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Abstract: The literature on surgical robots (SRs) usually adopts the perspective of healthcare workers.
However, research on potential patients’ perceptions and the publics’ points of view on SRs is scarce.
This fact motivates our study, which assesses the factors inducing the SRs acceptance in the opinion of
potential patients. We consider three variables, based on the unified theory of acceptance and the use
of technology (UTAUT): the performance expectancy (PE), the effort expectancy (EE), and the social
influence (SI); pleasure (PL), arousal (AR), and the perceived risk (PR). To deal with empirical data,
we used the ordered logistic regression (OLR) and the fuzzy set comparative qualitative analysis
(fsQCA). The OLR allowed us to check for a significant positive average influence of the UTAUT
variables and PL, on the intention to undergo robotic surgery. However, the PR had a significant
negative impact, and AR was not found to be significant. The FsQCA allowed the identification of
the potential patient profiles, linked to acceptance of and resistance to SRs and confirmed that they
are not symmetrical. The proposed input variables are presented as core conditions in at least one
prime implicate robotic-assisted surgery acceptance. The exception to this statement is the PR, which
is affirmed in some recipes and absent in others. The recipes explaining the resistance to SRs were
obtained by combining the absence of PE, EE, SI, and PL (i.e., these variables have a negative impact
on rejection) and the presence of the PR (i.e., the perceived risk has a positive impact on a resistance
attitude toward SRs). Similarly, arousal played a secondary role in explaining the rejection.

Keywords: robot services; surgical robots; robot acceptance; unified theory of acceptance and use
of technology (UTAUT); smart technologies; regression methods; fuzzy set qualitative comparative
analysis (fsQCA)

MSC: 62J05; 94D05; 62P25; 91F99

1. Introduction
1.1. Initial Considerations

The use of surgical robots (SRs) has grown exponentially since the second decade of
the 21st century and is now a standard alternative to traditional ordinary surgery (OS)
and minimally invasive surgery (MIS) techniques [1]. There is a wide literature displaying
health professionals’ points of view about the advantages and drawbacks of SRs, with
respect to those of OS and MIS [2–5]. However, the successful implantation of SRs does
not depend only on health workers’ perceptions, but is also linked to public opinion about
SRs and to potential and actual patients’ willingness to undergo robotic-assisted surgery.
So, Boys et al. [4] report from a survey carried out in the USA, about an average positive
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perception of SRs, by a sample of potential patients. In their sample, most answers indicated
that robotic surgery was perceived as safer, faster, less painful, and offered better results
than OS or MIS. Jank et al. [6] also reported a positive perception of SRs in a set of patients
with a cochlear implantation. However, [7,8] found in their samples a preference of MIS
over robotic techniques. Our paper, as [4,7], is focused on the perceptions of potential
patients’ or the publics’ points of view, rather than of actual patients.

The unified theory of acceptance and use of technology (UTAUT) by Venkatesh et al. [9]
is a useful instrument to model the attitudes toward the use of SRs, from both professionals’
and patients’ (actual and potential) perspectives. From the perspective of a surgeon, a
UTAUT input factor, such as the easiness expectation, may be focused on his/her per-
ceived job performance (for example, the absence of haptic feedback could be a barrier
to SRs). Krishnan et al. [10] and BenMessaoud et al. [11] used this theoretical framework
to systematize the advantages and drawbacks of SRs, and assessed their attitudes from
the perspective of health workers. UTAUT factors have also been found to be relevant
in explaining actual and potential patient attitudes toward robotic surgery [6,8,12]. For
example, an issue that may impact the patient performance expectancy, is that robotic
surgery usually allows a faster recovery than OS and MIS. Likewise, not only UTAUT
factors are significant in explaining the acceptance of robotic-assisted surgery, but also
emotional factors [8,12] and cognitive factors, such as the perceived risks [7,12].

The above questions motivated this study to examine how three UTAUT factors
(performance expectancy, easiness expectation, and social influence), two affective variables,
and the perceived risk influence, combine to influence the intention to undergo surgery
that, if needed, will be carried out by a robot. This study used a survey conducted in
Jordan’s university community. Specifically, we attempted to answer two questions.

RQ1: What are the average influence and statistical significance of the explanatory variables of
intention to undergo, if needed, intervention by a SR?

RQ2: How do input variables combine to produce acceptance and induce SR rejection to poten-
tial patients?

To answer RQ1, as in [8,12], we use the ordered logistic regression (OLR). With regard
to RQ2, a suitable analytical method to deal with the combinatory effects of factors and
their asymmetric influence in inducing and non-inducing a given output is the fuzzy set
qualitative comparative analysis (fsQCA) [13,14]. This analytical framework has been
applied in several market and business analyses. Thus, whereas [15–18] use fsQCA to
evaluate the factors that induce acceptance of new technologies, [19] identified several paths
that lead to companies adopting environmental practices in firms. Likewise, fsQCA has
been applied to assess risk factors in audit processes [20] and explore the entrepreneurial
intention of university students [21]. Moreover, although fsQCA has been used in health
research [22–24], all reviewed empirical literature on robot acceptance performs quantitative
analyses using correlational methods, such as a regression analysis.

