MASTER’S THESIS IN LIBRARY AND INFORMATION SCIENCE
FACULTY OF LIBRARIANSHIP, INFORMATION, EDUCATION AND IT
2024

Digital Libraries and Sustainability:
A Bibliometric Analysis Using Web of Science and Scopus

FOTINI LEVENTAKOU

&

4/

Y
4

NS

UNIVERSITY
OF BORAS

s

i

&

© Fotini Leventakou
Partial or full copying and distribution of the material in this thesis
without permission is forbidden.



English title:

Author(s):

Completed:

Abstract:

Keywords:

Digital Libraries and Sustainability: A Bibliometric
Analysis Using Web of Science and Scopus

Fotini Leventakou

2024

This study aims at contributing to the advancement
of the field of Library and Information Science,
academia, and the wider society by exploring the
scientific research production on the topic of digital
library sustainability as this is represented in two
bibliometric databases: Web of Science and Scopus.
It also attempts to make a methodological point
about how scientific domains should be investigated
using bibliometrics. Lastly, it investigates the extent
to which the Sustainable Development Goals
(SDGs), set out by the United Nations in 2015,
constitute a study object in the existing literature
within the particular field of study. To achieve these
aims, a bibliometric analysis of academic literature
(i.e., articles, review articles, books, book chapters,
and conference papers) published between 1997 and
2023 was conducted. Moreover, existing research in
relation to the SDGs was analyzed using the relevant
filtering options available at each of the two
databases. As a means for triangulation, the data sets
exported from the two databases were examined
separately and their results compared. The results
showed an upward trend in scientific production on
the topic. Nevertheless, the discussion around it is
still at preliminary stages as proven by the limited
number of (a) publications on the topic, (b) authors
systematically researching it, and (c) inter-author
and inter-country collaborations. The study also
revealed significant differences in the way SDGs are
mapped in each of the two databases allowing for
questioning whether SDG database mappings may
be trusted, and highlighting the need for more
research on the issue.
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1 Introduction

The issue of sustainability is a much-discussed topic in recent years; one that
touches all aspects of human life. With the advent of the Internet and the
transformation of information from print to digital, and of its dissemination
through digital and web-based means, questions started arising regarding how
sustainable such services are. The word “services,” in this context, reflects
what is usually referred to as digital libraries, repositories, archives, or even
information systems.

Consequently, soon enough scientists started exploring aspects of sustainability
in the context of various fields of human development. On top of that,
governments and international organizations also started dealing with
sustainability primarily in relation to the environment, but also extending their
interest towards sustainability’s social, economic, and even cultural
implications, and highlighting its significance for the survival of society and
the planet at large.

This whole discussion on the topic along with my interest in digital libraries
motivated my desire and decision to explore it further. Therefore, the present
document constitutes a bibliometric study on the topic of digital library
sustainability, conducted in the context of the Master’s in Library and
Information Science, Digital Library and Information Services held at the
University of Boras, Sweden.

1.1 Research problem and research questions

The concept of sustainability has always been a core value of librarianship.
This is why the American Library Association (ALA) has been active in
publishing guidelines, policies, and resolutions towards this direction (Council
of the ALA, 2015, 2017, 2019, 2021). Furthermore, the International
Federation of Library Associations and Institutions (IFLA, 2017) has been
actively involved with the creation and promotion of the United Nation (UN)’s
2030 Sustainable Development Goals (SDGs) that aim at ensuring that
people’s present needs are met without undermining ours and our planet’s
future. The UN has highlighted the importance of the scientific community’s
contribution towards the achievement of these goals (UN, 2023a).

Research on libraries and sustainability has primarily focused on physical
rather than digital libraries (see for example Li & Yang, 2023; Moreno et al.,
2022). According to Chowdhury (2012) and Nolin (2010), the concept of
sustainability in the context of information science and more specifically with
regard to digital libraries seems to have preoccupied less scientists and
researchers. This highlights a need to understand how the conversation around
digital library sustainability is evolving, how this conversation is translated into
scientific production on the topic, and if the UN SDGs have been considered
and studied within the existing relevant scientific research.

Consequently, the present research project will attempt to answer the following
research questions, which based on Wildemuth’s (2017) suggestion have



originated from the researcher’s personal experience and a noticed gap in the
existing literature. The research questions are:

1. How is the topic of digital library sustainability represented in current
academic literature? What is the particular field’s overall structure?

2. What trends can be identified in relation to digital library sustainability
research? What is the field’s intellectual, social, and conceptual
structure?

3. Do the UN SDGs constitute a study object within digital library
sustainability research? How is this represented in the way different
bibliometric databases map their content to the UN SDGs?

1.2 Aim and expected outcomes

The above-mentioned research problem guided me towards articulating the
purpose of the present thesis. This is to explore an apparently understudied
field in order to determine what research has been conducted to date on the
topic of digital library sustainability; to get an overall picture of the scientific
research trends on the topic; and to examine the extent to which the UN SDGs
constitute a study object in the area of digital library sustainability research.
There is also a methodological aim to reflect on the bibliometric method as a
way of studying a topic.

Doing all of the above will: (a) increase the scientific community’s
understanding of the amount and quality of research that has already been
conducted on the topic of digital library sustainability; (b) clarify the
knowledge framework of research in this field; (c) highlight the need, or not,
for more research related to digital libraries and the UN SDGs; (d) propose
future research directions; and (e) contribute to the understanding and
enhancement of bibliometrics as a methodological approach. The ultimate goal
is to determine how the Library and Information Science (LIS) world can
contribute to what has been called sustainable development, defined by the UN
(2023b) as “how we must live today if we want a better tomorrow, by meeting
present needs without compromising the chances of future generations to meet
their needs” (para. 1).

The outcomes of this study are expected to show that there is some amount of
research on the topic of digital library sustainability, and that this research
focuses mostly on the environmental aspect of digital libraries. It is also
expected that the study will reveal gaps with regard to social, economic, and
cultural digital library sustainability research. Lastly, regarding the UN SDGs,
it is expected that the results of the study will reveal some amount of scientific
production related to them, but also that there is room for more research.

1.3 Relevance and significance

Even though the concept of sustainability in the sense that we understand it
today did not appear until the late 20th century when Meadows et al. (1972)
highlighted the need for a sustainable world system, it has been a topic of
interest historically from as early as the 17th and 18th centuries (Purvis et al.,
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2019). Nevertheless, as the limited published research on the topic suggests,
the theme of sustainability in relation to digital libraries is quite new.

To the best of my knowledge, this is the first bibliometric study on the topic of
digital library sustainability. As will be discussed in Chapter 3, some other
bibliometric studies have been conducted, but those explored either the one or
the other concept. None of them attempted to explore digital library
sustainability as a unified topic. Consequently, the project’s significance lies in
the fact that it attempts to highlight areas within the topic under discussion that
need to be further investigated and researched. Moreover, the results and
conclusions reached will be useful to the discipline of LIS. The study will also
contribute to the advancement of academia in general, as it may pave the way
for more research to improve digital libraries and make them more financially
robust. It will also help the broader society by exploring how digital libraries
are positioned in the wider discussion on sustainability, and what steps need to
be taken so that they become more socially and environmentally sustainable,
thus contributing to the international effort towards a more sustainable future.
Lastly, the study will contribute to the advancement of bibliometrics as a
methodological approach.

1.4 Structure of the study

The study comprises seven chapters. The current chapter (i.e., Chapter 1) aims
at introducing the reader to the topic. It also presents the research problem on
the basis of which the study was built, along with the study’s purpose, research
questions, and expected outcomes. It briefly discusses the study’s relevance to
LIS, academia, and society, and concludes with the structure of the present
document.

In Chapter 2, the theoretical framework that underlies this study is presented.
This involves a thorough discussion of citation theory, its history, and
development.

Chapter 3 provides a description and a historical review of the concepts that
constitute the basis of the study, which are digital libraries and sustainability.
Furthermore, the chapter presents a review of the relevant literature on the
topic, that is relevant bibliometric studies as well as studies on digital library
sustainability that have engaged in other methodological procedures.

Chapter 4 presents and analyzes the study’s methodology. It begins with a brief
definition of bibliometrics, describes the process of source selection and the
reasons for selecting the specific sources; moves on to a detailed description of
how data were chosen and cleaned; and concludes with an explanation of the
bibliometric techniques that were applied along three methodological axes.

Chapter 5 thoroughly describes the study’s results. It begins with a description
of the bibliometric tools used for the analysis of the data; continues with a
comparison of the two examined data sets; and presents the results along the
three methodological axes described in Chapter 4 through visualizations and
tables.
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Chapter 6 presents a discussion, analysis, and interpretation of the main
findings regarding the current scientific production, the intellectual, social, and
conceptual trends, and the representation of SDGs within the relevant
literature. Moreover, the limitations and problems encountered in the research
process are discussed.

In conclusion, Chapter 7 presents my overall concluding remarks as well as
suggestions for future research.
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2 Theoretical framework

The Oxford English Dictionary has defined the word citation as “the action or
an act of quoting or referring to a passage, text, author, legal precedent, etc.,
esp. as an authority or in support of an argument; quotation” (“Citation, n.,
sense 2.a.,” n.d.). Cronin (1981) provided a metaphorical and rather poetic
description of the term. He referred to citations as “frozen footprints in the
landscape of scholarly achievement; footprints which bear witness to the
passage of ideas” (p. 16). Mulkay (1974) mentioned that citations constitute
relatively objective data and Singleton (1976) referred to them as being, at least
at first sight, quantifiable and able to be easily processed by computers.
Citations have been characterized as a “quality-sensor machine” (Lindsey,
1978, p. 137) that may determine the quality and the impact of scientific
oeuvres through citation analysis. The gradually increasing popularity of
citation analysis highlighted a need for the creation of the so-called citation
indexes such as the proprietary Web of Science (WoS) and Scopus databases,
the open access CiteSeer, the free to use Google Scholar, as well as various
subject specific ones, such as PubMed.

Nevertheless, throughout the years, many scientists have expressed their doubts
with regard to the level of trust the scientific community can show to citation
analysis. Crane (1972) highlighted the fact that how scientific publications
interrelate on the basis of their citations cannot be defined in absolute terms.
She also argued that scientists decide to cite other scientists on the basis of
numerous different factors, which renders the process rather subjective.
Whitley (1969) came to support this too, claiming that high citation rates are
not always the direct result of the cited work’s quality, but may depend on
social factors and subjective evaluations. This is exactly what Chubin and
Moitra (1975) referred to as the phenomenologically “private process by which
authors choose references” (p. 426). Gilbert (1977) explicitly stated that
scientists do not really have a clear idea of what citation analysis allows them
to measure.

This debate around the strengths and limitations of citations and citation
analysis soon came to underline the need for a theory of citing, which up to that
point was mostly implied (Mulkay, 1974), and which would assist in more
standardized citation analysis procedures. Gradually, two different viewpoints
emerged. The first was in favor of a theoretically informed framework that
would explain the role of citations (e.g., Luukkonen, 1997), while according to
the second, a citation theory model was not needed as citations are by
themselves a quality indicator (e.g., van Raan, 1998). For a theory of citation to
be developed, though, one key question had to be answered and this question
was: Why do scientists and scholars cite other scientists and scholars? As has
been proven to date, even though it sounds simple, this is not a quite easy
question to answer and has given rise to endless theory-building discussions
(Leydesdorff, 1998).

Cronin (1984) was the first to explicitly refer to a citation theory in his book
The Citation Process: The Role and Significance of Citations in Scientific
Communication. Initially, Cronin focused his discussion around two theoretical
frameworks: Merton’s normative and positivistic view, according to which

12



citations are a means for recognizing and giving credit to others for their work,
and a post-modernist social constructivist view according to which norms do
not have a value. Back then, Cronin mostly supported the second viewpoint
with regard to bibliometrics. This is something that Small (2016) negated,
claiming that a social constructivist view of scientific knowledge would mean
knowledge is not based on reality, but on subjective claims and rhetorical
persuasion.

In a later paper, Cronin (1998) discussed the issue from three different
theoretical perspectives: (a) a functionalist approach, according to which
scientists cite other scientists to provide additional evidence, support or refute
scientific assumptions; (b) a normative approach, according to which scientists
cite each other because this is required by the scholarly communication system;
and (c) a phenomenological approach, according to which scientists cite each
other because of personal socio-psychological motives. By doing this he
attempted to explain that a combination of the three theories would best
describe why scientists cite other scientists. This perspective of a more
unifying theoretical framework was in accordance with Leydesdorff’s (1998)
acceptance that citation analysis allows for movement “between the cognitive,
the textual, and the social dimensions of science in terms of socio-cognitive
interactions” (p. 19).

Building upon the work by Small (1978), who was the first to talk of citations
as conceptual symbols, Cronin (2000) moved towards a more normative
position attempting to link citation theory to semiotics, posing the rhetorical
question “What, after all, are references and citations if not signalling
devices?” (p. 440). This claim led him to admit that this was something he had
overlooked when he originally talked about citations as the “frozen footprints”
mentioned at the beginning of this chapter. It also led him to the conclusion
that seeing citations as signs might assist the bibliometrics and scientometrics
research community in realizing that these signs are not objectively indicative
of things such as quality or impact but may carry multiple symbolic meanings.
He concluded that semiotics may not provide a theory for understanding
citation, but it could provide a framework within which scientists could
understand the pros and cons of the different theories around it.

