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Abstract
The patients increasing number and growing shortage of medical staff are acute problems that face the healthcare industry today.
Healthcare robots are being installed to solve this problem, since they have sufficient potential to solve the problems. The
healthcare robot initiative success is not only based on the executives’ decisions and robot designers but also on medical staff
members’ willingness to adopt healthcare robots. Nowadays, there are gaps in our understanding about the evaluation of staff
changes in using robots. This study investigated the factors involved in the robots using in Thai government hospitals based on
the results of 466 questionnaire respondents. The medical staff was selected randomly for data collection. The Confirmatory
factor analysis (CFA) and a structural equation modeling (SEM) are tools used in data analysis. The findings confirmed that all
four UTAUT constructs of the study, namely, the facilitating conditions, social influence, effort expectancy, performance
expectancy, and concerns about safety, significantly predicted the use of robots (p < .01). Medical practitioners under 35 years
of age tended to accept the technology better than their more senior counterparts. The staff’s intentions and facilitation of support
played a key role in adopting and using robots. Lack of technical knowledge was perceived as a barrier to technology adoption.
The results also indicate a significant negative effect in the relationship between the medical staff’s behavioral intention and
barrier/resistance to the healthcare robot using. This study also identifies key factors for medical staff to make acceptance
decisions in relation to healthcare robots.

Keywords Healthcare robot . The unified theory of acceptance and use of technology (UTAUT) . Technology barrier acceptance
model . Acceptance and resistance technology

1 Introduction

Currently, one of the key problems facing healthcare organiza-
tions is that the number of patients (adult, senior, and impaired)
has increased while the number of medical staff (physician,
nurse, and other staff) has decreased over time. Therefore, there
are not enough doctors and staff for patients [1], which is a major
problem that the healthcare industry is facing worldwide [2]. The
increasing patient population has caused organizations to resort
to healthcare technology to solve these problems and to increase
healthcare service performance [3, 4].

Now, the healthcare technology is being developed both in
the research section and actual use for healthcare service [5]
because they have the potential to improve healthcare service
quality. Previously, most studies in the healthcare technology
field have focused on the healthcare information technology
topic [5, 6]. Due to the increasing needs of patients, medical
robots are therefore used to meet these needs [7].

Healthcare robots have become an important tool, since
they can improve diagnostics and treatment capabilities, re-
duce rest time, reduce the medical errors number and improve
the overall quality and cost effectiveness of healthcare service
systems [4, 8]. However, the healthcare robot initiative suc-
cess is not only based on robot designers and corporate exec-
utives but also depends on the intention of medical staff to
bring these robots to health as well because medical staff
members are the healthcare robot users who provide services
to patients. The executives and robot designers must
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understand the factors and facilities that cause medical staff to
accept the use of healthcare robots. Therefore, one of the ways
to meet the need of patients are to explore the factors related to
the adoption of healthcare robot technology to improve the
service quality of medical staff [1].

Previously, robot study for healthcare mainly has fo-
cused on the use of technical and design [7], and an adop-
tion study represents a new topic in this field. From the
literature review, it was found that the acceptance model
has been applied to specific cases of healthcare robot
adoption and they have identified critical factors for this
context, the example is the study of Alaiad A and Zhou L,
which studied the factors of home healthcare robot adop-
tion [6]. However, when the organizations outlay in new
technology, dealing with user resistance cannot be avoided
[8]. Therefore, it is necessary to determine which key fac-
tors influence technology adoption and the examination of
obstacles as well as the relationship between the behavior-
al intention of using robots and obstacles.

Now, the healthcare robot using studies have been lim-
ited, and most of them do not check the resistance/barrier
factors of users [9]. The Cenfetelli’s research is inspiration
of this study observing that previous technology usage
theories, the example is the technology acceptance model
(TAM), remained to focus on the positive (enabling)
awareness of user involved in the use of technology while
ignoring the negative (inhibiting) awareness that may pre-
vent technology usage [10]. Although the specific technol-
ogy usage inhibitors was done identify in Cenfetelli’s re-
search, he only helped us understand the impact the tech-
nology usage inhibiting perceptions [11]. Based on our
literature review, the barrier factor in this research is
adapted from the barrier theory in suitable healthcare robot
contexts.

According to technology acceptance theory, the
UTAUT model is used for healthcare robot factor usage.
This research offers that a user’s use behavior regarding
healthcare robots is based on two enablers: facilitating
conditions and behavioral intention. At the same time,
the inhibitors (barrier factors) affect the behavioral inten-
tion to healthcare robots using. From a practical perspec-
tive, the barrier factors cause the user to resist technology
use: understanding why users exhibit anti-robot behavior
can help hospital management and healthcare administra-
tors design appropriate intervention management to reduce
the user barriers and their effects on healthcare policy.
Thus, this study objectives include 1) identifying the ac-
ceptance factors that affect medical staff’s to healthcare
robots adoption and what enablers most influence to use
healthcare robot; 2) investigating whether the medical
staff’s barrier to healthcare robot use significantly affects
to the robots using; and 3) to clarify that barriers most
influence the decision to resist the healthcare robots.

2 Background

2.1 Healthcare problems and trend

Currently, healthcare institutions face inadequate healthcare
facilities, and there are not enough medical staff to address
patient problems [1, 12, 13]. This situation causes diagnostic
errors and longer wait time for treatment and lowers the effec-
tiveness of the process due to the fatigue and stress of the
medical staff, which has an effect on patient safety [12].

