Universal Access in the Information Society (2020) 19:633-653
https://doi.org/10.1007/510209-019-00663-0

LONG PAPER q

Check for
updates

A confirmatory factor analysis of the behavioral intention to use smart
wellness wearables in Malaysia

Naghmeh Niknejad'® - Ab Razak Che Hussin - Imran Ghani? - Fatemeh Ashraf Ganjouei'

Published online: 2 July 2019
© Springer-Verlag GmbH Germany, part of Springer Nature 2019

Abstract

Wearable technology refers to the next generation of the digital revolution that connects items with embedded sensors to the
Internet so as to enhance the quality of human life. Wearables have shifted the focus of the healthcare sector toward preven-
tion programs that empower individuals to be active and liable for their own health. Although the number of smart wearable
users has grown significantly, there is still a lack of academic researches on what motivates and prevents the continued usage
of these devices. Hence, the main objectives of this study are, namely: to explain the impediments and affecting factors in
deciding to use smart wellness wearables from a user’s perspective; and to propose a unified model to explore the impact
of these factors on an individual’s behavioral intentions. Accordingly, the “Unified Theory of Acceptance and Use of Tech-
nology 2” and the “Value-based Adoption Model” were integrated with two additional factors, namely perceived trust and
perceived health increase. Following this, a survey was conducted among students and 100 reliable responses were received.
As a result of this study, the Confirmatory Factor Analysis from the developed instrument is presented. The findings have
confirmed the validity and reliability of the developed instrument. This paper also presents the theoretical understanding of
the involved factors in the proposed model.

Keywords Smart wellness wearables - Fitness wearables - Behavioral intention - Unified theory of acceptance and used of

technology - Value-based adoption model - Confirmatory factor analysis

1 Introduction

The Internet of Things (IoT) is a term that was introduced
by Kevin Ashton during a presentation at the Massachusetts
Institute of Technology (MIT) in 1999 [1]. Ashton visual-
ized a fantasy world with objects connected via the Internet
using sensors and actuators that are able to produce real
time information and enhance the quality of humans’ daily
life [2]. Within the context of IoT, wearables are introduced
as the next-generation market demands after smartphones.
In a report published by ABI Research [3, 4], it was pre-
dicted that 485 million wearable devices are going to be in
use by 2018. According to Canhoto and Arp [5], wearable
technologies have gained notoriety and a specific state of
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public awareness, in particular, devices that support healthy
lifestyles.

Furthermore, Information Systems (IS) academics have
emphasized that issues of morbid obesity, an unhealthy diet,
and a dearth of physical activity may have significant con-
sequences on the health of the younger generation which
directly affects the healthcare system in both developed and
developing countries [6, 7]. Therefore, devices that are able
to track activities can play an important role in users’ lives
by motivating them to adopt a healthier lifestyle. This can be
achieved by reporting daily activities, such as step counters,
sleep patterns, caloric intake, calories burned, heart rates,
blood pressure, and body temperature, respectively [8, 9].

Although subjects related to smart technologies have been
extensively considered in academic and practical contexts,
a majority of previous researches have tended to focus on
the concepts, general descriptions, challenges, business
models, architecture, design, and implementation from the
perspective of technology [10-20]. Only a small number of
empirical researches have investigated the success factors
and determinants of smart technology adoption, particularly
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smart wellness wearables, from the user’s perspective [21].
However, the adoption diffusion of smart wellness wearable
technologies is relatively low [22]. Since users may not gain
the promised benefits of smart wellness wearables in terms
of health and fitness issues [5], there is a possibility that
almost half of wearable users would abandon their devices
during the first 6 months [5, 23]. Therefore, attracting and
motivating users to continue using their smart wellness
wearables is an important challenge for business manag-
ers. Hence, research studies that improve the understanding
of the drivers of acceptance and continuous use of smart
wellness wearable devices may have a positive effect on
society and policy-making issues [5]. On the other hand,
understanding the factors behind the adoption of new inno-
vations is a critical issue for designers and developers when
developing successful products so as to increase the speed of
diffusion. Therefore, it is important to explore the particular
requirements and preferences of users who own wearables
for the purpose of wellness-tracking and to determine the
priorities of the general public in various countries [21].
However, recent research studies on users’ acceptance of
wearables have examined a limited number of critical factors
from the technological perspective [24—26]. A unified and
comprehensive framework is needed to explain the behav-
ioral intention of users for using smart wellness wearable
devices more clearly [27].

Therefore, the purpose of this study is to answer the fol-
lowing research questions about smart wellness wearables:

e What are the significant factors and impediments that
influence the intention to use smart wellness wearables?

e What is the proper research model that could facilitate
the intention of using smart wellness wearable technolo-
gies?

Consequently, this study has concentrated on previous IoT
and smart wearable studies to identify the direct and indi-
rect factors that have influenced the intention of the general
public to use smart technologies, specifically smart well-
ness wearables. Thus, an integrated framework is proposed,
and the validity and reliability of the measurement model
are examined. The findings of this study will be evaluated
through a large-scale survey as the next step in the near
future.

The rest of this article is structured as follows. The sec-
ond section reviews several previous studies; section three
presents the justifications for integrating the “Unified Theory
of Acceptance and Use of Technology 2 (UTAUT2)” and
“Value-based Adoption Model (VAM)” and the hypotheses;
section four presents the research methodology; section five
discusses the results of the measurement model; and finally,
section six presents the conclusions and future direction of
the study.
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2 Literature review

Wearable technology is not a new concept in the wellness
and healthcare industry. Around two decades ago, the first
smart shirt was created when the US Navy Defense invested
in a research project at a technology institution in Geor-
gia to track the physical condition of soldiers [28]. Since
then, scholars began to extend the invention of wearables in
the medical arena to track vital signs and forward biofeed-
back data to hospitals or physicians’ clinics [9]. Since their
emergence, smart wearables have gradually improved from
being inconvenient, heavy, and large technologies to more
comfortable, portable, and weightless devices. Neverthe-
less, wearables have several disadvantages currently causing
concern among researchers, developers, and users, such as
privacy concerns and high prices [9, 29, 30].