More recently, Macfarlane (2017) referred to the term performativity which
emerged in Academia a few decades ago as an expression of the “scholarly”
audit culture. It is the quest on the part of academics for better and higher
teaching and research performance data; data that, on the one hand, help
academics stand out, and on the other, assist universities in claiming or
attracting more funds. Within this newly created reality, citations and citation
analysis indicators are treated as a means for evaluating the quality and impact
of scientific work and, consequently, as something that researchers are actively
seeking to receive. However, as Aksnes et al. (2019) pointed out the
interpretation and validity of citations as quality evaluation devices may be
questioned simply because the concept of research quality encompasses much
more than simple citation counts. It presupposes qualities such as the
plausibility of argumentation, the originality of a research topic, and the
research’s contribution to the advancement of science and society.

13



Despite the fact that there are still opposing views regarding citation theory, it
cannot be doubted that the study of citations may offer valuable scientific
insights. Cronin (1984) identified three main functions of citations. These are
(a) the dissemination of knowledge, (b) the preservation of standards, and (c)
the recognition of other scientists’ work and contributions to the development
and evolution of science. As such, citations and their study and examination
may play a significant role in drawing conclusions about how human
knowledge progresses. This, along with the fact that bibliometrics, the
methodological approach, used in the present study, rely on citations and
citation analysis, is what links the discussion about citation theory to the
present study.
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3 Definitions and literature review

As has been mentioned in the introduction of this report, the present study
relies on two basic concepts: digital libraries and sustainability. To proceed
with a deeper exploration of these two concepts there is a need to first delve
into how each one of them emerged and how they have been defined. This will
be done in the following two sections of this chapter. In the third section, a
review of relevant literature on the topic will be presented.

3.1 Emergence and definitions of the concept
“digital libraries”

The concept of a digital library is one that has been much discussed in recent
times. Calhoun (2014) placed the first appearance and emergence of digital
libraries in year 1991 as this was the year when the US National Science
Foundation first launched a number of workshops on the topic aiming at
putting the foundations for the creation of digital libraries. Obviously the two
and a half decades that preceded this were the ones during which a big number
of technological innovations that constituted requirements for the development
of digital libraries came into existence. Lesk (2005) has mentioned
developments such as digital storage and retrieval, speedy processors,
connectivity, natural language processing, and document conversion
technologies, such as scanning and optical character recognition, to name but a
few.

As the first digital libraries started emerging, various definitions started coming
to light along with them. Nonetheless, until today, there is still a great deal of
confusion regarding what a digital library actually is (Cleveland, 1998). Fox et
al. (1995) attributed this confusion to the fact that “the phrase ‘digital library’
evokes a different impression in each reader” (p. 24). Niirnberg et al. (1995)
provided yet another explanation for the confusion, supporting that it stems
partially from within the library community, which has been using multiple
different terms, such as electronic library, virtual library, etc. to denote the
same thing; and partially from the fact that throughout the years digital libraries
became the center of interest for many research fields (e.g., library science,
information retrieval, hypertext technology, information delivery) each of
which defined the term slightly differently.

Borgman (1999, 2000) attempted to group the various definitions of the term
digital library in terms of whether they (a) were research- or practice-oriented;
(b) approached the concept of a library narrowly, as a simple collection of
information, or broadly, as a social structure; or (c) addressed digital libraries
as simple information retrieval systems or as services and institutions.

In general, what is noticed is a transition from definitions that focused on the
technologies of digital libraries to those that emphasized the social role of
digital libraries. One of the definitions that represent the original viewpoint,
focusing on the technological aspects of digital libraries is that by Lesk et al.
(1993), who defined a digital library as one that is “based on electronic data,”
contains “both text and graphics,” and is “widely accessible via electronic
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networks” (p. 12). Towards the same direction is the definition by Borgman
(1993) who supported that a digital library is “a service ... an architecture ... a
set of information resources, databases of text, numbers, graphics, sound,
video, etc. ... a set of tools and capabilities to locate, retrieve, and utilize the
information resources available” (p. 122). A few years later, Lesk (1997) came
to provide a more enhanced definition of the term claiming that “digital
libraries are organized collections of digital information. They combine the
structuring and gathering of information, which libraries and archives have
always done, with the digital representation that computers have made
possible” (p. xix).

In the meantime, definitions that emphasized the social role of digital libraries
started emerging. The first comprehensive, concise, and clear definition
expressing the perspective of librarians was the one developed by the Digital
Library Federation (DLF). According to it:

Digital libraries are organizations that provide the resources, including the
specialized staff, to select, structure, offer intellectual access to, interpret,
distribute, preserve the integrity of, and ensure the persistence over time of
collections of digital works so that they are readily and economically available
for use by a defined community or set of communities. (DLF, as cited in
Waters, 1998, para. 3)

Lyman (1996) stated that “the definition of the digital library will require an
understanding of the role and nature of public institutions in a postindustrial
society” (p. 4). He also referred to digital libraries as “a realm of free speech
and association as well as an information marketplace” (p. 29) highlighting the
fact that, just like physical libraries, they maintain roles traditionally assigned
to libraries. Borgman (2000) provided one of the most influential definitions in
the field of digital libraries, which combines the idea that they are “a set of
electronic resources and associated technical capabilities for creating,
searching, and using information” with the idea that they are “constructed—
collected and organized—by [and for] a community of users, and their
functional capabilities support the information needs and uses of that
community” (p. 42). Van House et al. (2003) gave a concise but
comprehensive definition describing them as “sociotechnical systems—
networks of technology, information, documents, people, and practices” (p. 1)

Lastly, a more recent definition by Calhoun (2014) provided a two-fold
explanation of what the term digital library means adding to it more nuances.
First, he defined it as a multidisciplinary “field of research and practice” (p. 18)
and second, as “systems and services ... that (a) support the advancement of
knowledge and culture; (b) contain managed collections of digital content ...
intended to serve the needs of defined communities; (c) often use an
architecture that first emerged in the computer and information science/library
domain ...” (p. 18).

3.2 Emergence and definitions of the concept
“sustainability”

Just like the term digital library, sustainability is another term that has been
defined in multiple ways over the years. Etymologically the word has derived
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from the Latin verb sustinére, which means to hold up, in other words to
support (Jeronen, 2013). Jeronen saw it as a paradigm, the aim of which is to
achieve good quality of life by offsetting environmental, social, and economic
ISsues.

The very concept of sustainability started developing gradually. Purvis et al.
(2019) traced its origins back to (a) the forestry experts of the 17th and 18th
centuries, who first coined the idea of the sustainable yield; (b) the early
political economists, who doubted the limits of economic and demographic
growth and talked about the inevitable compromise between wealth and social
justice; and (c) the 19th and 20th century ecologists, who stressed the
significance of combining natural resource conservation with nature
preservation.

The idea of sustainability as we know it today appeared in the late 1970s.
Among the first documents that mentioned the notion of a sustainable world
system was Limits to Growth: 4 report for the Club of Rome’s project on the
predicament of mankind (Meadows et al., 1972) and according to Grober
(2012) this was the first time the word ““sustainable” was used in the sense and
with the meaning it has today. From there on, more concepts such as that of a
sustainable society or the three pillars of sustainability started arising.
Sustainability started being represented as a three-fold concept, encompassing
an economic, an environmental, and a social aspect. According to Purvis et al.
(2019) these three aspects have been referred to in multiple ways in academic
research. Scientists have talked about the three pillars (Boyer et al., 2016; Zijp
et al., 2015), dimensions (Moir & Carter, 2012; Mori & Christodoulou, 2012;
Waas et al., 2011), components (Du Pisani, 2006), stool legs (Dawe & Ryan,
2003; Vos, 2007), aspects (Lozano, 2008; Tanguay et al., 2010), or
perspectives (Arushanyan et al., 2017; Brown et al., 1987) of sustainability.
Chowdhury’s (2013a, 2013b, 2013c, 2014a, 2014b) research on digital library
sustainability also referred to three sustainability pillars or forms.

Gradually, sustainability started becoming the center of attention of
governments and institutions around the world, and soon enough another
concept, that of sustainable development made its appearance. Sustainable
development became intertwined with sustainability and according to Waas et
al. (2011) was, and still is, at times, treated as its synonym and, at others, as a
distinct term. The term originally appeared in what has become famous as the
Brundtland Commission Report, which defined it as development that “meets
the needs of the present without compromising the ability of future generations
to meet their own needs” (Brundtland, 1987, Chapter I, Section 3, para. 27).

The UN soon became interested in promoting sustainability and sustainable
development around the world and started taking actions towards this direction.
In 1992, they set Agenda 21, a comprehensive global action plan with the aim
to support sustainable development (UN, 1992). The UN also established the
Commission on Sustainable Development to ensure, on one hand, the
monitoring of the implementation of Agenda 21, and, on the other, that all
local, national, regional, and international agreements would be met. In 2001,
the UN launched the eight so called Millennium Development Goals (MDGs)
aiming at having the global community achieve them by 2015 (UN, 2001). The
eight MDGs were to: (a) eradicate extreme poverty and hunger; (b) achieve

17



universal primary education; (c) promote gender equality and empower
women; (d) reduce child mortality; (e) improve maternal health; (f) combat
HIV/AIDS, malaria, and other diseases; (g) ensure environmental
sustainability; and (h) develop a global partnership for development. These
were accompanied by 18 targets and 48 indicators that would assist in their
implementation.

The 2002 World Summit on Sustainable Development highlighted the need to
integrate the three pillars of environmental, economic, and social development
as three components of sustainable development (UN, 2002). The discussion
on sustainable development continued in the years that followed, until 10 years
later, in the UN Conference on Sustainable Development, the world’s leaders
decided to adopt a 10-year framework of actions on a voluntary basis, to ensure
sustainable consumption and production (UN, 2012). In the same conference,
the foundations for the development of SDGs were laid. The new SDGs would
be set based on the MDGs that had been launched a few years earlier in the
context of Agenda 21, aiming at improving the deficiencies of their
“predecessors.”

After this, in 2015, leaders from around the world came together at the UN
Summit on Sustainable Development held in New York and set the renowned
2030 Sustainable Development Agenda. The agenda was an action plan that
aimed at protecting the five Ps of a sustainable future, namely the people, the
planet, prosperity, peace, and partnership (UN, 2015). To achieve this, they
put together the 17 well-known SDGs, which were accompanied by 169 targets
that would pave the way as to how the world would proceed after 2015 and as
to what should have been achieved by 2030. The 17 SDGs they set were the
following: (a) no poverty; (b) zero hunger; (c) good health and well-being; (d)
quality education; (e) gender equality; (f) clean water and sanitation; (g)
affordable and clean energy; (h) decent work and economic growth; (i)
industry, innovation, and infrastructure; (j) reduced inequalities; (k) sustainable
cities and communities; () responsible consumption and production; (m)
climate action; (n) life below water; (o) life on land; (p) peace, justice, and
strong institutions; (q) partnerships for the goals.

Returning to the definition of sustainability and sustainable development, one
may conclude that the two concepts are intricately linked to each other. One
may support that sustainability is the goal the world is aiming at achieving,
while sustainable development and the 17 UN SDGs are the means towards
achieving this goal. Reaching sustainable development is a multi-factor
process, which will only be successful if everyone contributes to the best of
their ability. Ever since their appearance, libraries have been the gatekeepers of
information and knowledge, and as such they may play a crucial role towards
ensuring access to information for all as well as towards educating people on
how they may contribute to the achievement of SDGs. IFLA and the ALA have
engaged actively in promoting the 2030 agenda and the SDGs by creating the
ALA Task Force on UN 2030 SDGs and delegating to it the responsibility of
increasing awareness about the SDGs through libraries.
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3.3 Literature review

Research has always been the mechanism for the advancement of humanity
and the world. It is a mechanism through which people can understand the
present, identify its problems, and find solutions to address these problems.
The significance of scientific research is undoubted. As a consequence, | will
next attempt to outline the scientific research that has been conducted on the
topic of digital library sustainability.

A simple search for the query “digital librar*” AND sustainability in two of
the most well-respected abstracting and indexing databases on LIS, namely
Library, Information Science & Technology Abstracts (LISTA) and Library &
Information Science Abstracts (LISA) yielded 130 unique research papers.
Searching in just two databases obviously does not cover the full range of
relevant research; it is, though, a good indication that allows one to assume that
there is not much scientific literature on the topic. This comes in contrast to a
wider trend in current scientific literature, which shows that most scientific
disciplines produce big amounts of research relating to sustainability every
year and that sustainability is seen as a social contract between science and
society (Lubchenco, 1998).

A deeper examination of the retrieved results revealed that there are even fewer
bibliometric and document studies on the topic. What follows is an attempt to
go through the most representative of these studies. I will begin with a review
of some document studies, continue with a discussion of bibliometric studies
that focus on either digital libraries or sustainability, and finish with studies
that combine the two concepts. Some of the reviewed literature was collected
from the databases mentioned in the previous paragraph and from Google
Scholar. Nevertheless, most of it was gathered by applying the technique of
backward citation chaining (Ellis, 1989), else referred to as pearl-growing
(Hawkins & Wagers, 1982). This is a technique that allows for the retrieval of
more literature by examining the references of a key publication.

3.3.1 Document and bibliometric studies

To my knowledge, one of the few document studies that combined the topics of
digital libraries and sustainability was the one by Eschenfelder et al. (2016),
who attempted to highlight how the concept of digital archive, repository, and
library sustainability is represented in academic literature published between
2000 and 2015, and indexed in Library & Information Science Source (LISS),
LISTA, and LISA databases. The researchers highlighted the significance of the
concept for LIS research especially with regard to its economic aspect.
Nevertheless, according to the results of their study, current literature has
touched upon the issue of digital library sustainability rather superficially, as
indicated by the average of four publications per year, and extra effort should
be put on developing methodologies that will help promote the sustainable
development of information systems.

