjan paper
scholar India / :
i in sia ]
<o authiorship Partngrship asean @ountry w :
publicatian dataset
conf‘nce‘ ol
magive = wff( %
ny-& %
: edugation
o tig Sk
triplg heélix paper " schal e v
i\ il o 5 3
Vot Sprogress edition documept type o
. J =
climafgiaction, i address @ “itatiofindeY
ks,
i goal institution _unification
® input
clifiate expert microsoft academic

detail

i) unique identifien

fid
taget ¥ A
climatgghange .4

8 ® ®

i R affiliation discrepancy

phtsse | » o
Tegll

" )

sifs elsgier

Y “ stiipgs
siri

database pair
surplus

(‘;@ VOSviewer stine

pairwise comparison

Figure 1.1 VOSviewer term map using the full text of the five chapters of this dissertation. Click here for live navigation

It is easy to see the relationships between concepts described above because we are looking at a map.
The analysis of large numbers of terms is simplified through visualisation.

1.5 Motivation and objectives of this dissertation

1.5.1 Motivation

There is a need for clearer guidance on how bibliometrics can be used to support research policymaking
and research evaluation. Parts of the scientific community support the use of quantitative indicators in
research policymaking and evaluation. Supporters of the bibliometric approach cite its usefulness in
relatively quickly and cheaply analysing large amounts of data and reliance on documented methods
and indicators. Critics of the quantitative approach point to problems with bibliometric data accuracy
and consistency and claim that only fellow academics are qualified to judge research quality. The
drawbacks of both peer review and bibliometric approaches require improvement to gain support for
use in policymaking and research evaluation.

In reality, neither approach on its own is likely to be ideal for most scenarios and the third option is to
use a combination of quantitative bibliometrics and qualitative expert judgement. However,
bibliometric data, methods, and approaches are not yet reliable enough to win the overwhelming trust
of the broader scientific community. Data quality and curation need to be improved, and the community
needs to play a greater role in the development of new methodological approaches and technologies.
This dissertation addresses these points through five bibliometric studies that show both the power and
the limitations of the quantitative approach. Areas for improvement are identified and solutions
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proposed that will improve the reliability, trust, involve the community, and provide better guidance to
stakeholders on the use of bibliometrics in the context of research policy and research evaluation.

1.5.2 Objective

I have picked five areas that show different ways in which bibliometrics can support research
policymaking and research evaluation. The objective is to illustrate a range of scenarios where large-
scale, quantitative bibliometric studies offer benefits to evaluators and policymakers. The studies also
highlight the limits to bibliometrics and alert stakeholders to potential problems caused by misusing
bibliometrics. The overall ambition of this dissertation is to present a series of recommendations for
research policymakers on how to employ and interpret bibliometric techniques, and to provide
suggestions to the wider scientific community on how bibliometric data, processes, and methods can
be improved.

1.6 Structure and research questions

There are many areas in which quantitative research evaluation and research policy interact. The next
part of this dissertation comprises five studies that address the objectives described in section 1.5.2.
Chapters 2 and 3 present studies that illustrate limitations in data quality in bibliometric databases and
subject classification techniques and cautions policymakers against over-reliance on the results of
university analyses or rankings. Chapter 4 comprises a large-scale bibliometric study on the academic
sector’s transdisciplinary collaboration with societal stakeholders. Chapters 5 describes the geodiversity
of research and discusses the extent to which bibliometrics can uncover unfair collaboration practices
in developing regions of the world. Finally, chapter 6 illustrates a clear case of bibliometric evaluation
causing a questionable change in behaviour of a national scientific community. The chapters address
the following research questions:

1.6.1 RQI1: How does bibliometric data quality impact research policy?

Chapter 2 addresses the research question on data quality by illustrating wide-ranging discrepancies
between four major bibliometric databases in their unification of author affiliations, an important type
of bibliometric data. Author affiliations are used to link publications to universities or other research
institutions, and it is therefore crucial to unify as many variations of the organisation name as possible.
Each of the databases in this comparison uses a different unification system, which means they each
produce a different publication set for the same university.

The findings draw attention to the limits in reliability of any university evaluation or ranking system.
Understanding of the limitations of bibliometric databases and the discrepancies between them should
be a prerequisite for policymakers before they design bibliometric studies of universities or act on their
results. This study therefore presents author affiliation discrepancies between databases as an example
of how data quality can influence the outcome of policy goals. The chapter concludes by expressing
support for a single, community-led affiliation unification initiative such as the Research Organization
Registry (ROR). ROR uses a unique identifier for universities in a similar way to the DOI for
publications and ORCID for authors. Universal adoption of such a system for universities would
channel community efforts into improving data quality and reduce discrepancies between databases.
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1.6.2 RQ2: How can bibliometrics help improve the categorisation of
sustainability research?

The research question on categorising new research fields is answered in chapter 3 through a
comparison of four approaches (Elsevier, Digital Science, STRINGS, and SIRIS) to classifying research
publications related to one of the sustainable development goals (SDGs) defined by the United Nations:
SDG 13 (climate action). The analysis explores the different steps used by each method and suggests
explanations behind the low agreement between the methods.

Sustainability policy has filtered down from the UN to government and university level and pressure is
building for entities to report on their contribution to progress against the SDGs. Academic and research
institutions have a need to produce bibliometric reports on their publications that show productivity,
impact, and collaboration. Sustainability had not been delineated as an academic subject until recently
and all the major bibliometric database owners, as well as academic groups, are racing to develop new
methods of identifying research papers related to each individual goal.

The SDGs are multidisciplinary, complex, and vague, which means there is no precedent, no pre-
existing categories, and no ‘ground truth’. Each of these approaches produces different pictures of what
an SDG publication dataset should look like, which leaves policymakers wondering which one is right.
Chapter 3 contributes to the debate among policymakers on the extent of progress against the SDGs.

1.6.3 RQ3: What can bibliometric analysis tell us about transdisciplinary
research collaboration trends?

The research question on transdisciplinary research is addressed in chapter 4 by using bibliometric data
to define research output for the academic sector and three major societal stakeholders: government,
industry, and nonprofit organisations. The study collects papers published by the academic sector over
a 10-year period and presents the changing share of collaborative papers with each of the three societal
stakeholders. Given the diverse nature of these actors in different regions of the world, the study then
presents the results for the countries with the largest scientific output. This enables us to discuss the
findings in the context of transdisciplinary research at national level.

It is noted that different stakeholders often have different motives for collaboration, which could
actually inhibit joint research projects. The goal of academic researchers is almost always to publish
their results to share knowledge, foment discussion with fellow scholars, contribute to solving
problems, and as a means to advancing their careers. Industry on the other hand, is ultimately driven by
bringing new products and services to market, which sometimes requires research findings to be kept
secret and other times only to make their findings publicly available by patenting their inventions, rather
than publishing them in academic journals. These conflicting goals may act as inhibitors to large-scale
academia — industry collaboration. Differences between academia and government research focus may
produce similar conflicts.

The relationship between stakeholders may therefore be lopsided and limit the amount of collaborative
research conducted. Therefore, policies that simply incentivise ‘more inter-stakeholder collaboration’
might be too simplistic. Research policymakers around the world are calling for closer collaboration
and highlighting the perceived benefits of transdisciplinary research, but data on progression is scarce.
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Chapter 4 therefore contributes to the current literature on transdisciplinary research by providing
feedback to policymakers on the success of their efforts.

1.6.4 RQ4: How can bibliometric techniques be used to describe the geodiversity
of research?

The study presented in chapter 5 offers insights into the geodiversity of research through bibliometric
analysis of the relationship between research focus and author locations. The study uses SDG 2 (zero
hunger) as a case study and uncovers wide variation between geographical topic focus and author
location depending on the level of hunger in the country of focus.

Chapter 5 discusses policies emerging among publishers and academic societies that seek to ensure fair
and equal partnership between local academics in countries severely affected by hunger and visiting
researchers from wealthy countries. Such policies deal with local capacity building, treatment of
samples, and the order of co-authors on the resulting publications. This is a case of the publishing
community setting policies that could influence academic behaviour and be visible through bibliometric
reporting.

Bibliometric studies can help identify the existence of problems through illustration of geographical
topic focus and author affiliations using mapping visualisations. Country representation and author
position can contribute to our understanding of collaboration dynamics and time series will enable
communities to follow progress through trends. Through bibliometric studies, policy makers can
identify the existence and extent of problems and monitor progression once steps have been taken to
address them.

1.6.5 RQS5: How can bibliometric assessment cause inadvertent behavioural
change in the scientific community?

The research question on the effects of bibliometric evaluation on academic behaviour is addressed in
chapter 6 through a bibliometric study on published document types in 10 countries in Southeast Asia
over a 20-year period. The findings revealed a national change in publishing behaviour specific to
Indonesian academics and linked it to the introduction of a specific research policy. The Indonesian
government introduced incentives into its national research policy with the intention of stimulating a
general increase in academic publishing. However, the academic community responded to the policy
by switching from publishing articles in journals to publishing papers in conference proceedings.
Conference papers were perceived to be quicker and easier to publish than journal articles and therefore
conference publishing was perceived to be a preferable route towards achieving the policy incentive.

This chapter highlights the potential consequences of using a metric as an incentive. The Indonesian
study is a classic case of Goodhart’s Law, which states that when a metric becomes a target, it ceases
to be a useful metric (Goodhart, 1975). The chapter draws parallels between the Indonesian case and
the international university ranking systems. Universities in many parts of the world see a rise in the
rankings as a mark of success. As academic publications and citations contribute to higher ranking,
bibliometric indicators become targets.

17



Chapter 6 discusses the implication of these findings in that policymakers overlooked the difference
between the characteristics of journal articles and conference papers when developing the research
policies. The scientific community realised this and accelerated submissions of papers to both national
and international conferences whose proceedings would be indexed in bibliometric databases. This is
an example of policymakers using bibliometric data to stimulate one change, but inadvertently causing
another.
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Chapter 2

The prevalence and impact of university affiliation
discrepancies between four bibliographic databases —
Scopus, Web of Science, Dimensions, and Microsoft

Academic!

! This chapter is based on:

Purnell, P. J. (2022). The prevalence and impact of university affiliation discrepancies between four
bibliographic databases—Scopus, Web of Science, Dimensions, and Microsoft Academic. Quantitative
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Abstract

Research managers benchmarking universities against international peers face the problem of affiliation
disambiguation. Different databases have taken separate approaches to this problem and discrepancies
exist between them. Bibliometric data sources typically conduct a disambiguation process that unifies
variant institutional names and those of its sub-units so that researchers can then search all records from
that institution using a single unified name. This study examined affiliation discrepancies between
Scopus, Web of Science, Dimensions, and Microsoft Academic for 18 Arab universities over a five-
year period. We confirmed that digital object identifiers (DOIs) are suitable for extracting comparable
scholarly material across databases and quantified the affiliation discrepancies between them. A
substantial share of records assigned to the selected universities in any one database were not assigned
to the same university in another. The share of discrepancy was higher in the larger databases,
Dimensions and Microsoft Academic. The smaller, more selective databases, Scopus and especially
Web of Science tended to agree to a greater degree with affiliations in the other databases. Manual
examination of affiliation discrepancies showed they were caused by a mixture of missing affiliations,
unification differences, and assignation of records to the wrong institution.

Keywords

Benchmarking, affiliation, disambiguation, unification, bibliometric database, university

2.1 Introduction

2.1.1 The problem of affiliations

The research community understands to varying degrees the importance of getting its university
affiliation names right. Individual researchers are now routinely assessed at least in part on their ability
to produce published articles and their institutions are at least partially ranked on those very same
papers. The single factor tying the paper to its author’s employer is the affiliation name given by the
author when they submit the manuscript to a journal. There are many ways of acknowledging a
university and one can easily confuse a rudimentary database by simply swapping My City University
with University of My City. Other common variations involve acronyms, MCU, UMC, or partial
acronyms, MC University, Univ MC. The list easily extends to dozens of variants when authors
introduce their faculty or department name sometimes at the expense of the university name. Add to
that the common practice of incorporating one institution into another or splitting part of a university
away from its main organisation, along with larger mergers and creation of international branch
campuses and we have a complex problem for those assessing the university’s research output.

Indeed, nowadays journal and author names are relatively constant while it is not uncommon for
university names to change. Although there have been several initiatives to address the problem by
using unique identifiers for research institutions, none have been universally adopted to the same extent
as for journals (ISSN), individuals (ORCID), or documents (DOI). These efforts, summarised in Table
2.1 have mainly been made by the major citation indexes such as Scopus (Affiliation Identifier or
AFID), Web of Science (Organisation Enhanced), and Dimensions (Global Research Identifier

20



Database or GRID). In addition, a new community-led collaboration of multiple organisations has been
launched and is known as the Research Organization Registry (ROR). It holds promise because it is
closely linked to GRID and is to be incorporated into Crossref metadata (Lammey, 2020).

Table 2.1 Disambiguation processes used by bibliographic databases

Database Disambiguation Abbr. Process

Scopus Affiliation identifier AFID Institutions assigned an 8-digit AF-ID and
variants linked to main AFID

Web of Science Organisation enhanced | OE Unifies the most frequently occurring
address variants to preferred names

Dimensions Global research | GRID Freely accessible database of  research
identifier database organisations that are assigned a unique and
persistent identifier linked to its variants.

Microsoft Academic | Global research | GRID Freely accessible database of  research
identifier database organisations that are assigned a unique and
persistent identifier linked to its variants.

Community led | Research Organization | ROR Community-led initiative to supersede
registry Registry GRID and be incorporated into Crossref
metadata

Databases used in bibliometric assessments have made strides into resolving the problem of
disambiguation using different solutions including manual submission of affiliation variant lists by
universities to database owners or automated unification systems. The degree of accuracy is still
unquantified and policy makers who rely on bibliometric analysis often overlook an inherent level of
error when using these data sources.

2.1.2 The importance of affiliations

Initiatives to identify and list the world’s most influential academics based on citations to their work
rely on affiliation disambiguation techniques. Clarivate’s Highly Cited Researchers list recognises
approximately 6,000 scientists who have published papers cited in the top 1% of their field in the
preceding decade. The list is published once a year and is searchable by academic institution. The
composition and validity of the list is therefore dependent on the affiliation disambiguation performed
by Clarivate on its underlying Web of Science database. Similarly, the recently updated ‘Stanford’
author database of standardised citation metrics (Ioannidis et al., 2020) relies on Scopus affiliation
disambiguation. The list of top 2% authors can be downloaded and is sortable by academic institution.
As universities seek to recruit scientists who appear on these prestigious lists, an academic’s value is
increased by virtue of their presence. The ability of the databases to accurately link authors to their
affiliations is therefore increasingly valued by recruitment professionals as well as research managers.

Many universities driven by increased external competition (Brankovic et al., 2018; Espeland & Sauder,
2016) seek to maximise their position in the various international ranking tables. The ranking
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organisations in turn typically assess institutions’ performance against a set of criteria that usually
include the quantity and impact of research publications (Centre for Science & Technology Studies
Leiden University, 2020; QS Intelligence Unit, 2019; Shanghai Ranking Consultancy, 2019; Times
Higher Education, 2021; US News & World Report LP, 2019). These ranking systems use either
Elsevier’s Scopus or Clarivate’s Web of Science (Web of Science) to compute the bibliometric
component of their tables. Nature Index, a database of author affiliations and institutional relationships
also recently used data from Dimensions in an experiment to identify research in the field of Artificial
Intelligence (Armitage & Kaindl, 2020).

The level of accuracy of those databases and their ability to assign papers to the correct affiliations
consequently becomes one of the limiting factors in an institution’s performance (Orduna-Malea et al.,
2019). Any ‘missing’ papers can cost a university valuable places in the ranking table and authors are
routinely encouraged to use the official institution name when publishing. Nevertheless, each year
universities complain to the ranking systems of missing papers, but the rankers are constrained by the
limitations of the citation indexes. Disgruntled universities are usually referred to the database owners
to resolve their affiliation-related complaints.

Times Higher Education routinely uses the Scopus affiliation as delivered by Elsevier although it has
occasionally worked directly with institutions to ensure the mapping used in the ranking coincides with
their organisational structure. QS receives data from Scopus and then groups distinct Scopus AFIDs
including medical schools, business schools, hospitals, and technical research institutes into single
university entities that match those in its rankings database. In this process, QS relies on input from the
institutions to define such relationships (QSIU, 2019). The Leiden Ranking uses its own (CWTS)
version of the Web of Science and conducts additional rounds of affiliation disambiguation.
Specifically, the CWTS system unifies all address variants that occur at least five times in the Web of
Science database, identifies missing university affiliations from departments and city names, attributes
papers from hospitals and medical centres to their affiliated universities based on author publication
rules (Centre for Science & Technology Studies Leiden University, 2020; Van Raan, 2005; Waltman
etal., 2012).

Comparison of database coverage has become easier since most now aim to link their records to the
Digital Object Identifier (DOI). The DOI has become established as a persistent, reliable identifier
together with a system using that identifier to locate digital services associated with that content (e.g.,
Gasparyan et al., 2021; Zahedi et al., 2017). In bibliometric studies, the DOI can therefore be used as a
common identifier to determine overlapping coverage of records in different databases. The existence
of'a DOI for a research article depends on the publisher generating the DOI and linking it to the article
in the Crossref database. Most publishers now aim to do this routinely but there are plenty of records
that do not have a DOI and that limits our ability to use it as a common identifier. Factors associated
with lower prevalence of DOIs include non-academic records, arts and humanities fields, document
types from books and conference proceedings. This study used DOIs to retrieve papers from selected
universities and it was important as a first step to understand what proportion of the actual output we
were looking at.

2.1.3 Research design

This paper addresses affiliation disambiguation by attempting to answer the following questions:
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e To what extent do discrepancies in author affiliations exist between the major bibliographic
databases? Which databases have most discrepancies?
What types of discrepancies can be identified?
Are different types of discrepancy more prevalent in different databases?

The answers to these questions will be useful in our understanding of the extent to which research
outputs are accurately assigned to universities by the different databases. Since many decisions are
based on the outcome of bibliometric studies, comparisons, and university rankings, policy makers will
be better informed about the limitations of bibliometrics studies and comparisons. The ranking bodies
may take these limitations into account when they publish their league tables. Database owners may
incorporate these findings into their development plans and algorithms to improve the accuracy of their
products and make them more competitive.

We selected 18 universities for the study, all from the Arab region. Local or regional languages have
been found to contribute to mistakes in author affiliations (Bador & Lafouge, 2005; Falahati Qadimi
Fumani et al., 2013; Konur, 2013) and to our knowledge, no such study of university affiliations in the
Arab region has been published. We selected universities from Gulf countries, the Levant, and North-
East Africa because of our familiarity with the region, language, and institutions.

We used a recent five-year time window (2014-18) and extracted records from four major databases,
Scopus, Web of Science, Dimensions, and Microsoft Academic.

The first part of the study was to determine the proportion of publications from our selected universities
that had DOIs. Records were extracted using DOI and compared with the total number of records for
the selected publication years. This was to confirm we could use the DOI to identify a sufficient quantity
of scholarly material.

Each database has taken a different approach to affiliation disambiguation, and it is important to know
how they compare. Therefore, in the second part of the study we quantified the affiliation discrepancies
between databases. We paired the databases and specifically looked at the non-overlapping records i.e.,
the surplus of records that were retrieved from one database in the pair but not the other. Records could
be in the surplus because of discrepancies in affiliation or publication year, or differences in database
coverage. We quantified the surplus in each database with respect to the other three for all the
universities. We then calculated the proportion of the surplus that was caused by each of the three
reasons (affiliation discrepancy, publication year discrepancy, or coverage differences). Discrepancies
due to publication year were negligible and grouped together with coverage differences.

The third part of the study concentrated exclusively on those records that were caused by discrepancies
in the university affiliation. We manually examined two dozen records from each database pair surplus
and attempted to explain the discrepancies in the context of affiliation indexing. This has major
implications for any university benchmarking study and particularly the international university
rankings. The final section of the study requires close knowledge of university names and we therefore
chose to make this a regional study.
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2.2 Literature review

Work on author affiliations began in the mid-1980s. For example, the LISBON Institute, the
predecessor of CWTS already used affiliation data from the Science Citation Index (SCI) to report the
changes in academic collaboration in the Arab region following the geopolitical developments in the
1980s (DeBruin et al.,, 1991). The problems of author affiliations became more important as
bibliometric reports gained popularity and started being offered as a service (Calero-Medina et al.,
2020). As in-house citation indexes were developed in the 1990s, care was taken to construct them in a
manner that facilitated affiliation disambiguation. The problem of missing author affiliations has been
largely addressed but in 2015 the Web of Science indexes still contained sizeable quantities of
publications without any affiliations whatsoever (SCIE: 7.6%, SSCI: 6%, and A&HCI: 35%) (Liu et
al., 2018).

The owner of Web of Science tried to overcome the affiliation disambiguation problem by introducing
its organisation enhanced feature. The disambiguation process involves creating normalised address
segments for each record and unifying the most frequently occurring address variants to a list of
currently over 14,000 preferred names (Clarivate, 2020b). Smaller or less frequently occurring
organisations might not have a preferred name in the system or some of its legitimate address variants
might not have been unified. Full details of the process are not available, but one imagines it a
significant task to perform and then keep up to date in the light of organisation mergers and divestments.
Organisations may request unification or corrections to its address variant list via an online form
(Clarivate, 2020a).

The organisation enhanced feature has been selectively used in bibliometric studies to improve accuracy
(Baudoin et al., 2018). A recent study (Donner et al., 2020) showed widely varying recall and precision
across institutions between the Web of Science organisation enhanced feature, Scopus AFID and a
German institution affiliation disambiguation system described as ‘near-complete’ for German public
research organisations. Taking the German system as ground truth, neither Web of Science organisation
enhanced nor Scopus AFID provided high recall rates, and both showed widely varying precision across
institutions impacting bibliometric indicators. The authors concluded the resulting inconsistencies in
publication and citation indicators using the commercial vendor systems should be taken into
consideration by policy makers.

A large-scale study comparing database coverage across a multi-institution dataset between Scopus,
Web of Science, and Microsoft Academic examined the publication overlap of 15 universities with
DOIs serving as the common attribute (Huang et al., 2020). The authors created a Venn diagram for
each university showing the proportion of DOIs indexed by all three data sources. The diagram also
revealed the extent to which DOIs were covered by only one of the three databases, which we term a
surplus. For instance, DOIs found in Web of Science but not in Scopus or Microsoft Academic count
as Web of Science surplus. The authors found that Microsoft Academic had the broadest DOI coverage
but least complete affiliation metadata. The authors concluded that assessment of any institutional
performance will produce different results depending on the source database. They went on to
demonstrate that representation in databases varied widely between institutions, which compounds the
likelihood of inaccuracies when comparing universities with each other. This introduces potential bias
in any bibliometric assessment such as university ranking that relies on a single source. The present
study builds on the work by Huang et al. (2020) by further analysing the affiliation assignation of DOIs
across the same three databases plus Dimensions for 18 universities in a specific geographical region.
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Another large-scale study (Visser et al., 2021) compared coverage and the completeness and accuracy
of citation links between five databases, namely Scopus, Web of Science, Dimensions, Microsoft
Academic, and Crossref. The authors used a thorough and complex matching technique that compared
pairs of records against seven bibliographic attributes and computed a matching score. They found
Microsoft Academic had by far the broadest coverage of the scientific literature. In pairwise analysis,
Scopus contained large quantities of exclusive publications not indexed in the other databases.
Meanwhile, Dimensions/Crossref and Microsoft Academic indexed substantial bodies of records not
found in Scopus. The Web of Science surplus compared with Scopus was smaller and limited mainly
to meeting abstracts and book reviews which are not indexed in Scopus. Another important finding was
that Dimensions and Crossref had almost overlapping coverage, which can be attributed to Dimensions’
reliance on Crossref as its core content.

A comparative analysis at institutional level found more institutions had greater coverage in Scopus
than in Dimensions, and that up to half the documents indexed in Dimensions have no institutional
affiliation (Guerrero-Bote et al., 2021). In the view of the authors, this invalidates Dimensions as a
suitable data source for assessing university impact.

2.2.1 Limitations of DOI accuracy

All studies using DOI are susceptible to a number of limitations. First, DOI assignation is not always
accurate. Indeed, one group found errors in 38% of the DOIs in the cited references of their sample
from Web of Science (Xu et al., 2019). Most (92%) of the errors in the DOI were in the prefix and often
included a surplus ‘DOI’ or a duplication of the DOI. The authors went on to propose an algorithm for
cleaning the DOIs in the cited reference database. Another study found 8,841 ‘illegal’ DOIs (defined
as those that do not begin with ‘10’) in Scopus (Huang & Liu, 2019) and referred to Elsevier’s efforts
to clean the Scopus data.

Zhu et al. (2019) created a search string to identify DOIs with errors in Web of Science. They wrote a
search strategy aimed at identifying cases in which a numeric digit such as ‘0’ had been replaced with
the letter *0’. Similar errors occurred where the number ‘6’ had been confused with the letter ‘b’, or the
number ‘1’ with the letter ‘I’ among many other examples identified. In some of these cases, searching
both the correct version of the DOI (with the numeric ‘0’) or the erroneous version (with the letter ‘0’)
returned the Web of Science record.

Another problem is duplicate DOIs, this is when a single DOI is linked to multiple papers as reported
by Franceschini et al. (2015) or to multiple versions of the same publication (Valderrama-Zurian et al.,
2015). Databases have taken different approaches to this problem and Elsevier has recently invested in
improving the Scopus data completeness and accuracy (Baas et al., 2020).

The DOI was introduced in 2000 although there have been a number of other unique identifiers for
published research papers. With the advent of electronic publishing, the Uniform Resource Locator
(URL) was an early candidate. A study of more than 10,000 MEDLINE abstracts in 2008 looked at the
presence of decay rate of URLs between 1994 and 2006 (Ducut et al., 2008). The results showed that
most (81%) of the URLs were available but that only 78% of the available URLSs contained the actual
information mentioned in the MEDLINE record, and one in six (16%) of the total were “dead” URLs.
A study comparing multiple identifier systems found the DOI to be among the best following evaluation
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against seven criteria including identifier features, digital coverage, and comprehensiveness of scope
(Khedmatgozar & Alipour Hafezi, 2015).

Over time, publishers incorporated DOIs into their online metadata. An examination of Web of Science
and Scopus records revealed that by 2014, most (90%) of ‘citable items’ defined as journal articles,
reviews and conference proceedings papers were being assigned DOIs in the sciences and social
sciences (Gorraiz et al., 2016). The figures were lower for all document types and much lower in the
arts & humanities, 50% for journal citable items and just 20% for books and book chapters. Articles
published in regional publications may also be less associated with DOIs, a sample of scholars from
Brazil showed DOIs among less than half of their journal papers and less than a tenth of their conference
papers (Rubim & Braganholo, 2017). Meanwhile, Mugnaini et al. (2021) found the presence of
international co-authors increased the proportion of DOIs.

2.3 Data and methods

This study examines the overlap of indexed DOIs for 18 universities (Table 2.2) of all document types,
in four international, multidisciplinary bibliometric databases often used in bibliometric studies, namely
Scopus, Web of Science, Dimensions, and Microsoft Academic.

From the Web of Science, we used five citation indexes; the Science Citation Index Expanded, Social
Sciences Citation Index, Arts & Humanities Citation Index, the Conference Proceedings Citation Index-
Science, and the Conference Proceedings Citation Index-Social Sciences & Humanities. We used
neither the Book Citation Index, nor the Emerging Sources Citation Index because we do not have
access to them. From Dimensions, we extracted only publications because these are comparable with
the documents in the other databases, but not grants, patents, datasets, clinical trials, or policy
documents. All data were retrieved from the Centre for Science and Technology Studies (CWTS)
database system at Leiden University. The data was received in March 2020 (Web of Science), April
2020 (Dimensions), July 2020 (Microsoft Academic), and April 2021 (Scopus).

We extracted records based on the highest level of affiliation disambiguation available for the selected
universities in each database. In Scopus, we used the Affiliation identifier (AFID) which is a unique
identifier for the institution to which records are tagged. In many cases, Scopus includes one AFID for
the overall organisation and multiple additional AFIDs for partner institutions and component units to
reflect the organisational structure of the university. This enables the user to search for records from
the entire organisation or for its sub-units individually. This process appears to have been conducted
more rigorously for some universities than others. The result is that for some universities there is only
one AFID while for others there are many and we therefore used only the main AFID for each
university. From Web of Science, we used the organisation enhanced feature which is a preferred
institutional name searchable in the database and to which records from that organisation and its
component parts are unified. The organisation enhanced unification process is performed by the
database owner with voluntary input from the institutions themselves and suffers from the same
inconsistencies as the Scopus AFIDs. Therefore, we used only the high-level organisation enhanced
name and no additional variants. Dimensions and Microsoft Academic each use GRID which was
developed by Digital Science to describe both parent-child relationships between institutions and
external related organisations. GRID disambiguates affiliation names for approximately 100,000
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organisations and we therefore used the GRID record linked to the generally accepted name for each of
the 18 university names.

Table 2.2 The universities used along with their abbreviations

Abbreviated name Full institutional name Country
Ain Shams Ain Shams University Egypt
Alexandria Alexandria University Egypt
Assiut Assiut University Egypt
AUB American University of Beirut Lebanon
Babylon University of Babylon Iraq
Baghdad University of Baghdad Iraq
Bahrain University of Bahrain Bahrain
Carthage University of Carthage Tunisia
Jordan University of Jordan Jordan
Khalifa Khalifa University United Arab Emirates
King Abdulaziz King Abdulaziz University Saudi Arabia
King Saud King Saud University Saudi Arabia
Kuwait Kuwait University Kuwait
Qatar Qatar University Qatar
Lebanese Lebanese University Lebanon
Sfax University of Sfax Tunisia
Sultan Qaboos Sultan Qaboos University Oman
UAEU United Arab Emirates University | United Arab Emirates

In the first part of the study, we determined the proportion of records with a DOI in each database. We
extracted the unique DOIs present in each database between the years 2014 and 2018 inclusive and
calculated the proportion of total records in the database with a DOI. The overall share is reported as
well as a share for each of the studied universities.

The second section of the study quantifies the share of the surplus caused by affiliation discrepancy and
separately, the share of the surplus caused by database coverage. For this we used only those records
with DOIs in the same five-year period and for the 18 selected universities. Any records whose
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publication year differed between databases meaning they were included in the five-year window in
one database but not another, were counted under coverage discrepancy. Preparatory work for the study
demonstrated the number of records in this category was negligible. Because of the complexities of
database comparison, we compared coverage between the databases in pairs. That is to say we extracted
DOIs using university affiliation names and the publication time window in one of the databases
(‘Primary’). We then searched for those same DOIs in the second database (‘Comparator’), restricting
the search to the same affiliation and the same publication time window. Those DOIs found in both
databases constitute overlapping coverage and were not studied further. Those DOIs not found in the
comparator database are termed the ‘surplus’ and the reasons for their absence are investigated. To
establish these reasons, we systematically repeated the comparison removing elements of the search in
the comparator database for affiliation and publication time period.

In the final part of the study, we manually analysed a sample of 24 affiliation discrepancies for each of
the 12 database pairs. Examples were selected at random with a maximum three publications in each
comparison from the same publisher. These examples served to illustrate the presence and types of
affiliation discrepancies between databases. For each database pair surplus, we selected the university
with the highest proportion of affiliation discrepancies. To have as much diversity as possible in the
universities studied, each university was selected at most once. (If the university with the highest
proportion of affiliation discrepancies had already been selected for another database pair, we moved
on to the university with the next highest proportion.) Examination was performed by manually
searching for the records on the web interface versions of each database and checking the published
PDF documents as the ground truth.

2.4 Results

2.4.1 Number and proportion of DOIs

The total number of records along with the number of unique DOIs retrieved for each of the four
databases is shown in Table 2.3.

Scopus and Web of Science each had DOIs for more than three quarters of the publications. Both these
databases incorporate a selective expert assessment of journals, books, and conference series before
they are admitted to the database. This process ensures that most indexed articles go through the
established scholarly publishing route and are therefore increasingly likely to have a DOI. The
proportion of records with DOIs for the selected universities in this study (89.9% Scopus and 82.3%
Web of Science records) seem somewhat higher than the proportions reported by Gorraiz et al. (2016).
However, that study used earlier data up to 2014 and demonstrated an upward trajectory for documents
with a DOI that would roughly coincide with the figures presented here. Records with a DOI comprise
96% of the Dimensions database, which is the highest share among the four. As Dimensions uses
Crossref as the key pillar of its content along with PubMed, the high proportion is not especially
surprising. All Crossref records have a DOI and 90% of PubMed articles already had DOIs by 2015
(Boudry & Chartron, 2017).

There is some variance in DOI prevalence between the universities. The variance might be due to the
over representation of certain document types that are less frequently assigned DOIs. e.g., books, book
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chapters, and conference proceedings. Equally, universities that publish more papers in subject fields
such as the arts and humanities could also contribute to a lower proportion of DOIs among their
publications (Gorraiz et al., 2016).

For studies concerning detailed comparison of database coverage, additional metadata such as article
title and author names should be used to maximise identification of overlapping records. The focus of
the current study however was not coverage, but the prevalence of affiliation discrepancies between
databases. Therefore, we could exclude records that do not have DOIs without negatively impacting the
study results. It was more important to identify records with a common identifier so we could compare
their affiliations in the different databases. This approach was largely inspired by the work of (Huang
et al., 2020) who also took this approach.
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2.4.2 Prevalence of affiliation discrepancies

In the next part of the study, we examined the prevalence of affiliation discrepancies in four citation
indexes, Scopus, Web of Science, Dimensions, and Microsoft Academic for 18 selected Arab
universities.

In Figure 2.1 we present a stacked bar for each database pair with the primary database on the left and
the comparator database on the right. The first portion of the bar reading from the left represents the
surplus records only found in the primary database and not present in the comparator. For instance, the
top bar shows 30,060 Scopus DOIs that are not included in Web of Science. The second portion includes
those DOIs that are present in both databases but are not assigned to the relevant university affiliation
in the comparator database. In the first bar that means 1,831 Scopus DOIs are not found to have the
same affiliation in Web of Science, even though they are present in Web of Science. The central portion
of the bar shows the number of DOIs found in both databases with the same affiliation. The penultimate
portion of the bar shows that 5,924 Web of Science DOIs are also found in Scopus but not with the
relevant affiliation. In the final portion of the bar, there are 3,114 Web of Science DOIs that are not
included in the Scopus database.

Those DOIs in the second and fourth portions of the bar therefore represent DOIs where there is a
discrepancy between the affiliation assigned in the two databases. It is not possible at this point to say
which, if either is wrong. To make a decision about the accuracy of the assigned affiliation, we need to
look at the individual cases and usually check with the published PDF document. We report this in
Section 2.4.4 of the study. Therefore, we do not refer to affiliation errors but prefer the term
discrepancies. There will also be cases in which the affiliation is missing or has failed to be assigned to
the university in both databases and those records would not appear at all in the results. We are therefore
not presenting a comprehensive list of errors, but rather an indication of the proportion of discrepancies
between databases pairs.
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Figure 2.1 Affiliation discrepancy for the 18 universities by database pair

We can now analyse the relative affiliation discrepancies between each of the database pairs presented
in Figure 2.1. For ease of discussion, we have organised the database pairs into four sections with the
primary database as the heading. In each comparison, we only used those records associated with a
DOL

Scopus

The 1,831 Scopus records from the 18 selected universities that are present in Web of Science but not
linked to the same affiliation represent about 2% of the actual overlap between the two databases. The
next two bars show far more sizeable proportions of Scopus records not linked to the same affiliation
in Dimensions and Microsoft Academic. We can interpret these results by suggesting the Scopus
affiliation is more likely to agree with that assigned in Web of Science than it is with those assigned in
either Dimensions or Microsoft Academic.

On the other hand, a small share (4% — 7%) of publications has been assigned to the 18 universities in
Scopus, but not in Web of Science (5,924), Dimensions (5,068), and Microsoft Academic (4,697).

Web of Science

Records linked to the selected universities in Web of Science but not assigned to the same affiliations
in each of the other three databases appeared to constitute about 7% of the overlapping Scopus records,
and about a fifth of the overlapping DOIs in Dimensions (17,492) and Microsoft Academic (20,384).
This means the Web of Science affiliation does not concur with the other three databases in a substantial
proportion of cases.

Comparing in the other direction, the penultimate section of the Web of Science bars (1,831 records for
Scopus, 2,640 for Dimensions, and 1,829 for Microsoft Academic) is relatively small in each case. That
means there are comparatively few records in the three comparator databases in which the affiliations
fail to concur with their corresponding record in Web of Science.

33



Dimensions

Dimensions records were clearly more likely to coincide with the affiliations assigned in Web of
Science and Scopus than they were for affiliations assigned by Microsoft Academic. Dimensions
affiliation discrepancies with those assigned in Web of Science (2,640 records) and Scopus (5,068
records) accounted for only 2% and 4% of the overlapping coverage respectively. Meanwhile, 15%
Dimensions records with overlapping coverage in Microsoft Academic showed affiliation discrepancies
with their corresponding records in Microsoft Academic.

The opposite comparison shows that a substantial number of publications have not been assigned to the
18 universities in Dimensions, while they have been assigned to these universities in the other three
databases. This suggests that Dimensions may incorrectly not have assigned these publications to the
18 universities.

Microsoft Academic

Similarly, there was a relatively small number of Microsoft Academic records that did not agree with
affiliations assigned in Web of Science (1,829) and Scopus (4,697). These discrepancies represented
2% and 4% of the overlapping records respectively. A more sizeable proportion of around 15%
Microsoft Academic records failed to match the affiliations assigned in Dimensions.

From the other direction, a substantial number of publications have not been assigned to the 18
universities in Microsoft Academic, while they have been assigned to these universities in the other
three databases. This suggests that Microsoft Academic may incorrectly not have assigned these
publications to the 18 universities.