Numerous academic research studies have been con-
ducted on smart wearables, including a research conducted
by Kim and Shin [31]. The authors examined the intention
of end users for continuous use of smart watches by extend-
ing the basic Technology Acceptance Model (TAM) with
additional factors, such as cost and subcultural appeal. They
also identified different predictors for perceived usefulness
and ease of use. However, job-related measurement items
were used in some parts of their survey, such as “this smart
watch is useful in doing my job.” One of the flaws in their
research is that they considered individuals that use activity
trackers (such as Fitbit) in their survey, while this group of
users usually does not use these devices for their job-related
purposes [32]. In another study [33], patients’ recovery was
monitored after cardiac surgery using the activity tracker,
Fitbit. The results indicated that patients who used Fitbit to
count their steps in the early stage of recovery, recuperated
sooner than others.

Academic researchers believe that smart wellness
devices have an impressive effect on users’ health princi-
ples. According to the various useful features on smart well-
ness devices, such as sleep monitoring patterns and caloric
intake measurement, people may attain better understand-
ing of their physical activity and become motivated to keep
their body healthier. In this regard, Prayoga and Abraham
[34] examined the indicators of users’ intention to use smart
health devices based on the basic TAM. Their results dem-
onstrated that perceived usefulness is the utmost determinant
factor of behavioral intention for using smart health devices.
Similarly, in another study, Holzinger et al. [35] evaluated
the perceived usefulness of using wearable devices for track-
ing vital signs in the elderly. The researchers emphasized
that wearables’ usability factors should be considered at the
design and engineering level since the perceived usefulness
of wearable devices has a direct effect on the acceptance
rate of wearables.



Universal Access in the Information Society (2020) 19:633-653

635

Miller [36] examined the usefulness of applying a fit-
ness wearable device in self-tracking behavioral changes
in accordance with prescribed medical treatment. It was
assumed that wearing self-tracking wearables while engaged
in multifold medical settings may be helpful for behavioral
adaptation for an overweight patient with Type 2 diabetes.
Tsao et al. [21] inspected user requirements of activity track-
ers. The authors used a mixed method of questionnaire and
semi-structured interviews for collecting data from Chinese
and Germans users, and compared the findings between
these two nationalities. The results of their study showed
the influence of cultural differences on user requirements
of wearables for monitoring daily activities. Based on their
findings, the wellness wearables have shown different results
in different countries [21].

Consequently, this study contributes to these streams of
research by integrating UTAUT?2 and VAM including per-
ceived trust and perceived health increase. It aims to inves-
tigate the intention of using smart wellness wearables by the
general public in Malaysia.

3 Asia Pacific and Malaysia market forecasts
about smart wearables

According to one of the leading global market research
companies, Data Bridge Market Research [37], the smart
wearables market of the Asia Pacific region (APAC) is split
up into nine areas based on geographical factors, namely:
Malaysia, Singapore, South Korea, India, Taiwan, Japan,
Australia, China, and the rest of the Asia Pacific region. It
is expected that Japan will dominate the marketplace in this
area, because of the strong awareness of smartwatches and
pedometers in that country. Moreover, it is predicted that
India and China will reach the main revenue area of this
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market, because of the growing trend of smart wearables
and cheap devices in these countries. Figure 1 shows the
total number of wearable devices around the world based on
the region from 2015 to 2016 with projections for 2020 and
2021. As shown in this figure, the number of wearables in
the APAC region reached 30.4 million units in 2015, while
it is estimated that wearables will reach 258.2 million units
in 2021 [38].

Statista market research [39], an online business intel-
ligence and statistics portal, reports that the revenue of the
smart wearables sector in Malaysia reached US $24 million
in 2018 (Fig. 2). Moreover, it is predicted that the revenue
of this sector will reach US $29 million in 2022, which rep-
resents an annual growth rate of 5.7% in Malaysia. In addi-
tion, reports indicate that the penetration of smart wearables’
users is at 3.5% in 2018, while it is predicted to reach more
than 4.7% in 2022 in Malaysia. According to the reports
of Statista [39], concerns about health and wellbeing (such
as being overweight and smoking rates among males and
females) are increasing in Malaysia. Based on the wearables’
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Fig.2 Amounts of revenue in the wearables segment in Malaysia [39]
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projected revenue of 29.5 million dollars in 2022, it could be
concluded that the overall tendency of the general public to
pursue a healthier lifestyle is steadily rising.

As shown in Fig. 3, it is predicted that the number of
smart wearables’ users in Malaysia will increase from 0.8
million in 2016 to 1.6 million in 2022 [39]. These statistics
confirm that studying the intentions of Malaysians toward
using smart wearables is a very beneficial research area and
needs more investigation.

4 Conceptual research model

As reported by several IS academics in literature [40, 41],
the dearth of user acceptance represents a salient challenge
to the integration of new information technologies all over
the world. As pointed out by Holzinger et al. [42], there is
a strong dependency between previous exposure to technol-
ogy and user acceptance. However, considerable attention
has been focused on the TAM [40] and UTAUT [43] models
to explain the acceptance and usage behaviors for Informa-
tion Technologies (IT). TAM postulates that user accept-
ance can be described based on two dimensions, namely
perceived ease of use and perceived usefulness [40], while
UTAUT demonstrates that user acceptance can be defined by
four indicators: performance expectancy, effort expectancy,
social influence, and facilitating conditions. Many IS schol-
ars have studied TAM and UTAUT and agreed that these
two theories are reliable and valid for predicting an indi-
vidual’s acceptance of new technologies [43—46]. However,
academic researchers [11, 47, 48] believe that individuals
may be resistant to the use of expensive technologies, even
if it is beneficial for them. Since IT products and services
are applied in both personal life and organizational settings,
Venkatesh et al. [41] and Kim et al. [49] recommended that
these theories may be more useful for investigating the adop-
tion and intentional behavior of employees in organizations.
This is because, in an organizational setting, companies
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Fig.3 Number of wearables users in Malaysia [39]
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(rather than their employees) are responsible for providing
technologies and paying expenses. Consequently, the costs
and structure of pricing may have a potential impact on
users’ intentions to use new technologies [41, 49].