Apart from this, the closest to the topic document study that has been
conducted was one by Meschede and Henkel (2019). The scientists attempted a
mapping of publications in the field of LIS that directly dealt with
sustainability and sustainable development. They focused on the entire LIS
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field and not on digital libraries in particular. Their data set was obtained from
Scopus database. In the absence of a subject area in the field of LIS, the
authors used the SCIlmago Journal Rank! to identify relevant sources. They
ended up reviewing 81 documents. Their results revealed that sustainability-
related research within the LIS field focused mostly on two broad topics: (a)
libraries and (b) information and communication technology (ICT). They also
suggested that future research could focus on education and information
dissemination with regard to sustainability, and on developing frameworks for
the assessment of sustainable development within LIS.

Lastly, Li and Yang (2023) conducted a bibliometric study that touched upon
the topic of sustainability in relation to green libraries. The study did not focus
specifically on digital libraries. With this study, the researchers aimed at
raising awareness about the significance of creating green libraries, motivating
action towards their development, and indicating future research pathways.
They used the WoS database to collect their data, and their data set included
134 items. Some of their primary findings were that (a) there was a steady
increase in research output on green libraries since 2007, but the overall
number is still small; (b) research showed interdisciplinarity, with Library
Science playing a central role; (c) the USA and China were the most
productive countries in terms of research output; (d) cooperation among
countries was small; and (e) topic trends showed a shift from pure
environmental considerations to topics such as library strategy and services.

In terms of bibliometric studies, no studies that combined the topics of digital
libraries and sustainability have been conducted to my knowledge, but a few
studies that focused on either the one or the other concept do exist and will be
discussed next.

3.3.2 Bibliometric studies on “digital libraries”

Singh et al. (2007) conducted a bibliometric study aiming to explore the
existing literature on digital libraries. They examined 1.000 articles published
between 1998 and 2004 and retrieved from the LISA Plus database. Among
their findings were that most of the examined items focused on digital library
initiatives, whereas some other prominent topics related to music digital
libraries, digital repositories of theses and dissertations, and digital
preservation. They also highlighted the dominance of the USA as the primary
producer of literature on the topic.

Ahmad et al. (2018) conducted another bibliometric study on digital libraries.
Aiming at quantifying the prominence and impact of digital library literature,
they examined 4.206 documents published between 2002 and 2016 and
retrieved from the ISI WoS database. They concluded that the number of
published documents on the topic in general showed a rapid increase in
research productivity and, similarly to Singh et al. (2007), indicated the USA
as a primary contributor.

1 More information about the SCImago Journal Rank may be found at:
https://www.scimagojr.com/.
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Lastly, Borgohain et al. (2022) examined the global trends in digital library
research using data from Scopus database. They focused on the period from
2016 to 2020 and their data set included 5.576 papers. Once again, the USA
proved to be the highest-ranking country both in terms of productivity and
impact, whereas 2019 was highlighted as the most productive year. Borgohain
et al. came to confirm Ahmad et al.’s (2018) finding that there is a rapidly
increasing trend with regard to scientific production on the topic.

It is worth mentioning that sustainability did not emerge as a trending topic in
any of the above-discussed studies. In spite of this, scientists have been
conducting bibliometric studies on sustainability. Some of them are discussed
in the following section.

3.3.3 Bibliometric and other studies on “sustainability”

As discussed in Section 3.2, in a world faced with increasingly more and
diverse global social, economic, and environmental challenges, the UN has
assumed a leading role towards the promotion of sustainability and sustainable
development. They have developed a sustainable development agenda for the
implementation and monitoring of the 17 SDGs by the year 2030, and consider
the involvement of the scientific community and the advancement of research
crucial for the achievement of these goals (UN, 2023a). Consequently, the UN
SDGs have become a topic of interest for many researchers as well as
academic and research institutions.

Recently, Mishra et al. (2024) conducted a bibliometric analysis of the
scientific production related to the SDGs. The researchers used the WoS
database and analyzed a big data set of 12.176 documents published between
2015 and 2022 in a variety of academic disciplines. The study’s goal was to
examine the progress, challenges, opportunities, trends, and prospects of the
SDGs. The results showed that there is extensive interest in the topic of SDGs
as indicated by the large number of authors (i.e., 45.345) and the high levels of
co-authorship. The study also revealed the following as the most significant
topics addressed in the literature: SDGs, climate change, Agenda 2030, the
circular economy, poverty, global health, governance, food security, sub-
Saharan Africa, the MDGs, universal health coverage, indicators, gender, and
inequality. Digital libraries did not emerge as one of the topics related to
SDGs.

Chowdhury and Koya (2017) also dealt with the UN SDGs. Specifically, they
explored how the iSchools could assist in achieving them. iSchools is an
international non-profit organization that originated in 2005 (iSchools, n.d.). It
currently numbers 120 member universities from around the world. The
organization’s vision is to “strengthen all aspects of research in information
and information science for members across the globe” (“Vision” section).
This vision is linked to the fact that information and data are crucial to the
achievement of the SDGs. Chowdhury and Koya (2017) concluded that by
linking people to the appropriate information, iSchools could assist the world
in achieving the SDGs and help develop a sustainability-centered culture in
relation to information practices and services. They specifically identified four
teaching and research areas they should focus on, namely sustainable (a)
information systems and infrastructure; (b) information practices; (c)

21



information policies and governance; and (d) user education, training, and
literacy.

Grosseck et al. (2019) were among the scientists who have conducted
bibliometric studies on sustainability and sustainable development.
Specifically, their study focused on education for sustainable development.
They used the WoS database and examined 1.813 papers published between
1992 and 2018. The results of their study indicated a growing interest in the
field as attested by the growing number of publications, authors, and journals
dealing with the topic as well as by the gradually increasing collaborations
among authors and countries around the world.

More recently, Koya and Chowdhury (2020) highlighted the significance of
culture and cultural heritage information practices in achieving sustainable
development. In doing this, they conducted a thematic analysis of 25 UN
official documents and came up with 14 themes through which cultural
sustainability may be achieved. They classified these 14 themes in five main
categories, that is information management skills (including information
access, collection & distribution, curation, quality, and standardization),
technology skills (including information exchange, platforms, and
transformation), application skills (including cross-sectional information),
leadership skills (including information accountability and broadcast), and
people/user skills (including information seeking, sharing, and usage training).
Koya and Chowdhury stressed the importance of incorporating these skills into
information science curricula and cultural heritage information education so
that knowledge and awareness on the topic increases and cultural sustainability
is eventually achieved.

3.3.4 Studies on digital library sustainability

As has already been mentioned, the interest of the scientific community in
issues of sustainability has pervaded almost every scientific discipline.
Consequently, the topics of digital library sustainability and digital library
sustainable development have slowly started becoming a point of interest in
contemporary LIS research, even though they still appear to be understudied.

Spink (1995) was one of the first scholars, who highlighted the fact that there
was an emerging need for the digital library community to consider how digital
libraries should contribute to the international debate around sustainable
development. In a conference presentation, she pointed out that the concepts of
digital libraries and sustainable development had to be commonly addressed.
Spink proposed the development of an interdisciplinary research agenda that
would investigate connections between the two.

Hamilton (2004) identified the issue of economic sustainability as a concern of
primary importance for many digital libraries. The researcher proposed that
becoming an integral part of their respective parent institution is what will help
digital libraries achieve economic sustainability as in this way they will stop
being regarded and treated as temporary special projects. To achieve this,
digital libraries need to invest on the following key ingredients: (a) creating a
widely valuable product; (b) finding strong and influential supporters; and (c)
developing a solid funding strategy that would aim for integration and could
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include options such as charging for access or receiving sponsorships and in-
kind support.

Research for literature on the topic revealed G. Chowdhury as a scholar who
has dealt a lot with digital library sustainability. This is why what follows is a
review of his relevant work. His original work on digital library sustainability
focused mainly on environmental sustainability. Chowdhury (2010) supported
the idea that a turn towards the digital distribution of information might be a
solution against the massive amounts of CO2 emissions resulting from several
activities involved in the print knowledge products. He claimed that moving
from print to digital solutions would make the system environmentally
sustainable. He later moved on to propose an agenda of green information
services (1S) that would be based on cloud computing (Chowdhury, 2012).
Pointing out that the information systems used in higher education and research
constitute sources of huge amounts of green-house gas emissions, he thought
cloud computing could become the solution for the development of green IS. In
another one of his studies, he attempted to propose ways to estimate the
environmental costs of digital libraries given the rapid and continuous increase
in digital content (Chowdhury, 2016). He concluded that energy consumption
is huge at two levels: servers and clients. Consequently, he came up with a
two-fold suggestion. On the one hand, he proposed using better equipment and
improving policies to reduce server energy consumption, and on the other, he
suggested more research related to user information behavior and usage
patterns to determine ways in which user search and access time could be
reduced.

Chowdhury’s later studies brought into the discussion the two other pillars of
sustainability apart from environmental, namely economic and social
sustainability. In one of his conference presentations, Chowdhury (2013c)
discussed what the three aspects of sustainability mean with regard to digital
libraries. He specifically mentioned that in the context of digital libraries
economic sustainability would be to “ensure cheaper, easier and better access
to digital information;” social sustainability would be to “ensure equitable
access to information in order to build a better (well informed) and healthy
society;” and environmental sustainability would be to “ensure reductions in
the environmental impact of digital information” (p. 2). Based on this, he
proposed a conceptual model that considers all three forms of sustainability
supporting that the three of them are intertwined and none of them should be
disregarded if digital libraries wish to achieve sustainable development
(Chowdhury, 2013c, 2014b).

In the same year, Chowdhury also published an article that focused exclusively
on the social aspect of digital library sustainability (Chowdhury, 2013a). In this
article, he analyzed a number of factors that relate to digital library
sustainability and proposed a number of indicators (e.g., rights to information,
equal access to information, etc.) for measuring it. He also stated that to
develop socially sustainable digital libraries a number of socio-cultural and
technical factors need to be considered, and confirmed once again that it is
impossible to achieve social sustainability independently of the other two
previously mentioned sustainability pillars.
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Liew and Chowdhury (2016) extended the discussion on social sustainability to
Digital Cultural Heritage (DCH) services. Through semi-structured interviews,
they tried to determine the factors that assist in rendering DCH services
socially sustainable. To do that they selected 16 users of the following three
DCH services: New Zealand Electronic Text Collection?; Kete Horowhenua?;
and New Zealand History Online*. What they concluded was that for a DCH
service to be socially sustainable four important attributes need to be met: (a)
strategy and policy; (b) advocacy and community engagement; (c) equity,
cultural sensitivity, and literacy; and (d) assessment and evaluation.

Chowdhury (2013b) also studied research and policy documents in an attempt
to identify relations between information research and the sustainability of
digital information services. His findings showed that at the time he conducted
his study, sustainability was not an established topic within the information
science discipline, and he proposed that it had to become one. He also
proposed a model on the basis of which digital information systems and
services would be able to achieve environmental, economic, and social
sustainability.

Lastly, Chowdhury also focused a lot on the open access (OA) movement and
on how this could affect digital library sustainability (Chowdhury, 2014a). He
specifically examined to what extent the implementation of OA policies might
affect the social, environmental, and economic sustainability of digital libraries
highlighting the need for more research, and claiming that the way in which
OA policies are implemented may have an effect on the sustainability of OA
digital libraries.

2 The New Zealand Electronic Text Collection may be accessed at: https://nzetc.victoria.ac.nz/.
3 The Kete Horowhenua may be accessed at: https://horowhenua.kete.net.nz/.
4 The New Zealand History Online may be accessed at: https://nzhistory.govt.nz/.
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4 Research design and method

As mentioned in Chapter 1, the methodology applied in the present study is
bibliometric analysis. Before moving on to a discussion of the specifics of the
study’s design, it would be wise to briefly discuss what is meant by the term
bibliometrics.

4.1 Bibliometrics and its use in the present study

Bibliometrics is a term that dates back to 1969. It was coined by Alan Pritchard
in an attempt to replace the term statistical bibliography (Hulme, 1923), which
had been used sparingly up to then, but which was deemed inadequate and
confusing (Pritchard, 1969). Pritchard defined bibliometrics as “the application
of mathematics and statistical methods to books and other media of
communication” (p. 349). In 1955, Garfield first referred to the concept of
citation indexing in an effort to facilitate scientific information retrieval by
scientists. This revolutionary concept in combination with the idea of citation
analysis, which he later came to develop, contributed to the development of
bibliometrics, as this was the first attempt to create an index for the association
of ideas (Garfield, 1955, 1979).

Ever since its invention and despite the fact that it is considered a controversial
methodology that has provoked intense arguments for and against it over the
years, the bibliometric approach has become a commonly used approach for
the evaluation of science and scientific research and production. Okubo (1997)
mentioned that it is a methodology used in various fields such as the history of
science, the social sciences, documentation, and science policy.

Since the bibliometric methodological approach has emerged as an effective
type of methodology for the evaluation of research and scientific production, it
was selected as the most suitable quantitative methodological approach for the
present study. More specifically, conducting a bibliometric analysis permitted
the measuring, monitoring, and evaluation of scientific and scholarly
production (Gumpenberger et al., 2012). The methodological framework for
the present work was based on the guidelines provided by de Oliveira et al.
(2019), Andrés (2009), and Ball (2018) on how to conduct a bibliometric
analysis and can be briefly summarized in the following steps: (a) defining the
topic to be studied; (b) selecting search platforms; (c) mining bibliometric data;
(d) importing data into visualization and analysis tools to analyze them; and (e)
identifying literature gaps and trends, and reaching conclusions.

