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Abstract

Background: The COVID-19 pandemic has shifted health care toward virtual and online models, impacting both users and
providers. Numerous user concerns and perceived risks related to telemedicine are continually evolving and adjusting in response
to the pandemic. In many countries, there has been a substantial increase in the use of virtual health care visits, which offers a
unique opportunity for researchers to explore these user concerns.

Objective: This study aimed to first reconstruct the risk dimensions associated with telemedicine, then identify the risk factors
affecting users’ adoption, and finally propose effective solutions to mitigate these concerns. By integrating the newly constructed
perceived risk with the technology acceptance model (TAM), we scrutinized various dimensions of perceived risk and their
influence on users’ perceptions of ease of use, perceived usefulness, and use intention (UI).

Methods: Our target population consists of adults aged ≥18 years who have used or may use telemedicine services, recruited
through an anonymous, voluntary, open, web-based survey. We collected responses and used part of them to reconstruct risk
dimensions using exploratory factor analysis. Subsequently, we analyzed the intricate relationship between perceived risk, the
TAM, and the acceptance of telemedicine using structural equation modeling with another part of the responses.

Results: A total of 1600 valid responses were collected. Eight distinct risk dimensions were reconstructed, revealing a substantial
negative impact of performance risk on UI. The psychological and social risk was the strongest barrier to the ease of using
telemedicine. Time risk, provider risk, and privacy risk were not statistically significant to the TAM. The resulting model elucidates
a remarkable 66% variance in UI for telemedicine services.

Conclusions: This study substantially advances the field of telemedicine research by reconstructing and redefining 8 risk
dimensions and confirming the statistical significance of 5 perceived risks on the adoption of telemedicine services. These insights
are poised to facilitate the promotion and enhancement of telemedicine services in the health care sector.
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Introduction

Background
During the COVID-19 crisis, telemedicine gained global
prominence and became more accessible and applicable than
ever before [1]. Social distancing measures necessitated the use
of telemedicine as a substitute for in-person health care
interactions in many countries. Health care users and providers,
who had previously been reluctant to adopt telemedicine, were
compelled to embrace it [2]. A substantial disruption such as a
pandemic can act as a catalyst for the acceptance of telemedicine
services, potentially leading to a shift in users’ perceptions and
attitudes [3]. Consequently, the current expansion of telehealth
has provided an opportunity to explore and reevaluate the
concepts of technology acceptance and risk.

Telemedicine is an umbrella term defined as the use of
technology to deliver health care and health information to
individuals who are located at a distance from health care
providers [4]. While the concept of telemedicine is not new, its
wide-scale adoption began in the 1990s. However, telehealth
is currently operating within a more information-rich
environment. Due to the rapid development of
telecommunication technologies and the high cost of devices,
its adoption continues to face various challenges, particularly
in certain regions where the full benefits of telemedicine services
have not yet been realized [5,6].

According to Chen et al [7], the impact of technology on the
development of telemedicine in Taiwan began with the National
Information Infrastructure project, which used various network
bandwidths for telemedicine starting in 1995. Before the
legalization of telemedicine through an amendment to the
Physician Act in 2018, Taiwan’s medical laws restricted its
practice to remote areas, mountainous regions, and outlying
islands [8]. Following this amendment, the Taiwan Ministry of
Health and Welfare expanded the nationalized health insurance
program to include coverage for telemedicine outpatient
consultations across different specialties in remote areas. Despite
the technological advancements, use of telemedicine remains
limited in Taiwan. Reports indicate a disappointingly low rate
of use, with only approximately 5.83% of individuals
quarantined at home in Hsinchu City using telemedicine
consultations from February to May 2020 [8]. With the onset
of the COVID-19 pandemic, the government further promoted
telemedicine services, resulting in a larger pool of virtual visits.
This expansion provides researchers with a valuable opportunity
to better understand user concerns. During the COVID-19
pandemic, telemedicine in Taiwan was primarily used for
treating confirmed COVID-19 cases and chronic diseases care.
Due to quarantine and social distancing requirements, patients
used mobile phones, tablets, or computers to engage in
telemedicine consultations with health care professionals from
the comfort of their homes.

Telemedicine service is not only a technological innovation but
also a sociocultural phenomenon [5]. It transforms the traditional
physician-patient relationship, altering both its complexity and
essence [5]. A systematic review of telemedicine emphasizes
the need for more patient-oriented studies, recognizing it as a

complex collaborative process [9]. In addition, Bashshur et al
[5] highlight the lack of research on the social, cultural, and
psychological dimensions of telemedicine.

This Study
This study aims to approach the impact of risk from
psychological and social perspectives, comprehending its
influence on telemedicine, and proposing strategies for
development, implementation, and acceptance [5].

Perceived risk is a substantial barrier to the adoption of
telemedicine services, encompassing social and psychological
aspects [10]. Bakshi and Tandon [11] introduced and validated
a theory-driven framework that uncovers the facets of perceived
risk as barriers to telemedicine acceptance in their study
involving physicians in north India. Harst et al [12] argued that
user-centered design and theory-guided approaches are crucial
in telemedicine development. The impact of risk on the adoption
of a technology is undeniable. However, with the increasing
stream of literature, many different dimensions of risk have
been proposed. Some studies adopt a limited number of risk
dimensions, while others introduce risk dimensions from other
fields; some risks share similar concepts or have a high degree
of overlap. First, there is a shortage of effective categorization
and definition among the various risks. Second, there remains
a lack of research that comprehensively assesses the multiple
dimensions of risk in telemedicine. Therefore, this study
addresses substantial gaps in the telemedicine literature related
to perceived risk facets and provides solutions. We aim to
reconstruct the effective dimensions of perceived risk and
explore what primarily influences users’ acceptance of
telemedicine services. We seek to evaluate the integration of
the technology acceptance model (TAM) into the perceived risk
dimensions, providing a solid theoretical foundation for
telemedicine acceptance during a crisis.

Therefore, we posed the following research questions: (1) What
are the evidence-based effective risk dimensions for
telemedicine services adoption? and (2) Which risks effectively
influence users’ intention to use telemedicine during the
COVID-19 pandemic?

To address these questions, we will conduct a comprehensive
literature review to identify potential risk types in telemedicine
from existing literature, providing a strong theoretical
foundation. We will then empirically reconstruct these risk
dimensions through exploratory factor analysis (EFA) [13]. By
applying confirmatory factor analysis (CFA), we will validate
and redefine the risk factors identified in the literature.
Subsequently, we will integrate these redefined risk dimensions
with the TAM and use CFA to explore the relationship between
the 2, aiming to provide robust and credible results to strengthen
the theoretical framework.

Theoretical Background

TAM Overview
The TAM was designed as a model of users’ acceptance of
information technologies and systems in 1986, and 3 years later,
it was used to understand the attitude of computer users [14,15].
The final version of the TAM, introduced by Venkatesh and
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Davis [16] in 1996, eliminated the construct of attitude and
found that both perceived ease of use (PEOU) and perceived
usefulness (PU) positively influence use intention (UI).

The TAM model included constructs of PU, PEOU, and UI. PU
was defined as the degree of users’ belief that using a particular
system or service would enhance their performance [17]. PEOU
means the degree of their belief that using a particular system
or service would be free from effort [17]. TAM theorizes that
PU and PEOU are antecedents to the adoption of technology
determined by external factors [17]. In prior studies on
telemedicine, PEOU positively affects PU, and both PU and
PEOU positively affect UI [17].

The TAM has been used to explain various forms of computer
technology and is also one of the most applied theories in the
field of telemedicine [12]. Many studies considered that the
TAM is an appropriate model that can be adapted to the study
of technology acceptance and use of telemedicine [18,19]. One
systematic review by Harst et al [12] indicates that the adaption
of telemedicine service can be evaluated by using the theories
of TAM and acceptance is predicted by PU, social influences,
and attitude. In our study, we used the TAM to evaluate the
adoption of telemedicine and hypothesized that it would be
influenced by perceived risk.

Perceived Risk

Overview
The perceived risk was developed from the psychological theory
proposed by Bauer [20] in 1960 to explore consumer behavior.
The perceived risk is defined as a combination of uncertainty
plus seriousness of the outcome involved [20]. Featherman and
Pavlou [21] also adopted the same definition. Perceived risk
refers to an individual’s subjective expectation of experiencing
a loss in pursuit of the desired outcome [21,22]. Perceived risk
consists of individuals’ subjective feelings and the
self-evaluation of the size of the potential loss [23]. Thereafter,
researchers increasingly applied perceived risk to consumer
behavior and many dimensions of perceived risk were identified
[21,24,25].

Cunningham [23] identified performance and psychosocial
elements as perceived risk’s 2 major categories and typified

perceived risk into 6 dimensions, such as performance, safety,
financial loss, time, and social and psychological loss [23].
Then, the importance of privacy concerns has been gradually
recognized and the rich literature on consumer risk perception
appeared [21]. Provider risk, physical risk, and technology risk
have been presented to better understand the adoption of
e-services [21]. The fear that has stemmed from the COVID-19
crisis has recently caused psychological changes in terms of
consumer behavior. Information on the objective risk of the
pandemic is typically scarce and is featured as unpredictable
and uncertain. It remains unclear how people perceive infection
risks and whether these perceptions influence their decision to
adopt telemedicine [26,27].

Perceived risk has been a prominent subject of discussion within
the realms of telemedicine and health care in general. In Table
1, we present a comprehensive review of previous studies that
have incorporated perceived risk or its related dimensions as
variables in telemedicine research, using structural equation
modeling (SEM) as the primary analytical approach. The
literature on perceived risk suggests different types of risk,
which can be flexibly applied according to the characteristics
of the product or service [28]. Among these studies, only the
work of Bakshi and Tandon [11] attempts to understand the
barriers to telemedicine adoption by exploring different facets
of perceived risk. It is worth noting that not all risk dimensions
have been included in SEM models or assessed for patients in
prior studies. However, a substantial number of studies
investigating the relationship between telemedicine and
perceived risk did not adopt SEM as their chosen research
methodology.

In the subsequent sections, we will define each risk construct
and provide ample justification for selecting these constructs
through the existing literature, supported by theoretical backing.
Furthermore, we will reconstruct the risks using EFA and obtain
empirical evidence with CFA. This approach will be used to
reconstruct the effective risk dimensions and validate the
reliability and influence of these risk constructs on UI.

Ten dimensions of risk were selected based on our literature
review. We will discuss their relationship with telemedicine in
the subsequent sections.
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Table 1. Previous literature about perceived risk and telemedicine using structural equation modeling (SEM).

CORkPVRjTNRiPSRhPRRgSCRfPLRePFRdTMRcFNRbPRaParticipantsStudy, year

✓✓Users
Rho et al [29],
2015

✓✓StudentsKondrateva et
al [30], 2020

✓✓UsersKamal et al
[10], 2020

✓UsersBaudier et al
[31], 2021

✓✓UsersEsmaeilzadeh
and Mirzaei
[32], 2021

✓PsychiatristsKaphzan et al
[33], 2022

✓ProvidersRad et al [34],
2022

✓✓✓✓✓PhysiciansBakshi and
Tandon [11],
2022

✓✓✓UsersXiao et al [35],
2023

✓UsersLiu et al [36],
2024

✓✓✓UsersBahari et al
[37], 2024

✓✓✓Older usersSingh et al [38],
2024

aPR: perceived risk.
bFNR: financial risk.
cTMR: time risk.
dPFR: performance risk.
ePLR: psychological risk.
fSCR: social risk.
gPRR: privacy risk.
hPSR: physical risk.
iTNR: technology risk.
jPVR: provider risk.
kCOR: COVID-19 infection risk.

