~ A Service of
’. b Leibniz-Informationszentrum

.j B I l I Wirtschaft
) o o o Leibniz Information Centre
Make YOUT PUbllCCltlonS VZSlble. h for Economics ' '

Castillo-Tellez, Luis Carlos

Conference Paper
Bibliometric Analysis of European Research on Digital
Divide: An Exploration of the Corporate Landscape

32nd European Conference of the International Telecommunications Society (ITS): "Realising
the digital decade in the European Union - Easier said than done?", Madrid, Spain, 19th - 20th
June 2023

Provided in Cooperation with:

International Telecommunications Society (ITS)

Suggested Citation: Castillo-Tellez, Luis Carlos (2023) : Bibliometric Analysis of European Research

on Digital Divide: An Exploration of the Corporate Landscape, 32nd European Conference of the
International Telecommunications Society (ITS): "Realising the digital decade in the European Union
- Easier said than done?", Madrid, Spain, 19th - 20th June 2023, International Telecommunications
Society (ITS), Calgary

This Version is available at:
https://hdl.handle.net/10419/277949

Standard-Nutzungsbedingungen: Terms of use:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen Documents in EconStor may be saved and copied for your personal
Zwecken und zum Privatgebrauch gespeichert und kopiert werden. and scholarly purposes.

Sie durfen die Dokumente nicht fiir 6ffentliche oder kommerzielle You are not to copy documents for public or commercial purposes, to
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich exhibit the documents publicly, to make them publicly available on the
machen, vertreiben oder anderweitig nutzen. internet, or to distribute or otherwise use the documents in public.
Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen If the documents have been made available under an Open Content
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten, Licence (especially Creative Commons Licences), you may exercise
gelten abweichend von diesen Nutzungsbedingungen die in der dort further usage rights as specified in the indicated licence.

genannten Lizenz gewahrten Nutzungsrechte.

Mitglied der

WWW.ECONSTOR.EU é@“}


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/277949
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

Bibliometric Analysis of European Research on Digital Divide: An
Exploration of the Corporate Landscape

Luis Carlos Castillo-Tellez
University of Urbino
Abstract:

This research provides an exhaustive analysis of the European digital divide literature's evolution and current state,
particularly emphasizing the often-underexplored corporate sector. The digital divide, denoting disparities in digital access,
literacy, and fluency, has become a critical concern in the era of rapid digital transformation. Despite its significance, research
on the corporate digital divide is limited. This study aims to address this gap to advance in different research avenues on
digital disparities in the business realm. Using a dataset of 1609 documents published from 2000 to 2022, extracted from Web
of Science, Scopus, and Dimensions, the study employs three bibliometric techniques—performance analysis, science mapping,
and network analysis—to examine the research landscape, including scientific output, impact, and intellectual structure within
the field. The research uncovers key trends and shifts in European digital divide research across three distinct periods (2000-
2007, 2008-2015, 2016-2022). It highlights the evolution of research themes from access inequalities to a nuanced
understanding of skills and usage disparities, reflecting the multifaceted nature of the digital divide. The study reveals a
significant gap in the literature regarding the corporate digital divide, with only 30 out of the 1609 documents directly
addressing this area. It further identifies leading institutions, publications, and thematic clusters in digital divide research,
emphasizing the role of intellectual interactions and thematic connections in shaping the field.

Keywords: Digital Divide, Bibliometric Analysis, European Research, Corporate Digital Divide, Digital Divide
Evolution.

1. Introduction

The rapid advancement of digital technologies has transformed different aspects of our daily
life. As a result, the digital divide - the disparity among actors in society and the economy who
lack access, literacy, and fluency in digital technologies - has emerged as a significant concern
for policymakers and researchers. The digital divide is a term used interchangeably with the
digital gap, digital inequality, and digital disparity, which began to gain more attention among
researchers and policymakers in the mid-1990s. At that time, the scientific community began
the first attempts to conceptualize factors, effects, and causes of the digital divide compelled
by the new technological paradigm.

Following Regneda (2017)and van Deursen and Helsper (2015) the extensive body of research
on the digital divide has distinguished three waves of research, each building upon the previous
to expand our understanding of the concept. The first wave, which started in the mid-1990s,
resulted from the computerization and commercialization of the internet and focused on the
inequalities that arose from the unequal distribution of computer technology and internet
access, known as the first-level digital divide. During the second wave of research, the focus
shifted to examining the technology adaptability of individuals and how exposure to existing
technologies could lead to exclusion and inequality for those who have or lack the skills to use
digital technologies and navigate the digital world. This emphasis on skills and usage resulted
in a more nuanced interpretation of what is known as the second-level digital divide. The third
wave of research builds upon the inequalities identified in the first and second levels. This wave
shifts the focus to analysing the disparities in the outcomes individuals receive even if they
have access and adequate skills but differing levels of internet usage.



Although digital technologies have gained prominence and extensive research has been
conducted on the digital divide in Europe, the majority of studies have concentrated on the
divide among households, individuals, and demographic groups (Elena-Bucea et al., 2021;
Livingstone & Helsper, 2007; Ragnedda, 2017; van Deursen & van Dijk, 2014; van Dijk &
Hacker, 2003) rather than businesses. While this focus on households and individuals offers
crucial insights into the digital divide, Bach et al. (2013), Cirera et al. (2022), and Shakina et
al. (2021) argue that a deeper understanding of the divide within the corporate sector is
necessary. This divide is particularly relevant for European enterprises, as it can impact their
competitive advantage, innovation potential, and contribution to regional economic
development.

The main objective of this study is to provide a comprehensive understanding of the current
state of European research on the digital divide by utilizing three bibliometric techniques,
including performance analysis, science mapping, and network analysis. These analytical tools
will allow a broader examination of the research landscape, including scientific output, impact,
and intellectual structure within the field.

By applying a combination of techniques such as citation and co-citation analysis,
bibliographic coupling, and network analysis, this study not only aims to identify leading
publications, authors, themes, and collaborations within the field but also to visualize the
intellectual structure and evolution of the field over time. This integrated analysis will also
facilitate a more exhaustive exploration of the corporate digital divide and provide insight to
answer the following research questions through a holistic lens:

a) What have been the main trends and shifts in the focus of European research on the
digital divide over time, and how the intellectual structure and the thematic
relationships shape the current state of knowledge in this field?

b) What are the key themes and subtopics related to the digital divide in European
research, and how are they grouped or clustered in the literature?

c) How is the corporate digital divide addressed in European research on the digital divide,
and what areas have been largely unexplored in this field?

