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Abstract: With the advancement of information technology, wearable healthcare technology has
emerged as one of the promising technologies to improve the wellbeing of individuals. However,
the adoption of wearable healthcare technology has lagged when compared to other well-established
durable technology products, such as smartphones and tablets, because of the inadequate knowledge
of the antecedents of adoption intention. The aim of this paper is to address an identified gap in the
literature by empirically testing a theoretical model for examining the impact of consumers’ health
beliefs, health information accuracy, and the privacy protection of wearable healthcare technology on
perceived usefulness. Importantly, this study also examines the influences of perceived usefulness,
consumer innovativeness, and reference group influence on the adoption intention of wearable
healthcare technology. The model seeks to enhance understanding of the influential factors in
adopting wearable healthcare technology. Finally, suggestions for future research for the empirical
investigation of the model are provided.
Keywords: wearable healthcare technology; adoption intention; health belief; health information
accuracy; privacy; consumer innovativeness; perceived usefulness

1. Introduction
Wearable healthcare technology refers to smart electronic products that are incorporated into
different types of accessories that can be attached to users’ bodies [1]. Examples include the Apple
Watch, Fitbit, Samsung Gear and Mi Band wristband. These wearable technologies are regarded as one
of the most promising areas in the Internet of Things (IoT) [2]. Wearable healthcare technology provides
substantial impact on the wellbeing of citizens in our society, helping users to continuously monitor
physiological parameters and health outcomes [3], which is useful in tracking and transforming users’
health information [4]. With the help of wearable healthcare technology, software is used to exchange
data with peers, achieving a state of connected-self [5].
Wearable healthcare technology devices have a number of potential benefits for sports and
healthcare industries [6]. For instance, using wearable healthcare technology devices can improve the
accuracy of health information, fostering healthier behavior in individuals, significantly improving
their health conditions, which in turn reduces healthcare costs [5]. When applied to a sports context,
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athletes can improve their sports performance by checking physiological data, such as their heart rate,
running pace, and core temperature, along with other kinematic parameters such as joint angles or
temporal parameters [7,8]. Sports players in various leagues, such as Euro-league Basketball, National
Basketball Association (NBA), and National Football League (NFL), have adopted wearable healthcare
technology devices to collect real-time data and provide a comprehensive overview of athletes [9].
Despite the promising developments of wearable healthcare technology, their adoption has
lagged when compared to other well-established durable technology products, such as smartphones
and tablets [6]. This is because of inadequate knowledge in the adoption intention of users of
wearable healthcare technology [6,10–12] Wearable healthcare technology is still in the early stage
of commercialization, with the majority of prior studies focusing on its technical development,
resulting in inadequate understanding of its diffusion process [3,13]. Consumer adoption intention for
smart technologies makes up a considerable part of marketing research, which provides meaningful
implications for firms to speed up the diffusion process [14].
Notwithstanding, research on consumers’ adoption intention for wearable healthcare technology
is limited, resulting in research gaps [5,15]. The majority of empirical studies employ the technology
acceptance model (TAM), focusing on the technological antecedents of users’ adoption intention for
wearable healthcare technology, leaving gaps in knowledge in a number of areas. First, prior studies have
largely overlooked consumers’ perceived risks resulting from using wearable healthcare technology,
including health and privacy risks [2], which in turn has resulted in unfavorable effects on users’
continuous usage intention [16]. Second, although wearable healthcare technology integrates health
and technology attributes together to create value for consumers, limited studies, except for Chau et
al. [4] and Zhang et al. [6], pay attention to consumers’ concerns in health, omitting the influence of
consumers’ health beliefs in their adoption intention for wearable healthcare technology [4,6]. Third,
prior studies have overlooked the influences of reference groups, such as the referrals from peers,
family members, and brand community users, resulting in insufficient knowledge in promoting the
adoption of wearable healthcare technology [4,12,17] Fourth, to the best of the authors knowledge,
very few studies have focused on the synergistic effects of attributes related to health, technology,
and consumers, along with reference group influence, as antecedents for the adoption of wearable
healthcare technology.
When consumers have strong and positive intentions to adopt wearable healthcare technology,
its potential benefits will be more fully realized [4,10,18]. Thus, further research in examining the
entire process of consumers’ adoption in wearable healthcare technology is necessary [19]. Seeking to
address the aforementioned research gaps, the aim of this study is to examine the synergistic effects of
health concerns, privacy concerns, consumer innovativeness, and influences from reference groups on
consumers’ adoption intention for wearable healthcare technology. This study also contributes to sports,
recreation, and healthcare industries by offering new ways to promote wearable healthcare technology,
which in turn motivate individuals to be more engaged in sports, recreation, and therapy [12,20–22],
as well as health literacy [23,24].
The remainder of this paper is organized as follows: First, we review the relevant literature
to identify research gaps. Second, we present a theoretical model integrating consumers’ health
concerns, privacy concerns, and consumer innovativeness, along with influences from reference group
as antecedents for consumers’ adoption intention for wearable healthcare technology. Third, we present
the research methodology to be used in testing the hypotheses derived from the theoretical model
and analyze the data. Finally, we discuss the theoretical and managerial implications, incorporating
limitations and directions for future research.
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2. Literature Review and Hypotheses Development
2.1. Technology Acceptance Model (TAM)
The technology acceptance model (TAM) was introduced by Davis (1989) to examine why
individuals accept a new technology and is regarded as one of the most important theories within
the context of information system adoption [25–28] Empirical research adopts the TAM to examine
consumers’ adoption intention in various contexts, such as online banking [29], mobile commerce [30],
healthcare [31,32] sports websites [33] social networking sites [34], sports wearable technology [35]
and wearable healthcare technology [10,17] The TAM emphasizes the importance of the perceived ease
of use and the perceived usefulness in explaining consumers’ adoption intention for technological
products [3,13,36–38]. The TAM is regarded as one of the most preferable theoretical models in
explaining consumers’ intention to adopt new technology products [16,35]. Thus, we employ the
TAM as the base model, along with additional constructs, in order to enhance the explanations and
predictions of consumers’ acceptance behavior in the context of wearable healthcare technology [35].
In accordance to Zhang et al., we focus on the perceived usefulness to predict adoption intention,
because perceived usefulness is particularly relevant to technologies that fit consumers’ lifestyle [4,17].
To extend the TAM, we simultaneously examine the impact of enabling factors adopted from the
literature on consumers’ adoption intention for wearable healthcare technology, which will be discussed
in the following sections.
2.2. Health Belief Model [HBM]
The health belief model [HBM] was initially adopted to predict individuals’ behavioral responses
with acute or chronic diseases to the treatments received [39–41], and has been applied to guide
general health behavior since then [42]. The HBM emphasizes the importance of the individual’s
perceived susceptibility, severity, benefits, and barriers in predicting their health-related behavior [4].
Given the importance of information technology in explaining individual’s health-related behavior,
the HBM was incorporated with the TAM to predict individual’s beliefs in using information technology
for health-related purposes [39]. Indeed, individuals who believe that their health is suffering are
motivated to use information technology to improve their health [39,42]. In the context of wearable
healthcare technology, individuals who realize that their deviant health behaviors cause harm to their
health are motivated to adopt wearable healthcare technology to develop their health management
activities [6]. As such, in accordance to Zhang et al. [4], we incorporated the HBM with the TAM in this
study to derive relatively new constructs, namely, the perceived health belief and health information
concern, being posited as enabling factors in predicting consumers’ adoption intention for wearable
healthcare technology, respectively.
3. Theoretical Framework and Hypotheses Development
3.1. Perceived Usefulness
Originating from the TAM, perceived usefulness describes a user’s subjective beliefs that using
a specific information technology system would enhance his or her performance [37]. Perceived