Now each healthcare organization has installed healthcare
technology for solving the problem and optimizing its service
quality. First, hospitals had installed information technology,
which is an indispensable facilitator [1]. After that, healthcare
technology has grown and developed in parallel with the evo-
lution of healthcare services and along with the needs of the
patients, especially in the robot field. So, the healthcare orga-
nizations have installed healthcare robots, because they can
improve the healthcare services quality.

2.2 Robots

Now, robots have been widely used and developed, but robot
is not clear definition for acceptance from the general public,
they don’t have consensus on what qualifies as a robot [13].
Therefore, to understand the Thai definition of robots in this
research, the robots are identified by multiple theories. First, a
robot is a machine that can work, and some can operate on
their own, while others need an instructor, according to NASA
[6]. Second, the robot should do one or more of the following:
1). move slightly; 2). Work the mechanical arm; 3). feeling
and dealing with the environment; and 4). showing intelligent
behavior, as per Thailand Center of Excellence for Life
Sciences [13]. Third, a robot is a mechanical tool and the
internal mechanisms that can combine integrated with a hu-
man or a human agent and can rearrange their work process,
according to Saranukromthai’s book 36 [14].

2.3 Healthcare robots

According to NASA, a robot is a machine that can be used to
operate, and some can operate on their own but other need an
instructor to make the robot work. When these jobs mean
healthcare, these robots are called healthcare robots [6].
Now, the large hospitals such as Siriraj hospital, the
Bangkok hospital have been recently installed and used for
healthcare service. In Thailand, the healthcare process can be
divided into detecting the symptoms, diagnosing the disease,
treating the disease and preventing the disease, and the
healthcare robots can facilitate both direct and indirect patient
care to reduce medical errors by developing screening and
auditing to improve the accuracy in the system. Healthcare
robots used to support the medical staff’s activities will
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remove some of the workload and improve their productivity.
Thai healthcare robots can be divided into three major catego-
ries: treatment robots (such as a rehabilitation robot, diagnosis
robot, and surgery robot), support robots (such as the physical
robot) and medical service robots (such as a pharmacy robot,
nurse robot, telemedicine network robot) [4].

Healthcare robots have become an important tool in im-
proving the healthcare system and assist the medical staff at
every step of the healthcare process in Thailand, from diagno-
sis research assistance to training officials to make the system
more efficient [4]. Healthcare robots considered in this re-
search, include 1. surgery robots, 2. telemedicine robots, 3.
nurse robots, 4. pharmacy robots, 5. physical robots, 6. radio-
graphic diagnostic robot, and 7. a specific healthcare robot.

2.4 Technology acceptance model

Currently, many technology acceptance theories many theo-
ries have been proposed, and many researchers have previous-
ly applied these theories to explain the health information
technologies acceptance [5, 15, 16]. However, these accep-
tance theories have not been used to describe the acceptance
of the use of robot for healthcare in Thai government hospi-
tals. Moreover, previous studies have not considered barrier
factors to explain behavioral intention along with adoption
behavior. Therefore, this study is the beginning of research
on healthcare robot adoption in Thai government hospitals
and guides future research about robots in healthcare settings.

The UTAUT was selected for this healthcare robot accep-
tance study because it was used to study the technology ac-
ceptance of each person in the business sector; the theory
matches target hospitals, and these factors cover the context
of technology adoption because they are combined from other
models, thus comprehensively covering all technology accep-
tance factors. In addition, in the context of previous research,
it has shown the accuracy and reliability of the model as well
[17, 18].

2.5 Technology adoption and resistance

When a new technology is introduced, the user may accept or
resist it. The decision is based on evaluating the changes re-
lated to the new system [19]. Due to the failure of healthcare
technology efforts, these failures are caused by resistance/
barrier of the user [16]. Resistance (Bhattacherjee A and
Hikmet N) is not equal to inactivity, as it may mean that the
users who use technology do not know about the new tech-
nology or are evaluating the technology before implementing
it. But, resistance means the technology was considered and
rejected by the users [17]. Moreover, Cenfetelli showed that
resistance is markedly enhanced by changes in behavior but
not using does not lead to such a result. However, the rela-
tionship in opposition and technology acceptance must be

verified together with theoretical model, because user resis-
tance is an important barrier to using an information system
[10]. Currently, the barrier/resistance factor topic is still being
neglected and is rarely addressed; therefore, organizations do
not receive the benefits of technology as they should. Thus,
this research focused on the user barriers, i.e. the user conflict
with the changes related to the use of new technology.
Moreover, Hsieh and Pi-Jung’s research confirmed that ac-
cepted anti-obstruction factors in healthcare technology have
a negative impact on behavioral intentions. [20, 21].

2.6 Healthcare robot barrier factors

The obstacles to diffusion research theories involve explaining
the differences between inventors and beginners and other
ideal behavior [22]. Each barrier factor is very relevant to
the problem with the equipment used for all work, which
makes the technology acceptance barrier specific with differ-
ent methods and theories suitable for work [22]. Currently,
researchers have conducted studies on the theory of obstacles.
Each work has different characteristics depending on the
equipment used in the study such as Pagani, (2004).

Pagani’s barrier model is applied because it emphasizes the
important characteristics of technology, and each factors suit
the healthcare robot context [23]. Themodel includes (lack of)
ease of use, functional usability, security and privacy. It pre-
sents a comprehensive specific barrier, including technical,
safety, time barriers and change resistance factors.