Overall summary of the results:

When Web of Science or Scopus assign an affiliation to a publication, the same affiliation is usually
assigned by the other databases. The same is not the case the other way round. The largest share of
discrepancies occurred with affiliations assigned by Microsoft Academic when compared with the other
three databases. Dimensions assigned affiliations also found sizeable shares of discrepancies when their
records were compared in the other databases.

The database coverage played a role with many records from the larger databases (Dimensions and
Microsoft Academic) not found indexed in the smaller, more selective databases (Scopus and especially
Web of Science).

2.4.3 Database surplus by university

Figures 2.2 — 2.7 show the extent of differences in coverage and affiliation between databases for each
of the 18 selected universities. The additional level of data can help us interpret the differences between
the way the databases approach affiliation disambiguation.

There were some patterns that emerged from this analysis. For example, there was a consistently higher
proportion of records assigned to the Lebanese University than for the other universities found in
Scopus, Dimensions, and Microsoft Academic that were not assigned to this university in Web of
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Science. We should recall that for this study, we defined Web of Science records as belonging to the
universities only if they were retrieved using the Organisation enhanced unification tool. If records
contained the correct address but was not unified to its affiliation in the Organisation enhanced tool,
then they would not have been retrieved.

Similarly, records assigned to Khalifa University in Scopus, Web of Science, and Dimensions were
frequently not found assigned to that university in Microsoft Academic. Khalifa University is the result
of a merger between three institutions that took place in 2017. Some of these records will be examined
in Section 2.4.4 to determine how different databases approached the resulting affiliations.

In the case of AUB many publications have been assigned to the university in Web of Science and
Microsoft Academic, while they have not been assigned to the university in Dimensions. As we will
show in the next section, this was likely due to differing treatment of records from the American
University of Beirut Medical Centre.

Babylon had a higher proportion of Scopus records than other universities that were not assigned to that
university in Dimensions and Microsoft Academic. It should be noted that Scopus uses one affiliation
identifier (AFID) for the main institution and assigns other AFIDs for the sub-units of the university
based on the organisation hierarchy. However, this process has been conducted more vigorously for
some institutions than it has for others, and that difference might influence the level of affiliation
discrepancy found. For example, Babylon has only one Scopus AFID and the lowest or nearly lowest
share of affiliation discrepancies in all the database pairings where Scopus is the comparator.
Conversely, Carthage has one Scopus AFID for the main institution and 31 AFIDs for the sub-units
which add 78% more records to the university total when they are all included in the search. As
discussed in Section 2.3, we used only the main AFID to identify the publications of a university in
Scopus. Hence, in the case of Carthage, the large number of AFIDs for sub-units of the university
probably explains why the university has the highest or second highest share of affiliation discrepancies
in all comparisons where Scopus was the comparator.
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2.4.4 Types of affiliation discrepancy

The discrepancies in affiliations are the main focus of this study and vary widely in their prevalence
and some interesting examples are described in this section. These highlight the challenges faced by
database providers and the various ways they have responded to them. We found we could organise the
affiliation discrepancies into four main groups as shown in Table 2.4.

Table 2.4 Types of affiliation discrepancy between databases

Affiliation Definition Example Database
discrepancy type

Missing affiliation | Author’s 10.4018/jdm.2016100102 Scopus
affiliation is
missing
Missing  second | Author’s first | 10.1166/as1.2017.7424 Dimensions
affiliation affiliation is

present, but their
second affiliation
is missing

Unification Affiliation 10.2174/1386207319666161214111822 Web of Science
mentioned in some
form but not linked
to unified record

Assigned to wrong | Author  address | 10.1016/j.compfluid.2014.07.013 Microsoft
institution linked to a Academic
different
institution than
that intended

We manually examined two dozen sample records at random from each of the database pairs using the
web interface for each database. For each of these examples, we attempted to discover the reason for
the affiliation discrepancy for one of the universities between the databases. The main reasons are
summarised in Table 2.5. These sample analyses serve to illustrate that discrepancies exist and to shed
light on the possible reasons behind them. However, a larger study would be needed to provide a more
robust comparison.
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Table 2.5 Affiliation errors

= o
g -g g o
g = 35| =g & 5
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Database pair = o .%ﬂ = B b= %
= .8 2% g .4 = S
8 2 = =7 B =
= <
Scopus - Web of Science Lebanese 1 22 1
Scopus-Dimensions Stax 11 11 2
Scopus-Microsoft Academic Khalifa 2 20 2
Web of Science - Scopus Saud 6 1 13 4
Web of Science - Dimensions AUB 6 1 1 14 2
Web of Science - Microsoft Academic Assiut 6 12 5 1
Dimensions - Scopus Carthage 3 21
Dimensions - Web of Science Bahrain 1 19 4
Dimensions - Microsoft Academic Babylon 9 6 7 2
Microsoft Academic - Scopus Kuwait 24
Microsoft Academic - Web of Science UAEU 4 1 3 15 1
Microsoft Academic - Dimensions Qatar 20 1 1 2

Missing affiliation

The author affiliation has not been captured by the database and therefore a search for the affiliation
name did not retrieve the record. We found almost all Qatar University records in the Microsoft
Academic — Dimensions surplus were caused by missing affiliations in Dimensions. In most of these
cases all author affiliations were missing, and the papers were conference proceedings or book chapters.
Similarly, we found where Web of Science has missed author affiliations, the majority were meeting
abstracts.

Missing second affiliation

The author’s first affiliation has been listed but not the second. This is similar to the above category but
worth separating as it appears that distinct groups of papers are indexed in some databases for which
the additional affiliation is missed while the first is captured. As an example, on 10.1166/as1.2017.7424
the PDF shows University of Babylon as second affiliation for one author that is omitted from the record
in Dimensions and Microsoft Academic, but included in Scopus and Web of Science. Sometimes we
can speculate on the reason for this. In cases such as 10.1016/j.as0c.2016.06.019, the author’s second
affiliation is listed separately from the first on the PDF under categories such as ‘Author’s current
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address’ or in this case, ‘Correspondence address’. Scopus and Web of Science included this as second
affiliation, while Dimensions and Microsoft Academic did not.

Assigned to the wrong institution

We found records from the College of Information Technology, University of Babylon and from the
College of Information Technology, UAEU that had been erroneously assigned to the College of
Information Technology, an institution registered in Pakistan in Microsoft Academic, e.g.,
10.1007/s00500-018-3414-4. In other databases, these records had been correctly assigned to their
respective universities. The term ‘College of Information Technology’ is a common university sub-unit,
and it appears these words have triggered unification in Microsoft Academic to the stand-alone
institution with the same name. Using these data in a bibliometric study would therefore produce a
lower-than-expected count of papers from the affected institutions and an artificially high result for the
real College of Information Technology in Pakistan. The same phenomenon occurs for Information
Technology University in Pakistan, and the University College of Engineering in India, each of which
are assigned additional papers in Microsoft Academic.

Other examples showed records assigned to UAEU in Web of Science organisation enhanced were in
fact published by authors at a Moroccan institution called Universit¢é Abdelmalek Essaadi, locally
abbreviated to ‘UAE University’ and mistakenly unified to the wrong institution. Similarly, authors
from LaSTRe Laboratory in Tripoli, Northern Lebanon, which is affiliated to the Lebanese University,
had been erroneously affiliated to the University of Benghazi in Tripoli, Libya in the Web of Science
organisation enhanced. This might have occurred because of the appearance of the city name, Tripoli
which is the capital of Libya but also a city in Lebanon. Two further records from the same university
were assigned to the United States of America due to confusion over the town of Lebanon in Grafton
County, New Hampshire. It appears therefore that the presence of a city name or country name might
sometimes trigger unification to the wrong organisation enhanced name in the Web of Science.

Unification

An affiliation is listed but it has not been unified to the main or correct university. For example, most
of the Scopus records that we did not find in Web of Science under the Lebanese University affiliation
did actually mention the university in the address field but were not unified to that university in the
organisation enhanced field. This is a plausible explanation for the large proportion of Lebanese
university affiliation discrepancies with Web of Science described in section 2.4.3. Similarly, we
discovered several examples of records attributed to either the Masdar Institute or Petroleum Institute
in Abu Dhabi which have both been part of Khalifa University since a merger in 2017. Microsoft
Academic has kept the original affiliation while the other databases have unified records to Khalifa
University even from before the merger. This explains the high proportion of records unified to Khalifa
in Scopus, Web of Science, and Dimensions but not found with that affiliation in Microsoft Academic.
It also highlights the difficulties faced by database owners with treating records from organisations
following their mergers or separations.

Many papers attributed to authors from the American University of Beirut Medical Centre have been
unified to AUB in Web of Science, but not in Dimensions which treats it as a separate institution. That
explains the notable proportion of affiliation discrepancies found with Dimensions in Figures 2.5 and
2.7. Similarly, many authors in Tunisia have acknowledged their institution as Faculty of Sciences at
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Sfax. We found that Scopus unified these papers to the University of Sfax while Dimensions treated it
as a separate organisation. In another similar case also in Tunisia, we found several records affiliated
to the National Institute of the Applied Sciences and Technology and several other research centres
which Web of Science and Dimensions unified to the University of Carthage while Scopus did not. In
most of these cases, the university was not mentioned on the PDF document, but Scopus has made the
link through its disambiguation process. The Scopus interface offers users the option of searching the
‘whole institutions’ that includes all affiliated institutes or ‘affiliation only’ which is the main identifier
for the university.

Inconclusive

We classified cases as inconclusive where there was no obvious reason for the DOI not being retrieved,
a human indexing decision involved, or access to PDF proved impossible. An example of a human
indexing decision is a book preface with a DOI (10.1016/B978-0-12-800887-4.00034-1) but no authors
or affiliations. While Scopus had assigned the book editors as authors, Dimensions had not. Another
interesting case was a letter to the editor published by three authors with a long list of additional
signatories at the end. Scopus had counted all the signatories as authors of the letter while Dimensions
limited authorship to the three at the top of the paper. Neither of these cases is clear cut, if one accepts
the book editors in the first case, and letter signatories in the second should be named as authors then
their affiliations are missing in Dimensions. If they should not be named, then they are phantom
affiliations in Scopus.

2.5 Discussion and conclusion

Our results showed the proportion of Scopus and Web of Science records with DOIs was in line with
previous studies and that Dimensions showed near universal DOI coverage. Microsoft Academic
included a large proportion of content including patents and other non-academic document types that
do not have DOIs. There was some variance in DOI coverage between universities probably due to
prevalence of certain document types or subject fields which vary in their DOI assignation. Overall,
bibliometric studies like the one presented in this paper can use the presence of DOIs to limit their
datasets to comparable scholarly material.

We analysed overlapping coverage between databases in pairs and organised the results based on
whether or not the author affiliations matched. Some records were assigned to the same university in
both databases in the paired comparison. A substantial share of records were assigned to a university in
one database but not in the other. This study concentrated on the affiliation discrepancies between the
databases for 18 selected Arab universities.

We found evidence that up to one in five publications can have discrepancies in author affiliations
between the major bibliographic databases. We found the discrepancies more frequently in the larger
databases, Dimensions and Microsoft Academic. The highest incidences of discrepancy were Web of
Science records not found to have the same affiliation in Microsoft Academic and then Dimensions.
The next highest were Scopus records not found to have the same affiliation in Microsoft Academic
and then Dimensions. Meanwhile, when publications were assigned affiliations in any of the databases,
the same affiliation was usually assigned in Scopus, and especially in Web of Science. These two
databases are smaller, more selective, and crucially, frequently engage with institutions to improve the
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unification of affiliation variants. Our Web of Science results might be more favourable than the real
situation because our version excludes book chapters and a lot of geographically diverse journals often
from university presses that might less rigorously assign author affiliations.

Our results revealed different reasons behind the discrepancies. These included problems of unifying
address variants to the main institution, publications with missing author affiliations, and cases of
records clearly being assigned to the wrong institution. One common source of difficulty was the
naming of institutions like the College of Information Technology which is also the name of the sub-
unit of many universities around the world. Another arises from cities of the same name in different
countries such as Tripoli that exists in both Libya and Lebanon.

In our sample, we found that discrepancies in Web of Science were most frequently due to problems
with unifying variants and in some cases, confusion clearly led to assigning records to the wrong
institution. Discrepancies among Dimensions records were more likely found due to missing affiliations
but there were also some issues with unification. In Scopus and Microsoft Academic there was no clear
pattern and causes of discrepancy were mixed.

The Scopus affiliation identifier (AFID) and the Web of Science organisation enhanced feature each
depend on engagement with the institutions to link affiliation variants to the main organisation. Where
Scopus has assigned multiple AFIDs to sub-units of universities, such as the 31 AFIDs assigned to sub-
units of the University of Carthage there is more chance of discrepancy with other databases. When
comparing institutions, bibliometricians should resist the assumption the disambiguation process has
been performed to the same level for all institutions in the analysis. Our results show this is not always
the case and that some comparisons will produce misleading results.

Manual examination of individual records revealed examples of publication records where databases
have made different choices about how to unify author affiliations. The correct answer is often not clear
and using one or another database will incorporate the impact of the choices of database owners into
the results of any bibliometric analysis or benchmarking exercise based upon them.

University rankings providers usually rely on the disambiguation used in the source databases. The
major exception is the Leiden Ranking which disambiguates all affiliations from its proprietary database
(Calero-Medina et al., 2020), while both QS (QSIU, 2019) and Times Higher Education have begun
supplementary work on Scopus unification in special cases. This practice is welcomed and providers of
products that derive from bibliometric data sources should be encouraged to increasingly participate in
the analytical process and assume a share of responsibility for the accuracy of the resulting publication.

These results support the conclusions of Huang et al. (2020) who encourages university ranking
publishers to employ multiple bibliographic data sources. While Visser et al. (2021) discuss the merits
of more selective databases for university rankings, the results in this paper show the presence of author
affiliation disambiguation in Scopus and Web of Science still poses a significant limitation to accuracy.

A number of limiting factors should be considered when discussing the results presented here. This
study only used publications assigned a DOI in the comparisons between databases. As shown in Table
2.3 that excludes up to a fifth of the records depending on the database used which might also contain
affiliation discrepancies and influence the results. In addition, as discussed in Section 2.2.1, there are
potential errors in assigning DOIs including duplicate DOIs for the same publications, multiple
publications, or versions of one publication with the same DOI, and various types of error within the
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DOI rendering it unable to link to its assigned publication. The DOI is the most appropriate identifier
we found for use in this study, but we acknowledge its limitations.

The universities selected for use in the study were all from a specific geographical region and a broader
comparison including institutions from different regions from around the world would show whether
our findings generalise to other regions. Some databases have engaged with the institutions in the study
to varying degrees as evidenced by the range in the number of affiliation variants listed among the
Scopus AFIDs and Web of Science Organisation enhanced names. The engagement with universities
will clearly improve the ability of the database to accurately identify and assign publications and
therefore introduce a variable in our results.

The examination of types of affiliation discrepancy summarised in Table 2.5 relied on manual work
and introduced an element of human judgement when comparing the published PDF document with its
corresponding record in the bibliographic databases. This combined with the limited sample size for
each comparison requires the reader to interpret the results as illustrations of the type of discrepancy
and give an idea of the size of the problem. However, we do not interpret these data as statistically
representative of the full, global databases.

Another considerable limitation to the present and most previous studies on affiliation disambiguation
is the fact that university names change over time. Changes result from a number of factors including
mergers and splits but also for reasons of government naming conventions, changes of country leaders,
city names, and other factors. Once an organisational sub-unit is unified to an affiliation, all its prior
papers will be found when searching the new unified affiliation. Studies are therefore a time-frozen shot
of the current unification and do not take account of unification dynamics over time.

There is a need for a universal unique identifier for academic institutions that should reflect the current
and historical organisation relationship tree. The ideal indicator will be supported by input from the
institutions themselves in the same way that researchers maintain their own ORCID records. That way
the accuracy, maintenance, and historical record will be maximised. There will be scope for non-
maintenance or misuse especially where an institution can benefit from a certain interpretation of its
organisation, but these will be outweighed by the benefits. In addition, in the case of an open
infrastructure, any misuse will be publicly visible which will act as a disincentive. Universities and their
stakeholders should still decide their own names and they are still the most appropriate managers of the
public record of their relationships with sub-units and external entities.

This study has demonstrated the scope for improvement in four bibliographic databases and highlighted
many problems faced by those attempting the task of disambiguation. Many of those cases can
potentially be resolved by incorporating a global, universally accepted identifier for use by the
worldwide research community and supported with input from universities.
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Chapter 3

A comparison of different methods of identifying
publications related to the United Nations Sustainable
Development Goals: Case study of SDG 13 — Climate

Action?

% This chapter is based on:

Purnell, P. J. (2022). A comparison of different methods of identifying publications related to the United
Nations Sustainable Development Goals: Case Study of SDG 13: Climate Action. Quantitative Science
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Abstract

As sustainability becomes an increasing priority throughout global society, academic and research
institutions are assessed on their contribution to relevant research publications. This study compares
four methods of identifying research publications related to United Nations Sustainable Development
Goal 13 — climate action. The four methods, Elsevier, STRINGS, SIRIS, and Dimensions have each
developed search strings with the help of subject matter experts which are then enhanced through
distinct methods to produce a final set of publications. Our analysis showed that the methods produced
comparable quantities of publications but with little overlap between them. We visualised some
difference in topic focus between the methods and drew links with the search strategies used.
Differences between publications retrieved are likely to come from subjective interpretation of the
goals, keyword selection, operationalising search strategies, Al enhancements, and selection of
bibliographic database. Each of the elements warrants deeper investigation to understand their role in
identifying SDG-related research. Before choosing any method to assess the research contribution to
SDGs, end users of SDG data should carefully consider their interpretation of the goal and determine
which of the available methods produces the closest dataset. Meanwhile data providers might customise
their methods for varying interpretations of the SDGs.

Keywords

Sustainable development goal — Climate action — bibliometrics — artificial intelligence — machine
learning

3.1 Introduction

3.1.1 UN Sustainable Development Goals

The United Nations described a set of sustainable development goals (SDGs) within its 2030 sustainable
development agenda. These goals were launched on 1st January 2016 and will be in place until 2030.
The agenda includes 17 SDGs that are associated with 169 targets and progress is to be measured using
232 indicators (United Nations, 2017). The goals urge political, scientific, economic, and societal
change to address global challenges and ensure sustainable development of the planet and all its
inhabitants. To achieve these goals, all sectors of society are expected to participate including higher
education institutions and research centres.
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Table 3.1 United Nations SDG 13 goals and targets

SDG 13

Short name Climate action

Long name Take urgent action to combat climate change and its impacts

Targets 13.1 Strengthen resilience and adaptive capacity to climate-related hazards and natural

disasters in all countries
13.2 Integrate climate change measures into national policies, strategies and planning

13.3 Improve education, awareness-raising and human and institutional capacity on
climate change mitigation, adaptation, impact reduction and early warning

13.A Implement the commitment undertaken by developed-country parties to the
United Nations Framework Convention on Climate Change to a goal of mobilizing
jointly $100 billion annually by 2020 from all sources to address the needs of
developing countries in the context of meaningful mitigation actions and transparency
on implementation and fully operationalize the Green Climate Fund through its
capitalization as soon as possible

13.B Promote mechanisms for raising capacity for effective climate change-related
planning and management in least developed countries and small island developing
States, including focusing on women, youth and local and marginalized communities

Source: United Nations resolution A/RES/71/313

One key step in assessing progress of the academic community against the SDGs is to identify the
relevant research outputs. These are usually articles published in scholarly journals and books, or
presentations at conferences. Research publications are indexed in large databases which can be
searched using strings of keywords. If the search terms match words in the article title or abstract, then
that article is included in the search results. In this paper, we compare different methods of identifying
research publications related to SDGs. Our focus is on SDG 13: Climate action, whose goals and targets
are shown in Table 3.1. We chose SDG 13 because it affects the entire global population and
environment and is strongly dependent on scholarly research.

As research into the SDGs develops, the number of efforts to create search strings grows, each different
from the others. Current methods of which we are aware are summarised in Table 3.2.
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Table 3.2 Current methods of defining SDG-related research

Group Data source Method

Elsevier 2020 Scopus Boolean search strings
Elsevier 2021 Scopus ML-enhanced

Bergen Web of Science Boolean search strings
Aurora (Elsevier 2019) Scopus Boolean search strings
Clarivate ISI Web of Science Citation enhanced
STRINGS Web of Science Citation clustering-enhanced
SIRIS Academic Various ML-enhanced

Digital Science Dimensions ML-enhanced

3.1.2 Study aims

This study aims to quantify the different datasets produced by following four methods and shed light
on the underlying causes of those differences. Each of the methods selected for this study has made
some attempt to enhance their datasets through algorithms. These were done in different ways and
sometimes at different stages of the process. Although the machine learning element was not scrutinised
in this paper, it is worth highlighting the differences because they are likely to influence the resulting
datasets. The following methods were chosen for the study because they cover all SDGs, and we have
access to the search terms used and resulting publications:

e FElsevier (2021) —used to calculate part of the 2021 Impact Rankings (Times Higher Education,
2021)
STRINGS - Steering Research and Innovation for Global Goals (Confraria et al., 2021)
SIRIS Academic — a European consulting firm (SIRIS Academic, 2020)
Dimensions — developed by Digital Science (Wastl et al., 2020)

It is important to point out that we did not attempt to evaluate the accuracy of the methods or to pick a
winner. We deliberately chose not to develop our own method because of the multitude of questions
raised when defining a ground truth (Gléser et al., 2017). Our intention was to shed light on the
discrepancies produced when applying different perspectives to the same question.

We did not use other published methods because (e.g.):

e Bergen: We could not run the complex search in our version of Scopus and there were too many
records to export from the Scopus database
Aurora: The method was not fully developed for global analysis
Clarivate ISI: The publications are not assigned to individual SDGs
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Specifically, we analyse the search strings (inputs) used by each method, and sub-classify them into
general terms, policy-related terms, and technical terms. The use of subject matter experts will surely
influence the type of search terms used and consequently determine the set of research publications
identified as related to SDG 13.

We then compare the size of the resulting sets of publications identified by each of the four methods.
We perform quantitative comparison of the overlap and surplus of each of the methods. We then discuss
the influence of the type of keywords used in the search strings in determining the final dataset.

Finally, we compare the articles identified by the different methods (outputs) using VOSviewer maps.
These maps help visualise the nuances of each of the methods and show the links with the corresponding
search strategies.

Research questions:

1. To what extent do different search strategies produce different sets of SDG13-related
publications?

2. What is the impact of including different types of search terms in the search strings?

3. What is the impact of using larger, more inclusive data sources over smaller, more selective
ones?

3.1.3 Assessing university impact

This study is important because universities are increasingly asked to demonstrate their ‘impact’ on
society in areas such as sustainability, so there is an increasing need to expand the definition of
university performance to encompass the area of societal impact. University contribution towards the
SDGs is therefore both welcomed and expected by their stakeholders and society in general. This
expectation is accompanied by efforts to measure progress against the SDGs using performance
indicators appropriate for universities.

Academic publications are frequently used in research evaluation and universities are routinely assessed
on their article output for internal performance review and international benchmarking. Research
articles related to the SDG goals and targets are therefore an appropriate unit upon which to base such
assessments. Indeed, there is now a global ranking of universities based on their progress against the
SDGs, about a quarter of which is based on their research publications related to the SDGs (Times
Higher Education, 2021). The first two editions of this ranking assessed universities on their Scopus-
indexed publications retrieved via a series of search strings. The 2021 edition further extended the
publication datasets through a process of machine learning.

Research publications are typically analysed using large international multidisciplinary databases
comprised of scholarly research papers. Bibliographic databases such as Scopus, Web of Science, and
Dimensions include journal articles, conference proceedings, and research published in books.
However, they each have their own selection and coverage policy that results in differences between
the publications included. Therefore, the choice of bibliographic database will determine the resulting
dataset depending on the selection and coverage policy of the database. Running the same search in
different databases will yield different results.
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3.1.4 Search strategies

Even using the same data source does not make SDG-related publication datasets comparable, indeed
it has been shown (Armitage et al., 2020a) that differences in search strategies make a big difference in
outcomes. For SDG 13: Climate action, only about one-third of articles were found by two different
approaches.

In bibliographic searching, the search strategy is of key importance in determining the final set of
publications. The search for SDG-related research is in its infancy and we aim to advance current
understanding of the relationship between different search strategies and the resulting publication
datasets. The UN described the goals, targets and indicators using specific terms, and the UN and other
bodies have published related documents and reports also using subject-specific language. As these
reports were written by people with close subject knowledge, they can be used as sources of search
terms in a bibliographic database. Subject matter experts can then refine the searches to improve their
recall and precision.

In terms of information retrieval, recall is the number of relevant publications retrieved as a share of all
the relevant publications. To maximise recall, one would make the search strategy as broad as possible
and not be concerned with the prospect of finding false positives among the results. Meanwhile,
precision is the number of relevant publications retrieved as a share of all retrieved publications. To
maximise precision, the search strategy should be as narrow as possible to exclude any irrelevant
publications. The trick in identifying SDG-related research is for the search strings to be both effective
at recall while remaining precise.

In order to assess recall, it is first necessary to define a precise, yet representative, set of reference
publications. The way a method operationalises its interpretation of the SDGs, through a reference
dataset used to measure recall, will largely influence the results and overlap with other methods.

3.2 Literature review

3.2.1 Current methods of defining SDG research

One of the earliest insights into sustainability science was developed by the publisher Elsevier in
collaboration with SciDev.Net (Elsevier & SciDev.Net, 2015). This was the first in a series of reports
that aimed to describe the research landscape in areas related to the SDGs. In order to identify research
papers related to the SDGs, Elsevier worked with field experts to design sets of Boolean queries that
were applied to the Scopus Advanced search (Jayabalasingham et al., 2019). The keywords were related
to research themes linked to the six Essential Elements (Dignity, People, Prosperity, Planet, Justice, and
Partnership) described by the United Nations (2014). The 17 SDGs are grouped around these six
Essential Elements. The experts identified key phrases from the titles and abstracts of relevant reports
and those keywords were then used to search for scholarly articles indexed in the Scopus database. The
advantage of this method was its ability to retrieve papers that use specific terms related to various
aspects of one or more of the SDGs, without having to explicitly use the term ‘sustainable development
goal’.
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A team of library and information specialists from the University of Bergen in Norway set out to
discover the degree to which the design of the search strings affected the resulting set of publications
(Armitage et al., 2020a). They developed a set of complex Boolean search strings (Armitage et al.,
2020b) for selected SDGs and queried them in Web of Science Advanced Topic Search. They then
translated the 2019 Elsevier Boolean queries (Jayabalasingham et al., 2019) into Web of Science search
strings and compared the results with their own ‘Bergen’ set. Comparison showed only a quarter of
records were returned by both the 2019 Elsevier and the Bergen search strings with large quantities of
publications not retrieved when using one or the other set of terms. The authors concluded that even
mildly modifying the search strings used for specific SDGs will significantly change the resulting set
of academic papers found. The Bergen group also addressed the question about what constitutes SDG-
related research by creating two sets of search terms for each SDG; those relevant to the topic of e.g.,
clean water and sanitation, known as the Bergen Topic Approach (BTA), and papers on efforts to
actually combat the challenges described by the SDGs, known as the Bergen Action Approach (BAA).
The topic approach retrieved larger datasets than the action related searches, although the degree of
overlap of these two approaches with the Elsevier dataset varied by SDG.

The SDG targets can be vague, weak, or non-essential (International Science Council, 2015) which
makes it unclear which words or phrases in a target should be used in a search. Even search strings
using the same initial terms will produce different results depending on how they are refined. The
Bergen group reported that their queries tended to use more combinations of terms requiring each to be
included in a paper for it to be returned in the results. For example, the Bergen group required the term
‘climate change’ to be combined with other terms found in the SDG 13 targets such as ‘adaptation’ or
‘mitigation’, whereas the 2019 Elsevier search would return results due to the simple appearance of the
term ‘climate change’. On the other hand, the 2019 Elsevier strategy refined its final dataset by
excluding any papers that contain the term ‘drug’ or ‘geomorphology’. Such papers relate to medicine
and changes in earth layers related to prehistoric climate changes rather than those related to modern
day climate action (Jayabalasingham et al., 2019). Both these methods aim to refine the dataset but will
obviously lead to differences in results.

Since the comparison with the Bergen method, the complexity of Elsevier’s search strategy has
increased considerably. The breadth of Boolean queries has expanded to capture a wider range of related
concepts such as carbon capture/mitigation, CO, in combination with global warming, or environmental
impacts. The sole appearance of the term ‘climate change’ is no longer sufficient to retrieve
publications. Similarly, the exclusion criteria in the 2021 method have been refined to over 30 specific
terms, replacing the two in the 2019 method. Elsevier has published a full description of their methods
along with the search strategies (Rivest et al., 2021).

Science-Metrix, now part of Elsevier, has described how analysts who are familiar with the SDG targets
have defined sets of seed keywords for each SDG (Provengal et al., 2021; Rivest et al., 2021). In this
scenario, the preference for precision over recall is emphasised meaning that the dataset is expected to
contain publications with high relevance to the SDG targets, even at the expense of missing some.

Several of the methods including Bergen, SIRIS and Dimensions aimed to capture phrases used in
context rather than only in their exact form by using proximity searches, so that ‘climate impact’~3
would also capture phrases such as ‘climate change impact’ and ‘changing climate and its impact on
health’. Again, these methods used different levels of proximity and on different search terms so the
effect would of course compound differences in the publications retrieved.
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Other groups have also developed Boolean search queries to describe bodies of SDG-related research.
For example, Jetten et al. (2019) aimed to discover the extent to which Wageningen University’s work
to improve food security through innovative technologies influenced media and policy documents.
Similarly, Korfgen et al. (2018) developed a detailed keyword catalogue which found nearly a fifth of
Austrian universities’ research output was related to the SDGs. An attempt to assess Spanish public
universities” contribution to the SDGs (Blasco et al., 2021) used a composite indicator that included the
Times Higher Education Impact rankings which is in turn partially based on Elsevier’s 2021 keyword
search string.

The Aurora Network of universities created an initial classification model to enable them to identify
which research publications were related to each SDG and whether these influenced government policy
(Vanderfeesten & Otten, 2017). They began with a strict version that was limited to keywords found in
UN policy documents that described the goals, targets, and indicators. A number of subsequent versions
of these search terms gradually added more keywords including synonyms, new terms from updated
UN documents, keyword combinations, and terms retrieved though survey data (Vanderfeesten et al.,
2020), Elsevier (Jayabalasingham et al., 2019; Rivest et al., 2021), and SIRIS Academic (Duran-Silva
et al., 2019). The Aurora bibliometric tool queries the Scopus database and has been used by the
Association of Dutch Universities (VSNU) to create a sustainability impact dashboard (Association of
Dutch Universities, 2019).

Clarivate has used a technique known as bibliographic coupling to approach the problem (Nakamura et
al., 2019). The Clarivate method identifies any paper in Web of Science that has used the term
‘sustainable development goal’ in the title, abstract, or keywords and defines them as ‘core’ papers.
They then add to these any paper that has cited one or more core papers. The citing papers plus the core
papers makes up the SDG-related dataset.

The Science Policy & Research Unit at Sussex University and the United Nations Development
Programme are leading a collaboration of several research centres known as STRINGS — Steering
Research and Innovation for Global Goals. This collaboration has taken a novel approach in order to
discover whether SDG research priorities in certain countries match those in which the related socio-
economic challenges are greatest. They selected seed terms from a broad range of policy, technical, and
scientific reports along with web forums and official UN documents using a combination of algorithms
and expert opinion (Confraria et al., 2021) in an attempt to capture terms used by a broad section of
society. They also compared their search strings with those used by Bergen and SIRIS Academic to
remove false negatives from their results (Rafols et al., 2021). The resulting combinations of terms
associated with each SDG were then searched in Web of Science and used to identify clusters of SDG-
related publications. If a certain proportion of publications were retrieved from one cluster, then the
whole cluster was added to the dataset. If the threshold was not reached, the cluster was not added.
These clusters group publications that are related by citation links and this offers a way to identify not
only SDG-related publications that use specific search terms but also SDG-related publications that do
not use these search terms but that have citation links to publications that do use the search terms.

SIRIS Academic, a European consulting firm has looked through a broader set of document types
including R&D projects hosted on the Community Research and Development Information Service
(CORDIS) (SIRIS Academic, 2020). This repository comprises primary results from European Union
funded Framework Programme projects ranging from FP1 to Horizon 2020 (European Commission,
2020).
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Digital Science has developed an approach that queries the Dimensions database. The results were
analysed by country and the proportion of national output calculated for each of the SDGs. A similar
proportion in each SDG was considered a well-rounded footprint, while diverse emphasis was
considered a skewed profile. Digital Science has also attempted to establish the extent of international
collaboration for each SDG and to map the SDGs onto established scientific fields. The Dimensions
SDG data have been used in a study by the Nature Index of leading science cities (Nature, 2021).

3.2.2 Algorithmic enhancements

An emerging trend is to employ machine learning to enrich datasets of SDG-related publications. In
this model, manually selected keywords are used to identify a set of seed papers from a bibliographic
data source. An Al algorithm then learns from these seed papers to recognise other relevant
publications.

In 2021, the Elsevier team enriched its 2020 dataset through machine learning adding approximately
10% to its dataset by improving recall. They used the title, keywords, key descriptor terms, journal
subject area, and abstract from around 1 million publications related to SDGs to create a computer
algorithm that elicited records relevant to each of the SDGs through a machine learning model (Rivest
et al., 2021). Times Higher Education used these results in the calculation of the 2021 Impact Rankings
(Times Higher Education, 2021).

SIRIS has created a controlled vocabulary for each SDG defining its ‘semantic breadth’ through a
manual process of reading reports and identifying seed keywords (SIRIS Academic, 2020). As a second
step, they have used deep learning to train a neural network model to find synonyms with the seed
keywords and create an ontology. The ontology is then matched with terms logically linked with the
seed keywords in the CORDIS repository. A final quality check comprised human revision of results
generated by the automated method for relevance to the original definition of the SDGs.

Digital Science’s machine learning approach (Wastl et al., 2020) involved generating 17 training sets
and using natural language processing to create an SDG classification scheme searchable in Dimensions
(Wastl et al., 2020).

3.2.3 Bibliographic data sources

Since the 1970s, Web of Science and its components have been routinely used for evaluating journal
impact e.g., Garfield (1972), university benchmarking e.g., van Raan (1999), national research impact
assessment (Adams, 1998), the contribution of individual researchers (Hirsch, 2005) and the
development of advanced bibliometric indicators (e.g., Waltman et al., 2011).

Elsevier launched Scopus, its global abstract and citation database of research papers from scholarly
books, scientific conferences, and academic journals in 2004. Scopus has gradually become a key data
source used for bibliometric studies of research output (Archambault et al., 2009; Baas et al., 2020;
Schotten et al., 2017). Recently, Digital Science’s Dimensions has also become an interesting data
source for bibliometric studies (Herzog et al., 2020; Hook et al., 2018; Thelwall, 2018).

Each of these databases is built in a different way and has its unique selection criteria, indexing process,
and therefore content. Web of Science is traditionally the most selective (Clarivate, 2022) and aims to
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concentrate on the highest impact academic journals. Scopus has broader coverage than Web of Science
(Huang et al., 2020; Schotten et al., 2017), and Dimensions is the broadest of the three (Harzing, 2019;
Visser et al., 2021). Therefore, searching the same terms will produce a different result depending on
which data source is searched.

3.3 Data sources and methods

3.3.1 Creating the datasets

We created four datasets of SDG 13-related research using the methods described by the distinct
research groups as follows. In each case, we used all document types and limited records to the five-
year time window 2015-19

e Elsevier — We used the Elsevier 2021 method which is the result of a two-step process. First,
Scopus records were extracted using the search string defined as SDG 13 in the fourth update
(Rivest et al., 2021). The resulting set of articles were then fed into an algorithm described by
Rivest et al. (2021) that uses machine learning methods to enhance the original list.

e STRINGS — We used the search terms elicited through the methods described by (Confraria et
al., 2021) to query the titles, abstracts, and keywords of publications in Web of Science. The
resulting publications were searched in approximately 4,000 clusters based on an article-level
citation clustering described by Waltman & van Eck (2012). If a minimum 15% of any cluster
contained our SDG13 related publications, then all publications in that cluster were included in
our dataset. If the 15% threshold was not reached, then none of the publications in the cluster
were included.

e SIRIS — We used the search strategy that combines keywords as described in the visual essay
by SIRIS Academic (2020) to query the titles, abstracts, and keywords of publications in Web
of Science.

e Dimensions — We used the SDG methods including the machine learning enhancements
described by Wastl et al. (2020).

We ran the queries described above against versions of Web of Science and Dimensions housed in the
database system of the Centre for Science and Technology Studies (CWTS) at Leiden University.

Our version of Web of Science includes the following five indexes: Science Citation Index — Expanded,
Social Sciences Citation Index, Arts & Humanities Citation Index, and both editions of the Conference
Proceedings Citation Index). Neither the Book Citation Index nor the Emerging Sources Citation Index
were used because we do not have access to them.

Elsevier’s International Centre for the Study of Research (ICSR) Lab kindly made the 2021 dataset
available for the purpose of this study, which we used in combination with the CWTS version of Scopus.

3.3.2 Search term classification
We collected the search terms used by each of the methods and organised them into three groups using

our own general knowledge of the field. We classified the search terms for each method according to
the following criteria:
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e General: Terms used in society, e.g., “temperature rise”. The general public would use these
terms.

e Policy: Terms that require knowledge of policy contents, e.g., “emissions trading”. They do not
include mere mention of policy, e.g., “Kyoto protocol” which would count as a general term.

e Technical: Terms that are technical in nature, so subject matter experts would use them. They
either refer to a technology, e.g. "thermal energy storage", or require technical knowledge, e.g.
"radiative forcing". Standard technologies, e.g. "solar panel", do not count — these would be
considered general terms.