This matter may diminish the capabilities of TAM and
UTAUT in describing and predicting individual acceptance
of information technology services. TAM and the basic ver-
sion of UTAUT only deal with perceived benefit constructs,
while ignoring perceived monetary constructs (perceived
fee) and non-monetary constructs (perceived privacy) [11,
48, 50]. Furthermore, UTAUT2 has disclosed a greater
predictive power compared with other acceptance models
applied in the literature [41], which indicates the exhaustive
efficiency of the model [51].

Moreover, IT adoption may satisfy individual leisure and
entertainment requirements as well as providing healthy life-
style choices [52-55]. Accordingly, profits from both pur-
poses should be taken into consideration when investigat-
ing user acceptance behavior. Thus, perceived value appears
to be the appropriate variable for assessing IT acceptance
behavior as it considers all related factors of benefits and
sacrifices [11, 49, 56]. A vast number of research studies in
the IS and marketing domain report that perceived value is a
crucial variable in various contexts, such as: Mobile Internet
(M-Internet) [49]; location-based services [57]; mobile data
services [58, 59]; Internet of Things [11]; and electronic/
mobile commerce [47, 48, 60—65]. Furthermore, many
scholars assert that the main reasons behind the importance
of perceived value are, namely: enhancing users’ loyalty and
satisfaction [57, 66, 67]; raising users’ intention to adopt/
use IT products [11, 48, 64, 68, 69]; and increasing users’
intention to purchase new technologies [48, 70].

In a study led by Kim et al. [49], the Value-based Adop-
tion Model (VAM) was developed from the value maximi-
zation perspective to explain Mobile Internet adoption by
users. The outcome of their study proved that users’ percep-
tion of value for using Mobile Internet is a principal indica-
tor of the behavioral intention to use this technology. The
validity of VAM in the context of behavioral intention sce-
narios was indicated in numerous studies [48, 68, 69, 71].

On the other hand, one of the limitations of well-known
technology acceptance models (TAM, UTAUT, and
UTAUT?2) is the omission of a crucial trust-related factor
in the context of wireless technologies, since researchers
assume that there is nothing to stop individuals from adopt-
ing and using a technology if they choose to do so [72, 73].
In addition, many IS scholars claim that integrated models
or extending original models by adding extra factors may
increase the predictive power of technology acceptance and
user behavior [43, 74-77].

Hence, the principal aim of this study is to fill the afore-
mentioned gaps by combining the UTAUT2 and VAM mod-
els with two additional factors, namely perceived trust and
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perceived health increase. Figure 4 presents the proposed
conceptual research model of this study.

Table 1 presents the potential variables that may increase
the intention of end users to use smart wellness wearables
based on a vast review of previous studies in the domain
of smart and wireless technologies. Additionally, a brief
description of each factor as well as their references and
domains is summarized in the following table. In the remain-
ing part of this section, a general justification is expressed
relating to each construct and the hypothesis motivations
based on the previous studies.

4.1 Perceived privacy (PP)

Researchers have considered privacy to be the principal
obstacle for a full adoption of online services. Upon startup,
almost every smart device, particularly in the context of
wearables, begins by collecting user personal information
[29, 87, 88]. Disclosure of wearables’ user data may expose
personal characteristics and habits as well as the user’s loca-
tion information. Unauthorized and illegal access to this sen-
sitive information may adversely affect the privacy of the
users [87, 89, 90]. In the case of smart wellness wearables,
most activity trackers store the user’s location, heartbeat,
and sleep patterns, which could be hacked and potentially
exploited against the users [29].

In other words, users may be concerned that wearable
providers collect too much personal information without
notice or that providers may be involved in illegal use of
personal information for gaining profit [11]. These concerns
could increase non-monetary costs and will negatively affect
the value of perception toward wearables. Researchers have

Fig.4 Proposed research model
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Table 1 Potential factors based on reviewed papers in the domain of smart and wireless technologies

Factors Description Previous studies Domain
Performance expectancy The degree to which a person believes that employing Wong et al. [78] Mobile TV
smart wellness wearables will help him/her attain life Techatraiphum et al. [79] Wearables

performance profits [41, 43]

Effort expectancy
wearables [41, 43]

Social influence

use smart wellness wearables [41, 43]

Facilitating conditions

wellness wearables [41, 43]

Perceived enjoyment

[11]

Perceived fee

wearable devices [11]

Perceived privacy

wearables [11]

Perceived trust

Perceived value

and what is given (Loss) [56]

Perceived health increase The degree to which individuals believe that using smart

A degree of ease associated with the use of smart wellness

The degree to which a person perceives that important
people (such as friends or family) believe he/she should

The degree to which an individual perceives that the
resources and support are available when using the smart - Techatraiphum et al. [79]

The degree to which a person believes that applying smart
wellness wearables would bring pleasure and satisfaction

The amount of monetary expenses that would be lost
(sacrificed) to gain the potentials of the smart wellness

The concern of people toward significant losses of confi-
dential and personal information by using smart wellness

The degree to which an individual perceives that smart
wellness wearables are secure and trustworthy [85]

The users’ overall evaluation of smart wellness wearables
according to their perception of what is received (Profit)

Nysveen and Pedersen [51]  RFID-Smart Ski
Qasim and Abu-Shanab [80] Mobile payment
Wong et al. [78] Mobile TV
Techatraiphum et al. [79] Wearables
Nysveen and Pedersen [51]  RFID-Smart Ski
Qasim and Abu-Shanab [80] Mobile payment
Wong et al. [78] Mobile TV
Techatraiphum et al. [79] Wearables

Gao and Bai [15] Smart transportation
Liew et al. [81] 10T services
Nysveen and Pedersen [51]  RFID-Smart Ski
Qasim and Abu-Shanab [80] Mobile payment

Wong et al. [78] Mobile TV
Wearables

Nysveen and Pedersen [51]  RFID-Smart Ski

Wong et al. [78] Mobile TV

Gao and Bai [15]

Hsu and Lin [11]

Kim et al. [82]

Liew et al. [81]

Won-jun Lee [83]

Yang et al. [30]

Wong et al. [78]

Mani and Chouk [84]

Hsu and Lin [11]

Yang et al. [30]

Nysveen and Pedersen [51]
Mani and Chouk [84]

Hsu and Lin [11] IoT services
Qasim and Abu-Shanab [80] Mobile payment
Gao and Bai [15]
Won-jun Lee [83]
Liew et al. [81]
Hsu and Lin [11]
Yang et al. [30]

Smart transportation
IoT services

Smart in-store technology
IoT services

IoT services
Wearable devices
Mobile TV

Smart watch

10T services
Wearable devices
RFID-Smart Ski
Smart watch

Smart transportation
IoT services

IoT services

IoT services

Wearable technologies

Ernst et al. [86] Activity trackers

wellness wearables has positive consequences on their

health [86]

technology may be seen as an expensive device and users
will be less likely to adopt it [98, 99].