An analysis of 1,609 scientific publications between 2000 and 2022 collected from three
different data sources (the Web of Science, Scopus, and Dimensions) is conducted in this study
to answer these research questions. Furthermore, by merging bibliographical information from
these data sources, this study sets itself apart by employing a broader and diverse range of
bibliographical data on the digital divide. This approach enables a more comprehensive
investigation of scientific output and the influence of European research in the field. Moreover,
the study will assess the most impactful research across three distinct periods (2000-2007,
2008-2015, and 2016-2022) to evaluate the literature's evolution and novel findings. Prior
bibliometric studies on the digital divide have concentrated on specific fields, such as health
sciences or computer science. By extending the application of bibliometric analysis beyond
these fields, diverse insights may emerge. Additionally, the absence of a particular focus on the
digital divide within the European context underscores the need for further exploration in this
region.



2. Literature review
Digital divide: An evolving concept

The widespread adoption of Internet and computer technologies in the late 1990s marked a
turning point in the ongoing digital and technological revolution while concurrently giving rise
to a new form of inequality. This inequality, later acknowledged as the "digital divide" in US
government policy reports, ignited a nationwide debate. In Europe, seminal research by Norris
(2001), Castells (2002), James (2002), Dutton et al. (2004), and Selwyn (2004) initially framed
the digital divide as a binary issue, commonly referred to as the first-level digital divide. This
divide drew a clear distinction between those with and without access to the internet and
computer technologies. Despite the evolving concept of the digital divide, recent studies such
as Conrad et al. (2019) and Bychkova et al. (2020) underscore that certain socioeconomic
groups and remote regions continue to face substantial barriers to access, suggesting that the
matter of access remains relevant. In response to this ongoing concern, other research,
including McMenemy(2022), offers policy recommendations that advocate for internet access
as a fundamental right, emphasizing the interrelated nature of these various perspectives on the
digital divide.

While this early definition of the digital divide as a dichotomous matter of technology access
was a starting point for discussions, subsequent research by van Dijk (2005, 2006), van Deursen
and van Dijk (2010), van Deursen and van Dijk (2014), and Hargittai (2002) evolved this
understanding into a more nuanced and multidimensional approach, referred to as the second-
level digital divide. These researchers contended that with the increasing ubiquity of
technology access, disparities in internet usage and digital skills could exacerbate the divide.
This body of work suggests that the divide extends beyond mere access to technology,
encompassing the ability to effectively search, access, and evaluate information using digital
technologies. In line with this perspective, additional research, such as studies by Gonzalez et
al. (2017) and Spada et al. (2022), posits that developing digital skills during higher education
could be essential in mitigating the second-level digital divide.

With the rapid advancement of technologies, scholars such as van Deursen and Helsper
(2015)v, Regneda (2017), and Sheerder et al. (2017) have further expanded the definition of
the digital divide to encompass what is now referred to as the third-level digital divide. They
argue that despite individuals having independent access and sufficient skills, disparities may
still arise due to variations in the returns obtained from internet usage.

As highlighted by Regneda (2017), the third-level digital divide investigates the impact of
digital technologies on individuals' lives, focusing on enhancing personal and professional
aspects through the capacity to benefit from digital technologies in a data-driven market.
Building on this perspective, recent research by De Marco (2022) and Merisalo and Makkonen
(2022) emphasizes that fully leveraging the potential of digital technologies depends on access
to the latest advancements and proper utilization that aligns with the user's goals. The third-
level digital divide highlights the interconnected nature of the various dimensions of the digital
divide and the need for a deeper understanding of the issue.



The digital divide, as a concept, has undergone substantial transformations as technology
advances. According to Regneda (2017), to remain relevant and accurate, any definition of the
digital divide must keep pace with technological advancements to provide a solid and relevant
understanding of the concept. Furthermore, Van Dijk (2003) demonstrated that the digital
divide is a complex and dynamic phenomenon, reflecting the rapidly changing landscape of
technology and the multifaceted complexities that it brings to society.

Complexities of the digital divide

As we delve into the evolving nature of the digital divide, it is essential to recognize the
multiple complexities researchers face when examining this multifaceted phenomenon.
Following van Dijk (2005), Helsper (2012), Regneda (2017), and Regneda and Kreitem (2018),
the digital divide's emergence is deeply intertwined with existing social and economic
disparities. For example, numerous studies have demonstrated the interplay of the digital divide
with various demographic variables such as income (Elena-Bucea et al., 2021; Fuchs, 2009;
Ragnedda & Muschert, 2013; van Deursen et al., 2015; van Dijk & Hacker, 2003), education
(Becker, 2022; Cruz-Jesus et al., 2016; Eynon, 2009; Pieper et al., 2003; Santos et al., 2013;
Selwyn et al., 2001); age (Agudo-Prado et al., 2012; Camerini et al., 2018; Livingstone &
Helsper, 2007; Marimuthu et al., 2022; Niehaves & Plattfaut, 2014; Paul & Stegbauer, 2005),
gender (Mariscal et al., 2019; Minguez, 2005; Picatoste et al., 2022; van Deursen et al., 2015;
Winker, 2005), race and ethnicity (Bartikowski et al., 2018; D’Haenens et al., 2007; Gladkova
et al., 2022; Milioni et al., 2014; Spaiser, 2011; van Dijk & Hacker, 2003).

Studies like James (2002), Andrés et al. (2010), Dutt and Kerikmée (2014), and di Prisco and
Strangio (2021) have examined the macro-dimensions of the digital divide, delving into global
disparities in internet penetration, infrastructure, and connectivity within low- and high-income
countries. Other works have focused on how geography determines access and connectivity
(Blank et al., 2018; Ferro et al., 2005; Gémez-Barroso & Pérez-Martinez, 2007; Palop Garcia
et al., 2014; Rodriguez-Hevia et al., 2022; Taipale, 2013). Additionally, investigations by
Norrris (2001); Kolsaker and Lee-Kelley (2006); Fernandez-Prados et al. (2021), and Natalia
(2022) have explored the impact of the digital divide on democracy, assessing its influence on
political participation and civic engagement. They have also scrutinized how digital
technologies shape the interactions between individuals and governments.