Thus, the novelty of this study can be summarized in two ways. This work contributes
to the scarce literature on patients’ (actual or potential) attitudes toward robotic surgery.
Moreover, to the best of our knowledge, the use of fsQCA as an analytical tool in this context
is novel. We show that fsQCA and OLR are complementary analytical tools, because they
allow for the analysis of data from two non-excluding focuses. OLR is a variable-oriented
technique that allows the measurement of the net incidence of each input variable on
the attitude toward SRs. In contrast, fsQCA is case-oriented. Thus, fsQCA will allow us
to identify patterns of potential users that are consistently associated with a favorable
perception of robotic-assisted surgery, but also profiles that are strongly linked to negative
perceptions of SRs.

1.2. Theoretical Background

The technology acceptance model (TAM) [25] and UTAUT [10,26] have been used
extensively to evaluate the acceptance of new technologies in healthcare settings from a
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professional perspective [27–30] and from the users’ points of view [31–34]. In the more
concrete field of SRs, it has been applied to explain the intention to use SRs by doctors
and nurses [10,11] and to evaluate the potential and actual patients’ attitudes toward
SRs [6,8,12]. To explain attitudes toward SRs by potential patients, we use three constructs
of the UTAUT model: performance expectancy, easiness expectation, and social influence.

Performance expectancy (PE) is the degree of usefulness perceived by the user of a
new technology [25]. Surgical robots provide many advantages, such as a reduced hospital
stay, decreased postoperative pain, and a lower incidence of wound infections [2–5,11].
Moreover, SRs are well suited for telesurgery. In this regard, Boys et al. [4] stated that
many people prefer telesurgery by a prestigious surgeon to conventional surgery by a
less experienced doctor. The positive impact of actual and potential SRs on performance
expectancy has been confirmed in several studies [6,8,12]

Effort expectancy (EE) is the perceived simplicity and comfort of using a new tech-
nology [25]. Users are more likely to develop a positive attitude toward a new technology
if they perceive it to be comfortable, easy to use, and accessible. The relevance of this
construct to users’ attitudes toward robots was observed in [35–37]. Despite SRs reducing
the effective time of surgical intervention, the entire embedded process may be longer [11].
Another factor that may reduce the ease of using SRs is that not all hospitals are equipped
with this technology, and this kind of surgery can become less accessible [38]. Likewise, the
information provided in an informed consent document is more difficult to understand
than that of other surgery types [2]. Several authors have found that EE has a significant
positive influence on the perception of SRs [6,11].

Social influence (SI) is the degree to which a person perceives that others believe that
they should use a new technology [9]. The opinions of the family and physicians are often
relevant when choosing a surgeon and SRs [6,8,12]. Likewise, it must be noted that not all
professionals support the use of SRs over conventional techniques [5,11]. However, the
presence of SRs is perceived in public opinion as a sign of prestige [5].

While evaluating user attitudes toward robots, several authors have emphasized the
importance of cognitive and emotional factors [39–41]. The acceptance of SRs depends not
only on rational decision-making, but also on emotions and wishes [6,8,12,42]. We have
taken into account these reports in such a way that to explain robotic-assisted surgery, we
combine the three UTAUT factors exposed above with a cognitive variable, a perceived
risk, and two affective variables, pleasure and arousal.

Perceived risk (PR) has been used to study the acceptance of wearable technologies
for healthcare applications [43], attitudes toward cyborg implants [44], and the perception
of SRs [7,8,12]. SRs affect surgical risks in several ways. The first is related to the capability
of SRs to reduce human risks, such as hand tremors and surgeon imprecision. The second
perspective concerns the patient’s perception of risk, which is linked to the fact that a SR
is a disruptive device and innovation that often induces fear [7]. Notice that any failure
of the robot during surgery could expose the patient to serious risk. Furthermore, this
variable is connected to trust, since the increase in risk perception could be a result of trust
absence [45–48].

Pleasure (PL) expressed during the interaction with robots can significantly impact
acceptance, either positively or negatively, as well as a person’s emotional state [49,50].
As far as we are concerned, this construct can also be assimilated into less anxiety and
post-operative pain, a more pleasant intervention recovery, and better aesthetic results [42].

Arousal (AR) refers to a state of feeling stimulated or active in a certain situation [51].
Its impact on the acceptance of cyborgs is shown by [52]. Furthermore, feelings of arousal
promote behavioral engagement, as can be seen in the use of social robots in autism
therapy [53].

1.3. Research Questions and Hypotheses

As mentioned in Section 1.1. This study aimed to answer two research questions.
While the first question, RQ1, inquires about the statistical significance of the assessed input
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factors to explain the acceptance of SRs, the second query, RQ2, asks about how explanatory
variables combine to induce the acceptance and non-acceptance of robotic surgery. Notice
that, whereas RQ1 is common in the literature on robots and surgical robot acceptance,
RQ2, which asks about how factors combine to produce a willingness and rejection toward
robotic-assisted surgery, has still not been addressed. This affirmation can be extended to
the literature on the user’s attitude toward robots of any kind.

To answer the first question, we evaluated the direction of the relationship between
acceptance (ACCEPT) and PE, EE, SI, PR, AR, and PL., accordingly, with the exposition in
Section 1.2. Thus, we propose the following hypotheses:

Hypothesis 1.1 (H1.1). Performance Expectancy is linked positively with SRs’ acceptance.

Hypothesis 1.2 (H1.2). Effort Expectancy is linked positively with SRs’ acceptance.

