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ABSTRACT

Consumers' Attitudes Toward and Intentions to Adopt Smart Home Technologies

Smart homes embrace different smart home technologies (SHT) to offer various
services to fulfill their users’ needs and wants. They are one of the key enablers of
smart living. Conversely, SHT penetration is still growing slowly compared to its
potential benefits. Thus, this dissertation proposes a diffusion of innovation (DOI)
based integrated research model for understanding consumers’ attitudes toward and
intentions to adopt smart home technologies, through subjective perceptions of the
innovation characteristics. For this purpose, the existing literature on technology
adoption and smart homes is examined and innovation characteristics are
complemented with the contextual factors extracted from 13 expert interviews. The
final research model is tested with the data collected from 995 individuals via a face-
to-face survey. During the analysis, consumers are clustered into meaningful
segments regarding their technology-related traits stemming from the technology
readiness index (TRI) 2.0, and smart home adoption determinants are explored for
these consumer segments to reveal segment-based distinctions. Additionally,
differences in SHT adoption are investigated based on lifestyle attributes-based
consumer segments, demographics, socioeconomics, prior experience, and housing
structure. This research contributes to understanding the adoption of innovations in

the consumer behavior context.



OZET

Tiiketicilerin Akilli Ev Teknolojilerine Yonelik Tutumlart ve Benimseme Niyetleri

Akalli evler, kullanicilarinin ihtiyaglarini ve isteklerini yerine getiren gesitli hizmetler
sunmak adina farkli akilli ev teknolojilerinden (SHT) yararlanir. Bu teknolojiler
akilli yasamin kilit unsurlarindandir. Diger taraftan, akilli ev pazar1 potansiyel
faydalarina kiyasla halen yavas biiyiimektedir. Bu nedenle, bu ¢alisma, tuketicilerin
akilli ev teknolojilerine yonelik tutumlarini ve benimseme niyetlerini anlamak adina,
inovasyon yayilimi teorisine (DOI) dayanan ve tiiketicilerin akilli ev inovasyonu
ozelliklerine iliskin 6znel algilar1 inceleyen bir arastirma modeli 6nermektedir. Bu
amagcla, teknolojinin benimsenmesi ve akilli evler ile ilgili mevcut literatiir
incelenmis ve 13 uzman goériismesinden ¢ikarilan baglamsal faktorlerin de katkisiyla
akilli ev inovasyonu Ozellikleri tamamlanmistir. Nihai aragtirma modeli, yiiz yiize
anket yoluyla 995 kisiden toplanan veriyle test edilmistir. Analiz sirasinda
tiketiciler, teknolojiye hazir olma endeksi (TRI) 2.0'da yer alan, teknoloji ile ilgili
kisilik 6zelliklerine gore anlamli segmentlere ayrilmistir. Bu segmentler arasindaki
farkliliklari ortaya ¢ikarmak adina akilli ev benimseme belirleyicileri segmentler
bazinda da incelenmistir. Ek olarak, akilli ev teknolojilerinin benimsenmesindeki
farkliliklar, yagam tarz1 6zelliklerine istinaden bulunan tuketici segmentleri,
demografik ve sosyoekonomik odzellikler, dnceki deneyimler ve konut yapisina
dayali olarak arastirilmistir. Bu ¢alisma, tiiketici davranigi baglaminda inovasyonun

benimsenmesinin anlasilmasina katkida bulunmaktadir.
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CHAPTER 1

INTRODUCTION

The research topic is introduced, and the objectives of the thesis are explained in this
chapter. Initially, a summary of smart homes is given, then the aim of this

dissertation is presented.

1.1 Overview of smart homes

The growth of 10T has been propelled by advancements in sensors, networking
technologies, broadband internet, cloud services, and artificial intelligence (Al).
Through 10T, objects and people can be connected, allowing for the application of
innovative services in various scenarios, such as wearables, autonomous cars, smart
homes, and smart cities. This blending of virtual and physical worlds through data
sharing leads to a paradigm shift in how people communicate, work, and live. The
recent development of various loT-based devices has also contributed to
advancements in SHTs. Smart home technologies (Sovacool & Del Rio, 2020) are
frequently used interchangeably with “home automation” (Takayama et al., 2012),
“home network” (Balta-Ozkan et al., 2014), “household technology” (Brown, 2008),
“smart domestic products” (Woodall et al., 2018), or “intelligent home” (Reinisch et
al., 2011). Smart homes have been conceptualized using various definitions. By
examining smart home literature and integrating various aspects of smart home
definitions, it can be concluded that a smart home is a system of interconnected
intelligent devices and sensors that provide users with control, monitoring, support,
and responsive services to meet their needs (Balta-Ozkan et al., 2013; Marikyan et

al., 2019). Smart homes reinforce various home activities such as living, working,



learning, and leisure by providing their users with sustainability, security, economic,
health-related, emotional, and social benefits. SHTs have transformed conventional
homes into intelligent and interconnected smart homes. They have facilitated smart
living, aiming at improving life through efficiency, productivity, controllability,
economic benefits, sustainability, and integration (European Commission, 2014).
Smart homes are an essential area of research for innovation diffusion and
technology adoption, among the many services provided by 10T. As 10T devices
become more widespread, the smart home market expands, offering consumers
various personalized services such as energy-aware homes, health monitoring, and
home automation to support their daily lives. In the literature, smart homes are
viewed as a core element of sustainability efforts due to their potential to promote
energy efficiency (e.g., Pinochet et al., 2019). This research area has grown beyond
smart homes, extending to smart grids, smart cities, and even a smarter planet
(Sovacool & Del Rio, 2020). Given that 68% of the world's population is projected to
live in cities by 2050 (United Nations, 2018), smart homes are crucial to creating a
more sustainable future. Assisted living is another major research area for smart
homes (Demiris & Hensel, 2008; Chan et al., 2009; Doukas et al., 2011; Bennett,
2017). Smart home technologies enable personalized care and independent living for
the elderly, disabled, and chronically ill, making them a critical enabler of assisted
living. In addition, as Li et al. (2021) point out, home automation offers its users
increased comfort, improved security and safety, and more enjoyable entertainment
options, all of which align with modern lifestyles. According to Friedewald et al.
(2005), context-aware and ambiently intelligent smart homes could revolutionize

socialization by introducing novel communication methods within the home.



The multitude and diversity of smart home products and services in the
market showcase the multi-faceted nature of smart homes and, thus, the complexity
of the research problem. Park et al. (2003) devised 22 smart home appliances ranging
from smart walls to smart pillows in their experimental smart home project. Since
this experimentation, the number of SHTs has grown. It is posited by Sovacool &
Del Rio (2020) that there are 267 prominent SHT options commercially available in
the European market under 13 categories, which are lighting, entertainment, safety
and security, baby and pet monitors, appliances, home robots, gardening, energy and
utilities, health and wellness, clothes and accessories, vehicles and drones, integrated
solutions, and others. Opportunities in the smart home market are thriving
(McKinsey&Company, 2016).

Despite the wide usage area and vast market potential of smart home
technologies, their diffusion is not pervasive as expected, and consequently their
potential is mainly intact. The projected global market revenue is expected to turn up
nearly $187 billion by 2025, reaching 494 million homes with an average 22%
penetration rate (Statista, 2021). By 2025, 47.8% of all households in the USA and
29.4% in Europe is projected to implement SHTs (Statista, 2021). However, only
9.4% of households in Turkey adopted smart homes in 2021, with the expectation to
grow to 18% by 2025, which raises research attention for this early adopter country.
Some scholars claim that smart home development is technology-centered rather
than user-experience-focused, which has caused their slow diffusion (e.g., Wilson et
al., 2015; Hoffman & Novak, 2016). Similarly, Bjelica (2018) evaluated smart
homes as the most complicated type of consumer 10T technology, both from
installation and usage perspectives. Brush et al. (2011) mentioned four barriers that

hinder the wider implementation of smart homes: the high cost of ownership,



inflexibility, poor controllability, and security concerns. Lee (2020) suggested that
privacy concerns and vulnerabilities are the main reasons for home 10T resistance.
These counterarguments indicate the need for studying determinants of SHT
adoption to contribute theoretically to technology adoption and innovation diffusion
literature and to unleash smart homes’ market potential from a practical angle.

Due to the significant impact that a wide range of smart home applications
can have on people's lifestyles, marketing scholars and practitioners have focused on
examining consumers’ attitudes toward and intentions to adopt SHTs. The
examination of SHT adoption determinants is essential to facilitate the successful
adoption and rapid diffusion of these technologies. By identifying key factors that
influence consumer adoption of SHTS, the industry can design effective marketing
strategies for introducing these technologies to the market. In turn, this provides
scholars with numerous research opportunities in the multi-faceted area of smart

home adoption.

1.2 Purpose of the dissertation

This research develops an integrated model to examine the factors that drive the
adoption of smart home technologies. By meticulously reviewing the technology
adoption and innovation diffusion literature, innovation characteristics are distilled
from a theory base and combined with contextual elements extracted from industry
expert interviews. This comprehensive research model is explicitly tailored to study
consumers’ attitudes toward and intention to adopt smart home technologies. The
main theoretical underpinning of this research model is DOI. The initial set of
innovation characteristics is proposed as relative advantage, complexity,

compatibility, trialability, observability, image, price value, enjoyment, design,



privacy, security, and brand trust, which have an impact on the attitude toward and
the intention to adopt SHTSs. Thereafter, this initial set is further analyzed with
exploratory factor analysis (EFA) to reveal the final set of innovation characteristics.