4.2 Source selection and reasons for selection

The data for the current study were collected from two of the biggest
multidisciplinary bibliographic databases, the WoS by Clarivate and Scopus by
Elsevier. A bibliographic database contains bibliographic records, which in
turn contain bibliographic metadata about scientific documents.

The two databases were selected for a number of reasons. Firstly, both fulfilled
the criteria of usefulness outlined by Neuhaus and Daniel (2008), that is
coverage, consistency and accuracy of data, sufficient data field availability,
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browsing and searching options, analytical tools, and saving and exporting
options. Secondly, the two selected databases have proven themselves to be
extremely impactful for the scientific community despite the fact that both also
have disadvantages (Pranckuté, 2021). For example, both have been criticized
for lack of transparency as well as inaccuracies in classifying documents
(Wang & Waltman, 2016). Moreover, WoS has been accused of not having as
strong a representation of the LIS field as Scopus does (Pranckuté, 2021; Wang
& Waltman, 2016). Similarly, Scopus has been charged with being weaker than
WoS in indexing some papers, meaning that it, more frequently than WosS, fails
to index certain articles (Franceschini et al., 2016), a serious error that often
results in losing the citations that these articles have given or obtained.

According to de Oliveira et al. (2019), the use of more than one database for
the collection of scientific data in a bibliometric study may lead to a more
consistent bibliometric analysis and more robust results. This was the third
reason for selecting two databases instead of just one. In the context of the
present study, a fourth reason for which it was decided to use both platforms
was that comparing the results from both sources of data (Denzin, 1970, as
cited in Bryman, 2016) could function as a type of triangulation method. This
would enhance the validity of the research output. It would also restrict
possible biases that could result due to the objective restrictions each of the two
databases have been proven to have, as mentioned in the previous paragraph.

The metadata of both WoS and Scopus databases are copyright protected. As a
result, a subscription is required in order for someone to acquire access to the
content of the two resources. Access to both platforms was ensured by both the
University of Boras (UOB) and my workplace (i.e., The American College of
Greece [ACG]).

With regard to the Scopus database both institutions’ subscriptions were
identical as the content of Scopus is available with a single subscription
(Pranckuté, 2021). Nevertheless, the case was not the same with regard to the
WoS database. WoS allows institutions to select a customized subscription
from among the 10 available WoS Core Collection sub-data sets, which vary in
terms of content and coverage timespan (Liu, 2019).

After exploration of the UOB’s and the ACG’s subscriptions, it was discovered
that there were differences in terms of content and coverage between the two
institutions’ database versions. In terms of content, the ACG subscription
included two Book Citation Indexes in the Core Collection, which were not
included in the UOB subscription. In terms of coverage, the UOB subscription
covered a much broader date range than the ACG one. A comparison of the
two versions appears in Table 1.

Executing the same preliminary queries in both WoS versions pointed out that
the number of final results was slightly higher in the ACG subscription. Since
the total number of items was not extremely high and in order to take
advantage of the best of the two versions, it was decided to run the exact same
searches in both the ACG and the UOB versions and combine the two data
sets. Details about how this was done are explained in Section 4.3.1.
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Table 1

Differences in content and coverage between the ACG and the UOB WoS subscriptions

Index

ACG
Coverage

UOB
Coverage

Arts & Humanities Citation Index

Book Citation Index-Science

Book Citation Index-Social Sciences &
Humanities

Conference Proceedings Citation Index-
Science

Conference Proceedings Citation Index-
Social Science & Humanities

Emerging Sources Citation Index

Science Citation Index Expanded

Social Sciences Citation Index

2003-Present
2005-Present
2005-Present

2003-Present
2003-Present
2019-Present

2003-Present
2003-Present

1975-Present

1990-Present
1990-Present
2019-Present

1900-Present
1956-Present

4.3 Data selection

The collected data were bibliographic information, keywords, abstracts, and
citation information of published research studies on the topic of digital library
sustainability. More specifically, the studies included in the data sets were
articles, review articles, books, book chapters, and conference papers. Even
though English is a universally used language in scientific production (de
Oliveira et al., 2019) and it is frequently used as a limiter in bibliometric
studies, it was decided not to limit the studies only to those written in the
English language. The reason for this was that all the studies included in WoS
and Scopus databases, irrespectively of the language in which their text has
been written, are always accompanied by bibliographic information and
abstracts written in English. Since only the bibliographic information and
abstracts of the studies would be examined, there was no reason to further limit
the number of included studies by language.

Furthermore, the examined timespan was decided upon. De Oliveira et al.
(2019) have suggested that “for a complete map of the state of the art, it is
suggested that all studies regardless of their year of publication be analyzed”
(“Mining and analysis” section, para. 15). They have also advised that a date
range may be selected if the topic under investigation has been studied for a
long period of time, hence, too much research exists about it. Since the topic
examined in the present study was relatively new, it was decided not to set any
limitations with regard to the starting date of the published research. A limit
was though placed to the ending date, which was set to 2023, since the content
of the WoS Core Collection is being updated on a daily basis (Clarivate, 2024)
and this would affect the content of the data set in case it needed to be
downloaded anew.

The original data sets were extracted on February 11, 2024. Data were selected
by executing the same queries in both selected databases. Moreover, the same
filtering options (to the extent possible) were used on both platforms. Keyword
selection was made very carefully to ensure that all relevant documents would
be retrieved. Taking into account the two main concepts, namely digital
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libraries and sustainability, and in accordance with de Oliveira et al.’s (2019)
recommendation that when selecting keywords “the specific terms of the field
under study should express the subject, its synonyms, and different spellings”
(“Mining and analysis” section, para. 14), | decided to include in the search
query any combination of the words digital, electronic, online, and virtual
(term set A) with any of the words library, archive, repository, collection (term
set B). As mentioned in Chapter 3, sustainability has been frequently discussed
along three aspects: environmental, economic, and social. Aiming at grasping
all these aspects of the concept, | decided not to restrict the term to any of the
three. Thus, the keywords selected for the second concept were broad and
limited to sustainability and sustainable development (term set C). The search
terms were searched in the article titles, keywords, and abstracts. The exact
procedures followed during the data selection phase for each database are
outlined in Sections 4.3.1 and 4.3.2.

4.3.1 Web of Science query

In WoS, the following query was run in the WoS Core Collection of both the
ACG and the UOB subscriptions.

TS=((digital OR electronic OR virtual OR online) NEAR/O (library OR archive
OR repository OR collection)) AND TS=(sustainability OR "sustainable
development™)

In the above query TS represents the “Topic” search field, which when selected
allows the researcher to search for a term, in the Title, Abstract, Author
Keywords, and Keywords Plus fields (Clarivate, n.d.-c). Keywords Plus is a
technology that is unique to WoS database. It “supplies additional search terms
extracted from the titles of articles cited by authors in their bibliographies and
footnotes” (Garfield, 1990, p. 295). In other words, these key terms are
generated by an algorithm without the authors necessarily being aware of them.
This has made many scholars wonder whether such keywords are indeed
representative of the content of an article (Zhang et al., 2016) and whether
articles that include keywords only in the specific field should be excluded
from a bibliometric analysis. Such articles were retained in the present study,
first, due to the small sample size, and second, because according to Zhang et
al., even though they are less descriptive of the content of a document, they
have been found to be as effective as author keywords in terms of the
knowledge structure of scientific fields.

Moving back to the query, the NEAR/O proximity operator was used in order to
determine the relationship between term set A (i.e., digital OR electronic OR
virtual OR online) and term set B (i.e., library OR archive OR repository OR
collection). NEAR/O signified that any term from term set A had to be adjacent
to any term from term set B (Clarivate, n.d.-b). The Boolean operator AND was
used to determine that any combination of terms from term sets A and B had to
be present along with any of the terms/phrases from term set C (i.e.,
sustainability OR "sustainable development").

After running the search query, the results were refined using some of the
available filtering options. Specifically, the Publication Years and the
Document Types filters were used. For the reasons explained in Section 4.3, the
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Publication Years filter was set to exclude the year 2024. Anything published
prior to that date was included in the data set. Furthermore, the following
publication types were retained: Article, Proceeding Paper, Review Article,
Book Chapter, whereas Early Access, Editorial Material, and Book Review
were excluded.

The above-described procedure was followed both in the ACG and in the UOB
versions of WoS. Two data sets, one from each institution’s subscription were
exported. The data sets were downloaded in plain text (recommended
requirement by Biblioshiny, see Section 5.1) and tab-delimited (recommended
requirement by VOSviewer, see Section 5.1) format including the Full Record
and Cited References as per the guidelines provided by Aria (2021) and van
Eck and Waltman (2023). The instances included in both were compared based
on the WosS ID and all unique instances were retained. Since the items that
were unique in each of the two data sets were few, the two data sets were
manually combined. This resulted in the final WoS data set.

4.3.2 Scopus query

Similar procedures were followed in Scopus. The following query was
executed:

TITLE-ABS-KEY ((digital OR electronic OR virtual OR online) W/0 (library
OR archive OR repository OR collection)) AND TITLE-ABS-KEY
(sustainability OR "sustainable development™)

In the above query TITLE-ABS-KEY was used, which allows the researcher to
search for a term in the Title, Abstract, and Keywords search fields (Elsevier,
2024). The W/0 proximity operator was applied to determine the relationship
between term set A (i.e., digital OR electronic OR virtual OR online) and term
set B (i.e., library OR archive OR repository OR collection). W/0 signified that
any term from term set A had to be adjacent to any term from term set B
(Elsevier, 2024). The Boolean operator AND was used to determine that any
combination of terms from term sets A and B had to be present along with any
of the terms/phrases from term set C (i.e., sustainability OR "sustainable
development™).

After running the search query, the results were refined using some of the
available filtering options. Specifically, the Year, the Document type, and the
Publication stage filters were used. Similarly to WoS, it was decided to include
publications that were published by the end of 2023. Therefore, the Year filter
was set to exclude the year 2024. Anything published prior to that date was
included in the data set. Furthermore, the following publication types were
retained: Article, Conference paper, Review, Book chapter, Book, and Short
survey, whereas Editorial, Note, Erratum, and Conference review were
excluded. The publication stage filter was used to exclude articles in press. The
data set was downloaded in comma separated value (recommended
requirement by both Biblioshiny and VOSviewer, see Section 5.1) as per the
guidelines provided by Aria (2021) and van Eck and Waltman (2023).
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4.4 Data cleaning

The two data sets had to be free from duplications and irrelevant items in order
for them to be as representative as possible. Therefore, they underwent
quantitative (in terms of duplications), qualitative (in terms of content), and
metadata (in terms of normalization) checks to ensure accuracy and validity of
the results. The data cleaning process comprised the following four phases:

1. Removal of duplicate items.

2. Source-based screening.

3. Keyword-based screening.

4. Author, source title, and affiliation normalization.

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA,; Page et al., 2021) methodological framework was used during the
first three phases of the cleaning process. PRISMA is an internationally
recognized standard used to enhance transparency when conducting mostly
systematic reviews and meta-analyses. Nevertheless, it has been used
successfully in bibliometric studies in the past (see for instance Khin Khin Oo
& Rakthin, 2022; Maier et al., 2020), and was, therefore, selected as
appropriate to be used in this study. More specifically, the PRISMA flow
diagram was used to map the number of originally identified records, the
number of those eventually included in the analysis, and the number of those
excluded along with the reasons for exclusion. The PRISMA flow diagrams for
each one of the two data sets may be seen in Figures 1 and 2.

As far as the qualitative check is concerned, it was deemed to be mandatory,
because the term sustainability may be encountered in multiple disciplines and
the term digital libraries is frequently used in a different sense rather than the
one with which it is used in the present study. During this check, items relevant
to the topic under examination were retained and the rest were removed. Also,
items were retained no matter whether digital library sustainability was their
main or secondary focus.

Since both data sets were fairly small, | manually did the data cleaning. No
automation tools were used. Each one of the four phases of the data cleaning
stage is thoroughly described in Sections 4.4.1 to 4.4.4.

30



"
c
2
"5 Records identified from:
2 WoS ACG (n = 241)
£ WoS UOB (n = 231)
3
| S
A4
"
o
E
c Records screened
E (n = 243)
n

g
-g Studies included in analysis
5 (n=108)
£
—

Identification of studies via databases and registers

Records removed before
screening:
Duplicate records removed
(n=229)

Records excluded by researcher:
Source-screening phase
(n =100)
Keyword-screening phase
(n=35)

Figure 1: WoS PRISMA flow diagram. The figure shows how the data
screening process evolved until the final WoS data set was reached. The flow

diagram is the result of an adjustment of the “PRISMA 2020 flow diagram for

new systematic reviews which included searches of databases and registers
only” (https://www.prisma-statement.org/prisma-2020-flow-diagram).
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Figure 2: Scopus PRISMA flow diagram. The figure shows how the data
screening process evolved until the final Scopus data set was reached. The flow
diagram is the result of an adjustment of the “PRISMA 2020 flow diagram for
new systematic reviews which included searches of databases and registers
only” (https://www.prisma-statement.org/prisma-2020-flow-diagram).

4.4.1 Removal of duplicate items

During the first phase of the cleaning process, both the WoS and Scopus data
sets were checked for duplicate items. In WoS, this was done by checking the
Accession Number, the Digital Object Identifier (DOI), the item Title, the
Author Keywords, and the item Abstract fields for duplicate values. The
duplicate records found at this stage were the result of the content overlap
between the ACG and the UOB WoS versions. No other duplicate records were
found.

