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Abstract: Smart surgery is a new way to utilize smart devices to change existing surgeries. Smart
glasses can enhance the surgical procedure so that the patient can understand the procedure more
intuitively. Surgery is for patients, and patient acceptance of extended reality surgery is the purpose
of this study. This study uses the technology behavior model, which is more in line with the user’s
assessment of the acceptance behavior of the new technology. A triangulated research approach was
used, which applies to this study for a specific patient population. Primary data were collected from
hospitals through questionnaires and were statistically analyzed by CB&PLS-SEM multimodel using
SmartPLS software. It was concluded that patients were influenced by operational emotional factors
in undergoing extended reality surgery. The study provides a basis for future research related to the
practical application of smart surgery from the patient’s perspective in viewing and accepting surgery.

Keywords: relieve tension; patient trust; extended reality surgery; technology behavior model

1. Introduction

Along with the development of medical and health technology, smart surgery has
come into the limelight [1]. It provides a new solution to the doctor–patient trust and
anxiety problems that cannot be solved independently. For a long time, trust between
doctors and patients has often been a gap that cannot be crossed in clinical treatment [2].
Patients trust their doctors for their daily care. However, this is true for some acutely ill
patients, whose trust in their physicians is often self-identified only by their physicians’
biographies [3]. It is not true trust from the heart. In previous studies, it was found that
doctor-patient trust-building activities are critical to surgery and patient care [4]. Smart
surgery refers to surgery performed through the use of smart devices or instruments [5], for
example, intelligent minimally invasive surgery. Patients can watch the surgeon’s operation
from a first-view perspective through the use of smart glasses. Such a demonstration allows
patients to clearly observe the procedure, and when they fully understand the specifics
of the operation, they will heartily agree with the surgical plan and develop trust in the
surgeon [6]. This trust is a prerequisite for the surgery to be performed [7]. Clinical
procedures are accompanied by surgical risks, including some unintentional human factor
risks and technical risks [8]. These human factors are mainly caused by the unintentional
errors of the surgeon. People make mistakes, and doctors are no exception. Especially
during high-intensity surgery, surgeons are often in a state of high concentration and stress
for long periods, which can result in unconscious errors [9]. The use of smart glasses during
surgery can be monitored by external third-party assistance, where the standardization of
surgical operations avoids some mistakes, thus reducing the risk in surgical operations and
reducing patient’s anxiety [10].

The patient’s psychology is often in excessive tension before the surgery, which often
causes some disadvantages for the surgery. Patients’ emotions are often reflected in preop-
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erative tension and anxiety. Such emotions can lead to a rapid heart rate, elevated blood
pressure, or the onset of depression. The onset of these emotions is often a neuroendocrine-
related onset. Tachycardia can be a risk factor for patients undergoing cardiac surgery and
can also accelerate the metabolism of anesthetic drugs in the body, leading to a prognosis for
the duration of anesthesia. Depressed patients are at greater risk during surgery, including
induction of anesthesia with venous blockage, muscle relaxation, and increased sensitivity
to nerve pain. Prolonged postoperative awakening, vomiting, and other symptoms lead
to a poor postoperative outcome. Patients need psychological guidance and advanced
anesthesia. The patient’s blood pressure and blood flow rate are brought down to the
normal range before surgery can be performed. A normal physiological index will help the
surgeon to always keep the physiological figures within a safe range during the surgery to
ensure the safety of the patient’s life and health. The simulated surgical procedure using
smart glasses enables the patient to have a comprehensive understanding of the surgical
protocol and the handling of emergencies. It can effectively help patients to relieve their
nervous psychological problems [11].