The purpose of this research is to uncover the antecedents of the adoption of
smart home technologies, allowing professionals to achieve a competitive edge in the
smart home market. Moreover, consumers' reactions to the adoption of SHTSs vary
according to their demographic characteristics (e.g., Shin et al., 2018; Kennedy &
Holcombe-James, 2022) and are also affected by their technology-related traits (e.g.,
Agarwal & Prasad, 1998; Venkatesh & Bala, 2008; Ahn et al., 2016; Kowalczuk,
2018; Nikou, 2019) or lifestyle attributes (e.g., Rogers, 2003; Gao et al., 2015; Schill
etal., 2019). Leading the way in research on smart home adoption, this research also
attempts to find distinct consumer segments according to their technology-related
traits and then examine variation among these segments regarding the innovation
characteristics that predict their attitude toward and intention to adopt SHTs. This
dissertation also incorporates the role of three different lifestyle attributes
(environmental responsibility, health orientation, and home-as-extended-self) on
SHT adoption decisions and studies the role of individual difference variables such
as demographics, socioeconomics, prior experience, and housing structure.

This dissertation sets itself apart from previous research on smart home
adoption, firstly by proposing a comprehensive research model of SHT adoption by
integrating innovation characteristics from previous technology adoption theories
and blending them with more smart home-related contextual factors revealed in the
qualitative study, and secondly by incorporating different technology-based

consumer segments into the analysis and lastly by searching the role of varying



lifestyle attributes and individual characteristics on smart home innovation adoption.
Therefore, this dissertation aims to address the following research questions:

e Which innovation characteristics are significant determinants of consumers’
attitudes toward and intentions to adopt SHTs?

e What are the distinct segments of consumers about their perceptions of TRI
2.0 dimensions?

e How do determinants of consumers’ attitudes toward and intentions to adopt
SHTSs change among consumer segments based on their technology-related
traits?

e Do consumers’ attitudes toward and intention to adopt SHTSs differ depending
on their lifestyle attributes, demographics, socioeconomics, prior experience,
and housing structure?

To answer these questions, the structure of this dissertation is outlined as follows:
Following this introduction chapter, which presents the research purpose and
questions, Chapter 2 discusses the theoretical background as the state of smart home
literature, frequently used theories/models of technology adoption, the diffusion of
innovation theory, and the technology readiness index. Chapter 3 details the research
methodology and procedures employed and explains the reasoning behind their
usage. Chapter 4 presents the qualitative aspect of this dissertation, incorporating the
data gathered from expert interviews. Chapter 5 gives details of the quantitative part
by explaining theoretical background, research model, derived hypotheses,
measurement instrument, and sampling strategy. Chapter 6 addresses research
questions of this dissertation and provides the empirical analysis of results. Chapter 7
contains a discussion of the results and conclusions. Chapter 8 explains theoretical

and practical implications followed by future research ideas and study limitations.



CHAPTER 2

THEORETICAL BACKGROUND

In this chapter, the previous literature was summarized with the aim to grasp deep
knowledge on the research objective, which was to understand SHT adoption
determinants by taking the problem holistically from both innovation characteristics
and individual differences views. Therefore, firstly, smart homes were discussed
within the context of 10T services. Subsequently, the technology adoption/innovation
diffusion literature was explored. To this extent, a literature review covering a
general understanding and various smart environment implementations around the
theory of reasoned action (TRA), the theory of planned behavior (TPB), the
technology acceptance model (TAM), the unified theory of acceptance and use of
technology (UTAUT), UTAUTZ2, the model of adoption of technology in households
(MATH), and the perceived risk theory (PRT) was provided. Finally, DOI theory
was described as the basis of innovation characteristics, and TRI and TRI 2.0 were
elaborated to provide a theoretical background for the technology-related traits of

consumers.

2.1 The definition and evolution of smart home technologies

The term 10T was first introduced in 1999 to describe the network of objects coupled
with sensors to deliver data to the Internet (Ashton, 2009). Ashton (2009)
emphasizes how data collection directly from objects without human intervention
could change the world, as the Internet did. 10T standards typically encompass
various wireless networks and sensors. Those two technologies are the primary

enablers of 10T. A decade later, the 10T has evolved into a network of assets that are



interconnected via any sensor, which enables them to be identified, and managed
remotely (Ng & Wakenshaw, 2017). These earlier definitions of the 10T are mainly
focused on the technical aspects. On the other hand, the loT paradigm offers a smart
environment to create a better and safer society from a sociological perspective.

The significant growth in smart objects has been driven by recent
advancements in sensors, networking technologies, broadband internet, cloud
services, and Al technologies. These developments have taken the lead to the
progress of self-governing systems, such as smart homes, smart cities, and
autonomous cars. This merge of the Internet and the tangible objects via the 10T is
described as the third wave of the Internet by evolving many physical assets into
digital services (Porter & Heppelmann, 2014; Brody & Pureswaran, 2015; Ng &
Wakenshaw, 2017; Risteska et al., 2017). Therefore, several countries have
recognized the importance of 10T for their future economic growth and sustainability
(Santucci, 2010). Brody and Pureswaran (2015) expected to have more than 100

billion things connected with each other by 2050, as illustrated in Figure 1.
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Figure 1. Connectivity transformation
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The rise of various loT-based tools has enabled the creation of smart objects enriched
with Al, which could obtain information from the adjacent environment and respond
consequently (Marikyan et al., 2019). Smart objects have capabilities that can be
categorized into four areas: monitoring, control, optimization, and autonomy. These
capabilities build upon each other, so for example, a product must have monitoring
capability to have control capability (Porter & Heppelmann, 2014).

Smart homes are important implementation areas of the 10T (McKinsey
Global Institute, 2015; Choi et al., 2021). Smart home technologies have transformed
conventional homes into intelligent and interconnected living spaces. Researchers in
the field of smart homes are showing increasing interest (Li et al., 2022). Smart home
technologies (Sovacool & Del Rio, 2020) are frequently used interchangeably with
“home automation” (Takayama et al., 2012), “home network” (Balta-Ozkan et al.,
2014), “household technology” (Brown, 2008), “smart domestic products” (Woodall
et al., 2018), “digital home technologies” (Venkatesh, 2008), “connected home”
(McKinsey&Company, 2016) or “intelligent home” (Reinisch et al., 2011). Smart
homes have been conceptualized using various definitions. Analyzing smart home
literature and combining all facets of smart homes definitions, the smart home
represents an ecosystem of domestic smart objects which are integrated into a smart
structure for providing management, monitoring, and responsive services through the
connections within the home and to the Internet (Aldrich, 2013; Balta-Ozkan et al.,
2013; Marikyan et al., 2019). This integration results in a selection of benefits,
including sustainability, security, economic, health-related, emotional, and social to
satisfy users’ needs and desires (Marikyan et al., 2019).

This definition can be broken into four parts. Smart domestic objects and

intelligent networks present the technical aspects, whereas services and benefits



complement business aspects. Smart domestic objects could be domestic appliances,
sensors, devices, and hubs. Home appliances refer to white goods such as smart
ovens, refrigerators, and washing machines. In contrast, sensors are utilized to
distinguish environmental factors such as humidity, light, and temperature or to
gather data concerning the conditions of objects. Devices can be electronic (such as
televisions or computers) or electric (such as light bulbs or kettles). Finally, a home
hub can be either a device (such as smartphones or laptops) with data storage
capacity, local processing capability, and the ability to communicate with devices
outside the home network or a dedicated hardware device (such as a wall mounted
remote control) that manages other devices (Balta-Ozkan et al., 2014; Risteska et al.,
2017; Wilson et al., 2017). These different smart home technologies are networked,
most of the time wirelessly, using standardized communication protocols. In the
second part, the intelligent network system is the core of smart homes. It represents
Al-empowered configurations of domestic smart objects that produce customized
services to satisfy residents’ needs (Chan et al., 2009).

In the third part, a wide range of services are emerging for home-context.
These services are provided by third parties ranging from technology to utility
companies, from white goods producers to consumer electronics vendors. Balta-
Ozkan et al. (2014) conducted an analysis of smart home services and case studies
found in the literature, grouping them into three categories: safety, lifestyle support,

and energy management, as depicted in Figure 2.
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Figure 2. Types of smart home services
Source: [Balta-Ozkan et al., 2014]

In 2019, Marikyan et al. (2019) grouped smart home services into five categories:
monitoring, comfort, support, health therapy, and consultancy. By then, in 2020,
Sovacool and Del Rio posited that 267 smart home technology alternatives are
commercially available in the European market under 13 categories, which are
lighting, entertainment, safety and security, baby and pet monitors, appliances, home
robots, gardening, energy and utilities, health and wellness, clothes and accessories,
vehicles and drones, integrated solutions, and others. In conclusion, smart home
users face the integration of various technologies and services across a broad range
of usage contexts.

In the fourth and final part of the definition, smart homes offer a range of
benefits that cater to consumers' needs, requirements, and preferences, including
energy management, improved safety and security, enhanced entertainment services,
and extended personal independence through assisted living. Several studies have
examined the perceived and potential advantages of smart home technologies, both
in the short and long term (e.g., Wilson et al., 2017; Marikyan et al., 2019; Sovacool

& Del Rio, 2020). Wilson et al. (2017) identified the potential benefits of SHTs in

11



the UK as energy efficiency, less effort at home, time and money savings, improved
security, comfort, peace of mind, improved quality of life, enhanced leisure, increase
in property value, and caregiving. Marikyan et al. (2019) categorized the functional
advantages of SHTs into four dimensions: environmental, financial, health-related,
and psychological well-being. Moreover, Sovacool and Del Rio (2020) found 13
distinct forms of benefits of SHTs to households, businesses, or society. These are
ranked by frequency: (1) energy efficiency, (2) comfort, (3) financial benefits, (4)
system benefits for grids, (5) environmental benefits, (6) design and fashion, (7)
health benefits, (8) social benefits, (9) educational benefits, (10) entertainment, (11)
safety and security, (12) other enhanced experiences (such as shopping), and (13)
free services or promotional gifts. SHTs enable users to attain both cognitive
outcomes, such as saving energy, money, or time, enhancing security or health, and
affective goals, such as entertainment and increased enjoyment (Wilson et al., 2017).
It can be concluded that SHTs have many different benefits. However, they are
potentially competing sometimes.