Financial Risk
The financial risk refers to potential monetary loss owing to
transaction errors or subsequent maintenance costs of the
productor service [11]. Financial risk in telemedicine pertains
to insurance, billing, payment system, and equipment costs.
Historically, insurance coverage and reimbursement for
telemedicine services has been a major barrier to adoption [39].
Before the COVID-19 pandemic, most commercial health
insurance plans restricted the types of services covered, and
many excluded telehealth services. Users were worried that
insurance payment regulations did not allow the coverage of
telemedicine, which would cause extra loss of money [39].
Second, the lack of awareness about appropriate service charges
and the way of payment is another cause of risk. Because of

payment restrictions and complex and diversified billing before
the pandemic, users’ fear about the perceived risk of monetary
loss was caused by transaction errors, though some countries
had legalized payment parity for telehealth and more
user-friendly payment systems have been developed as of now.
Third, the purchasing and maintenance cost of the equipment
for telemedicine and as well as the internet is relatively high,
particularly in developing countries [39]. Topacan et al [40]
opined that users and designers of health services should be
concerned about the cost of telemedicine services, which should
be even less than the cost of visiting a physician [40]. These
factors lead to the following concerns: (1) using telemedicine
(video consultations) might involve additional costs (financial
risk 1); (2) uncertainty about the fees for telemedicine worries
me (financial risk 2); (3) complex online payment systems
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during telemedicine could lead to financial losses (financial risk
3); and (4) uncertainty regarding insurance coverage during
telemedicine might result in financial setbacks (financial risk
4).

Performance Risk
A performance risk is the potential that a product or service will
not deliver as much value and desired benefits as required [25].
Inconsistent service quality and failure to meet expectations
contribute to perceived risk and consumer dissatisfaction [41].
Generally, the content of the service should be related to the
physicians’professionalism and users’ requirements. Deviations
from one’s expectations of care may result in reduced
satisfaction [42]. Topacan et al [40] stated that users attach
importance to obtaining accurate, relevant, and quality
information in a minimum response time. A cross-sectional
survey of 699 German mayors identified misdiagnosis and
differences in disease applications as the primary perceived
risks of telemedicine [43,44]. Users are concerned that not only
would the same patient-physician connection not be established
but they would not receive the level of complex care they may
require because diseases could not be diagnosed through
telemedicine services compared with face-to-face consultations
[45,46]. These reviews and observations lead to the following
survey questions: (1) telemedicine services might not be able
to address my concerns (performance risk 1); (2) telemedicine
might not meet my expected standards (performance risk 2);
and (3) the effectiveness of telemedicine might not compare to
in-person consultations (performance risk 3).

Technology Risk
Technology risk can be defined as a technological failure that
disrupts business and increases the users’perceived uncertainty
about telemedicine technology. Bakshi and Tandon [11] revealed
that technology risk had a negative effect on a group of
physicians’ intention to adopt telemedicine. Consumers are
reported to have the same concern. The most frequently cited
barriers among patients on dialysis who use home telehealth
services are malfunctioning equipment or trouble with internet
connections [47]. In addition, a cross-sectional survey in
Australia revealed that factors including ineffective
communication, the lack of scope for physical examination, and
difficulty obtaining prescriptions or examination results were
reasons for perceived risk. Technological limitation is the reason
why user’s telehealth experiences were poorer than traditional
face-to-face consultation experiences [46]. Hence, the survey
includes the following questions: (1) I worry that the equipment
for telemedicine might not function properly (technology risk
1); (2) I am concerned that physicians might not gather my
information thoroughly during telemedicine consultations
(technology risk 2); (3) I fear the absence of physical
examinations (such as touch, percussion, or auscultation) during
telemedicine services (technology risk 3); (4) I am worried about
the effectiveness of communication with the physician during
telemedicine consultations (technology risk 4); and (5) I am
concerned about difficulties in obtaining medications or learning
about test results through telemedicine services (technology
risk 5).

Psychological Risk
Perceived psychological risk refers to users’ perception of any
possible psychological frustration or anxiety resulting from the
use of telemedicine services, which is relatively complicated
and with which users are unfamiliar compared to long-term
face-to-face consultation [48]. Thus, users may operate the
service system unsuccessfully, which can cause anxiety and
psychological pressure, called technology anxiety. The term is
derived from studies on computer anxiety in which users hold
anxious and negative attitudes toward computers [49]. Previous
studies among physicians in Ethiopia have shown that computer
systems can bring about anxiety; users tend to have an emotional
response and become anxious when they are requested to use
the service [50]. The following questions are based on these
observations: (1) using telemedicine services might make me
anxious (perceived psychological risk 1); (2) using telemedicine
services might make me feel uncomfortable (perceived
psychological risk 2); (3) using telemedicine services might
create stress for me, such as worrying about technical errors
(perceived psychological risk 3); and (4) using telemedicine
services might negatively impact my self-image and self-esteem
(perceived psychological risk 4).

Social Risk
Featherman and Pavlou [21] defined social risk as the “potential
loss of status in user’s social group as a result of adopting the
service, looking foolish, or untrendy” [21]. Social risk and
influence may come from subjective norms, social factors, and
specific interpersonal agreements [40]. People are influenced
by others’ opinions and behaviors. Individuals have favorable
or unfavorable perceptions of telemedicine that in turn affects
their perspectives; alternatively, not adopting telemedicine may
also have positive or negative connotations [51]. Harst et al [12]
demonstrated that not only the target users but the user’s social
environment should be considered when planning telemedicine
service. This is because of the importance of users’ social
environment and because individuals’ social group can support
their use of telemedicine. One worldwide study showed that
peer experience is one of the major factors behind the overall
adoption of telemedicine, as it seems more attractive to them
after seeing their family and friends successfully using it. The
following questions are based on these observations: (1) using
telemedicine service might lower my self-esteem (social risk
1); and (2) using telemedicine service might lead my family
and friends to have negative opinions about me (social risk 2).

Physical Risk
Physical risk means the risk of potential threat to users’ safety,
physical health, or well-being. Physical risk in telemedicine
services is related to the safety and health of individuals within
high-risk environments [25,52]. During the COVID-19
pandemic, telemedicine could help mildly ill patients to receive
the medical care they need at home while minimizing their
exposure to the coronavirus [53]. Therefore, the survey contains
the following questions: (1) using telemedicine service might
pose risks to my physical health (physical risk 1); (2) using
telemedicine service might harm my well-being (physical risk
2); and (3) using telemedicine service might lead to illness or
infectious diseases, such as pneumonia (physical risk 3).
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Privacy Risk
Privacy risk refers to the possibility of the loss of private data
owing to fraud or hacking, which compromises the information
security of online users [51]. Privacy concerns are a major
barrier to online technology adoption [54]. Issues in telemedicine
included substantial concerns about privacy and information
security [55]. The users’ critical concern about privacy included
the maximum protection of personal electronic records and
clinical data. Transmission and storage of sensitive information
must be transparent [56]. This guarantee must be provided by
those who supply the device; they must ensure that the devices
are safe and noninvasive so that the users do not feel they were
spied on [55]. Studies in the United States suggest that people
tend to trust hospitals, which substantially moderate the negative
privacy effects [54]. Therefore, the survey contains the following
questions: (1) I feel that my privacy might not be secure when
using telemedicine service (privacy risk 1); (2) I worry that if
health care facilities do not have proper storage and backup,
my personal data might be lost during the use of telemedicine
service (privacy risk 2); (3) I am concerned that my personal
information or medical condition might be leaked during
telemedicine service (privacy risk 3); and (4) I fear that my
personal data might be stolen or misused during telemedicine
service (privacy risk 4).

Provider Risk
Provider risk refers to the degree to which users perceive
uncertainty about telemedicine providers, including companies,
hospitals, organizations, primary care providers, and physicians
[29]. A nationwide survey in the United States emphasizes the
importance of providers, stating that respondents become less
willing to use telemedicine as they become further detached
from their own providers [57]. On the basis of another
nationwide survey involving 4345 adults in the United States,
most participants expressed hesitation when it came to using
telemedicine for consultations with health care providers not
affiliated with their current organization. Only a mere 19%
indicated a willingness to use it for a provider from an entirely
different organization [58]. Therefore, the survey contains the
following questions: (1) I worry that the providers of
telemedicine service might not be knowledgeable (provider risk
1); (2) I am concerned whether professional medical personnel
provide this telemedicine service (provider risk 2); and (3) I
fear that the providers (physicians or hospitals) might not have
enough capability during telemedicine service (provider risk
3).

Time Risk
Time risk is defined as the loss of time and inconvenience
caused by delays in finding appropriate services and in learning
to use particular technology [11,21]. Most users do not prefer
using medical services that demand more time [40]. During the
process, consumers may waste time learning how to use
telemedicine services and are forced to switch to face-to-face
consultation if it does not meet their expectations. Moreover,
in developing economies, inadequate provision of information
and communication technology infrastructure and poor internet
connectivity are still formidable barriers leading to the wastage
of time [57]. In contrast, a worldwide study showed that one of

the major factors behind the overall adoption of telemedicine
is that it saves time, as telemedicine can reduce physical travel
and queue times at the hospital [59]. In addition, in some
countries, telemedicine visits usually take less time than
in-person visits, which are substantially associated with higher
levels of satisfaction [60]. So, the survey contains the following
questions: (1) accepting telemedicine service might require
additional time (time risk 1); (2) slow internet speeds could
potentially waste my time (time risk 2); and (3) If telemedicine
service do not meet expectations, it might lead to even more
time wastage (time risk 3).

Perceived COVID-19 Infection Risk
There are 2 dimensions in perceived COVID-19 infection risk:
the cognitive and affective dimension and the dimension related
to fear and general concerns. The cognitive or affective
dimension is the qualitative dimension in the perception of
COVID-19, such as its severity, controllability, and personal
impact. However, the dimension related to general concerns
focuses on personal feelings of fear and insecurity. Perceived
risk related to COVID-19 does not come under the perceived
risk of telemedicine; however, a crisis situation such as the
COVID-19 pandemic influences the perceptions of telemedicine
[59]. Following these theories, we can expect that people with
higher risk perceptions are more likely to adopt telemedicine
services. Therefore, the survey includes the following questions:
(1) I feel my health is at risk during the COVID-19 pandemic
(perceived COVID-19 infection risk 1); (2) I believe it is
challenging to control the COVID-19 outbreak (perceived
COVID-19 infection risk 2); (3) I worry about severe harm to
my body if I contract the virus (perceived COVID-19 infection
risk 3); (4) I think the current COVID-19 situation is more
serious than before (perceived COVID-19 infection risk 4); and
(5) I fear I might get infected by the coronavirus (perceived
COVID-19 infection risk 5).

Methods

Instrument Development
The target population in our study were users and potential users
of telemedicine services in Taiwan. The questionnaire for the
survey was adopted from previous telemedicine studies or
studies on fields related to health care. Both constructs suggested
by the TAM model and perceived risk dimensions were included
in the questionnaire [21]. To improve its quality and clarity, the
questionnaire’s preliminary version was tested to a pilot group
of 60 citizens through the web-based survey and 3 individuals
holding master’s degree suggested modifications in the wording
of items for conciseness. Finally, some questions were deleted
owing to their low α reliability. The measurement scales were
assessed on a 5-point Likert scale—from 1 for “strongly
disagree” to 5 for “strongly agree.” Then, it was determined
whether the value of Cronbach α in all constructs was >0.65,
which meant that the internal consistency and reliability of
summated rating scales were acceptable [61].

Ethical Considerations
We conducted a noninterventional questionnaire-based study,
using social science methods to gain a deeper understanding of
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participants’ perceptions. According to the Taiawn Ministry of
Health and Welfare's Human Research Act, Article 5, research
conducted in public settings involving nonspecific individuals,
which is noninterventional, anonymous, and where the collected
information cannot be used to identify specific individuals, is
exempt from review [62]. At the initial stage of questionnaire
distribution, participants were informed of the study’s purpose
and made aware that their participation was voluntary and
anonymous, with no personal or private data being collected.
All procedures were conducted in accordance with the ethical
guidelines of the Declaration of Helsinki.