Hypothesis 1.3 (H1.3). Social Influence is linked positively with SRs’ acceptance.

Hypothesis 1.4 (H1.4). Perceived Risk is linked negatively with SRs’ acceptance.

Hypothesis 1.5 (H1.5). Arousal is linked positively with SRs’ acceptance.

Hypothesis 1.6 (H1.6). Pleasure is linked positively with SRs’ acceptance.

To answer the second question, which assesses the combinatorial effects of input
variables on SRs’ acceptance and rejection, we propose testing the following hypotheses:

Hypothesis 2.1 (H2.1). The combination of the high evaluations (presence) in PE, EE, SI, AR,
and PL items, and low evaluations (absence) in PR, produces SRs’ acceptance.

Hypothesis 2.2 (H2.2). The combination of the low evaluations (absence) in PE, EE, SI, AR, and
PL items, and high evaluations (presence) in PR, produces SRs’ rejection

Hypothesis 2.3 (H2.3). The combination of the evaluations of PE, EE, SI, PR, AR, and PL to
explain the acceptance and rejection is not symmetrical.

2. Material and Methods
2.1. Survey Description

The target population of the study was the Jordanian university community, in-
cluding embedded students, professors, and other workers. The answers were pro-
vided using Google Forms, and the hyperlink was provided individually to 1000 indi-
viduals. With this selection we tried to attain sex parity, a representation of all collec-
tives of the university community, and reaching quotas by branches of Science. One
of the authors of the paper was available to all respondents to answer any question
about the research and questionnaire. For example, if the respondent inquires about
the content of an informed consent document, an example of that was provided (see
https://www.medpro.com/roboticsurgery-informedconsent that could be accessed on
4 November 2022). This also applied, of course, to clarify the nuances in similar questions
or giving, if demanded, a more detailed information about robotic surgery by providing
studies [2,4]. The survey was conducted in the second half of 2019, using social networks.
The final number of responses used in this study was 379, with a success rate of 37.9%. The
62.1% of failed surveys embed those that were not answered and those that did not respond
to at least one question. The responses were anonymous. A total of 47% of the respondents
were women and 53% were men. Respondents’ ages were distributed as follows: between
18 and 24 years (51%), between 25 and 34 years (24%), between 35 and 44 years (13%), and
above 44 years (12%). The responses from the public universities and private universities
were 64.3% and 35.7%, respectively. Likewise, 26% of individuals were linked to computer
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and engineering studies, 43% to social sciences, 13% to health sciences, and the rest to arts
and humanities studies. Therefore, similar to [4,7,12], the responses used in this study did
not come from actual patients but from potential users.

Notice that the use of university community members to develop an assessment of
robot acceptance in a non-educational setting has been carried out in several papers [54–56].
We believe that considering Jordan’s university community to develop our study, can allow
us to obtain relevant results for several reasons. First, the answers must be provided using
electronic methods. Practically, all members of the university community are familiar with
these procedures and have an easily available electronic device to complain about the
survey. Therefore, the success rate may be greater than that of the other collectives.

Taking the university environment as a reference, ensures that the surveyed persons
have a cultural status high enough to understand the information in the questionnaire.
Surely most of the respondents were aware beforehand about the existence of surgical
robots, had an idea about the procedures linked with health services, such as “informed
consent”, and the complexity that may present an informed consent in a surgery setting.

In any university environment, there is a great diversity of perspectives, regarding
technological advances. Members of the community are devoted to health sciences, en-
gineering, basic sciences, humanities, etc. It is expected that their point of view, despite
being diverse, has a solid foundation that, of course, could be biased toward technological
arguments and philosophical opinions. Moreover, in a university community, it is not
difficult to achieve parity between men and women.

We are interested in the opinions of potential patients. Of course, any person could
need surgery at any moment, so he/she is a subject of study. However, we also feel that
more reliable answers come from persons who, if they needed a surgical intervention,
have the possibility to choose between more than one alternative. That freedom embeds
choosing hospital and surgeon/surgery techniques, but also has available enough monetary
resources to expend in that medical service. Usually, members of the university community
belong to families of upper middle and high social classes and/or have/aspire to qualified
jobs with considerable wages.

Therefore, we feel that our sample could provide interesting results about SRs ac-
ceptance, linked to members of social classes with high cultural status from Jordan, but
also from other Middle Eastern countries with similar cultural strata, such as Turkey
and Lebanon.

We introduced the survey as follows: According to recent news published in Newsweek
magazine, the smart tissue autonomous robot (STAR), a robot used to perform surgery, has been
proven to be more precise than expert human surgeons in performing the same task in laparoscopic
surgery. Consider that the robot can perform the required surgery. Indicate the extent to which you
agree or disagree with the following statements on a scale of 0 (strongly disagree) to 10 (strongly
agree), 5 being neither ‘agree nor disagree; “I will accept to use services offered by a robot (if I need a
surgery)”. To give enough but not overwhelming information to respondents, the link to
the news article was provided in the survey (https://www.newsweek.com/2016/05/20
/robot-soft-tissue-surgery-pig-bowels-455765.html, accessed on 2 June 2016). Likewise,
if the surveyed person was interested in having more in-depth information on SRs, the
references [2,3] were provided. Notice that the success rate was below 40%, i.e., 60% did
not complete the survey, surely because they did not feel informed enough, as well as
because they had no motivation to gather more information on the issue. Moreover, we
suppose that the responses, which come from people with a high cultural status, were
given honestly, due to the respondents who felt they were aware enough to give an opinion
about the issue, as a potential patient or “public”. All items in the questionnaire were rated
on a Likert 11-point scale (0–10). Table 1 shows these items and the descriptive statistics
of the responses. The measurement scales for PE, EE, and SI were adapted from previous
studies on healthcare technology acceptance [34,47]. The measurement scale of the PR was
based on that in [57]. Whereas in the question linked to “being risky” it is evaluated if
SRs present a risk, i.e., may cause harm; the question linked with “uncertainty about the