usefulness has been acknowledged as one of the most important drivers in predicting and explaining
users’ intention in accepting information technology [5,14,16]. In particular, when users believe that the
information technology devices are beneficial to their lives, such expected positive outcomes motivate
their intention to adopt the information technology devices [35,43].
The importance of perceived usefulness in information technology acceptance has been confirmed
in various contexts, such as in internet banking [44], smartphones [45], virtual reality [46], mobile
exergames [47,48], mobile applications [49], and wearable technology [17]. Applied in the context
of wearable healthcare technology, when devices such as healthcare applications, smart watches
and sports-wearable technology products are perceived to be useful in improving consumers’ health
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status, such a positive expectation enhances consumers’ adoption intention [3,14,50]. We hypothesize
that perceived usefulness is positively associated with the intention of consumers to adopt wearable
healthcare technology, justifying our first hypothesis: Usefulness has a positive impact on consumers’
adoption intention for wearable healthcare technology.
3.2. Health Belief
Originating from the HBM, health belief describes the consumers’ personal belief in the
effectiveness of particular behaviors in improving their health status [4], being inextricably linked
with consumers’ perceived usefulness and the adoption intention for wearable healthcare technology
devices [4,6,39]. With the growing importance of healthcare, developers are creating smart technology
products for the healthcare sector [16,51,52]. Indeed, one of the most important functions of wearable
healthcare technology is to change consumers’ behavior in healthcare, which in turn improves their
health status [4]. Particularly, wearable healthcare technology helps consumers to change their health
behavior by providing data related to their health status, which is useful for consumers in fitness activity
tracking and evaluating their performance in exercises, as well as planning customized exercises [44].
The aforementioned benefits may help consumers to improve their health status, being active and
improving their quality of life [35].
Based on the promising functions of wearable healthcare technology, empirical studies use health
belief as an additional construct to explain consumers’ acceptance intention for wearable healthcare
technology [6]. Arguably, when a consumer has a stronger health belief, being involved in seeking
ways to improve their health status, they may obtain information about the usefulness of wearable
healthcare technology, which in turn strengthens the perceived usefulness of wearable healthcare
technology in their minds [4]. Thus, we secondly hypothesize: Health belief has a positive impact on
consumers’ perceived usefulness for wearable healthcare technology.
3.3. Health Information Accuracy
Health information accuracy refers to the degree in which consumers believe the information
related to their health status provided by wearable healthcare technology is reliable and credible,
being inextricably linked with the perceived usefulness of information technology products [2].
Arguably, when health information obtained from wearable healthcare technology is perceived to be
accurate, consumers are willing to evaluate their health status and effectiveness of sports exercises by
using healthcare wearable devices [4,53,54]. Indeed, the accuracy of health information provided by
wearable healthcare technology has a positive impact on consumers’ willingness to make health-related
decisions based on the information obtained from wearable healthcare technology devices [55], which in
turn formulates consumers’ perceived usefulness [56]. As such, we arrive at our third hypothesis:
Health information accuracy has a positive impact on consumers’ perceived usefulness for wearable
healthcare technology.
3.4. Privacy Protection
Privacy protection refers to the degree to which consumers believe their personal information
would not be misused or shared with others without their consent [2]. This is regarded as
an important consideration for information technology adoption [10]. When users adopt wearable
healthcare technology, their personal data relating to their health status is collected and saved on
a database, inevitably raising consumers’ privacy concerns [12]. Empirical studies demonstrate
the negative impact of consumers’ privacy concerns on their intention to accept information
technology products, e.g., [2,10,57], justifying the importance of protecting consumers’ private data
from unauthorized outflows [4]. As such, recent studies emphasize the importance of privacy protection
in building a positive consumer attitude towards wearable healthcare technology products, e.g., [4,6,10].
In other words, privacy protection formulates users’ perceived usefulness [56], justifying our forth
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hypothesis: Privacy protection has a positive impact on consumers’ perceived usefulness for wearable
healthcare technology.
Although perceived usefulness has been a rigorously tested construct for predicting consumers’
adoption intention for information technology products, it has been suggested that perceived usefulness
should be incorporated with additional constructs in order to strengthen its predictive power for
consumers’ adoption behavior for information technology [5,35]. In order to produce a more
comprehensive investigation for consumer adoption behavior for wearable healthcare technology,
two additional constructs, namely consumer innovativeness and reference group influence were added
in the theoretical model to examine the antecedents of information technology adoption behavior.
3.5. Reference Group Influence
Reference group influence refers to the extent to which consumer decision making is influenced
by the perceptions of a reference group, which includes any important persons that shape consumers’
perceptions toward the focal product, such as parents, peers, or opinion leaders [58–60]. The influence of
the reference group on the consumer decision making process is widely acknowledged in the empirical
literature [61–63]. Prior to decision making, consumers may seek information and recommendation
from reference groups with trustworthiness, or they may simply observe the behavior of individuals in
the reference groups [64–66]. Similarly, in the context of information technology adoption, consumers
tend to make their acceptance decisions towards information technology products based on the
comments and recommendations from reference groups when the information technology products
are relatively new to them [17].
Applied to the context of wearable healthcare technology, prior to decision making, consumers
search for information and seek recommendation for the benefits of using wearable healthcare
technology devices from reference groups via different channels, such as face-to-face communication,
phone conversation, or social media platforms [4]. The adoption intention of consumers is shaped by
reference group influence, because there are uncertainties from this kind of relatively new products [10].
Therefore, we arrive at our fifth hypothesis: Reference group influence has a positive impact on
consumers’ adoption intention for wearable healthcare technology.
3.6. Consumer Innovativeness
Consumer innovativeness refers to the willingness of consumers to try out new information
technology products, being inextricably linked with consumers’ general beliefs about information
technology [35,67]. Individuals with better innovativeness appreciate the benefits of new technology,
believe it is less troublesome, and have a higher propensity to embrace and use new technology
products to accomplish their personal goals [35,68]. The higher the innovativeness of a consumer,
the higher the propensity to recognize the benefits of new technology products [17].
Applying Roger’s [69] theory of the diffusion of innovations, empirical literature has confirmed
that consumer innovativeness has a significant positive impact on consumers’ intention to accept
information technology products [68,70]. In the context of wearable healthcare technology, empirical
studies also posit that consumers with high innovativeness are able to handle uncertainty and have
a greater adoption intention [4,12,17]. As such, it is logical to argue that consumer innovativeness is
a significant predictor of adoption intention, especially for new technology products, like wearable
healthcare technology devices. Thus, we arrive at our sixth hypothesis: Consumer innovativeness
has a positive impact on consumers’ adoption intention for wearable healthcare technology. Figure 1
presents our research model.
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4.1. Development of Measurement Items
We used a self-administrated online survey (English language) to test the aforementioned
We used a self-administrated online survey (English language) to test the aforementioned
hypotheses in the theoretical model to collect data from a convenience sample of consumers in
hypotheses in the theoretical model to collect data from a convenience sample of consumers in
Hong Kong using Qualtrics. We used measurement items adopted from previous studies to develop
Hong Kong using Qualtrics. We used measurement items adopted from previous studies to
the survey questionnaire (see Table 1), where questions were measured on a 7-point Likert scale
develop the survey questionnaire (see Table 1), where questions were measured on a 7-point
(1 = strongly disagree, 2 = disagree, 3 = somewhat disagree, 4 = neither agree or disagree, 5 = somewhat
Likert scale (1 = strongly disagree, 2 = disagree, 3 = somewhat disagree, 4 = neither agree or
agree, 6 = agree, 7 = strongly agree).
disagree, 5 = somewhat agree, 6 = agree, 7 = strongly agree).
4.2. Data Collection