3.3.3 DOI analysis

First, we calculated the total number of publications for the five-year period 2015 to 2019 from each of
the four datasets related to SDG 13. We then determined which of these records had a DOI. We
subsequently used the DOI as the unique identifier when comparing the datasets. This means only
records with DOIs were included in the comparisons.

3.3.4 Pairwise coverage comparisons

We performed pair-wise comparisons to examine the overlap between the four datasets. So, each dataset
was compared with the other three, thereby making a total of six pairwise comparisons.

Because the four methods use different data sources, some of the surplus is due to differences in
coverage between those data sources. For example, STRINGS uses Web of Science while Elsevier uses
Scopus. Therefore, we sub-divided each surplus into two portions. One portion of the surplus was due
to differences between the search strategies described by each of the methods, while the other portion
was due to coverage differences between the data sources. We termed these ‘surplus (method)’ and
‘surplus (coverage)’ respectively.

3.3.5 Visualisation of the outputs

For each pairwise comparison, we then presented the results in the form of VOSviewer term maps.
These maps visualise terms found in the titles and abstracts of the articles in two datasets and show the
terms in different shades of colour depending on the frequency with which they occur in each dataset.
Each term needed to appear a minimum of 70 times in publications retrieved from a pairwise combined
set of search terms. The term maps offer an easy way to see which topics are over- or underrepresented
in one dataset compared to the other.

3.4 Results

3.4.1 Publications with a DOI

Table 3.3 shows the total number of records identified by each of the four methods, and those that are
associated with a DOL.
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Table 3.3 SDG 13 records and DOIs for each selected method (2015-19)

Method SDG13 Publications Publications with DOI | Share of publications with
DOI

Elsevier 2021 214,369 195,734 91.3%

STRINGS 166,528 156,010 83.7%

SIRIS 177,154 164,800 93.0%

Dimensions 205,190 203,447 99.2%

The number of publications related to SDG 13 was relatively similar for each of the four methods
chosen for the study. The largest set of records was found through the Elsevier 2021 method, although
only about 5% larger than the Dimensions dataset. The SIRIS and especially STRINGS datasets were
smaller, although the STRINGS dataset was still over three-quarters the size of the Elsevier 2021 total.

Each method had DOIs for at least 91% of its SDG 13 related publications. That meant we had a
comparable set of publications associated with DOIs from the four methods for comparative study.

3.4.2 Comparison based on classification of search terms

The Elsevier 2021 method used an expansive list of keywords covering a range of topics related to
climate change such as greenhouse gas emissions, and global warming. The list also extended into terms
describing actions taken to address the problem such as policies and laws, but also addressed
developments of resilient foods and agricultural methods. The term "legum* breed*" AND ("climate"
or "drought" or "flood") is one of many technical terms related to food and agriculture in the context of
climate action. These highly specific terms are designed to maximise recall while maintaining a high
level of precision. There is also a considerable set of exclusion terms that use the AND NOT command,
e.g., "Prehistoric Climate" and "blood". These are intended to exclude publications captured by the
initial search terms, but that are not related to the current challenges surrounding climate action. The
exclusions therefore improve precision of the dataset.

STRINGS used a lot of broad, simple terms, for example, “climate change”. STRINGS but not SIRIS
used the term “carbon economy”, while SIRIS instead used more specific terms not employed by
STRINGS, e.g., “carbon accounting”, “carbon audit”, “carbon credit”, “carbon dividend”, “carbon fee”,
and “carbon finance”. STRINGS extracted search terms from lay documents including web forums and
grey literature as well as policy documents and scientific publications to capture terms used by a broad
section of society. The STRINGS surpluses due to method were all higher than those of other methods.
We speculate that is the effect of the enhancement step that is based on the grouping of Web of Science
into 4,000 clusters of publications related by citation links even in the absence of explicit use of
keywords. The enhancement makes a decision about whether to include or exclude each of the Web of
Science 4,000 topic clusters in the final dataset. If the cluster is selected, then all publications in that
cluster are added. As the threshold for inclusion was set at 15%, it means that all publications in any
cluster in which 15% of the records contain the seed keywords are included. However, the 15%
inclusion threshold makes it possible that up to 85% of the records in a selected cluster did not in fact
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contain the keywords. This record 10.1080/09540091.2017.1279126 is exclusively retrieved by the
STRINGS method, although it contains none of the STRINGS keywords. The explanation must be
inclusion in a topic cluster selected because of the existence of other publications bearing the search
terms. The citation-based grouping seems to have been more inclusive than the other methods in the
study and emphasise recall over precision. Conversely, any topic cluster in which fewer than 15%
records contain the seed keywords is excluded along with all its publications, even those that did contain
the keywords. An example is 10.1371/journal.pone.0137275 which contains the term ‘climate change’
in its abstract. This term is included in the STRINGS seed keywords but the publication is not included
in the final dataset. It must therefore have been excluded from STRINGS due to existence in a topic
cluster mainly populated with less relevant papers. Therefore, even where the different methods used
the same keywords, this enhancement step has produced discrepancies compared with the other
methods.

Overall SIRIS used more than twice as many search terms as STRINGS, many of them technical. There
were 54 ‘technical’ search terms compared with only four in STRINGS. For example, “ocean
acidification” and “radiative forcing” found thousands of records in SIRIS that did not appear in
STRINGS. Sometimes SIRIS was restrictive, for example requiring the term “climate change” to be
combined with others, i.e., "climate change" and ("policies" OR "education" OR "impact" OR
"reduction" OR "warning" OR "planning" OR "strategy" OR "mitigation"). Conversely, the simple
mention of “greenhouse gas” qualified publications for inclusion in SIRIS, while STRINGS required
the same term to be combined with another term like “emission”, “reduction”, or “changing climate”.
The technical terms used by SIRIS contributed to large numbers of publications in the SIRIS surpluses

against all the other methods.

Dimensions used only 45 search terms, most of them general. However, these were searched against a
larger database. The Dimensions method also employed the proximity search in almost all the search
terms so that phrases that included certain words in close proximity would be found. For instance,
‘Climate related hazards’~3 will also find articles that contain ‘hazards related to climate change’ in
their titles or abstracts. The advantage is that publications that include phrases used in the context of
climate action could be returned rather than only finding an exact phrase.

The number of search terms used by each method is shown by type in Table 3.4. The Elsevier 2021
method used mainly general and technical terms plus about 14% policy related terms. The STRINGS
method used a high proportion of general terms, but the remainder were almost all policy related with
very few technical terms. The SIRIS method was far more specific with about a quarter of the search
terms policy related and a quarter technical in nature.

Table 3.4 Search term classification

Method General Policy Technical Total
Elsevier 2021 210 (46%) 62 (14%) 186 (41%) 458
STRINGS 70 (71%) 24 (24%) 4 (4%) 98
SIRIS 119 (52%) 55 (24%) 54 (24%) 228
Dimensions 34 (76%) 9 (20%) 2 (4%) 45
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The full list of terms along with their classification is available in Zenodo (Purnell, 2022a).

3.4.3 Comparison based on overlap of publications

In each pairwise comparison the set of overlapping records is shown in the central portion of the Venn
diagram. Only publications with a DOI are used in order to make these comparisons. The records found
in one dataset but not the other can be termed surplus. In the sample diagram (Figure 3.1), the two
portions to the left are each included in dataset A, but not in dataset B and therefore comprise the dataset
A surplus. As the methods use different bibliographic databases (Table 3.2), the surplus can be sub-
divided into the portion of the surplus due to the differences in method, and the portion due to
differences in coverage.

The reader may consider these comparisons as a Venn diagram flattened into a stacked horizontal bar
as shown in Figure 3.1.
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.\\ /
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Figure 3.1 Key to overlap and surplus

Figure 3.2 shows pair-wise coverage comparisons of SDG 13 related publications between the four
different methods. Each bar is labelled with the two datasets compared. The number of records in each
portion of the pairwise comparison is shown in Table 3.5.
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The first comparison shows that 56,043 publications were found by both Elsevier 2021 and STRINGS,
and these are represented by the central portion of the bar. Immediately to the left of the overlap are
79,613 records found in the Elsevier 2021 dataset, but not STRINGS because of the difference between
the two SDG 13 search strategies (surplus due to method). The far-left portion of the bar represents a
further 36,544 records in the Elsevier 2021 dataset, but not in the STRINGS set because these records
are not found in Web of Science (surplus due to coverage).

Likewise, the other end of the bar shows 2,949 STRINGS publications that were not found through the
Elsevier 2021 method because they are not indexed in Scopus. The remaining 97,018 STRINGS
publications were not found in the Elsevier 2021 dataset due to differences between the two search
strategies.

Elsevier | STRINGS
Elsevier SIRIS
Elsevier ] Dimensions
STRINGS SIRIS
Dimensions . STRINGS
Dimensions SIRIS

Scale =50,000 N

Surplus (coverage) Surplus (method) Overlap Surplus (method)  mSurplus (coverage)

Figure 3.2 Number of overlapping and surplus publications between methods

The largest overlap (29.2%) was between the Elsevier 2021 and SIRIS methods (Table 3.5), while the
lowest (13.4%) was between Dimensions and STRINGS. Overlap means that both methods in the
comparison retrieved the same publications. The range of agreement is surprisingly low, indeed no two
methods compared show a high degree of overlap.

Surplus due to method ranged from 22.2% to 41.6%. These are publications that were found by one
method but not the other, where the discrepancy was attributed to the method of identifying the
publications. The high level of surplus due to method demonstrates the large disagreements between all
four methods.

The surplus due to database coverage was very low (maximum 1%) for both methods that used Web of
Science (STRINGS and SIRIS), confirming the selective coverage of Web of Science. Conversely,
Dimensions showed in one case (vs. SIRIS) that almost a quarter (24.6%) of the combined records in
the pair were in its surplus due coverage. These are publications found by one method but not the other
where the discrepancy is attributable to the coverage of the data source. There was no surplus due to
coverage for the STRINGS vs SIRIS comparison because both used the Web of Science database.
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Table 3.5 Number and share of overlapping and surplus publications

Surplus Surplus Surplus Surplus
Method A (coverage) (method) Oty (method) (coverage) Method B
44,764 102,702 48,269 104,792 2,949
Elsevier STRINGS
14.8% 33.8% 15.9% 34.5% 1.0%
44,764 69,502 81,469 80,421 2,910
Elsevier SIRIS
16.0% 24.9% 29.2% 28.8% 1.0%
7,103 104,613 84,019 82,587 36,831
Elsevier Dimensions
2.3% 33.2% 26.7% 26.2% 11.7%
0 102,564 53,446 111,354 0
STRINGS SIRIS
0.0% 38.4% 20.0% 41.6% 0.0%
76,389 84,629 42,429 112,522 1,059
Dimensions STRINGS
24.1% 26.7% 13.4% 35.5% 0.3%
76,389 68,933 58,125 105,494 1,181
Dimensions SIRIS
24.6% 22.2% 18.7% 34.0% 0.4%

Sample DOIs for each group are available via a link in Zenodo (Purnell, 2022a).

3.4.4 Comparison based on topical focus of publications

Analysis of the resulting publications visualised through VOSviewer showed terms extracted from the
titles and abstracts of publications and grouped by co-occurrences in publications. Each comparison
shows two maps. The first map allows us to assign broad descriptive phrases like ‘energy problem’ to
clusters of papers with the most relevant and frequently occurring terms represented by different
colours. In Figure 3.3, the first map groups terms into three distinct, colour coded fields related to energy
problem (green), CO2 problem (blue), and climate change (red).

The second map (also figure 3.3) shows for each term which of the two methods of identifying SDG 13
related research captured more publications that use the term. Each bubble represents a term, and the
colour of the bubble reflects the score of the term. Terms that occurred more frequently in the
publications identified by the first method have a negative score and appear over a blue bubble, while
terms that occurred more frequently in publications identified by the second method have a positive
score and appear over red bubbles. Terms that appear over the faded colour bubbles occurred evenly in
publications identified by both methods. In Figure 3.5, the second map shows us that the terms related
to the CO2 problem tend to occur more frequently in the Elsevier dataset. Meanwhile, the terms related
to the energy problem appeared more frequently in the Dimensions dataset.
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The four methods studied have all identified SDG 13-related publications but each with a discernible
topical emphasis. Each map presents the terms most frequently found in a combined set of publications
for the methods compared. The terms may appear in publications identified by both methods, but the
colour indicates which method identified them more frequently.

The first three VOSviewer maps (figures 3.3 — 3.5) show terms expressed in research publications
identified by the Elsevier method compared with the other three methods. In these maps, there is no
clearly discernible pattern. In the comparison with STRINGS (figure 3.3), the Elsevier method has
perhaps identified papers that more frequently use terms related to the environment and climate. This
might be due to the inclusion of large numbers of related search terms in the Elsevier seed keywords.
Alternatively, Elsevier’s machine learning enhancement might have trained the search engine to
identify these publications, or perhaps Scopus has indexed more papers in this field than the other
databases.

In the three comparisons with STRINGS (figures 3.3, 3.6, and 3.7), patterns are easier to see. The
colouring of terms related to climate change indicated they occurred more frequently in the publications
identified by STRINGS than the other methods, although this distinction was less clear in the
comparison with Elsevier (figure 3.3). STRINGS used broader, more encompassing search terms, e.g.
‘climate change’, than the other methods. This broad search strategy might have contributed to recall
of a larger set of publications that contained related terms. STRINGS then introduced more publications
to its dataset by adding all papers in clusters related by citation links. We did not quantify these
additions, but entire clusters of publications were added if 15% or more records in the cluster contained
the keywords. We assume this approach added many publications on climate change and contributed to
their prominence in the maps. As STRINGS uses Web of Science as its data source, it is also possible
that database indexes publications on climate change more frequently than Scopus or Dimensions. If
that were the case, it would at least partially explain the prominence of the records in the STRINGS
comparisons. However, SIRIS also used Web of Science and in the pairwise comparison, STRINGS
clearly found climate change publications more frequently.

The SIRIS method appears to have retrieved publications more focused on the technical nature of
carbon emissions. SIRIS used a relatively large number of keywords, and they were highly technical in
their nature. SIRIS avoided broad terms like ‘carbon emissions’ but instead used 32 more specific terms
containing the word ‘carbon’ such as ‘orbiting carbon observatory’ and ‘personal carbon trading’.
Construction of SIRIS search terms was supported by natural language processing and we speculate
that has resulted in the more frequent inclusion of publications with technical terms as seen in the maps.
Again, database coverage would provide an alternative explanation if Web of Science indexed more
technical publications than the other databases. However, the comparison with STRINGS (figure 3.6),
which also used Web of Science, showed SIRIS to find more technical publications, making database
coverage a less likely explanation.

Dimensions demonstrated some prominence in publications with terms related to energy and policy.
Dimensions searches the term ‘renewable energy’ which retrieves a large quantity of publications,
whereas the other methods require that term to be used in combination. An explanation might partially
lie in the interpretation of the subject matter experts of the term ‘climate action’. Experts might differ
in their emphasis with some focusing on the ‘action’ part while others may see the term more
synonymous with climate change in general. If the experts used in the Dimensions method wanted to
focus on the action, then it would make sense to choose terms containing verbs such as ‘reduce
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emissions’ and ‘limit global temperature rise’. This point of view might also lead experts to select the
names of agreements and forums among its search terms as places where action is discussed. Elsevier
took a conscious decision not to include ‘renewable energy’ as a stand-alone search term for SDG 13
publications to reduce overlap with SDG 7 (Affordable and clean energy). Dimensions is the broadest
of the three data sources used and its larger journal coverage might also have contributed to its large
surpluses against the other methods.

3.5 Discussion

In this study we compared the publication sets retrieved by four different methods of identifying
research related to SDG 13: Climate action. Each method begins by selecting relevant keywords from
the SDG goal and its related targets. These keywords are then combined to create a query that is
searched on a bibliographic database. Each method then enhanced its results in different ways. The
resulting set of publications from the four methods overlapped very little, given that they all started
with the same task.

Overlap is defined as publications that were retrieved by two methods directly compared with each
other. Any publications found by one method but not the other are discrepancies. The fact that each
method comprises multiple stages means that we cannot easily determine the source of any discrepancy.
The method in effect becomes a black box. Our inputs are the keywords, and the resulting publication
set the output. Discrepancies between the publication sets may be the result of any stage of the methods
compared. Those designing methods of identifying SDG related research should be encouraged to open
the black box by publishing each element of their method so end users can choose from a more informed
perspective, see Table 3.6.

Table 3.6 Elements of the black box

Element Description

Seed keyword selection Description of source documents and how keywords
were selected

Use of experts Type of expertise, time invested, and instructions
given

Operationalisation of search strategies List of concatenated search terms

Reference sets used to assess recall Description of reference sets and how they were
constructed

Random sampling of the reference sets Sample publications from the reference sets

Source database selection Database, edition, and any additional parameters used

Enhancement techniques Detailed description of methods used to enhance the
dataset
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Random sampling of retrieved publications Samples of publications retrieved before and after
enhancement

To begin with, the set of seed keywords selected by the four methods were very different with up to a
ten-fold difference in the number and type of keywords used. This level of difference is of primary
interest and raises questions around interpretation of the goal. Each method used experts or analysts
with familiarity of the topic to select the keywords so why were they so different? The manual element
of building the search strings is crucial because human decision controls which terms are included and
how they are combined. People with deep knowledge of the field will be likely to produce terms of a
more technical nature. These terms will increase recall while minimising less relevant publications
found by broader terms. However, none of the methods provide the identity of the experts, say how
they were selected, how much time they spent, the precise instructions they were given, or how they
resolved differences in expert opinion.

This missing information is key because experts might differ in their precise field of expertise. Some
will be more knowledgeable about technical details of the problems surrounding SDGs and select more
technical terms. Others might be more familiar with the details of the climate agreements and choose
more policy related terms. Even experts with similar levels of knowledge will have their own views as
to what is relevant and what is not. For instance, is research on nuclear energy relevant or not in the
context of SDG 13? What about medicine’s role in mitigating the effects of climate change on health?
Each expert will have their own views on these and other questions, and the choices they make is a
likely source of divergence in publication retrieval.

Similarly, the combination of keywords is of great importance and construction of the search queries
varied between the four methods. Each method used a combination of broad, collective search terms
that increase recall, and highly technical terms designed to maximise precision. Broad terms are good
for recall but raise the prospect of contaminating the final dataset with less relevant papers. Elsevier
2021 and SIRIS used many more terms than the other methods. They included highly specific, technical
terms that found publications in more concentrated fields. Search strategies that use many narrow,
specific terms might produce precise datasets but require many more such terms to build up a corpus of
publications.

The creation of thematic datasets undoubtedly involves an element of subjectivity due to the human
dimension. For topics as complex as the SDGs, this is even more challenging due to the diverse nature
of subject matter experts. Their expertise will always be different making it difficult for them to reach
reliable consensus on what research is relevant and what is not. Under such circumstances,
operationalising a specific definition or interpretation of SDG 13 in the form of a reference dataset is
critical. This reference set of publications can be used to test the recall, i.e., what share of the reference
set is retrieved by the implemented search queries? The query can be systematically expanded until a
certain minimum threshold of recall is reached. The query should be tweaked during this process to
keep precision above a defined cut-off point. Such reference sets can be made up of specialist journals,
specialised research groups, or publication clusters highly relevant to the target literature. Both the
selection of the reference set and the recall rate will influence the outcome and overlap with other
methods. Even if difference methods started with the same interpretation of an SDG, they would still
produce different results because of discrepancies between their operationalisation processes.
Unfortunately, we know too little about how each method operationalised their searches limiting our

73



ability to compare them. This requires further investigation to reveal the causes of the low level of
overlap between the methods reported in this study as well as to guide future work on the development
of such datasets.

The four methods used three different databases between them. Web of Science is the most selective of
the three and aims to capture scholarly literature from high impact sources. Meanwhile Scopus has
become more inclusive, and Dimensions searches an even larger corpus of literature. That STRINGS
and SIRIS had relatively small coverage surpluses against the other methods confirmed expectations as
Web of Science indexes fewer publications than the other databases. Conversely, Dimensions found
tens of thousands of additional publications because they are not indexed in Scopus or Web of Science.
This is expected because we know that Dimensions covers many publications not indexed in Scopus or
Web of Science (Visser et al., 2021).

The databases have different coverage policies and the publications indexed therefore vary. So even
running the same search query on different databases will produce different datasets depending on the
emphasis of coverage. Consequently, differences in topic emphasis identified in this study might easily
be due to the choice of data source rather than nuances of the search queries. It should be noted that the
SIRIS approach was designed to be database agnostic. We applied the SIRIS search strategy to the Web
of Science but would expect different results if the same strategy were applied to other bibliographic
databases. One method of isolating the impact of database is to run the keyword searches of one method
across different databases. The Bergen Group (Armitage et al., 2020a) made an attempt at this by
translating Elsevier’s 2019 keyword search strings into Web of Science syntax. However, this requires
great skill, is not always possible, and might raise questions over differences in understanding between
the original author and the translator — a common problem in language translation (van Nes et al., 2010).
In our study, we isolated the impact of data source by separating the surplus into that caused by data
source and the remaining portion that we could attribute the rest of the method.

Finally, all the methods enhanced their datasets but each in a different way. Elsevier 2021 and
Dimensions used experts in multiple rounds of relevance checking and then used machine learning
algorithms to increase recall. STRINGS added or removed publications depending on whether they
were in a relevant topic cluster of publications. SIRIS employed natural language processing at an early
stage to produce a long and specific list of technical keywords. The effect of these enhancements could
be assessed in a series of controlled studies that only assess the effect of the enhancement. For example,
Elsevier has documented (Rivest et al., 2021) a comparison between its pre- and post-enhancement
datasets and some details behind the machine learning algorithms. We could potentially use the
enhancement technique of one of the methods and apply it to the keywords of each method in the
comparison. At this stage, we do not have access to all the details of all the enhancement methods and
therefore did not attempt analysis of the enhancements or their impacts.

We have established that great differences between datasets exist but what do they mean? The
differences described above will necessarily compound one another to produce the datasets and it is
perhaps not surprising that they overlap so little. Publications found by one method but not another
might be intentional. Each of the methods involves human decision based on interpretation of the
intended outcome, selection of relevant keywords, and construction of the search strings. There may be
legitimate differences between the understanding and aims of one group of experts and another. To
properly identify the source of the differences between datasets, we need to analyse each stage of the
identifications methods in isolation to better understand their contribution to the overall differences. In

74



the present study, the comparison between STRINGS and SIRIS eliminates the effect of the database
because they both used Web of Science.

As the study of identifying SDG research intensifies, the methods used will come under greater scrutiny.
Any groups designing such methods should therefore fully and publicly document their approach step
by step. It is important for readers to know details of the search strategy such as which keywords were
used, who selected them, and how they were combined into search strings. Database selection is also
important because it will determine which records are available for retrieval and impact the size of the
final dataset. Any enhancements should be described in full, and algorithms deposited in a public
repository. The more details provided, the easier the method will be to justify. This is an area of growing
interest, and peers will be pleased to help improve on methods.

During the course of this study, many questions were raised that could be the subject of follow up
studies. The four methods compared were complex and to fully understand their differences would
require a systematic controlled comparison at each step. Other limitations to the study should also be
considered.

This study focused entirely on one SDG and any conclusions drawn can only be interpreted in that
context. As we did not gain a good understanding of the reasons for the discrepancies between methods,
we cannot predict whether they would be similar if we used a different SDG in the case study. Broader
studies could look at multiple SDGs to detect any patterns.

We chose the DOI as the unique identifier to compare overlapping coverage between data sources
because of the extent of its use in academic publishing. Most records in the SDG datasets have a DOL.
However, a small fraction of records was not included in the comparisons because they did not have a
DOI.

There is also a small share of publications with discrepancy in the publication year between different
bibliographic databases. Both Scopus and Web of Science assign the publication year of an article as
the official date of publication of the journal issue. Dimensions assigns the publication year based on
the date the article was first available — usually the online version (Digital Science, 2021).
Consequently, our datasets may exclude a small number of publications from Elsevier, STRINGS, and
SIRIS from the latter part of the time window while including the same records in Dimensions.
Likewise, some records at the beginning of the time window may be included in Elsevier, STRINGS,
and SIRIS, but excluded from Dimensions. However, the overall effect of discrepancies in publication
year is likely to be small.

3.6 Conclusions

Each of the four methods compared has attempted to identify research related to climate action and
produced largely different results. Their search strategies were created using human judgement and
ranged from broad and simple to technical and focused. Between the four methods, three different
bibliographic databases were used, each with their own unique coverage. Finally, in some cases,
machine learning and other artificial intelligence techniques were applied to enrich the final publication
datasets.
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These findings support those by earlier work by (Armitage et al., 2020a) and build further by comparing
four methods and visualising their outputs in the context of their search strategies. This study also shows
the relative contribution of search strategy and data source to the different publication datasets
produced.

Using broader data sources to apply the search strategies increases the number of documents returned
simply because of the larger coverage. Dimensions comprises more documents than either Scopus or
Web of Science and might offer benefits to some methods, especially those aiming to find relevant
literature beyond the constraints of highly selective journal literature. The STRINGS method makes a
deliberate attempt to find search terms from grey literature and web forums. It might therefore be logical
to apply these search terms against the broadest possible data source, i.e., Dimensions.

The search strategy, use of subject matter experts, and data source vary between the four methods. Each
method therefore produces a different set of publications related to SDG 13. The fact that we have
several different answers to the same questions produces a major implication. The overlap in
publications found by these different methods is too low to be adopted by policy makers without careful
method selection. The choice of method will potentially define the resulting dataset more than any other
factor. Any comparison between research entities should use the same method of identifying
publications. As more studies on research into climate change appear in the literature, readers should
avoid the temptation to draw hasty conclusions. Published assessments of SDG-related research should
state the method used along with other variables such as the time period and data source. The method
used is an important influencer of the number and type of resulting publications.
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Chapter 4

Transdisciplinary research: How much is academia
heeding the call to work more closely with societal
stakeholders such as industry, government, and
nonprofits??

3 This chapter is based on:

Purnell, P. J. (2024). Transdisciplinary research: How much is academia heeding the call to work more
closely with societal stakeholders such as industry, government, and nonprofits?
https://doi.org/10.48550/arXiv.2408.14024
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Abstract

Transdisciplinary research, the co-creation of scientific knowledge by multiple stakeholders, is
considered essential for addressing major societal problems. Research policy makers and academic
leaders frequently call for closer collaboration between academia and societal stakeholders to address
the grand challenges of our time. This bibliometric study evaluates progress in collaboration between
academia and three societal stakeholders: industry, government, and nonprofit organisations. It analyses
the level of co-publishing between academia and these societal stakeholders over the period 2013-2022.
We found that research collaboration between academia and all stakeholder types studied grew in
absolute terms. However, academia — industry collaboration declined 16% relative to overall academic
output while academia — government and academia — nonprofit collaboration grew at roughly the same
pace as academic output. Country and field of research breakdowns revealed wide variance. In light of
previous work, we consider potential explanations for the gap between policymakers’ aspirations and
the real global trends. This study is a useful demonstration of large-scale, quantitative bibliometric
techniques for research policymakers to track the impact of decisions related to funding, intellectual
property law, and nonprofit support.

Keywords

Transdisciplinary research — research stakeholders — industry — government — nonprofits

4.1 Introduction

The co-creation of knowledge focusing on complex social problems by multiple stakeholders has
become known as transdisciplinary research (Hernandez-Aguilar et al., 2020) and is ideally suited to
address issues that transcend scientific disciplines (Hirsch Hadorn et al., 2006). Research policymakers
have recognised the potential of transdisciplinary research in tackling complicated societal challenges
and frequently advocate greater research cooperation between academia and industry (Banal-Estafiol et
al., 2015; National Institutes of Health, 2012, 2013) citing important contributions to the economy and
demonstrable benefits to all stakeholders (Lee, 2000).

Academic leaders recognise this potential and frequently call for closer collaboration with industry to
bring together the ‘cleverest scientists and the smartest entrepreneurs’ (e.g., The Russell Group of
Universities, 2023) and motivate their own academics to pursue partnerships (e.g., ETH Ziirich, 2024).
Large, prestigious academic institutes see such collaborations as markers of success (e.g., Tsinghua
University, 2024), and appeal directly to industry stakeholders to initiate partnership proposals (e.g.,
Stanford University, 2024).

In parallel, collaboration between academia and government is seen as an effective method of
transferring subject matter expertise to policymakers through appointing academics onto advisory
boards or hiring them into dual employment positions (Glied et al., 2018; Haddon & Sasse, 2019).
Meanwhile nonprofit organisations are increasingly working in partnership in sometimes chaotic, but
nevertheless crucial partnerships with academia and other public bodies to address complex social,
environmental, and economic problems (Cornforth et al., 2014). In each of these tandem arrangements,
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the potential of transdisciplinary research to address complex challenges facing communities is the
driver behind the collaboration.

When the three stakeholders: academia, industry, and government work together, the collaboration is
known as the ‘triple helix’ (Etzkowitz & Leydesdorft, 1995; Leydesdorft, 2003). The resulting inter-
stakeholder co-creation of knowledge is said to offer benefits over the same sectors working in isolation
(Etzkowitz & Leydesdorft, 2000) and has been proposed as an effective method of addressing the grand
challenges of our time. The model has been extended to include representatives of civic society such as
nonprofit organisations and the configuration of all four stakeholders working together is known as the
quadruple helix (Arnkil et al., 2010).

Despite all the calls for a shift towards transdisciplinary research and inter-stakeholder collaboration,
there is little evidence of progress on a global scale. Much of the literature on transdisciplinary research
has focussed on the concept, definition, and the precise relationship between the stakeholders using
case studies rather than the resulting research output (Carayannis et al., 2014; Marijan & Sen, 2022).
Some studies have quantified papers that include the term ‘transdisciplinary research’ (Hernandez-
Aguilar et al., 2020), however, the mere presence of the term does not mean the paper represents
transdisciplinary research as defined as including contributors from multiple research stakeholders.
Papers that mention transdisciplinary research are therefore not necessarily real examples of
transdisciplinary research.

This study aims to use determine the extent of progress in academic collaboration with three societal
stakeholders: industry, nonprofit organisations, and government over a 10-year period. Specifically, we
will quantify the increase in collaborative publications in both absolute terms and as a share of the
overall academic output. We expect the findings will serve as useful feedback that will help
policymakers determine the success of their calls for greater inter-stakeholder collaboration. We will
also conduct a breakdown of results for each of the collaboration partners by country and by field to
see whether any region-specific or field-specific lessons can be learned.

4.2 Literature review

4.2.1 Modes of research and transdisciplinarity

The application of transdisciplinarity to scientific research accelerated in the 1990s in response to a
perceived disconnect between the scientific community and real-world problems (Hernandez-Aguilar
et al., 2020), “The world has problems, but universities have departments” (Brewer, 1999). Publication
of The new production of knowledge by (Gibbons et al., 1994) was a key moment because the authors
described the distinction between two types of research; traditional ‘Mode 1’ research in which
universities behave autonomously conducting research in strict disciplines and isolation from society,
and ‘Mode 2’ knowledge production through transdisciplinary collaboration by temporary research
teams comprising experts with diverse backgrounds and knowledge.

Transdisciplinarity can be therefore considered a characteristic of mode 2 research (Gibbons et al.,
1994) and its definition is the subject of much debate. Indeed, the lack of a universally accepted
definition may offer an opportunity for evolution of the term and practice with the participation of
stakeholders themselves. A longitudinal study is currently under way to assess the perspectives of
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diverse actors in a transdisciplinary project (Thompson et al., 2017) which may contribute to the debate.
General consensus of the transdisciplinary concept describes scientists working closely with other
society stakeholders to conceive, conduct, and publish research (Mauser et al., 2013), thereby co-
creating knowledge with society, rather than for society (Greenhalgh et al., 2016; Seidl et al., 2013).
Solutions to the grand challenges of our time such as those described by the UN sustainable
development goals (SDGs) (United Nations General Assembly, 2015) will require collaborative
approaches involving diverse stakeholders and decision makers (Hernandez-Aguilar et al., 2020;
Thompson et al., 2017).

4.2.2 Inter-stakeholder collaboration

Many have suggested that university — industry collaboration is good for innovation and the economy
(Savage, 2017) although motivation for industry scientists may be different from that of academics.
Some argue that academics who collaborate with industry researchers may experience a decline in
publication rates because of the company’s interest in protecting research results through patents rather
than publishing it. Czarnitzki et al. (2015) showed that scientists in Germany experience more than
twice as much delay and secrecy, jeopardising publication disclosure of academic research when
projects use industry sponsorship. Perkmann & Walsh (2009) argued however, the type of collaboration
makes a difference and that more basic collaborative projects between university and company
scientists results in increased publication.

The difference between academic and industry scientists may result from early career choices defined
by underlying preferences and professional goals. It has been suggested that scientists driven by a ‘taste
for science’ will more likely opt for a career in academia (Agarwal & Ohyama, 2012) while those who
choose industry are more motivated by financial and other resource incentives along with greater
interest in downstream research (Roach & Sauermann, 2010).

Bikard et al. (2018) observed simultaneous discoveries and found that those resulting from academia —
industry partnerships were followed by effective division of follow-on work with academics dedicated
to publications while company scientists concentrated on protecting intellectual property. University —
industry research collaboration has been found helpful for university lecturers provided it doesn’t
distract them from their main academic research (Manjarrés-Henriquez et al., 2009).

Various studies (e.g., Tijssen et al., 2016) have shown geographical proximity to correlate with
university-industry-government collaboration (Ponds et al., 2007). The closer the company is to the
university, the more likely collaboration occurs, and research is published (Bjerregaard, 2010). In 2009,
(Tijssen et al., 2009) estimated that 7% of scholarly publications featured both university and industry
affiliated authors.

Since the 1990s, the Chinese government has invested consistently in research-intensive universities
(Zhang et al., 2013) and at the same time, private Chinese firms have boosted their investment in R&D
more than state-owned enterprises (Fang et al., 2017). In 2015, the Chinese government implemented
a series of laws and policies designed to enable universities to decide their own technology transfer
strategy, which may have stimulated academia — industry partnerships. Academic institutions’
intellectual property is considered state-owned property, and its potential improper handling was
previously seen as a deterrent to industry collaboration (Zhang & Zou, 2022).
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In a US-China comparison, Zhou et al. (2016) found that Chinese universities are more likely than US
universities to co-author papers with foreign industry partners. Regardless of the motivation and
structure of the partnership, there seems no doubt that academia — industry collaboration is being
encouraged and incentivised around the world.

Nonprofit organisations are increasing held accountable through performance assessment (Lee &
Nowell, 2014), which usually encompasses financial indicators (Kim, 2016), but not output metrics,
which are considered too simplistic (Rey-Garcia et al., 2017). In the book net positive (Polman &
Winston, 2021), former Unilever CEO Paul Polman provides an entertaining personal account of
steering a multinational company through turbulent times. In his view, it is vital for successful
businesses to work hand in hand with government, and civic society to ensure mutual benefit, thereby
prioritizing stakeholder value over shareholder value. Polman sees potential for businesses to address
social challenges but emphasizes the need to do so in cooperation with other stakeholders including
governments, nonprofits, and academia. As our challenges become more urgent and interdependent, we
need to think of new ways of addressing them. Collaboration with nonprofit organisations will be key
to finding solutions and we cannot expect governments, business, or academia to solve these challenges
alone.

Government is the predominant source of research funding for the academic sector in most countries,
and major changes to research funding policy influence academic publication rates, intellectual property
protection, and other innovation indicators (Adams et al., 2005; Beaudry & Allaoui, 2012). The
academic — government research relationship is therefore at least partially based on academics’ use of
government funding grants to conduct research related to its area of interest. Government research
grants are sometimes the result of progammatic, mission-oriented agencies that have a need to
demonstrate immediately useful research findings to achieve specific goals that do not necessarily fit
traditional academic research objectives (Goldfarb, 2008). Data collected by China’s Ministry of
Science and Technology in 2020 showed that government — academia partnerships have been more
successful than other collaboration configurations at business incubation of new R&D institutions
(Zhou & Wang, 2023).

In many industrialised countries, the share of university research funding directly supported through
government grants is falling while industry support is increasing (Auranen & Nieminen, 2010). In the
UK, the government created UK Research and Innovation (UKRI) with the goal of unifying the voice
of academia and improving cooperation with government policymakers (Haddon & Sasse, 2019).
Germany spent 120 billion Euros on R&D in 2022, twice as much as France and amounting to more
than one-third of the entire EU investment, while Switzerland invests 50% more in R&D than the EU
average as a share of its GDP (Eurostat, 2024). Government subsidisation of R&D cooperation has
stimulated innovation efficiency in Germany’s regions (Broekel, 2015) and efforts to incorporate
standardisation into the research and innovation process (Zi & Blind, 2015). Russia’s government
stimulated a competitive university landscape in the 2010s which linked funding to scientific output
and impact (Ivanov et al., 2016).

4.2.3 Triple and quadruple helix models
Increasing interdependence between industry, academia, and government has the advantage of

optimising conditions for creative thinkers to work alongside innovators and entrepreneurs. In 1995,
Etzkowitz and Leydesdorff described the collaborative relationship in knowledge based economic
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development between three stakeholders of innovation, namely universities, industry, and government,
as the ‘Triple helix’ (Etzkowitz & Leydesdorff, 1995), extending the notion of interdependence from
biology. Progressively integrated models see partnership between independent but separate actors
gradually transform into a system of overlapping entities generating tri-lateral networks and hybrid
organisations facilitated by, but not controlled by government (Etzkowitz & Leydesdorff, 2000;
Leydesdorff & Etzkowitz, 1996).

According to Kang et al. (2019), Triple Helix theory was designed for established economies of Europe,
the USA, and other western countries. Kang studied collaboration dynamics between stakeholders in
China’s two main science and technology innovation centres located in Shanghai and Beijing. The study
and others attributed a strengthening cooperation between universities and industry to the shift in focus
of China’s universities from traditional research to an entrepreneurial university model (Kang et al.,
2019; Zhu et al., 2022).

