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Abstract

Most studies in the literatute aim to discuss and examine the technologies in smart cities.
Much less is known about the dynamics of their acceptance by citizens. Therefore, we
conducted a systematic literature review of studies examining the acceptance of smart city
technologies (SCTs), focussing particularly on Technology User Acceptance Models
(TAM). Using a novel framework of SCTs based on the technology visibility and citizen
interaction, we categorise them as individual-based explicit SCTs, collective-purpose explicit
SCTs, digitising SCTs, and infrastructure SCTs. We assess that studies about citizen
acceptation of SCTs have been mainly focussed on individual technologies. Also, the review
shows that the field is nascent and fragmented, and that a wide variety of variables have been
used to predict the adoption of individual-based explicit SCTSs, with the classic ones of TAM
(perceived use and perceived usefulness) unmistakably being relevant in the smart city
context as well. As a result of the fragmentation of the field, our review was not yet able to
identify generalisable knowledge about the acceptance of the smart city and its technologies
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1 | INTRODUCTION

As an urban innovation [1], the concept of smart cities has been
getting more attention from academics as well as practitioners
[2, 3]. However, there is no consensus in the literature about the
definition of a smart city and the definitions vary according to
the interpretation of ‘smart’ [4]. Even though smart cities do not
only stand for technology solutions [5], smart cities mostly rely
on intelligent technologies to be considered as smart [6]. Also, in
practice different cities calling themselves smart, feature
different technology-enhanced services based on the needs and
resources of the particular business and government configu-
rations in a city. Increasingly, citizens emerge as key stakeholders
in the further development of smart cities, again in a variety of
forms. As various authors have shown, citizens have become an
important part of policy discourse, as expressed in terms like
‘human-centred’ [7] or ‘citizen-centric’ smart cities [3]. Simul-
taneously, bottom-up civic smart initiatives become ever more

by citizens. We end with some suggestions for future research approaches and designs.

citizen perspectives, smart city, systematic literature review, technology acceptance

wide-spread, for instance in citizen-science groups, neighbour-
hood platforms or arts and technology collectives [8]. Yet, there
is relatively little work about citizens as users of smart city
technologies. Partly, this will be because some SCTs are unob-
trusive, such as water and infrastructure management and the
public are unaware about their existence and cannot engage
actively in their deployment [6]. Partly, other SCTs (for instance
managing traffic flows or public transport) operate outside of
the realm individual adaptation or rejection. Nevertheless, there
is a considerable range of SCTs that require acceptance and
usage by citizens to grow and contribute to smart city goals and
strategies, for instance e-government services, sharing plat-
forms, or neighbourhood apps. As the smart city concept
strongly depends on the adoption of technology [9], a deeper
understanding is needed whether the dynamics are different for
the acceptance of different SCTs.

In other contexts, the Technology Acceptance Models
(TAM, [10]) have already proven to offer solid ground for
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identifying the factors influencing the perceived usefulness and
perceived ease of use of particular technologies. In the smart city
literature, TAM models are gaining traction as well and there is
an urgent need, both for academic and societal purposes, to
acquire a systematic understanding of the context and factors
influencing citizen acceptance of SCTs, and of how such
acceptance may differ depending on the particular technology at
stake and citizens involved. In the following sections, we will
first examine the smart city technologies in more detail and
discuss the TAM approach. This will result in three research
questions that we will try to answer through the systematic
literature review. We then discuss the methodology of our re-
view, after which we will present the results and reflect on them.

2 | BACKGROUND

2.1 | Key enabling smart city technologies

Even though there is not a consensus about the definition of
smart cities, most definitions emphasise the use of information
and communication technologies (ICT) to improve citizens'
quality of life [11, 12]. Ref. [13] makes an analogy between
humans and smart cities. While the control centre of a smart
city is the brain, the inputs to the smart city systems are like the
senses, and the body of smart cities refer to both in-
frastructures and ICT platforms. Smart city technologies
(SCTs) provide efficient services for residents like energy and
water supply, urban infrastructure, and transportation [14]. In
other terms, they nudge citizens towards living a smart lifestyle
[15]. Mainly, smart city technologies rely on interactive and
internet-based applications that produce actionable data for
urban stakeholders [16]. There atre different approaches to
classify these technologies, but none of them has been widely
adopted in academics or in practice [16-19]. Moreover, these
classifications are mostly based on the perspective of engineers
and suppliers, and tend to ignore the perspective of users [3].
Reichental (2020) underlines that, cities are culturally situated
and defined by human experience. Therefore, cities need to be
approached as ‘smart’ not only from the perspective of the
technologies they deploy, but also from its contribution to the
quality of life of people living in those cities [20]. In terms of
smart city services, the importance of people-centric services
has been acknowledged in the academia [21]. However, a
classification of SCTs enabling the services that starts from
citizens' positions and perspectives on which the acceptance
depends is absent.

