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Abstract: The digitalization of the world has rendered design for digital inclusion particularly
important, which highlights the need to gain a comprehensive understanding of this field. The
purpose of this review is to reveal the current development of the field of design for digital inclusion
and identify research gaps and directions.Therefore, this study adopted bibliometric mapping to
achieve the research goal. A total of 721 relevant articles in English were identified from Scopus.
Descriptive analysis, including the publication trend, the most cited journals, the most cited articles,
and the top authors with institutions, is described in order to trace the state-of-the-art develop-
ment of the field. Network analysis, including bibliographic coupling and co-occurrence keywords,
was used to identify research themes and future research directions. The results reveal four main
investigated topics in the field: (1) information technology; (2) online education; (3) assistive technol-
ogy; and (4) digital health. The review also highlights the distinctive features of design for digital
inclusion compared to inclusive design, discusses the research gaps, and offers potential future

research directions.

Keywords: inclusive design; digital inclusion; bibliometric analysis; bibliometric coupling; keyword
co-occurrence

1. Introduction

The rapid growth of digitalization has a significant impact on people’s everyday
lives. It has come to shape the way that public and commercial services are structured and
developed [1]. Digitalization refers to the restructuring of digital communication and media
infrastructures [2]. A large body of research indicates that there are significant advantages
to promoting digitalization [3—6]. For instance, digital services can minimize time and
expenses and enhance the efficiency and efficacy of civil organizations for citizens [6]. The
automation of the systems can improve and enhance work and minimize risks of goods
stoppages for corporations [5]. Nevertheless, there are still a large number of populations
that have been excluded from the digital world. The Office for National Statistics [7] points
out that 56% of older adults who are aged above 75 will not be internet users in 2020
in the UK. Major barriers to the inclusion of digital services are prominently due to low
accessibility, poor usability, and design issues; however, these are determined by a variety
of factors, not only biologically but also psychosocially [8].

Digital inclusion, which refers to the process of ensuring universal access and effective
use of information and communication technologies (ICT) by all populations [9], has
become increasingly crucial. According to the goals of sustainable development set by the
United Nations, digital inclusion can play a vital role in making the city and people living
there a sustainable and inclusive environment and decreasing inequity both within and
across nations [10]. There is a substantial body of literature that discusses digital inclusion.
For example, Marién and Prodnik [1] draw attention to the fact that policies regarding
digital inclusion may have a tendency to regard difficulties as personal concerns when,
in fact, they are social in nature. Reisdorf and Rhinesmith [11] present articles regarding
digital inclusion initiatives for policymakers to advance their implementation. Adam
and Dzang Alhassan [12] advise policymakers to implement policies that encourage the
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utilization of ICTs after studying the cross-sectional data from 121 countries. However,
most of these studies tend to approach the topic from a regulatory standpoint, providing
guidelines and recommendations. There is a lack of research from a design perspective.
For design practitioners and researchers, it is important to explore and uncover innovative
approaches and solutions that address the challenges of digital inclusion in a more effective
and sustainable manner.

Inclusive design refers to developing services and products that can be used by popula-
tions with diverse backgrounds and capabilities [13]. It is well known that inclusive design
can foster digital inclusion because it aims to accommodate the needs of users with varying
abilities. The early stages of inclusive design include a variety of non-digital everyday
products, such as OXO Good Grips and Factory Wares saucepans [14]. With the rapid
development of digitalization, inclusive design for digital solutions, or design for digital
inclusion (DfDI), has become increasingly prevalent. DfDI refers to developing digital
solutions that meet the needs of users with varying capabilities. However, the knowledge
regarding the field is fragmented to date and has not been reviewed comprehensively.
Although there are previous reviews in this field of inclusive design, the topics are special-
ized to specific non-digital inclusive design fields. Levey [15] reviews the universal design
for instruction in the area of nursing education and synthesizes the major themes of the
articles. Moore et al. [16,17] conducted reviews of inclusive design in public playgrounds
and contributed to the topic by refining the conceptual framework and identifying the core
factors that are crucial for designing inclusive playgrounds. To the best of our knowledge,
there has not yet been a full mapping of the literature pertaining to the DfDI.

Given the rapid growth and diverse perspectives in the field of DfDI, there is a
pressing need to gain a deeper understanding of its potential future development. The
major contribution of this review lies in offering research themes, identifying research gaps,
and providing potential future research directions in the field. Bibliometric mappings,
including descriptive and network mappings, allow efficient overviewing of the research
domain from a macro view. The co-occurrence keywords and bibliometric couplings enable
researchers to identify the research themes in the topic. Thus, this review aims to employ
these bibliometric methods to first trace the state-of-the-art development of design for
digital inclusion, then identify themes and research gaps, and lastly, offer potential future
research directions for the field.