In Scopus, a similar procedure was followed. The Scopus Document Identifier,
the DOI, the Document Title, the Author Keywords, and the item Abstract were
checked. Checking the Digital Object Identifier resulted in two duplicate
records; checking the Document Title, Author Keywords, and Abstract resulted
in one duplicate record per field. Therefore, a total of five duplicate records
were found and removed. In the case in which one of the two duplicate records
had been cited in other publications, the cited record was retained. In all other
cases, the record with the most recent publication date was retained. In one
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case, one of the duplicates carried a title in a non-English language and because
of this it was discarded.

4.4.2 Source-based screening

During the source-based screening phase, the title, keywords, and abstract of
items published in sources, or presented in conferences, which did not relate to
library and information science, or computing were examined. If the title, the
keywords, or the abstract included any combination of term sets A, B, and C,
as these have been described in Section 4.3, then the item was retained. If an
item included any of the query terms, but in a different context, it was
excluded. An item was also excluded if the query terms were indeed mentioned
in any of the three examined fields as part of a title (e.g., IEEE Xplore Digital
Library or ACM Digital Library), but the content of the study was totally
irrelevant to digital library sustainability. A document was also excluded if it
referred to sustainability or SDGs, but not in the context of digital libraries.
Titles that included any of the terms that appeared in the original search query
were retained and further examined if their exact content was not explicit just
by the title. The items whose titles included the query terms, but it was not
explicit if they were relevant were further examined in terms of keywords,
source, and abstract. The source-based screening resulted in removing 100
records from the WoS data set and 197 records from the Scopus data set.

4.4.3 Keyword-based screening

The keyword-based screening was performed on the remaining records of each
data set after removing the items that were excluded during the source-
screening phase. This second screening was done starting with the author
keywords, since they constitute a concise and indicative description of the
item’s content. Items whose author keywords included both the term
sustainability (or any of its derivatives) and any combination of term sets A
and B, as these were described in Section 4.3, were retained. The rest were
further examined on the basis of their title and abstract. In case an item did not
have keywords, it was judged based on the rest of the criteria, that is the title
and the abstract. The keyword-based screening resulted in removing 35
additional records from the WoS data set and 110 additional records from the
Scopus data set.

4.4.4 Author, source title, and affiliation normalization

In the last phase of the data cleaning process author names, source titles, and
affiliations were normalized. Due to the small size of the data sets the
procedure was done manually. In cases when author names, source titles, and
affiliations appeared in multiple variations, one of these variations was retained
and all the rest were replaced by the selected one. The alterations made in the
WoS data set appear in Appendix A and those made in the Scopus data set
appear in Appendix B.
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4.5 Bibliometric and other techniques used

Since the content of the WoS and Scopus data sets was significantly different
(for a comparison of the two data sets, see Section 5.2), it was decided to
conduct a separate bibliometric study on each data set. This was reinforced by
the fact that (a) the differences in their metadata did not permit the combination
of the two and (b) this way, the results extracted from the two databases could
be compared. Consequently, all the selected bibliometric indicators were
applied on both data sets and the results from both are presented in Chapter 5.

In an attempt to describe the existing literature, determine its impact, trace
collaboration patterns, identify major research areas and trends, and explore to
what extent the UN SDGs have been a topic that has been addressed in the
examined literature, a variety of bibliometric and other techniques and metrics
were put to practice. More specifically, | moved methodologically along three
basic axes, which | developed based on the set research questions. These
focused on the following:

1. Examination of the overall structure of the current literature on the
topic with the purpose of highlighting and recording the current
situation (referred to as the descriptive axis).

2. Analysis of the intellectual, social, and conceptual structure of
knowledge with the intent to pinpoint current trends (referred to as the
analytical axis).

3. Exploration of SDG mappings to the examined literature with the intent
to determine (a) the extent (if any) to which researchers dealing with
the topic under discussion have been preoccupied with the UN SDGs,
and (b) how different bibliometric databases deal with SDG mapping
(referred to as the mapping axis).

More details about the examination of each one are provided in Sections 4.5.1
to 4.5.3, which follow.

4.5.1 Descriptive axis

The exploration of the overall structure of the current literature on the topic of
digital library sustainability involved the examination of the annual scientific
production along with an analysis of the documents, authors, publications,
institutions, and countries. The specific items were selected for the analysis
because they would provide a good overview of the topic under examination
and determine the current state of published literature.

4.5.2 Analytical axis

Analysis of the knowledge structures to identify current trends in the field was
conducted at three levels: intellectual, social, and conceptual. Citation and co-
citation analysis were conducted in order to determine the impact of scientific
production on generating new knowledge, thus new intellectual wealth. Co-
authorship analysis as well as examination of the collaborations among
countries were conducted in order to establish the social knowledge structure.
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Co-word and thematic map analysis were applied to establish the conceptual
knowledge structure.

4.5.3 Mapping axis

Both WoS and Scopus databases recognizing the significance of the SDGs
have mapped their content, whenever applicable, to them.

WoS uses a three-level hierarchical classification system to organize items by
topic. With the help of a clustering algorithm topics are divided into macro-
topics, meso-topics, and micro-topics moving from broader to more specific
subject areas. The SDG schema used by WoS follows a category-to-category
mapping system to map sixteen out of the seventeen UN SDGs (SDG17,
“Partnerships for the goals,” is excluded) to various micro-topics and the
publications associated with them (Clarivate, n.d.-a).

Scopus maps SDGs to documents by matching terms from a record’s title,
keywords, key descriptors, journal subject areas, and abstracts against
predetermined queries designed by Elsevier’s data scientists, supplemented by
a predictive machine learning element (Elsevier, 2023). Times Higher
Education, who originally requested from Elsevier the above, use Elsevier’s
SDG mapping in their Impact Rankings. Since 2023, the 17th SDG has been
included in the Scopus classification scheme, even though, just like in WoS, it
was originally excluded as it had been deemed difficult to quantify
(McCullough, 2020, 2023).

To examine whether the UN SDGs constitute a study object within the
currently existing literature on digital library sustainability research, |

measured how many documents in the used data sets had been mapped to one
or more UN SDGs. | also measured which SDGs were the most prominent
within the examined data sets. In WoS, this was done by using the “Sustainable
Development Goals” filtering option and documenting which SDGs were listed
and how many articles from the data set were mapped to each one of them.
Given that in the Scopus database no such filtering option existed, a slightly
different procedure was followed. Documents were examined one by one. Each
item’s record was examined to determine if the “Sustainable Development
Goals 2023” field was available in it. For the items in which the specific field
was present, the SDGs mapped to the item were documented. In the end, the
total number of items that included each SDG in their record was calculated.

To further examine the way in which the two databases map SDGs, and to
determine the trustworthiness of bibliographic database mapping procedures, |
moved on to comparing the mappings of the documents that were common in
the two data sets. This process involved: (a) determining the common items
between the two data sets based on item titles; (b) finding the respective SDGs
for each title; (c) identifying mapping similarities and differences between the
two data sets.
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5 Data analysis and results

5.1 Tools used for data analysis

For the analysis of data along the descriptive and analytical axes, | used two
open-source programs: Biblioshiny by Bibliometrix and VOSviewer by Leiden
University. Both tools have been recommended by Moral-Mufioz et al. (2020)
as especially useful and effective tools to be used in a bibliometric study.

Biblioshiny is a web-based application included in the wider Bibliometrix
package. It is a flexible bibliometrics tool programmed in R (Aria &
Cuccurullo, 2017). The Biblioshiny app allows non-programmers to use R
through a user-friendly and easy to use interface.

VOSviewer is a piece of software programmed in the Java programming
language (van Eck & Waltman, 2023). It was created for the analysis of
bibliometric networks, but also supports the creation, visualization, and
exploration of maps from imported data. For more information on the software,
one may refer to van Eck and Waltman (2010).

As per the recommendations of the creators (Aria, 2021), data from WoS were
imported in plain text format and data from Scopus were imported in comma
separated value format in the Biblioshiny web-based application. Similarly,
data from WoS were imported in tab delimited format and data from Scopus
were imported in comma separated value format in VOSviewer as per the
recommendation of van Eck and Waltman (2023).

For the analysis of data along the SDGs mapping axis, | used Microsoft Excel
and its treemap and column chart creation feature.

5.2 WoS and Scopus data set comparison

The two final data sets were compared in terms of content in order to determine
whether there was an overlap between them. The comparison was made based
on the DOI, which is a unique and persistent digital identifier assigned to any
kind of object, numerous published items included (doi Foundation, n.d.). For
items that were not assigned a DOI, the comparison was made based on the
title and other bibliographic information. After the comparison of the two data
sets, it was discovered that 77 items were common in both, constituting
34,38% of the total number of titles examined. The combined percentage of
unique titles in both data sets exceeded 65% of the total number of examined
titles. For a more detailed description see Table 2.

36



Table 2
Number of unique and common items in the WoS and Scopus data sets

No. of items %
WoS unique titles 31 13,84%
Scopus unique titles 116 51,79%
Common titles 77 34,38%
Sum 224 100,00%

Note. Over half of the items included in the Scopus data set were unique,
whereas the percentage of unique items in the WoS data set was significantly
lower.

As expected, since the Scopus data set was bigger than the WoS one, it
outnumbered the second in terms of total number of documents, sources,
authors, authors of single-authored documents, author keywords, and
references (see Figures 3 and 4). Nevertheless, it can be noticed that the
respective numbers in the two data sets were proportional.

In terms of the rest of the indicators appearing in Figures 3 and 4, the results
were more or less similar, with Scopus being about one unit higher than WoS
in terms of annual growth rate, and about one and a half unit lower than WoS
in terms of international co-authorship rate. Document average age was
estimated to be 8,33 years in WoS versus 9,66 years in Scopus, while co-
authorship per document was almost the same in both data sets. Lastly, the
average number of citations per document was slightly lower in WoS as
compared to that of Scopus.
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What follows is a detailed presentation of the study’s results. The results are
presented along the three methodological axes (i.e., descriptive, analytical,
mapping) that have been described in Sections 4.5.1 to 4.5.3. Each of them
attempts to answer the present study’s research questions, starting with the
topic representation in current published literature, continuing with the current
trends, and concluding with the representation of the SDGs in each one of the
two data sets.

5.3 Descriptive axis results

To achieve an overview of the two data sets, | first examined and analyzed the
annual scientific production on the topic. | continued with an analysis at the
level of documents, authors, publications, institutions, and countries. It should
be noted that the two databases are using different classification schemes for
their indexed content (Pranckuté, 2021), which may have an effect on the
results.

5.3.1 Annual scientific production

The scientific production trends were first analyzed on the basis of annual
scientific production. The timeframe of published research on the topic of
digital library sustainability may be roughly divided into three periods, which
may be discerned in the results of both data sets. These may be characterized as
the initial, the steady rise, and the high growth phase. As shown in Figure 5, in
the WoS data set, the first phase extends from 1997 to 2005, the second from
2006 to 2012, and the third from 2013 to 2023. In the Scopus data set (see
Figure 6), the initial phase is a little shorter extending from 1997 to 2002, the
steady rise phase (2003-2009) is the same in terms of length but starts and ends
earlier than what is the case in WoS, and the high growth phase (2010-2023)
starts a little earlier and continues to show increase. Both in WoS and in
Scopus, the last phase presents fluctuations. Also, in both data sets, the growth
of scientific production is exponential, with an annual growth rate of 9,66% in
WoS and 10,68% in Scopus (see Figures 3 and 4, p. 37).
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Figure 5:  Temporal evolution of scientific productivity in the WoS data set.
Three phases (i.e., 1997-2005, 2006-2012, and 2013-2023) of scientific
productivity on the topic of digital library sustainability may be noticed.
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Figure 6: Temporal evolution of scientific productivity in the Scopus data set.
Three phases (i.e., 1997-2002, 2003-2009, and 2010-2023) of scientific
productivity on the topic of digital library sustainability may be noticed.

5.3.2 Document types

The 108 documents included in the WoS data set were divided into four
document types, whereas the 193 documents included in the Scopus data set
were divided into five document types. In both data sets, the most frequent
document type was articles, and the vast majority of documents were written in
English. More details about the document types and the languages in which
documents were written appear in Tables 3 and 4.

Table 3
Number of items per document type in the WoS and Scopus data sets

Document type No. of items (Wo0S) No. of items (Scopus)
Articles 59 108
Proceeding/Conference papers 35 49

Book chapters 8 20

Reviews 6 14

Books 0 2

Note. There is an analogy in the number of items per document type in the two
data sets.
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Table 4

Number of items per document language in the WoS and Scopus data sets

Document language No. of items (WoS) No. of items (Scopus)
English 103 186

Spanish 2 2

Italian 1 2

Chinese 0 2

Catalan 1 1

Russian 1 0

5.3.3 Authorship

For the period under examination, 302 authors were identified in the WoS data
set. Out of them, 32 were authors of single-authored documents. The top
authors were G. Chowdhury with four papers and P. Simpson with three
papers, whereas 3,64% of authors wrote two papers and the vast majority of
95,7% wrote only one paper each.

Comparably, 463 authors were identified in the Scopus data set. Out of them
78 were authors of single-authored documents. The top authors were G.
Chowdhury with six papers, P. Simpson, A. Adams, K. R. Eschenfelder, P.
Ngimwa, and K. Shankar with three papers each, whereas 4,10% of authors
wrote two papers and the vast majority of 94,6% wrote only one paper each.