We propose that from a citizen perspective, we can cate-
gorise SCTs based on their explicitness and citizen interaction.
Explicitness refers to whether the technologies are explicit and
easily noticeable for citizens. Interaction refers to the degree of
citizens' engagement that these technologies need or allow for.
These dimensions produce a 2 X 2 framework of SCTs as
illustrated in the Figure 1. This categorisation helps us to
cleatly see the distinction between different SCTs from the
perspective of citizens. It also helps to see which technologies
are subject to citizen acceptance, and which ones are not part
of their possible engagement or outside their realm of decision

making, It thus directs our literature review to specific smart
city technologies that citizens can accept or not, rather than to
the whole assemblage.

We call explicit SCTs which require high citizen interaction,
such as smart health care devices, as individual-based explicit
SCTs. The growing incidences of lifestyle diseases, sedentary
lifestyles, and busy work schedules push people to use these
devices and they may choose among the alternatives offered in
various price ranges based on the features [22]. By considering
e-scooters as another example in this category, individuals may
prefer to use them rather than taking a personal car or using
public transportation to get to their destination [23]. Since the
decision to use the SCTs in this category is up to the in-
dividuals, individual factors contribute to use intention in
addition to the perceptions of the technology and de-
mogtaphic information [24].

We name explicit SCTs which do not require citizen
participation in the decision to use these technologies as
collective-purpose explicit SCTs. To clearly distinguish this
category from the previous one, we can refer to the imple-
mented technologies for the benefits of citizens. Of course, the
citizens interact with them, but this interaction is limited. They
don’t choose among alternatives. So, in this category, in-
dividuals are not decision makers. Even though they collect
public opinions, mostly, local governments decide to establish
SCTs to create collective benefits. Nowadays, several hundred
million cameras are installed in public and private environ-
ments and surveillance technologies are increasingly used to
prevent or detect crimes and to improve security [25]. It is
important to note that smart urban safety requires individual
intuitions regarding personal safety as well as collective re-
sponsibilities such as keeping an eye on each other [26]. Sut-
veillance technologies, for instance, can be considered as
collective-purpose explicit SCTs that contribute to the collec-
tive responsibilities of cities for urban quality of life. Moreover,
if individuals perceive benefits in the implementation of these
SCTs, the surveillance acceptability is increasing [27], they
become voluntary patticipants [28] and encourage surveillance
practices [29].

In contrast to explicit SCTs, implicit ones cannot be
noticed easily by the citizens, but they contribute to the quality
of urban life. They can be classified further according to the
citizens' interaction. When we think about water level man-
agement systems, they are Internet of Things based systems
implemented to monitor the condition of the water level and
provide early warnings for floods and landslide [30]. These
technologies do not require active interaction of citizens and
they contribute to the urtban quality of life even if they atre
installed implicitly by the local governments. Thus, we call
these technologies as infrastructure SCTs.

The last category of SCTs is implicit ones with high citizen
interaction. Augmented reality applications can be considered
as an example for this category. These applications create
virtual environment complementary to the real life and require
additional devices to interact with it. They can be used to
improve the user knowledge of nearby locations, an essential
aspect in Smart City contexts [31]. When we consider the use
of additional devices that make these technologies implicit and
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FIGURE 1

high interaction of users, we refer them as digitising SCTs,
since they digitise the real world. The importance of this
category is expected to be higher in the future of smart cities
because of the rapid development of the metaverse that refer
to the virtual worlds including the digital equivalents to the
physical world [32].