2. Material and Methods
2.1. Search Strategy and Data Collection

For this review, Scopus was chosen as the database to conduct the search. Scopus
has a wide range of peer-reviewed sources in social science areas and detailed citation
information, which supports bibliometric analysis. The search strategy included the use of
the keywords “inclusive design” or “universal design” AND “digital” or “online” or “app”
or “interface” or “phone” or “web” or “tablet” or “system” or “HCI” OR “digital inclusion”
or “digital inclusivity” and design in the TOPIC field. No start date was appointed in order
to include all relevant studies. Following is the search string conducted on 7 April 2023:

(TITLE-ABS-KEY (“inclusive design” OR “universal design”) AND TITLE-ABS-KEY
(digital OR online OR app OR web* OR interface OR phone OR tablet OR system OR hci)
OR “digital inclusion” or “digital inclusivity” and design).

The initial search yielded 3214 results, which were filtered to include journal and
review articles in English, resulting in 1269 records. After screening the titles, abstracts,
and full texts of each record, 721 eligible records were identified for data extraction and
analysis using the VOS viewer. Articles that discussed or promoted the design for dig-
ital inclusion were included. Articles that focused on non-digital design for inclusion
were excluded. Articles in electronics and material science areas that used the “universal
design” concept completely differently, referring to adaptive component design, were
excluded (e.g., [12,13]).
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The researcher exported a CSV (Comma-separated values) file of 721 eligible records,
including citation information, bibliographical information, an abstract, keywords, and ref-
erences. The accuracy of the downloaded information was examined, and errors displayed
in Excel were removed. Then the CSV file was imported into the bibliometric analysis tool
VOSviewer for further data analysis.

2.2. Data Analyses

The review adopted the VOS viewer to conduct the bibliometric mappings. VOS
viewer 1.6.18 is a software program that can be used to create maps of authors or journals
based on data from citations or maps of keywords based on data from co-occurrence [18].
For example, such a program can visually demonstrate the co-occurrence keywords with
colored clusters or with period change, which offer valuable opportunities to identify
insights from these informative mappings. The bibliometric information from the database
can be indexed and imported into the VOS viewer for generating the bibliometric mappings.

Descriptive analysis has gained widespread application in the research field, identi-
fying the publication trend, the most cited journals, and the top authors with institutions
to trace the state-of-the-art development of the field. Regarding network analyses, biblio-
graphic couplings and co-occurrence keywords were selected. Bibliographic coupling aims
to count the number of times two articles cite the same references, which has proven to be
an appropriate approach to identifying the present development of themes in a research
field [19]. Co-occurrence keyword analysis, as part of the co-word analysis, can be utilized
as an addition to deepening understanding of the clusters resulting from the bibliographic
coupling. Also, it can be used to identify research gaps in the field. Thus, by combing both
results, the thematic structure and the research gaps of the field are identified. According
to these results, potential future research directions are discussed further.

3. Results
3.1. Descriptive Analysis
3.1.1. Publication Trend

The annual number of publications regarding DfDI is presented in Figure 1. The
figure provides insights into the growth and development of research in this domain
over time. The first study was published in 1994, and then there was a mild increase in
1997-2003. However, the number of publications remained relatively low until around
2003. This indicates that prior to 2003, the field was not extensively investigated. There is a
notable fluctuation yet increasing trend in the number of publications during 2004-2020.
This suggests a growing interest in and recognition of the importance of DfDI within
the academic community. In 2021, there will be a dramatic growth in the number of
published articles, with 106 publications. This surge indicates a sharp increase in attention
and research activities within the field. It is notable that the COVID-19 pandemic, which
presented unprecedented challenges in ensuring inclusive digital products and services for
diverse populations, likely played a role in this upsurge. The growth trajectory continued
in 2022, with the number of publications peaking at 139. This substantial increase reflects
the rapid development and expanding research efforts in recent years, highlighting the
increasing significance of DfDI as a research area. It is estimated that the number of
publications will increase in 2023.

3.1.2. The Most Cited Publication Sources

The most frequently cited publication sources refer to the most productive sources that
included the research topic regarding design for digital inclusion. Figure 2 presents the most
frequently cited publication sources in the field. Among them, six of the journals mainly
focus on design for information inclusion, including Universal Access in the Information
Society, Technology and Disability, Techtrends, Sage Open, Nec Technical Journal, and
Library Hi-Tech. Overall, three journals include the design for online education inclusion
(the Journal of Special Education Technology, the International Journal of Information and
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Learning Technology, and the Online Learning Journal) and one includes digital Health
topics (the Journal of Medical Internet Research).
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Figure 1. Publication trend of DfDI.
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Figure 2. Top 10 most popular publication sources in DfDI.

