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1 | INTRODUCTION

Christian Johansen

Abstract

The impact of digital technologies on the environmental and economic sides of sus-
tainability has received considerable attention. In contrast, the societal implications
are quite under-researched. Through a systematic literature review, we describe the
current status of the research on the impacts that digital technologies have on social
sustainability. We pay particular attention to methods used for assessing and measur-
ing these impacts. One positive observation made from our descriptive (bibliometric)
analysis is that there is an increasing interest in social sustainability. Our content
analysis identified four categories, namely “Area of Impact,” “Approach to
technology,” “Measured/Measurable Effect,” and “Measuring Methods”, accumulat-
ing 30 labels, which we use to classify the papers at study. A quite common label is
“Jobs” as the area of impacts, whereas the least used label in the approach to tech-
nology category is “Cyber-security,” signaling that few papers that investigate the
impacts of digital technologies on social sustainability consider their security and pri-
vacy implications. Other gaps that we expose are the lack of empirical data as well as
the lack of mathematical modeling when measuring the effects of digital technolo-
gies, with direct experiments appearing very seldom in the literature. In an attempt to
provide a guide for future research, we identify five general research gaps, listing
20 specific research questions, and propose a structuring procedure for articles on

social implications of digital technologies to be produce in a more systematic manner.

KEYWORDS
digital technologies, social sustainability, societal effects, sustainability measurement,
sustainable development

circles, as consumers are progressively shifting their demand toward

more sustainable products.®

Sustainability is one of the hottest topics of our time, and not with-
out reason. Behind this growing interest lie several of the biggest
issues that humanity is facing, such as the climate crisis
(Pierrehumbert, 2019; Ryghaug, 2011; Tenali & McManus, 2022)
inequality (Elkjer &

and the wave of rising socioeconomic

Klitgaard, 2021). Fortunately, this interest is not limited to academic

In this paper, we adopt the definition of Sustainable Development
from the World Commission on Environment and Development
(WCED, 1987): “Development that meets the needs of the present

https://www.worldwildlife.org/press-releases/search-for-sustainable-goods-grows-by-71-
as-eco-wakening-grips-the-globe.
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without compromising the ability of future generations to meet their
own needs.” When addressing Sustainability, it is common to identify
three dimensions or pillars (Choi & Ng, 2011; Purvis et al., 2019): Envi-
ronmental, Economic and Social. Of these three dimensions, the Social
one stands out as the one that is the least understood (Afshari
et al, 2022; Boyer et al., 2016; de Fine Licht & Folland, 2019;
Dempsey et al., 2011), and as such, we believe it is important to add
to the body of research of this particular aspect.

Social sustainability could be defined in several ways. We hereby pre-

sent the following set of definitions as the conceptual basis for this work.

1. “Social sustainability is a vital cog of sustainable development
which takes care of social aspects by giving importance to social
values, equity and justice; addressing basic needs, safety and
health; bringing sense of community, social capital and diversity;
respecting human rights, and thereby paving the way to eliminate
poverty, bringing higher quality of life and augmenting the stan-
dard of living.” (Shaw et al., 2022)

2. “[A] positive condition within communities, and a process within
communities that can achieve that condition” (de Fine Licht &
Folland, 2019), including aspects such as equity in service access
and between generations, defending labor rights, cultural integra-
tion, empowerment of minorities or widespread political participa-
tion of citizens.

3. “social goals [of sustainable development include] improving equal
job opportunities, improving participation in creating community
capacities, reducing impact on cultural and historical heritage.”
(Dalirazar & Sabzi, 2022)

4. “Social sustainability is perceived as a sustainable development
principle aimed at achieving equality and reducing poverty through
job creation and education, empowerment and freedom, preserva-
tion of diversity, protection and promotion of human rights, equity

and health and safety.” (Ipinnaiye & Olaniyan, 2023)

Motivated by the “exponential growth of information and com-
munications technologies (ICT) in the last thirty years” (Walker &
Brown, 2020), in this study, we aim to explore the relation between
digital technologies and social sustainability via a systematic literature
review. In particular, we want to address the following research

questions:

R1: What are the areas of social sustainability where digital tech-
nologies can have an impact?

R2: What are the conceptions (i.e., the approaches) that authors
have of digital technologies when describing an impact on
social sustainability?

R3: What are the different types of measurable impacts that digi-
tal technologies can have on social sustainability, and how do
authors proceed for measuring or assessing those impacts?

The concrete definition of the types of technology addressed in
this study and the perspectives that authors use for approaching them

are described in Section 2.2.

Even though relations of some aspects of technology and social
sustainability are already present in the literature, it is still considered
an under-researched topic (Garcia-Muifa et al., 2021). For example, in
(Grybauskas et al., 2022) a systematic literature review of the social
implications of Industry 4.0 is conducted. However, the scope of
(Grybauskas et al., 2022) is limited to Industry 4.0, so the areas
of social sustainability studied are also constrained. Our research dif-
fers from previous work in that we apply a broader focus on the tech-
nological approaches we consider, while, at the same time, narrowing
the scope of our review to the methodology that the authors used for
assessing or measuring the impact of the technologies they study. Our
approach is motivated by the lack of methodologies and tools for
social sustainability (Papetti et al., 2018), and by the fact that the
existing evaluation methodologies for this aspect are still considered
to be “immature” (Balaman, 2019).

To clarify the scope of our review, we do not aim to study the
value (positive or negative) nor the extent (big or small; local or global)
of the impacts of digital technologies described in the literature. The
opinions of the authors or the particularities of their results lie outside
of the scope of this review.

The rest of this paper is structured as follows. Section 2 describes
in detail the systematic literature review methodology that we fol-
lowed. In Section 3 the results from a bibliometric (Section 3.1) and a
content (Section 3.2) analysis of the literature are presented. In
Section 4 we compile some cases of open research lines that arise
from this systematic literature review as well as from specific calls for
research from the literature. Finally, the concluding remarks and the

implications of this study are described in Section 5.

2 | METHODS AND LABELING

This study has been conducted following the guidelines of the estab-
lished method for performing systematic literature reviews
(Kitchenham, 2004). In that fashion, we divide the study in two dis-
tinct stages: Collection of Study Material and Analysis of the Material
we collected. A summary of the phases of each stage is presented in
Figure 1.

21 | Collection of study material
In this section, we describe the strategy, the methodology and the cri-
teria followed for collecting the relevant material for performing the

systematic review.

2.1.1 | Sources and initial inclusion criteria

In order to follow a structured work plan, we begin by defining a set
of clear research questions. These (three) questions, presented in
Section 1, shape the criteria used for identifying, selecting and asses-

sing the relevant studies. To start our search, we decided to use the
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FIGURE 1 Summary of the
systematic literature review
methodology followed. The fields with

—

[ Collecting the Material

n=# represent the size of the selected
article sample. [

Collection Phase 1: Material Selection ]—{ n=391 ]

Y
[ Collection Phase 2: Title Screening ]——[ n =309 ]
[ Collection Phase 3: Abstract Screening ]——[ n=131 ]
[ Collection Phase 4: Content and Quality Screening ]——[ n=107 ]

|

[ Analysis of the Material ]

[ Analysis Phase 1: Bibliometric Analysis ]——[ Descriptive analysis of the material J

[ Analysis Phase 2: Content Analysis ]——[ Answering Research Questions ]

Scopus database, as it compiles results from several databases, includ-
ing Springer Link, Emerald Insight, and Science Direct. We limited our
search to formal literature in the English language, so it excludes, for
example, book chapters. As we believe that there could be valuable
insights gained from the analysis of the yearly evolution of the num-
ber of publications, we did not impose any recency limits on the publi-
cation date for selecting the initial set of articles. The final set of
articles analyzed ranged from 2008 to articles published until the end
of 2022.