2.2 | Technology acceptance models

Smart city infrastructures and technologies will be useless if the
citizens that are supposed to benefit from them do not use
them [9]. The individuals' adoption of new technologies has
been a major research concern and various theories have been
adapted from sociology, and psychology [33]. To better un-
derstand how people perceive and accept new technology,
scholars particularly use the Technology Acceptance Model
(TAM) developed by Ref. [10]. His article entitled “Perceived
Usefulness, Petrceived ease of Use, and User Acceptance of
Information Technology’ can be considered the starting point
of the technology acceptance models developed afterwards,
and so far, it has received more than 20,000 citations in
computer science, business and education according to Scopus,
and more than 55,000 citations according to Google Scholar
data.

N
7

EXPLICIT SCTs

Collective-Purpose
Explicit SCTs

(i.e, surveillance technologies
in urban areas)

Framework for Smart City Technologies. Source: Developed by the authors based on the extant literature review

TAM is based on the theory of reasoned action developed by
Fishbein and Ajzen [34]. They propose that the transformation
of the personal attitudes of individuals into behaviour is affected
by attitude, subjective norm, and behavioural intention. Based
on this model, Davis defined two variables in 1989 that influ-
enced attitudes regarding the use of technology and designed the
technology acceptance model (TAM), namely perceived use-
fulness and perceived ease of use [10]. Perceived usefulness is
defined as the belief that a particular system or technology will
improve the performance of work done by the user, while the
perceived ease of use refers to the system or technology used
without any effort [10]. In other words, the usefulness and
easiness of a newly developed technology makes it to be adopted
by humans.

The TAM has been discussed in different studies in parallel
with the developing technology and has continuously received
elaboration and refinement with new variables: social impact
processes (social norm and image) and cognitive tool processes
(job relevance, output quality, and result demonstrability) are
currently seen as influencing the perceived usefulness in the
behaviour of users accepting technology. In addition to these
variables, experience and voluntariness variables moderating the
effect of subjective norm on intended use were added to the
model and the TAM2 model was introduced [35]. TAM3, which
was developed to predict the individual use and adaptation of
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new information technologies, details the perceived ease of use
component in TAM2. The variables explaining the perceived
ease of use in TAM 3 are as follows: computer self-efficacy,
perceptions of external control, computer anxiety, computer
playfulness, perceived enjoyment and objective usability [36].
From this work, a unified model (UTAUT) that explains the
acceptance of technology for new information systems was
developed. Performance expectancy, effort expectancy, social
influence and facilitating conditions that play a role in the for-
mation of behavioural intention are seen to be moderated by the
variables of voluntariness of use, gender, age, and experience.
[37]. Continuing to work on technology acceptance models, Ref.
[33] proposed the UTAUT 2 model by adding hedonic moti-
vation, price value and habit to the model to expand the UTAUT
model. More recently, Ref. [38] have proposed the Cognitive-
Emotional-Normative (CAN) model for the evaluation of the
adoption of new technological products. Cognitive elements in
the technology acceptance model are considered as perceived
usefulness and perceived ease of use; emotional elements are
positive feelings, negative feelings, and anxiety; and normative
elements are the subjective norms.

All these additions and modifications of the TAM have
resulted in a model that explains the adoption of new tech-
nologies by performance expectancy, effort expectancy, social
influence, facilitating conditions, hedonic motivation, price/
value, and habits. Moreover, age, gender, and experience have
moderating roles in these relations. On the other hand, vari-
ables from different theories are used to explain better the
adoption of technology, such as task-technology fit from Task-
Technology Fit Model [39], relative advantage, compatibility,
and ease of use from Innovation-Diffusion Theory [40], self-
efficacy from Social Cognitive Theory [41].

2.3 | Research goal and questions

Our distinction between smatt city technologies based on their
explicitness and the possibility of citizen interaction with them,
enables us to be specific in the question about citizen accep-
tance of smart city technologies. In combination with the TAM
approach, our research problem is to assess the landscape of
SCT acceptance and the research questions for the systematic
literature review are:

- Which factors influence the acceptance of SCTs by
citizens?

- Are these factors contingent on the type of technology that
is involved?

- Are these factors contingent on the socio-demographical
features of citizens?