3.1.3. The Most Cited Articles

The summary of the most cited articles allows for the identification of influential
studies and their contributions. Table 1 presents the most influential articles in the field
of DfDI. The study ranked at the top [20] states the importance of considering human
capability towards a more inclusive digital environment and proposes seven ability-based
design principles. The study offers an ability-centric perspective when developing inclusive
products and services. The 297 citations indicate the high impact of this perspective toward
inclusive design. Kim [21], which is followed by Wobbrock, Kane, Gajos, Harada, and
Froehlich [20], presents a theoretical model for utilizing blogs in educational contexts and
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discusses the necessity of employing the inclusive design approach in blog design, which
improves online communication through interaction. Wu et al. [22] examine the attitude
of older adults towards accepting the use of assistive robots and highlight the advantages
of employing inclusive design to accommodate the special needs of older adults. The
study emphasizes the importance of destigmatizing the perception of assistive robots to
overcome any preconceptions that may hinder their acceptance among older adults. In
terms of the research topic of these articles, seven articles focus on the field of information
technology [20,23-28], two articles research the area of digital health [22,29], one article
investigates the domain of online education [21], and the other one studies the field of
assistive technology [22].

Table 1. Top 10 most cited articles in DfDI.

Author

Year Title Journal Citation

Wobbrock, Kane, Gajos, Harada, and Froehlich [20] 2011

PL P ples, Accessible Computing
and examples

Kim [21]

The phenomenon of blogs
2008 and theoretical model of blog
use in educational contexts

ACM Transactions on

Computer-Human Interaction 197

Wu, Wrobel, Cornuet, Kerhervé, Damnée, and

Rigaud [22]

Acceptance of an assistive
robot in older adults: A
mixed-method study of

human-robot interaction over
a 1-month period in the living
lab setting

2014 Clinical Interventions in Aging 156

Abascal and Nicolle [23]

Moving towards inclusive
2005 design guidelines for socially
and ethically aware HCI

Interacting with Computers 136

Huggins, Wren, and Gruis [29] 2011

What would brain-computer
interface users want?
Opinions and priorities of
potential users with
amyotrophic lateral sclerosis

Amyotrophic Lateral Sclerosis 131

Ferro, Helbig, and Gil-Garcia [24] 2011

The role of IT literacy in
defining digital divide
policy needs

Government Information Quarterly 124

Attuning notification design

McCrickard and Chewar [25]

2003

to user goals and
attention costs

Communications of the ACM

109

Stephanidis [26]

2001

Adaptive techniques for
Universal Access

User Modeling and
User-Adapted Interaction

107

Hill, Beynon-Davies, and Williams [27]

2008

Older people and internet
engagement: Acknowledging

Information Technology and People

102

social moderators of internet
adoption, access, and use

Malinverni, Mora-Guiard, Padillo, Valero, Hervas,

and Pares [28]

An inclusive design approach
for developing video games
for children with autism
spectrum disorder

Universal Access in the

2017 Information Society

96

3.1.4. Top Authors with Institutions

Table 2 demonstrates contributors with their number of publications, total citations,
institutions, countries, and publication topics. Regarding the number of publications,
Dr. Vanderheiden from the University of Maryland contributed the most with six arti-
cles, followed by Dr. Rao, who is tied for second place with four articles. In terms of
total citations, Dr. Stephanidis from the University of Crete leads with 194 citations, fol-
lowed by Dr. Dalton from the University of Colorado Boulder, who was cited 152 times.
Dr. Sandnes, affiliated with Oslo Metropolitan University, ranked third regarding the total
number of citations (122). Regarding publication countries, half of the institutions come
from the U.S., and the other half of the authors come from Europe and the U K., respectively.
In addition, the table also reveals that the influential authors from the U.S. mostly focus
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on the design of digital inclusion regarding learning, while other authors from Europe
and the U.K. study the design of digital inclusion regarding information technology and
assistive technology. It is also notable that there is a high likelihood of authors from the
same institutions appearing in the same paper sources. For example, Dr. Clarkson and
Dr. Langdon, both from the University of Cambridge, have jointly contributed to the paper.
Similarly, Dr. Rao and her co-author, Dr. Min Wook OK, affiliated with the University of
Hawaii, have collaborated on two occasions. These instances underscore the prevalence of
intra-institutional collaborations among researchers who share institutional affiliations and
jointly conduct research, leading to the publication of their findings in DfDI.