Data Collection
The study uses SurveyCake, a widely used and professional
questionnaire distribution platform in Taiwan. Our target
population includes individuals who have previously used
telemedicine services or those who may potentially use them
in the future. Recruitment was restricted to adults aged ≥18
years, as they possess medical decision-making autonomy. We
primarily used public social media platforms, such as Facebook
(Meta Platforms, Inc), to reach a broad audience. To ensure the
representativeness of our sample, we extended our outreach to
relevant online communities across various geographical
regions, aiming to achieve balance in terms of age and
urban-rural distribution. In addition, for populations less familiar
with the internet, we used local community networks to raise
awareness about recruitment. By engaging participants through
a diverse range of online and offline platforms, we aimed to
ensure that the sample accurately reflected Taiwan’s current
population, particularly in terms of sex, age, education level,
and regional distribution.

Data Management
After the questionnaire collection is complete, we conducted
preliminary processing of the results, including the deletion of
incomplete responses. In addition, some questionnaires deemed
to have low reliability were removed, including those with
reverse order questions and extreme outlier values (such as very
short response times and selecting the same option for all
questions). Next, the collected questionnaires were randomly
divided into 2 groups: group A and group B, using simple
random sampling in SPSS (version 20; IBM Corp).
Subsequently, normality tests were conducted to determine
whether the datasets approximated a normal distribution by
testing the normality of the data using the Kolmogorov-Smirnov
residual method with the appropriate criteria.

The exported data were managed by SPSS and the relationship
between variables was evaluated with SPSS Amos (version 26).
SEM is the preferred technique among many standard methods
in software and enables the evaluation of complex, multiple
latent constructs and relationships [63]. Moreover, because the
study analyzes the cause and different facets of perceived risk
and its effect on technology acceptance, SEM has been preferred
over regression. SEM comprises 2 parts, EFA and CFA. The
questionnaires from group A, used for EFA, were used to ensure
that the variables adequately represented the domains of the
factors and to exclude variables from unrelated domains, thereby
reconstructing several evidence-based risk dimensions.

Meanwhile, the questionnaires from group B were used for CFA
to validate the hypothesized model and its paths [64].

EFA, Construct Extraction, and Definition
First, the questionnaires from group A were used to justify the
application of EFA by accessing the Bartlett test of sphericity
with Kaiser-Meyer-Olkin, which was conducted with Varimax
rotation and the results of EFA [65,66]. Next, we redesigned
the facets of perceived risk based on eigenvalues exceeding
1.000, as determined by CFA. The EFA aims to extract domains
with eigenvalues greater than 1.000, and to name the newly
generated dimensions based on a combination of data analysis
results (such as factor loadings) and theoretical background. In
this step, we reconstructed latent variables of perceived risk,
and informed the hypothesis according to the abovementioned
literature review.

Bias, Reliability, and Validity
To address common method bias (CMB), we conducted a
Harman 1-factor test, which involved performing an EFA on
all study variables. The results indicated that the first factor
accounted for >50% of the variance among the variables [67].
To mitigate concerns of multicollinearity, we used the variance
inflation factor to evaluate the potential bias generated by the
measurement design and determine the degree of
multicollinearity among the multiple regression variables, with
a suggested threshold of <10 [68].

To assess the validity of the model, 2 types of validities were
used: convergent and discriminant validities. The convergent
validity reflects the extent to which 2 measures capture a
common construct [69]. Convergent validity is estimated by
using the factor loading of all indicators and the average
variance extracted (AVE). If the value of the factor loading of
all items is >0.50, it is considered substantial. In addition, if the
AVE is >0.5 and composite reliability is not <0.7, it indicates
adequate convergence [70]. Moreover, the discriminant validity
reflects the degree to which items are discriminated against
amid constructs or individual conceptions are assessed for the
measurement model. Two criteria are used for the estimation
of discriminant validity. The first one is that the AVE itself is
greater than correlations in a given construct’s column or row
[71]. The second one is that the square root of AVE of the
corresponding construct exceeds any correlation with another
construct, which means the discriminant validity is considered
to be established [72].

Model Fit
To ensure the fit between the data and the measurement model
or to assess the goodness of fit, 4 different measures were used,
including chi-square—the ratio of the chi-square statistic to the

respective df (χ2/df), the goodness of fit index (GFI), root mean
square error of approximation, and the comparative fit index.
The chi-square is an absolute fit index, with a low chi-square
value relative to the df indicating a better model fit. However,
the chi-square fit statistic is affected by large samples and a

ratio is <5 for the χ2/df is preferred for acceptable model fit
evaluation [73-75].
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Hypothesis Testing
After the measurement model was confirmed, we used the
structural model to explain the relationship among the variables
and discover the connection between constructs followed by
hypothesis testing. Then, bootstrapping resampling technique
was used to examine model paths in the structural model—the
P values <.05 were considered statistically significant [76].

Results

Overview
The web-based survey of our study was open to the public in
Taiwan from June 13 to 30, 2022. A total of 1638 responses to

the questionnaire were received, of which 38 were deleted owing
to incompletion or low reliability caused by short use of answer
time. Therefore, 1600 valid responses were collected for the
analysis with a valid response rate of 98.2%. Using simple
random sampling, all the questionnaires were divided into 2
groups: group A (600 questionnaires, 37.5%) and group B (1000
questionnaires, 62.5%). Table 2 reports the characteristics of
all respondents in more detail, including reasonable
representations of sex, age, and educational qualifications.
Normality was assessed using the 1-sample
Kolmogorov-Smirnov test, with significance values for group
A and group B recorded as 0.200 and 0.550, respectively.
Because both values exceed 0.05, we conclude that the data are
normally distributed.

Table 2. Sample demographic of the respondents.

Total (N=1600)Group B (n=1000)Group A (n=600)Characteristics

Sex, n (%)

775 (48.4)474 (47.4)301 (50.1)Male

825 (51.6)526 (52.6)299 (49.9)Female

Age (y), n (%)

531 (33.2)318 (31.8)213 (35.5)18-29

285 (17.8)169 (16.9)116 (19.3)30-39

312 (19.5)214 (21.4)98 (16.4)40-49

472 (29.5)299 (29.9)173 (28.8)>50

Education level, n (%)

200 (12.5)129 (12.9)71 (11.8)High school

964 (60.3)607 (60.7)357 (59.5)Bachelor

396 (24.7)241 (24.1)155 (25.8)Master

40 (2.5)23 (2.3)17 (2.8)Doctoral

Experience of telemedicine, n (%)

1349 (84.3)839 (83.9)510 (85)None

232 (14.5)147 (14.7)85 (14.1)1-3 times

19 (1.2)14 (1.4)5 (0.9)>3 times

History of chronic disease, n (%)

1278 (79.8)801 (80.1)477 (79.5)None

322 (20.2)199 (19.9)123 (20.5)Yes

Thus, group A were used to justify the application of EFA by
accessing the Bartlett test of sphericity with Kaiser-Meyer-Olkin
value was 0.925 and the Bartlett test of sphericity was significant
(P<.001) [65,66]. The test was conducted with Varimax rotation
and the results of EFA indicated that 8 different factors, with
eigenvalues being superior to 1.000, accounted for 69.9% of
the cumulative variance. Technology risk 1, technology risk 2,
technology risk 4, and perceived COVID-19 infection risk 3
were deleted owing to lower factor loading, wrong concept of
contrast, or the crossing of 2 different contrasts during the EFA
process.

According to the results of EFA, 2 risk facets, namely
“technology risk” and “social risk,” were removed from the
analysis. In addition, the facet originally labeled as “perceived
psychological risk” was renamed “psychological and social
risks” because the 2 items related to social risk were classified
under the same category as perceived psychological risk by the
EFA. As a result, a total of 8 facets related to perceived risk
were identified (Figure 1) and details including factor loading
are presented in Table 3. To sum up, 8 risk dimensions were
reconstructed, including financial risk, performance risk,
psychological and social risk, physical risk, privacy risk,
provider risk, time risk, and perceived COVID-19 infection
risk.
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Figure 1. Eight risk dimensions reconstructed through exploratory factor analysis (EFA). FNR: financial risk; PCOR: perceived COVID-19 infection
risk; PFR: performance risk; PLR: psychological risk; PLSR: psychological and social risks; PSR: physical risk; PRR: privacy risk; PVR: provider risk;
SCR: social risk; TMR: time risk; TNR: technology risk.
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Table 3. Varimax with Kaiser normalization.

Factor loading of componentsFactor and item

87654321

FNRa

———————b0.702FNR1

———————0.737FNR2

———————0.704FNR3

———————0.649FNR4

PFRc

——————0.828—PFR1

——————0.822—PFR2

——————0.767—PFR3

——————0.610—TNR3

PLSRd

—————0.741——PLR1

—————0.823——PLR2

—————0.689——PLR3

—————0.676——PLR4

—————0.611——SCR1

—————0.596——SCR2

PSRe

————0.800———PSR1

————0.823———PSR2

————0.714———PSR3

PRRf

———0.660————PRR1

———0.775————PRR2

———0.865————PRR3

———0.833————PRR4

PVRg

——0.639—————PVR1

——0.691—————PVR2

——0.583—————PVR3

——0.589—————TNR5

TMRh

—0.743——————TMR1

—0.777——————TMR2

—0.587——————TMR3

PCORi

0.721———————PCOR1

0.813———————PCOR2

0.756———————PCOR4
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Factor loading of componentsFactor and item

87654321

0.714———————PCOR5

aFNR: financial risk.
bNot applicable.
cPFR: performance risk.
dPLSR: psychological and social risks.
ePSR: physical risk.
fPRR: privacy risk.
gPVR: provider risk.
hTMR: time risk.
iPCOR: perceived COVID-19 infection risk.

Definition of Factors of Risk
The definitions of the 8 facets of perceived risk and constructs
of TAM are provided in Table 4. The 8 risk dimensions included

financial risk, performance risk, psychological and social risk,
physical risk, privacy risk, provider risk, time risk, and perceived
COVID-19 infection risk.

Table 4. The definition of the constructs.

ReferenceOperational definitionConstructs

[39,77]Potential for financial loss due to online payments, limited insurance
coverage, and maintenance costs for products like mobile phones and the
internet.

Financial risk

[21,48,78]The result does not match the desired benefits.Performance risk

[79]The risk that lowers the user’s self-image, leads to a loss of self-esteem
and embarrassment, and generates pressure and anxiety resulting from the
use of a service.

Psychological and social risks

[78]The risk to the user’s safety and physical health in using telemedicine.Physical risk

[77,80]Potential loss of control over personal health information without permis-
sion.

Privacy risk

[29,81]The risk of the user’s perceived uncertainty about the telemedicine
provider.

Provider risk

[21,77]The risk of the user’s perception of wastage of time in learning how to
use the service.

Time risk

[82]The fear and general concerns about people’s perception of COVID-19
infection.

Perceived COVID-19 infection risk

[83]The degree of users’ belief that using telemedicine service would be free
from effort.

Perceived ease of use

[83]The degree of users’ belief that using telemedicine service would enhance
their performance.

Perceived usefulness

[10,77]Users’ desire to use telemedicine services in the future.Use intention

Hypothesis Formation
According to the aforementioned literature review, 18
hypotheses were derived (Textbox 1).
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Textbox 1. Derived hypotheses.

• Hypothesis 1a: financial risk negatively influences the perceived ease of use (PEOU) of telemedicine services.

• Hypothesis 1b: financial risk negatively influences the usage intention (UI) in telemedicine services.