3 | RESEARCH METHODOLOGY

A systematic literature review (SLR) was designed to achieve
the research purpose. SLR refers to a systematic, transparent,
and reproducible process for identifying academic literature

about a clearly defined topic [42]. Its aim is to identify all
empirical evidence to answer a particular research question or
hypothesis [43]. To conduct SLR, a systematic reviewing pro-
tocol is needed to overcome bias [44]. So, we manually
reviewed all the papers and employed a qualitative analytical
protocol to reveal the acceptance of SCTs by citizens. We
respected the systematic literature review process suggested by
Ref. [45] and Ref. [46]. We prepared a flowchart of each step to
ensure an organised, transparent, and replicable procedure of
the steps in the SLR as highlighted by Ref. [45]. The design
consists of eight steps as illustrated in the Figure 2.

3.1 | Data collection

In the first phase of SLR approach which took place in
December 2021, we decided to use SCOPUS as a research
source as it covers a comprehensive database to reach high-
quality and peer-reviewed publications for emerging fields of
study [47]. The following query was performed within article
title, abstract, keywords of the relevant papers: (‘smart cit*’)
AND (‘technology acceptance’ OR ‘acceptance of technolog*
OR ‘technology adoption” OR ‘adoption of technolog*).

Secondly, the search was limited to articles and conference
papers as document type, and the language was set in English.

As this SLR attempts to reveal out the smart city tech-
nologies from the perspective of technology acceptance, in the
third step, the documents were employed cited reference
search for “[48]” or “[10]” or “[49]”. And it returned 40
documents at the end of the phase 3.

For the triangulation of data as done by Ref. [50] and Ref.
[44], we performed a similar research on Web of Science (WoS)
which is considered as an ideal database for bibliometric
analysis [51-53]. The articles in this database are said to have
the highest impact in the field of social sciences [54]. So, for
the phase 4, we used the following query within ‘Title OR
Abstract OR Author Keywords™ (‘smart cit*’) AND (‘tech-
nology acceptance’ OR ‘acceptance of technolog* OR ‘tech-
nology adoption” OR ‘adoption of technology*’). We set the
document type as article and proceedings paper, and the lan-
guage as English.

As the fifth step, we employed cited reference search for
‘(48] or “[10]’ or ‘[49]. And this filtering returned 17 documents.

Phase 6 consists of merging 40 documents from SCOPUS
and 17 documents from WoS. 16 documents were common
between both databases resulting in 41 unique documents to
be analysed further. All the documents were fully downloaded
at the phase 7 and all of them were manually evaluated by the
authors to ensure that they are relevant to the adoption of
smart city technologies. This allowed us to exclude an article by
Ref. [55] that include the terms ‘smart city’ and ‘technology
acceptance’ in the abstract and citing Ref. [10], but it is unre-
lated to the domain under study. Moreover, 5 studies consid-
ered the technology acceptance of business managers and
governmental users. Since they were not mentioned as citizens
in these studies, we decided to exclude them too. The
remaining 35 documents were then investigated with a
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qualitative protocol based on SCT categorisation as the last
step (phase 8).

3.2 | Analysis method

When a research field is small with less than 50 papers, its
content can be manually reviewed [560]. Our method was both
inductive and deductive, that is, both identifying themes
emerging from the literature but also framing them in our
typology.

We found that of the four types of SCT we identified, TAM
studies mostly focus on individual-based explicit SCTs (in 24
articles), while collective-purpose explicit SCTs and Digitising
SCTs were addressed in two articles each. We did not find
studies that focus on infrastructural SCTs. Seven studies could
be qualified as examining the smart city in general, with no
specific focus on a type of technology. The results are illus-
trated in the Figure 3.

4 | RESULTS

4.1 | Desctibing the landscape

The data collection protocol has provided a total of 35 doc-
uments about smart city technologies from the perspective of
technology acceptance including 20 articles and 15 conference
proceedings. Figure 4 depicts the annual trends and fluctua-
tions in the number of documents (articles and conference
proceedings). Identification of and broader interest in smart
city technologies from the perspective of technology accep-
tance rose especially since 2017 and the peak is in 2019.

The 35 articles were published in 26 different journals and
proceeding books. Technological Forecasting and Social
Change had the most documents, 6 followed by Information
Technology and People, Lecture Notes in Computer Science
(including subseries Lecture Notes in Artificial Intelligence
and Lecture Notes in Bioinformatics), Multi Conference on
Computer Science and Information Systems (MCCSIS 2019),
and PervasiveHealth: Pervasive Computing Technologies for
Healthcare, each with 2 documents. The remaining 26 journals
and proceedings books included only a single document about
the topic. So, the publications are fragmented in different
journals and conferences expressing the multidisciplinary na-
ture of the topic (related to different fields such as computer
science, psychology, and sociology, etc.).