Even if the term “smart home” reminds people most of the time of the
futuristic scenarios shown in the animated sitcom “The Jetsons”, the first smart home
was introduced a long time ago. Coming back to the history of smart homes, a smart
home example in the “Network Exhibition” at the Berlin Technical Museum dated
back to 1912. This was a call button used in mansions, hotels, and government
offices, to inform the service team about room calls. This smart home scenario
provided advanced communication to its users. In the same exhibition, the silent
film “The Electric House”, created by Buster Keaton in 1922, shows its audience the
comfort that home automation will offer and turns its course into comedy when the

whole house gets out of control. It is as if the concerns of today's smart home users
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were reflected on the screen with a humorous point of view at that time. These two
smart home scenarios were prototyped to facilitate people's home life and increase
communication with the existing technologies of that day. The widespread
availability of high-speed internet during the latter part of the 1990s facilitated the
growth of home networks. However, during the 1990s, the expansion was not so
widespread, other than a few famous examples such as Microsoft founder Bill Gates’
mansion in Seattle, which caused a sensation in the USA in 1995, was in all the news
at that time and became a symbol of magnificence and personalized comfort
(McGrath, 2016). With the rise of mobile phones and wireless technologies in the
late 2000s, smart homes became more common, not just among the wealthy but also
among middle-income families. In the mid2010s, it has been leaning toward context-
aware smart homes, as shown in Table 1. Context-aware homes are intelligent
through Al technology, which enables automation to understand and respond to
people’s needs. Smart homes flourish by integrating loT and Al (Venkatesh, 2008;

Yang et al., 2018).

Table 1. Evolution of Smart Homes

Period Stage Technical Background Key Purpose
1990-2000 | Automation Broadband Internet Household
Automation
2001-2010 Network Smartphone and Mobile | Remote Monitoring
Applications & Control
2011-2020 | Smartness loT & Al Context
Awareness

Source: [Yang et al., 2018]

Smart home technologies could gradually be integrated into homes, so there is a
spectrum beyond traditional homes and fully automated homes. Based on homes’

smartness level, Sovacool and Del Rio (2020) suggested a seven-level rating schema
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presented in Figure 3. At level zero, none of the smart home technologies are

available, whereas, at level six, a smart society is proposed where the smartness level

goes beyond a single house.

The future of smart home technologies
Moving beyond “dumb,” “analogue,” or “basic” homes without digital technology will involve multiple levels of
“smartness”
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Figure 3. Levels of smartness in smart homes
Source: [Sovacool & Del Rio, 2020]

Detailed descriptions of all levels are provided below:

Level O: This level is attributed to a traditional analog home that has locally
controlled, manually operated devices, typically activated by flipping a switch or
pressing a button, without the use of SHTs (Balta-Ozkan et al., 2013).

Level 1: This level indicates a partially smart home that has a limited number
of isolated smart devices, such as a TV or baby monitor that provide simple feedback
to their users. Their users interact with them in a traditional, non-automated manner.

Level 2: At this level smart home devices began to get integrated to each
other to offer improved household services such as climate control (using a smart

thermostat) and entertainment (through a smart TV).
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Level 3: At a mid-level of automation, smart home devices can synchronize
and anticipate specific requirements, such as switching on lights or devices just
before residents return home. These homes can be programmed to cater to individual
choices among multiple tools, including varying temperatures in separate rooms.

Level 4: An interconnected smart home system can start to pick up and adjust
services based on context, such as automatically stopping lawn watering if rain is
predicted in an hour. With sensors and monitors that monitor the home's conditions,
technology can learn and respond through feedback loops, making it increasingly
autonomous and capable of adapting to what it thinks you desire.

Level 5: At its highest level, the smart home system becomes nearly
seamless, with monitoring, feedback, and learning merging across multiple
integrated systems, such as heating, lighting, gardening, and entertainment. The
house can provide ambient experiences, merging physical reality with virtual worlds.

Level 6: Smartness extends beyond individual homes to encompass entire
communities. Smart homes are considered key components in efforts towards
creating smart grids and smart cities (Pinochet et al., 2019).

The number of 10T devices continues to proliferate (Statista, 2021; GSMA
Intelligence, 2022), in parallel the smart home market is growing, with projections
estimating that the global smart home market revenue will reach around $187 billion
by 2025, reaching 494 million homes with an average penetration rate of 22%
(Statista, 2021). Smart home technologies are launched to the market by
multinational giants to start-ups. Sovacool and Del Rio (2020) found that smart home
technologies are provided in the European market by 113 different companies with
267 different options. SHTs can be purchased from a variety of direct suppliers,

home improvement stores, department stores, and electronics and appliance retailers.
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With the services offered by these smart home technology providers, McKinsey
Global Institute (2015) estimated the economic impact of home 10T applications to
range from $200 billion to $350 billion annually by 2025.

Despite the availability of smart home technologies for some time, their
adoption has not been widespread; the USA is leading the market with 47.8%,
followed by Europe’s nearly 30% penetration rate in 2021 (Statista, 2020b). The
penetration rate of smart homes in Turkey is expected to be doubled in three years,
growing from 9.4% in 2021 to 18% in 2025 (Statista, 2021). Thus, their potential is
largely intact, indicating the need for studying antecedents of smart home
acceptance. According to Marikyan et al. (2019), there is limited empirical evidence
on the factors affecting acceptance and adoption of SHTSs. So, barriers and drivers of
smart homes are found as follows in the current literature:

Barriers to smart home adoption are varied but mainly include questions of
reliability, security, privacy, interoperability, usability, and cost (Balta-Ozkan et al.,
2014). Brush et al. (2011) mentioned four barriers that hinder the broader acceptance
of smart homes: the high cost of ownership, inflexibility, poor controllability, and
security concerns. One of the impediments to smart home adoption is the people’s
unwillingness to hand over the agency of their homes to technology-guided third
parties (Gram-Hanssen & Darby, 2012). Disharmony with current lifestyles is
another barrier to smart home adoption (Marikyan et al., 2019). People tend to cling
to established habits and are often resistant to changing their lifestyle to incorporate
SHTs (Balta-Ozkan et al., 2013). Lee (2020) suggested that privacy concerns and
vulnerabilities are the main reasons for home IoT resistance. Sovacool and Del Rio
(2020) identified 17 risks as barriers to SHT adoption. These are ranked by

frequency as: (1) privacy and security concerns, (2) technical reliability, (3) ease of
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use, (4) perceived elitism, (5) difficulty in monetizing benefits, (6) interoperability,
(7) energy consumption, (8) perceived loss of personal control, (9) sustainability,
(10) lack of home ownership, (11) cultural differences, (12) poor connectivity and
supply chain issues, (13) corporate longevity and accountability, (14) high cost, (15)
fear of new technology, (16) social isolation, and (17) health concerns.

Smart home technologies represent relatively new innovations, and many
potential users are not fully informed about their capabilities and advantages. This
absence of knowledge is a barrier to their wider acceptance and their wider
penetration into the main markets. When consumers acquire more information about
SHT, their positive perceptions of potential benefits will strengthen. Therefore, the
successful adoption of smart home technologies depends on potential users
perceiving clear benefits and being willing to accept the associated risks. Wilson et
al. (2017) found that ensuring SHTs are manageable, reliable, user-friendly, and
marketed by credible companies can help build customer confidence. Moreover,

early adopters are crucial to creating a virtuous cycle supporting market demand.

2.2 Theories and models of technology adoption

The study of technology adoption focuses on exploring the motivations and
processes behind individuals accepting and incorporating new information
technologies into their lives (Venkatesh et al., 2003). The study of technology
adoption is a rich and abundant area of research within the field of Information
Systems (IS). Numerous theories are developed to understand why and how
individuals adopt new information technologies, each with its own set of acceptance
factors (e.g., Rogers, 2003; Davis, 1989; Brown & Venkatesh, 2001; Venkatesh et

al., 2003; Venkatesh et al., 2012). Adopting a general theory for new technology
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innovation enhances the scientific accuracy and broad applicability of the theory,
while context-specific theories provide a more practical approach for practitioners to
follow (Brown et al., 2015). Therefore, IS academicians prefer to establish context-
specific technology adoption models in their research. They often take a widely used
technology adoption theory or model and tailor it to the specific context of smart
homes (e.g., Shin et al., 2018; Kowalczuk, 2018; Shuhaiber & Mashal, 2019). The
purpose of this research is to follow this tradition and propose an adoption model that
Is specifically applicable to the acceptance of smart home technologies to gain a
deeper understanding of SHT adoption.

The following subsections provide in-depth information about TRA, TPB,
TAM, UTAUT, UTAUT2, MATH, and PRT, to give a comprehensive understanding
of the most used technology adoption models in 10T, smart objects, and smart home

domains.

2.2.1 Theory of reasoned action (TRA)

The TRA is a social psychological model that explains the relationships between
individuals' beliefs, attitudes, and behaviors. (Fishbein & Ajzen, 1975). According to
the theory, an individual's behavior is defined by their intention, which is in turn
affected by their attitude towards the behavior and their subjective norms (perceived
social expectation to behave in a particular way). The TRA proposes that attitudes
and subjective norms are formed based on opinions about the outcomes of
performing a behavior. Factors underlying TRA and their relationship are shown in

Figure 4:
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Figure 4. Theory of reasoned action
Source: [Fishbein & Ajzen, 1975]

TRA is implemented to help understand intentions to engage in adoption behaviors
in various 10T technology contexts, such as smart homes (Klobas et al., 2019) and
smart cities (Pinochet et al., 2019).