• Hypothesis 2a: performance risk negatively influences the PEOU in telemedicine services.

• Hypothesis 2b: performance risk negatively influences the perceived usefulness (PU) of telemedicine services.

• Hypothesis 2c: performance risk negatively influences the UI in telemedicine services.

• Hypothesis 3a: psychological and social risks negatively influences the PEOU of telemedicine services.

• Hypothesis 3b: psychological and social risk negatively influences PU in telemedicine services.

• Hypothesis 3c: psychological and social risk negatively influences UI in telemedicine services.

• Hypothesis 4a: physical risk negatively influences the PU of telemedicine services.

• Hypothesis 4b: physical risk negatively influences the UI in telemedicine services.

• Hypothesis 5: privacy risk negatively influences the UI in telemedicine services.

• Hypothesis 6: provider risk negatively influences the UI in telemedicine services.

• Hypothesis 7: time risk negatively influences the UI in telemedicine services.

• Hypothesis 8a: perceived COVID-19 infection risk positively influences the PU of telemedicine services.

• Hypothesis 8b: perceived COVID-19 infection risk positively influences the UI in telemedicine services.

• Hypothesis 9: PEOU positively influences the PU in telemedicine services.

• Hypothesis 10: PEOU positively influences the UI in telemedicine services.

• Hypothesis 11: PU positively influences the UI in telemedicine services.

Research Model
The research model (Figure 2) consists of 8 redefined
dimensions of risk combined with the TAM, resulting in a total
of 18 hypotheses.

Figure 2. Research model and hypothesis. FNR: financial risk; PFR: performance risk; PLSR: psychological and social risks; PSR: physical risk; PRR:
privacy risk; TMR: time risk.

J Med Internet Res 2025 | vol. 27 | e53306 | p. 12https://www.jmir.org/2025/1/e53306
(page number not for citation purposes)

Wu & HoJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Reliability, Validity, and Bias
In CFA for the reliability and validity test (Table 5), financial
risk 1 and perceived COVID-19 infection risk 5 were deleted
owing to lower standard loading. PU1 was deleted from the
subsequent analysis according to the result of modification
indices because of a higher correlation with UI and failure of
the test of discriminant validity (the square root of the AVE for
PU 0.715 is less than PU of the correlations with UI 0.766).
After that, the tests indicate adequate discriminant validity. Two
criteria regarding discriminant validity showed that not only all
AVEs were greater than the correlations in that construct’s rows
and columns but also the square root of AVE (diagonal) was
greater than off-diagonal elements in rows and columns. The
two tests mentioned earlier support discriminant validity (Table
6).

In addition, the result of the evaluation showed that all Cronbach
α values were >0.7 and the internal consistency of items was
considered. Moreover, all item loads on their own factors were
>0.5 and the internal consistency reliability for each construct
was >0.6. Most constructs’ AVE values met the minimum
requirement because the constructs exceeded the criterion of
0.50, though the construct—“perceived COVID-19 infection

risk”—was 0.394 and “financial risk” was 0.483. However, we
could accept AVE<0.5 if the composite reliability was >0.6
because the convergent validity of the construct was still
adequate. Therefore, these tests indicate adequate convergent
validity [72].

Financial risk, performance risk, psychological and social risk,
physical risk, privacy risk, provider risk, time risk, and perceived
COVID-19 infection risk had mean scores of 3.33 (SD 0.854),
3.58 (SD 0.783), 2.43 (SD 0.769), 2.49 (SD 0.897), 3.39 (SD
1.00), 3.32 (SD 0.878), 3.37 (SD 0.831), and 3.81 (SD 0.751),
respectively. The mean scores of predictors of TAM such as
PU, PEOU, and UI, were 4.00 (0.761), 3.81 (SD 0.804), and
3.87 (SD 0.768), respectively.

The values of variance inflation factor for all the latent variables
in the model were between 1.107 and 2.241, all of which were
lower than the suggested threshold, indicating low concerns
about multicollinearity. For addressing CMB, the Harman
1-factor test during the EFA on all study variables showed the
first factor accounted for 31% of the variance among the
variables, which was lower than the suggested threshold,
indicating no CMB issues.
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Table 5. Reliability, validity test, and means among latent constructs.

Cronbach αCRbAVEaValues, mean (SD)Standard loadingItems

0.8070.7800.4833.33 (0.854)FNRc

0.727FNR2

0.776FNR3

0.791FNR4

0.8450.8530.5993.58 (0.783)PFRd

0.842PFR1

0.880PFR2

0.765PFR3

0.571TNR3

0.9020.9050.6132.43 (0.769)PLSRe

0.781PLR1

0.825PLR2

0.733PLR3

0.807PLR4

0.799SCR1

0.749SCR2

0.8190.8350.6322.49 (0.897)PSRf

0.827PSR1

0.906PSR2

0.626PSR3

0.8970.9030.7023.39 (1.00)PRRg

0.685PRR1

0.811PRR2

0.930PRR3

0.903PRR4

0.8400.8470.5853.32 (0.878)PVRh

0.755PVR1

0.823PVR2

0.849PVR3

0.609TNR5

0.7450.7490.5053.37 (0.831)TMRi

0.543TMR1

0.745TMR2

0.816TMR3

0.7050.7160.3943.81 (0.804)PCORj

0.569PCOV1

0.764PCOV2

0.673PCOV4

0.7910.7920.6554.00 (0.761)PUk

0.799PU2
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Cronbach αCRbAVEaValues, mean (SD)Standard loadingItems

0.821PU3

0.9040.9040.7033.81 (0.751)PEOUl

0.841PEOU1

0.812PEOU2

0.843PEOU3

0.857PEOU4

0.8820.8840.6563.87 (0.768)UIm

0.849UI1

0.811UI2

0.747UI3

0.828UI4

aAVE: average variance extracted.
bCR: critical ratio.
cFNR: financial risk.
dPFR: performance risk.
ePLSR: psychological and social risks.
fPSR: physical risk.
gPRR: privacy risk.
hPVR: provider risk.
iTMR: time risk.
jPCOR: perceived COVID-19 infection risk.
kPU: perceived usefulness.
lPEOU: perceived ease of use.
mUI: use intention.
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Table 6. Correlation matrix of variables.

1110987654321

——————————b0.695FNRa

—————————0.7740.473PFRc

————————0.7830.4430.468PLSRd

———————0.7950.6580.3870.388PSRe

——————0.8380.4330.4710.5480.571PRRf

—————0.7750.7730.4500.5200.5840.672PVRg

————0.7110.5790.5310.2940.3500.6870.643TMRh

———0.6270.2350.2040.2140.0930.1080.1850.213PCORi

——0.8100.086–0.260–0.234–0.220–0.294–0.365–0.342–0.184PUj

—0.8380.6070.029–0.249–0.325–0.279–0.323–0.483–0.306–0.335PEOUk

0.8100.6250.7750.046–0.311–0.280–0.256–0.341–0.356–0.460–0.205UIl

aFNR: financial risk.
bNot applicable.
cPFR: performance risk.
dPLSR: psychological and social risks.
ePSR: physical risk.
fPRR: privacy risk.
gPVR: provider risk.
hTMR: time risk.
iPCOR: perceived COVID-19 infection risk.
jPU: perceived usefulness.
kPEOU: perceived ease of use.
lUI: use intention.

Model Fit
In the following procedure, the measurement model (Figure 3)
assessment was done, and a summary of the model fit
measurements is presented in Table 7, in which most results
surpass the acceptable levels but the value of GFI is 0.840 which
is below 0.9. As Doll et al [84] suggest, GFI in the 0.8-0.9 range
presents a reasonable fit, particularly for more variance [84].
Overall, the measurement model indicates a satisfactory fit.

After the measurement model was confirmed, we used the
structural model (Figure 4) to discover how closely the theory
is supported by empirical data and whether the theory is
empirically confirmed [85]. The result of the structural model
and the summary of the model fit measurement are given in
Table 8. The structural model indicates a satisfactory fit. We
also tested for second-order factors in multifaceted risk
perception. However, the model fit indices were inferior to those
of the first-order model. Therefore, we decided to retain the
original structural model.
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Figure 3. Confirmatory factor analysis (CFA) for the measurement model. FNR: financial risk; PCOR: perceived COVID-19 infection risk; PEOU:
perceived ease of use; PFR: performance risk; PLSR: psychological and social risks; PRR: privacy risk; PU: perceived usefulness; PVR: provider risk;
TMR: time risk; UI: use intention.

Table 7. Fit measures in the structural model.

Recommended valuesMeasurement modelFit measure

—a3116 (685)χ2 (df)

<54.55χ2/df

>0.90.840Goodness of fit index

>0.90.902Comparative fit index

<0.080.060Root mean square error of approximation

aNot available.
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Figure 4. The structural model. FNR: financial risk; PCOR: perceived COVID-19 infection risk; PEOU: perceived ease of use; PFR: performance risk;
PLSR: psychological and social risks; PRR: privacy risk; PU: perceived usefulness; PVR: provider risk; TMR: time risk; UI: use intention.

Table 8. Results of hypotheses testing.

Recommended valuesStructural modelFit measure

—a2908 (703)χ 2 (df)

<54.136χ 2 /df

>0.90.869Goodness of fit index

>0.90.911Comparative fit index

<0.080.056Root mean square error of approximation

aNot available.

Result of Hypotheses
The hypothesis testing showed that 5 out of 8 redefined risks
significantly affect the TAM. The result of the hypotheses
testing is shown in Table 9. Three kinds of perceived
risk—financial risk, performance risk and psychological and
social risk—had significant negative effects on PEOU. The
psychological and social risk showed a stronger effect
(β=−0.377; P<.001) than the financial risk (β=−0.116; P=.003)
and performance risk (β=−0.091; P=.006). PU was affected by
2 types of perceived risk. The performance risk (β=−0.133;
P<.001) had a significant negative effect, but the perceived
COVID-19 infection risk (β=0.120; P=.003) had a significant
positive effect on PU. Furthermore, performance risk was the

only kind of risk that had a significant direct negative impact
on all 3 variables: PEOU, PU, and UI. However, time risk,
provider risk, and privacy risk did not significantly impact the
3 contrasts of TAM. PU was significantly influenced by PEOU
(β=0.511; P<.001). Moreover, both PU and PEOU were found
to significantly affect UI (P<.001). In terms of goodness of fit
indicators, the research model explained 66% of the variance
in UI of telemedicine service as shown in Figure 5. To further
assess the significance of the direct and indirect effects of
predictor variables on the UI of telemedicine service, a
decomposition of the effects analysis was conducted in Table
10. Overall, among the 8 types of risks, performance risk had
the most significant total effect on UI (β=−0.362).
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Table 9. Results of hypotheses testing.