https://www.newsweek.com/2016/05/20/robot-soft-tissue-surgery-pig-bowels-455765.html
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performance” embeds more aspects: uncertainty about the time needed to recover from
the intervention, number of days in the hospital, duration of the surgery, etc. To model
the emotional dimensions of arousal and pleasure, we have used the scale in [58]. Table 1
presents the questions and descriptive statistics of the survey.

Table 1. Items in the survey and descriptive statistics.

Item Average Median Q1 Q3 Std. dev. IV

Output item: Behavioral intention
ACCEPT = If needed, I will accept being assisted by a surgical

robot (SR). 4.66 5 1 8 3.48 7

Input construct: Performance expectancy
PE1 = I find SRs useful. 4.11 4 1 6.5 3.27 5.5

PE2 = SRs allow a better recovery from interventions. 3.97 4 1 6 3.23 5
PE3 = SRs help to achieve a faster recovery from interventions. 3.92 4 1 6 3.22 5

PE4 = SRs allow a more efficient intervention 4.16 4 1 6 3.21 5

Input construct: Effort expectancy
EE1 = The information in the consent document will be easy for me. 4.97 5 2 7 3.26 5

EE2 = The intervention by a SR is more comfortable than other
types of surgery. 4.82 5 2 7 3.23 5

EE3 = It will be easy to access hospitals equipped by SRs. 5.39 6 3 8 3.35 5
EE4 = It will be easy to achieve a good interaction with medical

services that provide SRs. 5.47 5 3 8 3.19 5

Input construct: Social influence
SI1 = People who influence me think that I should use the services

offered by SRs. 4.61 5 2 7 3.11 5

SI2 = People who are important to me think that I should use SRs. 4.60 5 2 7 3.11 5
SI3 = People whose opinions I value, prefer that I use the services

offered by SRs. 4.66 5 2 7 3.12 5

Input construct: Perceived risk
PR1 = The services offered by SRs are risky. 5.74 5 3 9 3.16 6

PR2 = There is too much uncertainty in the performance of SRs. 6.18 6 4 9 3.05 5
PR3 = Compared with other surgeries, the services offered by SRs

is riskier. 5.84 6 4 8 3.12 4

Input construct: Pleasure
PL1 = When I think of the service being provided by a SR, I feel:

Unhappy—Happy 4.89 5 2 8 3.38 6

PL2 = When I think of the service being provided by a SR, I feel:
Annoyed—Pleased 4.78 5 2 7 3.17 5

Input construct: Arousal
AR1 = When I think of the service being provided by a SR, I feel:

Relaxed—Stimulated 4.76 5 2 7 3.06 5

AR2 = When I think of the service being provided by a SR, I feel:
Calm—Excited 4.93 5 2 8 3.17 6

Note: Q1 and Q3 represent the 1st and 3rd quartile. Std. dev is the standard deviation and IV = Q3–Q1.

2.2. Quantitative Analysis

To evaluate the research questions, we used an ordered logistic regression (RQ1) and
fsQCA (RQ2). We then proceed sequentially as follows:

Step 1. We checked the reliability of the measurement scale using Cronbach’s alpha,
the convergent reliability, and the average variance extracted. We also performed the
exploratory factor analysis.

Step 2. To answer RQ1, we fitted an ordered logistic regression (OLR) to ACCEPT [8,12]
in a similar setting. For the value of the input variables, we took their standardized loadings,
obtained in Step 1. The sign of the coefficients and their statistical significance will lead us
to assess hypothesis H1.1–H1.6, and so, provide an answer to RQ1.
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Step 3. The first step in performing the fsQCA and evaluating RQ2, is to build the
membership function of the response variable. It was evaluated on an 11-point Likert
scale; therefore, we considered the thresholds for absolute non-membership, indeterminacy,
and full membership; the values were 2, 5, and 8, respectively [13]. Therefore, for the
jth observation of the output variable ACCEPT, ACCj, the membership value is defined
in [59] as

mACCj =


0 ACCj ≤ 0.2
ACCj−0.2

0.6 0.2 < ACCj ≤ 0.5

0.5 +
ACCj−0.5

0.6 0.5 < ACCj ≤ 0.8
1 ACCj > 0.8

(1)

Step 4. Given that the explanatory variables embed several items, we transformed the
factor loadings obtained in Step 1, after performing the exploratory factor analysis into
the membership scores using the 5, 50 and 95% percentiles as thresholds [15]. For the ith
variable Xi, the value of the jth observation xi,j is transformed into a membership value
mxi,j , as follows [59]:

mxi,j =



0 xi,j ≤ X5th
i

xi,j−X5th
i

2(X50th
i −X5th

i )
X5th

i < xi,j ≤ X50th
i

0.5 +
xi,j−X50th

i
2(X95th

i −X50th
i )

X50th
i < xi,j ≤ X95th

i

1 xi,j ≤ X95th
i

(2)

where Xkth
i stands for the kth percentile of Xi.