Other stakeholders may also enter the collaboration such as civil society, which extends the model to
form the quadruple helix (Arnkil et al., 2010; Carayannis & Rakhmatullin, 2014), and the environment,
which makes up the quintuple helix. The helix models are not evaluated in this study but may interact
with and influence conclusions drawn from studies of societal stakeholder collaboration with academia
(Carayannis et al., 2020).

Early comparisons of triple helix activity between countries used combined search terms for the local
language translations of the words university, industry, and government (Park et al., 2005). Macro-level
quantitative analyses may offer useful information, but public-private co-publication indicators need to
be valid, reliable, and robust in order to form the basis for policy decision making (Tijssen, 2012).

4.3 Data and methods

4.3.1 Data

We sourced scholarly publications from the Dimensions database because of its broad coverage (Hook
etal., 2018) and because it may index some relevant content not covered by other bibliometric databases
(Paez, 2017; Visser et al., 2021). Specifically, we used the Dimensions database hosted by CWTS at
Leiden University and focused on records published between 2013 and 2022 (10 full years).

The affiliations in Dimensions are mapped on to the Research Organization Registry (ROR)
(https://ror.org/registry/), which defines more than 100,000 research organisations by type. Every
organisation is manually assigned to an organisation type as described in Table 4.1.
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Table 4.1 Organisation types in the Research Organization Registry

Organisation type Description
. A university or similar institution involved in providing education and
Education . .
educating/employing researchers.
Healthcare A medical care facility such as hospital or medical clinic. Excludes
medical schools, which should be categorized as “Education”.
A private for-profit corporate entity involved in conducting or sponsorin,
Company p P p y g or sp g
research.
. An organisation involved in stewarding research and cultural heritage
Archive . o
materials. Includes libraries, museums, and zoos.
A non-profit and non-governmental organisation involved in conducting
Nonprofit .
or funding research.
An organisation that is part of or operated by a national or regional
Government 5 P P Y g
government and that conducts or supports research.
e A specialized facility where research takes place, such as a laboratory or
Facility .
telescope or dedicated research area.
Other Any organisation that does not fit the categories above.

Source: ROR Data Structure

4.3.2 Methods

In order to study the collaboration between stakeholder types, we analysed the author affiliations on the
papers in our dataset. In this study, a paper was linked to a stakeholder type only if a minimum
proportion of its author affiliations were linked to that stakeholder type. In the first analysis, we tested
the effect of setting different thresholds for counting the paper as being authored by a given stakeholder
type. We considered four thresholds: 0% (one single author affiliation), 10%, 20%, and 30% of the
author affiliations in a paper. For the rest of the study, we set the minimum threshold at 20% of the
author affiliations. For instance, if a paper had 10 author affiliations, then it only counted as an academic
paper if at least two of the author affiliations were with academic institutions.

As the vast majority of published research papers feature academic affiliations, we began our study by
retrieving all papers in which at least 20% of the author affiliations were linked to academic institutions.
This was defined as the overall academic dataset. Within the academic dataset, we then identified all
those papers that featured collaboration with another stakeholder type (i.e. academia — industry,
academia — nonprofit, or academia — government). If a paper features a minimum 20% author
affiliations with academic institutions and a minimum 20% affiliations with industry, then it counts as
academia — industry collaboration. Conversely, in the case that a paper with 25 author affiliations
featured only one industry affiliation, it would not be counted as an industry collaboration because the
industry contribution is not sufficient to meet the 20% affiliation threshold. For academic collaboration
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with each of the other stakeholder types, we computed the number and proportion of collaborative
papers for each year in the period 2013-2022.

We then conducted further analyses of academic collaboration with other stakeholder types by country.
We focused on the 25 countries with most academic publications along with the world and European
Union as benchmarks (Table 4.2). In the country analysis, we based the country only on the academic
affiliations. For instance, if a paper features academic affiliations from USA and China, and industry
affiliations from India and Brazil, then it would only count as a paper for the USA and China. This
enabled us to view international collaboration from the perspective of the academic community in a
given country.

Table 4.2 Countries and their abbreviations

Country/territory Abbr. Country/territory Abbr.
United States UsS Russia RU
European Union EU France FR
China CN Iran IR
United Kingdom UK Indonesia ID
Japan JP Turkey TR
Germany DE Netherlands NL
India IN Poland PL
Canada CA Sweden SE
Italy 1T Taiwan ™
Australia AU Switzerland CH
Brazil BR Belgium BE
South Korea KR Malaysia MY
Spain ES Denmark DK

Similarly, we conducted a collaboration analysis for each of the stakeholder pairs (academia — industry,
academia — nonprofit, or academia — government) based on the field of research of the paper (Table
4.3).
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Table 4.3 Fields of research and their abbreviations

Field of Research Abbr. Field of Research Abbr.
gﬁfg:izural’ Veterinary & Food AG Environmental Sciences EV
Biological Sciences BS Health Sciences HS
Biomedical & Clinical Sciences BC History, Heritage & Archaeology HH
Built Environment & Design BE Human Society HU
Chemical Sciences CS Information & Computing Sciences IC
g:rrilg::ce, Management, Tourism & cM Language, Communication & Culture LC
Creative Arts & Writing CA Law & Legal Studies LL
Earth Sciences ES Mathematical Sciences MS
Economics EC Philosophy & Religious Studies PR
Education ED Physical Sciences PS
Engineering EN Psychology PY

For academia — industry collaborative papers, we conducted an additional analysis to identify the
companies most frequently involved in the collaboration for selected countries. We selected the two
countries with steepest growth in relative academia — industry papers, and the two countries with
steepest decline (provided the share of academia — industry papers exceeded 1% of the overall academic
output for that country in 2022). We then identified the eight companies most frequently represented
on the papers coauthored with academia in 2013 and the eight companies most frequently represented
in 2022.

4.4 Results

4.4.1 Minimum author affiliation threshold

Stakeholder participation in collaborative papers was highest when no threshold was introduced, i.e.
when one single author affiliation was sufficient to count a paper as belonging to a given stakeholder
type (Figure 4.1). When 10% author affiliations were required to count the paper as a collaboration the
share of collaborations began to drop. As the threshold of author affiliations for counting papers as
collaborations grew, the share of collaborations dropped as expected. All results presented in the
remainder of the study are based on a threshold of 20% author affiliations.
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Figure 4.1 Share of authors to define stakeholder participation

4.4.2 Collaboration between stakeholders

In Figure 4.2, we show the number of papers that feature affiliations from both academic and industry
organisations as a bar chart. The line graph in the same figure represents the collaborative papers as a
proportion of the overall number of academic papers. While the number of collaborative papers has
grown nearly 40% over the past 10 years, the share of academic papers with industry participation has
dropped by 16%. This can be explained by the even greater growth in academic output that does not
feature industry collaboration.
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Figure 4.2 Academia - industry collaboration

In Figure 4.3, we show the same time series for academic papers that feature co-authors from nonprofit
organisations. We see a similar pattern to the academia - industry collaboration described in figure 4.2.

86



The number of collaborative papers between academia and nonprofit (figure 4.3) has grown almost
60% over the past 10 years, while the share of academic papers with nonprofit participation has dropped
slightly. This means the number of collaborative papers between academia and nonprofit sector has
grown slightly less than the overall academic output.
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Figure 4.3 Academia - nonprofit collaboration

In Figure 4.4, we show the same time series for academic papers that feature co-authors from
government organisations. Here we see that collaborative papers between academia and government
have grown at almost 70% over the past 10 years. That growth has resulted in a 3% increase in the
proportion of collaborative papers relative to the overall academic output.
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Figure 4.4 Academia - government collaboration

4.4.3 Country trends

In the next part of the analysis, we determined the 10-year collaboration trend for the 25 most productive
countries along with the world and EU trends as benchmarks. For each country or territory, we
determined the number of collaborative papers between academia and one of the other stakeholders as
a proportion of the academia affiliated papers. In Figure 4.5, we show the share of academia — industry
collaborative papers in 2013 and then again in 2022. A dot above the diagonal signifies an increase in
share of academia — industry collaboration in that country or territory over the 10-year time period,
while dots below it signify a decrease. China and Belgium, an outlier within the EU, showed substantial
increases in academia — industry collaboration over the 10 years, while Australia, Taiwan, and Turkey
appear to have maintained roughly the same share as 10 years earlier. For most countries, however, the
figure shows a decline in academia - industry collaboration, in line with the overall declining trend
shown in Figure 4.2. We will provide a more detailed analysis of these findings in section 4.4.5.
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Figure 4.5 Academia - industry collaboration trend by country

Next, we present the 10-year trend for academia — nonprofit collaborations as a proportion of the overall
academic output (Figure 4.6). Here we see the greatest gains in Spain, the United Kingdom, and Iran,
with most of the other countries making modest growth. The most notable declines were in Taiwan,
Indonesia, Belgium, and Russia.
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Figure 4.6 Academia - nonprofit collaboration trend by country

Next, we present the 10-year trend for academia — government collaborations as a proportion of the
overall academic output (Figure 4.7). The picture for academia — government collaboration showed
wide variance. The largest increases were seen in China, Malaysia, and the United Kingdom. The
steepest declines were seen in France and Russia and Indonesia, Japan, Turkey, and Taiwan.
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Figure 4.7 Academia - government collaboration trend by country

4.4.4 Field trends

We also analysed the trends of research for academic collaboration with each of the stakeholder types
by subject field. In Figure 4.8, we see that the share of academia - industry collaborations with respect
to overall academic output has fallen for all fields of research except earth sciences, which grew, and
mathematical sciences, which retained almost the same share. Steeper declines were in the social
sciences and humanities fields including creative arts & writing, law & legal studies, history, heritage,
& archaeology. The science fields including engineering and the physical, biological, and chemical
sciences declined less.
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Figure 4.8 Academia - industry collaboration trend by field

The 10-year change in collaboration between academia and nonprofit organisations relative to the
overall academic output is shown in Figure 4.9. Here the picture is rather diverse with marked increases
in relative collaboration in philosophy & religious studies, history, heritage, & archaeology, and built
environment & design. The steepest declines were noted in the creative arts & writing and the law &
legal studies. The sciences tended to vary less and maintain a stable share of collaboration over the 10-
year period.
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Figure 4.9 Academia - nonprofit collaboration trend by field

The collaboration between academia and government relative to the overall academic output is shown
in Figure 4.10. In most fields, there was an increase in relative collaboration, most notably in the law
& legal studies, philosophy & religious studies, built environment & design, history, heritage, &
archaeology, and engineering. The steepest declines were seen in commerce, management, tourism, &
services, economics, and environmental sciences. The sciences again maintained a relatively stable
share.
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Figure 4.10 Academia - government collaboration trend by field

4.4.5 Industry partner analysis for selected countries

The findings presented in figures 4.3 and 4.4 show that academia — nonprofit and academia —
government collaboration grew at roughly the same rate as overall academic output. However, figure
4.2 shows that academia — industry collaboration dropped by 16% relative to academic output. The
latter was an interesting and surprising result in the context of the frequent calls on academia to close
the gap with industry. The country-level findings presented in figure 4.5 could potentially shed light on
whether the relative decline is a global one or if regional differences play a role. We therefore conducted
an additional analysis of the academia — industry collaborations to identify the eight companies with
which academia coauthored the most papers in the two countries with steepest growth (China and
Belgium) and in the two countries with the steepest decline (South Korea and Switzerland) (table 4.4).
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Table 4.4 Industry partners in academic collaboration: China and Belgium

China 2013 China 2022
Company name Papers Company name Papers
State Grid  Corporation of - China | 0 State Grid Corporation of China (China) | 3295
(China)
China National Petroleum Corporation . .
(China) 242 Sinopec (China) 961
. . China National Petroleum Corporation
Sinopec (China) 194 (China) 875
Microsoft Research Asia (China) 183 China Electronics Technology Group | ¢,
Corporation (China)
China Electronics Technology Group China Shipbuilding Industry
. . 149 . . 593
Corporation (China) Corporation (China)
China  North  Industries  Group 132 China  North  Industries  Group 545
Corporation (China) Corporation (China)
Av@tlon Indusiry Corporation of China 127 China Southern Power Grid (China) 509
(China)
China  National  Offshore  Oil Aviation Industry Corporation of China
. . 115 . 463
Corporation (China) (China)
Belgium 2013 Belgium 2022
Company name Papers Company name Papers
Janssen (Belgium) 50 Flanders Make (Belgium) 175
Siemens (Belgium) 14 Sciensano (Belgium) 153
GlaxoSmithKline (Belgium) 12 Janssen (Belgium) 41
UCB Pharma (Belgium) 12 Sanofi (United States) 19
Novartis (Switzerland) 11 Siemens (Belgium) 15
Bekaert (Belgium) 9 Regeneron (United States) 12
Holst Centre (Netherlands) 9 Sanofi (France) 11
Novartis (United States) 8 Icometrix (Belgium) 10
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In China, the top eight collaborating companies in 2022 coauthored more than four times the number
of collaborations as the top eight companies in 2013. The growth appears to be generic as all the top
collaborating companies in 2022 were already collaborating with academia in 2013. However, the
number of co-authored papers has increased by several-fold over the 10-year time period. The biggest
contributor to China’s rise was by the State Grid Corporation of China, whose co-authored publication
count grew nearly five-fold in the 10-year period studied.

In Belgium, collaboration with the top eight companies tripled between 2013 and 2022. The increased

collaboration was largely due to over 300 collaborative papers with two companies, Flanders Make and
Sciensano in 2022, with whom academia had no or negligible collaboration in 2013. Flanders Make
supports the local manufacturing industry through innovative research projects to facilitate its
customers’ transition to industry 4.0. Flanders Make currently has open calls for research partnerships
on strategic basic research projects such as ‘Development and validation of a high-torque-dense
actuator’, and on industrial research valorisation and acceleration projects such as ‘Situation-aware
robust optimal vessel navigation and control’ (Flanders Make, 2024). Sciensano is a healthcare
company launched in 2018 that is also registered as a research institution under the Belgian Science
Policy. The company aims to improve quality of life for humans and animals along with their shared
environment in Belgium. Sciensano publishes details of projects on projects such as ‘Research on PFAS
contamination in the food chain’, ‘A citizen-driven crowdsourcing and feedback system to stimulate
research and policy relating to Flemish and local food environments’, and ‘Development, testing, and
implementation of the Belgian Patient Reported Experience measure for PAncreatic cancer caRE’
(Sciensano, 2024).

For many countries there was a relative decline between 2013 and 2022 in collaboration between
academia and industry (figure 4.5). The two countries showing the steepest decline were South Korea
and Switzerland. In table 4.5, we present the top eight companies by number of publications co-authored
with academic institutions in South Korea in 2013 and in 2022 followed by the corresponding
companies collaborating with academic institutions in Switzerland.
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Table 4.5 Industry partners in academic collaboration: South Korea and Switzerland

South Korea 2013 South Korea 2022
Company name Papers Company name Papers
Samsung (South Korea) 730 Samsung (South Korea) 587
LG Corporation (South Korea) 155 Hyundai Motors (South Korea) 120
;Z};:Z)g fron “and Steel - (South 78 LG Corporation (South Korea) 112
SK Group (South Korea) 68 SK Group (South Korea) 97
Korea Electric Power Corporation

58 Pohang Iron and Steel (South Korea) 87
(South Korea)
Amorepacific (South Korea) 51 Hyundai Motor Group (South Korea) 53
Hyundai Motors (South Korea) 1 Ez:z)Electric Power Corporation (South 51
CJ CheilJedang (South Korea) 26 Amorepacific (South Korea) 32
Switzerland 2013 Switzerland 2022
Company name Papers Company name Papers
Novartis (Switzerland) 51 Roche (Switzerland) 61
Roche (Switzerland) 31 Novartis (Switzerland) 54
ABB (Switzerland) 28 Inspire 24
Walt Disney (Switzerland) 26 Roche (United States) 21
Nestlé (Switzerland) 25 Microsoft (United States) 20
Microsoft (United States) 16 Fluxim (Switzerland) 15
Siemens (Germany) 16 Novartis (United States) 14
Novartis (United States) 11 Philochem (Switzerland) 14

In South Korea, the number of collaborative papers with top eight companies was slightly less in 2022
than it was in 2013. There was very little change in the companies participating in the collaborations,
indeed the top seven companies in academic collaborations in 2013 were still among the top eight in
2022. The number of co-authored papers had dropped, which contributed to the overall decline in
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academic — industry collaboration in South Korea over the 10-year period studied. Notable declines
were from Samsung (-20%) and LG Corporation (-28%).

In Switzerland, the number of collaborative papers with the top eight companies actually grew by 8%
in absolute terms but declined relative to overall academic output. There were interesting changes in
the identity of the leading companies collaborating with academia. From the list of top eight
collaborating firms in 2013, ABB, Walt Disney, Nestlé, Microsoft, and Siemens all posted substantial
declines in co-authored papers with academic institutions in Switzerland by 2022.

4.5 Discussion

4.5.1 Academia — Industry

We frequently hear research policymakers and higher education leaders citing the need for academia to
work more closely with different societal stakeholders to maximise the benefits of research outcomes
when addressing society’s most pressing goals. Our results show that the number of academia — industry
collaborative publications has consistently increased over time in absolute terms but has declined with
respect to overall academic output. The idea that academic research in partnership with the private
sector will help industry to innovate may have stimulated some collaborative research, but overall
academic research output has grown faster without industry partnership than with it. Our findings show
there is a wide variation in this trend depending on the country studied, with substantial relative growth
in China and notable decline several countries including South Korea and Switzerland. In Europe, only
Belgium has seen relative growth in academia — industry collaboration.

In 2019, China became the leading country in USPTO patent filings, with four Chinese universities
among the top 10 education institutions in number of filed applications (WIPO, 2020). The impressive
trend for growth in industry participation in China may have been influenced by the major government
overhaul of laws and regulations surrounding research commercialisation dubbed China’s Bayh-Dole
Act (Huang et al., 2023; Yi & Long, 2021). In the past decade, universities have now assumed
responsibility for implementing their own patents and sharing profits with researchers. This may be
responsible for stimulating a spike in Chinese universities commercialising research. Industry funding
of universities in China would then create conditions that could explain our reported increase in relative
participation of industry in scientific research.

Two Belgian companies were responsible for three-quarters of the top eight companies’ academia —
industry collaborations. Flanders Make supports local manufacturers and Sciensano is a commercial
research organisation that focuses on improving local human and animal health. Academic
collaboration with both these companies has started recently and both promote calls for collaborative
research projects on their websites. The academic community has clearly responded to calls to work
together with these two companies, and policymakers could potentially use the model as an example to
encourage other similar collaborations.

Despite South Korea’s government boost to stimulate academia — industry collaboration, researchers in
the private sector still need to develop a culture of trust in their academic partners (Lee, 2014). Our
reported decline in the relative number of academia — industry collaborative papers support previous
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work (e.g., Jones, 2024). In Switzerland, we did not find any obvious explanation for the decline in
academia — industry collaboration.

452 Academia — Nonprofit

The absolute number of academia — nonprofit collaborative research papers has shown consistent year-
on-year growth in the past 10 years that was almost in line with the steep growth in overall academic
output. Most of the high-income countries showed relative gains in academia — nonprofit research
collaboration, but the country with the steepest increase was Iran. In Iran, it has been argued that citizen
engagement on civic societal issues will be among the emerging research themes and is a potential
driver behind academia — nonprofit engagement (Farazmand et al., 2019).

4.5.3 Academia — Government

The absolute number of academia — government collaborative research papers shows consistent year-
on-year growth in the past 10 years and is almost in line with the overall academic output. Countries
with the most marked increase in academia — government collaboration were China, Malaysia, UK,
Germany, India, and Iran. Meanwhile, the steepest declines were recorded in Russia, France, and
Indonesia.

Relative academia — government collaboration declined on average in EU academic sectors, which is
at odds with the EU Research and Innovation policy that aims to ‘ensure technological breakthroughs
are developed into viable products with real commercial potential — by building partnerships with
industry and governments’ (European Union, 2020). However, the EU’s leading gain was recorded by
Germany, whose most prolific government research institution in 2022 was the Helmholtz-Zentrum
Hereon, a transdisciplinary centre that spends 100 million Euros annually on support for societal
institutions through its expertise in tackling climate change, biomedicine, and new energy systems.

4.5.4 Limitations

In this study we have used three pairwise comparisons, each from the perspective of the academic
sector. The main reason for this is because the vast majority of published research is by authors affiliated
to academic institutions. Therefore, we used academic output as the denominator in our calculations
and collaboration between academia and each of the other stakeholders as the numerator. So, the
question we are addressing is about the extent to which academia has collaborated with other
stakeholders rather than how much the stakeholders are collaborating with each other. We might be
overlooking other scenarios such as industry providing contract research services to government, which
would also count as transdisciplinary research but not be counted in this study.

The Dimensions database used for this study relies on the Research Organization Registry (ROR)
classification system for defining research stakeholders. It is not always straightforward to classify
institutions. For instance, the State Grid Corporation of China was classified as a ‘Company’, whereas
it could be argued that it should be ‘Government’. We also noted that the classification of some
organisations was changed in ROR during the course of our study. The Ecole Polytechnique Fédérale
de Lausanne (EPFL) was initially classified as ‘Facility’, but later changed to ‘Education’ and ‘Funder’.
Its re-classification as ‘Education’ meant that papers with the EPFL affiliation were included in our
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study and counted as academia. However, these were isolated discrepancies and we considered them
artefacts in the data rather than systematic errors. Other stakeholder types categorised by ROR, such as
facilities, museums, and private hospitals, were not analysed in this study, but may be of interest,
especially in studies of healthcare and studies of the arts and humanities. Despite these concerns, ROR
routinely updates its classification, and we consider it the most appropriate classification system of
research organisations for this study. Given the changing and sometimes heterogeneous nature of
organisation types, we suggest some flexibility in interpreting the results.

One of the limitations of all bibliometric studies is that we can only analyse research outputs that are
published. The academic sector is by far the most prominent contributor to published research among
each of the stakeholders studied. This is expected because scholarly publication is one of the most
important performance indicators for academics and for their universities (Dill & Soo, 2005; Hazelkorn,
2011; Marginson & van der Wende, 2007). University academics routinely publish in journals, books,
and conferences, but other stakeholders may not.

Private sector companies for instance, often conduct research aiming to bring unique products or
services to market and consequently make only a fraction of their findings public. This means that we
do not know what share of industry research we are counting through scholarly publications. Similarly,
government participation in major challenges is important because governments can focus a nation’s
attention and priority, and because only governments can set national agendas and make laws.
Governments habitually publish reports, guidelines, or other types of documents that do not appear in
bibliographic databases as scholarly works (Bickley et al., 2020). Scholarly publications from industry,
government, and nonprofits are likely to represent only a fraction of the research these actors perform.

Introduction of a 10% minimum threshold of author affiliations to count a stakeholder as having a
meaningful contribution to a study reduced the number of papers in our dataset. Raising that minimum
threshold to 20% and then 30% accelerated the exclusion of papers. In order to allow our threshold to
eliminate the most extreme cases of lopsided collaborative papers, without unduly reducing the dataset,
we set the threshold at 20% for the remainder of the study. Although the choice of 20% is somewhat
arbitrary, we considered it an improvement over having no threshold at all.

4.6 Conclusion

Research policymakers and academic leaders emphasise the benefits of closing the gap between
academia and industry and collaborating more closely with society to address the most difficult
challenges of our time. This bibliometric study of transdisciplinary research applies large-scale
quantitative techniques to assess collaboration trends between academia on the one hand and industry,
government, and nonprofit organisations on the other.

There appears to be a gap between the aspirations of research policymakers who are advocating closer
collaboration between academia and other research stakeholders and what is happening in reality. The
overall trends along with the picture in many countries and many fields is a relative decline in
collaborative research with respect to the rapid growth in research by academia alone. Although
collaboration is growing in absolute terms, from a relative point of view our results do not support the
notion of increased collaboration, partnerships, or transdisciplinary research.
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One possible general explanation for the relative decline is the current system of incentivising academic
researchers on their scholarly publications in peer-reviewed journals. Perhaps many academics find it
easier and quicker to publish with fellow academics, rather than through societal engagement projects.
Collaboration with industry, nonprofits, or government may introduce partners with very different ideas
of successful outcomes that do not involve published papers. Faced with conflicting pressures,
academics might find the pressure to publish outweighs the need to conduct societal engagement.

We performed our analysis at global and at country level. This allowed us to observe wide variation in
regional trends possibly influenced by changes in national research landscapes. A clear example is the
opening of Chinese intellectual property laws, which has paved the way for universities to work more
closely with industry on commercialisation of research. The resulting boost in academia — industry
collaboration was unique to China according to our study.

The data used for this study were from the Dimensions database, which uses the organisation
classification provided by the Research Organization Registry (ROR). The ROR organisation type
categories are one way of defining stakeholders, but it is open for debate as to whether it is the right or
best way. For the purposes of this paper, we have chosen to work with the ROR definitions used by
Dimensions for pragmatic reasons and have revealed some interesting, high-level patterns. To drill into
further detail, it may be useful to run follow-on studies that consider other data sources and stakeholder
definitions.

Bibliometric studies generally look backwards but can reveal patterns that may then be linked to policy
changes. Therefore, research policymakers will benefit from retrospective studies when setting out their
new strategies on a range of policies such as funding, academic freedom, intellectual property
management.
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Chapter 5

Geodiversity of research: Geographical topic focus,
author location, and collaboration. A case study of SDG
2: Zero Hunger*
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Abstract

This bibliometric study examined three aspects of geodiversity of research, namely the geographical
topic focus of the study, author location, and international collaboration dynamics. The publication
dataset comprised 60,000 papers from the Dimensions database that have been associated with hunger
research using Digital Science’s machine learning algorithm that enhances expert led search strategies.
As the research was related to hunger, papers were mapped on to the Global Hunger Index country
categories as convenient classification. Only 41% of hunger-related publications that focus on countries
most affected by hunger feature authors affiliated to institutions in those countries. Even fewer of those
publications feature locally based authors in first or last position. These numbers gradually reverse as
the level of hunger declines. We analyse sample papers in an attempt to understand the reasons for these
trends. These included differences in research infrastructure, sub-authorship recognition such as
acknowledgements, and limitations of the relationship between country mention and real topical focus.
We did not find evidence of widespread differences between senior and overall authorship and
consequently urge caution before judging international collaborations as ‘helicopter’ research based
only on author country affiliations and authorship position.

Keywords

Geodiversity — Country focus — Hunger — Helicopter research — Author position — SDG 2

5.1 Introduction

In 2020 Nature, in collaboration with Scientific American, published a collection of articles on diversity
in research (Nature, 2020). The aim of this collection was to identify sections of society that are
underrepresented in research and investigate the challenges they face. Subsets of society identified in
the collection included women, people with disabilities, ethnic minorities, and socially disadvantaged
populations. We aim to contribute to the body of research on socially disadvantaged populations,
specifically those affected by the problems associated with hunger. Alleviating hunger is a global
challenge and has been defined as one of the United Nations sustainable development goals (UN SDGs)
(United Nations General Assembly, 2015). We specifically investigate three geographical aspects of
diversity: the geographical focus of research, author location, and collaboration patterns of researchers
from different places. Rather than delving into the underlying socio-economic issues, this paper is a
large-scale bibliometric study that will inform debates around the ‘geodiversity of research’.

The geographical focus of research plays an important role in the sustainable development agenda
because of the increasing involvement of the scientific community (Brundtland, 1987; Hassan, 2001;
IUCN-UNEP-WWEF, 1980; Kates et al., 2001). During many of these discussions, it has been
established that studies of society’s most pressing challenges offer more value when conducted at
locations where most impact is felt (Balvanera et al., 2017; Mirtl et al., 2018; Sutterliity et al., 2018).
In this study, we assume that if a country name is mentioned in the title or abstract of a paper, then it
signifies some topical focus on that country. Consequently, using bibliometric data we can conduct
large scale studies of the geographical focus of research articles by looking at the titles and abstracts of
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publications. This macro level analysis enables us to build a picture of which countries researchers are
focusing on.

The geographical location of researchers is equally interesting to investigate, especially when the
topical focus of the study is in developing regions of the world. There is a notable difference between
the global, often theoretical perspectives of well-funded academics in countries with established
research infrastructures, and the action-based urgency of resource-poor local scientific communities in
developing countries (Kates, 2011). There is growing concern about practices of researchers from
wealthy nations using samples or data from developing regions (Amugune & Otieno-Omutoko, 2019;
Bockarie et al., 2018; van Groenigen & Stoof, 2020). By using author affiliations on published research,
we can contribute quantitative analyses to support this discussion.

In many cases, research in resource-poor nations can benefit from collaboration with scientists based in
developed countries because they can contribute additional funding and expertise. The dynamics of
cooperation between international scientists and academic communities in developing regions is key to
the success and acceptance of sensitive projects. There have been concerns that such collaboration
dynamics have not always been appropriate, and questions have arisen around whether due
consideration has been given to local scientists. There is a growing complaint of ‘helicopter’ or
‘parachute’ research where researchers from wealthy countries are said to drop in to poorer regions,
collect samples, and leave (Nature, 2022). In response, guidelines that were initially established to
ensure individual scientists adhered to ethical collaborative research practices (Yakubu et al., 2018)
have been expanded to call for oversight of partnerships by funders, societies, and academic publishers
(e.g., Aramesh, 2019; Heinz et al., 2021; Nature, 2022; PLOS, 2021). The 2022 World Conference on
Research Integrity hosted a discussion that will lead to a “Cape Town Statement” on equitable research
partnerships (Horn et al., 2022). Our bibliometric analysis of international collaboration on hunger-
related research is intended to provide data that will contribute to this discussion.

In our study, we use bibliometric data to investigate these three aspects of geodiversity of research, i.e.,
the geographical focus of the study, location of its authors, and collaboration dynamics. With nearly
one in ten people today suffering from chronic hunger (von Grebmer et al., 2020), we chose SDG 2 as
the focus of this case study. Our bibliometric data was sourced from the Dimensions database because
it has broader coverage than databases such as Scopus or Web of Science (Hook et al., 2018) and
indexes a substantial amount of short scientific documents such as meeting abstracts and scientific
communications not included in Scopus (Visser et al., 2021). In our view, additional coverage beyond
traditional peer-reviewed journals is important in the context of research on local issues in countries
with less developed academic publishing systems. Other studies have shown advantages of the
Dimensions coverage in the social sciences (van Leeuwen et al., 2022) and infectious diseases (Rahim
et al., 2021). Using Dimensions is therefore a deliberate decision aimed at maximising coverage of
relevant scholarly content.

Our paper on geodiversity of hunger-related research is intended to form a large-scale bibliometric
analysis that can be used to support discussion around the following questions.

Research questions

1. To what extent is hunger research focused on countries affected by hunger?

2. To what extent are authors of hunger research located in countries severely affected by hunger?
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3. To what extent are research publication partnerships between international experts and local

scholars equal in hunger research?

5.2 Literature review

An important aspect of geodiversity of research is the geographical focus of the topic under study. We
have used mentions of country names in research papers as indicators of topical focus on that country.
Previous work on country naming suggests there may be an association with socio-cultural patterns
related to characteristics of the topic, author location, or whether samples used in the study (Kahalon et
al., 2021). Kahalon et al. (2021) found that authors are less likely to mention the country name in an
article title if the study includes samples from WEIRD (Western, Educated, Industrialised, Rich, and
Democratic) countries. The same authors point out that while naming countries in non-WEIRD
countries can initially seem inclusive, the practice could be counterproductive by inadvertently
suggesting the findings are geography-specific and not generalizable. This suggestion may reinforce
the implicit belief that knowledge produced by scientists in and about individuals located in WEIRD
countries represent the universal or default position (Castro Torres & Alburez-Gutierrez, 2022). The
implication continues that when authors from non-WEIRD countries declare regional focus of their
study, these signify exceptions to the rule thereby reducing the articles’ usefulness in global research
(Kahalon et al., 2021).

Another aspect of this study is the geographical location of the authors. As global sustainability
challenges such as hunger, poverty, and climate change affect populations differently, author location
helps us investigate the extent to which local academics publish research related to addressing problems
faced by communities close to them. There is a lack of bibliometric studies on author location in hunger
research, however studies on author location in related fields (e.g., Reyes-Garcia et al., 2019) suggest
that indigenous and local knowledge have the potential to contribute an additional layer of knowledge
to research on social-ecological systems. The true benefit of the locally grounded research model is
achieved by attracting ideas and people into a specific place where they gain access to local knowledge
(Billick & Price, 2010; Gerlak et al., 2018; The British Academy, 2021).

Where local authors are underrepresented, there may be a missed opportunity to employ local
knowledge to improve research outcomes. Previous studies on local author representation have
lamented the lack of local authors. For instance, authors from tropical countries who have the most
knowledge to contribute to conservation science and the most to suffer from its impact (Mammides et
al., 2016) are underrepresented in conservation science studies. In medical fields, there is a clear under
representation of authors from non-high-income countries (Campbell et al., 2023; Mooldijk et al.,
2021). Meanwhile, there may be inherent sampling bias in even the most inclusive global bibliometric
databases as demonstrated by the relative lack of linguistic studies on global South languages and by
authors based in the global South (Bylund et al., 2023).

The third aspect of geodiversity in this study is the formation of international collaboration as
represented by author affiliations and the order in which authors appear on published research papers.
International collaboration including capacity building and joint research projects can play a role in the
response to localised social challenges and even humanitarian tragedies (Bajoria, 2011). The 2013-2016
Ebola virus disease outbreak in West Africa generated international attention and stimulated
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collaboration that involved collaborative clinical studies, training of local outbreak responders, and the
establishment of diagnostic and surveillance laboratories (Arias et al., 2016; Heymann et al., 2016;
Yozwiak et al., 2016). Attempts to improve capacity of West African communities to respond to disease
outbreaks have been termed ‘rooted’ collaboration (Yozwiak et al., 2016) because of the co-creation of
sustainable local capacity building. Lamentably, not all the international collaborators contributed in
the same spirit and some were described as sub-optimal ‘parachute’ research (Heymann et al., 2016).

Helicopter or parachute research (North et al., 2020) portrays the image of privileged academics who
come to troubled regions from wealthy countries and avoid real collaboration with local scientists.
These researchers are said to drop in, collect samples, and leave, sometimes without the knowledge or
permission of authorities in the visited country (Heymann et al., 2016). Others have used the term
‘colonial research’ or ‘neo-colonial research’ (Minasny & Fiantis, 2018) to suggest that scholars from
developed economies feel entitled to take samples from less well-developed areas for their own
purposes and limit the input of local colleagues.

Where local scientists are excluded from collaboration, or their role is limited to locating and collecting
samples, international research teams could be failing to use the chance to increase the capacity of
scholars at the collection site, and instead offer little benefit to the local community (Minasny & Fiantis,
2018). Following the particularly devastating Indonesian peat fires of 2015 that destroyed vast areas of
peatland, local scientists set out practical solutions as a priority, and encouraged research into
responsible and effective peatland management (Minasny & Fiantis, 2018; Sabiham et al., 2018). These
authors lamented international teams in Indonesia concentrating efforts on more academic research into
deforestation, greenhouse gas emissions, and peat fires with less practical value.

As research becomes more collaborative, the number of authors per paper has grown more than five-
fold in the last 100 years (Aboukhalil, 2014). That makes the relative contribution of authors less
obvious, and readers have turned to proxies such as author position to infer leadership of research
projects. In academic literature, first and last author positions are considered ‘key’ contributors
(Mattsson et al., 2011; Wren et al., 2007). The corresponding author also holds considerable weight and
has been shown to coincide most frequently with first and then last author position (Mattsson et al.,
2011).

Africa-based authors are traditionally underrepresented in the scientific literature. An analysis of author
affiliation position on 1,182 biomedical studies conducted in Africa, showed over 93% featured at least
one Africa-based co-author (Mbaye et al., 2019). However, Africa-based co-authors featured in fewer
than half the articles in first author position, and even fewer in the prestigious last author position. A
similar study concurred (Hedt-Gauthier et al., 2019) and called on the research community from high
income countries to challenge the established power balance. Despite increased inclusion of local
scholars in Africa-based research, inequity remains regarding their relative roles in the team.

The scholarly community has begun to call for action to discourage helicopter or parachute research
and instead promote ethical and sustainable collaboration with academics from low- and middle-income
countries. A group of editors and researchers published a consensus statement to promote equitable
authorship which includes practical advice to journal editors on evaluating manuscript submissions
resulting from international collaborations (Morton et al., 2022).
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A related discussion has been published in Geoderma, about the prevalence of helicopter research in
soil science, along with the limited involvement of local knowledge owners, and the lack of structural
improvement in the community at the place of the study (van Groenigen & Stoof, 2020). One participant
from Ethiopia suggested building local capacity in young scientists though involvement of students
from master’s and PhD programmes who should be first authors where they conducted the work (Haile,
2020). As part of the same discussion, Giller (2020) described how the Dutch research funding agency,
NWO-WOTRO Science for Global Development made its grants subject to a compulsory workshop
with stakeholders from the country of the proposed study. The workshops often led to closer
collaboration between the local and visiting scientists (Giller, 2020). Other journals have taken similar
steps to tackle helicopter research and ethics dumping (Morton et al., 2022; Nature, 2022).

Hunger is a complex problem that is interlinked with political or military instability, e.g. South Sudan
(Mayai, 2020), Yemen (De Souza, 2017). In regions under civil and military conflict, severe
malnutrition contributes to mortality (Leaning & Guha-Sapir, 2013; Salama et al., 2004). Under such
circumstances, the local education and research infrastructure is often limited (Lai & Thyne, 2007)
and much of the work is conducted by researchers in other countries or foreign non-governmental
Organizations (Ford et al., 2009; Kalleberg, 2009).

Following high profile events such as famine or war, it is natural to want to help. However, in some
cases, Western researchers have arrived in affected regions with pre-conceived research protocols
thereby limiting the role of local participants and scholars (Asiamah et al., 2021). A more progressive
approach involves local scholars and participants in an inductive and iterative way (Firchow & Gellman,
2021; Yom, 2014). Studies of the dynamics between the researcher and the researched have
demonstrated benefits in an inclusive approach where those with local knowledge are included at every
stage of the research design (Riley et al., 2003) including the very question being addressed. That way,
international research teams ought to engage local participants as actors with agency (Gellman, 2021)
and avoid limiting their roles.