3 Research model and hypotheses
development

From previous discussions, we use the acceptance and barrier
theories as an important theoretical foundation to explain
medical staff’s adoption and resistance to healthcare robots.
Thus, we propose that medical staff’s use behavior of new
healthcare technology is based on two opposing forces: en-
abling and inhibiting perceptions. In the enabling perceptions,
the original UTAUT model is used by not making any struc-
tural changes, and the healthcare robot use behavior is based
on two enablers of healthcare technology usage: behavior in-
tention and facilitating conditions. The intentions of behavior
is influenced by performance expectancy, effort expectancy
and social influence. In terms of inhibiting perceptions, we
add four barrier factors to new constructs, including a techni-
cal barrier (lack of ease of use and a functional usability bar-
rier), safety barrier, time barrier (long time training and setting
up barriers), and change resistance. Following Hsieh and Pi-
Jung’s research, these barriers are selected as the barrier fac-
tors affecting behavioral intention. Healthcare robots are the
platform for new technologies in healthcare services; thus, the
introduction of a healthcare robot causes significant changes
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for medical staff in the healthcare process. If the change is
large enough due to the natural inclination of human to com-
bat the change, there will be medical staff who are more likely
to resist the healthcare robots, resulting in reduced usage be-
havior. However, the literature review states that few previous
studies have cited the relationship between technology adop-
tion and obstacles, and no research has addressed this topic in
regard to the healthcare robot field. Therefore, we also exam-
ine the relationship between usage behavior and barriers,
which is shown in Fig. 1.

According to the UTAUT model, performance expectancy
influences behavioral intention. Performance expectancy (PE)
is the levels of individual belief that the technology can help
increase the efficiency of the technology user [18, 22]. There
is a lot of evidence showing the impact of performance expec-
tations on usage intention [24] and even showing that perfor-
mance predictions are the strongest predictor of intention to
use the technology [21]. The performance expectancy rank-
ings are measured by the sufficiency of the medical staff who
use the healthcare robots. The ranking of the healthcare robots
considers the robot’s nature, which includes reducing waiting
time and working time, reducing errors in the process, and
increasing safety for patients and management. Robots also
helps staff deal with their job more easily. Therefore, we pro-
pose the following assumptions about the relationship be-
tween performance expectancy and behavioral intention:

H1: Performance expectancy has a positive effect on the
behavioral intention to use healthcare robots.

Effort expectancy (EE) is the degree of the ease of using
that technology or the degree of the ease of using the technol-
ogy in respect to how easy-to-use the technology appears [25].
The more that the technology can be used easily, the more the
users will accept to use the technology. A lot of empirical
evidence shows that the expectations of an effort have a direct
effect on behavioral intention of the use of technology [26].
Therefore, the healthcare robot adoption should depend on
whether the robot is easy to use and does not require any
effort. This factor can be distinguished as follows: 1. the
healthcare robot is easy to use equipment; 2. the healthcare
robot is easy to learn by the user on his or her own; 3. the
healthcare robot helps make the user’s job easier, and 4. the
healthcare robot is easy to troubleshoot. Therefore, we pro-
pose the following assumptions:

H2: Effort expectancy has a positive effect on the behav-
ioral intention to use healthcare robots.

Social influence (SI) is the individual perception that the
person who is important to the technology user has expecta-
tions or believes that each person who uses the technology
should use the new technology [25]. The more that the user
perceives that other people think that he/she is participating in
a particular behavior, the more motivated to follow. In the
organization field, this means that the important person in
the corporation shows his or her opinions, expectations and
beliefs about allowing his or her staff to use new technologies
in their own company. In this research, the leader and col-
leagues of the user believe that healthcare robots can help
the user work more efficiently. Previous studies have shown

Fig. 1 The acceptance and
barriers in the healthcare robot
technology model in this research
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that social influence is important in establishing behavioral
intention for using new technology [18, 27]. Therefore, we
propose the following hypothesis:

H3. Social influence has a positive effect on the behav-
ioral intention to use healthcare robots.

Facilitation conditions (FC) represent the degree of human
belief that the corporate foundational structure will support
and accommodate the use of new technologies [25].
Sponsorship of technology users may be a type of conve-
nience condition that affects the use of the system. [28].
Users need to have the skills, knowledge, resources, training,
and support needed to use robot for healthcare. Some are
tentative about the adoption of robots since they lack re-
sources and technical support. There is empirical evidence
showing the significant impact of conditions on facilitating
the use of intention [29]. Therefore, we expect that recognition
of facilitating resources, including support, training, knowl-
edge and skills, supporting the organization and time will
affect the behavior to use healthcare robots.

H5. Facilitating conditions have a positive effect on the
behavior to use healthcare robots.

According to the UTAUT model, the behavioral intention
(BI) is the intention to make a judgement regarding the accep-
tance of some technology. The behavioral intention can be
determined by three factors: performance expectancy, effort
expectancy, and social influence. Previous studies on technol-
ogy acceptance confirm that behavioral intention influence is
significant for the behavior to use (USE) the new technology
[30].

H4. Behavioral intention has a positive effect on the be-
havior to use healthcare robots.

In general, the mediators are personal factors that do not
directly affect the making of decisions regarding whether to
use new technologies, but they will support behavioral inten-
tion (BI) via performance expectancy, effort expectancy, so-
cial influence, and facilitating conditions. According to the
UTAUT model, there are four mediators: age, gender, experi-
ence, and the voluntary use.

H6. Different gender has different interaction effects on
healthcare robot acceptance.
H7. Age has positive effects on healthcare robot
acceptance.
H8. The user’s experience has positive effects on
healthcare robot acceptance.
H9. User’s voluntariness has positive effects on the social
influence of the user.