Step 5. Run the necessity analysis of the input factors for the acceptance and nonac-
ceptance [14]. The presence or absence of a given input factor is considered as a “necessary
condition” to generate the presence or absence of the output variable, if the consistency
(cons) > 0.9. Otherwise, the factor must be combined with other factors to obtain a sufficient
condition. At this step, we define the consistency that a variable Wi produces the response
Y, whose jth observation is yj as

ConsWi→Y =
∑j min

{
mYj ; mwi,j

}
∑j mYj

(3)

where Wi may symbolize Xi or its negation ~Xi, and consequently, wi,j is its jth observation.
Similarly, Y could be ACCEPT or its negation (~ACCEPT). It should be noted that the
membership degree in the negated variable ~Xi, of the jth observation is m∼xij = 1−mxij .
Therefore, for ~ACCEPT, we state m∼ACCj = 1−mACCj .

Step 6. Find the logical implicates that fit the output results by running the Boolean
minimization algorithm in [60] on the truth table. If we symbolize the negation of a variable
as “~”, we adjust independently the Boolean functions:

ACCEPT = f (PE, EE, SI, PR, PL, AR) (4)

~ACCEPT = f (PE, EE, SI, PR, PL, AR) (5)

Thus, (1) explains the acceptance of robots and (2) explains the rejection. It impli-
cates that it come directly from the algorithm [60] to conform to the so-called qualitative
comparative analysis complex solution (CS).

Step 7. CS is usually difficult to interpret because it is built with no more assumptions
than data. A simplified solution, known as a parsimonious solution (PS), is fitted with [33]
and any remainder over a non-observed configuration of variables to make the solution as
easy as possible [14].
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Step 8. To continue the minimization process, it must be supposed for the non-
observed configurations that an input variable contributes to the output exclusively when
it is present, absent, or in both cases, by using well-founded hypotheses. This step allowed
us to obtain an intermediate solution (IS) [14]. In our study, we use the hypotheses tested
to answer RQ1, which are displayed in Section 1.3. Therefore, to implement this step, the
PE, EE, SI, PL, and AR (PR) have a positive (negative) influence on ACCEPT.

For an in-depth explanation of Boolean minimization procedures in the CS, PS, and IS,
see [61].

Step 9. To measure the explanatory power of a given recipe, its consistency (cons) and
coverage (cov) must be determined. Let be a possible prime implicate (configuration or
recipe) Z, that without a loss of generality, we build up as Z = W1•W2• . . . •Wr, where
1 ≤ r ≤ n, n is the number of input variables in the configuration and “*” stands for the
Boolean product. Therefore, we obtain, for the jth observation

mZj =min
{

mw1,j ; mw2,j ; . . . ; mwr,j

}
(6)

The consistency of recipe Z in producing output Y (ACCEPT or ~ACCEPT) is

ConsZ→Y =
∑j min

{
mZj ; mYj

}
∑j mZj

(7)

The coverage of recipe Z to produce Y is:

CovZ→Y =
∑j min

{
mZj ; mYj

}
∑j mYj

(8)

The consistency measures the membership degree of a combination of causes (recipe)
within the outcome set. This was similar to the statistical measure of significance [62].
There is a wide consensus that, to consider an essential prime implicated as a sufficient
condition, cons > 0.75 (or better cons > 0.8). The coverage measures the proportion of
outcomes explained by a recipe; that is, it is a measure of empirical relevance similar to
R2 [62].

Step 10. To assess the impact of the input variables and their combinations on the
acceptance and rejection of robot-assisted surgery, the solutions from the fsQCA must be
interpreted. There is no unified point of view regarding which solution (CS, PS, or IS)
should be taken into account. CS uses only empirical data; however, the recipes in this
solution are often difficult to interpret. In this regard, [13] proposed combining both the IS
and PS to state the core (from the PS) and peripheral (present only in the IS) conditions.

3. Results

When validating the scales (Table 2), we observed for all the constructs, that while
Cronbach’s alpha and composite reliability were > 0.7, the average variance extracted was
>0.5. Table 2 also shows that in all dimensions, the exploratory factor analysis extracted a
significant proportion of the variance in the first factor, since the loadings were >0.7. Thus,
we provide robust evidence for the internal consistency of all explanatory constructs.
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Table 2. Results of the factor analysis and the scale validation measures.

Factor
Loading Cronbach’s Alfa Composite Reliability

Average
Variance
Extracted

Performance Expectancy 0.941 0.957 0.849
PE1 0.938
PE2 0.922
PE3 0.934
PE4 0.891

Effort Expectancy 0.953 0.966 0.875
EE1 0.927
EE2 0.933
EE3 0.942
EE4 0.940

Social Influence 0.926 0.953 0.871
SI1 0.927
SI2 0.945
SI3 0.927

Perceived Risk 0.873 0.922 0.798
PR1 0.895
PR2 0.885
PR3 0.900

Pleasure 0.821 0.918 0.849
PL1 0.921
PL2 0.921

Arousal 0.875 0.941 0.889
AR1 0.943
AR2 0.943

Table 3 presents the results of the regression. The ORL model is significant (pseudo
R2 = 23.44%, LR statistic = 402.94, p < 0.001). Regarding the explanatory variables, as we
expected, we adjusted a positive significant sign for the PE (p < 0.001), EE (p < 0.001), SI
(p = 0.022), and PL (p = 0.005); therefore, H1.1, H1.2, H1.3, and H1.5 are accepted. For the
perceived risk, we also found a negative marginal effect (p = 0.001); therefore, H1.4 was
also accepted. However, arousal was not found to be significant (p = 0.9268); thus, H1.6
was rejected.