Table 2. Top authors with institutions.

Author Total Publication Citation Institution Country Publication Topic
. . . Information technology,
Vanderheiden, Gregg C. 6 79 University of Maryland us. assistive technology
Rao, Kavita 5 73 University of Hawaii u.s. Umversg 1 d esign for learning,
assistive technology
Stephanidis, Constantine 4 194 University of Crete Greece Infor.mgtlon technology,
assistive technology
Clarkson, John 4 81 University of Cambridge UK. Information technology
Dalton, Bridget 4 152 University of Colorado Boulder us. Universal design for learning
Sandnes, Frode Eika 4 122 Oslo Metropolitan University Norway ASSISth.e technology,
Information technology
Basham James D. 4 81 University of Kansas us. Universal design for learning
Smith, Sean J. 4 31 University of Kansas us. Universal design for learning
Murano, Pietro 4 2 Oslo Metropolitan University Norway Information technology
Langdon, Patrick 3 88 University of Cambridge UK. Information technology

3.2. Network Analysis
3.2.1. Bibliographic Coupling Analysis

When two articles cite a common third article, it indicates that both articles share
similar themes. Table 3 presents the bibliographic coupling clustering of the field. There
are mainly four clusters in the field, including information technology, online education,
assistive technology, and digital Health.

Information technology (cluster 1) is the largest cluster and includes diverse applica-
tion contexts. The highlights of this cluster include interface (websites, smartphones, and
systems) usability for users with diseases or disabilities. Wobbrock, Kane, Gajos, Harada,
and Froehlich [20], cited 297 times, offer a set of seven design principles based on user
abilities and describe the projects that inspired the development of the principles. The
principles are categorized into stance, interface, and systems sections in order to develop
inclusive interface design. Abascal and Nicolle [23], cited 136 times, are the second most
cited work in the cluster. The article stressed the need to use inclusive design guidelines and
analyzed the advantages of using them. Ferro, Helbig, and Gil-Garcia [24], cited 124 times,
investigate the process of acquiring IT skills and offer a metaphorical interpretation in the
context of the digital divide, which provides detailed references for inclusive designers
to better understand their users. Overall, the cluster comprises articles that aim to foster
digital inclusion regarding user interfaces in varying domains.
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Table 3. Overview of four clusters.

Cluster

Central Focus

Topic Examples

Most Cited Articles

Title

Authors

Year

Journal

Citations

Information technology

User interface (web,
mobile apps), smart cities,
online library.

Ability-based design: Concept,
principles and examples

[20]

2011

ACM Transactions on Accessible Computing

297

Moving towards inclusive design
guidelines for socially and ethically
aware HCI

[23]

2005

Interacting with Computers

136

The role of IT literacy in defining digital
divide policy needs

[24]

2011

Government Information Quarterly

124

Online education

Distance learning, online
courses, learning tools.

The phenomenon of blogs and theoretical
model of blog use in educational contexts

[21]

2008

Computers and educations

197

Improving comprehension online: Effects
of deep vocabulary instruction with
bilingual and monolingual fifth graders

[30]

2011

Reading and Writing

71

Towards an inclusive digital literacy
framework for digital India

(31]

2018

Education and Training

69

Assistive technology

Assistive robots, disabled
persons, tablets-based
services.

Acceptance of an assistive robot in older
adults: A mixed-method study of
human-robot interaction over a 1-month
period in the living lab setting

[22]

2014

Clinical Interventions in Aging

125

Tablet-based video modeling and
prompting in the workplace for
individuals with autism

2013

Journal of Vocational Rehabilitation

65

Universal design and assistive
technology in communication and
information technologies: alternatives
or complements?

(33]

1998

Assistive technology

40

Digital Health

Brain-computer interface,
electronic prescribing,
mHealth interventions.

What would brain-computer interface
users want? Opinions and priorities of
potential users with amyotrophic
lateral sclerosis

[29]

2011

Amyotrophic Lateral Sclerosis

126

Human factors in the development and
implementation of
telerehabilitation systems

[34]

2008

Journal of Telemedicine and Telecare

49

SlowMo, a digital therapy targeting
reasoning in paranoia, versus treatment
as usual in the treatment of people who

fear harm from others: Study protocol for
a randomized controlled trial

(35]

2017

Trials

33
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Online education (cluster two) receives articles from a variety of education-related
journals. The major topic includes inclusive online learning design during K-12 lessons and
university lessons for students with disabilities. Kim [21] has the most citations in this field,
followed by Proctor et al. [30], with 71 citations. In this work, they explore the impacts of
the online intervention program that was developed to achieve digital inclusion among all
students. The article by Nedungadi et al. [31] occupies the third slot with 69 citations. The
study created and implemented the framework of Inclusive Digital Literacy to overcome the
challenges faced by disadvantaged people in India. The studies in this cluster highlighted
the themes of online learning, distance learning, and special education.