5.3 Data and methods

We extracted publications from a version of the Dimensions database hosted by the Centre for Science
and Technology Studies (CWTS) at Leiden University. Dimensions uses a multistep process to tag
publications considered relevant to sustainable development goals that utilises a machine learning
algorithm to enhance expert driven search strategies (Wastl et al., 2020, 2021). We selected all records
linked to SDG 2: Zero Hunger. The time window used was six full publication years (2016 — 2021).
We included journal articles, conference papers, books, monographs, and book chapters, but excluded
preprints because they have not been peer-reviewed. We also excluded papers that did not list any author
affiliations because the affiliations formed an important part of our analysis.

For country population, we used the most recent UN estimates (The World Bank, 2022).

For ease of comparison, we present the results in groups of countries, rather than individual nations. As
the case study is on hunger related research, we classified papers by country according to the categories
described in the Global Hunger Index (GHI) 2021 report (von Grebmer et al., 2021) and shown in
Figure 5.1 with full country listing in the supplementary information table S5.1.
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We counted the number of publications in which a country was mentioned in either the title or abstract
of the article. These were termed ‘country mentions’. If one or more countries within one of the GHI
categories were mentioned in a publication, then it counted as one mention for the category. If one or
more countries were mentioned in the publication for two categories, then it counted as one mention
for each category.

To determine the geographical location of researchers, we examined the countries in the author
affiliations of each paper. These were termed ‘country affiliations’. Similar to the mentions, if one or
more country affiliation in any one category appeared in a publication, then it counted as one country
affiliation for that category. Meanwhile, if one or more country affiliations were found from two GHI
categories, it counted as one country affiliation for each category.

'&Hl Category “‘
0 Insufficient data

@1 Low
2 Moderate
3 Serious
®4 Alarming

@5 Extremely alarming

NORTH AMERICA

Atlantic
\ Ocean
) ARRICA 7

Indian
Ocean

AUSTRALIA

Figure 5.1 GHI country categories based on the severity of hunger

In order to create these categories, the GHI ranked countries using a composite score based on four
indicators (Table 5.1); undernourishment, child wasting, child stunting, and child mortality (Wiesmann
et al., 2015). There was sufficient data to calculate individual scores for 116 countries. An additional
12 countries were provisionally designated and for seven countries there was insufficient data for even
a provisional categorisation. We assigned countries to categories if they were assigned or provisionally
assigned by the GHI 2021 report but did not include the remaining seven countries in the study.
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Table 5.1 Global Hunger Index composition

Dimension Indicator Weighting Source

Calorie deficiency

1/3 UN Food and
Inadequate food supply Proportion of  the Agriculture Organisation
population that is (FAO)

undernourished

UN  United Nations

Children's Fund

Proportion of children <5 (UNICEF)

yrs.  suffering  from 1/6

stunting World Health
Organisation (WHO)
World Bank

Child undernutrition

UN  United Nations
Children's Fund

Proportion of children <5 (UNICEF)

yrs.  suffering  from 1/6

wasting World Health

Organisation (WHO)

World Bank

UN Inter-Agency Group
1/3 for Child Mortality
Estimation (UN IGME)

Child <5 yrs. mortality

Child mortality .

Source: Global Hunger Index 2021 (von Grebmer et al., 2021)

The International Food Policy Research Institute (IFPRI) was founded in 1975 and organises research
projects in the areas of food supply, nutrition, food trade systems, agricultural economies, and
governance. It also runs country level research programmes because of the different challenges faced
by each country (International Food Policy Research Institute, 2021) and the different opportunities to
address them. The information gathered at country level can help us identify where the problem is most
acute.

In order to address our first research question about the extent to which research on hunger focuses on
countries afflicted by hunger, we calculated the aggregate number of country mentions for each
category. To address our second research question about the country affiliation of hunger research
scholars, we calculated the aggregate number of papers in each GHI country category. We presented
the country mentions and the country affiliations as absolute numbers and normalised for combined
population of the country category.
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To answer the first two research questions more fully, for each of the GHI country categories and for
the non-assessed countries, we combined the country mentions with the author affiliations in a Venn
diagram. This enabled a visualisation of the relationship between local authorship and the severity of
hunger. For the mentions-only papers and the affiliations-only papers, we performed bibliometric
analyses and we conducted manual examination of random samples of the non-overlapping papers.

The mentions-only papers mention a country but do not feature any authors in the country mentioned.
In order to discover where the authors are based, we quantified the number of country mentions for the
country with most publications in the SDG 2 dataset from each GHI category.

We then manually examined the full text of 100 mentions-only papers (20 selected at random from each
GHI category) to gain insight into the possible reasons that no locally affiliated authors were listed on
the paper.

The affiliations-only papers do not mention the countries that the authors are affiliated to. We aim to
find out whether these papers mention any country at all by comparing the affiliations-only papers with
the SDG 2 papers that include no country mentions.

We then manually examined the full text of 100 affiliations-only papers (20 selected at random from
each GHI category) to look into reasons why authors have not mentioned the country in which they are
affiliated.

For the sample analyses, we grouped countries by GHI categories and assigned each paper to the most
severe category it could belong. For example, a publication that mentioned a country from the low
hunger category and another country from the serious category was only counted in the serious category.
This way, we avoided papers being counted in multiple categories.

To address our third question about the equality of research collaborations, we determined the author
position for each paper and aggregated them for each GHI country category. We then presented the
share of first author country affiliations, last author affiliations, and overall country affiliations from
each of the country categories.

5.4 Results

The Dimensions database contains 59,778 papers published between 2016 and 2021 that are related to
SDG 2 — Zero hunger. In one third of these papers, the authors mention at least one country in the title
or abstract. Within the same Dimensions SDG 2 dataset, 31,769 (53%) publications featured author
affiliations in countries listed in the categories of the Global Hunger Index (GHI) 2021 report. The
number of countries with their combined populations and number of country mentions and affiliations
are shown in Table 5.2. There is only one country in the extremely alarming category (Somalia), and
we have therefore combined the two most severe categories as ‘alarming / extremely alarming’. We
also show the number and combined population of countries not assessed for the GHI report. The ‘not
assessed’ category includes many of the world’s wealthy and economically developed nations. For a
full list of country categorisation, see supplementary information table S5.1.
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Table 5.2 GHI country categories by population, country mentions and affiliations

GHI Hunger . Combined . Mentions .. Affiliations
# Countries . Mentions Affiliations

category population per pop (m) per pop (m)
Alarming /
extremely 10 232 434 1.87 288 1.24
alarming
Serious 37 2610 7281 2.79 12873 4.93
Moderate 31 1214 4475 3.69 7870 6.48
Low 50 2624 4776 1.82 13973 5.33
Not assessed 105 1235 4938 4.00 35834 29.02

5.4.1 Geographical focus (country mentions)

Our first research question was ‘To what extent is hunger research focused on countries affected by
hunger?’. We found that 26% of the SDG 2 papers in our study mentioned countries listed in the GHI
2021 report (table 5.2). Within the GHI country categories, we see an interesting pattern. First, the
countries in the low category have the fewest mentions per population. The moderate countries have
more than twice the number of mentions per population as the low countries. However, as the severity
of hunger increases from moderate, to serious, and then to alarming / extremely alarming, the number
of mentions per population declines again. The frequency of mentions per population is higher for
countries not assessed by the GHI (4.00) than for any of the categories that are assessed.

5.4.2 Geographical location (author affiliations)

Our second question was ‘To what extent are authors of hunger research located in countries severely
affected by hunger?” We found that more than half the papers in our dataset featured at least one author
whose affiliation was in one of the countries assessed in the GHI report (Table 5.2). The GHI categories
with the highest number of affiliations were the low and serious categories followed by the moderate
category. The alarming / extremely alarming categories featured by far the lowest (288) number of
author affiliations. Due to the variation in population between the countries within the GHI categories,
the population normalised country affiliations are presented on a world map in Figure 5.2.
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Figure 5.2 Author affiliations per million population by country

We can see at a glance that the higher number of author affiliations per population are associated with
wealthy countries, while countries in developing regions such as Sub-Saharan Africa tend to have fewer
author affiliations per population. Similar to the geographical focus, we found a downward trend in
population-normalised geographical author affiliations as the severity of hunger increased. Within the
GHI categories, the affiliations per population peaks in the moderate category and then declines
markedly as the severity of hunger increases. Indeed, researchers from countries most afflicted by
hunger are twenty times less likely to publish research papers on hunger than those in wealthy, non-
assessed countries.

5.4.3 Relationship between regional focus and regional authorship

The relationship between country mentions and country affiliations is shown by GHI category in Figure
5.3.
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Figure 5.3 Mentions and affiliations by GHI categories

For each GHI category, the circle on the left represents the number of papers which mention at least
one country in that category. If a paper mentions the same country more than once or more than one
country in the same category, it still only counts as one paper for that category. However, it the paper
mentions one or more papers in two categories, then it counts as one paper for each category. The circle
on the right follows the same rules but refers to author’s country affiliation.
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In the top-left diagram, the overlapping section shows that 178 of the papers that mentioned countries
in the alarming / extremely alarming countries also featured at least one author affiliated to one of the
countries in the same category, i.e. papers that featured local authors. Meanwhile, 256 of the mentions
did not feature locally based authors and indeed did not feature any author affiliated with any country
in the alarming / extremely alarming category. The 110 affiliations-only papers on the right section of
the diagram tells us that 110 papers that featured authors from countries in this category did not mention
any country in the same category. Figure 5.3 illustrates that the share of mentions-only papers grows,
and the share of affiliations-only papers declines as the severity of hunger increases.

In Figure 5.4, we concentrate on the share of overlapping papers, i.e. those that mention countries from
a GHI category and also feature at least one author from the same category.
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Figure 5.4 Share of mentions and affiliations by country category

The blue line shows the overlapping papers as a share of all the mentions of countries in a particular
category. For instance, 41% of the papers that mention alarming or extremely alarming countries also
feature at least one author affiliation from these categories. This is the lowest share and as the hunger
severity decreases, the share of country mentions that also feature authors from the same category
increases. The orange line shows the number of overlapping papers as a share of author affiliations in
a particular GHI category. Of the papers featuring author affiliations from countries with the most
severe hunger problems, 62% also mention countries from the same category. As the severity of hunger
decreases, this share decreases until only 12% of the papers with authors from countries in the not
assessed category mention countries in the same category.

5.5 Location of non-local authors (mentions-only papers)
The mentions-only papers do not feature authors affiliated to the countries mentioned in the article.

Now we know where the authors are not located, we would like to know where they are located. In
Table 5.3 we show the most frequently occurring country affiliations on the mentions-only papers for

114



the country with the most mentions in each GHI category. In the alarming / extremely alarming
categories, the Democratic Republic of the Congo (DRC) is the most frequently mentioned country.
Authors that mention the DRC but are not based there are most frequently located in the USA, UK, and

India.

Table 5.3 Location of authors on mentions-only papers

DRC mentions | Paper % India Paper % Indonesia Paper %
(Alarming) s Share (Serious) s Share (Moderate) s Share
United States 25 24% | United States 195 8% United States 23 3%
I‘i?;;ﬁ)m 7 7% I‘i?;;ﬁ)m 74 | 3% | India 15 | 2%
India 3 3% Australia 41 2% Australia 13 2%
South Africa 3 3% China 31 1% Japan 12 2%
Australia 3 3% Germany 30 1% E?rg:(;iom 11 1%
Belgium 3 3% Canada 29 1% Thailand 7 1%
China 3 3% Switzerland 17 1% Germany 6 1%
Canada 2 2% South Africa 14 1% South Africa 6 1%
Denmark 2 2% Bangladesh 14 1% Switzerland 6 1%
France 2 2% Japan 13 1% France 5 1%
China Paper % USA Paper %
(Low) s Share | (Not assessed) s Share
United States 83 5% India 48 3%
India 62 | 4% E?;tgei)m a4 | 2%
United 40 | 2% | China a | 2%
Kingdom
Australia 30 2% Australia 38 2%
Germany 23 1% Canada 30 2%
Netherlands 20 1% Italy 16 1%
Japan 16 1% Iran 14 1%
Canada 14 1% Germany 13 1%
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France 12 1% Russia 12 1%

Italy 12 1% Brazil 11 1%

In all groups, many of the mentions-only papers were published by authors affiliated to countries with
large populations and high publication output such as the United States, United Kingdom, China, and
India. There were however, some prominent appearances from regional neighbours. For instance,
Bangladesh was listed among the leading author locations on papers that focused on India, and authors
based in Thailand frequently published papers that focused on Indonesia.

Other relationships between countries may also have contributed to authors in one country focusing on
another country that might not be a direct neighbour. For instance, authors based in South Africa and
Belgium published papers that focused on the DRC that featured no locally based authors.

We also conducted a manual analysis of 100 randomly sampled mentions-only papers (20 for each of
the GHI categories) to assess the reason for there being no locally based author affiliation. We examined
the full text of each paper in the sample and present the results in the supplementary information table
S5.2. We found two main reasons for the lack of a local author affiliation. First, while authors may not
be in the same country as that mentioned in the title or abstract, it doesn’t mean they are very remote.
We found several papers that featured authors in neighbouring countries to those mentioned. In one
case (10.1186/s12889-020-08657-x), an international group sought to improve the criteria for
community-based treatment of malnutrition in South Sudan. Some of the authors were based in Kenya,
just across the border with South Sudan.

In other mentions-only papers, the studies were not really focused on the countries that were mentioned
in the title or abstract of the paper. This was caused by authors making passing mention of a country.
For instance, in the abstract of a study of a rice production system used throughout India (DOI:
10.1007/978-981-10-3692-7), the authors mention that the method originated in Madagascar, and
although Madagascar is not mentioned again, the paper has been classified as focusing on Madagascar.

5.5.1 Lack of country mentions (affiliations-only papers)

The affiliations-only papers make no mention the countries in which the authors are affiliated in their
title or abstract. We wanted to know whether this is because the paper lacked geographical focus entirely
or if the focus was on another geographical location. In Table 5.4 we show the number of affiliations-
only papers for the country with the highest number of hunger-related research papers for each of the
GHI country categories. We also show the number and share of affiliations-only papers that did not
mention any country at all.
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Table 5.4 Papers with no country mention

Country name GHI category Affiliations-only Papers with no | Share of papers that
papers country mentioned | mention no country

Democratic Alarming /| 37 24 65%

Republic of the | Extremely

Congo alarming

India Serious 5119 4915 96%

Indonesia Moderate 995 952 96%

China Low 3936 3615 92%

United States Not assessed 13058 9771 75%

In all GHI categories, a high share of affiliation-only papers did not mention any country name at all.
The lowest share was in the Democratic Republic of the Congo whose authors mentioned no country
in 65% of the affiliations-only papers. We also conducted an analysis of 100 randomly sampled
affiliations-only papers (20 for each of the GHI categories). We examined the full text of each paper in
the sample to determine the reason for the lack of country mention and the tabular results are available
in the supplementary information table S5.3.

One common reason for not mentioning the country where the authors are based is that the article has
no regional focus. For instance, we found several papers with author affiliations in the serious category
were published by authors in India and focused on methods for improving agricultural methods and had
no regional focus.

A second group of affiliations-only papers were indeed studies that focused on a specific country, but
the authors had not mentioned the country at all in the title or abstract of the paper. One example
(10.1155/2019/4740825) is a clinical study with all the authors based in the Democratic Republic of the
Congo (DRC) and thanking a local hospital in the acknowledgements. The study is clearly focused on
the DRC but the authors have not mentioned the country in the title or abstract of the paper.

In a third set of affiliations-only papers, the authors do mention the local site of the study but not
necessarily the country name. We found evidence of authors using city names e.g., Royapettah
(10.18203/2349-3291.1jcp20174153), islands e.g., Zanzibar (10.1093/cid/cix500), or simply referring
to ‘our nation’ (10.1007/978-981-16-6124-2_1).

5.5.2 Partnerships

To address our third research question about the equality of international partnerships, we analysed the
author position in more detail. For 55,422 (93%) of the SDG 2 papers, we could identify the country
affiliation of the first and last authors, often associated with lead author positions. We found that the
last author has an affiliation in a country listed in the GHI 2021 categories on 40% of the SDG 2 papers.
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Considering all SDG 2 papers, only 0.35% of author affiliations were from countries in the alarming or
extremely alarming GHI country categories (Figure 5.5). The share was even lower for authors in first
(0.23%) and last author (0.17%) positions. Meanwhile, the combined population of the countries in the
alarming and extremely alarming countries comprises 2.9% of the world’s population. Authors from
these countries are therefore underrepresented in scholarly research on hunger and especially
underrepresented in lead author positions.

60%
50%
40%
30%
20%
“ il II
0% —— RS = RS R
Alarming/
Extremely Serious Moderate Low Notassessed
alarming
Author affiliations 0.35% 16.3% 10.0% 17.6% 55.8%
First author 0.23% 18.1% 9.6% 19.1% 52.9%
Last author 0.17% 17.4% 9.1% 18.5% 54.8%
World population 2.93% 33.0% 15.3% 33.2% 15.6%
Author affiliations ~ B First author ~ ELast author World population

Figure 5.5 Author position - All SDG 2 papers

Authors from countries in the serious, moderate, and low GHI categories are also underrepresented
when compared with their share of the world’s population albeit to a lesser extent. The share of lead
author positions is not very different from overall authorship. In those countries not assessed by the
GHI, which includes relatively wealthy countries, the pattern is reversed with authors overrepresented
compared with their combined share of the world’s population.

5.6 Discussion

We used country mentions and author country affiliations to study the geographical diversity of
researchers, using scholarly papers related to SDG 2: Zero hunger as a case study. For ease of
comparison, we used the country categories as described in the 2021 Global Hunger Index (GHI) report
which are based on the severity of hunger.

About one third of hunger research papers mention at least one country in their title or abstract, although
this trend diminished when mentioning the country categories most severely affected by hunger. This
was a counterintuitive result, and we consider possible explanations. First, there are only ten countries
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in the alarming and extremely alarming categories compared with 118 in the less severe categories and
106 not assessed countries. That means countries in less severe categories comprise more country names
that are available to be mentioned. Similarly, the smaller relative population in the alarming categories
means there are fewer local authors who can focus on their own country than in the less affected
categories.

We cannot be sure of authors’ motives when they decide to name a country in the title or abstract of
their paper. There is evidence that authors from wealthy, developed countries with established research
infrastructure, especially the United States, are less likely to mention the country names even in locally
based studies (Castro Torres & Alburez-Gutierrez, 2022; Kahalon et al., 2021). Consequently, there are
potentially studies with a country focus that do not mention the country of focus, and that those papers
missed are predominantly in the lower GHI country categories. That means the real tendency of
decreasing topical focus in countries less affected by hunger may not be as sharp as our results show.

We used authors’ affiliations to determine their geographical location and defined local authors as those
whose country affiliation matched the name of the country mentioned in the paper. We found the
presence of local authors declined as the severity of hunger in the mentioned country increased,
especially on papers that mentioned countries in the alarming and extremely alarming categories which
are the most severe. We suggest potential reasons for the lack of local authors on research papers that
focus on the most severely affected countries.

Countries most severely affected by hunger are also among the world’s poorest countries and poverty
can be a barrier to young people entering higher education. The impact of long-term poverty, especially
in countries experiencing war or civil conflict, may have limited the development of a research
infrastructure in some countries categorised as suffering from alarming levels of hunger. Less
developed research infrastructure is therefore proposed a possible explanation for the lack of local
academics and associated research publications in the most severe GHI categories. Meanwhile,
academic publishing has flourished in some countries with large populations in the less severe hunger
categories such as India (serious) and Indonesia (moderate). The prolific scholarly output in these
countries has contributed to relatively large numbers of country mentions in hunger research.

That researchers from countries not assessed by the GHI publish the majority of hunger-related research
papers is not surprising. The GHI doesn’t assess developed, wealthy countries and these countries
traditionally publish the most research in general. In 2015, the UN called for the whole world, not just
those living in affected areas, to respond to a series of challenges. The contribution of academics in
developed nations could be interpreted as an encouraging sign that the global research community is
engaged in addressing the grand challenges of our time. It may also be symptomatic of a sampling bias
caused by overrepresentation of country affiliations from high income countries (Bylund et al., 2023).

In all the GHI categories, our results showed in most cases that authors either mention the name of their
own country or they do not mention any country at all. Papers that do not mention any country may
have no regional focus, or the authors have decided not to mention the name of the country in which
the study was conducted.

The appearance of local contributors mentioned in the acknowledgements section of the article but who
did not appear as co-authors might also partially explain the absence of local authors. In some papers,
collaborators from the country of focus were acknowledged and thanked in the publication even if they
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did not feature as authors of the study. Acknowledgements form part of the reward triangle bestowed
by researchers on those who have helped or significantly influenced academic publications (Costas &
van Leeuwen, 2012; Cronin & Weaver, 1995). The difference between a contribution that deserves
‘only’ acknowledgement, and one worthy of co-authorship is a key distinction. The observation of
acknowledgements in our analysis of sample papers warrants further examination to see whether this
phenomenon has any relation with the GHI country categories.

Author position and partnership dynamics

Author position in the context of partnerships between visiting and local researchers has come under
scrutiny by the academic publishing community (e.g., Morton et al., 2022; Nature, 2022; PLOS, 2021;
van Groenigen & Stoof, 2020). This study contributes to the discussion by demonstrating the
relationship between author position and affiliation from both geographical focus and geographical
location perspectives.

We specifically identified the country affiliation for authors who appeared in first or last author position.
First, and especially last author position have been used as a proxy for lead authorship in several studies.
We found that authors from countries in the most severe GHI categories were underrepresented in lead
author positions. However, in all the other categories the share of lead author positions was close to the
overall share of authors. In the serious and low GHI categories, local authors were slightly
overrepresented compared with all author positions. However, where countries from GHI categories
were the focus of research, authors from the same category featured far more frequently and were even
overrepresented in lead author positions. This result is suggestive of greater participation of local
academics in studies with a regional focus.

This part of our study builds on earlier work conducted in health fields that reported underrepresentation
of local researchers in lead author positions (Hedt-Gauthier et al., 2019; Mbaye et al., 2019). Our results
support the idea that unequal partnerships may exist in international collaborative research, but only in
the countries most severely affected by hunger. In all other categories, our author position analysis
showed that the share of local researchers in lead author positions was similar to the overall share of
local authors. We therefore encourage further discussion on the partnership dynamics between local
academics and international collaborating partners.

These findings could be interpreted as showing that international academics from wealthy nations more
frequently occupy leadership roles in hunger research studies on the most severely affected regions than
local authors. The underrepresentation of local authors presented in this paper may also support the idea
that local contributors might play a limited role in international collaborative research in their own
country such as data collection but not authorship (Asiamah et al., 2021).

Study limitations

This study was the first to examine the geodiversity of research using SDG 2 as a case study. However,
we acknowledge the study has a number of limitations that could be used to identify areas for follow
on studies.

First, the GHI country categories are based on a composite indicator. The cut-off scores that assign
countries to one category or another are necessarily arbitrary but mean that there might be greater
differences between countries at the extremities of a category than between countries separated by the
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cut-off score. We also hypothesise that conditions may vary within a country, such that different regions
of a country would meet the conditions for different GHI country categories. We have presented
evidence of community-based collaboration across international borders between countries that have
landed in different GHI categories. The GHI categories are therefore not infallible in their indication of
severity of hunger. We could have used nation states grouped by geographical or political regions
instead, but those groupings would of course be subject to the same limitations as the GHI categories.

The definition of the body of research papers on hunger research is not unequivocal. We used the
Dimensions database because of its inclusive coverage (Hook et al., 2018; Huang et al., 2020; Visser et
al., 2021) and because Dimensions has developed a method that uses an Al algorithm to tag papers
related to the different SDGs. However, competing bibliometric databases have used slightly different
approaches to identifying SDG research which make huge differences to the papers retrieved.
Comparisons have shown very limited overlap between databases in specific SDG searches (Armitage
et al., 2020a; Purnell, 2022b). Using alternative publication data sources for SDG related research
studies could have therefore produced different results in our study. Indeed, the varying search
techniques and use of Al algorithms between publication databases is a limitation now applicable to
every bibliometric study that uses SDG related research.

While Dimensions coverage is broad, it is not comprehensive and relies mainly on Crossref and PubMed
as it sources. For publications to be in Crossref, they need to register a digital object identifier (DOI).
This requires some expertise and a financial arrangement where publishers pay $1 US for each paper
assigned a DOI. While these arrangements may be easily achievable in some regions, in other less
economically developed areas of the world they might pose a barrier to publishing. In these cases,
papers are more likely to appear in local university presses, not be assigned a DOI, and therefore not be
indexed by Dimensions. Unfortunately, poorer countries appear in the most severe GHI categories and
are at the highest risk of lower database coverage (Giménez-Toledo et al., 2017). As a consequence,
there might be proportionately fewer research papers on hunger published by authors affiliated to the
most affected countries in our study. Crossref has recently announced an initiative to address this
obstacle (Collins, 2022).

We have used mention of a country name in the title or abstract of an article as an indicator that the
study focuses on that country to a certain extent. However, our manual examination of sample papers
uncovered evidence of countries that were only mentioned in passing, and that did not represent the
geographical focus of the study.

This finding shows that a single appearance of a country name should not alone be accepted as a reliable
indicator of geographical focus. Future studies could look for ways to improve knowledge surrounding
the use of country mentions as indicators of focus such as interpreting the country name in context. The
passing mentions in our study only mention a country once and consequently multiple mentions of a
country name in an article might strengthen the indication of focus.

Conversely, we have assumed that the absence of country name in the article title or abstract means the
study was either focused somewhere else or had no regional focus at all. This assumption might not
always hold true. Scholarly papers by authors in wealthy countries with long established research
infrastructure often do not mention the name of the country even in locally focused studies (Castro
Torres & Alburez-Gutierrez, 2022; Kahalon et al., 2021). Some authors refer to regions of the world,
e.g., Sub-Saharan Africa rather than countries, or to smaller units of countries like cities, islands, or
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regions. These examples serve as further evidence to support research into the use of country mentions
as indicators of geographical focus.

5.7 Conclusion

This is the first large-scale bibliometric study on the geodiversity of research that used country mentions
as an indicator of topic focus and author affiliations to identify geographical location. In light of the
urgent and growing problem presented by hunger, we used the body of research papers related to SDG
2: Zero Hunger in the Dimensions database as a case study, and the Global Hunger Index (GHI) country
categories for ease of comparison.

We found that hunger research papers focused less on the countries in the most severe GHI country
categories (extremely alarming or alarming) although that may be partially explained by the
comparatively low aggregate population of those countries. On the majority of papers that mentioned
countries in the alarming and extremely alarming GHI country categories, the were no authors from the
country mentioned. Instead, the majority of authors on the mentions-only papers were from relatively
populous and wealthy countries. However, we conducted a manual examination of random samples of
the mentions-only papers and found that some authors were based in neighbouring countries.

There were also methodological reasons for the low rate of mentions of countries most severely affected
by hunger. There are fewer countries in the severe GHI countries to mention and the aggregate
population is relatively small. Researchers based in wealthy countries are also less likely to mention the
geographical focus of their study than authors in the severe GHI country categories. Use of country
mention as an indicator of geographical focus might therefore not be uniform across the countries in
this paper and future studies could investigate further.

Our study showed declining participation of local authors affiliated to institutions in the most severe
GHI country categories. Author affiliations per population in the extremely alarming and alarming
categories was one-twentieth of that in the wealthy countries not assessed by the GHI. Authors based
in the most severe GHI country categories mentioned their country in most cases but not in the less
severe country categories. We found in all country categories, that most affiliations-only papers did not
contain mention of any country at all. Either the authors chose not to mention the country of the study,
or the study had no regional focus.

Our examination of a random sample of affiliations-only papers revealed that in some studies with a
localised geographical focus, the authors simply omitted to mention the site of the study. Others
mentioned the city, island, or region name but not the country name. Again, this shows the shortcomings
of using country names as a reliable method of capturing the whereabouts of all authors. To improve
recall, the method could be extended to cover additional geographical terms. Future studies would then
more accurately determine the share of studies that have no regional focus.

We observe that many of the countries in the most alarming categories have also faced civil conflict,
famine, and other causes of long-term instability that may limit the development of research
infrastructure and consequent publication output.
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The underrepresentation of academics from countries most affected by hunger in last author position is
of concern in the context of equitable and fair international research collaboration. Our manual analyses
of sample papers in the extremely alarming and alarming categories showed that sometimes local
contributors are mentioned in the acknowledgements section of the paper, rather than being included as
co-authors. We encourage further analysis on the criteria that warrant co-authorship and whether it is
justly applied across all countries. The trend was not repeated in the other categories and our findings
therefore did not support the notion of widespread unequal publication practice. Indeed, the examples
in our manual analyses did not seem to resonate with the ‘helicopter’ or ‘parachute’ research practices
described in recent literature (e.g., Heymann et al., 2016; Minasny & Fiantis, 2018; North et al., 2020).

Manual examination of the papers revealed that other factors were at play. For instance, the assumption
that non-local authors are based in safe, wealthy countries is often wrong. Many are in fact located just
across an international border from a country facing sever hunger problems, or they are based in a
country in an even more severe hunger category than the country mentioned. We also found that some
papers that mentioned a country didn’t really focus on it and the lack of authors from that country could
not therefore be interpreted as evidence of questionable research practice.

In our view, reports of helicopter research that call into question researchers’ motives require clear
definitions and methods that include a level of qualitative assessment including at the very least, manual
examination of the publication. While some high-profile examples of questionable research ethics have
been published, we urge caution when extrapolating superficial metrics such as author affiliation or
author position to ensure they don’t lead to unfounded conclusions (Nature, 2022).
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Chapter 6

Conference proceedings publications in bibliographic
databases: A case study of countries in Southeast Asia’

> This chapter is based on:
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Abstract

Leading citation databases have made concerted efforts to reflect academic conference contributions in
the form of proceedings papers in their databases. We studied global trends and a regional case study
to determine the relative representation of conference proceedings in the global scholarly literature
using the Web of Science, Scopus, and Dimensions. We designed our case study of ten Southeast Asian
countries to uncover conspicuous publishing patterns obscured by global average figures. As a result,
we discovered that Indonesia alone has made a recent and remarkable shift towards conference
proceedings publishing. This trend was not the result of expanding database coverage but may be linked
to a rapid increase in conferences locally hosted in Indonesia. The conclusion suggests that conference
proceedings are increasingly indexed by major databases, and that scholars might have found advantage
in publishing conference papers that were quicker and easier to publish than journal articles or book
chapters. Our study is relevant to policy makers in the area of research evaluation because it highlights
potential changes in academic publishing behaviour by those being assessed.

Keywords

Conference proceedings — Indonesia — ASEAN — location — promotion

6.1 Introduction

Academic scholars all over the world face mounting pressure to publish their findings in sources that
are indexed in global citation databases (Abramo & D’Angelo, 2014). Those who evaluate individuals
for recruitment, academic promotion, or research grant awards increasingly use some form of
quantitative assessment of their publication output and citation impact when taking decisions. The
methods used in such assessment are often the subject of extensive discussion (Hicks et al., 2015) and
frequently use established citation indexes such as Web of Science (WoS) and Scopus (Archambault et
al., 2009) and more recently, new databases such as Dimensions (Hook et al., 2018). All these databases
comprise research contributions published in a variety of academic sources, most importantly journals,
books and conference proceedings.

The subject of this study is the body of literature resulting from scholarly conferences and which play
an important and increasingly visible role in the scholarly literature alongside journal articles, book
chapters and other forms of scientific communication. In recent years, conference proceedings have
been integrated with citation indexes to enable academics to search, retrieve and cite them in the same
way they cite journal articles. The contribution of conference papers to the major citation indexes has
not yet been well documented and this is the first topic addressed in this study.

Global trends hide lots of interesting dynamics at the level of individual countries and as the second
topic addressed by our paper, we include a case study comprising the ten countries of the Southeast
Asian Nations (ASEAN). The ASEAN countries provide a good case study for this topic because they
hold a shared vision of identity along with similarities in geography and scientific goals.

Each country displayed a different pattern in conference proceedings output which were grouped into
four clusters, and the discussion presents some possible reasons for the differences. Such reasons
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include database coverage, the influence of national policy on the behaviour of scholars, and the
location of the conference.

In this article, we review the literature on the developing role of conference proceedings in scholarly
communication, their incorporation into the major citation databases, and introduce the ASEAN region
as an ideal case study. In section 6.3, we describe the databases used, the Web of Science, Scopus, and
Dimensions and how we accessed their data. In the results and discussion (section 6.4), we present the
trends in conference proceedings paper publishing over the last 20 years in each of the databases and
how their numbers and proportions of the databases compare with one another. We then present data
for the ASEAN region and its ten countries and group them into four clusters based on their conference
proceedings publishing patterns. The results for Indonesia were so striking that the final part of the
study examines two possible explanations for the sharp increase in conference output. First, whether
the growth was due to expansion in database coverage, and the second is whether the location of the
conference was related to the number of resulting proceedings papers from the hosting country. The
article concludes that conference proceedings have become increasingly visible in the major citation
databases, that interesting country-level patterns can be revealed by analysis, and that there has been a
steep growth in preferential conference paper publishing in Indonesia coinciding with an increase in
locally hosted conferences.

6.2 Literature review

6.2.1 Conference proceedings

An evolutionary model of scholarly communication was described several decades ago in which
academic research is communicated first as personal correspondence and in subsequent incremental
forms that include open letters, conference proceedings and finally the journal article (Garvey et al.,
1972a). A detailed study on the publication behaviour of 12,000 scientists over a 5-year period
demonstrated that the majority of conference material presented at national meetings in America was
later published as a journal article (Garvey et al., 1972b) and this pattern became broadly accepted as
common practice in the exchange of scientific information between researchers. Later evidence
challenged this view with conference proceedings seen by some as an end product and being accepted
as evidence of scholarly activity by university tenure and promotion committees (Drott, 1995), rather
than being merely a step on the way to a journal article.

The advent of the Internet spawned fundamental changes to communication of academic research
findings with some results appearing on the web before they were published in journals or as conference
proceedings (Goodrum et al., 2001). Work comparing conference papers with journal articles showed
that conference papers are generally shorter (Gonzalez-Albo & Bordons, 2011), less cited (Drott, 1995)
than journal articles and their citation peak is shorter lived (Lisée et al., 2008). In many fields assessment
for promotion gives higher weighting to journal articles, which serves as an incentive for scholars to
adapt conference proceedings for subsequent journal submission. However, in other fields proceedings
papers and journal articles are seen as different expressions of the same work (Bar-Ilan, 2010)
revealing a variance in publication behaviour between fields.

126



There is broad variance in the relative importance of proceedings papers depending on the field of study.
One study showed that roughly half the papers in ISI Proceedings — the first conference proceedings
database and later known as the Conference Proceedings Citation Index (CPCI) — were assigned to the
field of Engineering and that this share increased from 43 per cent in 1994 to 61 per cent by 2002
(Glénzel et al., 2006), more than six times the corresponding share found in the Web of Science (WoS)
journals. In the same study, the proportion of proceedings papers classified in the field of physics grew
from 25 per cent to 32 per cent over the 8-year period while the corresponding proportion of journal
articles in the WoS remained stable at around 13 per cent. Similarly, the engineering field was singled
out as one in which proceedings papers receive a higher proportion of citations indicating that
conference material is of greater import than in other fields (Lisée et al., 2008). This was especially the
case for computer science papers.

Computer science has also been identified as a field in which conference proceedings are a major venue
(Bar-Ilan, 2010) for disseminating research findings. Bar-Ilan (2010) pointed out that conference papers
from Lecture Notes in Computer Science (LNCS) were already indexed in the Science Citation Index
before the addition of the CPCI to the WoS in 2008. In a study comprising interviews with authors and
journal editors in the software engineering field, conference papers were thought to be shorter than
journal articles and contain only the exciting part of the study intended to keep a specialized audience
abreast of novelties in their field (Montesi & Owen, 2008). Journal articles were found to be a more
mature product designed to enable readers to replicate results and form part of an archive. Furthermore,
conference papers were often reworked and later published as journal articles. An extensive study of
citations to non-WoS literature in 3 social science fields showed that only 2% of cited references to
academic literature outside the WoS were to conference papers in psychology, only 1% in political
science and even less in economics (Nederhof et al., 2010) showing very limited influence of non-WoS
literature on highly cited works.

6.2.2 Databases

The WoS originally comprised 3 journal indices; the Science Citation Index Expanded (SCIE), Social
Sciences Citation Index (SSCI) and the Arts & Humanities Citation Index (A&HCI) each consisting of
metadata from academic peer reviewed journals. Where conference proceedings were published in
journals in these indexes the papers were labelled as both ‘article’ and ‘proceedings paper’. A Dutch
study concluded in 2007 that it was feasible to expand the WoS to include additional conference papers
to provide better coverage in the field of computer science provided some technical issues were
addressed such as the treatment of different versions of the same study (Moed & Visser, 2007). In 2008,
Thomson Reuters merged the content from its ISI Proceedings Science and Technology database into
the WoS and renamed it the conference proceedings citation index (CPCI). Although a limited number
of conference proceedings were already published in journals indexed in the database, it was the
incorporation of the CPCI that contributed the majority of the conference literature to the WoS. It was
this addition of conference proceedings into the Web of Science in 2008 that provided an opportunity
to study these papers as a unique source of scholarly material.