6

We collected responses from customers of wearable healthcare technology in Hong Kong.
We promoted the survey using a convenience sampling approach, sending invitations to respondents
via e-mail, Facebook, WeChat, and Instagram in Hong Kong. The data collection took place from
October 1st, 2018, to January 25th, 2019, a total of 14 weeks. To ensure the validity of the survey,
we assessed respondents’ knowledge of wearable healthcare technology by using several screening
questions, such as “Have you ever used a wearable healthcare technology product?”, “Have you ever
used a wearable technology product?”, and “Have you ever read product reviews about wearable
healthcare technology products on website/social media platforms/blogs/forums?” Respondents without
experience of wearable healthcare technology were excluded from the current study. After exclusion,
we invited 310 consumers to participate in the survey. In total, 237 completed the survey. Sixty-six
participants were discarded due to incomplete responses, resulting in a final sample of 171 participants,
equivalent to a 55.2% response rate. Respondents were over 18 years old and users of wearable
healthcare technology products. The sample was comprised of 55% male (45% female) respondents,
with ages ranging from 18 to 65 years (mean = 26–30 years). A large proportion of respondents were
aged between 22 and 26 (36.3%). Most respondents were university educated (50.9%), with experience
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in using wearable healthcare technology products, and a large proportion owned more than three
wearable healthcare technology products (49.7%).
5. Data Analysis and Results
In this study, we used partial least squares-structural equation modeling (PLS-SEM) for data
analysis, using SmartPLS v3.28 (SmartPLS GmbH, Domainfactory GmbH, Ismaning, Germany) with
the 5000-bootstrap procedure to assess (1) the measurement (outer) model and (2) structural (inner)
model. We used PLS-SEM to do the data analysis after considering its unique advantages. PLS-SEM is
considered as an appropriate technique for theory testing and theory confirmation [71–73], which fits
the purpose of this study. Additionally, PLS-SEM is advantageous when the goal is to further advance
the arguments of theoretical models, as is the case in this study [73]. Furthermore, PLS-SEM is
appropriate for studies with smaller sample sizes, such as in this study [73].
5.1. Measurement Model
Following Hair et al. [73], we tested the reliability of the measurement items by checking their factor
loadings, Cronbach’s alpha, and composite reliability (CR) in the measurement model. As reported in
Table 1, the loadings of all items were greater than 0.813 and significant (i.e., the factor loadings of
items were ranged between 0.813 to 0.953, with p ≤ 0.000), whereas Cronbach’s alpha and the CR of all
of the constructs were greater than 0.845, which is well above the recommended 0.70 threshold [73],
confirming the reliability of the measurement items and constructs. In addition, as reported in Table 2,
we tested the convergent validity of the model using the average variance extracted (AVE), as all of the
AVE values were larger than the recommended value of 0.5, confirming the convergent validity of the
constructs. Lastly, the discriminant validity was tested by using the Fornell and Larcker criterion, where
the AVE square roots were larger than the corresponding correlations, demonstrating discriminant
validity [73].
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Table 1. Outer model results.
Construct