These 35 studies attempt to understand the dynamics of how
and why urban residents accept SCTs in various locations such as
India [22, 57-59], in China [60], Brazil [61], in Nigeria [62], in
Mauritius [63], in South Korea [64], Iran [65], in Luxembourg
[66], The Netherlands [26], in Slovenia [67] and Indonesia [68—
73]. Moreover, citizens from cross locations were also the point
of interest in some publications. For instance, Ref. [74] applied
meta-analytic structural equation modelling by considering
seven primary studies representing data about 4003 individuals
from countries across Europe, Asia, and North America.

Finally, as we can see in Table 1, while most studies
examined a general urban population, seven studies focussed
on younger generations or experienced smart phone users.

Having thus described the overall landscape of TAMs of
smart cities we now turn to the more analytic questions to
answer our research questions.

42 |
SCTs

Acceptance of individual-based explicit

Most of the studies (24 out of 35 studies that correspond to
68.57%) focussed on specific technologies and technology-
enhanced services in the context of smart city for the indi-
vidual use. The investigated individual technologies include
blockchain technology [89], Cloud IoT [90], IoT-based smart
wearable healthcare devices [22, 59, 79], smart home tech-
nologies [76], smart energy technology [74], e-government
[62, 72, 73, 91], mobile applications [63, 70, 77, 80, 83], mo-
bile payment [68, 78], smart mobility [75], autonomous vehi-
cles [60, 82, 84|, contact tracing apps [61] and IT for public
safety [92].

4.2.1 | Factors predicting the use of individual-
based explicit SCT's

Our findings indicate that the most studied individual-based
explicit SCTs are mobile applications (by four papers), fol-
lowed by autonomous vehicles (by three papers) and e-
government (by three papers).'

These studies provide both a stable and a very mixed answer
to our first research question regarding the factors influencing
the acceptance by citizens of smart city technologies. The stable
pattern derives from the majority of studies in this category
identifying perceived usefulness (58.33%) and perceived ease of
use (54.16%) as important predictors for acceptance. Ref. [77],
for instance, studied the adoption of a gamified mobile appli-
cation for university students in a smart campus as a part of
smart city movement, and found that the majority of the users
(85.28%) perceived the system to be useful and 85.43% of them
perceived it to be easy to use. There is also relative stability in the
construction of the dependent variables as most of the docu-
ments (75%) focuses on intention to use particular technologies,
rather than examine their actual usage.

The instability in the outcomes derives from the fact that
different authors have entered different variables into the mix
of independent and mediating explanatory variables of indi-
vidual smart city technologies, such as user experience, quality
of Internet, and user satisfaction [63]; attitude, compatibility
and playfulness [73]; performance expectancy, export expec-
tancy, costs and socio-demographic variables [80]; service

Tt is important to note that, even though there is a wide body of literature about
autonomous vehicles, micromobility and other shared services, this study considered only
the ones which were positioned in the smart city context as a key futuristic technology
and integral to smart cities [60, 82, 84].
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Phase 1
Search of the
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KQuery: ("smart cit*") AND \

("technology acceptance" OR
"acceptance of technolog*"
OR "technology adoption"
OR "adoption of technolog*")

Search within: Article Title,
Qbstract, Keywords

Phase 2

Filtering the results

189 documents ]

Limit to:

Type of document: Article +
Conference Paper

Language: English

161 documents ]

Including “Davis, 1989” or
“Davis, 1986” or “Davis et al.
1989” in the References

40 documents?