2.1.2 | Definition of search string

In order to retrieve a complete enough sample of literature that is rel-
evant to our topic, but at the same time to limit the number of unre-
lated papers shown, we defined our search string as a combination of
specific keywords. For that purpose, we distinguish between two
topic groups: digital technologies and social sustainability. In order to
find common and relevant keywords related to the technological per-
spectives that we address in this paper, we surveyed several system-
atic reviews such as Grybauskas et al. (2022), Cricelli and Strazzullo
(2021), Rosério and Dias (2022). Furthermore, to better our initial
understanding of the types of technologies studied in relation to
social sustainability, we studied multiple articles by experts on the
sustainability of digital technologies. These sources include selected
articles from ICT for sustainability literature (Hilty & Aebischer, 2015;
Hilty et al., 2011), digital sustainability literature (Stuermer

TABLE 1 Summary of the parameters chosen for the initial search
for relevant literature.

Search

parameters Chosen values

Database Scopus

Language English

Date of January 2008-December 2022
publication

Document type Formal scientific literature (excluding books)

([“digital technologies” OR “digitalization”

OR “ICT” OR “industry 4.0”] AND [“social
sustainability”

Search string

OR “societal sustainability” OR “societal impact”
OR “socio-cultural needs” OR “social well-being”

OR “social costs” OR “community well-being”])

et al., 2017), literature on the sustainability aspects of specific tech-
nologies like digital platforms (Zarra et al., 2019), articles on sustain-
ability measurement (Wut et al, 2021) and digital economics
literature (Martin, 2016).

From the initial pre-review, a set of keywords that represent a
compromise between specificity and variety of results was proposed.

These keywords are:

1. Digital technologies keywords: “digital technologies,” “industry 4.0,”
“digitalization,” and “ICT.”
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TABLE 2  Exclusion criteria for each of the literature selection
phases.
Selection
phase Exclusion criteria
Title o Articles that clearly have no relation to digital
screening technologies and social sustainability.

e Remove duplicates not found by the literature-
management software. Some papers were indexed
with slight variations in the title, or listed twice
but one of them was missing the DOI. This,
however, did not happen often.

Abstract e Papers that do not include any type of assessment
screening or measure of impact of digital technologies on an
aspect related to social sustainability.

e Papers with that explicitly mentioned that their
main focus was on aspects related to the
economic or environmental dimensions of
sustainability.

e Papers that did not have a technological focus.
This includes papers that could have mentions to
digital technologies, but the focus was on another
thematic area.

Content o Papers that were not accessible at the time of the
screening review. For example, some papers were pre-

publications not yet published.

e Papers not related to assessing or measuring the
impact of digital technologies on social
sustainability, that were not previously excluded
in the abstract screening phase.

e Papers whose main focus was on aspects related
to the economic or environmental dimensions of
sustainability, and were not excluded in previous
phases.

e Paper that did not fulfill the standards of
methodological robustness and validity of claims.

2. Social sustainability keywords: “social sustainability,” “societal
sustainability,” “societal impact,” “socio-cultural needs,” “social

well-being,” “social costs,” and “community well-being.”

To find the relevant literature, we looked for papers that included
in their title, abstract or keywords any combination of at least one of
the keywords about digital technologies and one of the keywords on
social sustainability. This can be summarized with the search string

presented in Table 1. The search string provided initially 391 articles.

2.1.3 | Filtering process

As presented in Figure 1, we went through three progressive screen-
ing steps (phases 2-4). The list of exclusion criteria used in all three
phases is presented in Table 2. First, we read the titles of all the arti-
cles we obtained from the initial query to determine their relevance
for our research questions, removing from the list articles according to
the criteria of Table 2. We then read the abstracts of the remaining

309 articles and, excluding based on the criteria for abstract screening

from Table 2, we were left with 131 articles. Each article indepen-
dently considered to be unrelated to our scope was removed.

Finally, a full-text quality assessment screening was performed by
considering not only the relevance to the topic but also the scientific
rigor of the publication. During this phase we found some articles that
did not match our topic criteria, but the main reason for excluding the
papers at this point was the critical assessment of the validity of
the methodology of the authors as well as the degree of generalizabil-
ity and confidence of the claims. We were left with 107 studies for

further analysis.

2.2 | Analysis of the material and label generation
Based on a rigorous content analysis in relation to our three research
questions, we identified four categories (or main themes), each one
with a group of unique labels (or subcategories) for classifying the
107 papers in a systematic way. Instead of using predefined catego-
ries, we opted for an inductive approach (as done, for example, in
Darko & Chan, 2017; Khizar et al., 2021).

The categories and their labels are defined as follows:

1. Area of impact: Answering research question R1, this category is
dedicated to mapping the areas of social sustainability impacted by
digital technologies as described by the authors. This could be
thought of as defining the thematic area of the article at study in
the context of the first research question. For this category, we
have defined the following labels:

i. Jobs: The focus of the article is on the impact that a technol-
ogy or group of technologies can have on any aspect related
to jobs, and professional lives of individuals or groups. For
example, articles about social aspects of the gig economy
(Loganathan, 2022).

ii. Education: The focus is on effects that technologies may
have on the education system or using technologies for edu-
cational purposes. For example, an article that measures the
impact of informal educational YouTube videos (Bello-Bravo
et al., 2021).

iii. Food and water: Focus on access to clean water and food
supply or the effects that technologies have on food produc-
tion or water distribution. For example, a study on marketing
technologies in the Agri-Food industry (Liao & Huang, 2021).

iv. Physical health: Focus on the physical well-being of individ-
uals. For example, a study on active aging aided by technol-
ogy (Rosado et al., 2020).

v. Mental health: Focus on mental health impacts (positive or
negative) or managing mental conditions. For example, a
study on a digital platform for supporting mental health for
healthcare workers (Ye, 2021).

vi. Lifestyle: Focus on the evolution of the general lifestyle of
people due to digital technologies. This includes, for exam-

ple, articles about the impact of adopting technologies in our
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vii.

viii.

daily life (e.g., Young et al., 2019), or shifts in common prac-
tices as a result of technologies (e.g., Pathak et al., 2015).

Equality and inclusion: Focus on promoting the inclusion and
reducing gender or

empowerment of  minorities,

socioeconomic inequalities, or governance practices
(e.g., political participation, representation of citizens, etc.),
such as “e-Government.” An example would be Sultana
et al., 2021, where the authors study women's access to
computing in rural Bangladesh. This label also encompasses
sources of increased inequalities as, for example, the Digital
Divide (Van Dijk, 2006). An example would be Jauhiainen
etal., 2022.

Safety and crime prevention: Focus on the physical safety of
individuals in a society, like using technologies for preventing
crime, cybercrime, and the impacts of attacks on, or failure
of, critical-infrastructure systems. For example, a study on
the promotion of safety and security with ICT-based surveil-
lance (Vogiatzaki et al., 2020).

Sustainable development goals (SDG) mapping: Some of the
articles analyzed describe multiple effects that a technology
or a group of technologies have on society in several dimen-
sions, mapping those effects onto the 17 Sustainable Devel-
opment Goals of the General Assembly of the United
Nations.? We found this label useful because several of the
articles analyzed presented the societal impacts in this way.
For example, the relation between 6G and the SDGs is stud-

ied in Matinmikko-Blue et al., 2021.

2. Approach to technology: This item aims to answer the second

research question, categorizing the type of focus that authors have

regarding technology that impacts an aspect of social sustainabil-

ity. The different approaches were labeled as follows:

Specific technology: Studies that focus on a specific applica-
tion or one type of technology. For example, an app to help
men with HIV (Mathenjwa et al., 2020), or a study that
focuses on 6G (Matinmikko-Blue et al., 2021).

Digitalization and digital transformation: Studies that focus on
the impact of Digitalization (“the way many domains of
social life are restructured around digital communication and
media infrastructures” (Brennen & Kreiss, 2016) and Digiti-
zation (sometimes called Digital Transformation, “the mate-
rial process of converting analog streams of information into
digital bits” (Brennen & Kreiss, 2016) on some aspect of
social sustainability. These aspects are grouped together
because of the strong conceptual connection between them.
For example, a study on digital transformation in traditional
Chinese enterprises (Xia et al., 2022)

Industry 4.0 and 5.0: The focus on an impact related to
Industry 4.0 (Lasi et al, 2014) or Industry 5.0 (Xu
etal, 2021).

ICT and digital technologies in general: Focus on the impact of

digital technologies in general, without focusing on any

2https://www.un.org/sustainable-development-goals.
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specific technology. The present review could be categorized
with this label. For example, a study on the relation between
ICT use and mental health for distance learning students
(Mc Donald Van Der Merwe, 2020).