Furthermore, from a user’s viewpoint, the adoption
of smart technologies requires additional costs, such as
possessing a smartphone with near-field communication
(NFC) capability [11]. The price and maintenance costs
of wearables were investigated as a critical barrier for
using these modern technologies in an empirical study

@ Springer

conducted by Yang et al. [30]. They illustrated that finan-
cial risk is a monetary sacrifice caused by purchasing or
maintaining wearable devices, which could negatively
impact upon users’ perceived value. Thus, the following
hypotheses are proposed:

H2a Perceived fee has a negative influence on perceived
value of smart wellness wearables;
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H2b Perceived fee has a negative effect on the intention to
use smart wellness wearables.

4.3 Perceived enjoyment (PEJ)

The significance of perceived enjoyment (equivalent to
hedonic motivation) for investigating the intrinsic motiva-
tions of individuals in adopting and using consumer prod-
ucts has been determined by many scholars [11, 30, 41,
100-104]. Additionally, the proposed UTAUT?2 [41] extends
the previous model by adding a hedonic motivation to eluci-
date users’ intrinsic perceptions more clearly [41]. Individu-
als would have heightened intention toward adopting a tech-
nology or an innovation if they find pleasure in carrying out
a particular behavior related to using that technology [49].

Similarly, Kim et al. [49] revealed that perceived enjoy-
ment is a significant predictor of perceived value in the con-
text of M-Internet. Hsu and Lin [11] have also determined
perceived enjoyment as being a crucial factor in the context
of IoT that could affect a user’s perceived value. In another
study, Yang et al. [30] concluded that the effect of perceived
enjoyment has the strongest impact on the perceived value
of users of smart wearable devices. Therefore, this study
proposed the following hypotheses:

H3a The perceived enjoyment of using smart wellness wear-
ables will positively affect users’ perceived value;

H3b The perceived enjoyment of using smart wellness
wearables will positively affect users’ intention to utilize
wearables.

4.4 Performance expectancy (PE)

One of the principal reasons for the slow diffusion of smart
technologies is that the usefulness of these technologies is
not well understood by potential users [15]. Previous studies
supported performance expectancy and perceived usefulness
as critical determinants of behavioral intention to accept
IT usage in various domains, such as: mobile data service
[105]; short message services [106]; Mobile TV [78]; Radio-
frequency identification (RFID) [51]; and IoT [15, 30, 79].
In addition, Park and Chen [107] realized that the usefulness
of a user’s smartphone has a potential impact upon his/her
intention to adopt such devices. Moreover, IS researchers
have confirmed the significant correlation between perceived
value and perceived usefulness [11, 30, 49]. However, Ven-
katesh and his co-authors [43] claimed that performance
expectancy is the greatest predictor of the intention to use
new technologies compared with perceived usefulness and
similar constructs in other models [43]. Hence, they con-
sidered performance expectancy as one of the key factors in
improving behavioral intention to use and in increasing the

perceived value of smart wellness wearables. Therefore, the
following hypotheses are assumed:

H4a Performance expectancy of wearables will posi-
tively influence the user’s intention to use smart wellness
wearables;

H4b Performance expectancy of smart wellness wearables
will positively influence users’ perceived values.

4.5 Effort expectancy (EE)

Previous studies stated that effort expectancy and perceived
ease of use are substantial factors of behavioral intention
toward using new technologies [15, 51, 79, 108, 109]. IS
researchers believe that individuals may have the intention to
accept smart technologies due to their simplicity and ease of
use [15, 110]. In the retail context, Evanschitzky et al. [111]
proved that perceived ease of using smart retail technologies
has a positive relationship with an individual’s intention to
adopt them in the future. In another study, Balaji and Roy
[112] proved that when users perceive smart technologies as
easy-to-use devices, they will have more incentive to find the
benefits of these devices and interact with them.

However, Kim et al. [49] stated that perceived ease of
use is a technicality factor of using M-Internet and could
significantly affect users’ perceived value. Lai et al. [113]
examined the relationship between perceived ease of use and
perceived value of employees toward using online business-
to-business (B2B) banking. Their empirical study showed
that, as a technological factor, ease of use has the most
significant effect on employees’ perceived value in using
e-banking. Since effort expectancy is the most powerful
predictor of behavioral intention to adopt new technologies
compared with similar constructs in other models [43], this
study considers effort expectancy as an influential factor of
perceived value and intention to use smart wellness weara-
bles. Thus, the following hypotheses are proposed:

H5a Effort expectancy is estimated to have a positive influ-
ence on the perceived value of smart wellness wearables;

H5b Effort expectancy is estimated to have a positive influ-
ence on the intention to use smart wellness wearables.

4.6 Social influence (SI)

The correlation between social influence and behavioral
adoption of new technologies has been clarified in various
models, namely: TAM?2 [114], UTAUT [43], and UTAUT2
[41]. Several researchers have verified that the opinions
of important people in a user’s life could positively influ-
ence her/his adoption behaviors in an information-sensitive
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context, such as: mobile health services [74]; wireless
application protocol-enabled smartphones [115]; and loca-
tion-based services [116]. This observation also includes
domains closely related to the smart wellness wearable tech-
nologies, such as: wearable locating systems [117]; personal
safety wearables [118]; smartwatches [101]; and healthcare
wearables [27, 119].