Assistive technology (cluster 3) is given comparatively less focus than clusters one
and two. Major topics discussed in this cluster include assistive tool development and
evaluation for disabled people. The Wu et al. [22] article is the most influential work in
this cluster (125 citations). The study evaluated the acceptance level of an assistive robot
among older adults and identified barriers that affect the adoption of such new technology.
Burke et al.’s [32] article is the next most influential work in this cluster, cited 65 times.
The study evaluates the effectiveness of helping individuals with autism by using the
tablet app VideoTote. The app complies with universal design principles. The encouraging
results suggested that this digital tool would support the inclusivity of people with autism
in completing a complex shipping task. The third most influential paper comes from
Vanderheiden [33], which is cited 40 times. The study discusses the relationship between
universal design and assistive technology and concludes that it is important to combine
these two fields. The cluster mainly includes varying assistive tool developments for
digital inclusion.

Digital health (cluster 4) is the smallest cluster compared with the other three clusters.
The publication years in this cluster are relatively recent. Overall, the research focus
is on the application of inclusive design in varied online healthcare service domains,
mainly including the design of mHealth (mobile health) apps. The most cited article is
from Huggins, Wren, and Gruis [29] (126 citations). The study follows universal design
principles to involve end users in each design stage. They investigated perspectives on
the adoption of brain-computer interfaces among users with amyotrophic lateral sclerosis.
Such technology triggered a strong interest in the adoption of these individuals in order to
promote inclusion. Brennan and Barker’s [34] article, cited 49 times, is the second most cited
work in the cluster. The study developed and implemented telerehabilitation systems that
meet the users’ needs with varying abilities. Garety et al.’s [35] article is the third-highest
cited work in the cluster, with 33 citations. Through the inclusive design approach, the
study created blended digital therapy that included face-to-face sessions and tasks on a
web-based app. Overall, the clusters focus on design for digital inclusion regarding eHealth,
Telehealth, and mHealth (mobile health) design.

3.2.2. Co-Occurrence Keyword Analysis

Co-occurrence keywords establish a connection between the keywords when they
appear together [36]. Out of 3095 keywords, the top 257 (indexed keywords and author
keywords) with at least five occurrences were selected to ensure the representability of

v 7

the results. Eleven general keywords (“human”, “universal design”, “humans”, “article”,
“female”, “male”, “adult”, “inclusive design”, “aged”, “inclusive design”, and “design”)
were removed and left with 246 keywords.

Figure 3 shows the network of co-occurrence keywords. The size of the nodes deter-
mines the number of keyword occurrences. The color of the keywords represents clusters,
in which similar keywords share the same color. Overall, the most salient keywords include
“accessibility”, “universal design for learning”, “digital inclusion”, “user interfaces”, “inter-
net”, “usability” and “assistive technology”. In cluster one, the keywords mainly included
“accessibility”, “user interfaces”, “technology” and “usability”, which implies that the
theme of this cluster is information technology-related. For example, Abascal et al. [37]

developed a tool that can automatically verify the accessibility of websites with the help of
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a set of guidelines. In cluster two, the keywords primarily comprise “universal design for
learning”, “e-learning”, “disability” and “digital inclusion”, which suggests the theme of
the cluster is relevant to online education. For example, Hall et al. [38] report how CAST, an
education organization for universal learning, developed a system that blended universal
design for learning and Curriculum-based Measurement to enhance the teaching of reading
comprehension. In cluster three, the major keywords comprise “assistive technology”,
“self-help device(s)”, “disabled persons” and “quality of life”, which indicates the cluster
of assistive technology. For example, Peri$a et al. [39] develop a conceptual model that
employs a smart wristband to inform disabled persons, regardless of the extent of their
capabilities. In cluster four, which is the smallest one, the keywords basically consist of
“health care delivery”, “telemedicine” and “digital health”, which implies the theme of
the design for digital health inclusion. For example, Holst et al. [40] create online health
information resources that include videos, quizzes, and messages for health promotion

The identified clusters supplement the results from the bibliographic coupling
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Figure 3. Co-occurrence keyword network (Keyword > 5 time occurrences)