Table 3. Results of the ordered logistic regression on intention.

Variable Marginal
Effect z-Statistic p-Value

PE 0.653 5.792 <0.001
EE 0.519 5.879 <0.001
SI 0.245 2.297 0.0216
PR −0.243 −3.889 0.0001
PL 0.246 2.816 0.005
AR −0.008 −0.091 0.927

pseudo-R2 23.90%
LR-statistic 402.94 (p < 0.0001)

Table 4 presents the results of the necessity analysis. With the exception of the PR,
the presence of income variables reaches a greater consistency than their negation to
explain the acceptance, and the negation of these factors attains a greater consistency
than their presence to explain the resistance. With regard to the PR, we observed the
opposite result. Therefore, these findings are in accordance with the expected sign of the



Mathematics 2022, 10, 4319 10 of 16

relationship between variables in H1.1-H1.6. The necessity analysis also revealed that
there is no variable whose unique presence/absence is a necessary condition to produce
acceptance/resistance, since always cons < 0.9. This fact reinforces the need for further
configurational study [13].

Table 4. Necessity analysis of the income variables on ACCEPT and ~ACCEPT.

ACCEPT ~ACCEPT

Input Consistency Coverage Consistency Coverage

PE 0.78 0.81 PE 0.45 0.43
~PE 0.41 0.43 ~PE 0.82 0.80
EE 0.80 0.76 EE 0.45 0.39

~EE 0.41 0.48 ~EE 0.79 0.82
SI 0.78 0.76 SI 0.47 0.41

~SI 0.43 0.48 ~SI 0.79 0.81
PR 0.54 0.59 PR 0.66 0.65

~PR 0.62 0.63 ~PR 0.60 0.55
PL 0.73 0.75 PL 0.49 0.45

~PL 0.44 0.48 ~PL 0.77 0.75
AR 0.73 0.74 AR 0.50 0.46

~AR 0.45 0.49 ~AR 0.76 0.75

Tables 5 and 6 show the IS results of the fsQCA for ACCEPT and ~ACCEPT. We
can check:

1. The consistency and coverage of the IS in ACCEPT and ~ACCEPT are similar and
adequate since cons > 0.8 and cov > 0.7 in both cases. Thus, the configurational
analysis explains the acceptance and rejection of surgical robots.

2. In the explanatory recipes of ACCEPT, the variables of the PE, EE, SI, PL, and AR were
affirmed. Moreover, the PR is negated, as expected, in three recipes; however, it is
present within two prime implicates. Therefore, H2.1, is accepted for all explanatory
factors, except for the perceived risk. In the configurations explaining ~ACCEPT,
the input constructs the PE, EE, SI, PL, and AR always appear negated and the PR
affirmed. Therefore, these findings are consistent with H2.2.

3. In Table 5, we can see that the most relevant conditions to explain ACCEPT are the EE,
as it is a core variable in six configurations, and the PR, given that it is a core variable
in five prime implicates. However, the sign of the influence of the PR is not univocal.
However, the performance expectancy seems to be the least relevant factor because its
presence is a core condition in only two configurations. The variables of the SI, AR,
and PL have an intermediate importance, because they are the core conditions in the
three recipes.

4. Table 6 shows that the absence of the PE and the presence of the PR are the most
relevant conditions to explain rejection. They come in four prime implicates as the
core conditions. The absence of the EE and SI (PL) is the core condition in three
(two) recipes, that is, these three variables seem to be less important in explaining a
resistance toward SRs than the PE and PR. Finally, arousal is negated in the two recipes
but as a peripheral condition. Thus, AR does not seem to be relevant in explaining
~ACCEPT.

5. From the comparison of the configurations in Tables 5 and 6 and our comments in
the above paragraph about the most/least relevant variables inducing ACCEPT and
~ACCEPT, we can conclude that there is a clear asymmetry of the effects of the input
variables to produce acceptance and to induce rejection. Therefore, H2.3 is accepted.
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Table 5. fsQCA intermediate solution (IS) ACCEPT = f (PE, EE, SI, PR, PL, AR).

Recipe 1 2 3 4 5 6 7

PE • • • •
EE • • • • • •
SI • • • •
PR ⊗ ⊗ ⊗ • •
PL • • • •
AR • • •

cons 0.862 0.871 0.845 0.858 0.850 0.851 0.853
cov 0.656 0.607 0.457 0.457 0.429 0.488 0.479

Cons of IS 0.829
Cov of IS 0.739

Note: The big circle (•) indicates the presence of a condition, and circles with x (⊗) indicate its absence. Large
circle is for the core conditions, small circles are for the peripheral condition and a blank space, is for the “don’t
care” condition.

Table 6. fsQCA intermediate solution ~ACCEPT = f (PE, EE, SI, PR, PL, AR).