Attitude and intention from TRA were incorporated into the integrated
research model as two main target variables. Behavioral beliefs were adopted from
DOI innovation characteristics (i.e., relative advantage, complexity, compatibility,
trialability, and observability). However, subjective norms were not incorporated in
the research model, considering that SHTs are not yet widely adopted. The influence
of subjective norms may increase when the idea becomes a part of daily life.
Supporting this, Ahn et al. (2016) observed no link between social pressure and
adopting sustainable household technology. Their findings were confirmed in the
study by Baudier et al. (2018), who discovered no significant impact of social

influence on the usage intention of smart homes.
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2.2.2 Theory of planned behavior (TPB)

The TPB (Ajzen, 1991) is an extension of the TRA developed by Fishbein and Ajzen
(1975) by including the idea of behavioral control. It states that a person's actual
behavior when performing a particular action is determined by their behavioral
intention and is influenced by three key beliefs: attitude, subjective norm, and
perceived behavioral control (Ajzen, 1991). Behavioral intention corresponds to a
person's level of commitment to show a specific behavior. Attitude refers to a
person's positive or negative evaluation of a specific behavior. Subjective norm
indicates to the perceived social or organizational pressure to engage in, or avoid, a
specific behavior. Perceived behavioral control reflects the perception of a person on
the simplicity or the complexity of performing a specific behavior, considering
factors such as past experiences and expectations for future difficulties. Factors

underlying TPB and their relationship are demonstrated in Figure 5 in detail:

Subjective
Norms

Behaviour

Perceived
Behavioural
Control

Figure 5. Theory of planned behavior
Source: [Ajzen, 1991]
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The theory of reasoned behavior (Ajzen, 1991) has been applied to help understand
intentions to engage in adoption behaviors in a variety of technology contexts, such
as wearables (Sivathanu, 2018) and smart homes (Yang et al., 2017).

Attitude and intention from TRA were incorporated into the integrated
research model as two main target variables. Subjective norms and behavioral

control were not evaluated for inclusion in the set of innovation characteristics.

2.2.3 Technology acceptance model (TAM)

TAM was first established by Davis (1986) as a variation of the TRA, specifically
designed to identify the factors influencing the acceptance of computers. According
to TAM, the technology acceptance of a person is believed to be driven by their
voluntary intention to use it. Following that, the intention to use technology is
affected by a person’s attitude towards using it and their perception of its usefulness
and ease of use. Perceived usefulness implies to a person’s belief that utilizing a
specific technology improves job performance (Davis, 1989). Perceived ease of use
refers to a person's belief that utilizing a specific technology requires little effort

(Davis, 1989). TAM factors and their relationship are exhibited in Figure 6:

Perceived
/ Usefulness \’
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External Attitude Intention ATcmal
Variables Towards Use To Use Usage
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Ease of Use

Figure 6. Technology acceptance model
Source: [Davis et al.,1989]
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TAM has seen widespread application across a wide range of technologies and user
groups, as well as in various contexts related to l0T technologies, including smart
homes (Shin et al., 2018; Park, Kim et al., 2018; Shin et al., 2018; Kowalczuk, 2018;
Shuhaiber & Mashal, 2019; de Boer et al., 2019) and wearables (Chuah et al., 2016).

In a study by Shin et al. (2018), the acceptance of smart home technologies
was analyzed utilizing an extended TAM. The results showed that usefulness, ease of
use, and compatibility all had a significant positive impact on the intention to use
SHTSs. They also pointed out that older consumers are more likely to quickly buy
smart homes than younger consumers.

Park, Kim, et al. (2018) conducted a research on the acceptance of smart
homes by expanding the original TAM. They found that factors such as
compatibility, connectedness, control, system reliability, and enjoyment had a
significant positive effect on the intention to use smart homes, alongside usefulness,
ease of use, and attitude. The perceived cost, however, showed a negative effect on
usage intention.

Kowalczuk’s (2018) finding of an extended TAM model was that ease of use,
system's caliber and variety, and technology optimism positively affect usefulness.
While usefulness and enjoyment positively and risk negatively impact the intention
to adopt smart speakers.

Appling loT skills as external variables to TAM, de Boer et al. (2019)
revealed that numerous Internet skills (i.e., mobile, navigation, creative, and social)
are essential antecedents for IoT adoption in smart homes.

Shuhaiber and Mashal (2019) applied an extended version of TAM to smart

homes. They discovered that trust, awareness, enjoyment, perceived risks, usefulness

22



and ease of use, all significantly influences attitudes towards smart homes in Jordan.
As a result, these attitudes affect the intention to use smart homes.

Chuah et al. (2016) conducted an empirical study on wearable device
adoption, using a theoretical model based on TAM. The results demonstrated that
perceived usefulness and visibility were important factors that influenced the
intention to adopt wearable devices.

Conversely, TAM has been criticized for being too focused on technology
acceptance studies, and neglecting other theories, due to its domination in the
literature (Benbasat & Barki, 2007).

Although the TAM and the DOI theory have different origins, there is some
overlap between them. The idea of time and effort savings in DOI's relative
advantage corresponds closely with the perceived usefulness concept in TAM.
Meanwhile, the ease of use in TAM is the opposite of the complexity construct in
DOI. In this context, all four main variables of TAM are involved in the initial set of
innovation characteristics, without necessarily proposing the exact relationships as

described in TAM.

2.2.4 Unified theory of acceptance and use of technology (UTAUT)

UTAUT, established by Venkatesh et al. (2003), proposes three direct factors that
impact intention to use technology: performance expectancy, effort expectancy, and
social influence. The theory also identifies two direct factors that impact usage
behavior: intention and facilitating conditions, as well as up to four moderators of
these relationships: gender, age, experience, and voluntariness of use. All those
factors and their relationship are depicted in Figure 7. UTAUT studies the

technology acceptance of individuals in organizational settings.
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Figure 7. Unified theory of acceptance and use of technology
Source: [Venkatesh et al., 2003]

Performance expectancy refers to a person’s belief in the ability of technology to
improve job performance. It represents the degree to which a person thinks that using
the technology will lead to a positive outcome (Venkatesh et al., 2003). This factor
is similar to the relative advantage in Roger’s (2003) DOI Theory and perceived
usefulness in TAM by Davis et al. (1989).

Effort expectancy represents the perceived level of difficulty involved in
using technology. It refers to how much effort the individual thinks they will need to
put in to use the technology effectively (Venkatesh et al., 2003). This factor is like
complexity in DOI and the opposite of the perceived ease of use of TAM.

Social influence indicates the perceived pressure or influence those important
others, such as friends, family, or colleagues, have on a person to use a new
technology (Venkatesh et al., 2003). This factor is related to the subjective norm in

TRA and TRB.
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Facilitating conditions refer to the perception of availability and accessibility
of the necessary organizational and technical support for the usage of technology
(Venkatesh et al., 2003). This factor is related to perceived behavioral control in
TRB and compatibility in DOI. The compatibility concept in DOl encompasses
elements that assess the match between a person's work approach and the utilization
of the technology in the organization. In a consumer context, they indicate
individuals’ resources and knowledge necessary to use technology, such as financial
stability and self-efficacy related to this technology (Venkatesh et al., 2012).

Nysveen and Pedersen (2016) studied consumers’ adoption of 10T services by
applying an extended UTAUT. They discovered that factors like performance
expectancy, effort expectancy, social influence, technology anxiety, and privacy risk
have a major effect on individuals' attitudes towards using 0T services.

Additionally, facilitating conditions and attitude towards using 10T services both play
a major role in determining the intention to use them.

Moreover, Ahn et al. (2016) proposed an extended UTAUT to explain
predictors of intention to adopt sustainable household technologies. Their results
demonstrated that performance, compatibility, and hedonic expectancy from
sustainable household technologies, as well as sustainable innovativeness as a
consumer characteristic, significantly predict intention to adopt. However, effort

expectancy and social pressure are not significant predictors.

2.2.5 Unified theory of acceptance and use of technology2 (UTAUT2)
UTAUT, developed by Venkatesh et al. (2003), aims to examine the factors
influencing technology adoption within organizations. UTAUT2 builds on the key

elements of UTAUT and adds new constructs, making it more applicable to the

25



consumer context (Venkatesh et al., 2012). Like UTAUT, it is believed that
individual characteristics such as age, gender, and experience are performing a role
in moderating the impact of these constructs on behavioral intention and technology

usage. Figure 8 displays the proposed constructs and their relationships in UTAUT2.
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Figure 8. Unified theory of acceptance and use of technology?2
Source: [Venkatesh et al., 2012]

UTAUT2 demonstrates the significant impact of hedonic motivation, price value,
and habit in addition to performance expectancy, effort expectancy, social influence,
and facilitating conditions on consumer technology acceptance and usage through
empirical analysis. Hedonic motivation is understood as the enjoyment originated
from utilizing technology in IS research, and it is defined as the pleasure or
enjoyment that comes from technology usage (Venkatesh et al., 2012). Individuals
typically pay the monetary cost of technology for personal use, while employees in
organizations do not bear this cost. As a result, UTAUT2 includes price value,

described as the rational evaluation of the perceived benefits of the technology
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versus its monetary cost, as a driving factor. Finally, UTAUT2 incorporates habit,
which refers to the automatic performance of behaviors due to learning, as a factor
(Venkatesh et al., 2012).

UTAUT?2 and its derivatives have been used to uncover the technology
innovation adoption in many different settings, such as e-commerce (Pascual-Miguel
et al., 2015), mobile banking (Alalwan et al., 2017), and wearables (Gao et al., 2015).

Hedonic motivation in the form of enjoyment and price value constructs were

incorporated into the initial set of innovation characteristics in this research.

2.2.6 Model of adoption of technology in households (MATH)

Brown and Venkatesh (2001) developed MATH in 2001 and enhanced it with life
cycle characteristics in 2005. They stood up for the difference between individual vs.
household technology acceptance. At the individual level, technology adoption is a
rational process that can be made independently without involving others. In
contrast, at the household level, adoption decisions are expected to be more complex
due to the multifaceted interactions and negotiations among household members
(Brown et al., 2015). A higher number of individuals engaged in an innovation
decision results in a slower rate of adoption (Rogers, 2003, p. 221).