Loading

t-Value

Health Belief [4]
I realize that bad living habits will cause harm to my health

0.841

Composite Reliability

0.874

0.914

0.873

0.940

0.886

0.946

0.925

0.952

0.845

0.907

0.885

0.946

0.938

0.960

24.900

I perceive that bad living habits will cause harm to my health

0.840

25.116

I hope I can change my bad habits and thus to minimize damage to health

0.883

35.881

I think I can improve my health status effectively in many ways like sports

0.844

26.528

Health Information Accuracy [2,4]
The health information provided by the wearable healthcare technology is accurate

0.942

93.209

The health information provided by the wearable healthcare technology is trustworthy

0.941

81.381

The wearable healthcare technology has provided adequate protection of my personal health information

0.948

115.195

The supplier of healthcare wearable device will not share my personal health information with other entities without my authorization

0.946

116.074

0.928

91.174

Privacy Protection [2,4]

Perceived Usefulness [3]
Using the healthcare wearable device would be useful in my personal health management

Alpha

Using the healthcare wearable device would help me develop healthy habits

0.939

69.377

Using the healthcare wearable device would help me maintain healthy status

0.931

74.235

I like to experiment with new things and products

0.912

63.330

I think a new way of life and a new pattern of consumption is a kind of progress compared with the past

0.897

49.085

In general, I am among the first in my circle of friends to use a new technological product or service when they appear

0.813

26.787

Consumer Innovativeness [67]

Reference Group Influence [4]
I often take notice of health information related to healthy habits and status released by my friends on Facebook/Instagram/WeChat.

0.950

134.522

I often browse health information and health news shared by my friends on Facebook/Instagram/WeChat.

0.944

88.491

I am interested in using the healthcare wearable device

0.946

107.358

I plan to adopt the healthcare wearable device in the future

0.942

51.599

I will develop healthy habits with the healthcare wearable device in the future

0.942

84.637

Adoption Intention [3,4,12]
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Table 2. Construct correlation matrix and average variance extracted (AVE).
Constructs

AI

CI

HB

HIA

PU

PP

Adoption Intention (AI)

1

Consumer Innovativeness (CI)

0.790

1

Health Belief (HB)

0.555

0.592

1

Health Information Accuracy (HIA)

0.792

0.709

0.577

1

Perceived Usefulness (PU)

0.802

0.808

0.596

0.768

1

Privacy Protection (PP)

0.691

0.623

0.543

0.783

0.685

1

Reference Group Influence (RGI)