Circular economy: Articles that explicitly conceive digital
technologies as an enabler of circular economy, or how digi-
tal technologies fit into circular economy practices. For
example, Bai et al., 2022.

Smart cities: on Smart Cities
et al., 2012).

Cyber-security: Focus on cyber-security systems, cyber-

Explicit focus (Batty

attacks or risks associated with cyber-security on some
aspect of social sustainability. For example, a study on the
increase in cybercrime since the pandemic and its effects on
mental health (Monteith et al., 2021).

3. Measured/measurable effect: This category arose as an answer to
the first half of the third research question (“What are the differ-
ent types of measurable impacts that digital technologies can have

on social sustainability”) by classifying the effects that digital tech-

nologies have on a particular aspect of social sustainability. The

difference between this category and the first one is that, while

the first one characterizes where some technology has some

effect, this category focuses on how said technology impacts that

specific area. As the primary focus of this study are the effects and

how they are measured, we relate the specific effects identified
with the SDGs. The identified labels are:

Vi.

Working conditions: Articles that discuss or analyze the
improvement (or worsening) of the working conditions of
individuals or communities as a result of digital technologies.
For example, how working conditions change due to a
technology-enabled shift to gig labor (Rodrigues et al., 2021).
Related to SDG 8.

Job opportunities: Articles that analyze a change in job oppor-
tunities as a result of digital technologies (i.e., creation or loss
of jobs for some group or population). For example, addres-
sing youth unemployment through peer mobile groups (Klier
et al,, 2019). Related to SDGs 8 and 9.

Health risks: Analysis of negative impact on human health
(physical and/or mental) due to technology. For example, a
study on how the increase in cybercrime since the pandemic
affects mental health (Monteith et al., 2021) Related to SDG 3.
Health benefits: Analysis of technologies used for improving
aspects of the health of an individual or group. For example,
a study about a platform for providing home care services
(Isern et al., 2008). Related to SDG 3.

Knowledge gains: Technologies for facilitating education or
access to culture, or achieving a deeper level of insight
regarding a defined topic (e.g., democratizing knowledge,
educational content sharing on online platforms (Bello-Bravo
et al., 2021), understanding knowledge sharing in a specific
community (Jatnika, 2019)). Related to SDG 4.

Safety and crime: Variation in the crime rate due to digital

technologies (e.g., reducing crime (Vogiatzaki et al., 2020),
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new risks such as cyber-attacks, access to and resilience of
critical infrastructure (Schaberreiter et al., 2013)). Mostly
related to SDG 11. Also related to SDGs 9 and 16.

vii. Inclusion, inequality and community formation: Promoting
through digital technologies, among other effects, the inclu-
sion of minorities, empowerment of women, formation of
communities and increase political participation of citizens.
Some examples include analyzing eLearning systems from a
gender-based perspective (Alharthi et al., 2018), and a study
on the role of digital citizen participation for advancing social
sustainability (Bouzguenda et al, 2019). Also measuring
increases in inequalities due to technologies (e.g., the Digital
Divide (Papadopoulos & Broadbent, 2009), digital technolo-
gies as enablers of new forms of discrimination). Related to
SDGs 5 and 10, but it could also address SDG 16.

viii.  Lifestyle change: Measuring or identifying trends in change of
the lifestyle of individuals or populations. One possible mea-
sured effect could be the shift in the ways in which “people
influence each other in their tastes and actions”
(Chavalarias, 2016). Related to SDGs 3 and 11.

ix. SDG mapping: Studies that were categorized as SDG map-
ping for their area of impact are marked with this label.

4. Measuring methods: This category answers the second half of the
third research question (How do authors proceed for measuring or
assessing the impacts that digital technologies can have on social
sustainability?). Each of the impacts of digital technologies pre-
sented in the papers is measured, assessed or described in some
way by the respective authors. The existence, extent and nature of
the effects described must be justified in some way. We classify
the methods that the authors use for this purpose with the follow-
ing labels:

i. Direct experiment: Empirical studies where the data comes
from a scientific experiment performed directly by the
authors of the study. This could be developing and testing a
specific technology for some aspect of social sustainability
(e.g., an Internet of Things positioning system for dementia
training), or studies that observe the behavior of a group of
participants (e.g., Palm et al., 2020). This label does not
include secondary data or studies of previous experiments
performed by other researchers.

ii. Case studies: Conclusions about the impacts of digital tech-
nologies based on one or more case studies (that are not
direct experiments). For example, Ruoslahti & Davis, 2021
study the case of project ECHO.

iii. Mathematical model: Results from a mathematical model
developed, assessed, or presented by the authors. For exam-
ple, modeling the risks of critical infrastructure services at
run-time (Schaberreiter et al., 2013).

iv. Surveys and interviews: Results from survey data, as well as
based on one or more interviews with participants or
experts. We decided to group both categories as in both
cases this type of study gathers data from people describing

their experience in a more or less guided manner. For

example, Martin & Palomo Zurdo, 2021 conduct a series of
interviews to “improve human performance and labor
engagement in the face of digitalization.”

v. Literature review: Results that originate from reviewing litera-
ture. That is, authors review existing scientific literature to
draw conclusions about impacts of digital technologies on
social sustainability. For example, Grybauskas et al., 2022.

Although relationships exist between the categories Area of
Impact and Measured/Measurable Effect, these are essentially distinct
in the sense that the former refers to the general thematic area of a
paper (e.g., a paper could be related to Jobs, to Education, etc.),
whereas the latter describes how a paper measures the impact of digi-
tal technologies on a specific area of social sustainability. A thematic
area, in contrast, does not carry information about the specific impact
measurement methods. For example, a paper could focus on the
impacts of a technology in the specific area of Jobs. This impact could
be quantified by measuring some effect, such as the creation of job
opportunities (e.g., by measuring the employment ratio in a sector), or
change in working conditions (e.g., reduction of risk of injuries
or decrease in strenuous manual labor).

Clearly these labels are not mutually exclusive. For each of the
four categories, each article must have at least one label, but could
have more. For example, one study could compare the health risks
and benefits of one technology (i.e., labeled with (iii) and (iv)). Another
study could, for example, analyze improvements in working conditions
of the workers in one sector (label (i)) and the creation of new jobs
((i))) in that same sector as a result of digitalization. When the bound-
aries are diffuse (for instance in studies, such as (Palumbo
et al., 2022), that discuss both aspects of digitalization and an influ-
ence of ICT in general) we decided to apply both labels. This has impli-
cations that we detail in Section 3.2.

Finally, we identify two types of open questions that may help
shape future research initiatives on social sustainability and digital
technologies. First, we extract from the literature any future research
directions explicitly suggested by the authors, for example, in their
concluding sections. Second, and more importantly, we propose open
questions resulting from our present review, that is, more general,
meta-questions, stemming from our, now more comprehensive,
understanding of this literature.

The process of labeling and classifying was done by creating a
table that included, for each publication, the authors, title, year of
publication, and name of the journal. To this table, we added five col-
umns for, one for each category, and one for possible future research
directions. This is in line with the common practice for this type of
study (Bahman, 2023; Chourasiya et al., 2023). The table (in CSV for-
mat) is provided as a supplement to this study.

3 | RESULTS AND ANALYSIS

In this section we report both the results of a descriptive analysis of

the literature as well as the outcomes of studying their content.
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FIGURE 2 Number of published papers by year in the sample of
107 papers reviewed.

3.1 | Bibliometric results
By performing a quantitative analysis of the set of 107 articles
selected for our final sample we can get valuable insights about the

current state of the literature on our topic.