In other words, most smart wearable users wish to make
their own decisions for accepting these devices based on
other people’s opinions since these types of technologies
are entirely new for them [27]. Additionally, most studies
have proven that a positive social acceptance of wearable
technologies encourages users to adopt and use such devices
[118, 120]. Hence, this study hypothesizes that:

H6 Social influence has a positive relationship with the
intention to use smart wellness wearables.

4.7 Facilitating conditions (FC)

Venkatesh et al. [41] indicated that facilitating conditions are
the consequence of external and internal conditions [119].
External conditions refer to users’ beliefs concerning the
availability of necessary resources for performing a particu-
lar activity. Internal conditions refer to users’ views regard-
ing the evaluation of their personal abilities for performing
the activity [74, 121]. In UTAUT?2 [41], a new relationship
was developed between facilitating conditions and the inten-
tion toward new technology usage. Therefore, this frame-
work was proposed in order to investigate new technology
usage from the perspective of users in their daily lives [41].
Previous studies have demonstrated the importance of facili-
tating conditions toward an individual’s behavioral inten-
tion to adopt and use new technologies, such as: learning
management system (LMS) [122]; personal safety wearable
devices [118]; RFID [51, 76]; and Telemedicine [79]. On the
other hand, most users are using different devices (e.g., dif-
ferent types of smartphones) that may affect their intention
to use smart wellness wearable devices [41]. Therefore, the
following hypothesis is established:

H7 Facilitating conditions could have a positive effect on
the intention to use smart wellness wearables.

4.8 Perceived trust (PT)

The direct impact of trust on behavioral intention was dem-
onstrated as a significant relationship in various domains,
such as: online shopping [123]; mobile banking acceptance
[72]; and E-commerce [124]. Moreover, in various studies
on IT acceptance, perceived trust is cited as a crucial pre-
dictor for adopting technology and the behavioral intention
to use technologies [118, 125-127]. In line with this claim,

@ Springer

Li et al. proved that perceived trust is a critical factor that
affects the individual’s intention to use health wearables
[126]. In addition, Lunney et al. [128] suggested that the
effect of perceived trust on smart wearable adoption should
be investigated as a future work. Meanwhile, they found a
negative relationship existing between perceived usefulness
and inaccurate and unreliable data generated by the weara-
bles. Based on the aforementioned discussion, this study
postulates the following hypothesis:

H8 Perceived trust has a positive influence on user intention
to use smart wellness wearables.

4.9 Perceived value (PV)

One of the key barriers to accepting smart products is the
lack of perceived value of such devices [129]. According to
a study by the Acquity Group [130], the lack of perceived
value among end users presents a considerable obstacle for
mass adoption of smart technologies. Extensive research
studies have proven that perceived value could influence
the intention to use technology [11, 30, 49, 131]. Individu-
als may consider that using smart wellness wearables is a
valuable experience when they observe that the benefits
received have greater priority compared with the monetary
and non-monetary costs expended [11, 49]. Kleijnen et al.
[131] confirmed that perceived value had positively affected
individuals’ behavior of adopting mobile service delivery.
The potential relationship between perceived value of using
blogs and the behavioral intention of users was revealed by
Chen and Lin [132]. Yu et al. [133] also investigated the
significant relationship existing between perceived value of
location-based social networking services and the behav-
ioral intention to use such services. Moreover, Hsu et al.
[11] specified that an individual’s perceived value of smart
technologies could influence the behavioral intention of
using them in the future. However, if the perception of value
toward using smart wellness wearables has greater benefits
compared with monetary and non-monetary factors (e.g.,
perceived privacy and perceived fee), consumers may have
more incentive to use them in the future [49]. Thus, the fol-
lowing hypothesis is proposed:

H9 The perceived value has a positive correlation with
behavioral intention to use smart wellness wearables.

4,10 Perceived health increase (PHI)

According to Lamb et al. [134], performance of sports and
physical activities may have positive effects on an individ-
ual’s overall self-rating of their health [86]. Smart wellness
wearables provide users with the opportunity to collect and
monitor physical activities and wellness-related data on
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these devices and on their connected technologies, such as
smart phones [135]. In other words, if users consider a par-
ticular behavior as beneficial to enhance their current health
status, they would have more incentive to engage in that
specific behavior. Consequently, it is expected that individu-
als would use smart wellness wearables if they believe these
devices will improve their general health [86].

According to the Theory of Reasoned Action (TRA)
[136], a person’s decision to become involved in a specific
behavior is based on the consequences that he/she assumes
will happen [136]. In this regard, the Health Belief Model
(HBM) [137] asserted that individuals are likely to become
involved in a particular behavior if they presume that such
behavior will improve their current health status. By consid-
ering these explanations, it could be concluded that individu-
als may be encouraged to use smart wellness wearables if
they presume that these devices will improve their current
health status [86].

In a study conducted by Lunney et al. [128], the authors
recommended that user perception of fitness wearables
related to general health status should be examined through a
casual structure as a future area of research. They found that
there was a positive and direct relationship between using
fitness wearables and perceived general health. However,
the perceived general health construct was not considered
in their proposed research model since there was a lack of
literature to support this claim. Nonetheless, Ernst et al. [86]
have determined that perceived health increase has a direct
and positive impact on the behavioral intention to use fitness
trackers. Based on this line of thought, this study proposes
the following hypothesis:

H10 Perceived health increase can positively affect the
behavioral intention to use smart wellness wearables.

5 Research methodology
5.1 Scale development

In order to test the proposed model, a web-based question-
naire was developed. This included the items for all con-
structs engaged in the conceptual research model. Almost all
measurement items (indicators) were extracted based on a
comprehensive search of previous studies, which were vali-
dated and widely used in IoT and wireless technology adop-
tion researches. This study proposed two new measurement
items, namely an item related to the “perceived trust” con-
struct and an item related to the “intention to use” construct
(see Table 3). All measurement items were improved with
minor modifications to fit with the smart wearables domain.
Indicators were evaluated according to the five-point Likert
scale ranging from “Strongly Disagree” to “Strongly Agree.”