MATH is developed by combining TPB and DOI. It proposes that household
life cycle stages (such as marital status, age, child's age, and income) moderate the
relationship between attitudinal, normative, and control beliefs and the adoption
intention of household technology (Venkatesh & Brown, 2001). Figure 9 shows the

extended structure of MATH.
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Figure 9. Model of adoption of technology in households
Source: [Brown & Venkatesh, 2005]

MATH categorizes five attitudinal beliefs into three outcomes: utilitarian, hedonic,
and social. Utilitarian outcomes relate to the enhancement of household activities
such as personal use, work, and children through technology innovation (Venkatesh
& Brown, 2001). Hedonic outcomes encompass the joy and fun derived from using
technology for its own sake (Brown & Venkatesh, 2005). Social outcomes refer to
the status gains obtained through technology usage (Venkatesh & Brown, 2001).
MATH categorizes normative beliefs into three groups: influence from
friends and family, influence from secondary sources, and workplace influence.
Friends and family can influence one another’s behavior, whereas coworkers can
influence them (Venkatesh & Brown, 2001). Rogers (2003) indicated that secondary
sources are believed to perform a role throughout the technology acceptance process.
In the case of MATH, secondary sources are information from television, newspaper,

and other secondary sources.
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At the final and third block of MATH, control beliefs are proposed to affect
households’ adoption intention by five factors: fear of technological innovations,
decreasing price, price, ease of use, and required knowledge. While the first three are
proposed as barriers to adoption, the last two are pictured as knowledge-related
drivers.

Dwivedi et al. (2009) examined the drivers and barriers of broadband services
adoption within households over a MATH-derived adoption model. They discovered
that all beliefs are significant determinants of broadband adoption except hedonic

outcomes, which might be limited because of content download restrictions.

2.2.7 Perceived risk theory (PRT)
PRT, introduced by Bauer (1960) to explain consumer behavior in marketing, refers
to the uncertainty surrounding potential negative consequences. Many studies,
exploring the adoption of various technologies, have adopted the notion of perceived
risk and found that it is negatively linked with the intention to adopt technology
(Hubert et al., 2018; Kowalczuk, 2018; Pavlou, 2001; Featherman & Pavlou, 2003;
Park, Kim, & Jeong, 2018; Park, Kwak, et al., 2018, Hong et al., 2020).

In this research, security and privacy aspects of the risk theory were
conceptualized with positive aspects and included in the initial set of innovation

characteristics.

2.3 Diffusion of innovation theory (DOI)
DOI builds the theoretical base of this dissertation. All innovation characteristics
(i.e., relative advantage, complexity, compatibility, trialability, and observability)

proposed in DOI were incorporated in the initial set of innovation characteristics.
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The DOI theory by Rogers (2003) suggests that innovation diffusion is a
gradual process where an innovation is spread through communication channels
among members of a social system. The innovation adoption process is illustrated in
Figure 10 and is not an immediate decision. The process includes gaining initial
knowledge, forming an attitude, making a decision, implementing the new idea, and

confirming the decision (Rogers, 2003, p.168).

Prior
conditions
1. Previous practice
2. Felt needs/problems
3. Innovativeness
4, Norms of the social
systems
Communication channels

! | ; }

L Il. 1. A V.
Knowledge Persuasion Decision Implemenlatro:r> Conhrmatno>

T

Characteristics of the Perceived characteristics of 1. AJOPHON  se—— Continued adoption
decision-making unit the innovation Later Adoption

1. Socioeconomic 1. Relative advantage Discontinuance
characteristics 2. Compatibility 2. REECtioN  — Continued rejection
2. Personality variables 3. Complexity

3. Communication behavior 4, Trialability
5. Observability

Figure 10. Innovation decision process
Source: [Rogers, 2003, p.170]

The flow of information about an innovation and its features occurs within the social
system where adopters are located. Potential adopters search for information to learn
about the potential outcomes of utilizing the innovation, and the assessment and
evaluation of this information influence their adoption behavior. Five key

characteristics of the innovation, namely relative advantage, compatibility,
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complexity, trialability, and observability, play a crucial role in determining adoption
behavior. The following provides definitions for these innovation characteristics:

Relative advantage refers to how an innovation is perceived as an
improvement compared to its predecessor (Rogers, 2003, p.15). The higher the
perceived relative advantage of an innovation, the quicker it will be adopted.

Compatibility refers to how well an innovation aligns with the existing
values, past experiences, and needs of potential adopters (Rogers, 2003, p.15). An
idea that does not fit with the values and norms of a social system will not be adopted
as rapidly as one that is compatible.

Complexity refers to how complicated an innovation is seen to be in terms of
understanding and usage (Rogers, 2003, p.16). Innovations that are easier to
understand are adopted faster than those that require new skills and comprehension.

Trialability refers to the ability to test an innovation on a limited scale
(Rogers, 2003, p.16). Innovations that can be tried out incrementally are generally
adopted faster than those that cannot be divided.

Observability implies the visibility of the outcomes of an innovation to others
(Rogers, 2003, p.16). The more apparent the results of an innovation are, the more
likely it will be adopted.

In DOI theory, a crucial result is a person's decision on the acceptance of the
innovation. Some characteristics of people play an essential role in innovation
adoption as well. Innovativeness is one of the most theorized personality
characteristics for its influence on innovation adoption (e.g., Baudier et al., 2018;
Touzani et al., 2018; Nikou, 2019). Innovativeness refers to how early an individual
adopts new ideas compared to others in the system (Rogers, 2003, p. 22).

Furthermore, there is a positive and linear relationship between socioeconomic status
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and the adoption of innovations. Being an early adopter of innovations is directly
proportional to socioeconomic status-related variables, such as income, education,
and profession.

Moore and Benbasat (1991) refined the attributes of innovations from the
DOI theory and developed a set of factors for analyzing personal technology
innovation adoption. They added two additional constructs as determinants of
technology innovation adoption: image and voluntariness of use. Image refers to how
using an innovation is seen as enhancing person's social status (Moore & Benbasat,
1991, p. 195). Voluntariness of use refers to how the use of the innovation is seen as
being a voluntary choice (Moore & Benbasat, 1991, p. 195).

Additionally, Moore and Benbasat (1991) separated the observability factor
in DOI theory into visibility and results demonstrability constructs. Visibility is the
extent to which the innovation is noticeable in the adoption setting (Moore &
Benbasat, 1991). Results demonstrability refers to how tangible the outcomes of
using the innovation are perceived to be (Moore & Benbasat, 1991). They created
scales for all eight constructs and found evidence for their predictive validity in the
adoption of personal workstations.

Rogers (2003, pp. 267-299) categorizes members of a social system into five
groups based on their relative time of adoption: innovators, early adopters, early
majority, late majority, and laggards. This classification is made statistically by
determining the standard deviations (sd) from the average time of adoption (X), as

illustrated in Figure 11.
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(13.5%)

X + sd

x|

Figure 11. Adoption curve
Source: [Rogers, 2003, p. 281]

Each group is defined and detailed as follows:

Rogers (2003) identifies innovators as individuals who embrace new ideas
and are willing to take risks. These individuals possess traits such as empathy, lower
dogmatism, higher intelligence, a love of science, and higher aspirations for
education, among others. To be an innovator, one must have the ability to handle
uncertainty and a higher degree of abstract thinking (Rogers, 2003, pp. 289-290).
According to Moore (1991), innovators are described as “technology enthusiasts who
are easy to do business with.” They have a passion for new technology and are quick
to try out new ideas, regardless of whether it generates significant profit. They are
not seen as influential in determining buying decisions for others and have a limited
market (p. 32).

Early adopters are often seen as leaders and trendsetters, as they are among
the first to adopt new ideas and technologies. According to Rogers (2003), they are
well respected by others in their social system and serve as role models for others to
follow in their successful and discreet use of new innovations. Moore (1991) viewed
them as change agents, influential in promoting new technologies and ideas to others

in their social network.
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The early majority is cautious in adopting new ideas, taking time before fully
committing. They interact with others in their social network but are not typically
seen as opinion leaders (Rogers, 2003). As per Moore (1991), they drive the
formation of the initial market for innovation.

The late majority accepts new concepts after the regular member due to
pressure from peers. Their adoption is driven by financial constraints, and they
require a social environment that supports innovation and removes uncertainty about
the idea (Rogers, 2003). According to Moore (1991), they are characterized as
“conservatives” who value tradition more than progress (p. 46).

Laggards are the last individuals to adopt an innovation. They are generally
isolated from the social networks and inclined to be skeptical of new ideas and
change agents. Like the late majority, their resources are limited, and they require a
high degree of certainty about the performance of the innovation before adopting it
(Rogers, 2003). According to Moore (1991), laggards prefer to purchase ready-to-use
packages at heavily discounted prices.

Additionally, previous studies have revealed significant variations in
socioeconomic status, personality traits, and communication patterns between early
and late adopters of innovations (Rogers, 2003). Hence, these characteristics of the
five adopter categories are used for segmentation studies widely. In a study for
determining factors driving personal computer adoption among American
households, Venkatesh and Brown (2001) revealed that innovators and early adopters
were motivated by hedonic and social outcomes from adoption. The early majority's
adoption of innovation was primarily driven by utilitarian benefits and the impact of
friends and family members. On the other hand, the late majority and laggards were

held back by their fear of the rapid obsolescence of technological innovations.
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Franceschinis et al. (2017) studied the acceptance of ambient heating systems
with a research model based on DOI theory. They identified differences in beliefs
and attitudes of individual consumers among three segments (early adopters,
laggards, and early/late majority).

Some scholars preferred to incorporate DOI theory with other theories to
study the drivers of adoption for different 10T contexts, namely smart homes (Hubert
et al., 2018; Nikou, 2019) and wearables (Karahoca et al., 2018).

Hubert et al. (2018) created a comprehensive adoption model for smart
homes, whose constructs are derived from TAM, DOI, and risk theory. The results
emphasized that perceived risk is a significant construct hindering the intention to
use, and it is mediated by perceived usefulness. Additionally, the most critical factor
influencing the intention to use is the compatibility and usefulness of smart home
applications.