3.1.1 | Number of papers by year

The evolution of the number of publications with time inside our sam-
ple is presented in Figure 2. There we can see that the general interest
in social sustainability in relation to digital technologies has grown
over time. Even though our sample may not be fully representative,
this observation is encouraging as it shows increased research produc-
tivity in an area that is considered to be under-researched (Garcia-
Muina et al., 2021). The noticeable increase in publications starting
from 2020 could suggest that the COVID-19 pandemic may have
caused an increase in the general interest in social sustainability. The
slight decline in the number of publications in 2022 could be then
related to the decreasing impact of the COVID-19 pandemic.®

3.1.2 | Keyword frequency
We present in Figure 3 the frequency (i.e., the number of papers that
use a specific keyword divided by the total number of papers in the
sample) of the 10 most popular keywords used in the reviewed litera-
ture. All keywords, as they appear in the Keywords section, are con-
verted to lowercase (keeping this convention also in our figures).
Unsurprisingly, “Social Sustainability” is the most frequent key-
word by far, about a third of the papers use it, followed by “Industry
4.0,” “Sustainability,” and “ICT.” One interesting fact is that approxi-
mately 5% of the papers had “COVID-19” as one of their keywords,
suggesting that these were produced as a response to the COVID-19

pandemic.

Shttps://news.google.com/covid19/map.

Development *

It could also be interesting to look at the frequency of use of the
most popular keywords with time. The time evolution of the four
most popular keywords in the papers analyzed is presented in
Figure 4. Taking the results from Figure 3 into account, the general
tendency to increase in the frequency of all the keywords presented
is not a surprise. However, it is interesting to see that the keyword
“Sustainability” started to appear only relatively recently (2018)*
which further verifies the rise in interest on Sustainability. Further-
more, even though the concept of Industry 4.0 originated in 2011
(Kagermann et al., 2011), these results suggest that it was not until
several years later that its societal implications began to gain attention
in the scientific literature.

3.1.3 | Number of citations

Finally, we can study the number of citations that the papers in the
sample presented at the time of our review. The number of citations
could be used as an indicator of the academic relevance of the field at
study, as the more citations a set of papers gets, the more attention
those papers have gained in the academic community. As we can see
in Figure 5, the general trend in the number of citations is increasing
over time, although this fact could be also due to the recency of most
of the papers selected. When looking at Figure 5, one must take into
account that recent papers (published in 2022) had not had time yet
to receive a high number of citations.

We find that there have been two spikes in the number of cita-
tions of papers related to the impact of digital technologies on social
sustainability. We argue that the conceptualization of social sustain-
ability in relation to the UN Sustainable Development Goals played a
role in the first one. It is reasonable to assume that, after the defini-
tion of the 17 SDGs in 2015, the research on social sustainability, in
general, received more attention and more citations as a result.

The second peak could be due to the research on the social impli-
cations of the COVID-19 pandemic. Due to the pandemic, it is possi-
ble that recent (physical and mental) health research started to
receive more attention. This new interest may explain the second
increase in the number of citations. However, we do not have any
empirical data to prove this claim, as it is outside the scope of the pre-

sent study.

3.2 | Content analysis

The analysis of the content of this set of papers on the societal impact
of digital technologies with the help of the four label categories
described in Section 2.2 can provide valuable insights on several
dimensions. Based on the thematic categories and their respective
labels, we approach our research questions by analyzing how the

reviewed literature fits into the context of this study (see Figure 6).

“Even though 2018 is not a recent date, relative to the earliest studies included in this
review, dating back to 2008, and to the other keywords, the keyword “Sustainability” gained
popularity relatively recently.
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FIGURE 4 Number of publications by year in the review sample
that use one of the four most popular keywords.

We present the results of the label frequencies, expressed as the
fraction of papers that were categorized by a specific label, in Figure 7.
Some of the papers of our set had been labeled with several labels for
some of the categories. For example, one of the topics discussed in
(Begum et al., 2022) is tools from Industry 4.0 as a response to the
effect of the COVID-19 pandemic on workers in manufacturing firms,
which means that the article studies the impact of Industry 4.0 on jobs.
However, we cannot ignore its relation with the pandemic, and remarks
such as “digitization in the pandemic [...] improves social distancing and
social well-being” imply that a relation between Industry 4.0 and physi-
cal health is also discussed in the article. Thus, the area of impact of
(Begum et al., 2022) would be both “Jobs” and “Physical Health.” As
there are several cases of multi-labeled articles, it is reasonable that the
label frequencies in the sub-figures of Figure 7 do not add to 1.

3.2.1 | Areaofimpact

All the papers reviewed, classified by their Area of Impact are
presented in Table Al (in Appendix A) and the frequencies of

those labels are presented in Figure 7a. This figure helps to
shape the image that authors have about the meaning of social
sustainability. The two labels that were used the most are
“Equality and Inclusion” and “Jobs”, followed by “Lifestyle” and
the two health categories. Given that some articles studied both
impacts on mental and physical health, the whole health category
is smaller than the sum of both. Despite this fact, the total of
health-related articles accounts for 35% of all the literature
reviewed. Thus, according to this data, the three main areas of
social sustainability where the impact of digital technologies is
studied are:

1. Health
2. Equality and Inclusion
3. Jobs.

This data suggests that some areas of social sustainability are
given less attention than the main ones. For example, the impact of
digital technologies on Education or as a tool for providing Safety or
preventing Crime are not very popular in the social sustainability liter-
ature. The less researched area of impact, however, is the access to
food and water, including only about 3% of the articles reviewed.
These insights could be an indication of the current gaps in knowledge
for this area.

Another interesting fact is that physical health is usually given
more attention than mental health with regard to the impact that Digi-
tal technologies can have. This resonates with the common fact that
mental health is, in general, not given enough attention (Tomlinson &
Lund, 2012).

3.2.2 | Approach to technology

A summary of the frequencies of the labels associated with the tech-
nological focus of the articles reviewed is shown in Figure 7b, and
Table A2 (in Appendix A) presents the papers sorted according to said
labels.
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From Figure 7b we see that most of the authors study either
a specific technology or the effects of ICT and digital technolo-
gies in general. These two main approaches are, as a general rule,
inherently opposite, representing a narrow and a broad focus
respectively. However, these two approaches are on the same
line, treating technologies as a “thing,” a static phenomenon. On
the other hand, authors that focus on “Digitalization and Digital
Transformation” and “Industry 4.0/5.0” study the impact of tech-
nologies as the result of a dynamic process, the shift toward a
new way of performing our daily activities in our personal life
and workplace. We see that this dynamic approach is less popu-
lar than treating the impact of digital technologies in the static
sense.

In Section 3.2.1 we pointed out that the research on the
impact of digital technologies on safety is not very popular in
this type of literature. This fact is further accentuated by the
scarcity of research we find on social sustainability in the
context of cyber-security (only approximately 3% of the papers
analyzed). This indicates a route for new potential lines of

research.
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FIGURE 5 Number of citations by year that the papers of the

sample had at the time of making this review (December 2022).
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Finally, we argue that a reason behind the fact that the topics
of “Circular Economy” and “Smart Cities” are not very researched in
the context of social sustainability is that they could be thought of
as having more relation to the Economic and Environmental aspects
of Sustainability. Nevertheless, we believe that social sustainability
should have an integral role in those technological areas too.

3.2.3 | Measured/measurable effects

In this section, we analyze the different types of effects that digital
technologies can have on social sustainability. To consider the
reviewed articles valid, the authors must have a description of
the effects and their extent in terms of some form of data. After label-
ing the articles according to the different types of effects we identi-
fied in the literature (Table A3, in Appendix A), we can study the
frequencies of these labels (Figure 7c). Relating the effects to the Sus-
tainable Development Goals as explained in Section 2.2, the values of
the label frequencies can be translated into a measure of the interest
inside this research area on each of the SDGs (Figure 8).

The most frequently studied effects of digital technologies on
societies we found is on “Inclusion, Inequality and Community
formation,” including both positive and negative aspects. On the
positive side, we have promoting the inclusion of certain collectives,
reduce inequalities in some area or help to form sustainable commu-
nities. On the negative, we have, for example, the digital divide,
where technology reduces access of some collectives to certain
services.

The second most prominent effect is the improvement or wors-
ening of working conditions. Specific effects range from assessing
ergonomics at the workplace to the reduction of physical workload.
However, they can also create new ways of working that have their
own problems, related to working conditions such as the phenomenon
of video-conference fatigue (Doring et al., 2022).

Related to working conditions, we have the effects on Job Oppor-
tunities, related to the creation or loss of job positions as an effect of
digital technologies. Even though this category is not as popular as

/Di gital Technologies, Impact several areas of

studied as: Social Sustainability:
KA thing: h - Jobs
Specific technologies - Education
> ECTJ Seeurt - Food and Water
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FIGURE 6 Conceptual foundation for reviewing the literature on the measurable effects of digital technologies on social sustainability.
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FIGURE 7
technologies on social sustainability.

the research on working conditions, both labels combined would
account for about 31% of the reviewed papers.