Norzaidi et al. examined the relation between user
resistance/barriers and usage [8]. Suggestions for new systems
often make important changes to the user’s original work pro-
cess. The users who reject the new technology for the first
time, they may finally accept the use because they do not have
any other options. In order for their work to be completed, it is
necessary to use it. Therefore, the medical staff are forced to
use the healthcare robots to achieve their objectives since there
are no alternatives. There are also cases in which the medical
staff may use the system voluntarily, but they may stop using
the system later. Another factor that may be an obstacle that
make anti- robot users healthcare is prior bad experience.
Medical staff may feel comfortable, because the healthcare
robot can respond to their job, reduce their errors, and offer
benefits that they expect; however, if the robot fails to help in
their job, then the staff may be unwilling to use the robot.
Previous studies have shown the negative impact of behavior-
al barriers on new technology [21, 24, 31].

(Lack of) ease of use barriers represent a person’s feeling
that the technology was difficult to use when he or she actually
had to use it, that it was not flexible and that he or she had to
study hard. BenMessaoud, Kharrazi, &MacDorman proposed
that a lack of ease of use was the factor that causes medical
staff to refuse surgery robots. The staff want easy to use equip-
ment and if the healthcare robot is complicated, then they will
use the traditional tool [3]. In addition, a complex technolog-
ical system is often unacceptable, and the users are usually
hate to dedicate their time and energy to training in use or
implementation [27]. In addition, Alaboudi et al. confirm that
if the technology is not easy to learn, the medical staffs will
not waste a lot of time and need a lot of technical support to
use that technology [32]. This research indicates that medical
staff find healthcare robots complicated, difficult to use when
they actually need to work and that they find the learning
difficult. Previous research confirms which the lack of ease
of use is a barrier for healthcare technology adoption [3, 33].
Therefore, the obstacles in (lack of) ease of use has a negative
impact on the behavioral intention of using robot for
healthcare.

The functional usability barrier is the feelings of users that
technology cannot meet their work needs or help their job
effectively enough. BenMessaoud, Kharrazi, & MacDorman
confirmed that the functional usability barrier is one of the
main constructs which has a negative impact on the use of
robot technology. Some doctors stated that surgery robots
are just a marketing tool and that they lost patients to the
surgeons who perform robotic surgery. Additionally, some
surgical doctors are unable to show robot use due to the lim-
ited number of patients that can use robots [3]. Moreover,
Alaboudi et al. found that if healthcare robots cannot respond
to their jobs, the medical staff will not all of a sudden accept
the use of healthcare robots [32]. This means that the medical
staff feels that the healthcare robots cannot meet their needs.
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Prior research shows that this factor is the barrier to using
healthcare robots [3, 33]. Therefore, the functional usability
barrier has a negative effect on behavioral intention of using
robot for healthcare.

(Lack of) ease of use barriers and functional usability bar-
riers are the barriers in the working process, and they are the
same type of healthcare robot barrier. We combine the two
factors together to create a technical barrier (B1). Therefore,
technical barriers have an influence on behavioral intention.

H10a. Technical barrier (B1) has a negative effect on the
behavioral intention to use healthcare robots.

Safety barrier (B2) is the feeling of user that using the
technology will not be safe for the user and the patients.
Robotic surgical techniques can help enable surgery with
complex tasks more than other surgery techniques and achieve
better efficacy for specific operations [34]. However, the sur-
gery robot lacks tangible and force feedback [35, 36], causing
the surgery doctors to have less control over patient safety and
[33], which increases the risk of failure. Moreover, previous
research shows that safety is the main obstacle to healthcare
robot use, since it is the regulation of healthcare robots that is
important to human life [4]. Studies have defined safety as a
barrier to healthcare robot adoption [3, 37]. In this research,
this factor means that the medical staff have a feeling regard-
ing the use of healthcare robots. It is not safe for them and their
patients when the robots are in actual use. Therefore, the safe-
ty barrier has a negative effect on the behavioral intention to
use healthcare robots.

H10b. The safety barrier (B2) has a negative result on the
behavioral intention to use healthcare robots.

The long-term training barrier is the time which the user
must spent on training to use the new technology is too much
and that they feel it is a waste of time and that they are bored.
Studies show that when medical staff must spend too much
time and energy on being trained to use or adopt, they will
reject the use of healthcare robots [33, 38]. BenMessaoud,
Kharrazi, & MacDorman said that the lack of adoption may
be the cause of the challenges with coping with new tools,
with modifying new equipment kinds, and learning new op-
erative plans. It takes too much time to attend educational
programs, seminars, and training, and medical staff therefore
do not accept to use the technology [3]. Moreover, previous
studies show that long-term training is an obstacle to
healthcare robots use [3, 38]. Therefore, it can be concluded
that training staff in using a technology for too long will be-
come a barrier to the adoption of the technology.

Long time-setting barriers involves the users’ feeling that it
takes too much time to set up the technology and that the staff
cannot help the patient in time. The disadvantage of a surgery

robot is that the time spent on setting up the robot takes longer
than a standard laparoscopic procedure [39], which becomes
the factor that causes medical staff to reject healthcare robot
use. The research confirms that the long-term setting of
healthcare robots is a barrier to healthcare robot adoption
[3]. Thus, the long time-setting is one of the barrier factors
of technology acceptance.

In this research, a long time-setting and training barrier is
combined with the time barrier, as they are the same type of
factor. Thus, the time barrier influences the resistance to
healthcare robot adoption.

H10c. The time barrier (B3) has a negative effect on the
behavioral intention to use healthcare robots.