At about the same time, journal articles that had been adapted from meeting presentations had their
document types changed from ‘paper’ to ‘proceedings paper’, the same name given to the majority of
the publications in the CPCI. All documents indexed from conference material were thus assigned the
document type ‘proceedings paper’ although they may have originated either as journal articles that
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made explicit reference to initially having been presented at a scientific meeting or may instead have
been published in a ‘book’ of proceedings. Proceedings papers published in journals have been found
to vary in their proportion with respect to regular articles by field with highest proportions found in
computer science/information technology and applied physics (Zhang & Glénzel, 2012). Conference
proceedings in journals can be further categorized into those accepted in ordinary issues and those
published as special editions or monographs. Those published in monographs have been found in library
and information science to be shorter, have fewer references, pass more quickly through peer review
and receive fewer citations (Gonzalez-Albo & Bordons, 2011).

These nuances in publication behaviour, changes in documentation types and evolution of the WoS
coverage over time mean that any study of publications is susceptible to an element of misinterpretation
of the results owing to the idiosyncrasies of the database. For this reason, three databases were used;
WoS, Elsevier’s Scopus that was released in 2004 as a more inclusive citation index, and Dimensions
launched in 2018 by Digital Science. The changes in proportions of conference proceedings by different
countries over time might be partially explained by the natural expansion of any single database over
time. By using three databases, we are likely to illuminate the effects of any major changes in
conference proceedings coverage by any one database.

Elsevier launched its proprietary citation index, Scopus, in 2004 which now covers more journals than
Web of Science (Mongeon & Paul-Hus, 2016). However, the overlapping coverage of conference
proceedings between WoS and Scopus is limited. Indeed, WoS appears to cover many conference
proceedings that are not indexed in Scopus, and Scopus covers many proceedings not covered by WoS
(Visser et al., 2021).

Dimensions, a relative newcomer to citation indexing, was launched in early 2018 and offers a free
version including access to just over 100 million scholarly records. Users can identify around six million
conference proceedings among the records without requiring an organisational subscription.
Dimensions relies heavily on Crossref as the backbone of its data (Hook et al., 2018). Dimensions
coverage is also comparable with Scopus, indeed at least 90% of Scopus indexed papers were found in
Dimensions with the exception of the most recent year in which coverage dropped to about two-thirds
(Thelwall, 2018) probably due to a longer time lag in indexing in Dimensions. Many Scopus indexed
conference proceedings are however absent in Dimensions (Visser et al., 2021).

The different databases do not always coincide on their coverage and definition of document types, for
instance Anne-Wil Harzing found that Dimensions indexed more of her conference papers than Scopus
while the WoS indexed none of them (Harzing, 2019). The document type definitions are not always
uniform as Dimensions classifies all items indexed from journals as articles while the WoS and Scopus
separates conference proceedings, editorial material, book reviews, letters, corrections, and others as
specific document types. For instance, we observed in this study that Dimensions classified more than
100,000 Journal of Physics Conference Series papers as journal articles, which the WoS and Scopus
consider conference proceedings. These practices all swell the number of journal articles in Dimensions
which in turn makes the proceedings content seem a smaller proportion.

This indicates the coverage practices of the WoS, Scopus and Dimensions are independent of each
other, and that multiple databases should be used whenever possible to build a picture of the real
situation without relying too heavily on any single database.
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6.2.3 ASEAN region

Publishing behaviour is subject to universal forces such as the requirement for academics to publish
their work and demonstrate some form of impact. Regional differences in publication behaviour can
provide an interesting basis for more specific study, for example the fast-growing emerging regions
such as those of Southeast Asia where 10 countries, Brunei Darussalam, Cambodia, Indonesia, Laos,
Malaysia, Myanmar, Philippines, Singapore, Thailand and Vietnam, have formed the ASEAN group of
nations. The organisation was founded in 1967 (ASEAN, 2019) in order to promote peace,
collaboration, regional research, and common social, cultural and economic values.

The ASEAN countries provide an ideal case study because they share a common geographical region
and have shared scientific goals. They have all rapidly increased their scientific output in recent years
and it is interesting therefore to observe whether publication patterns emerge at individual country level
that are obscured by global trends. Other studies have used the ASEAN countries for similar reasons.

In 2011, Nguyen and Pham studied the scientific output and impact of the ASEAN countries and
described four distinct groups with Singapore alone in the most advanced bloc, Malaysia and Thailand
in the second, Indonesia, The Philippines and Vietnam in the third, and finally Brunei, Cambodia, Laos
and Myanmar making up the fourth cluster (Nguyen & Pham, 2011). These researchers also found
correlations between scientific output and both the Knowledge Index and the Knowledge Economy
Index published by the World Bank in 2008 (Chen & Dahlman, 2005) each of which confirmed the four
distinct groups of ASEAN countries observed by Nguyen and Pham. The rate of economic growth of
countries such as Singapore has been linked to the investment in research and development (R&D)
(Nguyen & Pham, 2011). A large 40-country study of investment and publication data demonstrated a
positive correlation between R&D spending and research publication output (Meo et al., 2013).

As part of a UNESCO report, Moed and Galevi described a bibliometric model to group 25 Asian
countries’ relative stage of development by organizing them into three clusters based on the proportion
of their internationally co-authored papers and the geographical location of the collaborating countries
(Moed & Halevi, 2014). The first group includes only Singapore among the ASEAN countries and
whose papers were often co-authored with researchers in China, Hong Kong and Macau. The second
cluster also only features one ASEAN country, Malaysia, which is more linked to research groups in
India, Pakistan and Iran, while the third group contains the remaining members in a Southeast Asian
cluster. These authors also draw a link between the state of a country’s development and the ratio of
the number of its doctoral students to the number of its publications. For example, Japan, a developed
country has roughly the same number of doctoral students as Indonesia but produces 100 times the
number of publications as Indonesia (Moed & Halevi, 2014). This paper built on the idea of organising
the countries into clusters based on their conference proceedings publishing behaviour.

6.3 Methods and data sources

The method followed for analysing conference proceedings followed the same pattern for each
database. First, publications were extracted from the databases and organised by document type and
country. Proceedings papers were compared with all document types to determine the proportion of
conference papers published by authors in each country. The second step was to analyse the patterns
from each of the ten ASEAN countries and group them into four broad clusters based on distinctive
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publishing behaviour. Finally, the findings were validated through personal knowledge of database
indexing, and interviews with a conference organiser in Indonesia, and an international publisher of
conference proceedings.

Data for the bibliometric studies was extracted from in-house versions of the WoS, Scopus and
Dimensions databases hosted by CWTS at Leiden University. The CWTS version of WoS comprises
five citation indices; the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), Arts & Humanities Citation Index (A&HCI), Conference Proceedings Citation Index — Science
(CPCI-S) and the Conference Proceedings Citation Index — Social Sciences & Humanities (CPCI-SSH)
and is collectively referred to as WoS 5-ed meaning five editions. Neither the Book Citation Index
(BkCI) nor the Emerging Sources Citation Index (ESCI) were included in the study because they are
not hosted in the system. The extraction includes records up to the end of 2019, which allows fairly
reliable study of all years up to and including 2018. The data for 2019 was not complete and therefore
results for that year are not presented in the study. The in-house version of the WoS database hosted by
CWTS is extracted multiple times every year from the database provider and subject to an extra round
of cleaning, address unification and data validation. Scopus data were extracted in May 2019 and
Dimensions data in June 2019 with the expectation that data for all years up to 2018 would be reliable
enough to use in the study.

These stable and accurate versions of the databases are therefore more suitable for bibliometric study
than the online versions that are designed for immediate reflection of the most recently indexed papers.
Therefore, the interface versions of these databases will necessarily show slightly different results than
those presented in this study.

The papers used in this study were those with document types ‘proceedings paper’ and ‘proceeding’
from Scopus and Dimensions respectively, and all papers in the CPCI for WoS. In each case, the
proportion of conference papers was defined as the number of conference papers divided by the total
output. The total output means the entire database for Scopus and Dimensions, while for WoS it means
the three journal indexes plus the two conference proceedings indexes, known as WoS-5ed.

To determine Indonesia’s rank in conference output, we used author affiliations on the proceedings
papers and noted Indonesia’s position. We browsed the conference series publisher websites to
determine the location of the conferences and listed the proportion of conferences that were hosted in
Indonesia. For this section we used only the WoS and Scopus but not Dimensions because the
conference series could not be reliably identified from the in-house version of the database.
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6.4 Results and discussion

6.4.1 Conference proceedings in citation indexes

As the databases have grown, the number of conference proceedings records has generally increased
over time (Fig. 6.1). Looking back 20 years we can see that WoS usually indexed between 20-40%
more conference papers each year than Scopus, although the WoS surge in 2003 increased the gap to
67% and the Scopus surge in 2005 closed the gap again to 23%. In the subsequent three years, 2010-12
the number of conference papers in the WoS dipped and was overtaken by Scopus which continued its
rise to a peak in 2011. The conference paper indexing in WoS then increased again whilst Scopus fell
back and the difference between the two databases in 2015-17 stabilised at about 40%. The 2018 figures
showed a drop in WoS conference papers, although these might still change as records are belatedly
indexed. The conference papers indexed in Dimensions appeared to be independent of WoS and Scopus
growing at a slower rate and usually totalled between 50-62% of the Scopus papers until 2015. In the
four years to 2017, Dimensions added conference papers at a rate of 9-11%, far higher than WoS and
Scopus.

Conference papers indexed by major databases

700,000
600,000
500,000
400,000
300,000
200,000
100,000 l
0
0 O O d N N & 1D O O O 4 AN N < 10D O™~ 0
DN O OO0 90000900 O A Ao A A A A
NN O OO0 OO0 OO0 OO0 000 OO0 O O o
= AN AN ANANANAN AN AN AN AN NN NN NN NN~
EWoS M Scopus Dimensions

Figure 6.1. Conference papers in citation indexes

The number of conference proceedings records in the WoS was fairly even until 2001 in line with the
rest of the WoS as demonstrated by the stable proportion of conference papers in the WoS (Fig. 6.2).
Thereafter followed a steep increase of conference records, 77% growth between 2001 and 2003. This
growth was faster than the rest of the WoS database and resulted in conference papers contributing an
increasing proportional share of the database that rose from 16% to 25% in those two years. In the
subsequent fourteen years the number of conference records in WoS grew only 58% and its proportion
of the database reduced and stabilized at around 21%.
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Figure 6.2. Conference papers in WoS

Tracking the share of conference papers in WoS, Scopus and Dimensions showed that over the past 20
years, WoS has consistently indexed a higher proportion of conference papers than the other two
databases. The only exceptions were in the year 2005 when a peak of Scopus-indexed conference papers
came close to the WoS share, and in the years 2010-11 when the proportion of conference papers in
Scopus briefly surpassed that in the WoS. The share of conference papers in WoS reached its lowest
point since 2002 in 2011 which coincided with the highest peak in Scopus. Dimensions consistently
contained a lower share of conference papers than both the established databases.

6.4.2 Regional trends in the ASEAN countries

The second part of the study focussed on the specific trends observed in the ten countries of the ASEAN
region. As global figures are the average of all the world’s regions, it might be possible to uncover more
interesting patterns by looking at individual countries. The ASEAN countries have the stated aim of
working together on scientific research and provided an appropriate set of countries for study.

Results are first presented for the region as a whole and subsequently for the individual countries. We
looked within the country-level findings to try to cluster countries together that exhibited similar
conference proceedings publishing patterns. For instance, countries which showed increased conference
output to a greater extent than the regional trend could be clustered together, while those countries
whose conference publishing declined would be another cluster. A third cluster was for countries which
followed the regional trend, and yet a fourth was for countries whose output was too low to assign to
any other cluster with confidence.

The conference proceedings output from the ASEAN region started in the WoS and Scopus fairly late
and from a very low base and therefore this paper focusses on those published in the last 10 full years
plus 2018. Data for 2018 were included as almost complete but not completely reliable at the time of
analysis. Therefore, the 2018 figures are included to provide insight into the latest trends but we also
go back 10 full years prior to 2018 to ensure we covered a full decade of complete data.
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A comparison of ASEAN conference proceedings between WoS, Scopus and Dimensions (Fig. 6.3)
demonstrated some similarity with the global pattern, specifically the higher proportions of conference
papers in the WoS and the lowest share in Dimensions. The share of conference papers in Scopus
exceeded that of WoS only in 2010-11 and this was by a greater margin than we saw in the global graph.
Individually, each of the ten countries in the ASEAN region demonstrated a different pattern and we
attempted to group these patterns into four clusters as described above.
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Figure 6.3. Conference proceedings publishing trends — ASEAN
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Figure 6.4. Conference proceedings publishing trends — Brunei
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Cambodia - conference papers
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Figure 6.5. Conference proceedings publishing trends — Cambodia
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Figure 6.6. Conference proceedings publishing trends — Indonesia
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Figure 6.7. Conference proceedings publishing trends — Laos
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Figure 6.8. Conference proceedings publishing trends — Malaysia
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Figure 6.9. Conference proceedings publishing trends — Myanmar
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Philippines - conference papers
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Figure 6.10. Conference proceedings publishing trends — Philippines
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Figure 6.11. Conference proceedings publishing trends — Singapore
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Figure 6.12. Conference proceedings publishing trends — Thailand
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Figure 6.13. Conference proceedings publishing trends — Vietnam
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6.4.3 ASEAN country clusters

The number of conference papers published by authors in the ASEAN region and their proportion of
overall publications has been diverse, with each country at first glance seeming to display its own
unique pattern of growth (Figs. 6.4 — 6.13). Upon closer inspection, it was possible to group the ten
patterns into four clusters.

The first cluster included Indonesia and the Philippines because their patterns (Figs. 6.6 and 6.10) were
both characterised by steep growth in the share of conference proceedings papers relative to other
document types. The proportion of conference papers published by authors in the Philippines (Fig. 6.6)
has approximately doubled since 2012 in each of the three data sources. The publishing output from the
Philippines has increased in that time across all document types, however the conference output has
increased more quickly. The case of Indonesia is even more remarkable (Fig. 6.10) since the share of
conference papers has reached 80% in the WoS and 58% in Scopus. Contrary to expectations, the
growth was not reflected at all in the Dimensions data which showed output of conference papers and
journal articles growing at almost exactly the same rate and more recently the conference proceedings
and book chapters losing some share to journal articles. In the WoS and Scopus databases, the expansion
in the share of conference papers was clearly at the expense of journal articles, and in Scopus also of
book chapters.

The second group included only Singapore, whose share of conference papers among its output has
consistently fallen (Fig. 6.11) in all three data sources over the past 10 years. The conference paper
output was fairly flat for Scopus and Dimensions for the entire period, whilst there was a sustained
period of growth in the WoS for a five-year period from 2011 to 2016 before the output fell back again.
Therefore, as the output of other document types has grown, the share of conference papers has steadily
declined in each database studied. In the Scopus database, the decline in conference paper share was
taken up mainly by journal articles as book chapters also saw a decline. Meanwhile in Dimensions, the
book chapters dropped less, and the journal articles took up the share. These figures did not demonstrate
any major shift in publishing behaviour and were most likely due to an acceleration of journal article
publishing with which conference output simply did not keep pace.

The third group comprised three countries; Malaysia, Thailand, and Vietnam, each of which generally
followed the patterns seen at global level. This pattern was characterised by steady growth in the
conference paper output that was in line with growth in publications of all document types and which
therefore resulted in a relatively flat conference papers share graph. Malaysia did not fit the pattern
perfectly because the conference share declined slightly in WoS and Scopus (Fig. 6.8) and significantly
in Dimensions. The proportion of Malaysian conference papers was similar in all three databases at the
beginning of the study period and diverged with a higher proportion of conference papers in WoS and
a lower share in Dimensions. For Thailand and Vietnam (Figs. 6.12 and 6.13), the share of conference
papers in Scopus tracked that of WoS and challenged WoS to varying degrees during two periods, the
year 2005 and the years 2010-12, the period when there was a general reduction in conference
proceedings indexing in WoS. The loss of conference paper share was taken up in each database mainly
by journal articles.

The fourth group comprised countries with very low output of academic papers and more or less stable
proportions of conference papers. The group included Brunei, Cambodia, Laos, and Myanmar (Figs.
6.4, 6.5, 6.7 and 6.9). Although some differences could be observed for instance the trough in
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Myanmar’s output between 2012-15, the low number of papers would be expected to exaggerate the
significance of such observations.

6.4.4 The case of Indonesia

The most striking result was seen in the WoS data for Indonesia that showed a sharp inflection in the
proportion of conference papers in national output starting after 2011. In the following seven years, the
share of conference papers rose from 23% to 80% of total annual output (Fig. 6.10). Indonesia’s authors
also increased their publication of other document types in the WoS, for instance journal article output
has increased by 16.1% per year since 2008. However, this was far exceeded by the rate of conference
papers that grew at 47.1% per year since 2008. The trend was less extreme but still marked in the Scopus
database. Conference paper output from Indonesia increased more than six-fold in Scopus between
2008 and 2015 but remained within a range of 23% - 33% of Indonesia’s output in the overall database.
In the following three years, the number of Scopus-indexed conference papers from Indonesia
multiplied by more than eight times, increasing faster than the journal article rate. By 2018 Indonesia’s
conference papers accounted for almost three-fifths (58%) of the country’s Scopus output. The trend in
the Dimensions database did not appear to follow that of the WoS and Scopus. The number of
conference proceedings written by Indonesian authors fluctuated in Dimensions until 2013 and
accounted for between 7% and 16% of national output. By the year 2017, the share had jumped to
18.6% accompanying a nearly four-fold increase in conference publications compared with 2015.
However, the proportion fell back again in 2018, although this might have been affected by the rate at
which conference papers were indexed in the database. The most recent years are less reliable, and the
relative proportions might stabilise as 2018 data becomes more complete.

6.4.5 Conference coverage expansion or organic growth?

It is worth considering that Indonesia’s increased conference representation in the WoS and Scopus
might be due simply to the fact that these databases have added a number of conference series that
contained large numbers of Indonesian papers prior to incorporation. In order to test this explanation,
we looked at the six conference series with most Indonesian papers in the WoS and the corresponding
six in Scopus in the last five years which was the period during which the major growth occurred. The
aim was to determine whether these series were recently added to the databases and if they contained
large numbers of Indonesian papers prior to their indexation.

The top six conference series in terms of Indonesia authored papers are shown for the WoS (Table 6.1)
and then for Scopus (Table 6.2). Four of the top conference series were the same in WoS and Scopus
while each database included two unique series in their version of Indonesia’s top six. It was not
possible to identify the specific conference series for Indonesian authors in the Dimensions database
and therefore this section of the study used only the WoS and Scopus. Also shown is the percentage of
that year’s conference within the series that were physically hosted in a location in Indonesia.

The results from the WoS showed that in each of these series the number of Indonesian papers grew
quickly in the five years from 2014 to 2018 (Table 6.1), more than seven-fold in the long-established
AIP Conference series and more than 470-fold in the /OP Conference Series: Earth & Environmental
Science (Fig. 6.14). In most of the other series, there only a handful of Indonesian papers in 2014 but
thousands in 2018. In the Advances in social science education and humanities research there were no
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Indonesian papers at all in 2014 and 2,441 in 2018. One could argue that many of these series were
relatively new and have themselves grown from a very low base over the same time period of this study.
That growth could be an explanation for the rapid growth in papers in these series from any country,
not just Indonesia. However, the Indonesian contribution has grown a lot faster than the total as attested
to by the increased proportion of papers from that country. In 2014 the proportion of published papers
in these series from Indonesia ranged from 0% to 5% while by 2018 the range was 15.3% to 52.5%.
Only two of the six conference series studied were added to the WoS since 2014. In one of these
(Advances in Social Sciences, Education & Humanities Research), Indonesian papers were not present
in the first year. In the other case (AEBMR-Advances in Economics, Business & Management
Research), Indonesian scientists authored fewer than 10% of the resulting proceedings papers in its first
year.

The least remarkable growth was seen in the AIP Conference Proceedings in which Indonesia ranked
8" by number of conference papers in 2014 and rose to 2™ by 2018. In the other five series Indonesia
published more conference papers than any other country in the world in 2018. This is a notable
achievement when just five years earlier, the country ranked between 17" and 41* in the world and did
not publish any papers at all in one of the series.

In Scopus the figures are no less impressive. In the six conference series in Scopus with most Indonesian
papers, we see the same remarkable growth (Table 6.2). Four of those conference series were the same
in WoS and Scopus although the number of papers indexed varies between databases. Two of the series
shown in the WoS table are not indexed in Scopus while two that are in the Scopus table are not indexed
in the WoS. In both the MATEC and the Es3 Web of Conference series, there were no Indonesian
authored papers in 2014 but more than a thousand in 2018 (Fig. 6.15). In the Es3 Web of Conference
that accounted for more than a quarter (28.6%) of the world share of papers which was more than any
other country in the world. In the MATEC Web of Conferences the Indonesian authored papers placed
Indonesia as the third ranked country by output by 2018.

6.4.6 Conference hosting

The data presented in Tables 6.1 and 6.2 show Indonesia’s rank in the countries with most author
affiliations on the proceedings papers in six conferences series by year. This means the publication year,
and not necessarily the year the conference took place. The two columns furthest to the right show the
proportion of conferences in the series that were hosted in Indonesia. The year the conference was
hosted did not always coincide with the year in which the proceedings were published. Sometimes a
conference is held at the end of one year, say in December and even a quick publisher will publish the
conference proceedings in the following year. That means the publication numbers and conference
hosting dates in Tables 6.1 and 6.2 are not infallibly related although we have made the assumption that
in the majority of cases the relationship holds true. Even so, the data clearly shows an increase in the
proportion of conference papers published by Indonesia based authors and an increase in the proportion
of conferences hosted in Indonesia.
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Table 6.1 Indonesian proceedings in conference series — WoS

Conference
proceedings Indonesia — WoS
2014 and 2018

0,
Conf pap?rs World share (%) Country rank by conf Cénf hosted '(A))
(Indonesia) papers in Indonesia

2014 2018 2014 2018 2014 2018 2014 2018

AIP Conference

. 260 1,918 5.0 153 8th 2nd 6.1 17.3
Proceedings

Advances in
social  science
education and 0 2,441 0.0 47.5 | Notranked Ist 15.4 59.3
humanities
research

Journal of
Physics

28 2,314 0.5 31.3 41st Ist 2.2 19.6
Conference

Series

IOP Conference
Series: Earth &
Environmental
Science

6 2,821 0.8 42.6 17th Ist 16.7 47.9

IOP Conference
Series:
Materials 8 1,846 1.2 19.8 25th Ist 6.3 17.1
Science &
Engineering

AEBMR -
Advances in
Economics, Not Not Not
Business & indexed 621 indexed 32:5 indexed Ist 50.0 50.0
Management

Research
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Table 6.2 Indonesian proceedings in conference series — Scopus

Conference
proceedings
2014 and 2018

Indonesia — Scopus

Country rank by conf Ol LR
Conf papers World share (%) Y Y (%) in
papers .
Indonesia

2014 2018 2014 2018 2014 2018 2014 2018
AIP Conference |, ) 1,924 6.1 15.0 7th 2nd 61 | 173
Proceedings
Journal of
Physics 32 3,778 0.6 26.2 39th 2nd 22 | 196
Conference
Series
IOP Conference
Series: Earth & 9 3,691 12 37.8 12th 2nd 167 | 47.9
Environmental
Science
IOP Conference
Series: Materials | 2,721 1.1 17.3 24th 2nd 63 | 171
Science &
Engineering
MATEC Web of Not
Conferences 0 1,362 0.0 14.0 ranked 3rd 0.0 13.8
Es3 Web of Not
Conferences 0 1.064 0.0 28.6 ranked Ist 0.0 18.8
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Figure 6.14. Indonesian proceedings in conference series — WoS
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6.5 Discussion

6.5.1 Conference proceedings indexing

The steep increase in conference papers coincided with the launch of a CD Rom version of ‘ISI
Proceedings’ in the early 2000s. The database owner, then Thomson Reuters, sought to create more
value in this product by adding proceedings papers from conferences held in the preceding five years®
in addition to those that were indexed annually. The additional conferences swelled the number of
proceedings papers that resulted in a peak of 25% in the proportion of conference papers in the WoS in
2003. Growth tempered after 2009 as emphasis (and resources) shifted towards the indexing of books
and book chapters in preparation for the launch of the Book Citation index in 2011. Once the Book
Citation Index was launched, evaluation and indexing work resumed its usual pace on proceedings. In
the most recent five years, the conference papers have reached a stable ratio of around 1:4 compared
with journal papers as both grew at a similar rate.

In the Scopus database, the share of conference papers showed a similar pattern to that seen in the WoS
(Fig. 6.2) albeit less extreme and shifted approximately four years later. The relative delay of the
phenomenon is possibly due to the later addition of conference papers to Scopus as part of the Scopus
Conference Expansion Programme (Elsevier, 2015) in which over 400,000 conference papers were
added to the database during the years 2011-2014. This was several years after the CPCI was added to
the WoS and would explain the time difference between the two databases in the surge of conference
papers.

The reason for the lower proportion of conference papers in Dimensions is likely due to greater coverage
of journal articles globally combined with a smaller coverage of conference proceedings papers. It may
also be due to the differences in document type classification, namely that all journal material is
classified as article in Dimensions while articles in the other two databases are sub-sets of journal
material which also contains other document types including conference proceedings. Journal
publishers are possibly more diligent than conference organisers in generating and depositing DOIs in
the Crossref database which is the backbone of the Dimensions database. That would partially explain
more journal content being indexed in Dimensions than conference proceedings publications. The
owners of WoS and Scopus, however, have each made concerted campaigns to boost the representation
of conference material which were followed by sustained increased share thereafter.

6.5.2 ASEAN region

The clustering exercise revealed sub-regional trends with the ASEAN countries. By far the most
interesting country for further study was Indonesia. Its steep and sustained increase in conference
publishing (Fig. 6.10) deviated so much from the global pattern that we investigated two potential
explanations. The first was whether non-indexed conference series containing large numbers of
Indonesian conference papers had suddenly been indexed by the databases used in the study. The author
considers this unlikely, because the indexing policies did not change significantly during this period
and because the analysis showed the conferences with the largest increase of papers from Indonesia
were already indexed. The second was whether hosting conferences in Indonesia had a positive impact

® The author is a former employee of Thomson Reuters.
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on output. The only two other countries to depart from the global norm were the Philippines whose
share of conference papers also increased, and Singapore whose share declined. In both of these cases,
the results were notable but did not show enough difference from the global picture to warrant further
investigation. Slight differences from the global average by any individual country are to be expected,
and those observed from the Philippines and Singapore were most likely examples of this deviance
rather than any major shift in publishing behaviour.

The differences shown in Indonesia’s conference publishing pattern between the three databases might
be explained by the unique coverage policy of each database and the precise timing of when large
conference series were added to the databases. However, there is a clear preferential increase in
Indonesian conference paper output in WoS and Scopus that implicates changing publishing behaviour
in Indonesia. This suggests that the most likely explanation for the observed increase in conference
paper output from Indonesia can be found within the Indonesian academic community.

Increased visibility of conference papers in global databases means research managers and
administrators are now able to evaluate conference proceedings papers among other indicators of an
individual’s productivity. This raises the possibility that academics have chosen to preferentially
publish conference proceedings rather than journal articles or book chapters. If one simply counts all
output found in a citation index linked to an academic, then one will be rewarding all indexed document
types equally. This might become an incentivising factor in publishing one type of paper over another
in countries where academic promotion policy does not distinguish between document types. Indeed,
conversations with Indonesian academics and one Indonesian conference organiser supported this
hypothesis. The organiser sent ministry guidelines for academic recruitment and promotion issued in
2012, 2014, and 2017. To his knowledge, there were “no rules regarding publications in the 2000s. This
policy of spurring the number of publications in Indonesia was only implemented 3-5 years ago.” He
went on to say Indonesians were incentivised by Scopus publications which were more easily and
quickly attained through conference proceeding and that “the goal was catching up with Malaysia and
Singapore in Scopus output.”

An alternative possibility is that increased database coverage is responsible for greater visibility of
Indonesian publication activity. Most of the conference series studied were already indexed in the
citation databases before any significant contribution from Indonesia, thereby dismissing the sudden
addition of specific conferences to the databases as a plausible explanation for the growth. The only
exception was AEBMR - Advances in Economics, Business & Management Research which was added
to the WoS in 2015. In that year, 44 Indonesian papers were added, and that figure rose by more than
14-fold to 621 in the following four years. The results showed that Indonesian authors have indeed
greatly increased their conference proceedings publication output within the last 5 years and the
presence of these papers in the databases was not explained by sudden indexing decisions. In personal
communication, a leading conference publisher supported the hypothesis that some authors from
Indonesia are choosing the conference route as quicker than the journal article alternative and found it
easier to pass peer review on conference papers than journal articles.

In almost all the conference series studied, there was an increasing proportion of the conferences hosted
in Indonesia. The growing interest of the Indonesian academic community in attending conferences and
publishing conference papers may well have stimulated the increased number of conferences organised
and hosted in Indonesia. The conference publisher mentioned earlier also suggested that investment by
Indonesia in supporting science conferences has led to the increasing number of events physically
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hosted in Indonesia. The combination of government investment in science, ministry guidelines
incentivising publishing, and academics’ preference for conference proceedings are the likely cause of
the increased number of locally hosted conferences.

6.6 Conclusions

Both the WoS and Scopus have made concerted efforts at different times to add conference proceedings
papers to their databases and these remain an important part of both databases. The addition of the
Conference Proceedings Citation Index to the WoS caused a major jump in representation of conference
material in the database. Similarly, the Scopus Expansion Project added a lot of conference proceedings
to the Scopus database although this occurred several years later and consequently the conference
proceedings remain more prominent in the WoS than Scopus. Dimensions indexes more journal articles
and fewer conference proceedings papers than the WoS and Scopus and therefore appears to hold a
lower proportion of conference proceedings. However, conference proceedings are often classified as
journal articles in Dimensions which both raises the number of articles and reduces the number of
proceedings papers. The backbone of the Dimensions content is Crossref and its content is therefore
determined by those publishers that have deposited DOIs in the Crossref database. Journal publishers
are likely to be more diligent about this process than conference organisers because DOIs are decisive
when journals are evaluated for inclusion in many prestigious databases. These practices contribute to
the apparently lower proportion of conference papers in Dimensions than the other two databases.

Studying the dynamics of conference proceedings publishing depends on multiple factors that affect
different parts of the world to varying degrees, and these stories may be obscured when we look at the
global average figures. Consequently, the second part of the paper was a case study of the ASEAN
region as a well-defined group of ten component countries to identify any interesting trends. Conference
proceedings output started from a low base in the ASEAN countries and on average saw a recent
increase in conference proceedings publishing in the WoS and Scopus while the proportion of journal
articles and book chapters and other document types declined. The ten countries were organised into
four clusters with only Indonesia and the Philippines showing sustained increase in conference
publishing, while Singapore declined. The other countries generally followed the global trend.
Indonesia was by far the most interesting case due to the extent of the apparent wholesale shift of its
country’s authors towards publishing conference proceedings at the expense of other document types.
Publishing of journal articles also increased but were easily outpaced by the conference papers which
accounted for the majority of change in the ASEAN region’s publishing pattern.

Further investigation into potential explanations for the disproportionate increase in conference
proceedings publications from Indonesian academics examined the database coverage of Indonesian
conference papers and the changing dynamics within the academic community. Expansion of
conference proceedings coverage in both the WoS and Scopus has been shown to be partially
responsible for the increased number of research papers from Russian scientists (Moed et al., 2018).
The findings showed the phenomenon reflected real growth in published conference papers by
Indonesian authors rather than being the result of increased database coverage. They also determined
that Indonesia has rapidly and recently increased its hosting of international conferences whose
proceedings are indexed in the major citation indexes. The increase in conference hosting is a plausible
explanation for the corresponding growth in Indonesian conference publications, as it must be easier to
attend and present a paper at home than abroad where international travel might be a barrier. Further
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research would be required to determine whether the locally hosted conferences bred increased output,
or if improved Indonesian research had attracted international conferences to the country.

The local publishing guidelines and sometimes controversial credit-based assessment system (Singh
Chawla, 2018) might have provided the conditions and stimulus for Indonesian academics to increase
their publication output and advance their careers partially through a preference for publishing
conference papers and those same policies could have also incentivized scientists to host international
conferences in Indonesia. A recent study found an isolated case of preferential conference proceedings
publishing in Europe and attributed that to the national policy for evaluating academics (Vanecek &
Pecha, 2020). Follow up studies are therefore encouraged to look at the Indonesian local higher
education and research promotional policies, and surveys of Indonesian scientists would be especially
warranted.
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7.1 Summary of the main findings

Bibliometrics has developed as a scientific field in its own right based on several decades of experience
with large-scale, quantitative methods and associated published studies. It has also spurned a lively
debate over the extent to which we should trust the numbers. Some point to the objectivity of metrics
and urge users to rely heavily on bibliometric indicators, while other commentators resist the move and
claim that only expert opinion can sufficiently account for the complexities of scientific research. This
dissertation neither wholly embraces, nor rejects the use of quantitative indicators. Instead, it plots a
middle ground and aims to help policymakers employ quantitative bibliometric analyses with nuance
and interpret results with caution in various scenarios that require assessment of research output and
performance.

Chapter 1 comprised an introduction to bibliometrics and the issues raised in the context of research
policy and evaluation. This introduction presented five research questions, which were addressed in
Chapters 2 — 6. Each of these chapters dealt with a specific area of interest and is presented in the form
of a research article either published in a peer-reviewed journal or in the process of peer review. The
first area presented in chapter 2 illuminated the questions raised by the varying quality of bibliometric
data, specifically looking at the way university names are presented in four major databases. Chapter 3
addressed a methodological point raised by the advent of the UN sustainable development goals as
emerging scientific disciplines and the need to delineate them in new ways. The third topic in chapter
4 concerned the extent to which bibliometric analysis demonstrates the existence and trends in the
much-lauded transdisciplinary collaboration. Chapter 5 described the geodiversity of research in terms
of topic, researcher location, and collaboration dynamics between academics from established and
developing regions of the world. Finally, chapter 6 showed how bibliometric analysis can uncover the
sometimes-unintended consequences of research policy on academic publishing behaviour. Section
7.1.1 includes a summary of the insights gained relating to each of the five research questions introduced
in chapter 1 of this dissertation.

7.1.1 RQI1: How does bibliometric data quality impact research policy?

In scholarly publication databases, the link between the author and their affiliated institution is used to
enable bibliometric studies of universities by aggregating papers to their institutions (Calero-Medina et
al., 2020). That way, we can conduct studies of the institution itself and make easy comparisons between
organisations. Policymakers routinely use these techniques to allocate funding, attract talent, and
identify elite institutions (Abramo et al., 2009; Debackere & Glanzel, 2004; Rinia et al., 1998).

Chapter 2 answers the research question on the impact of data quality on research policy through
pairwise comparison of publications assigned to 18 selected universities between four databases:
Scopus, Web of Science, Dimensions, and Microsoft Academic. In each pairwise comparison, the
papers assigned to one of the universities in the primary database but not the comparator database were
identified.

There are two possible explanations for university papers being retrieved in the primary database but
not the comparator. One is that the databases have different coverage policies and the second is that
databases assign papers to universities in different ways. The study presented in chapter 2 was more
focused on understanding affiliation disambiguation and therefore separated the non-overlapping
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papers into one of two categories: differences due to coverage and discrepancies between affiliations.
Having discarded differences due to databases coverage, it was possible to quantify papers that were
present in both databases but only assigned to the university in one of the databases. It is not possible
to say whether the databases were right or wrong to assign papers to any affiliation, but it was possible
to quantify the discrepancies.

Reasons for discrepancies: The findings uncovered in the first part of the study reveal differences in
the methods of assigning papers to specific institutions. In order to further our understanding of the
possible reasons behind the discrepancies, it was necessary to manually examine random samples of
papers assigned to a university in one database but not in another (although the paper was covered in
both databases). The manual examination revealed four main reasons for the discrepancies which were:

e Missing affiliation: A database has indexed the article but failed to index the authors’
affiliations. The paper might be found in another database with affiliations thereby causing the
discrepancy between databases.

e Missing second affiliation: In cases where an author has more than one affiliation, the database
has indexed the author’s first affiliations but overlooked their subsequent affiliations. In this
case, the paper will be retrieved only when searching the first affiliation.

e Unification: The database has indexed the paper, along with its author(s) and their address(es),
but not linked the address to a unified affiliation. For instance, the study showed that some
papers attributed to authors from the American University of Beirut Medical Center have been
unified to AUB in Web of Science but not in Dimensions, which treats it as a separate
institution.

e Assigned to wrong institution: The database has linked the author address to an affiliation, but
not the one presumed intended by the author. Examples were found in which authors from
LaSTRe Laboratory in Tripoli, Northern Lebanon, were erroneously affiliated to a university
in Libya in the Web of Science. This probably occurred because of the appearance of the city
name, Tripoli, which is the capital of Libya but also a city in Lebanon.

The comparisons in chapter 2 suggest that Web of Science and Scopus are most adept at assigning
affiliation to a publication that the other databases agree with. Meanwhile, when affiliations are assigned
by Microsoft Academic and Dimensions, a much larger share of the papers are not found affiliated to
the same universities in the comparator databases. These findings seem to support previous reports of
low completeness of affiliation metadata in Dimensions (Guerrero-Bote et al., 2021) and Microsoft
Academic (Huang et al., 2020).

A major assumption in any study of universities is that the institutions are accurately identified in the
source database. In chapter 2 we see this is not always the case and that there are almost limitless ways
authors can identify their institutions on an academic paper. Research organisations, publishers, and
database owners invest considerable effort to identify and unify address variants to a single agreed
definition of all possible variants of an institution’s name. The results presented in this study confirm
that this practice is not always effective and that different databases often don’t agree on the same
definition of a university.

Chapter 2 therefore provides an example of where bibliometric studies can provide quick, large-scale
analyses of university performance but the inaccuracies in affiliation data render the reports of limited
use to research policymakers. As university names vary both within and between bibliometric
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databases, the results of any bibliometric study of universities will produce different results depending
on which database is searched. Even using a single data source is not entirely reliable because some
universities have more accurate affiliation unification than others. An element of expert opinion is
encouraged in any assessment of university performance to balance any inaccuracies in the bibliometric
data.