Around 30% of the analyzed papers studied health-related
effects. In fact, “Health Benefits” is the third most frequent label. This
indicates that the view of the effects of technologies on human health
is mostly positive, as very few papers (9.7%) were labeled as studies
on “Health Risks.” This could indicate the presence of a general bias
in the literature, where the downsides of digital technologies might be
downplayed and may need more research.

In the same fashion as before, the effects that digital technologies
have on increasing or decreasing citizen safety or levels of crime seem
to be a topic that needs more research.

Finally, a closer look at Figure 8 indicates that there are clear dif-
ferences in the frequency of addressing the different SDGs in the
selected literature. Given that SDG 9 is closely related to Economic
Sustainability (apart from social sustainability), its relatively low popu-
larity seems reasonable. However, Figure 8 shows clear deficiencies,

especially in the research on the impact of Digital Technologies in
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Label frequency for each of the four categories dedicated to answering the research questions about the impact of digital

Education from a social sustainability perspective. Aspects such as
access to education and improvement of quality in education thanks
to digital technologies should receive more attention. Apart from
what is present in Figure 8, it is interesting to study what is not pre-
sent there: in the analyzed sample, no study addressed the impacts
of digital technologies on poverty (SDG 1) nor on contributing to
ending World Hunger (SDG 2), issues that are related to social
sustainability too.

3.24 | Measuring methods

When the impact of some technology on an aspect of social sustain-
ability is described in a paper, the methods for assessing its nature
and the extent the authors use change from study to study. Some
authors choose to base their analysis on existing evidence in scientific
literature and others take a more empirical approach. In this section,

we classify the papers according to the methods they use (Table A4 in
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Appendix A) and comment on the results from the frequency of use
of these methods, presented in Figure 7d.

It is clear, from Figure 7d, that the preferred way of assessing an
impact of technology on social sustainability is reviewing the existing
literature. This label also applies to theoretical papers that describe
some effects or some framework that the authors created using other
articles to justify their claims. This is an indication of the difficulty of
designing experiments or gathering data on specific impacts. In fact,
only about 10% of the articles reviewed were based on an experiment,
which suggests that there is a prominent need for empirical data on the
Social aspect of Sustainability in relation to digital technologies.

Although case studies and interviews provide valuable data, it is
not possible to systematize them. They are just isolated cases and per-
sonal experiences, embedded in the complexity of individual biases
and external factors that are virtually impossible to account for
completely. In order to discover more generalizable patterns and to
achieve conclusions that could be applied in a broader context, more
controlled experiments need to be performed.

Finally, we find that the research on mathematical modeling of
the effects of digital technologies on society is scarce. This could point

to new opportunities in social sustainability research.

4 | DISCUSSION AND FUTURE RESEARCH
AGENDA

This section outlines several possible areas for future research, arising

from this systematic review of the literature as well as frequent
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suggestions in the papers analyzed. We distil 20 sample research
questions in Table 3, related to the five research gaps described
below.

The first and most remarkable fact about the current state of
research on the impacts of digital technologies on social sustainability
is that there is a lack of empirical evidence. As explained in
Section 3.2.4, direct experimentation is not very frequent, and most
of the data used in the literature comes from surveys, interviews or
case studies. In fact, we can find several calls for more empirical stud-
ies in the reviewed papers (e.g., Affolderbach & de Chardon, 2021;
Ekener, 2019; Hervani et al., 2022; Hung et al, 2021; Palumbo
et al,, 2022; Tavares & Azevedo, 2022; Young et al., 2019), with spe-
cific examples such as “there is a need for more empirical studies and
quantitative research” (in the context of Industry 4.0 and Sustainabil-
ity) (Mastrocinque et al., 2022) or the remark from (Grybauskas
et al., 2022) about the “sheer lack of empirical evidence on the posi-
tive or negative impacts of Industry 4.0 on social sustainability”.

We also identify a need for more tools and metrics, mentioned in
(Apaydin et al., 2018; Garcia-Muifia et al., 2021; Grandi et al., 2021; Papetti,
Gregori, et al., 2020; Somanath et al., 2021; Taj et al., 2019). This is in accor-
dance with our findings, which indicate that the least common method used
is mathematical modeling. Further research could develop applications
based on mathematical modeling to quantify, evaluate and assess the
impacts that digital technologies can have on different social sustainability
aspects. Moreover, developing new or updated metrics is needed to feed
the mathematical models and make these more comprehensive and precise.

Judging from the label-frequency results discussed in Section 3.2,

the impact that digital technologies have on Safety and Crime needs
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TABLE 3 Future research agenda for the impact of digital technologies on social sustainability.

Research gaps

Lack of empirical data on the impact of digital technologies
on social sustainability.

Lack of mathematical models and simulations.

Suggested research questions

1. Of the possible impacts that digital technologies have on societies and individuals,
which can be assessed in an empirical way?

2. How can we gather data on social sustainability if it is not with surveys or
interviews?

3. What experiments could be designed for measuring in a statistically significant
way these impacts?

4. How could we convince researchers and institutions of the importance of
gathering such data?

5. How can we use mathematical modeling and simulations to assess, overall, if
specific technologies have a positive or negative impact on (some aspect of) social
sustainability?

6. What type of models could be used for studying social improvements or negative

consequences of digital technologies?

7. What modeling approach is most suitable for the different technological
approaches (Section 3.2.2)?

8. How could these models be assessed and tested? What kind of empirical evidence
is needed for that purpose?

The impact on crime and safety is largely under-researched. 9. What are the specific negative consequences of the use of digital technologies
and the transitions that we observe from such use on our general physical safety?

10. What could be the potential social impacts of cyber-attacks on critical
infrastructure? Are the benefits of digitalization of critical infrastructure enough
to accept the risk of suffering those impacts?

11. Since digital technologies can be used for crime prevention but also enable new
types of crime (cybercrime), is it possible to assess the impacts of both types of
crime and make a critical comparison? In other words, is the impact of the
reduction in physical crime greater than the impact of the increase in
cybercrime?

The benefits and drawbacks of digital technologies for 12. In what ways can digital technologies be harnessed to provide universal quality

Education are not given much attention in research.

education (SDG 4)?

13. Are there any negative impacts of digital technologies in the context of
education? How do they compare to the positive ones?

14. What are the available technologies that could be used to reduce inequalities in
access to education?

15. Digital technologies can help spread educational content to a wide audience
instantly and without mobility requirements. Is there any change in the quality of
the education received in this way with respect to traditional (analog) methods?

The negative impacts of digital technologies are often given 16. Can digital technologies have noticeable negative health impacts? What areas of

less importance, especially when it comes to health.

health, both physical and mental, could be affected?

17. How could the negative health effects of digital technologies be measured?
18. Do these effects change depending on the population segment studied?

19. What is the extent of these effects if the positive ones are taken into account?
20. Are digital technologies producing an increase in mental health issues?

more in-depth investigations. Several authors suggest this explicitly,
with examples being: studying the societal implications of cyber-
security (Ruoslahti & Davis, 2021), the risks of implementing digital
technologies (Dobrolyubova, 2022), or the reasons behind cybercrime
(Monteith et al., 2021).

Three more under-researched areas are made apparent by our study.
First, the increase in access to education and recent shifts in teaching
methods due to the use of digital technologies, need more studying from
a social sustainability perspective. Furthermore, there is too little research
that empirically measures the negative effects on mental health that digi-
tal technologies can have, especially when accounting for the high popu-
larity of the research on the health benefits of digital technologies. More

research is also needed on the societal impacts of the technology-enabled

Circular Economy and Smart Cities. These topics are usually studied
under the scope of Environmental Sustainability, but social sustainability
should also be an integral part of these two research areas.

Finally, we identified several calls for interdisciplinary research
initiatives (Begum et al., 2022; Ghobakhloo et al., 2022; Mabkhot
et al., 2021), where experts from different fields address issues in this
under-researched area.