0.764

0.683

0.503

0.717

0.696

0.574

RGI

1

AVE

Square Root of AVE

0.890

0.943

0.766

0.875

0.726

0.852

0.897

0.947

0.870

0.933

0.908

0.953

0.897

0.947
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5.2. Structural Model
We used SmartPLS v3.28 with the 5000-bootstrap procedure, to test the hypotheses in our
theoretical model. Figure 2 presents the results of the structural model.
The hypotheses were tested by examining the t-values, p-values, standardized coefficient beta
values and the coefficient of determination (R2 value). A hypothesis was accepted when the t-value
was larger than the critical value (i.e., t ≥ 1.96, p ≤ 0.05), being marginally accepted when the t-value
was larger than the critical value (i.e., t ≥ 1.67, p ≤ 0.10), using a two-tailed test.
As reported in Figure 2, the results support five of the six hypotheses. Regarding the antecedents
of perceived usefulness, the impact of health information accuracy on perceived usefulness was the
strongest (β = 0.516, p < 0.001), followed by health belief (β = 0.206, p < 0.05), supporting H2 and H3.
However, the impact of privacy protection on perceived usefulness was weak and non-significant
(β = 0.170, p > 0.05), rejecting H4.
Regarding the antecedents of adoption intention, the impact of perceived usefulness on adoption
intention was strongest and significant (β = 0.335, p < 0.001), followed by reference group influence
(β = 0.331, p < 0.001) and consumer innovativeness (β = 0.293, p < 0.010). Therefore, H1, H5 and H6
are supported.
Furthermore, the results also presented the indirect effects of the exogenous variables, including
health belief, health information accuracy and privacy protection on adoption intention. In particular,
the indirect effects of health information accuracy (β = 0.173, p < 0.010) and health belief (β = 0.069,
p < 0.05) on adoption intention were significant, whilst the indirect effects of privacy protection
(β = 0.057, p > 0.10) on adoption intention was non-significant. Table 3 summarizes the results of the
hypotheses testing of this study.
In order to test the importance of the exogenous variables in the theoretical model, we used
Cohen’s f 2 analysis to test the effect size of the exogenous variables. According to Cohen [74], the f 2
values were assessed as f 2 0.02 (i.e., f 2 5 0.02), 0.15 (i.e., f 2 5 0.15), and 0.35 (i.e., f 2 5 0.35), representing
small, medium, and large effects of the exogenous latent variables, respectively [74]. The results
show that the effect size of health information accuracy (f 2 = 0.258) and reference group influence
(f 2 = 0.210) were medium to large, while the effect size of perceived usefulness (f 2 = 0.140), consumer
innovativeness (f 2 = 0.111), and health belief (f 2 = 0.075) were small to medium. The results reveal that
the exogenous variables have considerable effects in the theoretical model [74].
Importantly, we evaluate the explanatory power of the research model by assessing the R2 values
(see Figure 2). The R2 values for the perceived usefulness and adoption intention were 0.628 and 0.749,
respectively. This highlights that these exogenous constructs explain 62.8% and 74.9% of the variation
in perceived usefulness and adoption intention, respectively. In short, as the R2 values exceed the
recommended criterion benchmark (i.e., > 0.10), the results suggest that the research model explains
a meaningful amount of variation in the endogenous variables, in line with [73].
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Second, the findings reveal that perceived usefulness, consumer innovativeness, and reference
group influence are important antecedents that have a significant positive impact on consumers’
adoption intention for wearable healthcare technology. In particular, perceived usefulness had the
strongest influence on adoption intention, greater than consumer innovativeness and reference group
influence, confirming the findings of previous studies that adopted perceived usefulness to explain
adoption intention in the context of information technology products [13,26,76,77]. The findings also
reveal that consumer innovativeness and reference group influence are critical factors in strengthening
consumers’ intention to adopt wearable healthcare technology. The results suggest that technology
readiness and recommendations from the reference group greatly influence consumers’ intention to
adopt wearable healthcare technology.
In line with recent studies related to wearable healthcare technology [4,6,78], this study proposes
that consumers’ adoption intention requires not only perceived usefulness, but also variables related
to healthcare, the reference group, and consumers’ perceptions. As such, compared with previous
studies using the TAM to examine the adoption intention of wearable healthcare technology, e.g., [4,10],
this study proposed the consumers’ process of such acceptance. In other words, this study reveals
that health attributes, including health belief and health information accuracy, positively relate to
consumers’ perceived usefulness, which in turn, contributes to consumers’ adoption intentions.
6.2. Managerial Implications
This study provides several managerial implications for marketers and developers of wearable
healthcare technology which may be used to better promote their products. First, the results of this
study suggest that perceived usefulness has a strong and significant influence on consumers’ adoption
intention for wearable healthcare technology. Therefore, marketers are recommended to persuade
consumers by communicating the benefits of using wearable healthcare technology, such as through
fitness checking, the evaluation of sports exercises, and checking health status [35].
Second, the findings of this study suggest that health information accuracy and health belief play
critical roles in building consumers’ perceived usefulness. As such, developers should ensure the
accuracy of health data to be provided by wearable healthcare technology, eliminating consumers’
concerns arising from fear of mismanaging their health because of inaccurate data obtained from
wearable healthcare technology [2]. In addition, marketers should promote the usefulness of
wearable healthcare technology in improving consumers’ health, whilst addressing health concerns [6].
Once consumers perceive that the data obtained from wearable healthcare technology devices are
accurate, along with their effectiveness in improving health status, their perceived usefulness would
be strengthened, in turn providing positive indirect effects for adoption intention.
Third, the results of this study suggest that consumer innovativeness and reference group influence
are significant predictors of adoption intention. Thus, marketers should communicate the innovative
features of wearable healthcare technology, including the provision of messages about sleep quality,
resting heart rate, steps taken, and workout intensities [35]. Importantly, marketers should encourage
reference groups of various social media communities to publish information about the benefits of
using wearable healthcare technology [4,62]. The above-mentioned recommendations are useful in
strengthening adoption intentions for wearable healthcare technology.
7. Limitation and Directions for Future Research
Despite the useful findings about consumers’ adoption behavior in this study, some limitations
persist, suggesting directions for future research. First, this study has been conducted in Hong Kong,
limiting its generalizability on a global scale. Thus, future research should replicate this study in other
countries, providing comparisons between more countries in different regions with diverse cultures [17].
This could include, though is not restricted to, countries in North America, Latin America, and Africa.
Second, although the constructs in the theoretical model provide significant explanatory power (i.e.,
R2 = 0.749) about consumers’ intention to adopt wearable healthcare technology, future research should

Int. J. Environ. Res. Public Health 2019, 16, 2257

13 of 16

incorporate additional variables in our theoretical model, such as perceived trust, hedonic motivation,
and utilitarian motivation, along with the conceptualization of health belief as multi-dimensional
construct, in order to understand consumers’ intention to accept wearable healthcare technology more
comprehensively. Third, this study concentrated on perceived usefulness in explaining consumers’
adoption intention of wearable healthcare technology. Thus, future research is recommended to include
perceived ease of use in the TAM to explain consumers’ adoption intentions. Finally hindering factors,
such as health concerns, privacy concerns [2], and risk [12] should be incorporated in future research.
8. Conclusions
With promising developments in innovative technology products and applications, healthcare
wearable technology devices are expected to provide new ways to cope with issues related to health [78].
For example, integrating healthcare wearable technology with mobile health applications that monitor
sports exercises can encourage individuals to do more sports exercises, which is useful in decreasing
the negative effects of their sedentary lifestyle, as well as maintaining their health and wellness [35,78].
As such, we empirically tested a research model to investigate the antecedents of adoption intention
of healthcare wearable technology. Our findings revealed that health belief and health information
accuracy had significant impact on perceived usefulness, which in turn driving adoption intention.
We also asserted that reference group influence and consumer innovativeness are critical drivers of
adoption intention. The findings of this paper provide meaningful implications for both academics
and managers.
Author Contributions: Conceptualization: M.L.C., K.Y.C., and M.H.S.L.; Methodology: M.L.C, K.Y.C., M.H.S.L.,
and G.T.; Software: M.L.C., K.Y.C., M.H.S.L., and E.K.H.T.; Validation: M.L.C., K.Y.C., and M.H.S.L.; Formal
analysis: M.L.C. and K.Y.C.; Investigation: M.L.C. and K.Y.C.; Resources: G.T. and K.Y.H.; Data curation: M.L.C.,
K.Y.C., and M.H.S.L.; Writing—original draft preparation: M.L.C. and K.Y.C.; Writing—review and editing: S.W.F.,
D.R.B. and G.T.; Visualization: K.Y.L.; Supervision: M.L.C., K.Y.C., and M.H.S.L.; Project administration: M.L.C.,
K.Y.C., and M.H.S.L.; Funding acquisition: NIL.
Funding: This research received no external funding.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.
2.
3.
4.

5.
6.

7.

8.