5.3.4 Publication source production

The papers included in the WoS data set were published in 82 sources. One
third (36) of these papers were published in the top 10 publication sources. On
the other hand, the papers included in the Scopus data set were published in
130 sources and 56 of these papers were published in the top 10 publication
sources.

Among the 10 most prominent sources that were common in both data sets
were one book (i.e., the Handbook of Digital Library Economics: Operations,
Collections and Services) and four journals (i.e., Electronic Library, Program-
Electronic Library and Information Systems, Sustainability, and Library Hi
Tech). More details regarding the top 10 publication sources in each one of the
examined data sets are presented in Table 5.
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Table 5

Top 10 publication sources in the WoS and Scopus data sets

No. of items No. of items

Document source (WoS) (Scopus)

Lecture Notes in Computer Science - 8

Electronic Library 6 7

Handbook of Digital Library Economics: 6 6
Operations, Collections and Services

Proceedings of the Association for Information - 6
Science and Technology

Program-Electronic Library and Information 5 5
Systems

Proceedings of the ACM/IEEE Joint Conference (1) 5
on Digital Libraries

Sustainability 4 4

Communications in Computer and Information - 4
Science

Library Hi Tech 3 5

International Journal of Heritage Studies 3 (1)

Journal of Librarianship and Information 3 (2)
Science

Developing Sustainable Digital Libraries: - 3

Socio-Technical Perspectives

International Journal on Digital Libraries - 3

Archiving 2013: Final Program Proceedings 2 (1)
Digital Library Perspectives 2 2
Journal of Documentation 2 (1)

Note. The sources presented in bold italics were common in both data sets. The
numbers in parentheses indicate that the relevant source was not among the top
10 in the respective data set. In the Scopus data set, two sources shared the
10th position having produced the same number of items, thus, both were
included in the table.

5.3.5 Institutional production

Institutional production was examined in relation to the most relevant author
affiliations. The WoS data set included 171 institutional affiliations, and the
top five institutions within it published 12,84% of the total number of
documents on the topic. Similarly, the Scopus data set included 195
institutional affiliations, and the top five institutions within it published 14,72%
of the total number of publications. The only common institutional affiliation
among the most productive ones in the two data sets was University College
London. More details regarding the institutions with the highest number of
document production on the topic appear in Table 6.
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Table 6

Five most productive institutions in the WoS and Scopus data sets

No. of items No. of items

Document source (WoS) (Scopus)
Natural Resources Canada 9 (4)
University of Innsbruck (1) 8
Universitat Politecnica De Valencia (1) 7
University of California - 7
University of Aberdeen 4 -
University College London 3 7

Kent State University 3 -
University of Southampton 3 Q)
University of Malaya 3 -
University of London 3 (2)
Washington State University Q) 6
Universitat Rostock 2 6
Universitat De Valéncia ) 6

Open University (1) 6

Note. The institution presented in bold italics was common in both data sets.
The numbers in parentheses indicate that the relevant institution was not
among the top five in the respective data set. In both data sets, more than one
institution shared the fifth position having produced the same number of items,
thus, all were included in the table.

5.3.6 Country production

Considering the country where authors worked when they published their
research, Table 7 presents the most highly producing countries on the topic.
The dominant among the 37 (for WoS) and 41 (for Scopus) identified countries
was the USA, while nine among the most highly producing countries were
common in the two data sets.

The maps presented in Figures 7 and 8 are geographic visual representations of
the scientific production on the topic under discussion based on the WoS and
Scopus data sets, respectively. The highest percentage of countries dealing with
the topic were European in both data sets (WoS: 55,26%; Scopus: 51,22%).
Asian countries came next (WoS: 18,52%; Scopus: 26,83%), followed by
African (WoS: 10,53%; Scopus: 9,76%) and North American countries (WoS:
10,53%; Scopus: 7,32%).
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Table 7

Ten most productive countries in the WoS and Scopus data sets

Document country No. of items (WoS) No. of items (Scopus)
USA 41 151
UK 38 62
Germany 14 28
China 14 21
Malaysia 10 11
Canada 9 22
Spain 7 22
India 7 15
Australia 6 13
Romania 6 4)
Austria (2) 12
Greece (2) 11
Italy 1) 11

Note. The countries presented in bold italics were common in both data sets.
The numbers in parentheses indicate that the relevant countries were not
among the top 10 in the respective data set. In the Scopus data set, three
countries shared the 10th position having produced the same number of items,
thus, all three were included in the table.

L4

Figure 7: Geographic visual representation of scientific production in the
WoS data set. The intensity (darkness) of the color indicates a higher number
of publications by the specific country.
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Figure 8: Geographic visual representation of scientific production in the
Scopus data set. The intensity (darkness) of the color indicates a higher number
of publications by the specific country.

5.4 Analytical axis results

Analyzing the knowledge structure of academic literature at the intellectual,
social, and conceptual level contributed to the understanding of research trends
on the topic. An analysis at the intellectual level revealed the documents and
authors that have contributed most to the advancement of the field under
discussion; an analysis at the social level provided insights regarding the
degree of cooperation in the field; lastly, an analysis at the conceptual level
highlighted trending topics of discussion within the field.

It should be noted that | tried to use the default thresholds (i.e., criteria for
excluding the least important authors, sources, or documents) for most metrics.
Nevertheless, due to the small size of the data sets this was not always possible
and there were cases when the thresholds were altered to achieve better and
more meaningful visualizations. Whenever this is the case, it is mentioned in
the analysis of the results. | also attempted to maintain the same thresholds for
both data sets to achieve comparability between the WoS and Scopus results.
However, there were cases when this was not possible, and thresholds were
adjusted to achieve similar levels of detail in the respective visualizations.

5.4.1 Intellectual structure

The intellectual structure of the scientific literature on the topic of digital
library sustainability was examined based on citation and co-citation analysis.

5.4.1.1 Citation analysis

Biblioshiny counts two types of citations, namely global citations and local
citations (Bibliometrix, n.d.). Global citations represent the total number of
citations that an article, included in the examined data set, has received from
documents indexed in the entire database. Local citations are citations an
article has received from other articles within the examined data set. Even
though local citations show inter-domain citation relationships and would,
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therefore, be more relevant to investigate for the purposes of this study, |
examined global citations. The reason for this was that the Scopus data set
returned zero local citations and could, therefore, not be evaluated, neither
compared to the respective one emerging from WoS.

The most globally cited papers on the topic within each database are presented
in Table 8. Six among the 10 most globally cited papers of each database were
common in both WoS and Scopus.

Table 8
Ten most globally cited papers in the WoS and the Scopus data sets

Citations
Paper WoS Scopus
Smith M, 2003, D-Lib Mag 10.1045/january2003-smith - 181
Chowdhury G, 2012, J Am Soc Inf Sci Tec 47 -

10.1002/asi.21703
Muehlberger G, 2019, J Doc 10.1108/JD-07-2018-0114 33 58
Causer T, 2012, Lit Linguist Comput 10.1093/llc/fqs004 33 49

Xie 1, 2016, Discov Digit Libr: Theory and Pract - 38

Chowdhury G, 2014, Int J Digital Libr 10.1007/s00799-014- - 34
0116-0

Baker S, 2015, Int J Herit Stud 31 33
10.1080/13527258.2015.1041414

Singh M, 2020, Int J Inform Manage 27 35
10.1016/j.ijinfomgt.2020.102147

Rizor Sl, 2014, J Scholarly Publ 10.3138/jsp.45.4.01 26 28

Hamilton V, 2004, Libr Rev 10.1108/00242530410556210 - 28

Chowdhury G, 2012, Inform Process Manag 26 36
10.1016/j.ipm.2012.02.003

Tait E, 2013, Aslib Proc 10.1108/AP-05-2013-0039 21 27)

Meschede C, 2019, J Doc 10.1108/JD-02-2019-0021 20 -

Fanea-lvanovici M, 2020, leee Access 17 -

10.1109/ACCESS.2020.2975542
Spoor S, 2019, Database-Oxford 10.1093/database/baz077 17 (19)

Note. The papers presented in bold italics were common in both data sets. The
numbers in parentheses indicate that the relevant paper was not among the 10
most highly cited in the respective data set. In the WoS data set, two papers
shared the 10th position with the same number of citations, thus, both were
included in the table.

Next, | examined the most cited authors as these may be considered to be the
ones who have contributed the most to the advancement of knowledge on the
topic under discussion. Out of the 247 authors in the WoS data set, nine met
the thresholds, with the minimum number of documents of an author set to two
and the minimum number of citations of an author set to one. The same
thresholds were retained in the Scopus data set. In this data set, out of the 408
authors, 23 met those thresholds. In both data sets, the most cited author was
found to be G. Chowdhury, while the only other name that was common
between the two was that of P. Simpson. The rest of the most highly cited
authors appear in Table 9.
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Table 9

Ten most cited authors in the WoS and Scopus data sets

Citations
Author WoS Scopus
Chowdhury, G. 89 98
Xie, I. - 47
Eschenfelder, K. - 33
Shankar, K. - 33
Fanea-lvanovic, M. 27 -
Salo, D. - 27
Williams, R. - 27
Zhang, M. - 27
Churchill, E. - 24
Simpson, P. 14 21
Castelli, D. - 19
Ocon, D. 14 -
Buttigieg, P. L. 5 -
Pearlman, J. S. 5 (12)
Chiang, J. K. 4 -
Bruder, I. 1 (1)
Heuer, A. 1 (1)

Note. The authors presented in bold italics were common in both data sets. In
WoS, only nine authors met the thresholds. In Scopus, the numbers in
parentheses indicate authors who met the thresholds but were not among the 10
most highly cited.

5.4.1.2 Co-citation analysis

Small (1973) has defined co-citation as “the frequency with which two items of
earlier literature are cited together by the later literature” (p. 265). Itis a
measure that allows researchers to monitor how scientific fields develop and
how they interrelate. It is assumed that the more two documents or authors are
cited together, the closer they relate to each other, which may be an indication
of emerging research fronts. According to Persson (1994) research fronts are
formulated by the citing articles, whereas the cited articles are the ones that
form an intellectual base.

Figure 9 presents how authors extracted from the WoS data set interrelate.
Authors are presented in five clusters indicated by different colors. The nodes
represent the researchers, while the size of the nodes represents the number of
publications meeting the analysis criteria and authored by the specific
researcher. The bigger the node the more the publications. Lastly, the distance
between researchers indicates the level of interrelation between them. It should
be noted that due to size restrictions, some of the labels in such visual
representations may not be displayed on the exported maps.

In the case of the WoS data set out of the 2.537 authors, 15 met the threshold,
with a minimum number of citations of an author set to six. The default
threshold (i.e., 16) was not retained because due to the small data set it resulted
in an extremely low number of authors (i.e., three). Even the usually applied
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threshold of 10 was not applied in this case because it resulted in just four
authors. Among the five most influential co-cited authors were G. Chowdhury
(46 citations), UNESCO (18 citations), the European Commission (16
citations), B. Stiegler (nine citations), and D. Baker (eight citations).
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european/gommission
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chov@y ry, g
watson, rt
jankowiska, ma
Al - It
& vOosviewer spi.a

Figure 9: Author co-citation network in the WoS data set.

Figure 10 presents how authors extracted from the Scopus data set interrelated.
Authors were presented in three clusters indicated by different colors. Out of
the 6.267 authors, 36 met the threshold, with a minimum number of citations of
an author set to 10. Among the five most influential co-cited authors were G.
Chowdhury (55 citations), C. L. Borgman (28 citations), I. Xie (23 citations),
C. Lagoze (22 citations), E. A. Fox, and M. Lesk (17 citations each).
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Figure 10: Author co-citation network in the Scopus data set.

Apart from authors, a co-citation analysis of the most highly cited papers was
also conducted. In the WoS data set, out of 3.185 cited references, seven met
the threshold with a minimum number of five citations of a cited reference. In
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the Scopus data set, out of 5.751 cited references, five met the threshold with a
minimum number of three citations of a cited reference. The results from both
data sets are presented in Table 10.

Table 10

Most co-cited references in the WoS and Scopus data sets

Citations
Cited reference WoS Scopus
chowdhury g, 2013, j doc, v69, p602, doi 10.1108/jd-08- 7 3
2012-0104
chowdhury g, 2010, j doc, v66, p934, doi 5 3
10.1108/00220411011087878
chowdhury g, 2014, int j digit librarie, v14, p181, doi 5 -
10.1007/s00799-014-0116-0
chowdhury g, 20186, j assoc inf sci tech, v67, p2379, doi 5 -
10.1002/asi.23599
hamilton v., 2004, lib rev, v53, p392 5 3
jenkin ta, 2011, inform organ-uk, v21, p17, doi 5
10.1016/j.infoandorg.2010.09.003
nolin j, 2010, inform res, v15 5 -
bollen j, 2002, d-lib mag, v8, doi 10.1045/june2002-bollen - 3
conway p, 2010, lib g, v80, p61, doi 10.1086/648463 - 3

Note. The references presented in bold italics were common in both data sets.
5.4.2 Social structure

An attempt to capture the social structure and patterns appearing in the
literature on the topic of digital library sustainability was made. This was done
by tracing patterns of collaboration between authors and countries.