Change resistance (B4) means that the users do not want to
change traditional healthcare to use new technology to care for
patients for personal reasons. Some surgeons believe that tra-
ditional practices are adequate for the treatment of their pa-
tients. They think surgery robot use in general surgery does
not improve the efficiency of the services to patients since
they lack clear benefits; therefore, they do not change to use
the surgery robots in their operations [39], and there are stud-
ies that support that the lack of a clear benefit causes medical
staff to resist changes in treatment [40, 41]. The research on
robotic colorectal surgery shows that although the robot is
able to reduce work time and increase work performance,
the staff may feel uneasy because the operation has changed,
and they are not familiar with the new operation. In addition,
medical staff have seen the benefits of traditional surgery,
which are good, and so it is not necessary to change [40].
This happens because of their fear of the new technology
because they think the new technology will do something,
and they do not understand how it may affect healthcare per-
formance and fear losing their work [40–42]. Many previous
studies show that change resistance affects the perceptions,
attitudes of acceptance and use of technology by users [43,
44]. Thus, change resistance influences behavioral intention.

H10d. Change resistance (B4) has a negative effect on the
behavioral intention to use healthcare robots.

4 Research methodology

The research model was adopted from prior literature as
shown in Fig.1. To ensure reliability and validity, we
employed the Cronbach’s Alpha with a 1–5 Likert scale and
item-objective congruence (IOC) testing techniques. Medical
staff using healthcare robots in their jobs from local govern-
ment hospitals in Thailand represented the target participants.
They either worked in: university hospitals or tertiary care
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centers. A total of questionnaires 466(93.2%), were valid and
used for data analysis; 19.74% were male and 80.26%,
female.

This model was analyzed using confirmatory factor analy-
sis (CFA) and structural equation modeling (SEM) to test the
hypotheses and check the loading of each factor.

5 Results

5.1 Sample profile

There is a total of 466 responses that complete and accurate
data for analysis. All complete data are shown in Table 1.

As shown in Table 2, females represent 80.26% of the
participants, while males represent only 19.74%. Most partic-
ipants were in the age group under 35 years (62.02%), and
approximately two out of five of the participants had a certif-
icate/bachelor’s degree (85.62%). Most respondents were
nurses (47%), followed by physicians (33.48%), and most
respondents had experience of 1–5 years (36.27%). The

healthcare robot type that was used the most was the nurse
robot (49.14%), while the pharmacy robot and telemedicine
robot were used the least (1.93%).

5.2 Measurement model validation

The reliability analysis was performed by using Cronbach’s
alpha which should be greater than 0.7 [45, 46]. All latent
variable scales of Cronbach’s alpha exceeded 0.70 for each
factor group and for the overall questionnaires, which have
therefore “passed”.

To test the validity of this research, item-objective congru-
ence (IOC) testing techniques were performed. The IOC con-
cept explained that the value of all questions must be greater
than 0.5 [47]. In this research, all questions obtain an IOC
score greater than 0.50, which therefore “passed”, according
to the IOC concept.

The correlation matrix and descriptive statistics of the main
constructs are shown in Tables 2 and 3 respectively. These
results indicated acceptable reliability, convergent validity,
and discriminant validity. Multiple regression analyses were

Table 1 Respondent
demographics Characteristics Categories No. of respondents Percentage (%)

Gender Male 92 19.74%

Female 374 80.26%

Age ≤35 289 62.02%

>35 177 37.98%

Education Certificate/Bachelor’s degree 399 85.62%

Master’s degree 63 13.52%

Doctor’s degree 4 0.86%

Position Doctors/Physician 156 33.48%

Nurse 219 47.00%

Physical therapist 33 7.08%

Other medical staff 58 12.45%

Employment Experience Below 1 years 44 9.44%

1–5 years 169 36.27%

6–10 years 64 13.73%

11–15 years 63 13.52%

16–20 years 40 8.58%

Over 20 years 86 18.45%

Hospital Type University Hospital 295 63.30%

Tertiary Care Center 171 36.70%

Healthcare Robot type Surgery Robot 54 11.59%

Telemedicine Robot 9 1.93%

Nurse Robot 229 49.14%

Pharmacy Robot 9 1.93%

Physical Robot 18 3.86%

Radiographic diagnostic robot 114 24.46%

Specific Robot 33 7.08%
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conducted to evaluate the effects of thirteen predictor vari-
ables on the intention to use and resistance to use.

5.3 Testing the structural model

This research model was analyzed by using confirmatory fac-
tor analysis (CFA) and structural equation modeling (SEM) to
test the hypotheses and check the factors loading. The testing
showed how to calculate the value of each latent factor that is
created in the form of UTAUT according to each measure-
ment list and how to indicate which items or factors are on the
list of measures that the medical staff most perceived or ex-
pected; thus, all data observed for the latent variables were
checked, and each measurement item loading is specified by
using CFA. Then, SEM is analyzed in this model and the data
obtained from the observationmodel are tested by recognizing
whether the observation model is consistent with the theoret-
ical model. This tests the relationship between the factors that
are created in the model. The path coefficients indicate the
strengths of relationships between constructs [44].

The testing results in the structural model that is presented
in Fig. 2. The t-values must be significant to support the hy-
pothesized paths. The model has to have a t-value greater than

2.58 to be considered accepted with statistical significance at
the confidence level of 0.01. As a result, hypotheses 1, 2, 3, 4,
5, 7b, 10a, and 10b are supported. The hypotheses regarding
H6, H8, H9, H10c, and H10d are rejected. The model value
indicates an overall fit with the theory, as shown in Table 4.