This study investigates the value of smart glasses in terms of operational value,
operational risk, trust, and reduction in patient tension through the perceived use of smart
glasses by patients’ subjective awareness of the differences between smart glasses surgery
and conventional surgery. A new theoretical framework, the technology behavior model,
is based on the technology acceptance model and the theory of planned behavior. The
main contribution is that this study focuses on changing usage behavior through human
subjective awareness, attitudes, and behavioral control, in addition to the usefulness of
extended reality technology through the use of perception. It has both the perceived
usefulness in the technology acceptance model, as expressed in patient acceptance of smart
glasses surgery, and the change in behavior by human attitudes from the theory of planned
behavior, as expressed in the ability of smart glasses surgery to improve the success rate of
the surgery and increase patient trust in the surgery; both integrated models apply to this
study. A mixed research approach was used to conduct the study, where a single research
method could not meet the needs of the study because there was no information available
about patients’ perceptions and opinions related to smart surgery. The data were analyzed
using CB-SEM and PLS-SEM statistical analysis software, which has multimodel, multilevel
cross-tabulation, and enables a more comprehensive and systematic analysis of dependent
and independent variables, which is especially helpful for the mixed research approach.
First, the hypothesis of this study is presented through relevant and similar references
to establish the theoretical framework. Secondly, the research methodology and data
collection process are presented and analyzed in a systematic study to arrive at a positive
hypothesis. Finally, a comprehensive contribution to the contribution and conclusion of
this study. Patients are generally more willing to accept smart glasses surgery and are
interested in understanding the surgical process through surgical simulation before surgery,
which can effectively relieve patients’ tension and improve the reliability of surgery.

2. Literature Review

Extended reality smart glasses (XRGE) use extended reality technology (XRT), which
uses computer technology to form 3D images that combine the virtual environment with
the physical environment to achieve a virtual–reality continuum and eliminate the original
edge boundaries. The enhancement of physical reality and digital virtual information
is built according to the contextual content of the overlap to make the visualization of
3D stereoscopic imaging more realistic, and to meet the needs of the real environment,
achieving refined human interaction.

2.1. Virtual Surgery

Virtual surgery is achieved with virtual reality and mixed reality technologies [12].
Virtual reality is the use of the internet to collect medically relevant image signals and use
computers to convert digital information into recognizable commands that are transmitted
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to display devices to complete the operation of human action commands [13]. Combined
with mixed reality technology to establish a 3D image, the original 2D virtual image
multilevel superposition, in the space x, y, z plane, marks each coordinate to achieve unique
identification [14]. Avoiding the data errors in the model, especially during the second
review of missing data, ensures the real data and virtual information have no difference
and match [15]. For example, the preoperative virtual surgery for cardiac interventional
procedures was obtained from the QpenEar dataset to obtain the original data, combined
with the patient CT and NMR scans, to take the actual data to construct a 3D stereo heart
model [16]. The model can identify arteries, veins, atria, ventricles, endothelial thickness,
nerve distribution, and other aspects [17,18]. The internal motion and orientation of the
organ can be marked by a self-contained optical marker method [19]. The available kinetic
and sensor data signals are combined with different colors to differentiate the space of interest.

2.2. Eye Tracking

Eye-tracking is based on the light-sensitive movement of the eyes to achieve the
transmission of human-machine command recognition [20]. It is the newest interaction
method at present [21]. To be precise, it uses infrared light to track and detect pupil changes
and the length of the response time of the cornea to changes in light for recognition [22].
The tracking data is transformed into an image through context and transmitted to the
display. The pupil change is detected at the edge of the pupil, locating the pupil position,
and determining the user’s movement intention, based on the detection data [23]. Common
abnormalities include iris, eyelashes, and some interference filters. Interference filtering is
the unintentional use of the eye while gazing, i.e., the natural blinking of the human eye,
which results in false commands. Physiological operation can be ruled out by calculating
the eye movement threshold. It was found that, when the threshold is >0, the focal point
for recognizing light perception is at the end of the eye [24]. When the threshold < 0,
the photoreceptor focal point falls at the front of the eye [24]. To reduce the error and
to eliminate the physiological variance of the pupil, the user should maintain the eye’s
gaze for more than 800 ms to improve the accuracy of the recognition of the glasses and
to ensure the correct operation of the instructions [25]. Due to the differences in human
behaviors, the recognition time can be self-regulated to speed up the access rate and reduce
the waiting time for an operation.