ResultP valueCRaPath coefficient (SE)Hypothesis

Accepted.003−2.996−0.116 (0.039)Hypothesis 1a: PEOUb<-FNRc

Accepted.032.1830.105 (0.048)Hypothesis 1b: UId<-FNR

Accepted.006−2.754−0.091 (0.033)Hypothesis 2a: PEOU<-PFRe

Accepted<.001−4.542−0.133 (0.029)Hypothesis 2b: PUf<-PFR

Accepted<.001−5.419−0.220 (0.041)Hypothesis 2c: UI<-PFR

Accepted<.001−9.799−0.377 (0.038)Hypothesis 3a: PEOU<-PLSRg

Rejected.89−0.140−0.007 (0.048)Hypothesis 3b: PU<-PLSR

Accepted.012.4650.109 (0.044)Hypothesis 3c: UI<-PLSR

Rejected.17−1.359−0.050 (0.037)Hypothesis 4a: PU<-PSRh

Accepted.003−2.979−0.101 (0.034)Hypothesis 4b: UI <-PSR

Rejected.470.7170.031 (0.043)Hypothesis 5: UI<-PRRi

Rejected<.990.0010.000 (0.040)Hypothesis 6: UI <- PVRj

Rejected.64−0.467−0.031 (0.067)Hypothesis 7: UI <- TMRk

Accepted.0032.9920.120 (0.040)Hypothesis 8a: PU <-PCORl

Rejected.850.1900.007 (0.037)Hypothesis 8b: UI <-PCOR

Accepted<.00113.3190.511 (0.038)Hypothesis 9: PU <-PEOU

Accepted<.0016.8960.287 (0.042)Hypothesis 10: UI <-PEOU

Accepted<.00113.2810.649 (0.049)Hypothesis 11: UI <-PU

aCR: critical ratio.
bPEOU: perceived ease of use.
cFNR: financial risk.
dUI: use intention.
ePFR: performance risk.
fPU: perceived usefulness.
gPLSR: psychological and social risks.
hPSR: physical risk.
iPRR: privacy risk.
jPVR: provider risk.
kTMR: time risk.
lPCOR: perceived COVID-19 infection risk.
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Figure 5. Results of hypotheses testing. FNR: financial risk; PFR: performance risk; PLSR: psychological and social risks; PSR: physical risk; PRR:
privacy risk; PVR: provider risk. *P<.05, ***P<.001.

Table 10. Direct effects, indirect effects, and total effects.

PUjPEOUiTMRhPVRgPRRfFNRePCORdPSRcPLSRbPFRa

PEOU

—————−0.116——k−0.377−0.091Direct effect

——————————Indirect effect

—————−0.116——−0.377−0.091Total effect

PU

—0.511————0.120−0.050−0.007−0.133Direct effect

—————−0.059—−0.048−0.192−0.046Indirect effect

—0.511———−0.0590.120−0.098−0.199−0.179Total effect

UI

0.6490.287−0.031—0.0310.1050.007−0.1010.109−0.220Direct effect

—0.331———−0.0720.078−0.033−0.237−0.142Indirect effect

0.6490.618−0.031—0.0310.0330.085−0.134−0.128−0.362Total effect

aPFR: performance risk.
bPLSR: psychological and social risks.
cPSR: physical risk.
dPCOR: perceived COVID-19 infection risk.
eFNR: financial risk.
fPRR: privacy risk.
gPVR: provider risk.
hTMR: time risk.
iPEOU: perceived ease of use.
jPU: perceived usefulness.
kNot available.
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Discussion

Principal Findings
The study developed a theoretical model based on TAM to
determine the barriers to UI in telemedicine services. By
reconstructing the risk dimensions, 8 facets of perceived risk
were extracted through EFA, and 5 facets of perceived risk were
considered to substantially affect the TAM of telemedicine
services during the COVID-19 pandemic in Taiwan. Three risk
dimensions have been adjusted according to the results of EFA.
Perceived psychological risk and social risk have been
categorized into psychological and social risk, mainly due to
their high degree of overlap. Social risk emphasizes the potential
for image damage due to lack of recognition by others, while
perceived psychological risk highlights the potential for
inconsistency with self-identity. Social perceptions may also
influence one’s self-image, as well as attitudes toward and
anxiety about telemedicine. Technology risk, which is not
traditionally categorized under risk perception, was included in
previous studies primarily from a technological perspective to
assess the impact of risks. This inclusion leads to some overlap
with the original risk dimensions. For instance, survey questions
asked users whether they were concerned about the poor
performance of telemedicine due to various technological
limitations (such as network, equipment, and physical
examination). Although these are technological limitations, they
fundamentally address concerns about performance. This was
the purpose of EFA—to reconstruct 8 effective types of risk.

The psychological and social risk seems to be the strongest
barrier to perceived risk affecting the ease of using telemedicine.
Our study supports the effect of technology anxiety and pressure,
which have been shown to affect users’ resistance to using new
technology [10]. Technology anxiety and uncertainty can lead
to resistance to change owing to unexpected errors in technology
[49]. Therefore, when users are faced with a new telemedicine
service, they may be reluctant to switch from a face-to-face
service to an alternative one. In addition, our results agree with
the past finding that psychological and social risk prevents not
only providers but also users from adopting technology [11].
Users care about social pressure from their friends, family
members, and work groups with regard to telemedicine service.

According to the results of the total effect, performance risk is
the most substantial risk factor affecting UI when Taiwanese
individuals consider the adoption of telemedicine. In addition,
performance risk was the only risk factor that had a negative
effect both on UI directly and on PEOU and PU at the same
time. This indicates that PEOU and PU are the mediators that
partially explain the association between performance risk and
UI. Concerns about the performance, technology, and quality
of service have been expressed by stakeholders. For both health
care providers and users, performance always plays a vital role.
A large number of medical studies on the effectiveness of
telemedicine have compared it with traditional in-person visits
with regard to different diseases, such as anxiety disorders [2]
and chronic kidney diseases [86]. Variations of quality and
effectiveness in telemedicine and in-person care may lead to
performance risk. Another factor leading to performance risk

is distrust and concern regarding the technology. As shown in
the previous research, the result provides more empirically
grounded evidence for the importance of technology concerns
perhaps caused by inadequate communication effects between
physicians and patients and by disruptions in communication
owing to an unstable broadband connection, which may alter
the accuracy of instructed physical examination results and even
cause medical error. Therefore, the “digital divide” means that
telemedicine service cannot completely substitute for
face-to-face visits. Indeed, a substantial concern shared by both
physicians and users is the inability to conduct an in-person
physical examination [87]. In the study, the item technology
risk 3, “I fear the absence of physical examinations during
telemedicine services,” was classified as a factor related to
performance risk during the EFA. This indicates that individuals
not only have concerns about the limitations of the technology
itself but also about the impact it may have and the resulting
performance outcomes. As Nguyen et al [42] mentioned in the
review, promoting realistic expectations before the telemedicine
visit takes place is essential to effectively improve patient
satisfaction [42]. Providers should try to increase technology
acceptance and a sense of trust by assuring the users of various
technological solutions to reduce the risk or by showing
evidence for the similarity between technological use and
in-person examination components through virtual assessments
[88].

We found that the perceived COVID-19 infection risk has a
positive effect on PU with P value of <.001. This is because
telemedicine was globally used by force of circumstance and
because of social distancing as a substitute for face-to-face
interactions in enhancing clinical care, health promotion, and
disease prevention. The substantial negative effect of financial
risk on the PEOU of telemedicine is notable. In this context,
financial risk refers to payment models, personal and governance
insurance coverage, and online payment systems. One possible
reason for the impact of financial risk could be the general
public’s understanding of Taiwan’s nationalized health insurance
program, which may not be fully aware of the extent and scope
of insurance coverage for telemedicine services. In addition,
users may have concerns about online transactions due to their
perception of financial loss risks. Studies on online payment
highlight the importance of website security signs and quality
information, as these factors can influence customers’perception
of financial risk [89]. These results may underscore the
importance of trust in online trading platforms and payment
systems.

Three facets of perceived risk—time risk, provider risk, and
privacy risk—do not appear to be statistically significant to
TAM in telemedicine service. In the past, internet privacy
concerns were one major barrier to the adoption of digital
technologies or online services [90]. However, the absence of
a substantial effect of privacy risk on UI in telemedicine in our
hypotheses agrees with the findings of the study by Kamal et
al [10], in which perceived privacy risk was found to be an
insignificant determinant of UI to use telemedicine services.
Moreover, as shown by studies among 1059 US residents, just
like environmental risks similar to the COVID-19 pandemic,
privacy concerns do not negatively impact UI. Another
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cross-sectional study in Germany also revealed that data privacy
and security concerns were seen as less important in case of an
emergency condition [44]. One possible explanation by Kato-Lin
and Thelen [54] is that people may be involved in a different
decision process when they are facing immediate and severe
risks. Another explanation may be the result of a tradeoff during
the crisis between the privacy concern and the perceived risk
of COVID-19 infection.

In general, telemedicine services were expected to reduce the
need for transportation, save travel time, and provide cost-saving
for the public [87,91]. However, it is worth noting that the health
care system in Taiwan is characterized by good accessibility,
comprehensive population coverage, and short waiting times
[92]. Compared to the study by Weibel et al found that patients
using telemedicine saved an average of 438 driving miles per
visit, the study also highlighted the potential risks related to
time and distance [42]. In Taiwan, seeking medical services is
extremely convenient, with shorter time and distance required
for medical visits. These advantages make it less likely for the
public to experience time risk.

Regarding provider risk, previous studies found that most
patients prefer to use telemedicine with their physician with
whom they have an established relationship [58]. One possible
explanation for the insignificant hypothesis is that most users
in Taiwan primarily used telemedicine services for COVID-19
infection diagnosis and treatment during that period. This is
different from the context of general chronic disease
management, where the importance of the service provider is
comparatively reduced. Therefore, it is the result of tradeoff
among provider risk, government policy, and perceived of
COVID-19 infection. Consistent with previous research, our
study found that PEOU positively influences PU, and both PU
and PEOU positively impact UI. However, PU exerts a stronger
influence on UI [17].

As >80% of respondents had no prior telemedicine experience,
the findings are particularly relevant to nonadopters and may
encourage them to consider using telemedicine. Risk perception
is a dynamic and continually adjusting process. Nonadopters
often perceive increased uncertainty and risks due to their lack
of experience with technology, driven by unfamiliarity, fear of
the unknown, and privacy concerns [93]. Therefore, these
perceived risks have a greater potential for mitigation through
awareness campaigns and other adjustments.

Implications and Limitations
In the promotion of telemedicine, addressing psychological and
social risk is crucial in influencing user behavior. To alleviate
technology anxiety and discomfort, health care providers should
prioritize the establishment of emotional bonds and genuine
care, particularly when catering to older adult users engaging
in mobile health services [94]. Demonstrating empathy and
inclusiveness toward users, particularly those experiencing
anxiety and discomfort, is essential. Swiftly resolving issues
and offering efficient technical support, particularly for new
services, can effectively reduce user concerns and mitigate risks
associated with social origins. Encouraging users to share
positive experiences contributes to diminishing social risk and
generating excitement among potential users.

Regarding the main barrier to adoption, performance risk, which
may stem from the public’s unfamiliarity and lack of knowledge
about telemedicine, as well as the unknowns and
misunderstandings surrounding its performance. According to
consistent evidence from systematic reviews, the quality of care
in telemedicine is comparable to, or even superior to,
face-to-face consultations [2]. Governments and health care
providers play a critical role in informing individuals about this
evidence to alleviate concerns of potential users. Close
monitoring of telemedicine service quality and providing
additional education tailored to underserved users can
substantially enhance adoption rates.

There are some limitations to this study. First, the web-based
survey using the platform SurveyCake has a methodological
limitation. The sample may produce a bias toward individuals
more likely to be on the web and have internet access. Second,
we focused on users in Taiwan、 and our result for perceived
risk may not be representative of other countries. Furthermore,
at the time of the study, approximately 80% of the population
in Taiwan still did not have experience with telemedicine
services, which may limit the applicability of the study’s
findings. Third, this survey would benefit from longitudinal
data, which represents only a single point in time and does not
assess trends or tradeoffs in patients’ perceived risk over time.
In future studies, an examination of user’s perceived risk at
other time points will help understand the change of tradeoffs
among the risks. Second, to understand the effect of experience
or age difference on users’ perceived risk, future studies can
recruit subgroups and compare the findings with those of our
study.