Wright, R.; Keith, L. Wearable technology: If the tech fits, wear it. J. Electron. Resour. Med. Librar. 2014, 11,
204–216. [CrossRef]
Marakhimov, A.; Joo, J. Consumer adaptation and infusion of wearable devices for healthcare. Comput. Hum.
Behav. 2017, 76, 135–148. [CrossRef]
Kim, K.J.; Shin, D.H. An acceptance model for smart watches: Implications for the adoption of future
wearable technology. Internet Res. 2015, 25, 527–541. [CrossRef]
Zhang, M.; Luo, M.; Nie, R.; Zhang, Y. Technical attributes, health attribute, consumer attributes and their
roles in adoption intention of healthcare wearable technology. Int. J. Med. Inform. 2017, 108, 97–109.
[CrossRef] [PubMed]
Kalantari, M. Consumers’ adoption of wearable technologies: Literature review, synthesis, and future
research agenda. Int. J. Technol. Mark. 2017, 12, 274–307. [CrossRef]
Chau, K.Y.; Cheung, M.L.; Lam, H.S.; Tso, K.H.; Flint, S.W.; Broom, D.R.; Tse, G.; Li, K.Y. Smart technology
for healthcare: Exploring the antecedents of adoption intention of healthcare wearable technology in Hong
Kong. Health Psychol. Res. 2019, 7. in-press.
Düking, P.; Stammel, C.; Sperlich, B.; Sutehall, S.; Muniz-Pardos, B.; Lima, G.; Kilduff, L.; Keramitsoglou, I.;
Li, G.; Pigozzi, F.; et al. Necessary steps to accelerate the integration of wearable sensors into recreation and
competitive sports. Curr. Sports Med. Rep. 2018, 17, 178–182. [CrossRef]
Strohrmann, C.; Rossi, M.; Arnrich, B.; Troster, G. A data-driven approach to kinematic analysis in running
using wearable technology. In Proceedings of the 2012 Ninth International Conference on Wearable and
Implantable Body Sensor Networks, London, UK, 9–12 May 2012; pp. 118–123.

Int. J. Environ. Res. Public Health 2019, 16, 2257

9.

10.
11.
12.
13.
14.
15.

16.

17.

18.

19.
20.
21.
22.
23.
24.

25.

26.
27.
28.
29.
30.
31.

14 of 16

Mischke, J. Wearable Technology:
The Latest Trend in Professional Sports.
2018.
Available online: https://www.wearable-technologies.com/2018/05/wearable-technology-the-latest-trend-inprofessional-sports/ (accessed on 26 February 2019).
Gao, Y.; Li, H.; Luo, Y. An empirical study of wearable technology acceptance in healthcare. Ind. Manag.
Data Syst. 2015, 115, 1704–1723. [CrossRef]
Lewy, H. Wearable technologies–future challenges for implementation in healthcare services. Healthc. Technol.
Lett. 2015, 2, 2–5. [CrossRef]
Li, H.; Wu, J.; Gao, Y.; Shi, Y. Examining individuals’ adoption of healthcare wearable devices: An empirical
study from privacy calculus perspective. Int. J. Med. Inform. 2016, 88, 8–17. [CrossRef]
Lunney, A.; Cunningham, N.R.; Eastin, M.S. Wearable fitness technology: A structural investigation into
acceptance and perceived fitness outcomes. Comput. Hum. Behav. 2016, 65, 114–120. [CrossRef]
Dutot, V.; Bhatiasevi, V.; Bellallahom, N. Applying the technology acceptance model in a three-countries
study of smartwatch adoption. J. High Technol. Manag. Res. 2019, 30, 1–14. [CrossRef]
Pan, J.; Ding, S.; Wu, D.; Yang, S.; Yang, J. Exploring behavioural intentions toward smart healthcare services
among medical practitioners: A technology transfer perspective. Available online: https://www.tandfonline.
com/doi/abs/10.1080/00207543.2018.1550272 (accessed on 20 June 2019).
Chuah, S.H.W.; Rauschnabel, P.A.; Krey, N.; Nguyen, B.; Ramayah, T.; Lade, S. Wearable technologies:
The role of usefulness and visibility in smartwatch adoption. Comput. Hum. Behav. 2016, 65, 276–284.
[CrossRef]
Talukder, M.S.; Chiong, R.; Bao, Y.; Hayat Malik, B. Acceptance and use predictors of fitness wearable
technology and intention to recommend: An empirical study. Ind. Manag. Data Syst. 2019, 119, 170–188.
[CrossRef]
Li, W.H.C.; Chan, G.C.F.; Lam, M.H.S.; Chung, J.O.K.; Chiu, S.Y.; Fong, D.Y.T. Integrated adventure-based
training and health education programme in promoting regular physical activity among childhood cancer
survivors. Hong Kong Med. J. 2019, 25, S40–S43.
Dehghani, M. Exploring the motivational factors on continuous usage intention of smartwatches among
actual users. Behav. Inf. Technol. 2018, 37, 145–158. [CrossRef]
Flint, S.W.; Lam, M.H.; Chow, B.; Lee, K.Y.; Li, W.H.; Ho, E.; Yang, L.; Yung, N.K. A systematic review of
recreation therapy for depression in older adults. J. Psychol. Psychother. 2017, 7, 1–7.
Hassan, A.R.; Lam, M.H.; Ku, S.; Li, W.H.; Lee, K.Y.; Ho, E.; Flint, S.W.; Wong, A.S. The reasons of dropout of
sport in Hong Kong school athletes. Health Psychol. Res. 2017, 5, 6766. [CrossRef]
Lam, M.S.H.; Tung, K.; Man, D.; Lee, K.Y.; Flint, S.; Peake, R. Examining Lower Limb Injuries among Male
Amateur Soccer Players. J. Yoga Phys. Ther. 2017, 7, 264.
Lam, H.S. The Effect of a Health Literacy Oriented Program on Physical Activity among Chinese Patients
with Type 2 Diabetes Mellitus. Ph.D. Thesis, Hong Kong University, Pok Fu Lam, Hong Kong, China, 2014.
Lam, M.H.; Lei, Y.; Ho, R.K.; Cheung, B.C.; Lo, D.S.; Sun, L.H.; Lai, C.C.; Tam, W.K.; Kwok, S.S.; Flint, S.W.;
et al. Effects of physical activity on functional health of older adults: A systematic review. J. Athl. Enhanc.
2017, 6, 1–32.
Bassiouni, D.H.; Hackley, C.; Meshreki, H. The integration of video games in family-life dynamics: An adapted
technology acceptance model of family intention to consume video games. Available online: https:
//www.emeraldinsight.com/doi/abs/10.1108/ITP-11-2017-0375 (accessed on 20 June 2019).
Legris, P.; Ingham, J.; Collerette, P. Why do people use information technology? A critical review of the
technology acceptance model. Inf. Manag. 2003, 40, 191–204. [CrossRef]
Ooi, K.B.; Tan, G.W.H. Mobile technology acceptance model: An investigation using mobile users to explore
smartphone credit card. Expert Syst. Appl. 2016, 59, 33–46. [CrossRef]
Wu, B.; Chen, X. Continuance intention to use MOOCs: Integrating the technology acceptance model [TAM]
and task technology fit [TTF] model. Comput. Hum. Behav. 2017, 67, 221–232. [CrossRef]
Pikkarainen, T.; Pikkarainen, K.; Karjaluoto, H.; Pahnila, S. Consumer acceptance of online banking:
An extension of the technology acceptance model. Internet Res. 2004, 14, 224–235. [CrossRef]
Wu, J.H.; Wang, S.C. What drives mobile commerce? An empirical evaluation of the revised technology
acceptance model. Inf. Manag. 2005, 42, 719–729. [CrossRef]
Holden, R.J.; Karsh, B.T. The technology acceptance model: Its past and its future in health care. J. Biomed.
Inform. 2010, 43, 159–172. [CrossRef]