Theoretical Frameworks and Methodologies in the Study of the Digital Divide

Interdisciplinary collaboration is vital in comprehending the complex issue of the digital divide.
Van Dijk (2017) illustrates that early research involved experts from multiple fields, such as
communication science, sociology, psychology, economics, and education science. As digital
technologies were diffusing, experts from additional fields, such as informatics, information
systems, business, management, and health science, have also contributed to studying the
digital divide.

Aiming to fill the conceptual and theoretical gap within digital divide research, van Dijk (2005)
formulated the resource and appropriation theory. Nevertheless, as Pick and Sarkar (2016)
indicated, several other theories and frameworks have been adapted to elucidate the digital
divide, such as Rogers' (2003) innovation diffusion theory, the Unified Theory of Acceptance



and Use of Technology (UTAUT) by Venkatesh et al. (2003), Sen's (1999) capability approach,
Regneda's (2017) stratification perspective in the digital era based on Weber's ideas, and
Regneda's (2017, 2018) incorporation of Bourdieu's concept of capital to define digital capital.

In terms of methodologies, researchers have employed a diverse range of quantitative and
qualitative approaches to understand the digital divide better. Quantitative methods such as
surveys, statistical analyses, and econometric models (Gounopoulos et al., 2018; Lengsfeld,
2011; Ojiako et al., 2019) have been instrumental in identifying patterns and correlations
between various factors affecting digital inclusion. These methods allow for large-scale data
analysis and generalizable findings. However, they may not capture the subjective experiences
of individuals and communities. In contrast, qualitative approaches, including case studies,
interviews, and ethnographic research (Carlo & Bonifacio, 2021; Ferreira et al., 2017; Tsatsou,
2008), offer rich insights into the lived experiences of individuals and communities in the
context of the digital divide. These methods provide depth and context to the understanding of
digital inequality but may only sometimes be generalizable to larger populations. By combining
these complementary methods, researchers have developed a more nuanced understanding of
the complex interplay between socioeconomic, cultural, and technological factors contributing
to digital inequality. As the digital landscape continues to evolve, future research must adapt
and refine these methodologies to capture the dynamic nature of the digital divide and inform
effective policy interventions.

Global Perspectives on the Digital Divide: Expanding the Horizon

In addition to European research on the digital divide, it is essential to acknowledge insights
from global perspectives to develop a broader understanding of the subject. Research
conducted in various regions offers valuable findings and diverse approaches that can enhance
our comprehension of the digital divide's dynamics and consequences in the global context.

For example, research in the United States by scholars like DiMaggio and Hargittai (2001)
addressed the implications of the internet in society, Jackson et al. (2008)and Sanders and
Scanlon (2021) have given evidence of the effects of digital inequalities on race and gender,
and Gonzalez (2016) have revealed that patterns of technology usage among different states
are linked to socioeconomic variables and cultural settings.

In Asia, studies by Wen et al. (2023), Rajam et al. (2021), and Chetty et al. (2018) have
examined the digital divide from the perspective of emerging economies, highlighting the
importance of government policies and institutional frameworks. These studies stress the need
for suitable infrastructure, affordable access, and education programs to promote inclusive
digital adoption among individuals and businesses.

Furthermore, African scholars such as Mutula (2010), Yina(2020), and Aruleba (2022) have
investigated the digital divide's impact on individuals in the context of developing countries.
They highlight the importance of digital literacy initiatives, community-driven endeavours, and
partnerships between governments, private sectors, and international organizations to address
digital inequalities effectively.



These diverse perspectives provide valuable insights into the multifaceted nature of the digital
divide and can inform future research and policy recommendations in both European and global
contexts.

The Corporate Digital Divide: An Underexplored Dimension

While the extensive body of research has predominantly addressed the digital divide from an
individual perspective, it is crucial to consider its implications at the firm level. The corporate
digital divide refers to the disparities in the capabilities to access, use, and adopt digital
technologies among businesses, which can impact their competitiveness, productivity, and
innovation (Ancillai et al., 2023; Calvino et al., 2022; Cirera et al., 2022; Scuotto et al., 2021;
Shakina et al., 2021), such disparities may lead to firms falling behind, ultimately affecting
overall economic growth and intensifying income inequalities between businesses. Various
factors can contribute to these disparities, including firm size, industry sector, geographical
location, and the availability of financial and human resources (Bach et al., 2013; Torrent-
Sellens et al., 2022). For instance, small and medium-sized enterprises (SMEs) in rural areas
may face more significant challenges accessing high-speed internet and attracting skilled
digital talent than large corporations in urban centres.

Examining the corporate digital divide is crucial. It reveals the potential consequences of digital
inequalities on the larger economic landscape and market dynamics, including the potential for
hindered economic growth and exacerbated income disparities. In the European context,
studies by Tylor and Murphy (2004), Plinskin et al. (2006), Wielicki and Arendt (2010), and
Lehner and Sundby (2018) emphasize the differences in the adoption and utilization of ICT
technologies and e-commerce between SMEs and large corporations. These regional and cross-
national European comparisons highlight the significance of understanding the corporate
digital divide and its implications for businesses of varying sizes and industries.

In the context of European research, the literature addressing the digital divide at an industry
level is relatively limited, prompting calls from scholars like Bach et al. (2013), Cirera et al.
(2022), and Shakina et al. (2022) for a more comprehensive analysis. Furthermore, studies such
as Souza et al. (2017) provided empirical insights into the Brazilian scenario, emphasizing the
connection between access quality, digital expertise, and the extent of ICT tool usage among
companies. Meanwhile, Chen et al. (2022) explore the Chinese landscape, revealing that the
impact of the digital divide varies across distinct industry sectors, indicating the need for further
analysis.

In order to address the corporate digital divide effectively, policy interventions should consider
tailored strategies, such as targeted digital infrastructure investments, skill development
programs for SMEs, and public-private partnerships to promote digital adoption across
different sectors (Saka et al., 2022; Torrent-Sellens et al., 2022).

In conclusion, this literature review has provided an exhaustive overview of the digital divide,
highlighting its multifaceted nature and the various dimensions contributing to digital
inequalities. By examining the historical development, theoretical frameworks, methodologies,
and global perspectives on the digital divide, we have identified areas where further research
is necessary, particularly in the context of the corporate digital divide.