Conclusions
This study aimed to enhance previous research efforts by
reconstructing the facets of perceived risk at a more granular
level and further refining the nomological fit of the TAM with
the perceived risk dimensions. Eight effective risk dimensions
were reconstructed based on a solid review of the background
literature through empirical techniques. Upon analyzing the
relationships between perceived risk and the TAM, we
determined that performance risk was the most substantial risk
factor and substantially influenced telemedicine adoption both
directly and indirectly. In addition, performance risk, financial
risk, and psychological and social risk substantially impacted
PEOU. These findings deepen our understanding of user
perceived risk and its impact on telemedicine adoption,
highlighting the need for strategies to address users’
uncertainties and concerns.

On the basis of the identified factors, including performance
risk and psychological and social risk, telemedicine service
providers, planners, and policy makers can design better
strategies for the successful implementation and adoption of
the services in countries that have not yet benefited from
telemedicine. To decrease public anxiety and pressure, public
awareness about the adoption process should be increased, and
the willingness to embrace telemedicine should be instilled in
the public as a convenient way to obtain high-quality health
care services. Health care providers and governments must also
improve the quality of technology and widely disseminate

J Med Internet Res 2025 | vol. 27 | e53306 | p. 22https://www.jmir.org/2025/1/e53306
(page number not for citation purposes)

Wu & HoJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


evidence related to the effectiveness and safety of telemedicine,
which will decrease performance risk and fundamentally

promote the public’s intention to use telemedicine services.

Authors' Contributions
TCW drafted the manuscript. TCW and CTH revised it critically for important intellectual content. All authors have read and
agreed to the published version of the manuscript. This research received no external funding.

Conflicts of Interest
None declared.

References

1. Gillman-Wells CC, Sankar TK, Vadodaria S. COVID-19 reducing the risks: telemedicine is the new norm for surgical
consultations and communications. Aesthetic Plast Surg. Feb 2021;45(1):343-348. [FREE Full text] [doi:
10.1007/s00266-020-01907-8] [Medline: 32885319]

2. Krzyzaniak N, Greenwood H, Scott AM, Peiris R, Cardona M, Clark J, et al. The effectiveness of telehealth versus face-to
face interventions for anxiety disorders: a systematic review and meta-analysis. J Telemed Telecare. Feb 2024;30(2):250-261.
[doi: 10.1177/1357633X211053738] [Medline: 34860613]

3. Heinonen K, Strandvik T. Reframing service innovation: COVID-19 as a catalyst for imposed service innovation. J Serv
Manag. Sep 15, 2020;32(1):101-112. [doi: 10.1108/josm-05-2020-0161]

4. Roine R, Ohinmaa A, Hailey D. Assessing telemedicine: a systematic review of the literature. CMAJ. Sep 18,
2001;165(6):765-771. [FREE Full text] [Medline: 11584564]

5. Bashshur RL, Reardon TG, Shannon GW. Telemedicine: a new health care delivery system. Annu Rev Public Health.
2000;21:613-637. [doi: 10.1146/annurev.publhealth.21.1.613] [Medline: 10884967]

6. Wilson LS, Maeder AJ. Recent directions in telemedicine: review of trends in research and practice. Healthc Inform Res.
Oct 2015;21(4):213-222. [FREE Full text] [doi: 10.4258/hir.2015.21.4.213] [Medline: 26618026]

7. Chen HS, Guo FR, Lee RG, Lin CC, Chen JH, Chen CY, et al. Recent advances in telemedicine. J Formos Med Assoc.
Nov 1999;98(11):767-772. [Medline: 10705694]

8. Chu CM, Wang TH, Lee HC, Lin CS, Feng CC. Emergency physicians' role in telemedicine care during the coronavirus
disease pandemic: experiences from Taiwan. Emerg Med Australas. Jun 2021;33(3):569-571. [FREE Full text] [doi:
10.1111/1742-6723.13731] [Medline: 33474829]

9. Ekeland AG, Bowes A, Flottorp S. Effectiveness of telemedicine: a systematic review of reviews. Int J Med Inform. Nov
2010;79(11):736-771. [FREE Full text] [doi: 10.1016/j.ijmedinf.2010.08.006] [Medline: 20884286]

10. Kamal SA, Shafiq M, Kakria P. Investigating acceptance of telemedicine services through an extended technology acceptance
model (TAM). Technol Soc. Feb 2020;60:101212. [FREE Full text] [doi: 10.1016/j.techsoc.2019.101212]

11. Bakshi S, Tandon U. Understanding barriers of telemedicine adoption: a study in North India. Syst Res Behav Sci. Jan 04,
2021;39:128-142. [doi: 10.1002/sres.2774]

12. Harst L, Lantzsch H, Scheibe M. Theories predicting end-user acceptance of telemedicine use: systematic review. J Med
Internet Res. May 21, 2019;21(5):e13117. [FREE Full text] [doi: 10.2196/13117] [Medline: 31115340]

13. Fabrigar LR, Wegener DT, MacCallum RC, Strahan EJ. Evaluating the use of exploratory factor analysis in psychological
research. Psychol Methods. 1999;4(3):272-299. [doi: 10.1037//1082-989x.4.3.272]

14. Davis FD. A technology acceptance model for empirically testing new end-user information systems : theory and results.
Massachusetts Institute of Technology, Sloan School of Management. 1986. URL: https://dspace.mit.edu/handle/1721.1/
15192 [accessed 2024-12-25]

15. Davis FD. Perceived usefulness, perceived ease of use, and user acceptance of information technology. MIS Q. Sep
1989;13(3):319-340. [doi: 10.2307/249008]

16. Venkatesh V, Davis FD. A model of the antecedents of perceived ease of use: development and test. Decis Sci. Sep
1996;27(3):451-481. [doi: 10.1111/j.1540-5915.1996.tb00860.x]

17. Su YY, Huang ST, Wu YH, Chen CM. Factors affecting patients' acceptance of and satisfaction with cloud-based telehealth
for chronic disease management: a case study in the workplace. Appl Clin Inform. Mar 2020;11(2):286-294. [FREE Full
text] [doi: 10.1055/s-0040-1708838] [Medline: 32294772]

18. Rho MJ, Choi IY, Lee J. Predictive factors of telemedicine service acceptance and behavioral intention of physicians. Int
J Med Inform. Aug 2014;83(8):559-571. [doi: 10.1016/j.ijmedinf.2014.05.005] [Medline: 24961820]

19. Rouidi M, Elouadi A, Hamdoune A. Acceptance and use of telemedicine technology by health professionals: development
of a conceptual model. Digit Health. 2022;8:20552076221081693. [FREE Full text] [doi: 10.1177/20552076221081693]
[Medline: 35223077]

20. Bauer RA. Consumer behavior as risk taking. In: Proceedings of the 43rd Conference of the American Marketing Association.
1960. Presented at: AMA 1960; June 15-17, 1960; Chicago, IL.

J Med Internet Res 2025 | vol. 27 | e53306 | p. 23https://www.jmir.org/2025/1/e53306
(page number not for citation purposes)

Wu & HoJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://europepmc.org/abstract/MED/32885319
http://dx.doi.org/10.1007/s00266-020-01907-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32885319&dopt=Abstract
http://dx.doi.org/10.1177/1357633X211053738
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34860613&dopt=Abstract
http://dx.doi.org/10.1108/josm-05-2020-0161
http://www.cmaj.ca/cgi/pmidlookup?view=long&pmid=11584564
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11584564&dopt=Abstract
http://dx.doi.org/10.1146/annurev.publhealth.21.1.613
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10884967&dopt=Abstract
https://europepmc.org/abstract/MED/26618026
http://dx.doi.org/10.4258/hir.2015.21.4.213
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26618026&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10705694&dopt=Abstract
https://europepmc.org/abstract/MED/33474829
http://dx.doi.org/10.1111/1742-6723.13731
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33474829&dopt=Abstract
https://doi.org/10.1016/j.ijmedinf.2010.08.006
http://dx.doi.org/10.1016/j.ijmedinf.2010.08.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20884286&dopt=Abstract
https://doi.org/10.1016/j.techsoc.2019.101212
http://dx.doi.org/10.1016/j.techsoc.2019.101212
http://dx.doi.org/10.1002/sres.2774
https://www.jmir.org/2019/5/e13117/
http://dx.doi.org/10.2196/13117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31115340&dopt=Abstract
http://dx.doi.org/10.1037//1082-989x.4.3.272
https://dspace.mit.edu/handle/1721.1/15192
https://dspace.mit.edu/handle/1721.1/15192
http://dx.doi.org/10.2307/249008
http://dx.doi.org/10.1111/j.1540-5915.1996.tb00860.x
https://europepmc.org/abstract/MED/32294772
https://europepmc.org/abstract/MED/32294772
http://dx.doi.org/10.1055/s-0040-1708838
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32294772&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2014.05.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24961820&dopt=Abstract
https://journals.sagepub.com/doi/abs/10.1177/20552076221081693?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub  0pubmed
http://dx.doi.org/10.1177/20552076221081693
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35223077&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


21. Featherman MS, Pavlou PA. Predicting e-services adoption: a perceived risk facets perspective. Int J Hum Comput Stud.
Oct 2003;59(4):451-474. [FREE Full text] [doi: 10.1016/S1071-5819(03)00111-3]

22. Wang CC. Factors influencing the adoption of online group-buying in virtual community. Multim Tools Appl. Feb 7,
2017;76:11751-11768. [doi: 10.1007/s11042-017-4470-y]

23. Cunningham SM. The major dimensions of perceived risk. In: Cox DF, editor. Risk Taking and Information Handling in
Consumer Behavior. Cambridge, MA. Harvard University Press; 1967:82-102.

24. Featherman M, Fuller M. Applying TAM to e-services adoption: the moderating role of perceived risk. In: Proceedings of
the 36th Hawaii International Conference on System Sciences. 2003. Presented at: HICSS 2003; January 6-9, 2003; Big
Island, HI.

25. Luo X, Li H, Zhang J, Shim JP. Examining multi-dimensional trust and multi-faceted risk in initial acceptance of emerging
technologies: an empirical study of mobile banking services. Decis Support Syst. May 2010;49(2):222-234. [FREE Full
text] [doi: 10.1016/j.dss.2010.02.008]

26. Duan L, Zhu G. Psychological interventions for people affected by the COVID-19 epidemic. Lancet Psychiatry. Apr
2020;7(4):300-302. [doi: 10.1016/s2215-0366(20)30073-0]

27. Omar NA, Nazri MA, Ali MH, Alam SS. The panic buying behavior of consumers during the COVID-19 pandemic:
examining the influences of uncertainty, perceptions of severity, perceptions of scarcity, and anxiety. J Retail Consum Serv.
Sep 2021;62:102600. [FREE Full text] [doi: 10.1016/j.jretconser.2021.102600]

28. Kaplan LB, Szybillo GJ, Jacoby J. Components of perceived risk in product purchase: a cross-validation. J Appl Psychol.
Jun 1974;59(3):287-291. [doi: 10.1037/h0036657]

29. Rho MJ, Yoon KH, Kim HS, Choi IY. Users’ perception on telemedicine service: a comparative study of public healthcare
and private healthcare. Multim Tools Appl. Mar 25, 2014;74:2483-2497. [doi: 10.1007/s11042-014-1966-6]

30. Kondrateva G, Baudier P, Ammi C. The digital natives’ paradox: adoption of telemedicine cabin. International Marketing
Trends Conference. 2024. URL: https://archives.marketing-trends-congress.com/2020/pages/PDF/079.pdf [accessed
2024-07-14]

31. Baudier P, Kondrateva G, Ammi C, Chang V, Schiavone F. Patients' perceptions of teleconsultation during COVID-19: a
cross-national study. Technol Forecast Soc Change. Feb 2021;163:120510. [FREE Full text] [doi:
10.1016/j.techfore.2020.120510] [Medline: 33318716]

32. Esmaeilzadeh P, Mirzaei T. Do hospitals need to extend telehealth services? An experimental study of different telehealth
modalities during the COVID-19 pandemic. Methods Inf Med. Sep 2021;60(3-04):71-83. [doi: 10.1055/s-0041-1735947]
[Medline: 34598297]

33. Kaphzan H, Sarfati Noiman M, Negev M. The attitudes and perceptions of Israeli psychiatrists toward telepsychiatry and
their behavioral intention to use telepsychiatry. Front Psychiatry. Mar 21, 2022;13:829965. [FREE Full text] [doi:
10.3389/fpsyt.2022.829965] [Medline: 35386519]

34. Rad PM, Chiang D, Connolly J, Mahmood A. Distance healthcare in Taiwan. J Supply Chain Oper Manag. Oct
2022;20(1):75-88.