Figure 4 shows a chronological view of the co-occurrence keyword network. The
chronological network allows not only the demonstration of high-occurrence keywords
but also the identification of potential research directions and gaps. The color of the key-
words represents the publication year; for example, the oldest studies are automatically
colored purple, while the most recently published studies are automatically colored yellow.
Overall, in the most recent years (around 2019-), keywords such as “healthcare delivery”,
“telemedicine”, “universal design for learning”, and “online learning” appear most fre-
quently, which suggests that digital health and online education are the main research
topics regarding design for digital inclusion. In the earlier years (before 2019), the keywords

included “accessibility”, “assistive technology”, “usability”, “

user inter-face”, “informa-
tion technology” and “websites”

, which implies that the research in the earlier period
highlighted assistive technology and information technology. Although the results may

reveal a trend that different periods have diverse major research topics, these keywords
are interrelated with each other, which suggests that different research topics within the
design for digital inclusion may appear in any period. Such research trends in different

time periods can be used as a reference to understand the major research topics within a
chronological view.



Sustainability 2023, 15, 10962

10 of 16

e & &
commuygication
robetics @' 7data visualization
universal@esign (ud)

° ' .
selﬂheﬁevice's' ‘- e TR desiggopal behaviorabreséarch

3 SN united Bngdo@Rcisioggmaking® | © dyslexia
daily Iife,activity‘ dlS%l sons. @ stangprdd J8 cognitiva@isystems ol
f' afoa@icipatior ‘ d !%blwerspnofmaudeswn ‘ gr W“ ‘S_.mterfaceskomputer)
aged. BQgAdover, -y oz siagion Ruban commr nter&tion . @ Pwepsites
very elderl middlelaged ./ assnstlv nolo | networking lonline)
ry €lderly digiaged. S 8Y . social netwggking (onlin hoNsien
caregivers & P
caregiver L= B web acggssibili
= y g @ user- centgged#esrgn * = Y ®
psychielogy: 2 T multimedia systems
semi structured interview bi“ho[‘e bzl RIS s
s <7 e = I cnformatmn systems
major clifiical studylinical article, = pnon@umal o'dei |ac |ty
o Liele! )cen

- & satisfaction

health care delivery - autism stn*pts
ligital healt " adont tecwgy incldsy ar f‘n 2 4 curggula

telemedicine ~ intelMiew o‘iera,dults

& diversity
be-ald A SRECITY g
motiva |on
P 9 MlgltaJ"ncu&n id |ng computer aided instruction
human-centered design internebaccess. e@
Subligihealtiy special educal te.ﬁmg %,
= dlsta ev!ucatlon
research design digital teghnology-® " a@ng online agucatio
thinking  uman gggeriment umversal de5|gn for Iearnmg
i literac gamification v
sl z pandemic <
igital liter. blendediearnin;
digitalfferacy instructional design e
epidemiology informatien literacy

1 15 202

Figure 4. Co-occurrence keyword network with period change (Keyword > 5 time occurrences).

4. Discussion

The present study sheds light on the current stage of research in DfDI. Through bibli-
ographic coupling analysis, four major research themes emerge: information technology,
digital health, online education, and assistive technology. The study employs descriptive
and network analysis to uncover a possible strong relationship between the COVID-19
pandemic and the exponential increase in publications by DfDI since 2020. Additionally,
co-occurrence mapping revealed that DfDI might possess unique challenges as a branch
of inclusive design, relating to abilities and skills, adoption motivation, and technology
access. The review also identifies four possible research gaps and suggests corresponding
potential research directions, informed by the analysis of co-occurrence mapping and an
in-depth examination of studies identified in the field of DfDIL

4.1. Impact of COVID-19 Pandemic on DfDI

Through descriptive and network analysis, the study provides an overview of the
influential works and publication trends in this field. The analysis reveals an exponential
increase in publications since 2020, coinciding with the onset of the COVID-19 pandemic.

The Co-keyword occurrence trend map supports this finding, highlighting that digital
health, online education, and assistive technology have dominated publication keywords
after 2019, implying that research in these domains has been shaped by the pandemic
and its associated challenges. For example, the effective use of inclusive methods such
as screencasting, online games, and accessible reading and writing options has promoted
the inclusion of students with special needs [41-44]. Well-designed telemedicine services
have also been found to promote inclusion, while the benefits of telemedicine outweigh its
potential risks in times of crisis [45].

Policy initiatives further support the impact of the pandemic on DfDI. For example, the
ONC Cure Act focuses on online medical information accessibility for patients [46]. While
the majority of literature on the digital inclusion of information technology was published
before 2019, the pandemic has also promoted research in this area, such as the research
on design for e-government inclusion (e.g., [47]). Therefore, the COVID-19 pandemic has
contributed to the development of the DfDI field, highlighting its relevance and importance
in addressing the challenges posed by the pandemic.
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4.2. Characteristics of DfDI Compared with Inclusive Design

The analysis of co-occurrence mapping and literature review uncovers three distinctive
features of DfDI in comparison to inclusive design.