To guarantee that the responses were not selected inatten-
tively or randomly, the following attention-check item was
embedded in the middle of the questionnaire: “You should
answer ‘strongly disagree with this statement’ to ensure you
have read all questions carefully” [138]. It is worth mention-
ing that this study is a small part of a PhD research and the
main target population of the research will be Malaysian
people. Therefore, a Malay version of the questionnaire was
also developed, with the assistance of two senior PhD stu-
dents from Malaysia. Then, to ensure that the Malay version
of the questionnaire accurately reflects the English version,
both versions were carefully perused by two senior lecturers
at the Faculty of Computing, Universiti Teknologi Malaysia
(UTM). Based on their feedback, some of the items were
amended for purposes of clarity and understandability. In
addition, any differences between the two versions were
minimized by using the back-translation process [108]. To
accomplish this, the Malay version of the questionnaire was
translated back into English and then compared with the
original English version, whereby no significant discrepancy
was found. Both versions of the measurement items are pre-
sented in Table 3.

5.2 Survey administration

Generally, a questionnaire must be examined through a small
group of actual users from the target population to inves-
tigate its weaknesses and potential problems. Therefore, a
survey was designed by including all constructs involved
in the conceptual research model. Previous studies on the
adoption and usage of new technologies stated that students
are heavy users of new technologies [120, 139, 140]. Since
the main target population of this study comprises smart
wellness wearables users, university students would be the
best representative sample for this population. Therefore,
this study was conducted at the Faculty of Computing,
Universiti Teknologi Malaysia (UTM). After developing
a web-based questionnaire using Google Forms, an invita-
tion e-mail was sent to all students including a link to the
online survey. To present the students with a clear under-
standing, a brief description of the research objectives and
smart wellness wearables were prepared at the beginning of
the survey. After eliminating inaccurate responses, a total
of one hundred (100) usable responses remained. Table 2
presents a summary of the demographic information of the
respondents.

6 Confirmatory factor analysis
The quality of the measurement model was evaluated by

following the guidelines of [141, 142] using content valid-
ity, construct validity, and construct reliability, respectively.
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Table 2 Demographic

. . Measure Items Frequency
information of respondents

Gender Female 46
Male 54

Age Under 20 7
21-29 54
30-39 34
40-49 5
Over 50

Education Degree 52
Master or PhD 48

Experience in using smart wellness wearables Under 1 year 70
1-3 years 29
Over 3 years 1

Duration of using the device in a day Less than 6 h 19
6-12h 11
12-18 h 9
All day 61

Smart wellness wearable devices Digital pedometer 2
Smart clothing
Smart sports watches 17
Fitness trackers 80

Face and content validation were applied in order to deter-
mine whether the items related to a construct had adequately
covered all aspects of the construct, or whether the instru-
ment had measured the right content [142—144]. In other
words, content validity measures how much the question-
naire items can represent the relevant construct [91]. To con-
duct face validity analysis, researchers should consult with
several lay persons to investigate whether the questionnaire
is sound or relevant [143]. Therefore, seven PhD candidates
from the IS department were selected to participate in the
face validity analysis. Participants made several sugges-
tions for revising the items to render them clearer and more
understandable. After applying their comments, a panel of
seven experts, having knowledge of new technology adop-
tion from the IS and Computer Science departments, were
invited to participate in the content validity process. This
study applied the Content Validity Index (CVI) according
to experts’ rankings for calculating the relevancy of items
against the constructs [144]. Subsequently, two types of CVI
were calculated, namely Item-level Content Validity Index
(I-CVI) and Scale-level Content Validity Index (S-CVI)
[144]. I-CVI includes the content validity of individual
items, while S-CVI consists of the content validity of the
entire questionnaire [144]. Based on the results of these two
CVIs, almost all of the items as well as the entire question-
naire were found to have met the adequate criteria defined
by Lynn [143]. Only one item from the Social Influence
construct (SI5) was deleted from the final version of the
questionnaire, because its I-CVI was lower than the required

@ Springer

criteria. At the end of the content validity process, the indi-
cators were modified according to the experts’ recommenda-
tions. The revised items are presented in Table 3.
According to Straub et al. [142], construct validity is
referred to as a subject of measurement between constructs
that can be evaluated through convergent validity and dis-
criminant validity [91]. Generally, convergent validation is
referred to as the degree to which an indicator correlates
positively with other indicators of the same construct [141,
142]. Most academic researchers assume the factor load-
ings (outer loadings) of the indicators and Average Variance
Extracted (AVE) to be convergent validity assessment [141].
To assess the measurement model, SmartPLS, version 3.2.7,
was used. Figure 5 shows the measurement model assess-
ment produced by SmartPLS software. To achieve an admis-
sible convergent validity, factor loadings should be higher
than 0.6 [145-149]. As presented in Table 3, all indicators
(except for two items) met the desired criteria of factor load-
ings. An item from the effort expectancy section and an item
from the perceived enjoyment section were removed due to
low factor loading values. According to Hair et al. [141],
AVE is defined as “the grand mean value of the squared
loadings of the indicators associated with the construct.” To
achieve a satisfactory convergent validity, all values of AVE
should not be less than 0.5. As shown in Table 5, all AVE
values are higher than the recommended value.
Discriminant validity is referred to as the degree to
which indicators of different constructs are truly distinct
and each construct does not reflect other constructs [141,
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Fig.5 The measurement model
assessment obtained from
SmartPLS software

158, 159]. To evaluate the discriminant validation of the
constructs involved in the proposed model, two methods
were applied [141]. The first method aimed to examine
the cross-loadings of the measurement items. According
to Hair et al. [141], an item’s factor loadings related to a
construct must be greater than all outer loadings on the
other constructs. As shown in Table 4, all indicators’ outer
loadings meet the required criteria of discriminant validity.
The second and more conventional approach is the For-
nell-Larcker criterion. This test compares the square root
of AVE values with the correlations of the latent variables.
Hair and his co-authors [141] claimed that the square root
of the intended construct’s AVE must be higher than its
maximum association with the remaining constructs. As
shown in Table 5, all the square roots of AVE values have
satisfactory quantities for the discriminant validation.
Generally, construct reliability is determined by two
criteria, namely Cronbach’s Alpha (CA) and Composite
Reliability (CR) [142]. CA is defined as a measure of
internal consistency among all indicators of a construct
that estimates whether all indicators are equally reliable
[141]. CR refers to a similar concept; however, it is con-
sidered as a more precise reliability measure in Structural
Equation Modeling (SEM) [141, 160]. To reach a desirable
reliability, both CA and CR should be equal to or greater
than 0.7 [141]. Table 5 shows the reliability indicators of

@ Springer

each construct. All values for CA and CR met the recom-
mended criteria of higher than 0.7 [141].