While significant progress has been made in understanding the digital divide, gaps in the
literature still need to be addressed, particularly in studying the corporate digital divide and its
impact on businesses and the economy. Future research should delve deeper into the
determinants and consequences of the corporate digital divide, identifying effective strategies
to bridge these gaps and foster a more equitable and competitive digital economy.

Methodology

Bibliometric analysis, as discussed in the literature, is a methodology that applies quantitative
techniques to bibliographic data for assessing the impact and development of scientific
publications and different research constituents by analysing citation data and other
publication-related metrics (Aria & Cuccurullo, 2017; Cobo et al., 2011; Donthu et al., 2021;
Ellegaard, 2018). According to Nakagawa et al. (2019) and Donthu et al. (2021), bibliometrics
allows researchers to uncover emerging trends, identify knowledge gaps in specific domains,
and analyse large quantities of publications.

This research employs bibliometric analysis to investigate digital divide literature by evaluating
the performance of research components, visualizing the intellectual structure, and describing
the key themes that shape the field's evolution. This work incorporates performance analysis
and integrates two science mapping techniques with network analysis. Performance analysis
encloses a descriptive examination that measures the number of publications and citations of
research components (Donthu et al., 2021; Nakagawa et al., 2019). Meanwhile, science
mapping techniques involve citation analysis and similarity measures such as co-citation
analysis and bibliographic coupling. When combined with network analysis, similarity
measures enable visualization of the knowledge base through a co-citation network,
representing a cluster of academic publications considered fundamental for developing and
understanding the field. Additionally, the bibliographic coupling network visualizes the
research front, a cluster of academic publications that address emerging active research areas
and share a similar unsolved research problem (Boyack & Klavans, 2010; Kammerer et al.,
2021). By integrating these methods, the study aims to thoroughly understand digital divide
literature, highlighting its evolution, influential works, and potential future directions.

Data Collection, processing, and cleaning

Caputo and Kargina (2022) and Echchakoui (2020) note that authors often rely on a single data
source like Web of Science or Scopus for bibliometric analysis. When using both, they typically
perform separate analyses. In contrast, Singh et al. (2021) emphasize the extensive coverage of
scientific journals and publications within Web of Science, Scopus, and Dimensions databases.
This study will merge data from all three databases to capitalize on these comprehensive data
sources for a more thorough and robust bibliometric analysis.

The selection strategy of this study is designed to include authors with European affiliations
and publications in sociology, economics, administration, computer, and technology
disciplines. For this purpose, the study employs the search criteria ("digital divide*" OR
"digital inequalit*" OR "digital gap*") to filter publications based on their titles and author
keywords. Several preprocessing and cleaning steps were undertaken to guarantee data quality
and consistency, which is crucial for successfully implementing the selection strategy.



First, duplicates across Web of Science, Scopus, and Dimensions were identified and
eliminated, ensuring each document was unique in the final dataset. Second, data normalization
and consolidation were applied to author names, affiliations, and keywords. This process
involved correcting spelling, abbreviations, and capitalization variations and identifying and
merging records that referred to the same author, institution, or keywords.

After thorough data processing and cleaning, an analysis of 1,609 unique documents published
between 2000 and 2022 was performed. The data were categorized into three periods: P1
(2000-2007), P2 (2008-2015), and P3 (2016-2022), as well as the total period, TP (2000-2022).
This categorization facilitates fair comparisons, allows monitoring of the evolution of digital
divide literature, and allows pinpointing emerging trends.

The potential limitation of the data collection process lies in the possibility of overlooking
relevant studies not indexed in the selected databases. Nonetheless, the dataset is considered to
provide a comprehensive representation of the digital divide research landscape and its
associated trends. Furthermore, to ensure replicability and reproducibility, this research
includes a public GitHub repository called "dd_bibliometric_europe," which contains the data

management plan, cleaning, and processing using the R programming language environment
with bibliometrix and igraph packages.

3. Results

In this section, the results of the bibliometric analysis are presented, addressing the research
questions and objectives outlined earlier. The findings are organized into three parts: first, a
performance analysis of various research constituents (publications, authors, journals,
universities, and countries); second, science mapping, which encompasses citation analysis, as
well as the integration of co-citation and bibliographic coupling with network analysis; and
finally, interpretation of the results.

3.1. Performance analysis

Table 1. Comparative Summary of Document types and Measures.

Details P1 P2 P3 TP
Timespan 2000 - 2007 2008 - 2015 2016 - 2022 2000 - 2022
Journals 123 284 530 832
Annual growth rate 71,14 3,74 15,67 26,69
Average citations per doc 42,87 2427 10,36 18,74
Articles 159 348 743 1250
Book chapters 4 34 17 55
Proc & Conf papers 39 115 150 304
Total published documents 202 497 910 1609

Source: Author's elaboration.

Following Abramo and D'Angelo (2014) and Wang and Barabasi (2021), performance analysis
measures productivity (number of publications) and impact (number of citations). Examining
Table 1, in conjunction with Figure 1, allows for a deeper insight into the dynamics and trends
within the digital divide research landscape during the timeframes of P1, P2, P3, and TP. During
the total period TP, the annual growth rate of publications is 26.69%, with an average of 18.74
citations per document. The analysis included 1,609 documents published in 832 journals by
3,506 authors, totaling 38,932 cited references. Despite the fluctuations in citation patterns, the
topic of the digital divide has gained significant attention within the scientific community,



showcasing its growing relevance in today's increasingly digital world. In P1, 202 unique
documents were written by 370 authors and published in 123 scientific journals. Despite the
annual growth rate of publications and the average number of citations per document in P1
being 71.14% and 42.87, respectively, a significant decline occurred in P2, with these values
dropping to 3.74% and 24.27, respectively. In P2, the total number of publications reached 497,
involving 1009 authors and published across 284 journals. However, During P3, the number of
publications rebounded to 910, involving 2285 authors and appearing across 530 scientific
journals. In this last period, P3, the annual growth rate recovered to 15.67%, while the average
citations per document decreased to 10.36. It is crucial to consider various factors that may
contribute to reducing average citations per document in Figure 1(B). Firstly, recent
publications require more time to accumulate citations. Secondly, as the digital divide expands
in publications, citations may be dispersed across more documents, resulting in a decline in
average citations per document. Finally, the digital divide is a multidisciplinary topic, and
research in this field may have become more specialized, prompting researchers to concentrate
on narrower aspects of the digital divide.