Phase 4

Search of the WoS
database

Phase 3
Cited Reference
Search

45 documents ]

"acceptance of technolog*™ OR
"technology adoption" OR
"adoption of technolog™*")

Search within: Title OR Abstract OR
Author Keywords

Document Type: Article +
Proceedings Paper

&anguage: English

@ery: ("smart cit*") AND \

("technology acceptance" OR

/

FIGURE 2 Structural design of the systematic literature review approach. Source: Prepared by the authors

quality [75], awareness [57], trust, concerns about security and
trust, safety [78], social value [81], anthropomorphism [58],
personal innovativeness, technological and legal concerns [82],
culture [83],
computing [90], organisation support, and compatibility [93].
We summarised the wide range of independent, mediating
and dependent variables in Table 2, which also includes

user experience, user satisfaction [63], cloud

whether the variables exert significant effects on each other.
From this we assess that perceived use and (to a slightly lesser
extent) perceived ease of use are predictors that have signifi-
cant effects on technology acceptance in all studies. Hence,
SCTs are subject to the same logic established in other TAM
studies. However, beyond that there are few other conclusions
to draw; first, because of the variety of explanatory variables,



DIRSEHAN axp VAN ZOONEN

203

Including “Davis, 1989” or
“Davis, 1986” or “Davis et al.

1989” in the References

17 documents? ]

Phase 6

Merging results

Phase 5
Cited Reference
Search

41 documents ]

Phase 7
35 documents chosen
for further analysis
Phase 8
Application of a
Qualitative Protocol

FIGURE 2 (Continued)

making each study stand on its own rather than contributing to
a wider trend or tendency; second, because the studies that
have used similar or comparable variables do not produce
similar outcomes.

4.2.2 | Socio-demographic moderators in the
acceptance of SCTs

In addition to the predicting variables of TAM, four papers
in our SLR investigated socio-demographic variables as
moderators between the relationship between antecedents
and the acceptance as suggested by the models UTAUT and

KConsidering unique documents\

by eliminating 16 common
documents for both databases,

(*40 documents from SCOPUS)
+ (217 documents from WoS) —

\ (16 common documents) /

SCOPUS and WoS

6 documents that are
irrelevant to the research

objective were excluded from

further analyses

4 SCT categories

UTAUT2. In their empirical researcher of autonomous
vehicle adoption, Ref. [84] examined the moderating roles of
gender, age, family size, income, education level, and matital
status and showed their effect on the relationship between
perceived usefulness and social influence on intention to use
autonomous vehicles except income and gender. According
to their results, individuals with lower education than the
bachelors' degree are more strongly affected by social influ-
ence in the adoption of autonomous vehicles, since they were
assumed having lower knowledge about these vehicles and
they gather information from their social groups. Moreover,
increased number of family members mean different opinions
in the social group, so they may create more social influence.



204

DIRSEHAN axp VAN ZOONEN

12

FIGURE 3 Clusters of Smart City
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FIGURE 4 The number of scientific papers per year included in this review. Source: Prepared by the authors based on authors' own computations

Finally, the effect of perceived usefulness on intention to use
was significantly stronger for married people compared to
those of singles. The explanation was done as martied people
who already had a stable life asks for safety and stability to
protect their families and perceived usefulness provides this
benefit to people. This is also the reason of the stronger
effect of older people compared to younger ones. Age was
also considered for TAMs in different studies. Ref. [70]
compated generations X and Y in their use of an airport rail
services application by using TAM and TRA modifications.
They showed that while subjective norm had no effect on the
intention to use for generation X, it was found influential for
generation Y. They based this finding on the individualism
possessed by Generation X. Moreover, the effects of trust on
perceived usefulness and the one of familiarity on trust were
significant for Gen Y but not for Gen X.

On the other hand, the researchers who wotrk on the
acceptance of smart city services and IoT technologies use
demographics as control variables [79]. Ref. [80] used de-
mographics (age, gender, education, and income) as control
variables and noticed that age was associated with mobile app
use intentions in the way that older participants have weaker
intention to use it.

4.3 | Acceptance of other SCTs

The 11 studies in our corpus that analysed the acceptance of
other types of smart city technologies than the individual ones
present a similar picture of confirmation and variability. Seven
of them analysed the antecedents for the acceptance of SCTSs
without specifying a particular technology, 2 of them analysed



DIRSEHAN axp VAN ZOONEN

205

TABLE 1

Qualitative analytical protocol of the documents in investigation

Author(s)

Smart city technology (SCT) users

Smart city technologies (SCTSs)

Mital et al. [59]
Papa et al. [22]
Ahmed et al. [75]

Baudier et al. [76]

Chatterjee et al. [57]
Chukwu et al. [62]
Cruz et al. [61]

Janssen and Prasetiyowati [77]

Shihab and Hidayanto [72]

Susanto et al. [73]

Singh et al. [78]
Bestepe and Yildirim [79]

Butot et al. [26]