7 Conclusion, limitations and future
directions

Smart wellness wearables are introduced as the next genera-
tion of digital revolution devices that could be accepted by a
majority of the general public. Although the general public
awareness toward the acceptance of smart wellness wear-
able technologies is rising, at the same time smart wearable
abandonment cases are gradually increasing. Today, most
individuals tend to monitor their physical activities with the
aim of achieving healthy life styles and preventing chronic
diseases. Thus, it is critical that designers and developers
understand the specific requirements and priorities that users
need when using such devices. Therefore, based on previous
studies, this research has determined the potential factors
that could affect user intention in the context of using smart
wellness wearables. Subsequently, a measurement instru-
ment was developed and a web-based survey was conducted
among university students. The measurement model was
then assessed and validated using the SmartPLS software.
The findings confirmed that all indicators and constructs
met the adequate validity and reliability criteria. Moreover,
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Table 4 Factor loadings and cross-loadings of measurement items

EE FC U PEJ PE PF PHI PP PT PV SI
EE [1] 0.680 0.204 0.314 0.372 0.226 -0.139 0.084 —0.208 0.283 0.397 0.134
EE [2] 0.785 0.150 0.301 0.400 0.365 —0.112 0.032 —0.187 0.295 0.509 0.276
EE [3] 0.845 0.279 0.412 0.480 0.370 —0.004 0.094 -0.102 0.276 0.554 0.208
EE [4] 0.763 0.106 0.388 0.419 0.393 -0.059 0.055 -0.204 0.323 0.470 0.383
FC[1] 0.217 0.824 0.063 0.208 0.029 0.379 0.038 0.445 -0.287 0.143 -0.356
FC [2] 0.257 0.907 0.048 0.216 0.017 0.352 0.123 0.375 -0.231 0.103 -0.239
FC [3] 0.147 0.910 0.114 0.231 0.083 0.148 0.129 0.225 -0.070 0.106 -0.078
FC [4] 0.270 0.942 0.128 0.241 0.048 0.164 0.122 0.219 —0.105 0.166 —0.183
1U [1] 0.522 0.248 0.865 0.635 0.434 -0.232 0.125 0.013 0.304 0.695 0.347
1U [2] 0.219 —0.184 0.696 0.395 0.348 —0.367 0.013 —0.183 0.421 0.390 0.583
1U [3] 0.441 0.153 0910 0.598 0.580 -0.289 0.173 —0.082 0.367 0.663 0.510
1U [4] 0.339 0.096 0.870 0.653 0.473 -0.353 0.057 —0.118 0.410 0.652 0.419
PEJ [1] 0.415 0.215 0.552 0.849 0.495 -0.225 0.086 —0.052 0.564 0.574 0.580
PEJ [2] 0.481 0.201 0.638 0.872 0.513 -0.219 0.047 0.060 0.471 0.652 0.434
PEJ [3] 0.490 0.272 0.496 0.804 0.483 0.041 -0.122 0.116 0.366 0.669 0.313
PEJ [4] 0.422 0.151 0.597 0.799 0.458 -0.160 0.072 0.036 0.392 0.567 0.466
PE [1] 0.384 0.144 0.459 0.461 0.836 —0.096 —0.035 -0.010 0.170 0.473 0.239
PE [2] 0.456 0.187 0.448 0.466 0.856 —0.109 0.031 -0.029 0.231 0.514 0.283
PE [3] 0.291 —0.042 0.386 0.434 0.774 -0.027 -0.054 -0.202 0.380 0.355 0.617
PE [4] 0.318 —0.033 0.453 0.523 0.839 -0.244 —0.005 -0.172 0.453 0.448 0.574
PE [5] 0.357 -0.039 0.508 0.514 0.796 -0.213 0.078 -0.023 0.403 0.515 0.472
PF [1] -0.092 0.299 -0.320 -0.121 —0.165 0.900 —0.060 0.512 —0.460 —-0.307 -0.428
PF [2] —-0.079 0.273 -0.277 -0.125 —0.140 0.896 -0.023 0.553 -0.471 -0.309 —0.381
PF [3] —0.113 0.144 -0.326 -0.189 —0.190 0.873 —0.183 0.420 —0.444 -0.299 -0.261
PF [4] —0.054 0.168 —0.365 -0.170 -0.126 0.898 -0.072 0.494 —0.360 -0.306 —0.265
PHI [1] 0.094 0.086 0.070 —-0.017 0.027 —-0.099 0.857 -0.130 0.024 -0.013 -0.029
PHI [2] 0.121 0.095 0.100 -0.036 0.006 -0.113 0.898 -0.102 -0.018 -0.033 0.015
PHI [3] 0.032 0.130 0.125 0.092 —0.001 —-0.055 0914 0.087 0.004 —0.036 0.062
PP [1] -0.223 0.196 -0.194 0.036 -0.029 0.426 —-0.093 0.690 -0.173 —0.180 -0.202
PP [2] -0.164 0.174 —0.085 —-0.007 -0.133 0.333 0.028 0.836 —-0.341 —0.165 -0.341
PP [3] —-0.208 0.300 -0.071 0.094 —0.065 0.508 —-0.034 0.803 -0.359 —0.108 —-0.255
PP [4] -0.193 0.251 -0.074 —0.009 —0.058 0.471 0.007 0.853 -0.419 -0.167 -0.292
PP [5] -0.132 0.325 —0.044 0.095 —-0.094 0.501 —0.068 0.830 -0.376 —0.145 -0.311
PT [1] 0.287 —0.097 0.336 0.421 0.326 -0.318 —-0.009 -0.394 0.829 0.388 0.542
PT [2] 0.319 —0.005 0.414 0.568 0.401 -0.270 -0.075 -0.123 0.767 0.477 0.495
PT [3] 0.335 —-0.203 0.396 0.451 0.340 —0.545 0.025 -0.492 0.864 0.402 0.538
PT [4] 0.268 —0.191 0.382 0.467 0.345 -0.394 0.052 -0.292 0.861 0.412 0.610
PT [5] 0.347 -0.109 0.284 0.325 0.220 -0.398 —0.008 -0.374 0.758 0.320 0.528
PV [1] 0.567 0.293 0.575 0.629 0.492 —-0.092 —0.056 0.063 0.220 0.837 0.174
PV [2] 0.483 0.190 0.507 0.552 0.429 -0.171 —0.069 -0.137 0.333 0.799 0.320
PV [3] 0.572 0.016 0.648 0.622 0.459 —-0.412 —0.021 -0.277 0.499 0.861 0.431
PV [4] 0.499 0.033 0.626 0.652 0.508 -0.411 -0.010 -0.227 0.550 0.851 0.507
PV [5] 0.520 0.120 0.670 0.646 0.492 —0.308 0.007 -0.174 0.394 0.842 0.355
SI[1] 0.207 —0.091 0.406 0.480 0.437 -0.394 0.084 -0.317 0.604 0.293 0.798
SI[2] 0.241 —0.161 0.436 0.455 0.491 -0.310 0.039 —-0.305 0.533 0.305 0.857
SI[3] 0.203 -0.284 0.343 0.282 0.464 -0.259 —0.051 -0.302 0.441 0.289 0.792
SI [4] 0.296 -0.217 0.452 0.455 0.259 -0.394 0000 —-0.357 0.619 0.403 0.801
SI[5] 0.344 -0.116 0.523 0.467 0.467 —-0.169 0.028 -0.174 0.480 0.429 0.800
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Table 5 Internal consistency and Fornell-Larcker