Nikou (2019) revealed that compatibility, usefulness, and ease of use are
essential factors affecting the adoption of SHTSs; on the other hand, trialability
showed no direct influence on the intention to use; its effect was done indirectly via
usefulness and ease of use. Moreover, observability had no effect on the intention. In
this study, TAM and DOI theory are integrated to examine smart home technology
adoption.

Karahoca et al. (2018) built an integrated model based on TAM, DOI,
protection motivation theory, and privacy calculus theory to investigate significant
factors affecting intention to adopt healthcare 10T. Relative advantage, image, and
ease of use factors have a significant impact, whereas compatibility and trialability

are facilitators of adopting healthcare loT.
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After examining the related smart objects literature based on prevalent
technology adoption models and theories, DOI was selected as the theoretical base of
this dissertation and some relevant factors revealed from loT-specific adoption
literature were incorporated with DOI. This integrated model for SHT adoption
builds the foundation of the qualitative study, where the aim is to confirm and
enhance the research model with the findings of expert interviews in the upcoming

chapters.

2.4 Technology readiness index (TRI) and TRI 2.0

TRI is a 36-item scale that measures a person's willingness to adopt new
technologies to achieve their objectives in both personal and professional life
(Parasuraman, 2000). TRI is a combination of positive (optimism and
innovativeness) and negative (discomfort and insecurity) technology-related traits
varying among individuals (Parasuraman, 2000; Parasuraman & Colby, 2015).
Whereas optimism and innovativeness are conceptualized as contributors, discomfort
and insecurity are theorized as inhibitors to technology readiness (Parasuraman &
Colby, 2001). Parasuraman and Colby (2015) refined the original TRI by considering
cutting-edge technologies and introduced TRI 2.0.

Lin et al. (2007) studied technology readiness in technology acceptance
research. They integrated TRI with TAM to better understand consumers’ adoption
of innovations in personal usage. The link between technology readiness and attitude
toward and intention to adopt technology is proven in various contexts such as self-
service technologies (Lin & Hsieh, 2007), electronic services (Lin et al., 2007),
mobile shopping (Celik & Kocaman, 2017), wellness mobile apps (Chen & Lin,

2018), wearables (Kim & Chiu, 2019), and smart meters (Hmielowski et al., 2019).
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TRI is used in adoption studies either with a dominant side by weighting
technology-related traits against each other or a multifaceted consumer profile. Some
studies in the literature merged the dimensions of TRI into one score, indicating the
dominant side of the overall technology readiness of an individual (e.g., Lin & Hsieh,
2007; Lin et al., 2007). It is calculated by aggregating four indicators through the
averaging of measurement items in each dimension. Before applying the aggregation
procedure, the inhibitors of technology readiness (discomfort and insecurity) are
reverse scored. Walczuch et al. (2007) approached the TRI dimensions in a
multifaceted format and directly linked them to the TAM factors in an organizational
context. Thus, they found that optimism, innovativeness, discomfort, and insecurity
directly mediate usefulness and ease of use. Godoe and Johansen (2012) posited
again in the organizational context the multifaced profile of TRI. They discovered
that optimism and innovativeness significantly affect usefulness and ease of use,
which mediate the actual use of different technologies. Moreover, Kim and Chiu
(2019) suggested TRI in the multi-dimensional form in the context of sports
wearables. They empirically proved that drivers of TRI play a more vital role,
compared to inhibitors, in mediators of usage intention. Hmielowski et al. (2019)
found a strong effect of people’s technology optimism and insecurity on their support
levels of smart meter installation.

According to Parasuraman and Colby (2001), individuals with varying levels
of technology readiness can be classified into five segments based on their scores.
The segments are explorers, pioneers, skeptics, paranoids, and laggards as follows:

o Explorers are very motivated and have a low technological resistance.

e Pioneers have a mix of strong positive and negative views towards

technology.
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Skeptics have low levels of both motivation and resistance.
Paranoids have moderate motivation and high resistance towards
technology.

Laggards have low motivation and high resistance towards technology.

The segments extracted by TRI exhibit a resemblance to Rogers’ (2003) adoption

curve, which follows an S-shaped pattern and includes innovators, early adopters,

early majority, late majority, and laggards. Borrero et al. (2014) implemented TRI

for a segmentation study and found four segments, i.e., pioneers, explorers, skeptics,

and laggards, but not paranoids. Parasuraman and Colby (2015) applied this

classification of the scores on TRI 2.0 items and found that the characteristics of

technology readiness segments have changed a little. TRI 2.0-based segments are

listed below with distinct combinations of technology-related traits, whereas they

have unique demographic characteristics as well:

Skeptics are middle-aged and highly educated individuals who have a
neutral attitude towards technology.

Explorers are tech-savvy, young and highly educated people who have a
strong motivation to adopt new technology, but low resistance to it. They
own the largest number of tech gadgets.

Avoiders are older and less educated individuals who are resistant to
technology, with little motivation to adopt it. They have a low degree of
ethnic diversity.

Pioneers are highly diverse in terms of ethnicity and have a mix of
favorable and unfavorable views about technology.

Hesitators have low innovativeness and moderate resistance to

technology, with limited involvement in tech-related professions.
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These segments of Parasuraman and Colby (2015) are similar to Rogers’ (2003)
innovation adoption segments, where the explorers are parallel to the early adopter,
and the avoiders are akin to the laggards. Ramirez-Correa et al. (2020) found the
same five segments of original TRI 2.0 in a national study for a developing and less
technologically mature country. However, Kim et al. (2018) extracted three segments
for the sports wearables context by applying TRI 2.0 dimensions. This dissertation
proposes TRI 2.0 dimensions to extract distinct consumer segments based on their
positive and negative technology-related traits.

The methodology of this dissertation is outlined in the following chapter,
which includes a justification for the chosen approach and a step-by-step guide for

the entire research process.
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CHAPTER 3

RESEARCH METHODOLOGY

In this chapter, the approach to finding answers for the research questions is
presented. Initially, the rationale for selecting a specific research methodology is
explained, after which the methods employed for conducting the qualitative and
quantitative studies are described in detail.

This research aims to develop an integrated adoption model to explore the
importance of innovation characteristics, technology-related traits, and lifestyles on
consumers’ attitude toward and intention to adopt smart home technologies.
Considering the novelty of smart homes in the consumer world, a mixed-methods
approach is preferred to uncover any contextual factors of SHT adoption and confirm
their effects. Mixed-methods research brings quantitative and qualitative
methodologies together in the same research inquiry (Creswell & Tashakkori, 2007;
Venkatesh et al., 2013). In this dissertation, mixed-methods research allowed us to
build a full-fledged set of SHT determinants by combining the results of qualitative
semi-structured in-depth interviews with existing literature and by empirically
analyzing their importance on SHT adoption based on the data collected in a
quantitative study.

Compared with either quantitative or qualitative research methods alone,
mixed-methods research has the following three strengths (Venkatesh et al., 2013;
Alaiad & Zhou, 2017; Kowalczuk, 2018):

I. It has the ability to tackle both confirmatory and exploratory research

inquiries at the same time. This allows contributions to theory and practice by
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validating existing theoretical findings and enhancing them with context-
specific factors.
ii. It can offer stronger conclusions than a single approach. It can simultaneously
deliver a holistic perspective and in-depth knowledge about the research
topic. The depth of qualitative data is merged with the breadth of quantitative
data collection.
iii. It can offer a collection of divergent and convergent views. Divergent
findings can open new avenues for future research, while convergent findings
enable the confirmation of existing theories.
The mixed-method approach is a valuable blueprint for academics to identify and test
the technology adoption antecedents for specific contexts of the dynamic digital
world. By analyzing data using both deductive and inductive approaches, the
likelihood of discovering novel, technology-specific, and relevant factors is increased
on the top of prior technology acceptance research. In the 10T context, a mixed
method approach was utilized to understand patients’ adoption of smart home
healthcare solutions (Alaiad & Zhou, 2017), for exploring the antecedents of voice-
activated smart speakers (Kowalczuk, 2018), for unearthing the adoption
determinants of sustainable technologies (e.g., smart meters) in households
(Wunderlich et al., 2019), and for exploring user acceptance of smart home
technologies by understanding user demographics, preferences, and perceived risks
(Sovacool et al., 2021).

Following a mixed-methods approach, this two-phase research began with a
qualitative study through semi-structured in-depth expert interviews. Merging the
theoretical determinants based on a literature review about innovation diffusion and

technology acceptance in smart living context with new context-specific constructs
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uncovered in the qualitative study, the qualitative study reveals a comprehensive
thematic map on drivers and barriers of SHT adoption. The details of the qualitative
study are given in Chapter 4. The qualitative study findings are used to develop
hypotheses and the integrative research model in Chapter 5. The analysis and results
of the final empirical work are provided in Chapter 6, where a nationwide survey was
employed to test the hypothesis in the proposed SHT adoption model. The overall

methodological steps of this dissertation are represented in Figure 12 below.

1. Literature Review

Determinants of SHT adoption were actively searched in previous
models & theories.

v

2. Qualitative Data Gathering

Expert interviews (13) were conducted based on an interview guide
grounded on a theoretical integrated model.

i

3. Thematic Analysis

Theoretical determinants were deductively extracted, while SHT
specific factors were inductively identified.

v

4. Proposing Research Model

A research model was proposed based on results of qualitative study
and literature review, and derived hypotheses were explained.

v

5. Quantitative Data Gathering

Surveys based on the measurements adopted from literature were
conducted to 1000 volunteers.

v

6. Conducting Analysis

Statistical analysis methods were applied to empirically analyze the
proposed research model.

v

7. Reporting Study Results

Results of the study were explained and both theoretical and practical
implications were elaborated.

Figure 12. Methodological steps applied in this dissertation
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3.1 Phase 1: Preview of the qualitative study

The initial phase in the development of the research model involved identifying
significant factors for the acceptance of SHT. For this purpose, smart home studies
and prevalent technology innovation adoption/acceptance literature were reviewed,
and DOI was selected as a theoretical base. To extend DOI, five constructs (i.e.,
enjoyment, image, price value, security, and privacy) were incorporated from
different technology adoption/diffusion models into proposed adoption determinants.
This dissertation expands the understanding of the importance of incorporating
adoption factors from multiple theories to enhance the comprehension of the
acceptance of intricate technological systems such as smart home technologies.