Firstly, when considering ability-based challenges, inclusive design addresses a diverse
range of user abilities, including vision, reach, dexterity, hearing, thinking, and mobility [48].
On the other hand, DfDI places emphasis on users’ thinking abilities as well as vision and
dexterity (e.g., [49-51]). This is supported by the co-occurrence of keywords such as “digital
literacy”, “skill”, and “cognition” in the co-occurrence map, indicating the importance
of thinking abilities in the context of digital literacy. Bhattacharjee et al. [52] specifically
highlight the challenge faced by older adults in terms of digital literacy, providing further
support for this distinction.

Secondly, in terms of adoption motivation, everyday inclusive design products or
services, such as kettles, are often essential and unavoidable for users, leading to stronger
motivation for usage. Conversely, in the case of digital inclusive design, many designs offer
alternatives, allowing users to choose not to adopt them and avoid additional learning
efforts, potentially resulting in weaker motivation for usage. The presence of the keyword
“motivation” in the co-occurrence map supports this point.

Thirdly, regarding technology access and affordability, inclusive design often results
in exclusion due to insufficient user abilities, while digital inclusive design may result in
exclusion and digital inequity due to a lack of digital infrastructure or digital products [53].
DfDI addresses the factors of technology access and affordability that contribute to digital
exclusion. It recognizes that the lack of internet access and the high cost associated with
digital devices, internet service plans, and data packages, especially in rural or economically
disadvantaged areas, limit individuals” ability to access online resources and services.
Efforts are made to make these resources and services more accessible and affordable
for individuals and families with limited financial resources. By addressing affordability,
digital inclusion design aims to reduce barriers to digital participation. The presence of the
keyword “computer access” in the co-occurrence keyword map indicated the significance
of these factors in digital exclusion and inequity.

4.3. Research Gaps and Future Directions on DfDI

This study highlights four notable gaps in the research of DfDI based on the analysis
of the bibliometric mapping and existing literature review (Table 4).

First of all, research regarding technology adoption by design receives less attention
in the field of DfD], as the co-occurrence keywords “adoption” or “technology adoption”
appear with significantly smaller dots (Figure 4). Existing literature regarding technology
adoption could be abundant [54-58], but research regarding how to foster adoption by
design is still insufficient. Without promoting the motivation for adoption, there will be no
further usage of inclusive digital products or services among users. Therefore, fostering
technology adoption by design could be significant in the field of DfDI for future research.
Potential research questions might include “What are the attitudes of a certain population
(older adults/disabled persons) to the adoption of the technology (e.g., tablets, apps)?” or
“How to foster the adoption of the technology (e.g., tablets, apps) by design?” and so on.
To facilitate further exploration, the implementation of relevant theoretical frameworks
such as the Technology Acceptance Model [59] and the Unified Theory of Acceptance and
Use of Technology Model [58] might contribute to advancing knowledge in this domain,
as numerous studies regarding technology adoption employ such models to effectively
investigate the factors affecting technology use and acceptance.

Secondly, scarce literature investigates the desirability aspect of DfDI, as there is a
lack of co-occurrence keywords indicating research on desirable or emotional design for
digital inclusion. The included studies (e.g., [60-62]), especially the top-cited article [20],
which develops ability-based inclusive design guidelines, support this statement by less
indicating the desirability or emotional aspect of design guidelines. However, existing
research regarding inclusive design suggests that the psychological aspect of promoting
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inclusion is also important [8,63]. The literature also indicates limited research regarding
such aspects. Therefore, future research could also explore the desirability dimension of
DfDI. Considering such aspects could expand our understanding of DfDI, thus inspir-
ing designers and researchers to develop better user experiences for the psychological
aspect. Potential research questions might include “How to define desirability in the con-
text of DIDI?” or “How to evaluate the desirability dimension of user experience in the
context of DfDI?” and so on. Regarding theoretical support, it is expected that the Flow
Theory [64] and James-Lange Theory of Emotion [65] might be supportive as they focus on
psychological reward and desirability.