35. Xiao F, Zhu Y, Wei X. Study on the mechanism of influencing patients’ willingness to use online consultation based on
SOR theory. Creat Educ. Apr 2023;14(4):844-852. [doi: 10.4236/ce.2023.144055]

36. Liu C, Wang J, Chen R, Zhou W. Exploring the influence of Chinese online patient trust on telemedicine behavior: insights
into perceived risk and behavior intention. Front Public Health. Aug 23, 2024;12:1415889. [FREE Full text] [doi:
10.3389/fpubh.2024.1415889] [Medline: 39247232]

37. Bahari G, Mutambik I, Almuqrin A, Alharbi ZH. Trust: how it affects the use of telemedicine in improving access to
assistive technology to enhance healthcare services. Risk Manag Healthc Policy. Jul 24, 2024;17:1859-1873. [FREE Full
text] [doi: 10.2147/RMHP.S469324] [Medline: 39072188]

38. Singh G, Bhatt S, Jhamb D. Impact of privacy, technology readiness, and perceived crowding on adoption of telemedicine
services. Int J Electron Mark Retail. Jul 02, 2024;15(4):455-478. [doi: 10.1504/ijemr.2024.139380]

39. Bajowala SS, Milosch J, Bansal C. Telemedicine pays: billing and coding update. Curr Allergy Asthma Rep. Jul 27,
2020;20(10):60. [FREE Full text] [doi: 10.1007/s11882-020-00956-y] [Medline: 32715353]

40. Topacan U, Basoglu N, Daim T. Health information service adoption: case of telemedicine. In: Proceedings of the 42nd
Hawaii International Conference on System Sciences. 2009. Presented at: HICSS 2009; January 5-8, 2009; Waikoloa, HI.
[doi: 10.1109/hicss.2009.237]

41. Crosby LA, Evans KR, Cowles D. Relationship quality in services selling: an interpersonal influence perspective. J Mark.
Jul 1990;54(3):68-81. [doi: 10.1177/002224299005400306]

42. Nguyen M, Waller M, Pandya A, Portnoy J. A review of patient and provider satisfaction with telemedicine. Curr Allergy
Asthma Rep. Sep 22, 2020;20(11):72. [doi: 10.1007/s11882-020-00969-7] [Medline: 32959158]

43. Sloan M, Lever E, Harwood R, Gordon C, Wincup C, Blane M, et al. Telemedicine in rheumatology: a mixed methods
study exploring acceptability, preferences and experiences among patients and clinicians. Rheumatology (Oxford). May
30, 2022;61(6):2262-2274. [FREE Full text] [doi: 10.1093/rheumatology/keab796] [Medline: 34698822]

J Med Internet Res 2025 | vol. 27 | e53306 | p. 24https://www.jmir.org/2025/1/e53306
(page number not for citation purposes)

Wu & HoJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://doi.org/10.1016/S1071-5819(03)00111-3
http://dx.doi.org/10.1016/S1071-5819(03)00111-3
http://dx.doi.org/10.1007/s11042-017-4470-y
https://doi.org/10.1016/j.dss.2010.02.008
https://doi.org/10.1016/j.dss.2010.02.008
http://dx.doi.org/10.1016/j.dss.2010.02.008
http://dx.doi.org/10.1016/s2215-0366(20)30073-0
https://doi.org/10.1016/j.jretconser.2021.102600
http://dx.doi.org/10.1016/j.jretconser.2021.102600
http://dx.doi.org/10.1037/h0036657
http://dx.doi.org/10.1007/s11042-014-1966-6
https://archives.marketing-trends-congress.com/2020/pages/PDF/079.pdf
https://europepmc.org/abstract/MED/33318716
http://dx.doi.org/10.1016/j.techfore.2020.120510
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33318716&dopt=Abstract
http://dx.doi.org/10.1055/s-0041-1735947
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34598297&dopt=Abstract
https://europepmc.org/abstract/MED/35386519
http://dx.doi.org/10.3389/fpsyt.2022.829965
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35386519&dopt=Abstract
http://dx.doi.org/10.4236/ce.2023.144055
https://doi.org/10.3389/fpubh.2024.1415889
http://dx.doi.org/10.3389/fpubh.2024.1415889
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39247232&dopt=Abstract
https://dx.doi.org/10.2147/RMHP.S469324
https://dx.doi.org/10.2147/RMHP.S469324
http://dx.doi.org/10.2147/RMHP.S469324
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=39072188&dopt=Abstract
http://dx.doi.org/10.1504/ijemr.2024.139380
https://europepmc.org/abstract/MED/32715353
http://dx.doi.org/10.1007/s11882-020-00956-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32715353&dopt=Abstract
http://dx.doi.org/10.1109/hicss.2009.237
http://dx.doi.org/10.1177/002224299005400306
http://dx.doi.org/10.1007/s11882-020-00969-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32959158&dopt=Abstract
https://europepmc.org/abstract/MED/34698822
http://dx.doi.org/10.1093/rheumatology/keab796
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34698822&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


44. Weißenfeld MM, Goetz K, Steinhäuser J. Facilitators and barriers for the implementation of telemedicine from a local
government point of view - a cross-sectional survey in Germany. BMC Health Serv Res. Sep 06, 2021;21(1):919. [FREE
Full text] [doi: 10.1186/s12913-021-06929-9] [Medline: 34488753]

45. Freiman S, Schwabe MT, Barrack RL, Nunley RM, Clohisy JC, Lawrie CM. Telemedicine for patients undergoing
arthroplasty : access, ability, and preference. Bone Joint J. Jul 2021;103-B(7 Supple B):98-102. [doi:
10.1302/0301-620X.103B7.BJJ-2020-2420.R1] [Medline: 34192903]

46. Isautier JM, Copp T, Ayre J, Cvejic E, Meyerowitz-Katz G, Batcup C, et al. People's experiences and satisfaction with
telehealth during the COVID-19 pandemic in Australia: cross-sectional survey study. J Med Internet Res. Dec 10,
2020;22(12):e24531. [FREE Full text] [doi: 10.2196/24531] [Medline: 33156806]

47. Minatodani DE, Chao PJ, Berman SJ. Home telehealth: facilitators, barriers, and impact of nurse support among high-risk
dialysis patients. Telemed J E Health. Aug 2013;19(8):573-578. [doi: 10.1089/tmj.2012.0201] [Medline: 23742629]

48. Yang Y, Liu Y, Li H, Yu B. Understanding perceived risks in mobile payment acceptance. Ind Manag Data Syst.
2015;115(2):253-269. [doi: 10.1108/IMDS-08-2014-0243]

49. Tsai TH, Lin WY, Chang YS, Chang PC, Lee MY. Technology anxiety and resistance to change behavioral study of a
wearable cardiac warming system using an extended TAM for older adults. PLoS One. Jan 13, 2020;15(1):e0227270. [doi:
10.1371/journal.pone.0227270] [Medline: 31929560]

50. Xue Y, Liang H, Mbarika V, Hauser R, Schwager P, Kassa Getahun M. Investigating the resistance to telemedicine in
Ethiopia. Int J Med Inform. Aug 2015;84(8):537-547. [FREE Full text] [doi: 10.1016/j.ijmedinf.2015.04.005] [Medline:
25991059]

51. Lee MC. Factors influencing the adoption of internet banking: an integration of TAM and TPB with perceived risk and
perceived benefit. Electron Commer Res Appl. 2009;8(3):130-141. [doi: 10.1016/j.elerap.2008.11.006]

52. Pi SM, Sangruang J. The perceived risks of online shopping in Taiwan. Soc Behav Pers Int J. Mar 01, 2011;39(2):275-286.
[doi: 10.2224/sbp.2011.39.2.275]

53. Portnoy J, Waller M, Elliott T. Telemedicine in the era of COVID-19. J Allergy Clin Immunol Pract. May
2020;8(5):1489-1491. [FREE Full text] [doi: 10.1016/j.jaip.2020.03.008] [Medline: 32220575]

54. Kato-Lin YC, Thelen ST. Privacy concerns and continued use intention of telemedicine during COVID-19. Telemed J E
Health. Oct 01, 2022;28(10):1440-1448. [doi: 10.1089/tmj.2021.0603] [Medline: 35235434]

55. Nittari G, Khuman R, Baldoni S, Pallotta G, Battineni G, Sirignano A, et al. Telemedicine practice: review of the current
ethical and legal challenges. Telemed J E Health. Dec 2020;26(12):1427-1437. [FREE Full text] [doi: 10.1089/tmj.2019.0158]
[Medline: 32049608]

56. Jalali MS, Landman A, Gordon WJ. Telemedicine, privacy, and information security in the age of COVID-19. J Am Med
Inform Assoc. Mar 01, 2021;28(3):671-672. [FREE Full text] [doi: 10.1093/jamia/ocaa310] [Medline: 33325533]

57. Bali S, Gupta A, Khan A, Pakhare A. Evaluation of telemedicine centres in Madhya Pradesh, Central India. J Telemed
Telecare. Jul 08, 2015;22(3):183-188. [doi: 10.1177/1357633x15593450]

58. Welch BM, Harvey J, O'Connell NS, McElligott JT. Patient preferences for direct-to-consumer telemedicine services: a
nationwide survey. BMC Health Serv Res. Nov 28, 2017;17(1):784. [FREE Full text] [doi: 10.1186/s12913-017-2744-8]
[Medline: 29183372]

59. Benis A, Banker M, Pinkasovich D, Kirin M, Yoshai BE, Benchoam-Ravid R, et al. Reasons for utilizing telemedicine
during and after the COVID-19 pandemic: an internet-based international study. J Clin Med. Nov 25, 2021;10(23):5519.
[FREE Full text] [doi: 10.3390/jcm10235519] [Medline: 34884221]

60. Vosburg RW, Robinson KA. Telemedicine in primary care during the COVID-19 pandemic: provider and patient satisfaction
examined. Telemed J E Health. Feb 2022;28(2):167-175. [doi: 10.1089/tmj.2021.0174] [Medline: 33999740]

61. Cronbach LJ. Coefficient alpha and the internal structure of tests. Psychometrika. Sep 1951;16(3):297-334. [doi:
10.1007/BF02310555]

62. Human research related business. Ministry of Health and Welfare. URL: https://statics.teams.cdn.office.net/evergreen-assets/
safelinks/1/atp-safelinks.html [accessed 2024-12-25]

63. Lowry PB, Gaskin J. Partial least squares (PLS) structural equation modeling (SEM) for building and testing behavioral
causal theory: when to choose it and how to use it. IEEE Trans Profess Commun. Jun 2014;57(2):123-146. [doi:
10.1109/tpc.2014.2312452]

64. Watkins MW. Exploratory factor analysis: a guide to best practice. J Black Psychol. Apr 27, 2018;44(3):219-246. [doi:
10.1177/0095798418771807]

65. Bartlett MS. A note on the multiplying factors for various χ2 approximations. J R Stat Soc Series B Methodol.
1954;16(2):296-298. [doi: 10.1111/j.2517-6161.1954.tb00174.x]