Int. J. Environ. Res. Public Health 2019, 16, 2257

32.
33.
34.

35.
36.
37.
38.

39.

40.
41.

42.
43.
44.
45.
46.

47.

48.
49.
50.
51.

52.
53.
54.

15 of 16

Pai, F.Y.; Huang, K.I. Applying the technology acceptance model to the introduction of healthcare information
systems. Technol. Forecast. Soc. Chang. 2011, 78, 650–660. [CrossRef]
Hur, Y.; Ko, Y.J.; Claussen, C.L. Determinants of using sports web portals: An empirical examination of the
sport website acceptance model. Int. J. Sports Mark. Spons. 2012, 13, 6–25. [CrossRef]
Choi, G.; Chung, H. Applying the technology acceptance model to social networking sites [SNS]: Impact of
subjective norm and social capital on the acceptance of SNS. Int. J. Hum. Comput. Interact. 2013, 29, 619–628.
[CrossRef]
Kim, T.; Chiu, W. Consumer acceptance of sports wearable technology: The role of technology readiness. Int.
J. Sports Mark. Spons. 2019, 20, 109–126. [CrossRef]
Ayeh, J.K. Travellers’ acceptance of consumer-generated media: An integrated model of technology acceptance
and source credibility theories. Comput. Hum. Behav. 2015, 48, 173–180. [CrossRef]
Davis, F.D. Perceived usefulness, perceived ease of use, and user acceptance of information technology. MIS
Q. 1989, 13, 319–340. [CrossRef]
Scherer, R.; Siddiq, F.; Tondeur, J. The technology acceptance model [TAM]: A meta-analytic structural
equation modeling approach to explaining teachers’ adoption of digital technology in education. Comput.
Educ. 2019, 128, 13–35. [CrossRef]
Ahadzadeh, A.S.; Sharif, S.P.; Ong, F.S.; Khong, K.W. Integrating health belief model and technology
acceptance model: An investigation of health-related internet use. J. Med. Internet Res. 2015, 17, e45.
[CrossRef] [PubMed]
Champion, V.L.; Skinner, C.S. The health belief model. Health Behav. Health Educ. Theory Res. Pract. 2008, 4,
45–65.
Jones, C.L.; Jensen, J.D.; Scherr, C.L.; Brown, N.R.; Christy, K.; Weaver, J. The health belief model as
an explanatory framework in communication research: Exploring parallel, serial, and moderated mediation.
Health Commun. 2015, 30, 566–576. [CrossRef] [PubMed]
Ross, T.P.; Ross, L.T.; Rahman, A.; Cataldo, S. The bicycle helmet attitudes scale: Using the health belief
model to predict helmet use among undergraduates. J. Am. Coll. Health 2010, 59, 29–36. [CrossRef] [PubMed]
Kim, H.W.; Chan, H.C.; Gupta, S. Value-based adoption of mobile internet: An empirical investigation. Decis.
Support Syst. 2007, 43, 111–126. [CrossRef]
Lee, J.; Kim, D.; Ryoo, H.Y.; Shin, B.S. Sustainable wearables: Wearable technology for enhancing the quality
of human life. Sustainability 2016, 8, 466. [CrossRef]
Agrebi, S.; Jallais, J. Explain the intention to use smartphones for mobile shopping. J. Retail. Consum. Serv.
2015, 22, 16–23. [CrossRef]
Fagan, M.; Kilmon, C.; Pandey, V. Exploring the adoption of a virtual reality simulation: The role of perceived
ease of use, perceived usefulness and personal innovativeness. Campus-Wide Inf. Syst. 2012, 29, 117–127.
[CrossRef]
Broom, D.R.; Lee, K.Y.; Lam, M.H.S.; Flint, S.W. Gotta catch ‘em all or not enough time: Users motivations for
playing Pokémon Go™ and non-users’ reasons for not installing. Health Psychol. Res. 2019, 7, 1–9. [CrossRef]
[PubMed]
Liu, Y.; Li, H. Exploring the impact of use context on mobile hedonic services adoption: An empirical study
on mobile gaming in China. Comput. Hum. Behav. 2011, 27, 890–898. [CrossRef]
Hsu, C.L.; Lin, J.C.C. What drives purchase intention for paid mobile apps?—An expectation confirmation
model with perceived value. Electron. Commer. Res. Appl. 2015, 14, 46–57. [CrossRef]
Wang, B.R.; Park, J.Y.; Chung, K.; Choi, I.Y. Influential factors of smart health users according to usage
experience and intention to use. Wirel. Pers. Commun. 2014, 79, 2671–2683. [CrossRef]
Krey, N.; Chuah, S.H.W.; Ramayah, T.; Rauschnabel, P.A. How functional and emotional ads drive smartwatch
adoption: The moderating role of consumer innovativeness and extraversion. Internet Res. 2019, 29, 578–602.
[CrossRef]
Lee, S.Y.; Lee, K. Factors that influence an individual’s intention to adopt a wearable healthcare device:
The case of a wearable fitness tracker. Technol. Forecast. Soc. Chang. 2018, 129, 154–163. [CrossRef]
Korenkova, M.; Hägerfors, A. Quality criteria for digital information in long-term digital preservation.
In Archiving Conference; Society for Imaging Science and Technology: Springfield, VA, USA, 2011.
Metzger, M.J.; Flanagin, A.J.; Zwarun, L. College student Web use, perceptions of information credibility,
and verification behavior. Comput. Educ. 2003, 41, 271–290. [CrossRef]

Int. J. Environ. Res. Public Health 2019, 16, 2257

55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.