Yuen et al. [60]
Atmajaya et al. [68]
Gimpel et al. [74]

Hou et al. [80]

Julsrud and Krogstad [81]
Kuberkar and Singhal [58]
Manfreda et al. [82]

Mohamudally and Armoogum
[63]

Naufaldi and Suzianti [70]

Negara and Setyohadi [83]
Park et al. [84]

Setijadi et al. [71]

Sepasgozar et al. [65]
Shin et al. [64]

Salim, El Barachi, Onyia, and
Mathew [85]

Troisi, Fenza, Grimaldi, and Loia

(86]
Chaiyasoonthorn et al. [87]

Darmawan et al. [69]

Jones et al. [66]

Indian consumer
Respondents in India
Drivers

Highly-educated students, drawn from ‘digital
native’ population

Citizens of India
Citizens in Nigeria
Users in Brazil

Students from the department of informatics in
UMN

Citizens in Jakarta, Indonesia

Citizens in 7 districts of Surabaya city (Indonesia)
who have downloaded the City113 app

Smart phone users
Users

Citizens of Rotterdam

Passengers in Beijing
YAP users in Indonesia

Individuals from countries across Europe

Adult residents of a mid-sized city in the
Southeastern United States

Citizens in the two smart cities, Oslo and Tallinn
Pune smart city citizens (in India.)
Millennials in Slovenia aged from 20 to 30

Citizens of Mauritius

X and Y generations in Jakarta (Indonesia)

Consumers in Yogyakarta, Indonesia
Customers in South Korea

Citizens in Sampang district and Pamekasan
(Indonesia)

Urban service technology users in Iran
General public in South Korea

City/utban residents

Citizens in five cities (Berlin, Dublin, London,
Milan, and Madrid)

Community living in smart cities

Respondents in Sampang and Pamekasan
Regencies (Indonesia)

Users in Luxembourg

IOT based smart devices”
Smart wearable healthcare devices"
Smart mobility service adoption®

Smart home concept”

Preventive technologies for prevention of cybercrimes®
E-government services”
Acontact tracing app which is a hybrid crowdsensing application®

New mobile application to the existing smart campus platform in
Universitas Multimedia Nusantara, Indonesia®

eParticipation®

City113 mobile application, an e-government system”

Mobile payment service”
IoT-based smart services"

‘Smart urban safety’, which advocates advanced uses of digital
technologies and data for urban safety management”

Autonomous vehicles®
YAP mobile payment services”

Smart energy technology — that is, technology that increases energy
efficiency or increases the integration of renewable energy sources”

Mobile application®

Mobile phone data®
Artificial intelligence (AI) poweted chatbot®
Autonomous vehicles”

Mobile applications®

Railink applications (provider of airport rail services issued online
ticketing service based on smartphones) *

Smart city mobile applications®
Autonomous vehicles®

Smart city conceptb

. . b

Urban service technologies”
o L

5G smart city innovations’

Smart city services”
b
Smart technologies

New technology of smart cities”

Smart city conceptb

Location-based cultural heritage game®

(Continues)
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TABLE 1 (Continued)

Author(s) Smart city technology (SCT) users

Smart city technologies (SCTSs)

Rebelo et al. [88] Citizens

Offermann-van Heek et al. [25] Residents in urban environments

van Heek et al. [25] User

a mobile augmented reality service

Surveillance technologiesd

. N . d
Surveillance technologies in urban environments®

“individual-based explicit SCTs.
SCTs in general.

“digitising SCTs.
dcollccti\rc—purl:x)sc explicit SCTs.

Source: Prepared by the authors based on document evaluations.

collective SCTs and 2 of them investigated the acceptance of
digitising SCTs. Almost half of these studies in our SLR
(54.5%) do find the standard and extended TAM/UTAUT
variables to be relevant for the acceptance of other smart city
technologies, there is a wide range of alternative independent
variables, that are variously constructed from for instance
‘smart city readiness’ [71], ‘urban services technology accep-
tance [65]; or intention to use [88]. And the independent and
mediating explanotory vatiables also consist of different
extension to the core TAM variables of perceived usefulnes
and perceived ease of use, for instance perceived prosperity,
perceived trust, perceived security, perceived compatibility, and
perceived sustainability [87]; perceived enjoyment, intention to
share experience, intention to get knowledge, perceived value,
perceived similarity and perceived reciprocal benefits [88];
location of use [25, 94]; and attitude to technology [66].