To end this section, based on the results of this review, we pro-
pose a set of four steps that could help to develop future studies on
the impacts of digital technologies on social sustainability in a system-
atic way (Figure 9). These steps are just intended as a possible proce-
dure that arises from this study; it is not the goal of this paper to

define a standard methodology.
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FIGURE 9 Proposed procedure for future research on the impacts of digital technologies on social sustainability.

For example, take the research question whether high usage of
social media apps increases the incidence of insomnia in young adults.
We define:

1. The area: Health;

2. The approach to technology: A specific set of technologies, namely
social media apps;

3. The impact on Health: Health risks, concretely the increase in the
incidence of insomnia;

4. The methodology: The study is restricted to a population of young
adults. For example, it could be done through surveys and personal
experience, or it could be done by tracking social media usage and

sleep patterns of a sample of individuals from the population at study.

This procedure can help systematizing the production of social
sustainability research in the context of digital technologies.

5 | CONCLUSION

Given that social sustainability is considered the least understood
aspect of Sustainability, it is understandable that related research is
scarce (even more if we consider measuring real impacts). We have
analyzed the available literature on the impacts of digital technologies
on social sustainability by addressing three research questions focused
on the measurement of these impacts. In the process we have identi-
fied four categories of labels that we used to classify 107 papers.

The set of papers was first analyzed from a descriptive point of view,
showing trends in the usage of keywords and possible explanations for
the fluctuation in attention that social sustainability in the context of dig-
ital technologies had been given. As a result of this analysis, we found a
growing interest in this research topic. Afterward, we answered the
research questions by analyzing the content of the papers.

Regarding the first research question, we identified 9 areas of
social sustainability where the effects of digital technologies are usu-
ally studied. The most prominent areas were “Equality and Inclusion”
and “Health” (including both mental and physical health). The labor
aspect of social sustainability is a frequent topic in the literature too.

For the second question, when studying the relationship between
digital technologies and social sustainability, authors had two types of
approaches: static (technologies “as a thing”) and dynamic (technolo-
gies “as a process”). The static approach focused on the effects of a
specific technology or digital technologies in general. In the dynamic
approach, technologies are more in the background, understood as

the foundation of a process, a type of evolution that has

consequences on Society. This approach was less frequent and was
characterized by the labels “Digitalization and Digital
Transformation,” “Industry 4.0/5.0,” “Smart Cities,” and “Circular
Economy”.

Answering the third question, the main impacts that were studied
in the literature were differences in inclusion and levels of inequality
as a result of digital technologies and the changes in working condi-
tions. The impact on labor becomes more substantial when, together
with “Working Conditions” we account for a variation in “Job Oppor-
tunities”. The impacts on health were also given a reasonable amount
of attention, focusing more on the benefits that digital technologies
can bring, rather than on the risks they pose.

To finalize the answer to the third question, we found out that
most of the studies are based on reviews of literature, followed by
case studies and surveys or interviews. This shows a deficiency in
empirical studies that could provide robust real-world data about sev-
eral of the impacts described. There was also a lack of mathematical
models for social sustainability.

5.1 | Implications for theory

With this paper, we add to the body of literature on the relationship
between social sustainability and digital technologies. We portray the
current state of the literature and identify trends in research in this
area, as well as theoretical and methodological gaps that need to be
addressed. By rigorously reviewing the available literature, we identi-
fied the main technological approaches, areas of social sustainability
impacted, measurable effects of digital technologies, and measuring
methods. Using these categories and their internal subcategories, we
offer an organized view of the literature at study within a comprehen-
sive framework (see Figure 6). Analyzing the prevalence of the internal
subcategories, we identify the most common practices in the litera-
ture, revealing as well several research gaps and open problems (see
Section 4). Two of the most prominent gaps reside in the scarcity of
empirical studies and mathematical models, and the fact that quality
education (SDG 4) is under-addressed in literature. We present a

future research agenda in Table 3.

5.2 | Implications for practice
The practical contribution of this study is twofold. First, this paper
provides practical guidelines for structuring research around the soci-

etal impacts of digital technologies (see Figure 9), in order to facilitate
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addressing the several research gaps identified. The different stages
of the process can be defined with the help of the subcategories
resulting from this study, as shown in Figure 6.

A second contribution could come in the form of deciding what
research to pursue and fund. As more research is needed in several
areas (see Section 4), the decision to start, promote, and fund projects
related to those areas could be guided in part by the results of this
review. More research into the gaps identified, as well as focusing on
the methodologies that are less used, can provide valuable tools for
practitioners and policy makers, offering a more objective view of the

pressing social issues related to digital technologies.

5.3 | Limitations of the study

The main limitation of this study is the review protocol. The results
obtained when using a search string are always limited by the criteria
used. Although we tried to be as inclusive as possible, narrowing the
scope of the review with our choice of keywords necessarily limited
the results of the search. Thus, it is possible that the sample of papers
that had been reviewed could be highly influenced by our decisions
while defining the search protocol, and there may be relevant studies

that offer perspectives that had been left out unintentionally.
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APPENDIX A: COMPLETE LIST OF REVIEWED ARTICLES CLASSIFIED

In this section, we present the tables containing the reviewed articles classified according to their labels for each of the four thematic categories

analyzed.

TABLE A1 Reviewed articles categorized according to the studied area of social sustainability impacted by digital technologies.

Area of impact Related papers

Equality and inclusion Affolderbach & de Chardon, 2021; Alharthi et al., 2018; Apaydin et al., 2018; Bensi et al., 2011; Bouzguenda et al., 2019;
Casal & Ramos, 2017; Charmaraman & Delcourt, 2021; Chavalarias, 2016; Chowdhury, 2013; Dé, 2016; Deng
et al.,, 2016; Dobrolyubova, 2022; Ekener, 2019; Grybauskas et al., 2022; lhm & Hsieh, 2015; Jauhiainen et al., 2022;
Loebach et al., 2019; Mark et al., 2019; Mastrocinque et al., 2022; Meneses Fernandez et al., 2017; Millard et al., 2018;
Mohideen, 2021; Ochara & Mawela, 2015; Okon, 2009; Papadopoulos & Broadbent, 2009; Patén-Romero &
Jaccheri, 2021; Pick & Sarkar, 2016; Rosério & Dias, 2022; Somanath et al., 2021; Stojanova et al., 2022; Sultana
et al.,, 2021; Tseng & Hsieh, 2015; R. Walker et al., 2021; Webster & Leleux, 2019; Zavratnik et al., 2020

Jobs Begum et al., 2022; Brozzi et al., 2020; De Falco & Romeo, 2021; Deng et al., 2016; Garcia-Muifa et al., 2021, 2022; Genz
et al., 2019; Ghobakhloo et al., 2022; Grandi et al., 2021; Gregori et al., 2017; Grybauskas et al., 2022; Hohn &
Durach, 2021; Klier et al., 2019; Loganathan, 2022; Martin & Palomo Zurdo, 2021; Mastrocinque et al., 2022; Palumbo
et al., 2022; Papadopoulos & Broadbent, 2009; Papetti et al., 2018, Papetti, Gregori, et al., 2020, Papetti, Pandolfi,
et al., 2020; Park et al., 2016; Pinzone et al., 2020; Prause, 2021; Rodrigues et al., 2021; Scafa et al., 2019; Sendlhofer &
Lernborg, 2018; Sparviero & Ragnedda, 2021; Stojanova et al., 2022; Tavares & Azevedo, 2022; Weber et al., 2022; Xia
et al, 2022

Lifestyle Affolderbach & de Chardon, 2021; Bensi et al., 2011; Charmaraman & Delcourt, 2021; Chavalarias, 2016; Chowdhury, 2013;
De Felice et al., 2021; Dobrolyubova, 2022; Ghobakhloo et al., 2022; Hervani et al., 2022; Jagemar & Dodig-
Crnkovic, 2015; Meneses Fernandez et al., 2017; Ochara & Mawela, 2015; Okon, 2009; Orug & Yeralan, 2020; Pathak
et al,, 2015; Sad et al., 2016; Schaberreiter et al., 2013; Sparviero & Ragnedda, 2021; Stavdas, 2022; Taj et al., 2019;
Tseng & Hsieh, 2015; Webster & Leleux, 2019; Widdicks et al., 2022; Young et al., 2019; Zavratnik et al., 2020