2.3. Image

Extended reality, a hybrid application of virtual and augmented reality, is a concrete
manifestation of extended reality, which combines physical reality with virtual reality in 3D
technology [26]. Smart glasses are connected to a computer PDM system through a para-
metric XR system to ensure command recognition [27]. The system treats each marker as a
uniquely identified part by planar coordinates, facilitating the assignment of the next step
while facilitating the compensation of errors within the model. By processing data analysis
and information compensation, the values of multiple components are superimposed to
form a three-dimensional image. For missing data, a secondary check is performed to
ensure continuous data transfer from the data model [28]. During mixed reality data acqui-
sition, information connection and data exchange between real objects and corresponding
PDM elements are marked with different colors and semi-transparent codes to achieve
one-to-one correspondence. In constructing stereo images of the human body, the raw 3D
data obtained from the dataset are derived from the skeletal structure of the human body,
combined with actual data collected by CT, NMR, and NMR thin real-intensity scans [29].
The system outlines the nerves, arteries, veins, and endothelium of organs in 3D, facili-
tating sectioning tools for segmentation and observation of regions of interest and image
processing of lesions. The problem of poorly defined, partially deconstructed edges can be
resolved by identifying 2D CT and MR images, and the repetitive jump from CT slices to XR
visualized structures is enhanced by system inscriptions [30]. The holographic estimation
of the model is performed by different color coding. Computer-aided software allows for
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3D processing and editing, converting fragmented and scattered individual decomposition
images into a collection of STL files for uploading to the smart glasses display [31]. A
spatial model is created based on the multiplication of planar and surface coordinates, and
with interactive control, the translucent model can be superimposed on the patient’s body
to form a superimposed image that determines the exact location of the data assignment
and improves surgical efficiency. To precisely determine the exact location and direction of
motion in the enclosed organ, the target is measured using different signals, using satellite
sensor data for inertial localization, combined with the annotation of optical methods. This
is an important hybrid dynamics basis for mixed reality optical imaging, enhancing the
imaging clarity of the image. The 3D human structure spatial coordinates are overlaid by
a reference coordinate system capable of coinciding with spatial locations and times that
are not visible to the real-world naked eye, resulting in a gaze vector that enhances the
visibility of the human eye.

3. Materials and Framework
3.1. Technology Acceptance Model

The technology acceptance model (TAM) is a behavioral representation of the study of
human acceptance of new technologies and information [32]. The TAM is currently one
of the most used models in new technology research [33]. The purpose of TAM research
is that people experience efficiency gains of new technologies over existing ones through
the influence of external factors on usage, such as perceived usefulness [34]. In addition,
the way and process of use are more convenient than the existing one, perceived use. The
perceived experience leads to a change in the user’s usage behavior [35]. This process is the
acceptance of new technologies and information by the perceived behavioral intention that
the model focuses on [36]. In this study, patients used the extended reality smart glasses
to experience the surgical process and the surgical operation to ease their presurgical
anxiety through understanding. Subjective perceptions of the superiority of smart glasses
surgery over existing surgical modalities were accepted. This leads to patients choosing
smart surgery. However, previous studies have shown relatively low explanatory power
and inconsistencies among the components in the research model. Mainly reflected in
the following points: (1) the research components are inconsistent, some use attitudes
to measure acceptance indicators, and some use behavioral intentions or actual use [37];
(2) some major relationships are inconsistent, for example, perceived ease of use only had
a significant effect in studies with behavioral intent and had little effect in other studies;
(3) the assessment of specific components is ambiguous, and there is no clear division
standard [38].

3.2. Theory of Planned Behavior

Ajzen proposed the theory of planned behavior based on the theory of rational be-
havior, which focuses on the change of subjective human behavior [39]. New things are
attractive to people, and some people are willing to try them actively by learning about
them, which is the attitude that determines the norm [40]. Tried-and-tested evidence
changes the perceived behavior, and the better the perceived behavior effect is, the more
people like to use a given item or technology, thus changing the usage habit [41]. That is,
attitude determines behavioral beliefs, beliefs determine behavioral control, and control
changes behavioral habits [42]. Behavior change can not only reflect the person’s attitude
and intention but also can more visually reflect the recognition of something new [43].
When patients choose smart glasses surgery, subjective attitudes are often an essential
part of the choice, which includes people’s recognition and trust in smart glasses. The
process of trust is in turn influenced by one’s factors. Preoperative experience can better
enable patients to recognize the feasibility of surgery from their subjective consciousness
and increase their confidence in the procedure. However, when attitudes or subject norms
have a large influence, the predictive power of PBC on intentions is weak. Second, some
meta-analyses indicated that TPB barely increased the variance explained by TRA for
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behavior [44]. There are also distinct measures of paired control of programs that do not
hold and may lead to a regression in theories [45]. Finally, Hall and Sheeran concluded that
prescriptive norms and descriptive norms had different structures and self–efficacy in their
measurement domains [46]. The results of regression analysis showed that incorporating
demonstrative norms into the regression equation increased the variance of intention by
5% [47]. Explanation rate and the predictive role of the demonstrative norm is second only
to attitude, stronger than prescriptive norm and self-efficacy. These errors all lead to the
limitations of TPB in its behavioral impact.