CA CR AVE EE FC 1U PE PEJ PF PHI PP PT PV SI
EE  0.740 0.837 0.565 0.771
FC 0.859 0.887 0.666 0.242 0.897
U 0.872 0913 0.725 0.462 0.112 0.839
PE  0.868 0.905 0.659 0.444 0.057 0.553 0.821
PEJ 0.860 0.905 0.705 0.545 0.252 0.688 0.587 0.831
PF 0912 0938 0.790 -0.094 0246 -0363 -0.174 -0.170 0.892
PHI 0933 0.922 0.800 0.086 0.120 0.116 0.009 0.025 —0.095 0.890
PP 0916 0936 0.747 -0.221 0312 -0.103 —-0.097 0.050 0.554 -0.032 0.805
PT  0.869 0.905 0.657 0.380 —0.158 0.441 0.396 0.539 —-0.485 0.002 -0430 0.817
PV 0903 0928 0.722 0.630 0.148 0.726 0.569 0.742 -0342 -0.033 —-0.186 0484 0.838
SI 0.878 0910 0.670 0.327 —0.208 0.543 0.521 0.537 -0.372 0.027 -0.353 0.663 0433 0.810

it is envisaged that the proposed instrument of this study
(both the English and Malay versions) could help academics
and researchers to examine the same factors in other catego-
ries of smart wearables. This theory could also be applied to
smart technologies, such as smart medical devices. In addi-
tion, this study has aimed to contribute to the collective IS
researches by providing better understanding of the potential
factors that could affect user willingness to use smart well-
ness wearables. To the best of the authors” knowledge, this is
the first effort to integrate two models (namely UTAUT2 and
VAM), for the purpose of examining the behavioral intention
of users toward using smart wellness wearables, particularly
in Malaysia.

Due to the novelty of research, this study is not immune
from limitations, one of which is the small sample size (100
participants). Since smart wellness wearables are essentially
designed for general public usage, another potential limi-
tation is the composition of the sample population of this
study (university students). The population of students can-
not encompass all segments of society. It should be noted
that this paper is a small part of a larger empirical study.
Consequently, in order to fulfill the aforementioned limita-
tions, an extended survey is planned to repeat the similar
analysis of this study on a larger scale. This survey will aim
to corroborate the outcomes of the CFA, as well as examine
and validate the proposed research model among the general
public in Malaysia. Nevertheless, the authors of this research
assume that the proposed model of the present study may
complement the original models in explaining users’ behav-
ioral intention to use smart wellness wearables.

However, considering the complex challenges in the eval-
uation of a research model, it is not applicable to involve all
potential factors in a unified model. Thus, this research may
not take into account all the potential factors related to smart
wellness wearables. These can include cultural differences
and technical characteristics of smart wearables which play
significant roles in the behavioral intention of consumers
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toward using such devices [5, 161]. Accordingly, consid-
eration of technical characteristics (such as device weight,
portability, resilience, and data accuracy) of smart wellness
wearables on the intention of consumers toward using these
devices has been suggested for future research.

On the other hand, new technology adoption and usage
may be affected by cultural dissimilarities in different coun-
tries [126, 150, 162—-164]. Keikhosrokiani et al. [126] exam-
ined the moderating effect of nationality on the usage of a
patient-centric healthcare system via smart wearables. The
study revealed the effect of cultural differences in two dif-
ferent countries, specifically, Iran and Malaysia. Generally,
Malaysia is considered as a multicultural country made up
of three prominent ethnic groups, namely Malays, Chinese
and Indians [165]. Hence, it is recommended to consider the
moderating effect of ethnicity on the usage of smart wellness
wearables so as to examine the effect of cultural differences
among the general public in Malaysia.

By the same token, Hofstede and Bond [166] devel-
oped a cross-cultural framework and cultural dimensions
to explain the influences of the culture of a society on its
members’ value as well as evaluating the effect of these
values on the members’ behavior. In this regard, it is rec-
ommended to investigate the impact of Hofstede’s cultural
dimensions (such as individualism and collectivism, uncer-
tainty avoidance, masculinity and femininity, and time per-
ception) on the social influence construct of the presented
research model so as to compare the cross-cultural differ-
ences of using smart wellness wearables in Malaysia and
other countries.
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