A. Total Publications per Year B. Relative Change in the Average Citations per Year
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Figure 1. (4) Total publications per year. (B) Relative change in the average citation per year. Source: Author's elaboration.

In summary, the productivity and impact figures unveil significant trends and variations. Table
1 and Figure 1(A) show that researchers' interest in the digital divide has steadily increased,
highlighting its growing importance in today's rapidly advancing digital society.
Acknowledging the decline in average citations per document during P3 in Figure 1(B) is
important. However, the general trend across the periods highlights that the field of digital
divide research remains highly relevant and constantly developing. Therefore, it is crucial to
emphasize the need for ongoing investigation and examination in this domain as new digital
technologies continue to evolve and expand.

Authors

In this section, the performance of the authors is presented. Figure 2 displays the top 15 most
productive authors over time. The legend shows that the dot size represents the number of
publications, while the color intensity indicates the times cited per year. Figure 2 reveals that
James J. is the most productive author, with 25 publications, followed by van Deursen A. with
24, and van Dijk J. with 18 publications. However, regarding influence measured by citation



counts, van Dijk J. leads with 3644 citations, van Deursen J. follows with 2515 citations, and
Hargittai E. has 775 citations. Additionally, although other authors in this plot possess fewer
citations and publications, these emerging scholars can potentially introduce innovative
perspectives, methodologies, and research questions to the field.

Authors' Production over Time
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Figure 2. Authors' publication patterns over time. TC: Times Cited. Source: Author's elaboration.
Publications

Table 2 illustrates a ranking of the most influential articles based on the highest number of
citations for P1, P2, and P3. For P1, the article The Digital Divide As A Complex And Dynamic
Phenomenon (van Dijk & Hacker, 2003) was cited 664 times. The second most cited article
was Digital Divide Research, Achievements, And Shortcomings (van Dijk, 2006). These two
articles contend that digital inequalities encompass more than just physical access, providing a
comparative analysis of various access types, including physical, skill-based, and usage access,
among diverse demographic groups in the United States and the Netherlands. Furthermore, the
authors highlighted the gaps in digital divide research, emphasizing the need for theoretical
development, interdisciplinary collaboration, and conceptual refinement.

Table 2. Top 5 Most Cited Articles per Period.

Rank [Article TC
P1: 2000 - 2007
1|Van Dijk J; Hacker K (2003) -The Digital Divide As A Complex And Dynamic Phenomenon 664
2|Van Dijk J (2006) -Digital Divide R h, Achi And Shor ing 660
3|Livi S; Helsper E (2007) -Gradations In Digital Inclusion: Children, Young People And The Digital Divide 587
4|Selwyn N (2004) -Reconsidering Political And Popular Understandings Of The Digital Divide 560
5|Introna L; Nissent H (2000) -Shaping The Web: Why The Politics Of Search Engines Matters 463
P2: 2008 - 2015
1|Van Deursen A; Van Dijk J (2014) -The Digital Divide Shifts To Differences In Usage 555
2|Van Deursen A; Van Dijk J (2011) -Internet Skills And The Digital Divide 402
3|Becker S; Miron-Shatz T; Schumacher N; Krocza J; Diamantidis C; Albrecht U (2014) -Mhealth 2.0: Experiences, Possibilities, And Perspectives 289
4|Helbig N; Gil-Garcia J; Ferro E (2009) -Under ding The Complexity Of Electronic Government: Implications From The Digital Divide Literature 268
5|Carter L; Weerakkody V (2008) -E-Government Adoption: A Cultural Comparison 208
P3: 2016 - 2022
Tivari N; Sharma S; Venti-Olkkonen L (2020) -Digital Transformation Of Everyday Life — How Covid-19 Pandemic Transformed The Basic Education Of The Young
1|Generation And Why Information Management Research Should Care? 386
2|Friemel T (2016) -The Digital Divide Has Grown Old: Determi Of A Digital Divide Among Seniors 347
3|Scheerder A; Van Deursen A; Van Dijk J (2017) -Determi Of Internet Skills, Uses And Outcomes. A Systematic Review Of The Second- And Third-Level Digital Dividq 307
4|Hunsaker A; Hargittai E (2018) -A Review Of Internet Use Among Older Adults 223
5|Van Deursen A; Van Dijk J (2019) -The First-Level Digital Divide Shifts From Inequalities In Physical Access To Inequalities In Material Access 198

TC: Times Cited. Source: Author's elaboration.



In P2, the most influential article is titled The Digital Divide Shifts To Differences In Usage
(van Deursen & van Dijk, 2014), with 555 citations, followed by Internet Skills And The
Digital Divide (van Deursen & van Dijk, 2011), which garnered 402 citations. These articles
emphasize the shift in focus from access disparities to the differences in how individuals use
the internet. They delve into the various aspects of internet skills and how they contribute to
the widening digital divide. By examining the usage patterns and skill sets of different
demographic groups, the authors shed light on the evolving nature of the digital divide and the
need for targeted interventions to bridge these gaps.

During P3, the article Digital Transformation Of Everyday Life — How Covid-19 Pandemic
Transformed The Basic Education Of The Young Generation And Why Information
Management Research Should Care? by Livari et al. (2020) garnered 386 citations, while The
Digital Divide Has Grown Old: Determinants Of A Digital Divide Among Seniors by Friemel
(Friemel, 2016) received 347 citations. The former article by Livari et al. (2020) highlights the
extensive digital transformation in society and primary education for children due to the
COVID-19 pandemic, revealing digital divides and stressing the need for information
management research to address challenges students, teachers, and families face in adapting to
the new normalcy. While Friemel (2016), on the other hand, explores the "grey divide" in
Internet use among seniors aged 65+ years, revealing a partial exclusion of older seniors (70+)
and highlighting the importance of education, income, technical interest, pre-retirement
computer use, and social context in predicting Internet use among this age group.