69.
70.

71.
72.
73.
74.
75.

76.
77.
78.

16 of 16

Shin, D.H.; Lee, S.; Hwang, Y. How do credibility and utility play in the user experience of health informatics
services? Comput. Hum. Behav. 2017, 67, 292–302. [CrossRef]
Kawakami, T.; Parry, M.E. The impact of word of mouth sources on the perceived usefulness of an innovation.
J. Prod. Innov. Manag. 2013, 30, 1112–1127. [CrossRef]
Palihawadana, D.; Oghazi, P.; Liu, Y. Effects of ethical ideologies and perceptions of CSR on consumer
behavior. J. Bus. Res. 2016, 69, 4964–4969. [CrossRef]
Bearden, W.O.; Etzel, M.J. Reference group influence on product and brand purchase decisions. J. Consum.
Res. 1982, 9, 183–194. [CrossRef]
Chen, Y.F.; Lu, H.F. We-commerce: Exploring factors influencing online group-buying intention in Taiwan
from a conformity perspective. Asian J. Soc. Psychol. 2015, 18, 62–75. [CrossRef]
Lui, W.Y.; Lam, M.H.; Kam, L.S. Parental influence towards commitment to sports training among athletes
with physical disabilities of the Inaugural FESPIC Games. Hong Kong Recreat. Rev. 2010, 22, 14.
Cheng, H.H.; Huang, S.W. Exploring antecedents and consequence of online group-buying intention:
An extended perspective on theory of planned behavior. Int. J. Inf. Manag. 2013, 33, 185–198. [CrossRef]
Cheung, M.L.; Pires, G.D.; Rosenberger, P.J., III. Developing a conceptual Model for examining social media
marketing effects on brand awareness and brand image. Int. J. Econ. Bus. Res. 2019, 17, 243–261. [CrossRef]
Jiang, P. Consumer adoption of mobile internet services: An exploratory study. J. Promot. Manag. 2009, 15,
418–454. [CrossRef]
Hammerl, M.; Dorner, F.; Foscht, T.; Brandstätter, M. Attribution of symbolic brand meaning: The interplay
of consumers, brands and reference groups. J. Consum. Mark. 2016, 33, 32–40. [CrossRef]
Hoonsopon, D.; Puriwat, W. The effect of reference groups on purchase intention: Evidence in distinct types
of shoppers and product involvement. Australas. Mark. J. [AMJ] 2016, 24, 157–164. [CrossRef]
Park, C.W.; Lessig, V.P. Students and housewives: Differences in susceptibility to reference group influence.
J. Consum. Res. 1977, 4, 102–110. [CrossRef]
Agarwal, R.; Prasad, J. The role of innovation characteristics and perceived voluntariness in the acceptance
of information technologies. Decis. Sci. 1997, 28, 557–582. [CrossRef]
Yi, M.Y.; Fiedler, K.D.; Park, J.S. Understanding the role of individual innovativeness in the acceptance
of IT-based innovations: Comparative analyses of models and measures. Decis. Sci. 2006, 37, 393–426.
[CrossRef]
Rogers, E.M. Diffusion of Innovations; Simon and Schuster: New York, NY, USA, 2010.
Slade, E.L.; Dwivedi, Y.K.; Piercy, N.C.; Williams, M.D. Modeling consumers’ adoption intentions of remote
mobile payments in the United Kingdom: Extending UTAUT with innovativeness, risk, and trust. Psychol.
Mark. 2015, 32, 860–873. [CrossRef]
Bentler, P.M.; Huang, W. On components, latent variables, PLS and simple methods: Reactions to Rigdon’s
rethinking of PLS. Long Range Plan. 2014, 47, 138–145. [CrossRef] [PubMed]
Dijkstra, T.K.; Henseler, J. Consistent partial least squares path modeling. MIS Q. 2015, 39, 297–316. [CrossRef]
Hair, J.F., Jr.; Sarstedt, M.; Ringle, C.M.; Gudergan, S.P. Advanced Issues in Partial Least Squares Structural
Equation Modeling; Sage Publications: Thousand Oaks, CA, USA, 2017.
Cohen, J. The effect size index: D. Statist. Power Anal. Behave. Sci. 1988, 2, 284–288.
Li, K.H.; Lai, R.W.; Du, Y.; Ly, V.; Li, D.C.; Lam, M.H.; Roever, L.; Fitzgerald-Smith, S.; Li, G.; Liu, T.; et al.
Effects of exercise on heart rate variability by time-domain, frequency-domain and non-linear analyses in
equine athletes. F1000Research 2019, 8, 147. [CrossRef]
Roca, J.C.; Chiu, C.M.; Martínez, F.J. Understanding e-learning continuance intention: An extension of the
Technology Acceptance Model. Int. J. Hum. Comput. Stud. 2006, 64, 683–696. [CrossRef]
Saeed, K.A.; Abdinnour-Helm, S. Examining the effects of information system characteristics and perceived
usefulness on post adoption usage of information systems. Inf. Manag. 2008, 45, 376–386. [CrossRef]
Nasir, S.; Yurder, Y. Consumers’ and physicians’ perceptions about high tech wearable health products.
Procedia Soc. Behav. Sci. 2015, 195, 1261–1267. [CrossRef]
© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