3.3. Technology Behavior Model

The theory of planned behavior (TPB) focuses on behavior change in the subjective
consciousness of an individual, and the technology acceptance model (TAM) focuses on
the change of human behavior by external factors of new technologies and information [6].
These can be understood as one in which people are subjected to internal psychological
changes in behavior and one in which people are subjected to external factors that change
behavior. In contrast, when studying human behavior change, the TAM is only able
to explain 30–40% of causality, ignoring the actual needs of individuals [48], while the
TPB lacks research on poor behavior. Therefore, it includes both subjective and perceived
consciousness, and a single use of one model cannot accurately identify the main behavioral
intention used [43]. The current study is in the medical field, firstly for extended reality
smart glasses, a new product, and the new technology is in line with the technology
acceptance model. Secondly, it is the behavioral awareness of the individual through
which the data is collected, the perceptual awareness. This in turn is consistent with the
theory of planned behavior. Therefore, a new theoretical model, the technology behavior
model (TBM), is proposed, using a combination of the existing TAM and TPB. This model
enables a more comprehensive study of human behavior change as being influenced by
both intrinsic and extrinsic factors. Additionally, this model is combined with extended
reality technology.

3.4. Determinants
3.4.1. Attitude toward Behavior (ATB)

ATB refers to changes in behavior caused by people’s attitudes toward things and
technology. It is the embodiment of human subjective behavior. Before the operation, the
patient can immensely experience how the operation is performed by using XRGS to watch
the operation video and simulate the operation process which can relieve the patient’s
panic about the operation [49], this is conducive to the smooth operation of the operation.
Being able to perceive the clarity of the transmitted image when the patient is viewing the
procedure through first vision is beneficial for the procedure. Reflecting the usefulness of
XR, this will change attitudes and lead to acceptance intelligent surgery. So, the hypotheses
are as follows:

Hypothesis 1 (H1). ATB contributes to patients’ acceptance of extended reality surgery (AXRS).

Hypothesis 2 (H2). ATB contributes to the usefulness of extended reality.

3.4.2. Extended Reality Usefulness (XRU)

XRU refers to the patient’s acceptance and use of new technologies through the use
of XR. The XR system has the function of 3D stereoscopic imaging, which can control and
observe the screen of multiple monitoring instruments at the same time [50]. Constructs
overlay color images based on collected external data combined with an anatomical model.
These visual images enable patients to understand the structure of their lessons in an
easy-to-understand manner, relieve the tension of patients before surgery, improve their
confidence, and change their attitudes and actions to choose XR surgery. So, the hypotheses
are as follows:
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Hypothesis 3 (H3). XRU contributes to patients’ acceptance of extended reality surgery (AXRS).

Hypothesis 4 (H4). XRU has a facilitative effect on changing patients’ behavioral attitudes.

3.4.3. Operation Value (OV)

OV means that the XR system has a positive impact on the procedure. the main impact
of XR technology on the procedure is demonstrated by image enhancement, visualization
clarity, and ophthalmoscopic tracking. Patients can experience and perceive the rapid
reading of their information using the interaction with and the viewing of relevant test
images. Additionally, 3D rotatable stereoscopic images can be created from 2D images,
allowing for a better visual experience. It also enhances the clarity of the human eye,
enabling observation of smaller things and wide-angle views. These experiences enable
patients to better perceive the value of XR surgery. Thus, they can choose smart surgery
from their subjective consciousness. So, the hypothesis is as follows:

Hypothesis 5 (H5). OV has a facilitative effect on changing patients’ behavioral attitudes.