6 Discussion

In this empirical study, we analyzed medical staff acceptance
and the barriers to healthcare robots using a model based on
the UTAUT model. First, we analyzed the relationship of the
four main structural factors of the UTAUT model. We
checked the medical staff’s use behavior with BI and FC.
Then, we checked the relationship between the three structural
factors (PE, EE and SI) and BI. Second, we analyzed the
mediators (gender, age, experience, and voluntariness of
use) with the 4 basic factors of the UTAUT model to find
the factors which have been affected by the 4 basic factors
of the UTAUT model (PE, EE, SI, and FC). Third, the rela-
tionship between behavioral intention and barrier to use of
healthcare robots was analyzed. The research results showed
that the acceptance model for healthcare robot adoption by

Table 3 IOC and Cronbach’s alpha

BI PE EE SI FC EXP VEUSE B1 B2 B3 B4

IOC 1 1 0.86 0.87 0.93 1 0.93 0.96 1 0.8 0.87

Alpha 0.94 0.92 0.98 0.88 0.90 0.91 0.99 0.81 0.76 0.92 0.72

Table 2 Correlation of latent variables

BI USE PE EE SI FC Gender (female) Age ≤ 35 Exp VEUSE B1 B2 B3 B4

BI 1.00

USE 0.29 1.00

PE 0.34 0.34 1.00

EE 0.40 0.32 0.64 1.00

SI 0.38 0.33 0.48 0.60 1.00

FC 0.28 0.27 0.34 0.39 0.74 1.00

Gender (female) −0.10 0.10 −0.03 0.02 −0.08 −0.04 1.00

Age ≤ 35 0.19 −0.03 −0.03 0.00 0.04 0.02 −0.14 1.00

Exp 0.27 0.14 0.04 0.04 0.12 0.26 0.05 −0.10 1.00

VEUSE 0.71 0.27 0.31 0.39 0.39 0.27 0.01 0.08 0.27 1.00

B1 −0.20 −0.15 −0.20 −0.38 −0.29 −0.23 −0.01 −0.19 −0.03 −0.15 1.00

B2 −0.04 −0.09 −0.17 −0.25 −0.15 −0.07 −0.03 −0.19 0.15 −0.04 0.72 1.00

B3 −0.07 −0.12 −0.10 −0.26 −0.11 −0.04 −0.13 −0.11 −0.02 −0.09 0.62 0.72 1.00

B4 0.01 −0.06 −0.03 −0.15 −0.13 −0.10 −0.11 −0.06 0.01 −0.01 0.57 0.64 0.71 1.00

BI, Behavioral Intention; USE, Use Behavioral; PE, Performance Expectancy; EE, Effort Expectancy; SI, Social Influence; FC, Facilitating Conditions;
female, Gender; ≤35, Age; Exp, Experience; VEUSE, Voluntariness of Use; B1, Technical Barrier; B2, Safety Barrier; B3, Time Barrier; B4, Change
Resistance
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medical staff was compatible with the theoretical UTAUT
model. Every core factor constructed in the model significant-
ly affected healthcare robot acceptance. This result agrees
with the findings of previous studies on healthcare technology
adoption [1, 18]. This implies that the proposed model could
be used effectively for predicting medical staff intentions to
use similar healthcare technologies.

Our study confirmed that use behavior of medical staff is
influenced by facilitating conditions and behavioral intention.
There is a significant negative impact on the relationship be-
tween behavioral intention and obstacle factors. This result is
consistent with the findings of previous studies on healthcare
robots [20, 21]. As such, a higher barrier to users will reduce
the behavioral intention of medical staff to use robot for
healthcare.

Facilitating conditions is the most important factor affect-
ing healthcare robot use behavior, following behavior inten-
tion. This illustrates the important role of facilitating condi-
tions decision making in accepting robot for healthcare accep-
tance by individual medical personnel and therefore distin-
guishes the acceptance factors into two types: facilitating

conditions and behavioral intention for successful healthcare
robot implementation.

Regarding facilitating conditions, medical staff were aware
of the resources needed for healthcare robot implementation.
They worried about too little training on healthcare robot use,
which caused them to not be confident in using the robots.
Moreover, the staff were also greatly concerned about the
healthcare robots being checked by a specialized staff team.
The staff wanted to be confident that the healthcare robots
were monitored and that they were ready for use at all times
and that they must be able to be used safely. In addition, the
staff wanted to have healthcare robot knowledge and abilities
before healthcare robot use.

Among the adoption factors under study, the results indi-
cated that the BI, that was, the intention of the medical staff to
make the decision to accept-and-use healthcare robot technol-
ogy, could be determined by PE, EE, SI, age mediators with
effort expectancy (Age-EE), B1, and safety B2. BI wasmainly
caused by the B2, while age-EE, SI, EE, and PE were the
factors that were the decreasing components. These factors
had a positive effect on behavior intention, but the technical

** significant at 0.01

Fig. 2 Main structural model of
UTAUT-based healthcare robot
acceptance model (mediated
model with barrier perception)

Table 4 The value of the overall
fit of this research Fit index Recommended Value Model Fit Indices Value

Chi-square N/A 1.92

Degree of freedom (df) N/A 1

Chi-square / df ≤ 3 1.92

Good of fit index (GFI) ≥0.95 0.999

Adjusted GFI (AGIF) ≥0.95 0.959

Normed fit index (NFI) ≥0.95 0.999

Non-normed fit index (NNFI) ≥0.90 0.978

Comparative fit index (CFI) ≥0.90 0.999

Root mean square residual (RMR) ≤0.05 0.0073

Root mean square error of approximation (RMSEA) ≤0.08 0.044
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barrier (B1) reduced the intention of medical staff to use
healthcare robots.