In sum, the prominent antecedents of the SCTs” adoption
were summarised in the Figure 5. Accordingly, perceived use-
fulness and perceived ease of use were the most common
antecedents used in the adoption of SCTs in general, without
specifying a technology. On the other hand, perceived use-
fulness/petformance expectancy, petceived ease of use/effort
expectancy, social norms/social influence, and additional
constructs were prominent antecedents of individual-based
explicit SCTs. Since there were only two works examining
the antecedents of digitising and collective SCTs and no
one for the infrastructure, no antecedents were identified for
them.

5 | CONCLUSION AND IMPLICATIONS

Our analysis has shown that technology acceptance studies
about SCTs have been mainly conducted in the past five years,
and have mainly focussed on individual smart city technologies,
such as mobile urban applications or automated vehicles in
urban contexts. These studies have been published in different
journals and conferences and are related to different disciplines
such as computer science, psychology, sociology or urban
studies. This nascent and fragmented state of the field is
furthermore apparent in the wide diversity of technologies that
have been studied, in the range of different constructions of
the dependent, moderator and independent variables, and in
the lack of consistent results. With the exception of the

perceived usefulness and the perceived ease of use of the
technology at stake, the current body of work does not give a
clear indication which other variables are of relevance to un-
derstand the acceptance of SCTs.

This means that our systematic literature review has pro-
duced limited answers to our research questions. With respect to
the factors influencing the acceptance of smart city technologies
by citizens, we found confirmation of the general insights of
TAMs, especially where the use of individual-based explicit SCT
is concerned. Since we aimed at drawing a frame in citizens'
acceptance of SCTs, we have attempted to show that there is a
research gap in the literature, and we have tried to reveal po-
tential contributions in this field. Limited confirmation of the
acceptance of other SCTs is not surprising, since the individuals
can decide to use only SCTs requiring high citizen interaction,
namely, individual-based explicit SCTs and digitising SCTs. On
the other hand, since Digitising SCTs refer to relatively new and
emerging technologies, most of the previous studies were
devoted to understanding the dynamics of the acceptance of
individual-based explicit SCTs. On the other hand, even though
the filter we used at 3rd stage may seem as a source of bias, we
know that important reference papers in the field of human-
computer interaction have cited Davis (1989) [10] to develop
their theoretical background of technology acceptance (The
paper has been cited by almost 70,000 times on Google Scholar).
Therefore, we believe that our approach is innovative to respond
our research questions. Our second research question whether
explanatory factors are contingent on particular technologies is
hard to answer due to the idiosyncratic nature of the studies we
found. Our question regarding socio-demographic differences
can also not easily be answered, although there is some indica-
tion in the studies that smart city technologies are more easily
accepted by young and well educated people than by older
generations. Yet, this may also be an artefact that these groups
have been specifically sampled in some of the studies we
reviewed.

These outcomes imply some clear suggestions for further
academic research about citizens' acceptance of smart city
technologies that revolve around replication and comparison.
This field would benefit tremendously if the various research
projects resembled each other a bit more in terms of the vati-
ables used. Since TAM is built on perceived use and perceived
usefulness as explanatory variables, we found these variables in
most studies and were thus able to reach a conclusion about
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FIGURE 5
Source: Prepared by the authors based on authots' own computations

Prominent Antecedents of Reviewed SCTs' Adoption.

them, namely that they also matter for smart city technologies.
The selection and construction of other variables is curtently
too diverse to allow for necessary generalisations. Hence, we
plea for future studies to follow a replication logic and emulate a
base line of variables that have been used in (preferably more
than one) other study. Furthermore, a comparative logic in the
design of separate studies, analysing more than one technology
in the same project, rather than focussing on one particular
technology will also contribute to the production of more
generalisable outcomes than we have currently found. A
different kind of comparative design, equally helpful for this
purpose, would be to focus on one technology that is present or
on the horizon in different smart cities, thus also identifying
situated acceptance of smart city technologies. With individual
and separate smart city technologies quickly expanding in many
different cities (a range of new urban apps, sharing mobile
technologies, robots, drones, and so on), such comparative de-
signs built on replication logics become ever more important to
better understand if and how citizens accept them.
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