Recipe 1 2 3 4 5

PE ⊗ ⊗ ⊗ ⊗
EE ⊗ ⊗ ⊗
SI ⊗ ⊗ ⊗ ⊗
PR • • • •
PL ⊗ ⊗ ⊗ ⊗
AR ⊗ ⊗

cons 0.880 0.874 0.876 0.872 0.882
cov 0.624 0.496 0.517 0.473 0.469

Cons of IS 0.855
Cov of IS 0.704

Note: The big circle (•) indicates the presence of a condition, and circles with x (⊗) indicate its absence. Large
circle is for the core conditions, the small circles for the peripheral condition and blank space, for the “don’t
care” condition.

4. Discussion

This paper shows the results of a study about the public/potential patients’ perception
of robotic-assisted surgery within the Jordan university community. Therefore, our study
is in line [4,7,12]. that assess the public’s point of view on surgical robots and also close
to [54–56], that studied several issues linked to people’s attitude toward robotic services
in a non-educational setting, within a university context. The survey contained a link to
an article in Newsweek magazine on robotic-assisted surgery and, likewise, the target
population had a high cultural status. Therefore it is expected that many respondents were
aware of the existence of SRs and had some elementary information on the topic. Likewise,
one of the authors of the article gave informational assistance to respondents. For example,
if it were demanded, in-depth information about SRs [2,3] were provided. It is expected
that if any person did not feel that they were aware enough to give an opinion as “public”,
and also had no motivation to obtain information about it, simply did not answer the
survey. In this regard, the response rate of our sample was 40%.

The explanation capability of the ordered logistic regression (OLR) was high, since Mc-
Faddens’ R2 > 20%, which in a logistic regression setting could be considered excellent [63].
The results of the OLR showed a significant positive relationship between the performance
expectancy (PE), easiness expectation (EE), social influence (SI), and pleasure (PL) with the
acceptance of robotic-assisted surgery, if needed (ACCEPT). Similarly, the perceived risk
(PR) displays a negative and significant relationship with ACCEPT. However, the results
did not show a significant effect on arousal (AR). The values of the coefficients suggest that
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the PE and EE have the greatest impact on ACCEPT, while the SI, PR, and PL display a
similar importance. Therefore, hypotheses H1.1-H1.5 are accepted but H1.6 is rejected.

The fsQCA models fitted for ACCEPT and ~ACCEPT presented satisfactory adjust-
ment measures (cons > 0.8 and cov > 0.7). Even though in all recipes, the sign of the
input variables to explain the resistance to SRs is as we expected, this does not follow
when fitting ACCEPT. As we expected, the PE, EE, SI, PL and AR are present in the prime
implicates, but the PR is present in some recipes and negated in others. These findings lead
us to reject H2.1, and accept H2.2. The EE and PR (PE) were the least relevant variables
to explain ACCEPT. When fitting ~ACCEPT, the PR and PE (AR) appear to be the most
(least) decisive explanatory factors. This suggests that the impact of the input variables on
ACCEPT and ~ACCEPT are not mirror opposites, and thus hypothesis H2.3 is not rejected.
This is in accordance with the fact that the explanation of the acceptance and resistance of
any disruptive technology is not symmetrical [64].

Whereas the results of the OLR quantified the average impact of every variable on
the intention to undergo surgical intervention, by means of its marginal effect, the fsQCA
displayed how these factors interact to produce acceptance and non-acceptance. Both
instruments provided complementary information. Thus, the marginal effects fitted with
the OLR indicated that the variables with the greatest impact attitude toward SRs were the
PE and EE. The use of the fsQCA allowed us to observe that both variables impacted with
the expected sign in both acceptance and resistance to SRs. However, to induce acceptance,
the EE, which participated in six of the seven recipes, had a greater influence than the
PE, which only participated in two configurations as a core condition. Moreover, when
explaining resistance, we found that the absence of the perceived performance was more
relevant than the absence of the easiness expectation. While the PE participates as a core
condition negated in four out of five recipes, the EE does so in three prime implicates.

The marginal effects fitted for the SI, PR, and PL indicate that the average impact
of these variables on acceptance is similar. Moreover, the use of the fsQCA allows us to
discover how the impact of social influence and pleasure on attitude and resistance differs
from that of the perceived risk. The SI and PL are present (absent) in all primer implicates,
in which these constructs are conditions that explain acceptance (rejection). Therefore, the
SI and PL have approximately symmetrical effects on the willingness and resistance. With
regard to the perceived risk, we can observe that it is negated in three configurations and
present in two prime implicates explaining ACCEPT; that is, the net effect of the PR on the
favorable attitude toward SRs could be null. Moreover, the PR was present in four of the
five configurations, explaining the resistance. Therefore, the negative marginal effect of
the impact of the PR on attitudes toward SRs is strictly due to the strong influence of the
perceived risk on rejecting robotic surgery. Therefore, the influence of the PR on ACCEPT
and ~ACCEPT is clearly asymmetrical.

With the ORL, we have fitted a positive but not significant effect of the AR on attitude
toward robotic surgery. Moreover, the use of the fsQCA has shown that the AR has some
influence in the attitude toward SRs. In spite of it not being a key variable to explain
ACCEPT and ~ACCEPT, its presence is a core condition in three explanatory recipes of
acceptance and only a peripheral variable inducing resistance.