Regarding PE, medical staff need the healthcare robots to
reduce healthcare process errors, speed up the time that it took
to process work, increase the safety feeling in their work, help
manage their time, and better manage the job characteristics.
PE was an influential factor in the medical staff’s behavior
intention to use healthcare robots. The staff also knew that
healthcare robots were good healthcare equipment and that
the robots must help deliver healthcare services as normal.
However, in practice, medical staff did not use the healthcare
robots to increase their service to full capacity because the
healthcare robots are too small. Some of them still used con-
ventional treatment tools that result in an inability to improve
the staff performance, as expected. Some healthcare robot
features were not able to meet the staff needs.

EE was determined by the simplicity of using the
healthcare robots’ hardware and program; the robot’s ability
to help make the staff’s work more easy and convenient; the
ease of learning of how to use the healthcare robot system; the
healthcare robots’ results being clear and easy to understand;
the healthcare robot being capable of being modified immedi-
ately; and by how easy it was to solve the problems with
learning healthcare robots. Effort expectancy was an influen-
tial factor on the medical staff’s behavior intention to
healthcare robots using. However, in practice, medical staff
focused only on the simplicity of using the hardware and
software. Medical staff would not dare repair a healthcare
robot; they will only solve basic problems, so that the robots
can be used only in times of emergency because healthcare
robots had a very high cost.

Regarding age mediators with effort expectancy (Age-EE),
the Age-EE was completely supported and agreed with the
EE. Age-EE was the factor of personal age that indicates the
age range of the medical staff who used healthcare robots. If
the medical staff was under the age of 35 and the healthcare
robots were easy to use, then the staff weremore likely to want
to use the robots than staff who were over 35 years old. The
younger staff were curious, and they were more driven than
older staff. When the medical staff were over 35 years old, the
motivation to work automatically decreases, and they were too
tired to learn new things even if the robots are easy to use.

SI was measured by the pressures of expectations from
colleagues and supervisors, the hospital management team,
the specialized staff team and the staff themselves.
Colleagues and supervisors had little influence, while the most
powerful persons or medical staff were hospital management
teams, specialized staff teams and the staff themselves. Every
decision of the hospital management team had a significant
impact on medical staff. The opinion of the medical staff
themselves had a great influence on the decision to use the
robots. However, the expectation of their colleagues and su-
pervisors were only suggestions for them: when it was time to

decide what to do, the medical staff will look at their readiness
and executive orders. The expectations at the hospitals were
increasing, because the management was hiring a team of
specialized staff to look after the healthcare robots and the
medical staff users. It was expected that medical personnel
should use the medical robots, as the hospitals had already
invested in specialized personnel. The largest department,
the medical staff, normally used healthcare robots as expected
by the hospital administrators, but some of the staff still use
the robots only a little because the equipment is not enough to
meet their needs (surgery department).

Regarding inhibitors, our study confirmed that the medical
staff’s barrier to use was caused by technical barriers and
safety barriers that were significantly related to healthcare ro-
bot acceptance perception barriers of the medical staff at Thai
government hospitals. This study showed the perils of
avoiding the determination of user resistance. Lessons from
previous experience had shown that the staff avoid regretful
consequences. If such situations occur, this will make the
medical staff more likely to resist the use of healthcare robots.

B1 is defined as the difference between needed technolog-
ical characteristics and the infrastructure support. The barrier
can be viewed as a lack of the medical staff members’ techni-
cal training and support from the hospital, as the complexity of
the system, and as a lack of clarity in the data obtained or
limitations of the system. The barrier had a direct negative
effect on the medical staff’s behavior intention, meaning that
less training and support results in higher resistance to using
healthcare robots, which necessitates training on healthcare
robot use [48]. Moreover, if the healthcare robot system was
complex and lacks clarity of data, the staff will not want to use
the robots [36]. Therefore, medical staff needed training and
support from the hospital. In addition, healthcare robots must
respond to the medical staff’s work.

B2 was caused by a lack of basic knowledge and sufficient
expertise to use healthcare robots, which makes medical staff
anxious, because they did not have direct contact with patients,
and they were anxious about their own safety and that of their
patients. This was caused by personal fear. According to theory,
the safety barrier had a negative result on medical staff and be-
havioral intention, but in practice, the safety barrier had a positive
result on behavioral intention. Themedical staff thought that they
must learn how to use the healthcare robots and to gain basic
knowledge and expertise, because the hospital had begun to
change from conventional treatments to using more healthcare
robots. This happens when the staff were concerned about safety
when using the healthcare robots but when they still need to use
the robots, and so they must learn how to use them. This results
in the staff being able to use the healthcare robots. After that,
when the medical staff saw that the medical robots were able to
reduce errors and respond to their work, they wanted to use the
healthcare robots. Therefore, this barrier had become a driving
force for medical staff using healthcare robots.
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B3 and B4 did not have a direct negative effect on medical
staff’s behavior intention. The medical staff did not think that
the training, preparation of the device and learning of the
system was a waste of time for them. If these activities can
help them understand healthcare robot use, the medical staff
will engage in them. In addition, when healthcare robots were
also convenient to use and provide significantly better results
than traditional methods, the staff switched to using these
robots without hesitation.