7.1.2 RQ2: How can bibliometrics help improve the categorisation of
sustainability research?

The United Nations sustainable development goals (SDGs) were first introduced in 2016, and prior to
that the goals had never been part of the subject classification of any bibliometric database. In order to
assess academic contributions to progress against the SDGs, a way of identifying research publications
related to the goals had to be developed. Multiple actors including bibliometric database owners and
independent research groups have made attempts at developing new methods of identifying research
related to each of the SDGs. One research group compared papers retrieved using its method with those
retrieved by Elsevier and found a worryingly low level of agreement (Armitage et al., 2020a).

Chapter 3 of the dissertation answered this question by comparing four methods of classifying research
related to the SDGs. The four methods used in the comparison were Elsevier (Jayabalasingham et al.,
2019; Provengal et al., 2021; Rivest et al., 2021), STRINGS (Confraria et al., 2021; Rafols et al., 2021),
SIRIS (SIRIS Academic, 2020), and Dimensions (Wastl et al., 2020). The study analysed the extent of
overlapping publications retrieved from a search for SDG 13: Climate action in each method.

The study presented in chapter 3 reported low agreement and wide variation in the scholarly papers
identified as related to SDG 13: Climate action by the four methods. The Elsevier and SIRIS methods
agreed on only 29.2% of the papers retrieved by the two methods, which represented the highest level
of agreement in the study. The lowest level of agreement was between the Dimensions and STRINGS
methods, which agreed on only 13.4% of the papers found by the two methods.

Each method is made up of multiple steps, many of which are not publicly available, which makes it
difficult to work out the precise cause of the differences between their results. The steps include
keyword selection, operationalisation of search strategies, source database selection, subject matter
expert input, assessment of recall, enhancement using artificial intelligence algorithms, and random
sampling of retrieved publications.

Each method started with a list of keywords that were selected by subject matter experts. As we do not
know who the experts were, what defined them as experts, or what instructions they were given, chapter
3 includes an analysis on the keywords and groups them into words related to policy, technology, or
general keywords. The analysis showed that the four methods chose different volumes of keywords,
Elsevier having used 458, SIRIS 228, STRINGS 98, and Dimensions 45. There were also discernible
differences in emphasis of the keywords. For instance, the Elsevier method emphasised general (46%)
and technical (41%) terms. The SIRIS method also prioritised general (52%) terms but then used a
balance of policy and technical (both 24%) terms. Both STRINGS and Dimensions used mainly general
terms (71% and 76% respectively), and then policy-related terms (24% and 20% respectively), and both
methods used only 4% technical terms.
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The study in chapter 3 then presented the terms most frequently mentioned in papers retrieved by each
method on a series of VOSviewer maps. The comparisons enabled a visual representation of broad
groups of terms favoured by each method in the comparison. The Elsevier method may have favoured
terms related to the environment and climate possibly due to the relatively large number of keywords
used related to these topics. The SIRIS method retrieved publications more focussed on the technical
aspect of carbon emissions, having employed very specific terms such as “orbiting carbon observatory”.
The STRINGS method elicited papers more focussed on climate change, while Dimensions retrieved
papers with more emphasis on energy and policy.

The deviation of keywords already used in the initial step of the methods suggested the differences were
likely to become compounded thereafter.

The Times Higher Education Impact Ranking is based on Elsevier’s method, which involves a
combination of expert input, keyword validation, search operationalisation using the Scopus database,
more expert input, scaling by machine learning algorithm, and fine tuning. If the same ranking were to
use an alternative method, the listing would surely look rather different because of the considerable
variance in the publications included in the analysis. It is important for users of this ranking to be aware
that it is currently in an exploratory phase and should not be taken as a serious report on the output or
impact on sustainability research.

Each method revealed only part of their workings in publicly available documentation and these parts
did not overlap. It was therefore not possible to include direct comparisons for each individual step,
only the final result. Each of the methods contains an element of enhancement, and there is no way for
independent researchers to reproduce it. The experts used, instructions given, operationalisation of the
keywords, thresholds, machine learning, and NLP techniques used are all proprietary to the owner of
each method. This introduces the concept of the so-called ‘black box’ into an already complex method.
This is unfortunate because it renders the methods immune to reverse engineering. As there are several
steps in the methods, the differences between them compound one another, making it even more
difficult to unpack the precise impact of the black box. Each method owner would need to provide the
key, and this is not currently on offer. Instead, we are obliged to accept the presence of a black box and
work with the final dataset of publications. We can learn a lot from analysis of the end result, but to
really understand the impact of each step in the process, it will be necessary to systematically
deconstruct the methods in subsequent studies.

The findings presented in chapter 3 provided evidence that supported the earlier study that showed
broad discrepancy between Elsevier’s method and two versions of the authors” own method (Armitage
et al., 2020a). Similar to the study in chapter 2, these findings should alert policymakers to the risks of
relying on a single source or method of identifying sustainability-related research in any assessment
exercise.

7.1.3 RQ3: What can bibliometric analysis tell us about transdisciplinary
research collaboration trends?

Transdisciplinary research refers to cooperation of scientists representing different societal stakeholders

(Hernandez-Aguilar et al., 2020) and is considered to offer benefits when addressing complex social
problems like renewable energy, healthcare, or smart and sustainable communities (Hirsch Hadorn et
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al., 2006; Yarime et al., 2012). Research policymakers around the world routinely call for closer
collaboration, closing the gaps between societal stakeholders, and more societal engagement (Drahota
et al., 2016; Frerichs et al., 2016). What they are calling for is transdisciplinary research. Despite the
regular, frequent, and international calls and policies, there is still very little evidence that such gaps
are being closed.

The study presented in chapter 4 addresses this question by quantifying trends in inter-stakeholder
collaboration. Stakeholder publications were sourced from the Dimensions database, which relies on
the Research Organization Registry (ROR) classification of organisation types. The organisation types
used in this study are shown in Table 7.1.

Table 7.1 Stakeholder types

Organisation type Description

A university or similar institution involved in providing

Academia . . .
education and educating/employing researchers.

A private for-profit corporate entity involved in conducting or

Indust .
Y sponsoring research.
A non-profit and non-governmental organisation involved in
Nonprofit . .
conducting or funding research.
An organisation that is part of or operated by a national or
Government

regional government and that conducts or supports research.

As the vast majority of scholarly research is conducted and published by academic institutions, the
study comprised three pairwise analyses:

e academia — industry
e academia — nonprofit
e academia — government

The study showed an increase in the volume of each of the three collaboration combinations over the
period 2013-2022. However, the overall volume of academic papers also increased substantially and
therefore the collaboration was presented as a change in collaborative research as a proportion of overall
academic output over the 10 years. In the case of academia — industry, the publication of collaborative
papers has grown by approx. 40% but has dropped by 16% as a share of overall academic output. That
means academic output has grown faster without industry collaboration than with it. The corresponding
time trend for academia — nonprofit showed the relative collaborative research falling by 2% and the
academia — government collaboration growing by 3% relative to the overall academic output. These
results therefore did not provide evidence to support the idea that inter-stakeholder research
collaboration is increasing in relation to research output as a whole.
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Regional and field of research analysis

Given that regional or national laws, policies, and customs vary widely, the chapter 4 study presented
the 10-year change as a scatter graph with a dot representing each of the 25 countries with the highest
output and the world and EU as benchmarks. For academia — industry, China and Belgium were the
only countries to register detectable increases in collaboration relative to overall academic output. In
China, a change in intellectual property laws might have stimulated a lot of commercialisation activities
by universities. For academia — nonprofits, Spain, the United Kingdom, and Iran showed the largest
relative increase in collaboration.

The study then used a similar breakdown of results, this time by field of research for each of the three
comparator pairs. The results showed that the share of academia — industry research fell during the 10-
year time period for all fields of research except earth sciences, which grew, and mathematical sciences,
which remained fairly stable. Scientific fields such as engineering and biological sciences declined
somewhat, although the social sciences and humanities showed the steepest declines. The academic —
nonprofit analysis showed a more diverse pattern in which the social sciences and humanities deviated
in both directions with marked increases in relative collaboration in philosophy & religious studies,
history, heritage, & archaeology, and built environment & design and steep declines in the creative arts
& writing and the law & legal studies. The sciences also deviated but to a lesser extent. For instance,
the mathematical and chemical sciences showed increases in relative collaboration while engineering
and the earth sciences declined. The academia — government analysis showed the steepest increases and
the steepest declines in relative collaboration in the social sciences and humanities, while the sciences
remained relatively stable.

Given the frequent calls for closer collaboration between academia and other research stakeholders,
especially in the context of complex societal challenges, policymakers will undoubtedly benefit from
progress reports on collaboration trends. This study uses a large-scale bibliometric study of inter-
stakeholder collaboration as a unique contribution to the literature on trends in transdisciplinary
research. Despite all the calls, the findings presented showed that the academic community has not
increased collaboration in relative terms and that transdisciplinary research remains a very small share
of overall academic output.

7.1.4 RQ4: How can bibliometric techniques be used to describe the geodiversity
of research?

Equity, diversity, and inclusion are being given considerable attention in higher education (Fuentes et
al., 2020), aspiring to capture the “full range of human diversity, including race, ethnicity, gender,
sexual orientation, age, religious affiliation, disability status, social class, culture, geodiversity, and
other identities associated with sociocultural diversity” (American Psychological Association (APA),
2013). The study presented in chapter 5 aims to contribute specifically to our understanding of
geodiversity, especially in the context of research related to hunger.

Chapter 5 answers the research question about how bibliometrics can describe geodiversity by analysing
almost 60,000 papers related to hunger that were indexed in the Dimensions database between 2016
and 2021. The geodiversity of research looked at geographical focus of papers, the geographical
location of their authors, and the relative author position on the papers. To simplify the study, countries
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were grouped according to the Global Hunger Index (GHI) report published in 2021 that quantifies the
level of hunger in each country (von Grebmer et al., 2021).

About a third of the papers analysed mentioned at least one country name in the title or abstract.
Counterintuitively, the frequency of country mentions declined as the severity of hunger rose. The
highest number of country mentions was 7,281 mentions of countries in the GHI serious category. The
serious category comprises 37 countries with a combined population of 2.6 billion people. Therefore,
normalising for the combined population there were 2.79 mentions of serious countries per million
population. The most severe categories are alarming and extremely alarming, which together comprise
10 countries and a combined population of 232 million people. The 434 mentions of countries in these
most severe categories meant 1.87 mentions per million population. The number of mentions per
million population rose as the level of hunger dropped until the countries not assessed, which includes
the wealthy, Western countries, received 4.00 mentions per million population. The only exception to
this trend was the low country category, which received the lowest (1.82) number of mentions per
million population.

The unexpected drop in local authorship in countries most affected by hunger was potentially explained
by a lack of funding, limited access to higher education, and underdeveloped research infrastructure.
Several of the countries most severely affected have or have had civil or military conflict in recent
decades. The presence of war in a country is likely to limit the number of available researchers and
focus peoples’ priorities elsewhere (De Souza, 2017; Mayai, 2020).

The study then analysed author location to examine the extent to which authors of hunger research are
located in countries severely affected by hunger. Also counter to expectation, the number of author
affiliations declined as the severity of hunger rose. There were 288 author affiliations in countries in
the alarming and extremely alarming country categories, which meant 1.24 affiliations per million
population. The number of affiliations per million population rose as the level of hunger dropped, until
countries not assessed for hunger hosted 29.02 affiliations per million population. The only exception
to this trend were the low country categories, where the number of affiliations per million (5.33) fell
between that of the serious (4.93) and moderate (6.48) categories.

Mentions-only papers

Comparison of country mentions and author locations enabled analysis of the reasons for authors to
mention in a paper a country they are not physically located in. These papers, termed mentions-only
papers, were of interest in the context of ‘helicopter’ or ‘parachute’ research, in which scientists from
wealthy countries drop in to poorer regions to collect samples and then conduct their analyses in the
safety and comfort of their own home. Analysis of author location confirmed that the majority of
mentions-only papers in each GHI category were published by authors in Western, developed countries.

Affiliations-only papers

The next part of the study looked at papers with authors from countries suffering from hunger where
the country in which the authors are based was not mentioned in the paper. These papers were termed
affiliations-only papers, and in most (65% - 96%) cases they didn’t mention any country at all. A
common explanation for papers mentioning no country was that the paper had no regional focus. Many
papers published by researchers in India focus on improving agricultural methods which are not region-
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specific and therefore count as affiliations-only papers. Another common reason for not mentioning the
name of the country where the authors are based was that the mention seemed to have been simply
overlooked. For instance, manual examination of sample papers revealed a clinical study whose authors
were all based in the Democratic Republic of the Congo thanked a local hospital in the
acknowledgements section of the paper.

Equality of partnerships

A section of the study examined the author location and position of author affiliations on the paper.
Author affiliations from alarming and extremely alarming countries accounted for 0.35% of all
affiliations, while the population of these countries accounts for 2.9% of the world’s population.
Therefore, authors from countries in these categories are underrepresented in hunger research. The share
declined even further for authors in first (0.23%) and last author (0.17%) positions. The study confirmed
the low level of lead author positions among local authors on published hunger research that focused
on countries most affected by hunger. This finding has been linked to complaints of ‘helicopter’
research in which scientists from wealthy countries are said to ‘drop in’ to poorer regions to collect
samples and then conduct their analyses once they are safely home (Heymann et al., 2016; Minasny &
Fiantis, 2018; North et al., 2020). Rather than including scientists in the country under study among the
resulting paper’s co-author list, visiting scholars overlook the contribution of local academics or
relegate them to a mention in the acknowledgements section of the paper.

Certainly, the case against unethical research practices warrants further investigation and intervention
by the global academic community. However, it may not be easy to identify malpractice simply through
large-scale bibliometric analysis. The UN call to action in 2015 was to the whole world and that means
that wealthy countries should help developing nations tackle problems described in the SDGs, including
poverty and hunger. In an ideal scenario, scholars from well-funded countries with established research
infrastructure will work closely with academics in developing areas, who are likely to have a deeper
understanding of local issues and more easily transcend cultural and linguistic barriers.

7.1.5 RQS5: How can bibliometric assessment cause inadvertent behavioural
change in the scientific community?

In 2012, the Indonesian government modified its research policy with the intention of incentivising
academics to increase their publications indexed in the international bibliometric databases. The
motivation was to catch up with regional peer countries, especially Malaysia and Singapore. The
pressure on Indonesian academics to increase publishing activity is seen in many other areas of the
world (Abramo & D’Angelo, 2014). Under new ministry guidelines, Indonesian scientists’ pay
increases and academic promotions were linked to the number of their publications in ‘accredited’
journals, i.e. those indexed in Scopus or Web of Science. This provided a strong incentive for
Indonesian academics to prioritise publishing in Scopus or Web of Science-indexed venues at a time
when both databases had just launched conference proceedings expansion programmes.

The results of the study described in Chapter 6 show a striking and unique national publication pattern
of Indonesian academics. The relative share of Indonesian conference papers indexed in the Web of
Science jumped from a little over 20% up to 80% of overall Indonesian publications in just six years.
That means that four out of every five published papers with an Indonesian author in 2018 were
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conference papers. Analysis of Scopus data confirmed this trend, and although the increase in Scopus
was more modest, conference papers still accounted for three out of every five published papers by
2018.

World and ASEAN regional data showed that the pattern of changing publishing behaviour was unique
to Indonesia and not representative of norms seen elsewhere. Conference proceedings output also
increased in absolute terms globally but accounted for a fairly stable proportion of overall publication
output over a 20-year period.

Chapter 6 includes bibliometric analyses to further analyse the surprising Indonesian result. Web of
Science and Scopus were competing at the time to offer more complete coverage of high-quality science
by expanding their coverage of academic conferences. The Indonesian conference papers were in
conference series that had already been indexed in the databases before the coverage expansion, which
suggests that the spike in Indonesian papers were published at established conferences. In 2014,
Indonesia ranked as the country with the 41* most conference papers in the Journal of Physics
Conference Series, while by 2018 Indonesia had risen to 1* position. Indonesia had become the most
prominent author country among papers presented at the conference. A similar pattern could be detected
for other conference series in both Web of Science and Scopus.

The study goes on to note that there was a steep increase in the number of academic conferences
physically hosted in Indonesia whose proceedings were then indexed in Scopus and the Web of Science.
The share of AIP conferences hosted in Indonesia almost tripled between 2014 and 2018 and other
conference series saw similar or even greater increases in the share of their conferences hosted on
Indonesian soil. The resources and logistics must surely make it easier for academics to attend and
present at conferences in their own country instead of travelling to conferences held outside the country.
The increased emphasis on hosting conferences in Indonesia might therefore have been a contributing
factor in the spike in indexed conference papers from Indonesian academics.

There is a perception within academia that conference papers are quicker and easier to publish than
other document types including book chapters and journal articles (Bar-Ilan, 2010; Gonzélez-Albo &
Bordons, 2011). Therefore, it follows that academics can increase their paper count by switching their
attention to presenting papers at conferences at the expense of submitting manuscripts to journals. This
practice was confirmed anecdotally by one Indonesian academic who organised local academic
conferences, published the proceedings, and submitted them to Scopus and Web of Science for
indexing. The timing of the release of ministry guidelines suggests a causal relationship with the
selective shift towards conference publishing that was unique to Indonesia.

The study in Chapter 6 illustrates the potential consequences of general research policies and publishing
guidelines. A more specific policy could have included a different weighting for the various document
types. In this case, bibliometrics has been allowed to take the lead and be a deciding factor in the
important matter of academic promotion. An increased element of peer judgement would surely detect
and rectify this anomaly.

167



7.2 Implications of the findings

The studies presented here have illustrated the benefits of using large-scale, quantitative bibliometric
analyses described in the dissertation objectives (section 1.5.2), such as the ability to compare data
quality between bibliometric databases and compare different approaches to defining new subject areas
(chapters 2 and 3). The power of bibliometrics extends beyond academia and facilitated a study of
transdisciplinary research collaboration (chapter 4). In chapter 5, the analysis of data on millions of
publications enabled a description of the geodiversity of research and in chapter 6, bibliometric analysis
illustrated a national-level behavioural change.

In each of the cases mentioned above, there was also an opportunity to discuss the limitations of
bibliometrics alluded to in the general introduction of the dissertation (section 1.1). This includes data
quality issues and discrepancies between data providers (chapter 2), ‘black box’ methods and new
technologies such as artificial intelligence (chapter 3), differences between research stakeholder types
in priorities regarding research outputs (chapter 4), ambiguous recognition of contributors and the
potential for unfair practice concerning collaboration between academics from privileged and
unprivileged backgrounds (chapter 5), and the assumptions made on academics’ publication practice
(chapter 6).

These implications can be grouped into three broad categories: those concerning how bibliometric
assessment is in fact shaping the research system, the need to find a balance between bibliometrics and
expert judgement, and the role of the bibliometric community in improving data, methods, and
transparency in the pursuit of more trust among research stakeholders.

7.2.1 Bibliometric assessment is shaping the research system

The use of bibliometrics is shaping the research system by defining what can be measured and
influencing the behaviour of those being evaluated using bibliometric assessments. We have seen that
scientific communities will respond to bibliometric assessments by modifying their behaviour to
improve their performance. In Indonesia (chapter 6), the national research policy offered financial
incentives for higher publication counts in an attempt to boost national output with respect to other
countries. The shift of the Indonesian academic community from publishing journal articles to
publishing ‘easier’ conference papers is evidence of a community responding to the way it was being
assessed by changing its publication behaviour.

We have also seen discussions about whether contributors to studies are being duly assigned co-author
status or merely mentioned in the acknowledgements section of a paper (chapter 5). In bibliometric
studies, coauthors usually receive credit for their contribution to a paper, while those mentioned in the
acknowledgements section do not. The order of co-authors has also come under scrutiny, with certain
author positions associated with more prestige than others. Choices are therefore being made by
academics involved in scientific study that are at least partially influenced by bibliometric assessments.
Questions have been raised about how those decisions are made and who is making them, especially in
the context of international collaboration between researchers from wealthy regions and academics
based in low- and middle-income countries.
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7.2.2 Balancing bibliometrics with expert judgement

The findings presented in this dissertation demonstrate that bibliometric analyses can be helpful in
policy development and research evaluation because they reveal large-scale trends, networks, and
patterns in publication dynamics relatively quickly and cheaply. However, bibliometric analyses also
lack the sensitivity to fully explain the observed trends and patterns. In this dissertation, bibliometric
analysis is used to set the scene by revealing intriguing trends or patterns in scientific publications that
would have been difficult to spot without the use of quantitative analyses. These include the wide
discrepancy between approaches to defining research related to sustainability (chapter 3), the shift in
Indonesian publishing patterns (chapter 6) and transdisciplinary collaboration (chapter 4).

However, in each of the studies, some form of manual analysis was used to explain the results.
Sometimes this manual step confirmed what we intuitively expected from the numbers and added an
extra layer of confidence in our conclusion. At other times the manual analysis revealed surprises that
were not evident from simply looking at the macro-level patterns. It is important therefore for users of
bibliometric reports to accept that the results represent only the beginning of the story. Findings should
be scrutinised carefully, and consumers of bibliometric reports should avoid jumping to conclusions
that are not directly proven by the analysis. The fine combination of quantitative analysis with expert
judgement is the key to conducting good quality evaluation and policymaking. This coincides with
recommendations presented in several community-led guidelines on improving the use of bibliometric
analysis in research assessment, e.g., the Leiden Manifesto (Hicks et al., 2015). The true story only
really becomes clear once one gets behind the numbers.

Shouldn’t we then go one step further and remove the numbers entirely? This question has been debated
for a long time, and it is still the subject of intense discussion, especially in the context of research
assessment. For example, in a recent letter to the editors of the journal Scientometrics, Torres-Salinas
et al. (2023) complain that some sectors of the scientific community are leaning towards a state of
‘bibliometric denialism’. Torres-Salinas et al. use this term to highlight the practice of deliberately
denying a corpus of evidence on the value of bibliometric analysis in the same way flat-earth society
supporters deny the Copernican view that the earth revolves around the sun (Boden & Epstein, 2011).
The letter goes on to cite recent changes in evaluation systems in Germany and Spain that have entirely
removed the quantitative component of research assessment as ‘detrimental’ to publication behaviour.
The stark language used in this letter belies a frustration in parts of the research community at the
reactive ban on bibliometric methods and consequent reluctance to incorporate any quantitative analysis
into routine research assessment.

Some supporters of the views described by Torres-Salinas et al. indeed promote the wholesale removal
of quantitative indicators from research assessment, but as pointed out by Rushforth (2023), this has
not become the prevailing view. In a measured response to Torres-Salinas et al. (2023), Rushforth
suggests the claim of denialism is too strong, even alarmist, and that the research community is
generally adopting a position of ‘responsible research assessment’. The idea of responsible research
assessment is to treat bibliometrics as one of the available tools to ‘support but not replace peer review’
(Rushforth & Hammarfelt, 2023). This seems to be a sensible approach, combining the benefits of both
quantitative and qualitative elements. Moreover, it is in line with the approach taken in this dissertation,
where various studies have begun with a large-scale bibliometric analysis and have then applied manual
examination to more fully explain the findings.
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7.2.3 Importance of community-based collaborative initiatives

Although the appropriate, context-specific use of bibliometric indicators has been urged since their
inception (Garfield, 1972), once the data is accessible by millions of academics, it is natural for
inquisitive scientists to try out new ideas on their own. Indeed, many researchers justifiably consider
themselves bibliometricians and have developed opinions on research evaluation methods. Members of
the research community periodically publish calls for communal progress through initiatives such as
the Declaration On Research Assessment that was launched by researchers calling for improvements to
bibliometric assessment techniques (DORA, 2023) and the Leiden Manifesto in which professional
bibliometricians describe a set of principles to guide research evaluation (Hicks et al., 2015). More
recently the European Commission launched the Agreement on Reforming Research Assessment
(CoARA, 2022a), which aims to transform ideas like those presented in DORA into real actions and
which has attracted support from research organisations around the world. The Coalition for Advancing
Research Assessment (CoARA, 2022b) has been formed to enable the reform described in the
Agreement on Reforming Research Assessment. COARA proposes a move towards a research
assessment system based primarily on peer review and supported by responsible use of bibliometrics,
while abandoning some of the most used and most controversial indicators and ranking systems.
Authoritative, community-led declarations such as DORA, the Leiden Manifesto, and the CoARA
agreement are needed to address some of the bigger challenges faced in bibliometrics. Indeed, they
channel peripheral and diverse conversations into more centralised, aggregate opinions and invite the
wider community to support them. These collective statements then begin shaping popular opinion into
community consensus. Organised initiatives supported by large sections of the community have a
greater likelihood of commanding attention and of making real improvements than scattered opinions.

As the bibliometric community develops, there are opportunities for new initiatives that address other
challenges in bibliometrics. Specifically, data quality and curation should be more reliable to build
greater trust in the numbers and confidence in conclusions drawn from bibliometric reports. Therefore,
the entire research community has a vested interest in improving the research data infrastructure and
several community-led initiatives have already demonstrated success. An example is ORCID, the open,
unique identifier for academic authors that enables bibliometricians to identify research from individual
authors across multiple data sources. Another is the Digital Object Identifier (DOI) used by
bibliometricians to identify research publications. A third example is the more recent, community-led
Research Organization Registry (ROR) which is the only openly available organisation identifier, and
which would resolve disambiguation discrepancies if all data producers and bibliometricians would
adopt it.

All data producers face decisions when conducting affiliation disambiguation, which has led to different
databases using different systems, universities having to regularly submit updated information to
database producers, and some bibliometricians conducting their own disambiguation process. Some
data source producers have developed their own identifiers such as Scopus Afid and Web of Science
Organisation Enhanced, but these identifiers are linked only to the database they were created for. If
multiple affiliation disambiguation systems exist, bibliometric reports will be difficult to compare
because each will be dependent on the system used, as we have seen in chapters 2 and 6 of this
dissertation. Research evaluators and policy makers should keep this front of mind when interpreting
bibliometric reports. We should progressively embrace the database-agnostic ROR for organizations to
build trust in bibliometric analyses of universities and research institutions.
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The community could help improve data infrastructure in other areas where bibliometric databases take
different approaches. There are opportunities for the development of community-led, unified
approaches to classifying published research by document types, recognising acknowledgements of
contributors and funders, and categorising publications by subject area. Each of these variables are
currently specific to the data producer and make it difficult to make comparisons across databases.

Decisions about the organization and classification of research data are often made by experts, and
expert judgement is used to design the methods that produce the findings generated by bibliometric
reports. As discussed throughout this dissertation, it is important to include an element of expert
judgement in research policymaking and assessment and therefore natural that experts are involved in
data organization and development of methods. However, the details of expert contribution are rarely
made publicly available and therefore contribute to the ‘black box’ of the data or method concerned.
Another component of the methodological ‘black box’ is the use of artificial intelligence. As machine
learning and natural language processing methods begin to form part of new approaches to challenges
in bibliometrics, the precise algorithms are not always made public. We have seen an example of this
in chapter 3 about different approaches to the categorisation of research related to the SDGs, where
expert judgement creates differences early in a multi-step method that are subsequently compounded
through obscure Al algorithms that lead to discrepancies between approaches.

As the research community gains more experience using and investigating new methods and
approaches, it is natural and encouraged that people form opinions and debate them in open forums.
These debates will ideally serve as mechanisms that aggregate scattered opinions resulting in
community-wide consensus. That would lead to community-based collaborative initiatives to open up
‘black box’ data and methods making them more transparent. Transparent methods that can be
replicated, challenged and improved will lead to greater reliability and trust. This will ensure that
policymakers and other stakeholders have sufficient knowledge to make informed choices about data
sources or methodological approaches.

7.3 Vision for future

The research presented in this dissertation has examined several aspects of bibliometrics in the context
of research evaluation and research policy and has opened several new avenues for further study. These
avenues can be broadly considered in two groups, the first focuses on how data quality and curation can
improve confidence in the use of bibliometrics, while the second centres more on how bibliometrics
shapes research practice.

The confidence with which policymakers can rely on bibliometric studies depends on data quality,
where there are multiple areas for improvement. The discrepancies between databases in their treatment
of university names, and the different approaches to categorising research related to the sustainable
development goals (SDGs) suggest there are substantial benefits to expanding research and improving
data curation practices in this field.

At the same time, it needs to be recognised that bibliometrics is not just a ‘neutral’ tool for measuring
what is happening in the research system. The use of bibliometrics also shapes research practices,
sometimes in positive ways and sometimes in ways that are more questionable. A deeper awareness of
the ways in which bibliometrics shapes research practices is essential to ensure that the use of
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bibliometrics contributes to a more effective and more fair research system. Below are some suggested
avenues for future prospects.

7.3.1 Data quality should be improved through persistent identifiers

Data quality and openness is a common theme frequently mentioned in the scientific community.
Improvements in data structure, consistency and quality will increase confidence in the use of
bibliometric analyses. An opportunity for improvement identified in this dissertation is the increased
use of persistent identifiers (PIDs) in bibliometric platforms. Persistent identifiers are an important
element of open research data infrastructure and enable stakeholders to identify research elements
including publications, authors, institutions, and articles (Chodacki & Carpenter, 2024; Juty et al.,
2020). PID-graphs including OpenAlex (OpenAlex, 2023), DataCite (Dudek et al., 2019), and
OpenAIRE (Manghi et al., 2019) already link research metadata elements and the relationships between
them, which facilitates an increasingly connected global research infrastructure.

This dissertation illustrated the impact of discrepancies between databases in their management of
author affiliation unification. That papers may or may not be linked to the right university is a problem.
Incorporating a single open PID such as the Research Organization Registry (ROR) into all the major
databases would help identify research organisations in a similar way to articles and researchers. This
would allow studies to rely on a consistent, open, and transparent identifier that remains the same across
different data sources. Dimensions and OpenAlex already both use ROR as the identifier for research
organisations while Scopus and Web of Science still use their proprietary systems. Adoption of a single
open PID by all databases would make it easier for users to switch between databases and reduce the
administrative burden on universities that currently maintain their affiliation variant list with multiple
database providers. The accuracy of bibliometric databases would improve and discrepancies between
databases in university output would be reduced. The major university ranking systems would benefit
from greater transparency in their methodologies and their rankings would be less dependent on the
choice of data provider.

7.3.2 Improved data curation will improve consumer confidence in bibliometrics

Comparisons of different bibliometric data sources show that large discrepancies exist between them.
Some are related to coverage, but other substantial discrepancies are caused by methods and procedures
of data curation. Many of the data curation methods of data source providers are neither open, nor
transparent, which means the research community is restricted in its ability to conduct detailed studies
of the underlying causes of discrepancies. We should unpack the black box of data curation in areas
including defining and maintaining subject categorisations, assigning or changing document types, and
disambiguating organisation names and types. These are typically multi-step processes which means
any methodological differences between approaches in the early steps of the process will lead to overall
compounded discrepancies between the approaches. Examination of the individual steps involved in
these processes by different data producers would enable a deeper understanding of how bibliometric
data is handled and encourage the community to participate in improvements.

Pursuing these questions will lead data curation methods to develop over the coming years and
experimentation is needed to test, fail, disagree, and build again. For example, defining the relationship
between SDGs and published research papers presents a different kind of problem from resolving author
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name unification issues or disambiguating organisation names. It is likely we will never find universal
agreement on the definition of research that is related to the SDGs because the SDGs themselves are
loosely defined and mean different things to different people. Ideally, data producers and groups
designing methodological approaches to complex questions should be encouraged to develop and test
new approaches in an open and transparent manner. Data producers should work closely with the
bibliometric community to harness its expertise. Working together towards common goals will
accelerate progress towards better solutions and increased consumer confidence in bibliometric
methods.

7.3.3 Inclusive contributor recognition

One of the implications raised here is the potential for inequalities in research data especially of
disadvantaged scientific communities. It is in our common interest to improve inclusivity, equality, and
diversity by addressing elements of the scholarly publishing and evaluation system that favour
academics who already find themselves in privileged positions. For instance, it would be preferable if
publishers grouped all contributors to research papers together in one section with a brief description
of their contribution type. This single section should replace the author list, the acknowledgements
section, and any current description of author contributions. Every contributor would be named with a
brief description of the contribution which could be based on the CRediT Contributor Roles Taxonomy
or an expanded version of it. The film industry uses this method in the credits that scroll up the screen
at the end of the film. The same system could be applied to scholarly publishing so that no-one is
excluded and bibliometricians can conduct finer level analyses of individual contribution. This way,
bibliometrics would help to shape research assessment in a way that is more inclusive, transparent, and
fair.

7.3.4 The influence of bibliometrics on academics’ behaviour

The link between research policy and academic publishing behaviour has been established in several
countries including Australia, Denmark, Indonesia, and the United Kingdom. Australia’s national
research policy began offering financial incentives to universities in the 1990s in return for scholarly
publications in international journals (Butler, 2003b). There was then an interesting debate about
whether putting a monetary value on publications was associated with behavioural changes in the
Australian academic community (Butler, 2003b, 2003a, 2017; van den Besselaar et al., 2017; van den
Besselaar & Sandstrom, 2017). The UK national research assessment exercise (RAE), later the research
excellence framework (REF) has been associated with related discussion on the shift of publication
behaviour among academics at UK universities towards publication types most likely to result in
favourable citation impact scores (Adams, 2009; Marques et al., 2017).

These debates along with others in Denmark (Aagaard & Schneider, 2016) and Indonesia (chapter 6 of
this dissertation) aimed first to establish whether the assessment had caused a change in behaviour, and
then to discuss whether any change in behaviour was intended or unintended, and whether it was a
positive or a negative change. Goodhart’s Law tells us that a metric ceases to be an appropriate metric
once it becomes a target (Goodhart, 1975). The extrapolation of that lesson to research policy is
interpreted as a need to find ways to evaluate scholarly output and impact while ensuring that the
community being assessed does not undergo any negative change in behaviour driven by opportunistic
ways to improve their performance in the assessment. This is easier said than done because as we have
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seen, the bibliometric data structure, curation, indicators, and evaluation methods are already intricately
linked to evaluation methods. Prominent bibliometricians representing 24 of Europe’s top universities
through the League of European Research Universities recently published a position paper on
appropriate use of metrics in research evaluation (LERU, 2024). The LERU paper offers several
recommendations to policymakers and other research stakeholders on using and interpreting
bibliometric reports in conjunction with expert opinion. To reduce the risk of negative effects of
bibliometrics on researcher behaviour, many of the recommendations centre on ‘measuring things
differently’, which involves the development of next-generation indicators, new evaluation techniques,
and careful balancing of bibliometric analysis with expert opinion. LERU also encourages the
establishment of clear communication channels between those designing and acting on the evaluation
techniques and those being evaluated.

7.3.5 The promise of artificial intelligence

We have begun to see the application of artificial intelligence in bibliometric data curation and analysis.
There are opportunities for application of automation and Al prediction models throughout the data
curation, publication, and impact assessment process. We have seen the application of machine learning
algorithms in the categorisation of new subject fields (Jayabalasingham et al., 2019; Rivest et al., 2021;
Wastl et al., 2020), which although in early stages of development, could offer policymakers nuanced
options for identifying SDG-related research. The publication process itself holds huge potential for
automation and Al tools. Kousha & Thelwall, (2024) have published a comprehensive review of
software applications of new technologies that span article writing, journal recommendation,
manuscript submission, plagiarism detection, reviewer selection, and even propose investigating
potential limited uses in peer review.

Machine learning article citation prediction models hold promise to provide early post-publication
insight to evaluators of research impact (Beranova et al., 2022). The ability to predict citation impact
holds obvious advantages over the traditional time lag associated with waiting several years to detect
citations. Alternative metrics that use social media responses to publications may shorten that gap, but
Al citation prediction models should be thoroughly investigated. This would ideally lead to a scenario
in which policymakers have an immediate idea of how well certain research is likely to be received and
research funders gain a preview of the potential impact of research proposals. Decisions could then be
taken about support at an earlier stage, thereby leading to greater concentration on high priority projects
while saving resources on less promising proposals.

While artificial intelligence appears to hold huge promise, it also comes with uncertainty and should be
treated with caution. One aspect of future prediction models is that they are trained on data related to
things that happened in the past. Changes to the world mean the future might not behave as they did
previously, which can limit the accuracy of Al predictions. Research in this area is eagerly anticipated.
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Summary

Research stakeholders including policymakers and evaluators have a demonstrated need to identify
research productivity, quality, impact, networks, trends, and other aspects of researcher activity across
the full range of academic disciplines and at various level of organisational aggregation. Bibliometrics
is the large-scale, quantitative analysis of data about scientific publications and is a relative quick,
cheap, and easy method of producing high-level answers to many questions. The main objective of this
PhD dissertation is to explore the extent to which bibliometrics can be a useful tool for research
policymakers and to those conducting research evaluation. These chapters also seek to find the
limitations to bibliometric methods and where they can even prove harmful through their effects on the
scientific community. This dissertation suggests that optimal research evaluation should incorporate a
healthy balance of peer review and bibliometric analysis.

Chapter 1 frames the dissertation by presenting the two main thrusts of research evaluation as either
peer review (qualitative) or bibliometrics (quantitative). Both types of evaluation are explained, and it
becomes clear that each contains elements of the other which means that expert opinion and
bibliometrics are inter-related to a certain extent. The chapter then provides a history of bibliometrics
and expands on bibliometric data sources and methods with examples of how the techniques have been
used. The final part of chapter 1 explores some limitations of bibliometric methods and data sources
and sets the scene by raising five important research questions that would help research policymakers
use and interpret bibliometric reports. The research questions are on data quality, classifying new
subject fields, inter-stakeholder collaboration, the geodiversity of research, and the dangers of
bibliometric assessment influencing academic behaviour.