Furthermore, technology-related characteristics and lifestyles of consumers
are relatively less commonly used in technology adoption literature. However,
individual difference variables can influence or moderate individuals’ attitudes
toward technology adoption (Agarwal & Prasad, 1998; Rogers, 2003; Venkatesh &
Bala, 2008). Therefore, four technology-related traits of TRI 2.0 are incorporated
into the research model along with three different lifestyle variables: environmental
responsibility, health orientation, and home-as-extended-self.

The initial set of SHT determinants developed with insights from technology
adoption and smart home literature was first qualitatively analyzed. 13 semi-
structured in-depth interviews were conducted with smart home industry experts to
validate and enhance the set of the antecedents of smart home adoption. Smart home
research sought expert opinions for revealing consumer adoption insights (Sovacool
& Del Rio, 2020; Del Rio et al., 2021; Balta-Ozkan et al., 2013; Kuebel et al., 2015),
since their implementation is still in its nascent phase. The interview questions were

formulated based on the preliminary factors extracted from existing literature on
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smart home adoption. The interviewees were meticulously selected to cover all
subcategories of SHTs. Thematic analysis, which is one of the fundamental
qualitative research methods (Braun & Clarke, 2006), was employed to scrutinize the
qualitative data obtained from these interviews. A thematic map was generated as a
result of the thematic analysis to visually represent the drivers and barriers to smart
home adoption. Chapter 4 contains a thorough explanation of the methodological

components of this qualitative study.

3.2 Phase 2: Preview of the quantitative study

In the quantitative part of this dissertation, a survey was developed as the data
collection tool for testing the proposed hypotheses in the final integrative research
model. The final research model, where the hypotheses were proposed, was built
after the implementation of exploratory factor analysis on innovation characteristics
and technology-related consumer traits individually. However, the initial research
model was a combination of the contextual determinants identified in the qualitative
study and the smart home determinants stemming from prior literature, which are
listed below:

Relative advantage, complexity, compatibility, trialability, observability,
image, enjoyment, price value, privacy, and security (from the literature review), and
design and brand trust (from the qualitative study) are the characteristics of
innovation, which are proposed to affect the attitude toward and intention to adopt
smart home technologies.

Innovativeness, optimism, discomfort, and insecurity are the technology-
related consumer traits from TRI 2.0, which are suggested as the consumer

segmentation variables. The impact of innovation characteristics on attitude toward
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and intention to adopt SHTSs are proposed as varying for technology-related
consumer segments.

Environmental responsibility, health orientation, and home-as-extended-self
are consumers’ lifestyles, which are also suggested as consumer segmentation
variables. It is proposed that there is a difference between the clusters arising out of
these lifestyle attributes in terms of their attitude toward and intention to adopt SHTSs.

All measurement items of latent constructs in the final study were adapted
from relevant academic literature with minor adjustments to the smart home context.
Before conducting the survey, pre-tests and pilot tests were applied. Final study data
was collected with the help of a grant taken from the Bogazig¢i University Research
Fund (Grant No: D-14801) via a professional research agency. The aimed population
was volunteers between 25-65 years of age, from A, B, or C1 socioeconomic status
(SES) and with average monthly income over the poverty level of a four-people-
household (over 7,500 TL) as of January 2020. The aim was to collect data from
1,000 people who live in Istanbul, Ankara, or Izmir according to the population
distribution in these cities with the target population. Surveys were conducted face-
to-face. The details of methodological aspects of the quantitative study (i.e., final
research model, research hypotheses, measurement instrument development, and
sampling strategy) are provided in Chapter 5.

After the collection and compilation of the data, statistical analysis methods
like linear regression, cluster, and difference analyses were employed to test
proposed relations, and the findings were interpreted to explain the research model.
The details of analyses and their findings are provided in Chapter 6. In this way,
consumers’ attitudes toward and intention to adopt smart home technologies are

analyzed, and the findings are obtained through the analysis of empirical data.
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In the next chapter, the qualitative study is explained from the interviewee
selection and the interview guide's preparation to the interviews' decoding and

analysis, and the reporting of the results.
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CHAPTER 4

PHASE 1: QUALITATIVE STUDY

Qualitative research was conducted with smart home industry experts through semi-
structured, in-depth interviews and analyzed using a thorough iterative thematic
analysis to understand antecedents of smart home technology adoption. The
interviews provided valuable insights into current information on smart home
technologies and key drivers and hindrances to market growth. The use of semi-
structured interviews was deemed appropriate for exploring novel or cutting-edge
technologies (Balta-Ozkan et al., 2013).

Collected information was analyzed with thematic analysis, a foundational
method for qualitative analysis (Braun & Clarke, 2006). Through the use of thematic
analysis method, researchers can extract comprehensive outcomes that encapsulate
diverse aspects of the research theme by recognizing, scrutinizing, and
communicating trends present in the primary dataset (Braun & Clarke, 2006). This
data analysis method is widely used in technology adoption research for different
contexts, such as wearables (e.g., Matt et al., 2019), mobile applications (e.g.,
Anderson et al., 2106) or social media marketing (e.g., Keegan and Rowley, 2017).
After a constant review of codes, subthemes, and themes in literature, a full view of
the main determinants of smart home technology adoption was driven and visualized
as a thematic map. This map provides researchers with insights into smart home

technology adoption and helps practitioners expand their markets.
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4.1 Interview guide design

As applied extensively in previous smart home research (e.g., Shih, 2013; Hubert et

al., 2018; Nikou, 2019), an integrative adoption model is proposed, where factors

from several established models on technology acceptance, namely DOI theory,

UTAUT2, and PRT are merged. The interview guide in Table 2 is originated on this

multidimensional research model and serves as the structure for collecting the

qualitative dataset.

Table 2. Interview Guide and Related Theoretical Constructs

Interview Questions

Theory, study or construct

How do you define the concept of the smart home?

Smart Home Definition

How do you group SHTs according to their usage?

Smart Home Categories

done to develop this market?

What is the demand for SHTs from Turkish consumers? What can be

Smart Home Market in
Turkey

What are the most important features and benefits of SHTs from the | DOI
perspective of your customers? Relative Advantage
What are the points where Turkish consumers’ home experience and | DOI
SHT overlap? Compatibility
How and where can your consumers experience SHTs? DOl
Trialability
Where can your consumers get information on SHTs? DOl
Who are the leading opinion leaders? Or who can be? Why? Observability
Do your consumers perceive SHTs as easy to use? DOl
Complexity
Do your consumers enjoy using SHTs? UTAUT2
Hedonic Motivation
What can you say about the price value perception of SHTs? UTAUT2
Price Value
How does the social environment of consumers react to SHTs? DOl
Image
Is there any confidentiality agreement between you and your PRT
consumers about private data usage? How do you manage this Privacy
process?
How do you ensure the security of SHTs? PRT
Security
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Before delving into queries associated with the theoretical model, it is crucial to
obtain current comprehension of smart homes. As a result, the interviews
commenced with inquiries regarding the opinions of experts on the categorization
and definition of smart homes.

After that, specific inquiries concerning the five innovation characteristics
outlined in the DOI theory of Rogers (2003) were posed, namely relative advantage,
complexity, compatibility, trialability, and observability. Their importance in the
adoption of innovation has been empirically confirmed in numerous marketing and
technology-related studies (e.g., Shih, 2013; Hubert et al., 2018). Additionally, the
Image was integrated into the initial set of innovation characteristics, taking into
account that it was operationalized by Moore and Benbasat (1991) in conjunction
with other DOI factors in the context of technology adoption.

Moreover, the interview guide incorporated hedonic motivation and price
value from UTAUT?2 as they are crucial factors leading to technology adoption in a
voluntary consumer context (Venkatesh et al., 2012). Lastly, privacy and security
concerns were included from PRT to represent uncertainties that may surface as a
result of SHT adoption (Pavlou, 2001).

Through the integration of particular theoretical factors from established
technology adoption models, an integrative model was established to qualitatively
examine the determinants of smart home adoption. This model is tailored to the
unique features of SHTs and encompasses various usage areas, thereby enhancing

the relevance and validity of this work.
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4.2 Sampling and data collection procedure for Phase 1
Semi-structured in-dept interviews were conducted with 13 experts, who work in
marketing-related departments of different smart home domains. Experts serve as
rich sources of information as they oversee marketing activities, including targeting
and segmenting potential consumers. The sampling strategy was purposive and
designed to include experts from eight domains related to smart homes:

e Home Appliance and Entertainment

e Home Automation

e Energy

e Telecommunication

e Building Products

e Security Services

e Technology

e Healthcare
Initially, known experts in smart home sector were contacted via LinkedIn Inbox,
and further participants were identified using the snowball sampling method. Out of
the 20 experts initially identified, 13 agreed to participate in the study, representing
various domains such as telecommunications, energy, home appliances, and home
automation. However, due to non-response, the study could not cover security
services, building products, and technology domains. The sample size was
determined based on achieving thematic saturation (Guest et al., 2006), meaning that
ongoing data collection did not yield new themes. The interviews were conducted
face-to-face in Turkey between May 2018 and July 2018, and each interview lasted
between 60 to 90 minutes. The interview guide was used to direct the questions, and

participants were given an opportunity to elaborate on their answers. The researcher
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(PhD Candidate) who conducted the interviews was trained in interviewing
techniques to ensure the collection of detailed and rich data. Participants provided
signed informed consent for the interview.

The characteristics of the interviewees are depicted in Table 3. Eight out of
13 experts were working in the home appliances sector, whereas the sample has one
representative for each home automation, telecommunication, and energy sector.
Two interviewees represented the smart lighting sector in the sample. Moreover, ten
experts hold a marketing-related position, two experts worked in IS and innovation
domain, and one expert was leading the Turkish affiliate of a smart home automation

company.