3.4.4. Operation Risk (OR)

OR refers to the risks involved in the surgical procedure. Surgical risks can be divided
into two aspects, one is the technical risk. There are still some unresolved treatments in
medical surgery, and existing technologies cannot guarantee the successful completion of
the surgery [8]. The limitations of the technology lead to the inability of surgical specialists
to guarantee the success of the surgery. The XR system allows virtual surgery, where
specialists can rehearse the surgical procedure by simulating the actual situation of the
patient. On the other hand, there are risks caused by human factors. Experts can operate
uncontrollably and unconsciously in a highly concentrated state. Some doctors’ mistakes in
surgical operations, although unintentional, cannot be allowed in the presence of life. XR
systems can monitor the operator’s behavior, and the glasses tracking interaction enables
the expert’s hands to be free. Through the experience, patients can understand that XR
surgery is less risky than normal surgery and change their behavioral choices. So, the
hypothesis is as follows:

Hypothesis 6 (H6). OR has a facilitative effect on changing patients’ behavioral attitudes.

3.4.5. Trust (TR)

Trust usually refers to a person’s assurance in another’s responsibility and ability
to fulfill a promise under particular conditions. It is also possible to positively trust
technology and assess the extent and integrity of the technology to perform the task in a
given environment [4]. Patient trust in XR procedures depends on the physician. This trust
is passive trust, where the passive user is the one who directly accepts the influence on the
outcome of the technology used in the system in accomplishing the task [51]. It is influenced
by both the technology and the physician’s active use. It occurs under conditional conditions
or with the active user performing the procedure [7]. The patient’s trust in the technology is
also an increase in trust in the physician and facilitates the patient’s determination to choose
to undergo the technological procedure. So, the hypothesis is as follows:

Hypothesis 7 (H7). TR has a facilitative effect on changing patients’ behavioral attitudes.

3.4.6. Tension (TS)

TS means that the patient can view the images from a first perspective by watching
the simulated surgery on the XR system, and at the same time, the observation enables
a deeper understanding of the specific details of the operation [52]. Nervousness is the
patient’s emergency response to the unknown, causing a person to think more about a
problem [53]. When a patient knows a procedure, especially through visualization, the
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patient’s nervousness can be relieved. Without fear, there is no anxiety. Patients identify
with XR surgery through experience, thus changing behavioral choices. So, the hypotheses
are as follows:

Hypothesis 8 (H8). TS has a facilitative effect on changing patients’ behavioral attitudes.

Hypothesis 9 (H9). TS contributes to the usefulness of extended reality.

3.5. Theoretical Framework

According to the combination of the hypotheses mentioned above and the technical
behavior model (TBM), the theoretical framework of this research was obtained, as shown
in Figure 1.

Figure 1. Hypotheses and TBM.

4. Methodology

The research method is the decision-making stage of the research project, according
to the particularity of the research objectives [54] and the limitations of the current re-
search on XR technology. Due to its complexity, this study adopted a triangular mixed
research method, including quantitative analysis suitable for data research (the research
needs to collect primary data for analysis). Second, since there were no relevant refer-
ences studying XR surgery from patient perspectives, this study adopted an exploratory
research approach [55]. Finally, cross-sectional studies were used, which objectively re-
flect the association of patients with the disease over time [54]. The target population
was medical patients, selected from the population base of the Malaysian population. To
be able to simplify the collection time, convenience sampling was used in this study. A
questionnaire was used to collect data, mainly online, through Facebook, email, and other
relevant communication software, supplemented by on-site questionnaires at the hospital
on weekends. The questionnaire was prepared based on the relevant literature on XRSG,
combined with the actual needs of the patients. Due to the different literacy levels of the
patients and the need to facilitate their understanding of the smart glasses, XR technology
was mainly communicated to the patients through the doctors, as the doctors have a trusted
relationship with the patients, and could facilitate the patients’ trust and recognition of
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the technology. The next step was to conduct pilot trials in relevant hospitals to gain the
approval of patients or families through real experiences. Questionnaire responses were
collected over a period of 1 month (Figure 2) and could only be filled out once per person.

Figure 2. Number of questionnaires collected over time.