5.4.2.1 Co-authorship

The co-authorship network analysis in both data sets showed that not much
collaboration exists among researchers. Figures 11 and 12 present co-
authorship networks resulting from the WoS and Scopus data sets, respectively.
In WoS, authors were divided into seven clusters, whereas in Scopus they were
divided into 14 clusters indicated by different colors. Authors with similar
colors are connected with stronger co-authorship links. Out of the 247 authors
in the WoS data set, 12 met the thresholds with the minimum number of
documents of an author set to two and the minimum number of citations of an
author set to zero, whereas out of the 408 authors in the Scopus data set, 24 met
the same thresholds. The results in both data sets show a rather dispersed
picture of authors, which is an indication of the fact that not much cooperation
exists between them.
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Figure 11: Network of co-authorship links in the WoS data set. Links represent
co-authorship between authors or those that have co-authored with them.
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Figure 12: Network of co-authorship links in the Scopus data set. Links
represent co-authorship between authors or those that have co-authored with
them.

5.4.2.2 Collaboration between countries

Collaborative patterns were also analyzed at the level of country collaboration.
Similarly to the co-authorship networks, here each node represents a country.
Countries that are linked with a line cooperate with each other and the
thickness of the line indicates the strength of collaboration between them.
Figures 13 and 14 present country collaboration networks resulting from the
WoS and Scopus data sets, respectively. Out of the 42 countries within the
WoS data set, eight met the thresholds with the minimum number of
documents of a country set to five and the minimum number of citations of a
country set to zero. Similarly, out of the 50 countries within the Scopus data
set, 10 met the same thresholds. The USA had the highest performance in
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international collaborations with 24 collaborative documents in WoS and 69 in
Scopus, and collaborations with the UK, Australia, Germany, and France. The
Scopus data set also revealed additional collaborations between the USA and
Spain, Canada, and China, which were not revealed by the WoS results.
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Figure 13: Country collaboration network in the WoS data set.
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Figure 14: Country collaboration network in the Scopus data set.

5.4.3 Conceptual structure

Co-occurrence analysis was used in order to identify key research areas and
emerging thematic trends in the field. More specifically, the techniques of co-
word analysis and thematic mapping were used.

5.4.3.1 Co-word analysis

Running a co-word analysis allowed me to detect the most prominent subject
areas within the examined data sets as well as the temporal evolution of these
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subjects. Since author keywords function as a concise description of a piece of
research, their analysis allows for the identification of trending topics in a field
of study (Mishra et al., 2024; Zhang et al., 2016). Therefore, the analysis was
done on the basis of author keywords.

Out of the 359 terms that were identified in the WoS data set, 14 met the
threshold with the minimum number of occurrences of a keyword being four
(not the default threshold). On the other hand, out of the 596 terms that were
identified in the Scopus data set, 24 met the same threshold. The top four most
frequently occurring author keywords (i.e., sustainability, digital
libraries/digital library, cultural heritage, and sustainable development) were
common in the two data sets. The complete results appear in Table 11.

Table 11
Most frequently occurring author keywords in the WoS and Scopus data sets

WoS Scopus
Author keywords occurrences occurrences

sustainability 24 42
digital libraries/digital library 22 44
cultural heritage 8
sustainable development 7
institutional repositories 5
digital archives 4
digital repositories/digital repository 4
digital humanities -
open access 4
academic libraries 4
collaboration -
digital preservation 4
economic sustainability 4
metadata -
digitization 4
libraries 4
archives -
collections management -
digital storage -
environmental sustainability -
higher education -
public libraries -
social sustainability - 4

=~

APPSR NNNNOOWOOO!

Note. The keywords presented in bold italics were common in both data sets.
The terms that appeared in both plural and singular form have been combined.

Furthermore, the most frequently used author keywords were depicted in co-
word analysis maps, one per data set. In a co-word analysis map each node
represents a term and the size of the node grows proportionally to the number
of publications that contain the term in the author keywords field. Also, terms
that co-occur tend to cluster near each other. In the WoS data set author
keywords were divided into three main clusters, each represented by a different
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color (see Figure 15). The most prominent green cluster contained documents
focusing on sustainability in relation to institutional repositories and digital
preservation and digitization projects. The red cluster contained documents
that dealt mostly with economic sustainability in relation to digital and
academic libraries as well as to the open access movement. Lastly, the less
prominent blue cluster included documents that dealt with the sustainable
development of cultural heritage projects or institutions, and with digital
archives.

institutionalirepositories
digital preservation

academiglibraries

sustainability
<y
digitization

economic swstainability

open@ccess digita@raries

sustainable(development

culturalberitage

(’.}\ VOSviewer digital archives
o

Figure 15: Network visualization of the most frequently used author keywords
in the WoS data set.

In the Scopus data set, the most frequently used author keywords were divided
into four main clusters, once again represented by different colors (see Figure
16). The most prominent red cluster contained documents focusing on
sustainability in relation to digital repositories and archives as well as digital
preservation and digitization projects. It also included documents dealing with
the digital humanities, cultural heritage, and metadata. The green cluster
contained documents that dealt mostly with digital libraries, economic,
environmental, and social sustainability, as well as with the open access
movement and digital storage. The blue cluster included documents that dealt
with academic libraries, higher education, and collaboration, something that
was not present in the WoS data set results. Finally, the least prominent yellow
cluster represented documents that focused on sustainable development and
collection management.
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Figure 16: Network visualization of the most frequently used author keywords
in the Scopus data set.

Figures 17 and 18 present a temporal view of what has been studied over the
years based on the WoS and Scopus data sets, respectively. The lighter the
color of the node is, the newer the theme it represents. Consequently, what we
can discern is that the topic of digital library economic sustainability appeared
in WoS as having been discussed in the literature for quite some time. In
Scopus, topics such as digital library economic and social sustainability,
digital storage, and collaboration were among the oldest that have preoccupied
scientists. On the other hand, WoS showed that topics such as digitization,
institutional repositories, and cultural heritage, represented by the yellowish
nodes, have started being addressed more recently, whereas Scopus indicated
apart from cultural heritage, and digitization, also digital humanities as some
of the most recently researched topics.

institutional repositories
digital preservation

academiglibraries

sustainability

digitization
economic swstainability
openaccess dlglta&l, ibraries
sustainable development
cultural heritage
i Hglealirent I
&, vosviewer 'gital drchives |

1 1 1 T 1
= 2012 2014 2016 2018 2020

Figure 17: Overlay visualization of the scientific landscape in the WoS data
set. The darker the color of the node, the older the topic it represents.

53



collab@ration

higher education

academiglibraries

digital storage
digital preservation g g

sustainability

economic SUstainability

digital@rchives

digital repositories cultural heritage / N
social sustainability

open access ®

metadata sustainable(development

collections managem: \

. )
& VOSviewer ' - i
b 2012 2014 2016 2018

Figure 18: Overlay visualization of the scientific landscape in the Scopus data
set. The darker the color of the node, the older the topic it represents.

5.4.3.2 Thematic map

In an attempt to dig deeper into the conceptual structure of the current
literature, this was also depicted in thematic maps generated by Biblioshiny. A
thematic map is the result of a clustering algorithm applied to the author
keywords. According to Callon et al. (1991), the algorithm considers the
density (i.e., the degree of the theme’s development) and the centrality (i.e., the
level of a theme’s importance within the research field) of the themes. Even
though thematic maps are usually hard to interpret, they may provide useful
insights.

A thematic map allows for the visualization of four types of themes, namely
the motor themes, the basic themes, the emerging or declining themes, and the
niche themes (Callon et al., 1991; Cobo et al., 2011). The motor themes
constitute the “driving force” themes and are depicted in the upper right
quadrant of the thematic map. The basic themes constitute significant
crosscutting, but general themes, and appear at the lower right quadrant. The
emerging or declining themes constitute themes that are quite marginal and not
so much discussed. They appear in the lower left quadrant. Lastly, the niche
themes are also marginal basically because they are too specialized, and they
appear at the upper left quadrant.

The thematic maps presented below were built based on author keywords, and
generally, present both similarities and differences between the two data sets.
The thematic map that resulted from WoS is presented in Figure 19. According
to it the keywords collaboration, economic models, funding as well as digital
libraries, sustainability, information management, and digital repositories
appeared to be motor themes, whereas the terms digital cultural heritage,
digital archives, open access, and environmental sustainability were basic
themes that seem to be moving towards becoming motor ones. Lastly, cultural
sustainability constituted a niche theme, while digitization and inclusion were
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two emerging themes and digital preservation appeared to be a declining topic

of discussion.
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Figure 19: Thematic map of author keywords in the WoS data set. The volume
of each node is proportional to the number of documents containing each

keyword.

The thematic map that resulted from the Scopus data set is presented in Figure
20. According to it, just like in the WoS thematic map, the keyword digital
repositories fell within the motor themes. Along with it were the keywords
open access and best practices. The terms digital libraries, sustainability, and
sustainable development along with digital archives, digital cultural heritage,
and digital preservation were among the basic themes. Costs and publishing,

two topics that did not come up in the WoS data set,

were among the

emerging/declining themes, while collaboration and funding, which appeared
as motor themes in WoS fell within the niche themes category in Scopus along
with aggregation, library management, digital humanities, and archiving.
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Figure 20: Thematic map of author keywords in the Scopus data set. The
volume of each node is proportional to the number of documents containing
each keyword.

5.5 Mapping axis results

With regard to the last methodological axis, which was used to determine
whether UN SDGs constituted a topic of discussion in the examined data sets,
the results showed that about half of the documents in each of the two data sets
were mapped to at least one SDG. More specifically, the results showed that in
the WoS data set 45,37% of publications were mapped to an SDG. The
respective percentage for the Scopus data set was 51.81% including SDG17,
and 45,60% excluding it (see Table 12).

Table 12
Percentage of items mapped to SDGs per data set

WoS Scopus Scopus
including SDG17 excluding SDG17
Total no. of items 108 193 193
Items mapped to SDGs 49 100 88
Percentage 4537%  51,81% 45,60%

Note. The table presents the total number of items mapped to one or more
SDGs in each one of the two data sets. WoS does not map items to SDG17,
whereas Scopus does. For this reason, in the Scopus data set the relevant
percentage has been calculated both including and excluding items mapped to
SDG17. This way, the results from the two data sets may be compared on the
same basis.

Out of the items that were mapped to an SDG in the WoS data set, SDG4
“Quality education” received the highest percentage, followed by SDG3 “Good
health and well-being”, and SDG9 “Industry, innovation, and infrastructure.”
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In the Scopus data set the results were a little different with SDG17
“Partnership for the goals” receiving the highest percentage, followed by
SDG4 “Quality education,” SDG9 “Industry, innovation, and infrastructure,”
and SDG11 “Sustainable cities and communities.” The complete and detailed
distribution of items per SDG in each data set appears in Table 13. Moreover,
detailed visualizations of the most frequently mapped SDGs in WoS and
Scopus appear in the treemaps presented in Figures 21 and 22, respectively.

Table 13
Distribution of items per SDG and respective percentages in the WoS and Scopus data

sets

Mappings % Mappings %
SDG in WoS in Scopus
1 No poverty - 1 0,55%
2 Zero hunger - 1 0,55%
3 Good health and well-being 7 1429% 1 0,55%
4 Quality education 30 61,22% 38 20,77%
5 Gender equality 1 2,04% 1 0,55%
6 Clean water and sanitation - -
7 Affordable and clean energy - 7 3,83%
8 Decent work and economic - 10 5,46%
growth
9 Industry, innovation, and 4 8,16% 23 12,57%
infrastructure
10 Reduced inequalities - 6 3,28%
11 Sustainable cities and 2 4,08% 20 10,93%
communities
12 Responsible consumption 2 408% 6 3,28%
and production
13 Climate action - 7 3,83%
14 Life below water - 1 0,55%
15 Life on land 2 408% 2 1,09%
16 Peace, justice, and strong 1 2,04% 10 5,46%
institutions
17 Partnership for the goals - 49 26,78%
Sum 49 183

Note. In the case of WoS, each item has been mapped to one SDG, whereas in
the case of Scopus, each item has been mapped to more than one SDG.
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Figure 21: Treemap representing the top SDGs mapped to WoS items. The
number below the title of each SDG shows the exact number of items mapped
to that SDG.
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Figure 22: Treemap representing the top SDGs mapped to Scopus items. The
number below the title of each SDG shows the exact number of items mapped
to that SDG.

As mentioned in Section 5.2, among the documents included in the two data
sets, 77 were common in both. A simple comparative analysis of the mappings
within the documents shared by both data sets was conducted to determine
more specific similarities and differences between the two data sets.
Apparently, out of the 77 common documents, WoS had mapped 49% and
Scopus 42% to an SDG (see Figure 23). Moreover, 21 documents were not
mapped by any of the two databases and only four, a percentage of 5%, were
mapped to the same SDG by both databases. It should be noted that even in this
case, the mappings were not completely identical as Scopus mapped the four
documents with more than just the common SDG. The four documents along
with the relevant SDG mappings appear in Table 14.
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Figure 23: Percentage of SDG mapped and unmapped items in each data set.
The percentages have been calculated over the total number of WoS and

Scopus data set common documents.

Table 14

Items that received the same SDG mapping in both WoS and Scopus

Mapped Additional
SDG mapped
(WoS & SDGs
Item title & DOI Scopus)  (Scopus)
A proposed sustainable and digital collection and SDG12  SDG11
classification center model to manage e-waste
in emerging economies (10.1108/JEIM-02-
2020-0043)
Collaborative working for large digitisation pro- SDG4 SDG11,
jects (10.1108/00330330610669262) SDG17
Digital librarianship practice and open access tech- SDG4 SDG9,
nology use for sustainable development in Ni- SDG17
geria (10.1108/DLP-01-2021-0007)
Three-dimensional extension of a digital library SDG4 SDG9

service system (10.1108/00330331011083202)
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6 Discussion

An analysis of the results presented in Chapter 5 shows that, generally, similar
conclusions may be reached from both the WoS and Scopus databases in terms
of the descriptive and analytical axes, with just a few noticed differences.
Nevertheless, more significant differences may be noticed with regard to the
SDG mapping axis. The various conclusions reached in relation to each one of
the three methodological axes of analysis are further discussed in the sections
that follow.