Table 3. Characteristics of Interview Participants

Pgiléd;pnggs Sector Position of Expert E);rp:esr:ﬁprce
R1 Home Appliances IS and Innovation +10 years
R2 Home Appliances Strategic Marketing +25 years
R3 Home Appliances Business Development | +25 years
R4 Home Appliances IS and Innovation +20 years
R5 Home Appliances Strategic Marketing +15 years
R6 Home Appliances Business Development | +5 years
R7 Home Appliances Digital Marketing +10 years
R8 Home Appliances Strategic Marketing +15 years
R9 Home Automation Country Head +30 years
R10 Smart Lighting Strategic Marketing +10 years
R11 Smart Lighting Digital Marketing +5 years
R12 Telecommunication Strategic Marketing +10 years
R13 Energy Business Development | +20 years

4.3 Decoding and interpretation of interview findings
The recorded expert interviews were transcribed verbatim into Microsoft Word
documents to ensure accuracy of the transcriptions. The thematic analysis method

outlined by Braun and Clarke (2016) was employed to analyze the transcribed data

51



and capture the experts' views on determinants of SHT adoption. Thematic analysis
is a widely used qualitative approach that involves six phases of analysis:
familiarization with the data, generation of initial codes, search for themes, review of
themes, definition and naming of themes, and production of the report. In this study,
a deductive coding framework (Venkatesh & Brown, 2001) was utilized, which was
synthesized using the DOI, UTAUTZ2, and PRT, allowing to blend the previous
findings from the literature on SHT adoption with the exploratory qualitative study
findings. Additionally, the interview data was evaluated inductively to identify new
context-specific and relevant factors on top of previous adoption factors in the
literature.

To follow the data analysis steps suggested by Braun and Clarke (2016), the
first step was to familiarize yourself with the transcribed interview data by repeatedly
reading it. Next, recurring patterns were identified, and initial codes were assigned to
them, resulting in 31 different codes in the data set. The third step involved grouping
codes into subthemes based on logical patterns, which were then further organized
into themes. A constant literature review was conducted throughout this process. The
fourth step consisted of reducing subthemes to the most prevalent determinants in the
adoption literature. In the fifth step, the themes were named, with similar names
chosen from previous studies. Finally, the emergent themes were reported and
visualized using a thematic map. The thematic map was used to visualize the
interrelation between the subthemes and main themes, and to aid in the discussion of
the results. This was a recursive process that involved moving back and forth as
needed throughout the phases. The overview of themes and code frequencies can be

found in Table 4.
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Table 4. Overview of Themes and Code Frequencies

Theme Subtheme Code Frequency

Security assurance 13
Relative Home comfort 13
Advantage Increased controllability 9
Time and money savings 8
Enjoyment Enhanced entertainment 4
Drivers | Image Pres.tlge — 8
Social recognition 3
Design Multifunctionality 6
Modern look and feel 3
Technol Tech-Savvy 9
Inerfoceii?/gexess Trendsetter >
DIY-For the user by the user 4
High Cost Expensive 13
No ubiquitous user experience 10
Complexity Time-consuming to program routines 8
Complex usability 7
Limited Interoperability 8

Lack of - - P -
Compatibility Non-compliant use cases with existing habits 6
Interior design fit 3
Lack of Lack of in-store experience 5
Trialability Not sufficient first experiences 4
Barriers IC_)?)Cslér(\)/];bility Lack of information sources and WOM 11
Lack of After-sales concerns 9
Facilitating Lack of technology knowledge 6
Conditions Wifi and Internet prevalence 3
Trusted brand 10
Lack of Brand Security concerns 7
Trust Reliability concerns 6
Privacy concerns 3
Technology Vendor lock-in 5
Anxiety Loss of personal control 3

Through an iterative analysis between the interview transcripts and relevant

literature, the experts' perceptions of drivers and barriers to SHT adoption were

identified, and they are discussed in the following section.
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4.4 Findings of the qualitative study

To present the findings of the qualitative study, a thematic map (Figure 13) was
created, consisting of two main themes, namely “Drivers” and “Barriers”, and their
respective 13 subthemes. To ensure anonymity of the experts, pseudonyms in the

form of “R” followed by a number were used instead of their real names.
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Figure 13. The thematic map on smart home technology adoption
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4.4.1 Drivers of smart home adoption

The “Drivers” theme represents the perceived benefits of SHT adoption as identified
by the experts, and includes the subthemes of “relative advantage”, “enjoyment”, and
“image gains”, “modern and multifunctional design”, and “consumers' technology
innovativeness”.

Relative advantage refers to the perceived functional benefits of SHTs
compared to traditional substitutes. The most frequently mentioned advantages of
SHT usage were increased home comfort and controllability, security assurance, and
potential time and money savings. In Turkey, security was the most dominant benefit
due to the high concern for securing households against break-ins. This finding is
unique to Turkey, as no previous studies in other countries have emphasized this
benefit to the same extent. As R12: “The need for security perceived by Turkish
people is much higher than the Europeans.” Following security use cases, increasing
home comfort is another frequently mentioned benefit of smart homes. R3 stated that
“People in an urban lifestyle have time as a scarce resource, so they seek to have
comfort and peace of mind at their houses.” Experts also recognized the energy
efficiency benefits of SHT usage but argued that monetary gains were the primary
motivator for consumers, rather than a decrease in their carbon footprint.
Additionally, referents proposed increased controllability as a current value
proposition of SHTSs, as context-aware smart homes are not currently included in
their solution portfolio. Only one interviewee mentioned the enhanced experiences
that SHT usage can offer, as R1 “Your washing machine can order the appropriate
detergent based on the washing programs you used and your washing frequency.”

Perceived enjoyment plays a vital role in promoting the adoption of smart

homes. According to referents, consumers desire pleasure and excitement from using
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SHTs, and many of them already enjoy the hedonic experiences that SHTs offer.
R10's statement highlights the fact that smart lighting products can enhance
consumers' enjoyment by providing adaptive ambiance lights that complement
computer games or movie watching experiences, and even entertain babies with
colorful lighting. This is because there is a strong connection between psychological
moods and lighting. Additionally, R4 mentioned the collaboration between SHT
providers and online streaming service providers, which contributes to an enhanced
entertainment experience.

One of the key factors that promote the acceptance of SHTs is their image.
Consumers associate the use of smart devices at home with modernity and view them
as a source of social recognition and prestige. They take pride in showcasing their
smart homes to their guests and neighbors and consider the use of advanced
technologies as a status symbol. R9 supported this notion, stating that even
construction companies base their marketing communication strategy on this motive,
highlighting the social benefits of SHT adoption.

In terms of design, referents have indicated that consumers value SHTSs as a
means of expressing their modernity. Therefore, they place importance on the
contemporary look and feel of SHTs. Additionally, they prefer the latest version of
multifunctional appliances. Consumers perceive the combination of different features
in a single appliance as a benefit of SHTSs, even if they do not utilize all of them
(R2).

Technology innovativeness is a sub-theme of SHT adoption drivers that
encompasses tech-savviness, a preference for the do-it-yourself (DIY) concept, and a
desire to be a trendsetter. According to R3, DIYers see no limit to the potential

benefits and usage areas of SHTs. Tech-savviness is the motivation to own the latest
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technology products immediately after their launch, even if they require complex
installation and usage processes, and may have some flaws. Experts have highlighted
the significance of digital native millennials in the widespread adoption of SHTSs in
the coming years. As individuals who have been interacting with technology since
childhood but may not yet make household technology adoption decisions
independently, they are considered “naturally tech-savvy” (R12). Finally, being a
trendsetter is characterized as a desire to follow attractive contemporary lifestyles
(R11).

To summarize, SHTs enable consumers to achieve instrumental outcomes
such as time and money savings, enhanced security, as well as hedonic outcomes like

improved entertainment and social outcomes like increased prestige.

4.4.2 Barriers to smart home adoption

The theme of “Barriers” takes into account the insecurities and risks that consumers
associate with adopting smart home technology. This theme is comprised of several
subthemes, including “high cost”, “complexity”, “lack of technical and lifestyle
compatibility”, “limited opportunities for trial and observation”, “challenges related
to facilitating conditions”, “absence of a trusted brand in the market”, and
“technology anxiety”.

The primary hindrance to the widespread adoption of SHTs is the perceived
lack of value in the monetary investment required for their purchase and use,
including initial prices and subscription costs. All experts agreed that this unequal
financial trade-off poses a significant barrier. According to R13, “Even a simple
smart home configuration costs more than 1,000 United States Dollars (USD). How

could a consumer who earns a minimum wage (~350 USD) in Turkey afford it? They
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are only accessible to high-income consumers.” Some experts attribute this barrier to
the economic conditions of the country and the short-term outlook of its people. R8
argued that “In a country where people consider 12 months as the long term, it is
highly unlikely for them to spend money on something that yields future value gains
such as energy or monetary savings.” Consequently, some experts suggest a
subscription-based model to address this issue. This would allow consumers to use
SHTs without the need for an upfront investment and make them financially viable
for users of all types (R6 and R12).

The concept of complexity encompasses the lack of ambient user experience,
usability challenges, and time-consuming programming requirements. It is widely
recognized as a major barrier to the adoption of SHTS, as noted by Balta-Ozkan et al.
(2013) and Savocool & Del Rio (2020). According to R1, “We need to strive for a
state in which the machine continually learns from the data produced both inside and
outside the home. Only then will we have an environment that is highly personalized
and ambient, which is appealing to consumers.” SHTs do not offer an intuitive user
experience, as consumers must handle the programming of complex routines for
personalized usage. Usability issues arise when downloading multiple software
applications to monitor and control different SHTs in the home, each with its own
user interface and customer journey, further increasing complexity. The absence of a
local language option in these applications and the usage of technical jargon also
adds to the barriers of adoption. Experts emphasize that expanding the use of smart
speakers as a control unit or hub for all SHTs would simplify personalization and
usage (R3 and R12).

The