Physical health Abramova et al., 2022; Barrett et al., 2019; Begum et al., 2022; Casal & Ramos, 2017; Ekener, 2019; Gordienko et al., 2017;
Gregori et al., 2017; Hervani et al., 2022; Isern et al., 2008; Kim et al., 2009; Liao & Huang, 2021; Litsky et al., 2022;
Locatelli et al., 2019; Marthick et al., 2021; Mathenjwa et al., 2020; Mesmar et al., 2016; Mondejar et al., 2021; Papetti,
Gregori, et al., 2020; Papetti, Pandolfi, et al., 2020; Pinzone et al., 2020; Ramvi et al., 2021; Regan, 2022; Rosado
et al., 2020; Scafa et al., 2019; Taj et al., 2019; Trencher & Karvonen, 2019; R. Walker et al., 2021

Mental health Abramova et al., 2022; Dula & Giiler, 2022; Gordienko et al., 2017; Hung et al., 2021; Jagemar & Dodig-Crnkovic, 2015; Kim
et al., 2009; Loebach et al., 2019; Marthick et al., 2021; Mc Donald Van Der Merwe, 2020; Monteith et al., 2021; Palm
et al., 2020; Palumbo et al., 2022; Papetti, Pandolfi, et al., 2020; Pinzone et al., 2020; Sad et al., 2016; R. Walker
et al., 2021; Widdicks et al., 2022; Ye, 2021; Yoon et al., 2021

Education Alharthi et al., 2018; Apaydin et al., 2018; Bello-Bravo et al., 2021; Cappa et al., 2020; De la Calle et al., 2021; Grybauskas
et al., 2022; Jatnika, 2019; Meneses Fernandez et al., 2017; Okon, 2009; Papadopoulos & Broadbent, 2009; Ruoslahti &
Davis, 2021; Sa et al., 2021; Sad et al., 2016; Sendlhofer & Lernborg, 2018; Sultana et al., 2021

SDG mapping Bai et al., 2022; Garcia-Muifa et al., 2021; Mabkhot et al., 2021; Matinmikko-Blue et al., 2021; Mondejar et al., 2021; Ono
etal, 2017
Safety and crime Mohideen, 2021; Okon, 2009; Ruoslahti & Davis, 2021; Schaberreiter et al., 2013; Vogiatzaki et al., 2020
prevention
Food and water Hervani et al., 2022; Liao & Huang, 2021; Mondejar et al., 2021
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TABLE A2 Reviewed articles categorized according to the approach or aspect of digital technologies studied.

Approach to technology

Specific technology

ICT and digital technologies

in general

Digitalization and digital
transformation

Industry 4.0/5.0

Smart cities

Circular economy

Cyber-security

Related papers

Affolderbach & de Chardon, 2021; Alharthi et al., 2018; Barrett et al., 2019; Bello-Bravo et al., 2021; Bensi
et al., 2011; Cappa et al., 2020; Charmaraman & Delcourt, 2021; Chowdhury, 2013; De Falco & Romeo, 2021;
Gordienko et al., 2017; Grandi et al., 2021; Gregori et al., 2017; Hervani et al., 2022; Hohn & Durach, 2021; Hung
et al.,, 2021; Isern et al., 2008; Kim et al., 2009; Klier et al., 2019; Litsky et al., 2022; Loebach et al., 2019; Marthick
et al.,, 2021; Mastrocinque et al., 2022; Mathenjwa et al., 2020; Matinmikko-Blue et al., 2021; Meneses Fernandez
et al.,, 2017; Mesmar et al., 2016; Ochara & Mawela, 2015; Palm et al., 2020; Papetti et al., 2018, Papetti, Gregori,
et al., 2020, Papetti, Pandolfi, et al., 2020; Pathak et al., 2015; Ramvi et al., 2021; Ruoslahti & Davis, 2021;
Sendlhofer & Lernborg, 2018; Somanath et al., 2021; Stojanova et al., 2022; Trencher & Karvonen, 2019;
Vogiatzaki et al., 2020; R. Walker et al., 2021; Ye, 2021; Yoon et al., 2021

Abramova et al., 2022; Apaydin et al., 2018; Chavalarias, 2016; Dé, 2016; De Falco & Romeo, 2021; De la Calle
et al.,, 2021; Dula & Giiler, 2022; Ekener, 2019; Ihm & Hsieh, 2015; Jagemar and Dodig- Crnkovic, 2015;
Jatnika, 2019; Jauhiainen et al., 2022; Liao & Huang, 2021; Locatelli et al., 2019; Mc Donald Van Der
Merwe, 2020; Mesmar et al., 2016; Millard et al., 2018; Mohideen, 2021; Mondejar et al., 2021; Okon, 2009; Ono
et al., 2017; Orug & Yeralan, 2020; Palumbo et al., 2022; Papadopoulos & Broadbent, 2009; Paton-Romero &
Jaccheri, 2021; Pick & Sarkar, 2016; Pinzone et al., 2020; Ramvi et al., 2021; Rosado et al., 2020; Sa et al., 2021;
Sad et al., 2016; Somanath et al., 2021; Sparviero & Ragnedda, 2021; Sultana et al., 2021; Taj et al., 2019; Tseng &
Hsieh, 2015; Widdicks et al., 2022; Young et al., 2019; Zavratnik et al., 2020

Affolderbach & de Chardon, 2021; Begum et al., 2022; Bouzguenda et al., 2019; Casal & Ramos, 2017;
Chowdhury, 2013; Deng et al., 2016; Dobrolyubova, 2022; Genz et al., 2019; Hervani et al., 2022; Isern
et al,, 2008; Klier et al., 2019; Loganathan, 2022; Ochara & Mawela, 2015; Palumbo et al., 2022; Papetti, Pandolfi,
et al., 2020; Park et al., 2016; Pathak et al., 2015; Patén-Romero & Jaccheri, 2021; Prause, 2021; Regan, 2022;
Rodrigues et al., 2021; Rosério & Dias, 2022; Schaberreiter et al., 2013; Taj et al., 2019; Trencher &
Karvonen, 2019; Weber et al., 2022; Webster & Leleux, 2019; Xia et al., 2022

Bai et al., 2022; Begum et al., 2022; Brozzi et al., 2020; De Felice et al., 2021; Garcia-Muifa et al., 2021, 2022;
Ghobakhloo et al., 2022; Gregori et al., 2017; Grybauskas et al., 2022; Mabkhot et al., 2021; Mark et al., 2019;
Martin & Palomo Zurdo, 2021; Papetti et al., 2018, Papetti, Gregori, et al., 2020; Papetti, Pandolfi, et al., 2020;
Scafa et al., 2019; Stavdas, 2022; Tavares & Azevedo, 2022

Bouzguenda et al., 2019; Pinzone et al., 2020; Trencher & Karvonen, 2019; Webster & Leleux, 2019; Zavratnik
et al., 2020

Bai et al., 2022; Garcia-Muifa et al., 2021; Rosario & Dias, 2022
Monteith et al., 2021; Ruoslahti & Davis, 2021; Schaberreiter et al., 2013
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TABLE A3 Reviewed articles categorized according to the described (measurable) effect that digital technologies have on some area of social
sustainability.