6.1 Analysis of current scientific production

The first point that can be made is that the topic of digital library sustainability
is a rather new topic within the scientific community as proven by the
document average age, which ranges from 8,33 years in WoS to 9,66 years in
Scopus. The results from both databases show that there seems to be an upward
trend in scientific productivity, which has passed from three noticed phases: an
initial slow phase, a steady rise phase, and a high growth productivity phase.
Even though this is noticed in both databases, the Scopus results show that the
high growth phase started around 2010, whereas the WoS results present it to
have started around 2013, an admittedly insignificant difference.

Despite this ascending trend, though, scientific production is still at the initial
stages as proven by the small number of documents in each one of the two data
sets. This confirms my initial suspicion that the topic of digital library
sustainability has not yet attracted much interest on the part of the scientific
community. The low scientific interest is also proven by the fact that the vast
majority of authors (95,7% in WoS and 94,6% in Scopus) have written only
one paper on the topic, thing that indicates that there is only occasional and not
continuous and intensive involvement with it.

The majority of published documents are journal articles and conference
proceedings written in English. Both data sets indicate G. Chowdhury as the
author who has contributed the most in the field, whereas in terms of
disciplinary interest, it is noticed that the majority of sources dealing with the
topic belong to the discipline of LIS.

When it comes to geographic production, the results from both data sets show a
similar number of countries dealing with the topic. The dominant country
among them is the USA, while the respective dominant continent is Europe.
This is an indication that European research is dispersed and divided among
many different countries, whereas in America scientific production is more
centralized.

At the institutional level, both data sets reveal that the institutions that have
mostly dealt with the topic are educational ones. The fact that the top five
institutions that have produced research on the topic have published only 13-
15% of the total scientific production is also indicative of the fact that digital
library sustainability research is at preliminary stages. Moreover, it should be
noted that in the case of institutional production there is a noticed difference
between the results of the two data sets as only one common institution (i.e.,
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University College London) appears among the five institutions with the
highest production. This constitutes a clear argument in favor of the
methodological proposition that multiple databases should be used for
triangulation purposes in bibliometric studies.

6.2 Analysis of intellectual, social, and conceptual
trends

Findings related to the knowledge structure of the topic under discussion also
indicate that digital library sustainability is still at an initial stage of
investigation. One of the things that prove this is the fact that the most cited
articles within the examined data sets have received quite a low number of
citations (i.e., from 17 to 47) with the exception of one article by Smith et al.
(2003), which received a higher number of 181 citations in Scopus. The low
citation rates are indicative of the fact that researchers are not in need of
consulting and citing such papers, which in turn suggests novelty of the topic.

The author that appears to be the most highly cited with 89 WoS citations and
98 Scopus citations is G. Chowdhury, which confirms the conclusion reached
in Section 6.1 that he has contributed the most to the advancement of
knowledge on digital library sustainability. Nevertheless, the low number of
received citations by other authors, which ranges from 1 to 47, in both
databases indicates that researchers have not yet dealt much with the topic.

In terms of author co-citation, Chowdhury is also found to be the most
influential co-cited author in both data sets, whereas in terms of article co-
citation, two of his articles along with one by Hamilton are in the top five most
highly cited papers in both data sets, which is an indication of their influence.
Nevertheless, the extremely low number of citations (i.e., three to seven) does
not allow for safe conclusions and the fact that there are also very different
documents among the most highly cited ones, as these resulted from each one
of the two databases, enhances this.

In terms of interrelations between authors, the WosS results show less
interaction between authors, whereas the Scopus data set shows slightly more.
This may have been influenced by the fact that the two data sets differed in
terms of size. As far as collaborations are concerned, co-authorship links
indicate limited collaboration among authors, while in terms of country
collaboration, both data set results show that there seems to exist some. In both
data sets, the USA and the UK are the two countries that present the highest
number of collaborations with other countries.

Co-word analysis in both data sets shows that the most prominent topics
discussed in the literature are sustainability in relation to institutional
repositories and digitization projects, economic sustainability, and sustainable
development of cultural heritage institutions and archives. Apart from the
above, some additional topics emerge from the Scopus data set. These are
academic libraries, education, and collaboration. Among the topics that
emerge, themes such as cultural heritage, digital humanities, digitization, and
institutional repositories appear to be quite recent. On the other hand, the topics
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of economic and social sustainability, digital storage, and collaboration have
been addressed for quite some time.

Lastly, the thematic maps present dissimilarities between the two data sets,
which confirms the fact that the technique of thematic mapping remains a
difficult one to interpret and the results stemming from it are difficult to draw
conclusions from. Even though common themes have emerged from the WoS
and Scopus thematic maps (Figures 19 and 20), in most cases, these are
classified as different types of emerging themes. The only themes that are
identified as belonging to the same thematic type in both data sets are “digital
repositories,” which has been identified as a motor theme; and “digital cultural
heritage” and “digital archives,” which have been identified as basic themes.

6.3 Analysis of SDG mapping

The analysis of the WoS SDG mappings designates SDG4, SDG3, and SDG9
as the most frequently mapped ones to the articles that were common in the
two data sets. In Scopus, the most frequently mapped are SDG17, SDG4, and
SDG9. The fact that SDG4 and SDG9 are among the top three most highly
mapped SDGs in both data sets is the only noticed similarity between them in
terms of SDG mappings.

Excluding the above similarity between databases, the results emerging from
the SDG mapping axis present significant differences. Primarily, only eight out
of the 17 SDGs are mapped to documents within the WoS data set as opposed
to 16 in the Scopus data set. Secondly, it is noticed that WoS does not map
SDG17 at all, as opposed to Scopus, which has recently started mapping it.
Furthermore, out of the 77 documents that were common in the two data sets
only four were found to have been mapped to the same SDG by both databases.
Each one of these four documents is also mapped to additional SDGs in
Scopus. One of the differences that emerged is that WoS generally maps
slightly more (49%) documents than Scopus (42%), but assigns only one SDG
per document, whereas the opposite happens with Scopus.

Consequently, it is assumed that the quite different algorithms used by the two
databases result in significant differences in terms of the final mapping
outcome. The noticed differences in how the two databases map SDGs
highlight the difficulty hidden in this procedure. The fact that different
databases classify articles differently shows that SDG classifications by
commercial services may be unreliable and creates reasons for wondering
whether relying on such tools for the evaluation of scientific productivity on
SDGs is indeed valid and trustworthy.

These results coincide with the conclusions reached by Armitage et al. (2020),
who questioned the validity of commercial database SDG mappings after
comparing the Bergen and Elsevier mapping approaches and finding limited
similarities in their mappings. According to Armitage et al., interpreting the
SDGs, establishing their relevance to documents, and building effective
mapping queries constitute big challenges that need to be overcome before
database SDG mapping strategies may be relied on.
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6.4 Limitations of the study

No matter how well thought-out a research study may be, it is always
accompanied by numerous limitations. The present study does not constitute an
exception.

One of the limitations that accompanies all bibliometric studies is bibliometric
database barriers. Even though bibliometric databases attempt to include the
most significant research that is being produced, there are obvious restrictions
such as license-related, geographic, and financial ones, which prevent them
from including the full range of published literature. A good example that
illustrates this is the case of G. Chowdhury, who, as previously discussed, is
one of the researchers who have been a lot preoccupied with the topic of digital
library sustainability. Chowdhury has produced at least 10 publications on the
topic, but not all of them are included in the two databases that were used in
this study. Specifically, he is represented by four of his papers in WoS and by
six papers in Scopus. Taking this into consideration, one may conclude that
even though the data sets extracted from such databases may give us an idea of
the research environment on a topic, it is impossible for them to give the
complete picture. This should be taken even more seriously into account when
examining topics which are fairly new and not much research exists on them,
as in the case of the present study.

Another limitation that should be considered is the issue of item metadata.
WoS and Scopus, like any database, often contain mistakes and discrepancies
in their metadata. This is something researchers conducting bibliometric
studies should always consider. The reason is that bibliometric analyses are
made based on the extracted metadata and any mistakes and inconsistencies in
them may affect a study’s final results. In the present study, detailed data
cleaning was conducted prior to importing data in the bibliometric analysis
tools. Even though the procedures followed were thorough and meticulous, the
fact that they were put into practice by one person means that there is always
the risk of the researcher having missed something or having neglected to take
something else into account. Consequently, the researcher’s personal bias
should also be listed among the study’s limitations both with regard to data
processing and cleaning, but also with regard to data collection and analysis.

Lastly, the small number of articles included in the data sets, thus the small
sample size, constitutes an additional limitation of the study and its
implications should be addressed. Even though it allows one to draw indicative
conclusions regarding the topic under discussion, it does not allow for safe
conclusions such as the ones that may be reached when bigger data sets with
more documents are examined.
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7 Conclusion

The present study aims at contributing to the advancement of the field of LIS,
academia, and society in general by investigating the scientific production on
the topic of digital library sustainability. This is done by recording the current
state of relevant academic literature, identifying research trends, and
understanding how the conversation around digital library sustainability has
evolved, and how it has been translated into scientific production on the topic.
On top of this, the study aims at investigating if the UN SDGs have been
considered and studied within the existing relevant scientific research and at
making a methodological point about the use of bibliometrics as a method for
studying a topic.

To achieve the goals of the study two well-respected bibliometrics databases
were used (i.e., WoS and Scopus) and numerous bibliometric and other
techniques were put into practice. Methodologically, a comparison of the
results received from each data set was attempted, something which is
proposed as a triangulation method to increase validity of the results especially
in cases of small data sets like the ones on which this study was based. In
general, the two data sets produced similar results, which confirmed my
conclusions. Nevertheless, there were cases when the results from each data set
did not coincide, thing that enhances the present study’s argument in favor of
using multiple sources when conducting bibliometric studies.

Indisputably, the discussion around digital library sustainability is a huge one.
Even though it seems to have preoccupied some researchers for quite some
time, the low levels of scientific production relating to it prove that there is
room for more research and collaborations on the topic. Current trends show
that production on the topic presents a slow but steady increase. Nevertheless,
it is still at low levels with few authors having contributed to the expansion of
knowledge on the topic, and limited inter-author and inter-country
collaborations. One of the study’s most significant contributions is related to
the SDG mappings. Interestingly, their investigation shows big discrepancies
between the two examined data sets. This raises questions regarding the level
of trust researchers may show in relevant classification methods used by
bibliometric databases.

One of the primary strengths of the present study is that it constitutes one of the
few bibliometric studies on the topic of digital library sustainability. As a
consequence, it may function as a steppingstone that will urge more researchers
in LIS and other relevant fields to conduct research on the topic. Primarily,
some more qualitative research, such as an extensive literature review on the
topic is proposed especially when it comes to the thematic trends appearing in
current literature. Another possible future area of investigation by researchers
could be exploring the reasons behind the limited scientific production on
digital library sustainability, as well as finding ways to overcome possible
barriers. Moreover, delving into the reasons behind the limited collaboration
among authors and among countries and proposing strategies to foster such
collaborations are also proposed as directions for future research. Lastly, the
significant finding regarding how databases map SDGs to documents opens the
way for further research; research that would explore and determine how SDG
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mapping is done and whether it would be worth finding ways to standardize the
procedures followed by different databases.
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Appendix A

Normalization of author names and affiliations in the WoS data set

Variation 1 Variation 2 Variation 3 Action
Assoc Comp ACM Abbreviation
Machinery retained
Alemneh, DG Alemneh, D Second initial
removed
Chowdhury, GG Chowdhury, G Second initial
removed

Arizona State
University-
Tempe

Indian Statistical
Institute
Bangalore

Kent State
University Kent

University of
North Texas
Denton

University of
Tennessee
Knoxville

University of
Wisconsin
Madison

University West
Indies Mona
Jamaica

Geological Survey
of Canada -
Natural
Resources
Canada

Lands & Minerals
Sector - Natural
Resources
Canada

Arizona State
University

Indian Statistical
Institute

Kent State
University
Salem

University of
North Texas
System

University of
Tennessee
System

University of
Wisconsin
Milwaukee

University West
Indies Saint
Augustine

Natural
Resources
Canada

Natural
Resources
Canada

University of
Wisconsin
System

General affiliation
retained

General affiliation
retained

General affiliation
retained

General affiliation
retained

General affiliation
retained

General affiliation
retained

General affiliation
retained

Departmental
name retained

Departmental
name retained

Note. In the case of author names, the actions described in the “Action” column
were applied no matter whether the initials preceded or followed the last name.
In the case of affiliations, campus names were removed. The replacements

were made in all fields within the data set.
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Appendix B

Normalization of author names and source titles in the Scopus data set

Variation 1 Variation 2 Variation 3 Action
Chowdhury G.G. Chowdhury G. Second initial
removed
Dawson A.D. Dawson A. Second initial
removed
Alemneh D.G. Alemneh D. Gelaw Alemneh  Second initial
D. and full middle
name removed
The Electronic Electronic Article removed
Library Library

Sustainability
(Switzerland)

Sustainability

Parenthetical info
removed

Note. In the case of author names, the actions described in the “Action” column
were applied no matter whether the initials preceded or followed the last name
and regardless of the existence of any punctuation. The replacements were

made in all fields within the data set.
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