Journals

Top-tier journals with high impact factors play a significant role in the digital divide domain.
Figure 3 shows that The New Media & Society journal is the most influential scientific journal,
accumulating 4427 citations and 42 publications. Following closely as the second most
influential journal is the Information Society, with 2066 citations and 26 publications. It is
essential to note that although Poetics and the European Journal of Communication have fewer
publications than other journals, they have published works that significantly contribute to the
field. Most of these journals hold a Q1 ranking, except for Universal Access In The Information
Society, which ranked Q2.
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Universities

Figure 4(A) highlights the significant contributions made by various institutions in the field of
the digital divide. The University of Twente in the Netherlands is the leading institution,
amassing 4085 citations across 31 publications. The London School of Economics is closely
behind, with 2195 citations and 24 publications. Although this research mainly focuses on
authors with European affiliations, it is essential to note that research activities often include
collaborations with scholars from other affiliations, giving rise to unique collaboration patterns.
As a result, New Mexico State University appears among the top ten most influential
institutions, claiming one publication with 664 citations. Notably, this highly-cited publication
is the article by van Dijk & Hacker (2003), demonstrating the significance of collaborative
research efforts.

A. Top 10 Universityies' Performance 2000-2022
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Figure 4. (4) Top 10 universities' performance 2000-2022. (B) Top 10 countries' performance 2000-2022. Source: Authors' elaboration.
Countries

This section discusses the top ten most productive and influential countries in digital divide
research, as illustrated in Figure 4(B). The United Kingdom (UK) leads the field with 10,689
citations and 384 publications, followed by the Netherlands in second place, having
accumulated 5,415 citations across 109 publications. The United States (US) occupies the third
position regarding influence. Although this analysis focuses mainly on European countries, it
is essential to note that several European nations (see Figure 5) have not only collaborated with
the US but with other countries on various research initiatives. This observation underlines the
significance of international partnerships in driving research endeavours within the domain of
digital divide studies.

The collaboration network analysis within the digital divide literature reveals a multifaceted
landscape where degree centrality, betweenness centrality, and the distinction between
dominant and peripheral actors play a significant role. In the first cluster, the UK Netherlands,
and the US exhibit a high degree of centrality, signifying their prominent positions as central
nodes with numerous connections to other countries within and across clusters. These dominant
actors display considerable betweenness centrality, implying their influence as research hubs
facilitating collaborations and information flow within the network. Conversely, peripheral
countries like Russia, Greece, South Africa, and Ireland hold relatively lower centrality
measures, indicating fewer central positions within the network. The second and third clusters



follow similar patterns. Countries like Spain, Germany, and Italy emerge as dominant actors
with higher degrees and betweenness centrality while surrounding countries maintain
peripheral roles. This network structure highlights the prominent research hubs underscoring
the complex interactions among multiple actors in defining the intellectual framework and
diffusing knowledge within the realm of digital divide research.
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Figure 5. Country Collaboration Network. Source: Authors' Elaboration.

3.2.Science Mapping and Network analysis
Citation Analysis

Table 3 presents the most cited references within the digital divide domain, signifying the most
influential works and representing the knowledge base in this area. The analysis of Table 3
suggests that these seminal works have introduced groundbreaking theoretical frameworks,
methodologies, and key concepts that contribute to our understanding of the digital divide. In
subsequent sections, a more comprehensive visualization of the knowledge base will be
provided through a co-citation network. Additionally, the research front will be examined by
employing a bibliographic coupling network, further illustrating the significance of these works
in the field.

Table 3. Top 10 Most Cited References 2000- 2022.

Rank |Article TC
1|Norris P (2001) -Digital Divide Civic Engagement, Information Poverty, And The Internet Worldwide 204
2|Van Dijk J (2005) -The Deepening Divide: Inequality In The Information Society 172
3 |Hargittai E (2002) -Second-Level Digital Divide: Differences In People's Online Skills 136
4|Van Dijk J (2006) -Digital Divide Research, Achievements And Shortcomings 129
5|Van Dijk J, Hacker K (2003) -The Digital Divide As A Complex And Dynamic Phenomenon 114
6|Selwyn N (2004) -Reconsidering Political And Popular Understandings Of The Digital Divide 108
7|Dimaggio P, Hargittai E, Celeste C, Shafer S (2004) -From Unequal Access To Differentiated Use: A Literature Review And Agenda For Research On Digital Inequality 105
8|Van Deursen A, Van Dijk J (2014) -The Digital Divide Shifts To Differences In Usage 103
9|Zillien N, Hargittai E (2009) -Digital Distinction: Status-Specific Types Of Internet Usage 82

10 [Hargittai E, Hinnant A (2008) -Digital Inequality: Differences In Young Adults' Use Of The Internet 80

TC: Times Cited. Source: Author' Elaboration
Co-citation analysis

Figure 6 presents the co-citation network from 2000 to 2007, revealing four distinct clusters
connecting publications with similar research themes. Each cluster is composed of dominant
and peripheral publications. Dominant publications exhibit higher centrality measures, such as



degree of centrality, which measures the number of connections of a vertex, and betweenness
centrality, which gauges the influence of these vertices within and across clusters. Dominant
publications play a crucial role in shaping the field, as they establish key frameworks,
methodologies, and concepts that contribute to the overall understanding of the domain. On the
other hand, peripheral publications, which possess lower centrality measures, tend to gravitate
around these dominant works. Peripheral publications play a specific role in the cluster,
contributing to the literature by expanding on and refining the ideas established by dominant
publications. They also introduce new perspectives into related areas of the digital divide.

In Figure 6, clusters 1, 2, and 3 share close connections; this implies greater collaboration and
cross-citation among the publications within these clusters. Conversely, cluster 4 is more
diverse and less connected to the other clusters, suggesting a unique perspective on the digital
divide or a different focus within the research domain.
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Figure 6. Co-Citation Network 2000-2007 with cluster keywords. Source: Authors' elaboration

The clusters cover various topics. Cluster 1 interconnects publications on the global digital
divide, access inequalities, and civic engagement. Dominant publications in this cluster are
Norris (2001), Dimaggio and Hargittai (2001), and Castells (2002). Cluster 2 links publications
that focus on the second-level digital divide and online skills, and internet usage, with Hargittai
(2002), Bonfadelli (2002), and van Dijk and Hacker (2003) emerging as prominent publications
in this area. Cluster 3 connects publications that address the theoretical and methodological
shortcomings in the field, where Compaine (2001) and Rogers (1995) assume significant roles.
Finally, Cluster 4 lacks any dominant publications, suggesting that this cluster encompasses a
more diverse range of research areas. For example, topics such as the emergence of the network
society and the social consequences of internet use are explored, offering a broader sociological
perspective on the digital divide.