Chapter 2 addresses one of the most important questions in any quantitative analysis, data quality. An
old adage says ‘rubbish in, rubbish out’ meaning that any analysis that uses low quality data will
produce low quality results that cannot be relied upon. The main findings show that published research
papers are not always assigned to an authors’ institution and are sometimes assigned to the wrong
university. In bibliometric databases, papers are linked to authors, authors are linked to affiliations, and
affiliations are mapped on to organisations. There are several steps where things can go wrong. The
most common reasons are where the database indexes the papers with its authors but does not link the
author affiliations. Another common mistake is to inaccurately unify the affiliation to mistakenly link
the affiliation to the wrong university. The implication in both cases, is that an evaluation of the
university output will be incomplete. Worse still, evaluators don’t know which universities are missing
papers or how many they are missing, and which universities have been credited with ‘phantom’ papers.
The concluding part of the chapter adds its voice to calls for universal adoption of a community-led
unique identifier for academic institutions. The Research Organization Registry (ROR) is a good
example and could prove more effective than each database using its own system.

Chapter 3 develops the discussion of data discrepancies between bibliometric databases to
methodological discrepancies. The 17 UN sustainable development goals (SDGs) were introduced
fairly recently, and various actors have developed methods of identifying research papers related to
each of the goals. The main findings presented in this chapter show there is very little agreement
between four such approaches to identifying research papers related to SDG 13: Climate action. The
study then delves into the reasons behind the discrepancies and discovers that each of the methods
compared comprise a multi-step process. The steps include employing experts to select important
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keywords from relevant documents, then development and operationalisation of complex Boolean
searches with bibliometric databases. These searches create reference sets that are then calibrated
through a careful balance of precision and recall, and then further enhanced through machine learning
algorithms. Most of the steps are described only superficially which means that no thorough analysis
of any of the methods was possible. Analysis of keywords generated during the first step in the process
shows there is broad disagreement between the methods already at this early stage. These differences
are likely compounded at every step thereby resulting in the broad discrepancies presented in the
findings of the study. The take-home message is that such methods are in their infancy and that studies
of SDG related research output and impact are not yet robust and should not be relied upon. It is
preferable to allow some flexibility and time for methods to develop further and perhaps diversify to
the point that different methods could measure different aspects of the sustainability research.

Chapter 4 demonstrates the ability of bibliometric analysis to contribute large-scale findings as a form
of monitoring progress of academic engagement with other societal actors. We hear regular calls from
governments, funding bodies, policymakers, and higher education leaders for academia to close the gap
with industry, to work more closely with government, and to engage with civic society. Chapter 4 links
author affiliations to organisation types which allows a 10-year comparison of academic collaboration
with industry, government bodies, and nonprofit organisations. The findings reveal that academia —
industry collaboration is declining relative to the overall academic output, while both academia —
government collaboration and academia — nonprofit collaboration are growing at roughly the same rate
as overall academic output. The implication is that academia is not closing the gap with any of the
societal stakeholders on a global scale. Country level analysis reveals some regional differences such
as the positive effect of new intellectual property laws in China, and proactive company outreach in
Belgium on national academia — industry collaboration. The findings are interpreted in the context of
conflicting pressures experienced by different stakeholders. Industry often seeks to protect its
intellectual property, while government and nonprofits are looking for immediately applicable results,
and academia aims to incrementally build on prior knowledge through publication. It may be that
collaboration is an avenue of interest rather than a priority for some or all of these research stakeholders.

Chapter 5 examines the geodiversity of research through the lens of a case study on research
publications related to SDG 2: Zero hunger. Geodiversity is studied in terms of topic focus, author
location, and authorship position. The study uses the country categories described in the Global Hunger
Index (GHI). The findings are that both the topic focus and the geographical location of authors decline
for the most severely affected country categories. These are counterintuitive results and may be
explained by the relative under-development of research infrastructure in countries most affected by
hunger. These countries are also often affected by poverty and civil conflict which could deflect
resources towards non-academic activity. Analysis of author position confirmed the
underrepresentation of academics from countries in the more severe GHI categories in all author
positions, and especially in lead author positions reported elsewhere. The chapter avoids jumping to
conclusions about parachute or helicopter research, and instead includes manual analyses of sample
papers in search of explanations for lack of local authors in developing regions. The findings show that
some authors are indeed regionally based, but in a neighbouring country rather than the one in focus.
In other cases, local contributors were mentioned in the acknowledgements rather than being listed as
co-authors. Follow-on studies of acknowledgements data would help us gain more knowledge about
this practice.
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Chapter 6 uses bibliometric analysis of published document types across ten countries in Southeast
Asia and reveals a change in scholarly publication patterns specific to Indonesia and links it to national
research policy. In 2012, the Indonesian government published new guidelines on academics’
promotion and pay increases that were linked to the number of published papers indexed by
international bibliometric databases. Shortly afterwards, the majority share of Indonesian papers shifted
from journal articles to conference proceedings papers. Conference papers are generally considered
quicker and easier to publish than journal articles. Correspondence with an Indonesian conference editor
confirmed this was the driving factor among the local academic community shifting its attention to
publishing conference papers. The implication is that using broad bibliometric methods to evaluate
individuals can backfire if the community then sees the metric as a target. In this case, the ministry set
out to increase high quality research output through national policy, but inadvertently caused an
unintended behavioural change among the academic community. In performance review, especially of
individual academics, a healthy dose of expert opinion is advised, and bibliometric indicators should
play more of a supporting role.

Chapter 7 summarises the main findings and conclusions presented in chapters 2 — 6 and then expands
further on the broader implications for the uses and limitations of bibliometrics in research evaluation.
The implications of the findings section (7.2) refers back to the original objective of the dissertation
which was to demonstrate how bibliometrics can be a useful tool for research policymakers and research
evaluators. A secondary objective was to show the limitations of bibliometrics and where
complementary methods such as peer review and expert judgement can add a layer of in-depth
understanding of bibliometric study results on a smaller scale. The implications are grouped into three
categories. The first concerns how bibliometrics is to some extent shaping the research system, the
second addresses the need to find a fine balance between bibliometrics and expert judgement, and the
third identifies areas in which the broader research community can contribute to improvements in
bibliometric data, methods, and systems. Chapter 7 concludes with a vision for the future comprising
five suggestions. The first is for the universal incorporation of additional persistent identifiers that will
improve data quality and trust in the numbers. The second is increased transparency surrounding data
curation especially the opening of ‘black box’ methods that include contributions of subject matter
experts and machine learning algorithms. The third suggests an overhaul of the contributor reward
system similar to the credits at the end of a cinema film. The fourth is concerned with accepting that
bibliometrics is now partially shaping research behaviour and taking steps to ensure such influences are
transparent and positive. The final part of the future vision addresses the incorporation of further
applications of artificial intelligence in various aspects of bibliometrics.
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Nederlandse samenvatting

Belanghebbenden in wetenschappelijk onderzoek, zoals beleidsmakers en instanties die evaluaties
uitvoeren, hebben een vaak uitgesproken behoefte om productiviteit, kwaliteit, impact, netwerken,
trends en andere aspecten van onderzoeksactiviteiten te identificeren in het hele spectrum van
academische disciplines en op verschillende organisatorische niveaus. Bibliometrie is het vakgebied
dat zich bezighoudt met de grootschalige, kwantitatieve analyse van gegevens over wetenschappelijke
publicaties waarmee een snelle en goed toepasbare methode tegen beheersbare kosten geleverd kan
worden om relevante antwoorden te geven op vragen betreffende bovengenoemde aspecten van
wetenschappelijk onderzoek. Het hoofddoel van dit proefschrift is om te onderzoeken in hoeverre
bibliometrie een doelmatig hulpmiddel kan zijn in toepassing ten behoeve van wetenschapsbeleid en
onderzoeksevaluatie. De hoofdstukken in het proefschrift trachten ook de beperkingen van
bibliometrische methoden te vinden, en of deze methoden zelfs nadelig kunnen zijn door hun effecten
op de wetenschappelijke gemeenschap. Dit proefschrift geeft aan dat een optimale onderzoeksevaluatie
een gezonde balans moet bevatten van peer review en bibliometrische analyse.

Hoofdstuk 1 geeft een inkadering van het proefschrift door de twee belangrijkste pijlers van
onderzoeksevaluatie te presenteren, peer review (kwalitatief) en bibliometrie (kwantitatief). Beide
typen evaluatie worden besproken en het wordt duidelijk gemaakt dat elk van deze typen elementen
van de ander bevat, wat betekent dat peer review en bibliometrie tot op zekere hoogte met elkaar
samenhangen. Het hoofdstuk presenteert vervolgens een korte geschiedenis van het vakgebied
bibliometrie waarbij ingegaan wordt op de ontwikkeling van methoden en gegevensbronnen met
voorbeelden hoe deze bibliometrische methoden zijn toegepast. Het laatste deel van hoofdstuk 1 richt
zich op enkele beperkingen van bibliometrische methoden en gegevensbronnen en stelt vijf belangrijke
onderzoeksvragen die beleidsmakers kunnen helpen om resultaten van bibliometrisch onderzoek te
gebruiken en te interpreteren. De onderzoeksvragen gaan over de kwaliteit van gegevens, het
classificeren van nieuwe onderzoeksgebieden, samenwerking tussen wetenschappelijke en
maatschappelijke belanghebbenden, geodiversiteit van onderzoek, en de mogelijke nadelige gevolgen
van bibliometrische evaluatiemethoden op het (publiceer)gedrag van onderzoekers.

Hoofdstuk 2 behandelt een van de belangrijkste problemen in elke kwantitatieve analyse, de kwaliteit
van de gebruikte gegevens. Een oud gezegde luidt 'rubbish in, rubbish out', wat betekent dat elke analyse
die gebruik maakt van data van lage kwaliteit, resultaten van lage kwaliteit zal opleveren waarop niet
kan worden vertrouwd. De belangrijkste bevindingen laten zien dat wetenschappelijke publicaties niet
altijd correct worden toegewezen aan de instelling van de auteur(s) en bijvoorbeeld worden toegewezen
aan de ‘verkeerde’ universiteit. In bibliometrische databestanden worden publicaties gekoppeld aan
auteurs, auteurs worden gekoppeld aan affiliaties en affiliaties worden, waar relevant, gekoppeld aan
organisaties. Er zijn verschillende stappen waarin deze procedure fout kan gaan. De meest
voorkomende fout treedt op wanneer de database de publicaties indexeert met de auteurs, maar geen
koppeling aanbrengt met de affiliaties van de auteurs. Een andere veelgemaakte fout is het
onnauwkeurig unificeren van een affiliatie zodat deze affiliatie gekoppeld wordt aan de verkeerde
universiteit. De implicatie in beide gevallen is dat een evaluatie van de wetenschappelijke output van
de universiteit onvolledig zal zijn. Erger nog, evaluatoren weten niet welke universiteiten publicaties
missen of hoeveel ze missen, en welke universiteiten voorzien zijn van verkeerd toegewezen
publicaties. Het afsluitende deel van het hoofdstuk levert een ondersteuning aan oproepen voor het
algemeen aanvaarden van een door de wetenschappelijke gemeenschap ontwikkelde unieke
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identificatie van academische instellingen. Het Research Organization Registry (ROR) is een goed
voorbeeld en zou effectiever kunnen blijken dan dat elke database zijn eigen systeem gebruikt.

Hoofdstuk 3 bespreekt de verschillen in gegevens tussen de diverse bibliometrische databases en de
daarmee samenhangende methodologische discrepanties. De 17 doelen voor duurzame ontwikkeling
(SDG's) van de VN zijn recentelijk geintroduceerd en verschillende actoren hebben methoden
ontwikkeld om onderzoekspublicaties te identificeren die verband houden met elk van de doelen. De
belangrijkste bevindingen die in dit hoofdstuk worden gepresenteerd, laten zien dat er zeer weinig
overeenstemming bestaat tussen vier van dergelijke benaderingen om onderzoekspublicaties te
identificeren die verband houden met SDG 13: Klimaatactie. De studie richt zich op de redenen achter
deze discrepanties. Uit de analyse blijkt dat elk van de vergeleken methoden een proces met meerdere
stappen omvat. Deze stappen betreffen het inzetten van experts om belangrijke trefwoorden uit
relevante publicaties en andere documenten te selecteren, en vervolgens het ontwikkelen en
operationaliseren van complexe Booleaanse zoekopdrachten binnen bibliometrische databases. Deze
zoekopdrachten leveren referentiesets die vervolgens op elkaar worden afgestemd door een zorgvuldige
balans van precisie en ‘recall’, en daarna verder verbeterd worden met machine-learning algoritmen.
De meeste stappen worden door de actoren slechts in hoofdlijnen beschreven, wat betekent dat er geen
grondige analyse van de methoden mogelijk was. Analyse van trefwoorden die zijn gegenereerd tijdens
de eerste stap in het proces, toont aan dat er al in dit vroege stadium er een groot verschil optreedt tussen
de methoden. Deze verschillen worden waarschijnlijk bij elke stap groter, wat resulteert in de brede
discrepanties die besproken worden in de bevindingen van het onderzoek. De lering die we hieruit
kunnen trekken, is dat dergelijke methoden nog in de kinderschoenen staan en dat identificatie van
SDG-gerelateerde onderzoeksresultaten en -impact nog niet robuust en dus ook nog niet voldoende
betrouwbaar is. Het zal tijd kosten om deze identificatie-methoden verder te ontwikkelen en mogelijk
te diversifiéren waarbij de verschillende methoden verschillende aspecten kunnen meten van onderzoek
dat gerelateerd is aan de VN doelen voor duurzame ontwikkeling.

Hoofdstuk 4 laat de mogelijkheden van bibliometrische methoden zien om op grote schaal bevindingen
te leveren bij de monitoring van de academische betrokkenheid bij maatschappelijke actoren. We horen
regelmatig oproepen van overheden, financieringsinstellingen, beleidsmakers en leiders van het hoger
onderwijs dat de academische wereld de kloof met de industrie moet dichten, nauwer moet
samenwerken met de overheid en zich meer moet bezighouden met problemen in de samenleving. In
dit hoofdstuk worden de aftiliaties van auteurs gekoppeld aan organisatietypen, wat een analyse over
een periode van 10 jaar van academische samenwerking met industrie, overheidsinstanties en non-
profitorganisaties mogelijk maakt. De bevindingen laten zien dat de samenwerking tussen de
academische wereld en de industrie afneemt ten opzichte van de totale academische output, terwijl
zowel de samenwerking tussen de academische wereld en de overheid, als de samenwerking tussen de
academische wereld en non-profitorganisaties ongeveer even snel groeit als de totale academische
output. De implicatie is dat de academische wereld de kloof met geen enkele maatschappelijke
stakeholder op wereldschaal dicht. Analyse op landenniveau laat enkele regionale verschillen zien,
zoals het positieve effect van nieuwe wetgeving op het gebied van intellectueel eigendom in China en
proactieve benadering van bedrijven in Belgi¢ met betrekking tot de nationale samenwerking tussen de
academische wereld en de industrie. Onze bevindingen worden geinterpreteerd in de context van de
‘tegenstrijdige druk’ die de verschillende stakeholders ervaren. De industrie probeert vaak haar
intellectuele eigendom te beschermen, terwijl de overheid en non-profitorganisaties op zoek zijn naar
direct toepasbare resultaten, en de academische wereld ernaar streeft om stapsgewijs voort te bouwen
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op eerdere kennis door middel van publicaties. Het kan zijn dat samenwerking meer een interessegebied
is in plaats van een prioriteit voor sommige of mogelijk alle belanghebbenden in het onderzoek.

Hoofdstuk 5 richt zich op de geodiversiteit van onderzoek door middel van een case study over
onderzoekspublicaties met betrekking tot SDG 2: Zero hunger. Geodiversiteit wordt geanalyseerd in
termen van onderwerp, auteurslocatie en auteurspositie. De studie maakt gebruik van de
landencategorieén die worden beschreven in de Global Hunger Index (GHI). Onze bevindingen tonen
aan dat zowel onderwerp als geografische locatie van auteurs afnemen voor de zwaarst getroffen
landencategorie€n. Dit zijn contra-intuitieve resultaten welke verklaard kunnen worden door de
relatieve onderontwikkeling van de onderzoeksinfrastructuur in landen die het zwaarst worden
getroffen door honger. Deze landen worden ook vaak getroffen door armoede en burgerconflicten,
waardoor er voor academische activiteiten weinig mogelijkheden zijn. Analyse van de auteurspositie
bevestigt de ondervertegenwoordiging van academici uit landen in de ernstigere GHI-categorieén in
alle auteursposities, en met name de positie van eerste auteur. We vermijden het trekken van conclusies
over het zogeheten parachute- of helikopteronderzoek, en in plaats daarvan presenteren we handmatige
analyses van voorbeeld-publicaties op zoek naar verklaringen voor het gebrek aan lokale auteurs in
ontwikkelingsregio's. Deze bevindingen laten zien dat sommige auteurs inderdaad regionaal gevestigd
zijn, maar dan in een buurland in plaats van het land waarop de focus ligt. In andere gevallen worden
lokale bijdragers genoemd in de dankbetuigingen (‘acknowledgements’) in plaats van dat ze worden
vermeld als coauteurs. Vervolgstudies van gegevens in dankbetuigingen kunnen helpen meer kennis te
vergaren over hoe in deze context met vermelding van auteurs en toekenning van auteursposities wordt
omgegaan.

Hoofdstuk 6 focust op bibliometrische analyse van specifieke typen van wetenschappelijke publicaties
(met name tijdschriftartikelen versus conferentiebijdragen) in tien landen in Zuidoost-Azié. We vinden
een verandering in wetenschappelijke publicatiepatronen die specifiek zijn voor Indonesié en brengen
dit in verbinding met het nationale onderzoeksbeleid. In 2012 publiceerde de Indonesische overheid
nieuwe richtlijnen over bevorderingen en salarisverhogingen van academici gekoppeld aan het aantal
gepubliceerde artikelen geindexeerd door internationale bibliometrische databases zoals de Web of
Science of Scopus. Wat er gebeurde is dat kort daarna het grootste deel van de Indonesische
wetenschappelijke artikelen verschuift van tijdschriftartikelen naar conferentiebijdragen.
Conferentiebijdragen worden over het algemeen beschouwd als sneller en gemakkelijker te publiceren
dan tijdschriftartikelen. Correspondentie met een Indonesische congresredacteur bevestigde dat dit de
drijvende factor was onder de lokale academische gemeenschap die haar aandacht verlegde naar het
publiceren van conferentiebijdragen. De implicatie is dat het gebruik van bibliometrische methoden om
individuen te evalueren averechts kan werken als de academische gemeenschap vervolgens de
resultaten van het meten als een doel ziet. In dit geval wilde het ministerie de hoogwaardige
onderzoeksoutput verhogen via nationaal beleid, maar dit veroorzaakte een onbedoelde
gedragsverandering in de academische gemeenschap. Bij prestatiebeoordelingen, met name van
individuele academici, wordt een deskundige mening geadviseerd en moeten bibliometrische
indicatoren een ondersteunende rol spelen.

Hoofdstuk 7 vat de belangrijkste bevindingen en conclusies samen die in hoofdstukken 2-6 zijn
gepresenteerd en gaat vervolgens verder in op de bredere implicaties voor het gebruik en de beperkingen
van bibliometrische methoden bij de evaluatie van onderzoek. Deze implicaties (paragraaf 7.2)
verwijzen terug naar het belangrijkste doel van het proefschrift, namelijk om aan te tonen hoe het
vakgebied bibliometrie nuttige hulpmiddelen kan leveren voor beleidsmakers en evaluatoren van
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onderzoek. Een secundair doel was om de beperkingen van bibliometrie aan te geven en waar
aanvullende methoden zoals peer review en andere vormen van deskundig oordeel een beter begrip van
de bibliometrische onderzoeksresultaten kunnen leveren. De implicaties zijn gegroepeerd in drie
categorieén. De eerste betreft hoe bibliometrische methoden tot op zekere hoogte het
onderzoekssysteem vormgeven, de tweede gaat over de noodzaak om een goede balans te vinden tussen
bibliometrie en deskundig oordeel, en de derde identificeert gebieden waarop de bredere
onderzoeksgemeenschap kan bijdragen aan verbeteringen in bibliometrische gegevens, methoden en
classificatiesystemen. Hoofdstuk 7 sluit af met een visie voor de toekomst bestaande uit vijf suggesties.
De ecerste betreft universele standaardisatie en opname in wetenschappelijke bestanden van
identificatiegegevens die de datakwaliteit en daarmee het vertrouwen in de data zullen verbeteren. De
tweede betreft meer transparantie met betrekking tot bewerking van data, met name opening van 'black
box'-methoden die bijdragen van experts uit specifieke vakgebieden en algoritmen gebruikt in machine
learning omvatten. De derde gaat over een herziening van het beloningssysteem voor personen die
bijdragen aan onderzoek, vergelijkbaar met de credits aan het einde van een bioscoopfilm. De vierde
betreft het accepteren dat bibliometrie nu gedeeltelijk het onderzoeksgedrag vormgeeft en het nemen
van stappen om ervoor te zorgen dat dergelijke invloeden transparant en positief zijn. Het laatste deel
van de toekomstvisie richt zich op de opname van verdere toepassingen van kunstmatige intelligentie
in verschillende aspecten van bibliometrie.

208



Supplementary Information

209



2MUPNIY 1JOS0IIIP pUD ‘SUOISUIWIT
20ua18 Jo qay ‘sndoog — saspquivp d1ydpa5011q1q anof uaamiaq sa1uvdaosip uouniiffv Aasiaarun Jo Jovdurl pun 2ouappasad ayy :z 123dvy)

wolj eudjew Arejuowo(ddng

210



66 oy L9TT 9 CL8 Jremnyy
Siy 029 01¢L1 3Ly 1€6°¢ pnes 3

Z1Ze[npqy
1433 944 LOS‘81 681 SPE'e !
8¢ 14 [4%:43 08 698°1 EUILED |
€9 0s 98¥°C (44 L6T°T uepIof
Orl LSL SII'e [4: 86€°1 ogeyue)
S1 14 L8Y Il €1e utelqedq
19 91 T0€°1 L6 88Tl pepySeq
u € LE 14 168 uojfqeq
8LT 080°T 790°€ 6¢ €9T°1 anv
81C 943 L9g°¢ 9 S8I°1 mssy
(443 901 678 06 956°1 ELIpUEXOY
LSE LLO'T L8I°S 6 90S°C Ssureys ury
snjdims 0oua10g JO GO sndoog ut Kouedaosip defrorQ SO ut Aouedoxostp snjdms sndoog

uoneI[IJe Yim SpIoddI SO

Ayiszoarun Aq KouedoIosip uornjer[ijye 90ua1dg Jo o, — sndoog 7'z amns1] woij 9[qe) ejeq '1°ZS d[qel

uoneIIe Yim spioods sndoog

211



PIL'E vZ6's 6118 1€8°T 090°0€ s[ejo L,
S6 € e 8 €61°1 navn
01T 61 8YET 8¢ 0TE'l sooqeQ) 'S
60¢€ 9¢0°1 LY6'y 6€ €5€°C XeJs
691 St 896°¢ Sy L90°T Ie1eQ)
69 6€ 8l ¥8C €1T°T 0soUBq]

212



LEE

€8T°1

98¢°1

y0¢
96¢
91¢
€8
6C¢
(181
10S
SSL
€Y'l

€€6°1

snjdins suorsuawiI(q

89

1424

VLT

6S
LS
4%
LT

19

139
SL
0S¢C

S96°1

sndoog ur Aouedoosip

96S°C

6€€°L1

8IS°L1

879
6SLT
ESY°E
19

0vs‘1
908

STre
S09°¢
2453

8TC9

UONEIIJe )M SPI0OAI SUOISUSWI]

Ayiszoatun Aq Aouedorosip uonerijye suorsuswi(] — sndoog “¢'z 2131, woij 9[qe} ey '7'zS dlqel

dejrorQ

949

LLS'E

€Iy

L66
998
TS0°l
091
910°1
S0s
9¢8
126
661°1

19€°1

suorsuowi(] ur Aouedoosip
uoneI[Iye Yim sprooa1 sndoog

9

08¢

LLE

IS1
€6
98
8¢
9Tl
1294
96
LL
SCl

(41}

snjdins sndoog

Memny|
pneg 3

21ZeINpqy
D

EUILED |
uepiof
a3eyure)
ureryeq
pepyseq
uojAqeq
anv
nissy
BLIPUBXO[Y

sureygs ury

213



EIETL 890°S 969°88 LLLTT 88+°T s[ejo L,
LT € 1S6°C 889 LS navn
159 IC €18°C L8L LTI sooqeQ) 'S
€T 989 6L9°S 1551 €01 Xejs
TLS 8L1 ¥60°S 788 001 TeeQ)
vee 61 90t°C 61t 7S 0soUBq]

214



9Ty

TOL1

€I

484
oL
09¢
(44!
069
€Ic
ge8
€60°1
1181
0S¥°€

snjdins
SIWAPLOY JJOSOIOIA

oy

€91

€ee

686
911
(43!
11

14

v60°T
143
(34
el

sndoog ur Aouedaosip uonel[iyje
M SPI0JI OIUIAPLIY JOSOIOIA

€LST

66T°L1

70991

9€€T
1L8C
798°C
69S

015°1
S8y

969°¢
1€
8€€E’S

0r1°9

dejrorQ

€IS

9L9°¢

9€8‘y

9LT'€
€1L
029°1
60T
S16
L6V
Tss
¥80°1
LYET
88¢°l

JTWOPEIY JOSOIOIA Ul Aouedarosip
uoneI[Iye Yim spIoodr sndoog

911

629

ILS

651
1€l
LOT
§3

09¢
€8¢
129!
OrT
€81

0v¢

snjdins sndoog

Anszoatun £q AouedaIosTp UOneI[IJe OTAPeoy JOSOIOIA — sndoog 4z omS1] woiy 9[qe) ele ¢7S 9[qeL

Memny|
pnes

21ZeINpqy
D

EUILED |
uepiof
a3eyure)
ureryeq
pepyseq
uojAqeq
anv
nissy
BLIPUBXO[Y

sureygs ury

215



P6SLI L69Y 61148 891°6T £99°¢ s[ejo L,
€8y 9T L18T 0LL 601 navn
$S6 LSE Is1°¢ 99t LOT sooqeQ) 'S
TIL S8 LST'S 058°1 1ce XeJS
190°1 8% 1.8 SI0°1 981 TeeQ)
344 L 69€°C 847 99 0soUBq]

216



LL8

6TLE

S61°e

ST9°l
€20°1
€9¢€°1
€9¢
69L
S0¢
€Il
LSY1
029°C

010

snjdims suorsuswr(y

L

SI8

Scl

€S
144!
01
I€

8¢

001
Ly
SIc

444

SOM ur AouedaIosip

UOLEIIJ )M SPI0OAT SUOISUdWI]

T50°C

vTe vl

09LS1

€Iee
1T
8€9°C
8¢y

€01°1
853

LILT
S€6°C
€8€Y

L8YS

defrorQ

£33

0S1°¢

8€€’e

€65
91y
16T°1
IL
¥9¢C
<L
0€9°1
SL6
[4%;

880°1

suorsuawI(] ur Aouedarosip
uoneI[IIJe Yam SpIodar SO

€C

991

(43!

0€¢
6¢

€S

I

(44
61
(14

&

snjdms qom

Ayszoatun £q AouedoIdsTp UOTBI[IJFE SUOISUSWI(] — 99UAIIS JO QOA\ S 7 9ISI] woij d[qe} eed 7S 9[qeL

yemny
pnesS "y

z1ze[npqy
>

EULLD
uepiof
a3emre)
ureryeg
pepyseq
uojAqeqg
anv
mnissy
BLIPUBXO[Y

sweys ury

217



665°0€ 0¥9°C 126°1L T6H LI £6L s[ejo L,
L6I°T §3 Ir1T €8¢ Sl navn
[atal s¢ 8€0°C 98¢ ST sooqeQ) 'S
162°C v 8ty €8L°1 €S Xej§
780°C 191 SP9°e €0S 43 Ie1eQ)
891°1 L9€ L6ET 9LI L1 0soUBq]

218



996

980

8€S°e

(IS
S6v°1
$80°1
80¢

€61°1
vy

998°1
SILT
8L6'T
1s€'s

snjdins
SIWAPLOY JJOSOIOIA

Ic 70T
91 €16yl
<01 (434!
Ll 0TS‘1
19 70T
o 0€1°C
b1 00

61 2001
z §8¢

19 £69°¢
9z L6LT
9 VLY
<9 8IS

Som ur Kouedarosip uoner[iye depronQ

[JIM SPIOOI OIWAPLIY JJOSOIOIA

143

896°C

LLOY

0LET
e
L8L1
101
(014
€6
8€9
780°1
TI0°1
901°1

JTWOPEIY JOSOIOIA Ul Aouedarosip
UONRI[TIJE YIIM SPIOOAT SOM

9¢

9¢¢

06¢

137

0S

€9

LE

I

68

0¢

98

16

snjdins sopm

Anszoatun £q AouedaIosTp UOTRI[IJ OTIOPEOY JOSOIOIA — dOUSIOS JO GO "9° 2InSI] WoIf 9[qe) ele( "S'ZS d1qel

Memny|
pnes

21ZeINpqy
D

EUILED |
uepiof
a3eyure)
ureryeq
pepyseq
uojAqeq
anv
nissy
BLIPUBXO[Y

sureygs ury

219



788°s¢ 6781 LVE'89 ¥8€°0T SSHI S[ejo L,
€81°1 S¢S 680°C 0l oy navn
011°C 6 11€°C 20¢ s¢ sooqeQ) 'S
99C°C 44 L9L'E LTH'T 6 XeJs
9L5°C 9T 8LE'E LyL 9 Ie1eQ)
T0€°1 LYT PEET 1434 €T 0soUBq]

220



08

LSE

6¢

601
66

L8

0€l
99

01
101
ILT
s8Iy

snjdins
JTWISPEBIY JJOSOIOIA

I6¢ 695°C
968°1 01691
909°C 196°S1
eve’l 68T°C
878 0£8C
€Sy SILT
IL 8¢
LSS L6V
10¢ Sor
868°1 1€9°¢
Y06 0€s°e
810°1 L009
87TT G818
suorsuawl(] ur AouedaIosip uonerijje depoA0

1M SPI0OAI OIWIIPLIY JJOSOIOIA

1443

LSTT

L18°C

¥79°C
86¢
6€€°1
1€
96¢
Y1
67
1$8
960°T
LLE'T

OIOPELOY JJOSOIIMA Ul Aouedorosip
uoneIIJe Yim SpI0daI SUOISUdWI

L8

10¢

v6¢

9L
8y
14
€9¢C

LE

0¢I1
Ss
€l

6L1

snjdins suorsuswi(q

Kyszoatun £q AouedoIosTp UONRI[IJe OTAPEOY JOSOIOIA — SUOISUSUI(] '/ "7 INSI] WO 9[qe) BIe( "9'ZS 9[qeL

Memny|
pnes

21ZeINpqy
D

EUILED |
uepiof
a3eyure)
ureryeq
pepyseq
uojAqeq
anv
nissy
BLIPUBXO[Y

sureygs ury

221



089C 6ST'81 1LTS8 0SS‘LT L00T s[ejo,
9 14 €6L°T L1S 18 navn
€S1 860°T 81T'E €61 L sooqeQ) 'S
91 620°1 858 S8l LL XejS
801 696 1067 1.8 111 TeeQ)
S8 913 v8H°C 80t (114 osaueqa]

222



Supplementary material from

Chapter 5: Geodiversity of Research: Geographical Topic Focus, Author Location, and
Collaboration. A Case Study of SDG 2: Zero Hunger

Table S5.1. Countries designated or provisionally designated by category in the GHI 2021

Extremely Alarming

Somalia

Alarming

Burundi Democratic Republic of the South Sudan
Congo

Comoros Syrian Arab Republic
Chad

Madagascar Yemen
Central African Republic

Serious

Afghanistan India Nigeria

Angola Iraq Pakistan

Benin Kenya Papua New Guinea

Botswana North Korea Rwanda

Burkina Faso Lesotho Sierra Leone

Congo (Republic of) Liberia Sudan

Cote d'Ivoire Malawi Tanzania

Djibouti Mali Timor-Leste

Ethiopia Mauritania Togo

Guinea Mozambique Uganda

Guinea-Bissau Namibia Venezuela

Haiti Niger Zambia
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Zimbabwe

Moderate
Bangladesh
Bolivia
Cabo Verde
Cambodia
Cameroon
Ecuador
Egypt
Eswatini
Gabon

Gambia

Low
Argentina
Albania
Algeria
Armenia
Azerbaijan
Bulgaria
Colombia
Costa Rica
Dominican Republic
El Salvador

Fiji

Ghana
Guatemala
Guyana
Honduras
Indonesia
Lao PDR
Malaysia
Mauritius
Myanmar

Nepal

Georgia
Iran
Jamaica
Jordan
Kazakhstan
Kyrgyzstan
Lebanon
Mexico
Mongolia
Morocco

Panama
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Nicaragua
Oman
Philippines
Senegal
Solomon Islands
South Africa

Sri Lanka
Suriname
Thailand

Viet Nam

Paraguay

Peru

Russian Federation
Saudi Arabia
Trinidad & Tobago
Tunisia
Turkmenistan
Ukraine

Uzbekistan



Countries assessed but insufficient data for categorisation

Bahrain Eritrea Qatar
Bhutan Libya
Equatorial Guinea Maldives

Countries not assessed by GHI

Andorra Greece Nauru
Antigua and  Barbuda Greenland Netherlands
Australia
Grenada New Zealand
Austria
Hong Kong Niue
Bahamas
Hungary Norway
Barbados
Iceland Palau
Belgium
Ireland Palestine
Belize
Israel Poland
Bermuda
Italy Portugal
Brunei
Japan Puerto Rico
Canada
Kiribati South Korea
Cook Islands
Liechtenstein Saint Kitts and Nevis
Cyprus
Luxembourg Saint Lucia
Czech Republic
Macao Saint  Vincent and
Denmark Grenadines
Malta
Dominica Saint-Barthélemy
Marshall Islands
Finland Samoa
Micronesia
France San Marino
Monaco
Germany Sao Tome and Principe

225

the



Seychelles
Singapore
Slovenia

Spain

Sweden
Switzerland
Tonga

Tuvalu

United Arab Emirates
United Kingdom
United States
Vanuatu
Vatican

Western Sahara
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Table S5.2. Reasons for Mentions-only publications.

Alarming / Serious Moderate Low Not
Extremely alarming assessed
International researchers 13 15 17 12 3
focusing on a different
region
Researchers affiliated to 3 2 3 0 1
neighbouring country
Passing mention of 4 3 0 8 16
country but no topical
focus
Sample data is made available in Zenodo (Purnell, 2023)
Table S5.3. Reasons for Affiliations-only publications.
Alarming / Serious Moderate Low Not
Extremely assesse
alarming d

Study focuses on other 13 17 13 9 17
region, or has no regional
focus
Local region is mentioned 4 3 5 4 2
but not the country name
Local study but region not 3 0 2 7 1
mentioned

Sample data is made available in Zenodo (Purnell, 2023)
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Acknowledgements — A Leiden Walk

In 2018, I arranged for a cohort of university leaders from the Middle East to travel to Leiden and
undertake a customised bibliometrics course at CWTS. Following the workshop, Ton van Raan led the
group on a Leiden Walk — a historical tour of the city centre during which Ton pointed out interesting
facts about science that are in some way related to Leiden. Later that evening, I found myself in a
conversation with Ton, who had inspired me during the walk with the story of a unique publication type
that was inscribed on a tombstone in Pieterskerk (St Peter’s Church) over four hundred years ago. Ton
knew about my interest in bibliometrics and suggested that I conduct a research-based PhD at CWTS.
I quickly accepted the offer and Ton said he would co-supervise me with Ludo Waltman, an upcoming
star in the field. Over the course of the PhD, Ton has continued to inspire me with his boundless energy
and enthusiasm for new projects, and his limitless repertoire of fascinating stories about Leiden, science,
and the study of science. Ton always takes the big picture approach that has helped me interpret my
own studies the broader context of research evaluation.

I already knew Ludo from previous visits to CWTS and had been influenced by his work while
preparing my own workshops. In one of our first PhD reviews, he told me there was a problem with my
writing style. As a native English speaker, I had perhaps somewhat arrogantly assumed my style would
easily make the grade and so I was rather taken aback. Ludo has generously helped me develop as a
researcher using his unique knack of delivering direct and honest feedback with disarming charm, which
throughout my PhD journey has made me feel both grateful and enlightened. Ludo insists on high
standards and his astonishing attention to detail has meant that only my very best efforts are good
enough.

To conduct a PhD in quantitative bibliometrics at CWTS, I had to first take steps on the path from an
amateur to a professional bibliometrician. An important difference is in the sourcing and treatment of
the data. CWTS hosts the underlying data for many bibliometric databases, and I was granted access to
the system on the condition I would teach myself the SQL necessary to run my own queries. This was
the first time I had been exposed to programming and initially it was a daunting hurdle. After the first
study, I got the hang of it and improved my skills with each successive paper. By the end of the PhD, I
have taken a major step towards becoming a professional bibliometrician.

Throughout this process, the CWTS team has been a constant pleasure to work with and has contributed
to my enchantment with the city of Leiden. I have particularly enjoyed interactions with Paul Wouters,
Ed Noyons, Martijn Visser, Robert Tijssen, Sarah de Rijcke, Mark Neijssel, Nees Jan van Eck, Vincent
Traag, Thed van Leeuwen, Ismail Rafols, and Rodrigo Costas. The support team has been very friendly
and super-helpful, particularly Patrick Kooij, Anita Nieuwenhuizen, Petra van der Weel, and Inge van
der Weijden.

The final acknowledgement is reserved for my ever-loving wife, Mia without whose support, sacrifice,
and patience, none of the above would have been possible. Mia has shared my enthusiasm and made it
possible for me to spend a very substantial amount of our evenings, weekends, and holidays working
on my studies over the last six years. Whenever I travelled for my studies, Mia has held the fort alone
while we brought up our family. She has also endured countless hours of discussions about
bibliometrics and provided the understanding and encouragement I needed to remain motivated and
progress through my PhD journey.
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