66. Kaiser HF. An index of factorial simplicity. Psychometrika. Mar 1974;39(1):31-36. [doi: 10.1007/bf02291575]
67. Podsakoff PM, Organ DW. Self-reports in organizational research: problems and prospects. J Manage. Dec 01,

1986;12(4):531-544. [doi: 10.1177/014920638601200408]
68. Kock N. Common method bias in PLS-SEM: a full collinearity assessment approach. Int J e-Collaboration. Oct

2015;11(4):1-10. [doi: 10.4018/ijec.2015100101]

J Med Internet Res 2025 | vol. 27 | e53306 | p. 25https://www.jmir.org/2025/1/e53306
(page number not for citation purposes)

Wu & HoJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-021-06929-9
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-021-06929-9
http://dx.doi.org/10.1186/s12913-021-06929-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34488753&dopt=Abstract
http://dx.doi.org/10.1302/0301-620X.103B7.BJJ-2020-2420.R1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34192903&dopt=Abstract
https://www.jmir.org/2020/12/e24531/
http://dx.doi.org/10.2196/24531
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33156806&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2012.0201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23742629&dopt=Abstract
http://dx.doi.org/10.1108/IMDS-08-2014-0243
http://dx.doi.org/10.1371/journal.pone.0227270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31929560&dopt=Abstract
https://doi.org/10.1016/j.ijmedinf.2015.04.005
http://dx.doi.org/10.1016/j.ijmedinf.2015.04.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25991059&dopt=Abstract
http://dx.doi.org/10.1016/j.elerap.2008.11.006
http://dx.doi.org/10.2224/sbp.2011.39.2.275
https://europepmc.org/abstract/MED/32220575
http://dx.doi.org/10.1016/j.jaip.2020.03.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32220575&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2021.0603
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35235434&dopt=Abstract
https://europepmc.org/abstract/MED/32049608
http://dx.doi.org/10.1089/tmj.2019.0158
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32049608&dopt=Abstract
https://europepmc.org/abstract/MED/33325533
http://dx.doi.org/10.1093/jamia/ocaa310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33325533&dopt=Abstract
http://dx.doi.org/10.1177/1357633x15593450
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-017-2744-8
http://dx.doi.org/10.1186/s12913-017-2744-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29183372&dopt=Abstract
https://www.mdpi.com/resolver?pii=jcm10235519
http://dx.doi.org/10.3390/jcm10235519
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34884221&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2021.0174
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33999740&dopt=Abstract
http://dx.doi.org/10.1007/BF02310555
https://statics.teams.cdn.office.net/evergreen-assets/safelinks/1/atp-safelinks.html
https://statics.teams.cdn.office.net/evergreen-assets/safelinks/1/atp-safelinks.html
http://dx.doi.org/10.1109/tpc.2014.2312452
http://dx.doi.org/10.1177/0095798418771807
http://dx.doi.org/10.1111/j.2517-6161.1954.tb00174.x
http://dx.doi.org/10.1007/bf02291575
http://dx.doi.org/10.1177/014920638601200408
http://dx.doi.org/10.4018/ijec.2015100101
http://www.w3.org/Style/XSL
http://www.renderx.com/


69. Carlson KD, Herdman AO. Understanding the impact of convergent validity on research results. Organ Res Methods. Dec
30, 2010;15(1):17-32. [doi: 10.1177/1094428110392383]

70. Cheung GW, Wang C. Current approaches for assessing convergent and discriminant validity with SEM: issues and solutions.
In: Proceedings of the Academy of Management Annual Meeting. 2017. Presented at: AMP 2017; August 4-9, 2017;
Atlanta, GA. [doi: 10.5465/ambpp.2017.12706abstract]

71. Chin WW. The partial least squares approach for structural equation modeling. In: Marcoulides GA, editor. Modern Methods
for Business Research. Mahwah, NJ. Lawrence Erlbaum Associates Publishers; 1998:295-336.

72. Fornell C, Larcker DF. Structural equation models with unobservable variables and measurement error: algebra and statistics.
J Mark Res. Aug 01, 1981;18(3):382-388. [doi: 10.1177/002224378101800313]

73. Alavi M, Visentin DC, Thapa DK, Hunt GE, Watson R, Cleary M. Chi-square for model fit in confirmatory factor analysis.
J Adv Nurs. Sep 07, 2020;76(9):2209-2211. [doi: 10.1111/jan.14399] [Medline: 32323338]

74. Bentler PM, Bonett DG. Significance tests and goodness of fit in the analysis of covariance structures. Psychol Bull. Nov
1980;88(3):588-606. [doi: 10.1037/0033-2909.88.3.588]

75. Snijders TA, Bosker RE. A Beginner's Guide to Structural Equation Modeling. London, UK. Routledge; 2022.
76. Hair JF, Ringle CM, Sarstedt M. PLS-SEM: indeed a silver bullet. J Mark Theory Pract. Dec 08, 2014;19(2):139-152. [doi:

10.2753/MTP1069-6679190202]
77. Bakshi S, Tandon U, Mittal. A. Drivers and barriers of telemedicine in india: seeking a new paradigm. J Comput Theory

Nanosci. Oct 01, 2019;16(10):4367-4373. [doi: 10.1166/jctn.2019.8527]
78. Jacoby J, Kaplan LB. The components of perceived risk. In: Proceedings of the Third Annual Convention of the Association

for Consumer Research. 1972. Presented at: ACR 1972; November 2-5, 1972; Chicago, IL.
79. Crespo ÁH, del Bosque IR, de los Salmones Sánchez MM. The influence of perceived risk on internet shopping behavior:

a multidimensional perspective. J Risk Res. Mar 2009;12(2):259-277. [doi: 10.1080/13669870802497744]
80. Luo L, Zheng Z, Luo J, Jia Y, Zhang Q, Wu C, et al. Spatial agglomeration of manufacturing in the Wuhan metropolitan

area: an analysis of sectoral patterns and determinants. Sustainability. Sep 28, 2020;12(19):8005. [doi: 10.3390/su12198005]
81. Lim N. Consumers’ perceived risk: sources versus consequences. Electron Commerce Res Appl. Sep 2003;2(3):216-228.

[FREE Full text] [doi: 10.1016/S1567-4223(03)00025-5]
82. Botzen WJ, Duijndam SJ, Robinson PJ, van Beukering P. Behavioral biases and heuristics in perceptions of COVID-19

risks and prevention decisions. Risk Anal. Dec 29, 2022;42(12):2671-2690. [doi: 10.1111/risa.13882] [Medline: 35092967]
83. Aggelidis VP, Chatzoglou PD. Using a modified technology acceptance model in hospitals. Int J Med Inform. Feb

2009;78(2):115-126. [FREE Full text] [doi: 10.1016/j.ijmedinf.2008.06.006] [Medline: 18675583]
84. Doll WJ, Xia W, Torkzadeh G. A confirmatory factor analysis of the end-user computing satisfaction instrument. MIS Q.

Dec 1994;18(4):453-461. [doi: 10.2307/249524]
85. Hair JFJ, Ringle CM, Sarstedt M. Partial least squares structural equation modeling: rigorous applications, better results

and higher acceptance. Long Range Plan. Feb 2013;46(1-2):1-12. [doi: 10.1016/j.lrp.2013.01.001]
86. Androga LA, Amundson RH, Hickson LJ, Thorsteinsdottir B, Garovic VD, Manohar S, et al. Telehealth versus face-to-face

visits: a comprehensive outpatient perspective-based cohort study of patients with kidney disease. PLoS One. Mar 11,
2022;17(3):e0265073. [FREE Full text] [doi: 10.1371/journal.pone.0265073] [Medline: 35275958]

87. Saljoughian M. The benefits and limitations of telehealth. US Pharm. 2021;46(8):5-8.
88. Lu AD, Veet CA, Aljundi O, Whitaker E, Smith WB2, Smith JE. A systematic review of physical examination components

adapted for telemedicine. Telemed J E Health. Dec 01, 2022;28(12):1764-1785. [doi: 10.1089/tmj.2021.0602] [Medline:
35363573]

89. Haddad GE, Aïmeur E, Hage H. Understanding trust, privacy and financial fears in online payment. In: Proceedings of the
2018 17th IEEE International Conference On Trust, Security And Privacy In Computing And Communications/ 12th IEEE
International Conference On Big Data Science And Engineering. 2018. Presented at: TrustCom/BigDataSE 2018; August
1-3, 2018; New York, NY. [doi: 10.1109/trustcom/bigdatase.2018.00015]

90. Bélanger F, Crossler RE. Privacy in the digital age: a review of information privacy research in information systems. MIS
Q. Dec 2011;35(4):1017. [doi: 10.2307/41409971]

91. Bali S. Barriers to development of telemedicine in developing countries. In: Heston TF, editor. Telehealth. London, UK.
IntechOpen; 2019.

92. Wu TY, Majeed A, Kuo KN. An overview of the healthcare system in Taiwan. London J Prim Care (Abingdon). Dec
2010;3(2):115-119. [FREE Full text] [doi: 10.1080/17571472.2010.11493315] [Medline: 25949636]

93. Cocosila M, Turel O. Adoption and non-adoption motivational risk beliefs in the use of mobile services for health promotion.
Internet Res. Aug 05, 2019;29(4):846-869. [doi: 10.1108/intr-04-2018-0174]

94. Al Meslamani AZ, Aldulaymi R, El Sharu H, Alwarawrah Z, Ibrahim OM, Al Mazrouei N. The patterns and determinants
of telemedicine use during the COVID-19 crisis: a nationwide study. J Am Pharm Assoc (2003). 2022;62(6):1778-1785.
[FREE Full text] [doi: 10.1016/j.japh.2022.05.020] [Medline: 35710898]

J Med Internet Res 2025 | vol. 27 | e53306 | p. 26https://www.jmir.org/2025/1/e53306
(page number not for citation purposes)

Wu & HoJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

http://dx.doi.org/10.1177/1094428110392383
http://dx.doi.org/10.5465/ambpp.2017.12706abstract
http://dx.doi.org/10.1177/002224378101800313
http://dx.doi.org/10.1111/jan.14399
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32323338&dopt=Abstract
http://dx.doi.org/10.1037/0033-2909.88.3.588
http://dx.doi.org/10.2753/MTP1069-6679190202
http://dx.doi.org/10.1166/jctn.2019.8527
http://dx.doi.org/10.1080/13669870802497744
http://dx.doi.org/10.3390/su12198005
https://doi.org/10.1016/S1567-4223(03)00025-5
http://dx.doi.org/10.1016/S1567-4223(03)00025-5
http://dx.doi.org/10.1111/risa.13882
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35092967&dopt=Abstract
https://doi.org/10.1016/j.ijmedinf.2008.06.006
http://dx.doi.org/10.1016/j.ijmedinf.2008.06.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18675583&dopt=Abstract
http://dx.doi.org/10.2307/249524
http://dx.doi.org/10.1016/j.lrp.2013.01.001
https://dx.plos.org/10.1371/journal.pone.0265073
http://dx.doi.org/10.1371/journal.pone.0265073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35275958&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2021.0602
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35363573&dopt=Abstract
http://dx.doi.org/10.1109/trustcom/bigdatase.2018.00015
http://dx.doi.org/10.2307/41409971
https://europepmc.org/abstract/MED/25949636
http://dx.doi.org/10.1080/17571472.2010.11493315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25949636&dopt=Abstract
http://dx.doi.org/10.1108/intr-04-2018-0174
https://europepmc.org/abstract/MED/35710898
http://dx.doi.org/10.1016/j.japh.2022.05.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35710898&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Abbreviations
AVE: average variance extracted
CFA: confirmatory factor analysis
CMB: common method bias
EFA: exploratory factor analysis
GFI: goodness of fit index
PEOU: perceived ease of use
PU: perceived usefulness
SEM: structural equation modeling
TAM: technology acceptance model
UI: use intention
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