Figure 7 depicts the second co-citation network spanning from 2008 to 2015, consisting of
three distinct clusters. Cluster 1 interconnects publications that primarily focus on the global
digital divide, digital inequalities due to lack of access to technologies, civic engagement, and
the different complexities of the digital divide. Norris (2001) persists as a dominant publication
in this cluster, along with van Dijk and Hacker (2003) and Selwyn (2004). Cluster 2, on the
other hand, concentrates on the second-level digital divide, in which differences in skills and



internet usage may widen the digital divide. Dominant publications in this cluster include van
Dijk (2005, 2006) and Hargittai (2002). The thinner edges in Cluster 3 indicate that publications
in this cluster have fewer co-citations, making it challenging to identify a clear dominant
author. However, the main topic of these publications primarily involves cross-country
comparisons of internet access.

In conclusion, comparing Figures 6 and 7 highlights a shift from four to three distinct clusters,
suggesting a consolidation or narrowing of research topics in the second period. Furthermore,
the persistence of publications from the first co-citation network across both periods
underscores the continuous development and interplay of ideas within the digital divide
research domain.
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Figure 7. Co-Citation Network 2008-2015 with cluster keywords. Source: Author's elaboration.

Figure 8 presents the third co-citation network from 2016 to 2022, comprising three well-
defined clusters. Cluster 1 connects publications primarily concentrating on the second and
third-level digital divides, underlining the significance of digital skills and internet usage in
comprehending digital inequalities. Notable publications within this cluster consist of van
Deursen and van Dijk (2015-a; 2014), van Dijk (2005-a), and Hargittai (2002). Cluster 2
emphasizes the global digital divide resulting from disparities in access, civic engagement, and
varying complexities, featuring prominent publications by Norris (2001), Van Dijk (2006), and
Dimaggio and Hargittai (2001).In contrast, Cluster 3 centres on differences in digital skills in
different age groups, and knowledge disparities, featuring publications from Hargittai (2002),
Van Deursen and van Dijk (2011), and Zillien and Hargittai (2009) as its leading contributors.
Clusters 1 and 3 are highly interconnected, sharing thicker edges among publications, reflecting
a close relationship between the research topics.

In conclusion, the third co-citation network presents a more refined structure than previous
periods, signifying the development and specialization of research topics within the digital
divide domain. Moreover, the enduring influence of publications such as Norris (2001), van
Dijk and Hacker (2003), van Dijk (2005), and Hargittai (2002) illustrates not only their strong
persistence across the first two periods but also their crucial role in shifting the literature's focus
from internet access to disparities in skills and internet usage. The co-citation network in Figure
8 encapsulates the continuous development, interaction, and impact of ideas within this



research area. It highlights current trends, notable publications, and primary focus areas,
emphasizing the research evolution from internet access to skill and usage differences and the
emergence of the third-level digital divide.
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Bibliographic coupling

Figure 9 presents the bibliographic coupling network from 2000 to 2007, containing the
relationships between publications that share the same or closely related unresolved research
problems based on the similarity of their cited sources. This network also reveals three well-
defined clusters. Cluster 1 connects publications primarily focusing on the political
implications of addressing the digital divide as a policy issue and the methodological
challenges faced when measuring the digital divide. Notable publications within this cluster
include Vehovar et al. (2006) and Selwyn (2004). Cluster 2 emphasizes digital disparities
among age groups with different socio-economic backgrounds and theoretical shortcomings in
the field, featuring prominent publications by Livingstone and Helsper (2007) and van Dijk
(2006). In contrast, Cluster 3 centres on digital gaps across different locations, the new
economy, and multi-dimensional aspects of the digital divide, with Gil-Garcia et al. (2006) as
a leading contributor.
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This bibliographic coupling network offers valuable insights into the evolution of digital divide
research during the 2000-2007 period and sets the stage for understanding subsequent
developments in the field.

Figure 10 displays the bibliographic coupling network for the 2008-2015 period, comprising
three distinctive clusters. Cluster 1 encompasses publications primarily examining the digital
divide's impact on a wide array of social and economic aspects at regional and national levels,
as well as the advantages and drawbacks of using indexes for measuring the digital divide.
Hanafizadeh et al. (2013) emerges as a dominant publication within this cluster, forming a
tightly-knit group or clique with peripheral publications such as Vicente and Lopez (2011),
Cruz-Jesus (2012), and Billon (2009).
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Figure 10. Bibliographic Coupling Network 2008-2015 with cluster keywords. Source: Author's elaboration.

Cluster 2 delves into the digital divide's educational, social, and cultural dimensions, analyzing
social media's role in promoting digital and social inclusion. While no single publication
dominates this cluster, Weerakkody (2012) is particularly influential, as evidenced by its high
betweenness centrality. Cluster 3 interconnects with Cluster 1 through thicker edges, indicating
a close relationship between their research areas. Publications in Cluster 3 primarily explore
the evolution of the digital divide, including various dimensions and emerging inequalities in
digital skills and usage for different demographic groups in the Netherlands. The dominant
publication in this cluster is van Deursen and van Dijk (2015-a), supported by other influential
peripheral publications such as van Deursen and van Dijk (2014), van Deursen and van Dijk
(2015-b; 2015), and van Dijk (2012).

In conclusion, the bibliographic coupling network depicted in Figure 10 demonstrates a more
refined structure than the previous period. These publications addressing similar unresolved
research problems are progressing towards improved methodologies for measuring the digital
divide. Notably, the emergence of two influential authors, van Deursen, and van Dijk, with
multiple publications in Cluster 3, highlights the growing importance of their contributions.
The network also emphasizes the need to shift focus from internet access to a more elaborated
understanding of the digital divide, encompassing the skills and usage gaps.