We confirmed that the UTAUT variables (PE, EE, and SI) have a significant positive
impact on the willingness to use SRs. This finding is in accordance with an important part of
the literature on the users’ attitudes toward robots and wearable technologies in healthcare
services [31–34], concerning social robots [28,35,46,50] and surgical robots [6,8,12]. How-
ever, it must be noted that there are several empirical analyses that did not find significant
differences in the PE, EE, and/or SI to explain the attitudes in fields, such as healthcare
technology acceptance [27,30] and social robots [48].

The perceived risk has a positive impact on the rejection of being operated on by an SR.
This finding coincides with that of [7,8,12], who found a relevant negative relation between
the PR and the behavioral intention to use SRs. This is also coincident with studies that
outline a positive significant link between trust and robot acceptance [28,46,48].
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Regarding emotional variables, the fsQCA shows that these factors have a signifi-
cant relationship with acceptance and rejection of SRs. These results are in accordance
with [42,47,48,50].

5. Conclusions

To the best of our knowledge, a combinatorial analysis of the variables that induce the
acceptance of robot services (in our case, surgical interventions) has not been performed
before. In this regard, this study shows that the fsQCA not only helps to understand how
input variables influence acceptance and rejection of robotic-assisted surgery, but also
allows the evaluation of the usual asymmetrical impact of the factors inducing acceptance
and rejection of a new technology.

On the one hand, with regression, we have measured the mean effect of every variable
on the intention to use, if needed, robotic-assisted surgery. On the other, the fsQCA
displayed that each factor may influence acceptance and non-acceptance attitudes in
different ways. So, social influence and pleasure are significant from a statistical point
of view and also seem to impact symmetrically on acceptance and resistance attitudes
toward SRs. Moreover, the performance expectancy and easiness expectation, that also
display significant marginal effects, influence with asymmetric strength, the acceptance
and non-acceptance. So, whereas the EE provides its greatest influence on ACCEPT, the
strongest impact of the PE comes when this variable is absent contributing to ~ACCEPT.
It must be also remarked that in both cases, the influence of the PE and EE on ACCEPT
and ~ACCEPT is congruent with the positive marginal effect fitted for both constructs,
since the PE and EE always need to be present to produce acceptance and negated to
induce resistance.

The way how the perceived risks contribute to ACCEPT and ~ACCEPT is also different
to that of the PE, EE, SI and PL. The PR has a significant negative marginal effect in the OLR
and impacts asymmetrically on ACCEPT and ~ACCEPT. So, its presence is a key factor to
explain the resistance and therefore, this finding is congruent with its negative marginal
effect, fitted with the OLR. Moreover, the PR is not a defined sign to induce ACCEPT, since
in some recipes it comes affirmed and in others, negated. Notice that the behavior is not
coherent with a significant negative impact on attitudes toward SRs.

Our theoretical approach, which combines the UTAUT variables with the perceived
risk and emotional variables, has been useful in explaining attitudes toward SRs. While
MacFaddens’ R2 in OLR shows a good explanation capability of this correlational method;
the consistency and coverage of the solutions of the fsQCA for ACCEPT and ~ACCEPT
display a good adherence of the configurations to the data. Likewise, note that with the
exception of one configuration of ACCEPT, which exclusively presents the three UTAUT
constructs, all prime implicates explaining acceptance and resistance need to combine the
UTAUT factors with the perceived risk and/or emotional variables.

Our findings have implications for the management and health policies. The combina-
tion of correlational and configurational analyses is a powerful instrument for analyzing
available data to make decisions. While results from the OLR inform about the overall
strength of each variable to explain attitudes toward SRs, the fsQCA discovers profiles of
potential users and potential rejecters. Whereas effort expectancy seems to be the key vari-
able to explain acceptance, the lack of a perceived utility and the presence of the perceived
risk are of special relevance to explain the resistance toward SRs. Therefore, the successful
implantation of any new type of SR needs to show a superior performance and is less risky
than more traditional surgery techniques, such as endoscopy or laparoscopy.

Note that in the profiles linked to acceptance, there are two configurations (the sixth
and seventh) where the perceived risk is affirmed. Hospital managers must be careful with
this information because they do not necessarily imply that these profiles come from risk
seekers. Surely, people perceive that the potential advantages of robotic surgery coming
from the PE, EE, SI, and PL compensate for the perceived risk.
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This study has some limitations of this empirical research. This study was conducted
in a single country (Jordan). The research sample was from a university environment where
students, professors, and administrative workers participated in the survey, and cultural
differences, because of the educational and the social class statuses, may influence potential
patients’ attitudes toward SRs. Likewise, country cultural stratum is also a relevant variable
to explain attitudes toward robots. Therefore, the results obtained in this study could be
extrapolated, at least partially, to potential patients from countries of the same geographical
area and with a similar culture, such as Turkey, Lebanon, or Kuwait, and similar social
groups, but not to countries with different cultures and/or people of lower educational
status. Thus, further research that broadens the number of countries and their social or
cultural status is required.

Moreover, we analyzed a cross-sectional survey; therefore, our results cannot be gen-
eralized in the long run. This issue is relevant because, as mentioned in the introduction,
robotic surgery is an active and dynamic field. It could be of interest to carry out a longitu-
dinal study to understand how perceptions of SRs evolve along with their improvement.
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