Previous research had suggested solutions to these barriers
as follows: first, hospital management need to assess the level
of knowledge and skills of medical personnel to plan training
for the use of robots for healthcare [49]. They had to choose
the right training package according to the needs of the staff
[36]. Finally, there was a need for user evaluation after train-
ing and use to identify additional training needs [50]. These
processes would reduce the safety barrier and eventually elim-
inate it, since everyone who finished these training sessions to
obtain work in any healthcare organization will have basic
knowledge about using healthcare robots [51]. Second,
healthcare robots should be designed to be more user friendly
[3]. Third, the robot designers needed to design the usage
conditions of the healthcare robots to be similar to the original
conditions [52, 53]. Fourth, the functionality of the healthcare
robots must respond to the medical staff work and be better
than the original work [3].

6.1 Implications for research

This study has many definitions and research result. The main
support is the inspection of technology adoption and barrier
theories to determine how users evaluate overall change in
relation to new technology This research uses the theory of
acceptance and obstacle and uses the literature of technology
acceptance (UTAUT) to combine and add relevant concepts
from Pagani’s barrier theory. Therefore, we offer in-depth
information about the theories for researchers that may help
encourage medical staff to use new healthcare technology
(healthcare robots). Second, in the previous research, enablers
and inhibitors have not yet been clearly defined or measured.
Therefore, we prove the acceptance and barrier technology
theories and find the acceptance and resistance factors by
clearly defining concepts and measuring individual-level en-
ablers and inhibitors. Our research confirms that facilitating
conditions and behavioral intention are important factors of
use behavior in healthcare robots. In addition, only age-
mediated via-EE mediators have a positive effect on medical
staff’s behavioral intention. While the role of an inhibitor (on-
ly technical barrier) is significant, the driving forces would
have a negative effect, i.e., the resistance of medical staff in
using robots for healthcare. However, the safety barrier is the
opposite, creating more acceptance of use at the Thai govern-
ment hospitals. The results of this research could support

researchers who are developing healthcare technology adop-
tion and barrier models. The acceptance and barrier theories
can provide theoretical explanations that can enhance the
structure and relationships in addition to the previous models.
Because this study is a novel research field in Thailand, this
study has shown how the UTAUT theory can be used to
explain the acceptance of medical staff and resistance to
change related to new healthcare technology. Therefore, this
tool is a reliable and accurate tool. Making it more effective
for researchers to assess user behavior; it is possible to fine-
tune and compare differences in terms of study results.

6.2 Implications for practice

The study results suggest management recommendations on
how to increase user acceptance and lower user barriers to
healthcare robot implementation. First, the facilitating condi-
tions higher level and behavioral intention encourage medical
staff to have a more positive attitude toward the system. The
healthcare robots should be designed to reduce healthcare
process errors and work fast and an automatic safety function
should be developed. Medical staff should be able to use the
healthcare robots with ease both in terms of the hardware and
the program, as well as be able to repair basic systems easily.
The robots should provide clear and easy-to-understand re-
sults for users.Moreover, healthcare robot acceptance is main-
ly influenced by the facilitating conditions, which help
achieve the goal of persuading medical personnel to use
healthcare robots. The hospital managers should pay attention
to the following: (a) the medical staff should have more train-
ing, which if the medical staff members are under 35 years of
age, will lead to better performance; (b) the hospital managers
must hire specialized staff teams to check that the healthcare
robots are ready for use at all times; (c) managers should
provide sufficient resources for medical personnel using robot
for healthcare; and (d) the hospital management should em-
phasize service by using healthcare robots, so that the medical
staff will be able to use the robots comfortably. Second, man-
agement should be aware of the significant effect of inhibitors
on user resistance. Management design can reduce the cause
of technological barriers by (a) making sure the robot design is
easy to use; (b) explaining the use and details of the robots so
that they are easily understood by an expert; (c) designing the
robots so that they are suitable for each department’s work;
and, (d) making sure that the results are accurate enough.
Third, management should aim to increase the perceived value
of change in order to reduce user resistance. To increase the
perceived value of the benefits of robot for health should be
emphasized from the perspective of medical staff and
healthcare professionals. The benefits of adoption therefore
require clear communication between medical staff and hos-
pital management before negotiating with the supplier com-
pany and implementing the healthcare robots. Furthermore,
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most healthcare technology designs tend to focus on system
considerations or new functions instead of considering the
users, such as the impact that the system will have on the
user’s healthcare behavior and on potential user resistance.
A better understanding of users’ resistance to healthcare tech-
nology may lead to improved design of robots.

7 Limitations and conclusion

The limitations of this research should be accepted. The
first is the selection of factors based on previous literature
and observing the behavior of our medical staff in our
study. There may be other enablers of healthcare robot
usage that were not included in this study and may be
subject to future research. Second, this research studied
only the robot use behavior for health of medical staff in
Thai government hospitals. The findings and implications
of this study cannot be summarized to other groups, such
as patients or private hospitals.

This research contributes to help fill the research gap and
initiate research by examining the causal relationships be-
tween the behavioral intention to use and the resistance to
healthcare robots in Thai government hospitals. The novelty
of this research lies in the combination of the critical factors
(e.g., enablers and inhibitors) that influence the behavioral
intention to use a technology and barriers to using healthcare
robots. Our study confirmed that FC are the most important
positive factors affecting healthcare robot use behavior,
followed by BI. BI, that is, the intention of the medical staff
to make the decision to accept-and-use healthcare robot tech-
nology, can be determined by PE, EE, SI, Age-EE, B1, B2.
This study supported our initial expectation that barrier factors
have a significant negative impact on behavioral intention.We
hope that this study will stimulate future interest in the accep-
tance of healthcare robot and resistance phenomenon, guide
healthcare robot design and encourages researchers to exam-
ine more in-depth the unexplored research areas.
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