Figure 11 showcases the bibliographic coupling network spanning the years 2016 to 2022. This
network incorporates three distinct clusters, each delving into different facets of the digital
divide. Cluster 1 is characterized by publications focusing on empirical investigations. These
publications explore the dimensions of digital capital, technology accessibility, digital skills,
and internet use, featuring dominant works such as Ragneda et al. (2020), Mingo and Bracciale
(2018), and Calderon-Gomez et al. (2022). Within this cluster, we observe larger node sizes
indicating a higher degree of centrality. Suggesting that the publications within the cluster share
numerous connections, signifying a rich interconnection of themes and ideas. Cluster 2, on the
other hand, links publications that tackle the third-level digital divide, underscoring the impacts
of variables like internet skills, usage, and socio-economic determinants at a country level. Key
works in this cluster include Scheerder et al. (2017), Tirado-Morueta et al. (2017), and
Lythreatis et al. (2022), contributing significantly to the discourse on the digital divide's
broader socio-economic implications.
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Figure 11. Bibliographic Coupling Network 2016-2022 with cluster keywords. Source: Author's elaboration.

Finally, publications in Cluster 3 center on works that rigorously test the theoretical framework
proposed by van Dijk (2005), the resources, and the appropriation theory. This cluster evaluates
the different types of access, namely motivational, material, skills, and usage. Influential
contributions in this cluster are from Lamberti et al. (2021), van Deursen and Helsper (2018),
and van Deursen et al. (2021).

To conclude, the bibliographic coupling network in Figure 11 presents a sophisticated and
interconnected research landscape, transcending the boundaries of previous periods. This
evolution signifies the various technological influences stimulating the ongoing refinement and
diversification within the digital divide literature. Moreover, this network captures the growing
focus on how emergent technologies like artificial intelligence may further contribute to digital
disparities (Lutz, 2019). Indeed, Figure 11 serves as a representative snapshot of the current
state of research in the digital divide. The array of research themes across the three clusters
underscores the digital divide research's evolving and complex nature. Each cluster offers
unique insights, enriching our comprehension of digital inequalities and the influences that
shape them.



4. Conclusions

The evolution of leading trends, focus shifts, and key themes in European research on the
digital divide can be traced through a systematic examination of the literature and network
analysis over time. The early phase of research, from 2000 to 2007, concentrated primarily on
inequalities in access to digital technologies, recognizing these disparities as a significant
barrier to the digital divide. Seminal works during this period, such as Norris (2001), Dimaggio
(2001), and Castells (2001), offered foundational perspectives, often focusing on the global
digital divide and access inequalities.

However, as technology became pervasive, the focus of the research shifted. From 2008 to
2015, studies began to delve into the complexities of the digital divide, acknowledging that
differences in skills and internet usage were equally significant in widening the digital divide.
Here, the works of van Dijk (2005; 2006) and Hargittai (2002) became prominent, emphasizing
the so-called second-level digital divide.

In the most recent period, from 2016 to 2022, the research focus has been further refined, with
a noticeable emphasis on the third-level digital divide. This period explored how different age
groups and socioeconomic backgrounds influence digital skills and knowledge disparities. The
works of van Deursen and van Dijk (2015a; 2014), Van Dijk (2005), and Hargittai (2002) are
particularly influential in this regard.

The shift from a focus on access to a more nuanced understanding of skills and usage disparities
mirrors the current state of knowledge in the field, acknowledging that the digital divide is a
complex and multifaceted issue requiring ongoing investigation as digital technologies
continue to advance and permeate various aspects of society and the economy.

The intellectual interactions and thematic connections within European digital divide research
have substantially aided in pinpointing key subtopics and literature groupings. Initial analysis
of the co-citation and bibliographic coupling networks unveiled shifts in the literature's focus,
with clusters demonstrating an increasingly interconnected nature, especially in recent periods.
These clusters represent a broad intellectual interaction among varied research themes, from
the global digital divide and internet usage to theoretical and methodological approaches.

A broad perspective of the intellectual interactions' emergence, as depicted in Figure 5,
highlights three country clusters actively collaborating in research. Certain countries, like the
Netherlands and the United Kingdom, stand out for their influential role in shaping digital
divide discussions. Their strong representation across clusters signifies their substantial
intellectual contributions to central themes in the field.

The University of Twente and the London School of Economics have emerged as leading
institutions in the academic sphere. The prevalence of their publications across clusters
underlines their pivotal role in advancing toward a robust digital divide research agenda,
particularly in examining its second and third-level aspects. Notably, high-impact journals such
as 'New Media & Society' and 'The Information Society' have consistently been channels for
sharing these influential works, emphasizing their vital role in circulating innovative digital
divide research. Thus, these complex networks of intellectual exchanges and thematic



connections uncover the interplay between various actors and institutions in the European
digital divide research landscape.

The examination of the corporate digital divide, within the larger context of European digital
divide research, appears to be a relatively under-researched area. A focused search within the
sample of 1609 documents reveals only 30 articles that directly tackle this subject, signaling
an evident gap in the literature. This lack of extensive research on the corporate digital divide
is surprising, considering the profound implications of digital disparities at the firm level,
particularly in an increasingly digital global economy.

One potential reason for this research gap could be the shift of relevant discussions into other
literature streams, such as digital transformation and technology adoption. These fields
inherently tackle disparities in corporate settings concerning access, skills, and technology
usage - elements that essentially form the corporate digital divide. Consequently, these
intertwined fields might have diffused and somewhat absorbed the discussion surrounding the
corporate digital divide.

Such a scenario reflects a dynamic interplay of ideas across distinct research areas. However,
it also underscores the urgent need for a more robust and exhaustive examination of the
corporate digital divide as a critical phenomenon. This situation heralds the need for future
research in this domain, which has the potential to shed invaluable light on digital inequalities
within the corporate world. By filling this literature gap, scholars can make significant
advancements in deepening our understanding of digital disparities, thereby shaping the
creation of more equitable digital policies and practices in the corporate realm.

In light of the current findings, there are several promising directions for future research in the
field of digital divide. Firstly, given the few studies addressing the corporate digital divide, this
domain warrants more in-depth investigation to better understand the nuances of digital
inequality at the organizational level. Secondly, the impact of emerging technologies, such as
artificial intelligence and blockchain, on the digital divide is another area that requires further
exploration. Understanding how these technologies contribute to or mitigate digital disparities
could inform future policy and intervention strategies. Lastly, future research could also benefit
from a more granular exploration of the digital divide within specific populations or
geographical regions, considering socio-cultural dynamics that may influence digital
technologies' access, use, and impact.
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