Thirdly, there is limited focus on providing ideation design support related to DfDI.
According to the in-depth examination of the included studies, the current focus of design
support is centred around the creation of principles and guidelines for evaluating inclusive
designs, particularly in relation to accessibility and usability concerns. This viewpoint is
reinforced by the findings of 92 papers that showcase the support for web evaluation in
promoting digital inclusion from Ara et al. [66]. For example, online education research
utilizes universal design for learning principles [67-69], which evaluate the accessibility and
usability of DfDI. This might be due to the prioritization of ensuring diverse populations’
access and use of the products and services through accessibility and usability aspects.
Nonetheless, encouraging inspirational ideation could motivate designers to think from
different perspectives. For example, researchers could develop ideational support for
designers by incorporating the technology adoption and desirability aspects of DfDI,
thereby motivating them to develop DfDI with varying considerations. In addition, the
success of a new product development project depends on the level of ideas generated [70],
highlighting the significance of supporting the ideation process. Therefore, it is suggested
that future research could further develop ideation and design support. Possible research
questions might include “How to support designers to generate ideas for inclusive digital
design?” or “Which kind of ideation support do designers prefer in the context of DfDI?”
and so on. Related cognition psychology theories and models, such as Wallas Model [71]
and Koestler’s Bisociation Theory [72], might serve as potential theoretical lenses to gain a
deeper understanding of the ideation process [73].

Lastly, the review reveals that research on DfDI occurs less frequently in developing
countries compared to developed countries, such as the UK and the USA, according to
Tables 1 and 2, and manual screening of the included studies. These countries (UK and
USA) have set up more research funding to promote the development of this field, as they
pioneered the concepts of inclusive design [74] and universal design [75], respectively.
Therefore, it is advised that future research pay more attention to DfDI in developing coun-
tries and conduct comparative research among different countries to promote digital equity
and bridge the digital divide. Such research could shed light on the unique challenges and
opportunities for digital inclusion in diverse socio-economic contexts. Potential research
questions might include “How to improve digital equity in developing countries?” or
“What is the current development of DfDI in developing countries?” and so on. Related
theories that might be applied to this research direction could include the Diffusion of
Innovation Theory [63] and the Transtheoretical Model [64], as they could support digital
inclusion or digital adoption from a communication theoretical lens.
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Table 4. Future research directions.

Research Direction in DfDI

Potential Research Questions

Theories that Might Be
Applied

Technology adoption by design

What are the attitudes of a certain population
(older adults/disabled persons) to the
adoption of the technology (e.g., tablets, apps)?
How to foster the adoption of the technology
(e.g., tablets, apps) by design?

Technology Acceptance Model [59], Unified
Theory of Acceptance and Use of
Technology Model [58]

Desirability for digital inclusion experience

How to define desirability in the context

of DfDI?

How to evaluate the desirability dimension of
user experience in the context of DfDI?

What are the designers’ perspectives regarding
improving the desirability in the context

of DfDI?

James-Lange theory of emotion [65]
Flow Theory [64]

Ideation support development

How to support designers to generate ideas for
inclusive digital design?

Which kind of ideation support do designers
prefer in the context of DfDI?

What are the existing ideation support in the
field of DfDI?

Wallas Model [71] and
Koestler’s Bisociation Theory [72]

DfDI studies in developing countries

How to improve digital equity in
developing countries?

What is the current development of DfDI in
developing countries?

What are the barriers and needs to promote
DfDI in developing countries?

Diffusion of Innovation Theory [76]
The transtheoretical model [77]

4.4. Research Limitations

However, it is also essential to acknowledge the limitations. Firstly, although Scopus
is an extensive database compressing peer-reviewed articles and reviews in English, there
is still a possibility that data from other databases may have been overlooked. Due to the
technical issue, only one database could be imported into VOSviewer. Secondly, despite
efforts to include all relevant studies regarding design for digital inclusion in the search
string, some studies employing other terminology might have been unavoidably excluded.
Lastly, bibliometric studies offer short-term projections, and their impact may diminish
over time [78]. Therefore, the findings, especially the future research directions, serve as a
temporary guide.

5. Conclusions

In conclusion, this review employs rigorous bibliometric methods, including descrip-
tive and network mappings, to provide a thorough understanding of the current state
of DfDI. By examining publication trends, influential studies, key researchers, and in-
stitutions in the field, critical research themes, including information technology, online
education, digital health, and assistive technology, are identified. The review distinguished
the DfDI and inclusive design with three aspects and also highlighted the significance of the
COVID-19 pandemic in shaping the field’s rapid development. Furthermore, this study
identifies the research gaps and potential research directions in DfDI. To the best of our
knowledge, no previous reviews have focused on this aspect. This review, therefore, ad-
dresses this gap in the literature and serves as an overview guide for researchers seeking
to gain a comprehensive understanding of DfDI efficiently. Further, the potential research
directions outlined in this review provide a valuable reference for researchers aiming to
delve deeper into the field.
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