Measured/measurable effects Related papers
Inclusion, inequality and Affolderbach & de Chardon, 2021; Alharthi et al., 2018; Apaydin et al., 2018; Bensi et al., 2011; Bouzguenda
community formation et al., 2019; Casal & Ramos, 2017; Charmaraman & Delcourt, 2021; Chavalarias, 2016; Chowdhury, 2013;

Dé, 2016; De la Calle et al., 2021; Deng et al., 2016; Dobrolyubova, 2022; Ekener, 2019; Grybauskas

et al., 2022; Ihm & Hsieh, 2015; Jauhiainen et al., 2022; Loebach et al., 2019; Mark et al., 2019; Mastrocinque
et al., 2022; Millard et al., 2018; Ochara & Mawela, 2015; Okon, 2009; Papadopoulos & Broadbent, 2009;
Pathak et al., 2015; Paton-Romero & Jaccheri, 2021; Pick & Sarkar, 2016; Roséario & Dias, 2022; Stojanova

et al.,, 2022; Sultana et al., 2021; Tseng & Hsieh, 2015; R. Walker et al., 2021; Webster & Leleux, 2019;
Zavratnik et al., 2020

Working conditions Begum et al., 2022; Brozzi et al., 2020; Deng et al., 2016; Garcia-Muifa et al., 2021, 2022; Genz et al., 2019;
Grandi et al., 2021; Gregori et al., 2017; Grybauskas et al., 2022; Hohn & Durach, 2021; Loganathan, 2022;
Martin & Palomo Zurdo, 2021; Mastrocinque et al., 2022; Mondejar et al., 2021; Palumbo et al., 2022; Papetti
et al.,, 2018, Papetti, Gregori, et al., 2020; Papetti, Pandolfi, et al., 2020; Pinzone et al., 2020; Prause, 2021;
Rodrigues et al., 2021; Sendlhofer & Lernborg, 2018; Tavares & Azevedo, 2022; Weber et al., 2022; Xia
et al., 2022

Health benefit Barrett et al., 2019; Begum et al., 2022; Dula & Giiler, 2022; Ekener, 2019; Gordienko et al., 2017; Hervani
et al.,, 2022; Hung et al., 2021; Isern et al., 2008; Kim et al., 2009; Locatelli et al., 2019; Marthick et al., 2021;
Mathenjwa et al., 2020; Mesmar et al., 2016; Mondejar et al., 2021; Ramvi et al., 2021; Rosado et al., 2020;
Scafa et al., 2019; Taj et al., 2019; Trencher & Karvonen, 2019; Tseng & Hsieh, 2015; Ye, 2021; Yoon
et al., 2021

Lifestyle change Bensi et al., 2011; Charmaraman & Delcourt, 2021; Chavalarias, 2016; De Felice et al., 2021;
Dobrolyubova, 2022; Dula & Giiler, 2022; Ghobakhloo et al., 2022; Grybauskas et al., 2022; Hervani
et al.,, 2022; Ihm & Hsieh, 2015; Jagemar & Dodig-Crnkovic, 2015; Meneses Fernandez et al., 2017;
Okon, 2009; Orug & Yeralan, 2020; Pathak et al., 2015; Sa et al., 2021; Sparviero & Ragnedda, 2021;
Stavdas, 2022; Widdicks et al., 2022; Young et al., 2019

Knowledge gains Bello-Bravo et al., 2021; Cappa et al., 2020; Chowdhury, 2013; Garcia-Muifa et al., 2021; Jatnika, 2019; Litsky
et al., 2022; Martin & Palomo Zurdo, 2021; Meneses Fernandez et al., 2017; Papadopoulos &
Broadbent, 2009; Regan, 2022; Ruoslahti & Davis, 2021; Sa et al., 2021; Sad et al., 2016; Scafa et al., 2019;
Sendlhofer & Lernborg, 2018; Somanath et al., 2021; Sultana et al., 2021

Job opportunities De Falco & Romeo, 2021; De la Calle et al., 2021; Deng et al., 2016; Genz et al., 2019; Ghobakhloo et al., 2022;
Grybauskas et al., 2022; Klier et al., 2019; Mark et al., 2019; Mastrocinque et al., 2022; Papadopoulos &
Broadbent, 2009; Park et al., 2016; Tavares & Azevedo, 2022; Weber et al., 2022

Health risks Abramova et al., 2022; Casal & Ramos, 2017; Jagemar and Dodig- Crnkovic, 2015; Liao & Huang, 2021; Mc
Donald Van Der Merwe, 2020; Monteith et al., 2021; Palm et al., 2020; Palumbo et al., 2022; Sad et al., 2016;
Widdicks et al., 2022

Safety and crime Dobrolyubova, 2022; Mohideen, 2021; Okon, 2009; Ruoslahti & Davis, 2021; Schaberreiter et al., 2013;
Vogiatzaki et al., 2020
SDG mapping Bai et al., 2022; Garcia-Muina et al., 2021; Mabkhot et al., 2021; Matinmikko-Blue et al., 2021; Mondejar

et al.,, 2021; Ono et al.,, 2017
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TABLE A4 Reviewed articles categorized according to the methods the authors use for assessing, identifying or measuring the effect of
digital technologies on social sustainability that they describe.

Measuring
methods

Literature
review

Case studies

Surveys/
interviews

Direct
experiment

Mathematical
model

Related papers

Bai et al., 2022; Begum et al., 2022; Bouzguenda et al., 2019; Cappa et al., 2020; Chavalarias, 2016; Chowdhury, 2013; De Felice
et al,, 2021; De la Calle et al., 2021; Dobrolyubova, 2022; Ekener, 2019; Ghobakhloo et al., 2022; Gordienko et al., 2017;
Grybauskas et al., 2022; Hervani et al., 2022; Jagemar & Dodig-Crnkovic, 2015; Liao & Huang, 2021; Loganathan, 2022; Mark
et al., 2019; Marthick et al., 2021; Mastrocinque et al., 2022; Matinmikko-Blue et al., 2021; Mesmar et al., 2016;

Mohideen, 2021; Mondejar et al., 2021; Monteith et al., 2021; Ochara & Mawela, 2015; Ono et al., 2017; Oru¢ &

Yeralan, 2020; Pick & Sarkar, 2016; Regan, 2022; Rosado et al., 2020; Rosario & Dias, 2022; Sa et al., 2021; Somanath

et al,, 2021; Sparviero & Ragnedda, 2021; Stavdas, 2022; Taj et al., 2019; Tavares & Azevedo, 2022; Webster & Leleux, 2019;
Ye, 2021; Young et al.,, 2019; Zavratnik et al., 2020

Affolderbach & de Chardon, 2021; Bello-Bravo et al., 2021; Casal & Ramos, 2017; De Falco & Romeo, 2021; Garcia-Muina
et al,, 2021, 2022; Gordienko et al., 2017; Grandi et al., 2021; Gregori et al., 2017; Isern et al., 2008; Locatelli et al., 2019;
Millard et al., 2018; Mohideen, 2021; Palumbo et al., 2022; Papadopoulos & Broadbent, 2009; Papetti et al., 2018, Papetti,
Gregori, et al., 2020; Papetti, Pandolfi, et al., 2020; Pathak et al., 2015; Patén-Romero & Jaccheri, 2021; Pinzone et al., 2020;
Prause, 2021; Ramvi et al., 2021; Ruoslahti & Davis, 2021; Scafa et al., 2019; Sendlhofer & Lernborg, 2018; Stojanova
et al., 2022; Trencher & Karvonen, 2019; Vogiatzaki et al., 2020; Widdicks et al., 2022; Xia et al., 2022

Abramova et al., 2022; Alharthi et al., 2018; Barrett et al., 2019; Brozzi et al., 2020; Charmaraman & Delcourt, 2021; D¢, 2016;
Deng et al., 2016; Dula & Giiler, 2022; Ekener, 2019; Genz et al., 2019; Ghobakhloo et al., 2022; Hohn & Durach, 2021; Ihm &
Hsieh, 2015; Jatnika, 2019; Jauhiainen et al., 2022; Litsky et al., 2022; Mabkhot et al., 2021; Martin & Palomo Zurdo, 2021; Mc
Donald Van Der Merwe, 2020; Ochara & Mawela, 2015; Okon, 2009; Pinzone et al., 2020; Prause, 2021; Rodrigues
et al., 2021; Sad et al., 2016; Sultana et al., 2021; Tseng & Hsieh, 2015; R. Walker et al., 2021; Weber et al., 2022; Widdicks
et al, 2022; Yoon et al., 2021

Bensi et al., 2011; Hung et al., 2021; Kim et al., 2009; Klier et al., 2019; Loebach et al., 2019; Mathenjwa et al., 2020; Meneses
Fernandez et al., 2017; Palm et al., 2020; Papetti, Gregori, et al., 2020; Papetti, Pandolfi, et al., 2020; Sultana et al., 2021

Apaydin et al., 2018; Bai et al., 2022; Bensi et al., 2011; Chavalarias, 2016; De Felice et al., 2021; Genz et al., 2019; Mastrocinque
et al., 2022; Park et al., 2016; Pick & Sarkar, 2016; Schaberreiter et al., 2013
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