Structural equation modeling (SEM) is widely used in social studies in scientific
disciplines and is an advanced modeling approach which uses linear multivariate data [56].
There are two model methods, CB-SEM and PLS-SEM. CB-SEM focuses on explaining
the establishment of theoretical models and the role of variance and covariance between
variables [57]. Often, larger data are required. This study uses a new theoretical model,
which needs to be evaluated. The data analysis was mainly carried out by PLS-SEM.
PLS-SEM has a variety of research and analysis modes, which can conduct an in-depth
analysis of internal and external influencing variables [58]. According to the diversity of
research methods in this study, it is necessary to carry out a composite study of multiple
regression to obtain accurate data analysis results and avoid unnecessary errors in the
research process.

5. Data Analysis

Data were analyzed using the CB-SEM and PLS-SEM methods, and data were collected
with an adequate sample size according to the study requirements [59]. However, due to
some objective reasons, the number of valid questionnaires received was 300, of which
8 were invalid. This confirms that social sciences often have inevitable missing values in
analytical studies that make it difficult to draw conclusion that truly reflect reality. The
missing value should be less than 5%, and in this case, 2.67% was within the acceptable
normal range. This is in line with the basic needs of research operations in PLS-SEM.

5.1. Demographic Analysis

The percentage of respondents was 54.67% male and 45.33% female, as shown in
Table 1. Most of them were middle-aged or elderly patients. They tended to have resistance
to surgery because of anxiety and trust issues. The high number of those with moderate
income of MYR 5000–8000 reflected that they could afford the surgery.



Appl. Sci. 2022, 12, 5607 9 of 18

Table 1. Demographic analysis.

Demographic Characteristic Options Counts Percentage (%)

Gender
Male 164 54.67%
Female 136 45.33%

Age

20–35 23 7.67%
36–45 63 21.00%
46–55 91 30.33%
Older than 56 123 41.00%

Marital status
Single 52 17.33%
Married 248 82.77%

Education

Junior and lower 11 3.67%
High school 47 15.67%
Undergraduate 153 51.00%
Postgraduate 89 29.67%

Income

Less than MYR 3000 6 2.00%
MYR 3000–5000 89 29.67%
MYR 5000–8000 118 39.33%
MYR 8000–10000 52 17.33%
More than MYR
10,000 35 11.67%

5.2. Statistical Analysis

The study data were analyzed using SmartPLS 3.3.3 statistical analysis software. This
software is the most commonly used SEM. The benefits of using this method are as follows:
(1) the study uses an exploratory approach with uncertainty [60]—a comprehensive cross-
sectional study of endogenous structural intrinsic relationships and extrinsic theories can
be performed; (2) it is suitable for composite structural model studies—the study uses the
new theoretical framework XRTBM and the triangulation research method, which makes
the structure more mixed; (3) due to the large target number base, the questionnaire could
not be sampled equally, which generates some unavoidable errors and is not suitable for
conventional research. Unconventional studies facilitate the reduction in variance values.
Therefore, the use of SEM facilitates the interlinked effect of each variable, and the multiple
data results, such as internal and external structural analysis, impact factor, applicability,
and validity through the software, can effectively respond to the study results.

5.2.1. Common-Method Bias

Since the experimental data were collected through an online questionnaire, the data
collection method used was too homogeneous and required analysis of variance using
common-method bias (CMB) [61]. This variance was generated by measuring the factor-
induced variance of the model, which is distinct from the structure-induced variance. CMB
was measured by the substance-factor composite and the method-factor composite, and was
used mainly for respondents’ awareness and perceived behavior [62]. Table 2 shows that
the variance of the substantive factor composite was 85:1 higher than the 39:1 mentioned
in Hair’s study. The ratio of Ra2 to Rb2 was 92.6:1 higher than the method variance. This
shows that the study data are not affected by CMB.

5.2.2. Assessing the Outer Measurement Model

When using SEM for quantitative studies, validity can be assessed more accurately
than in qualitative studies [63]. In particular, there is a clear and large validity discriminant
for conditional reflexive measurement models. The composite reliability, which takes into
account the weight of differences in factors, is more suitable for reflecting the consistency
reliability than the previous assessment using Cronbach’s alpha [64]. In addition, the
external loadings, which are important indicators of convergent validity, are calculated
based on the average variance extracted (AVE) for each structure of the model, with a
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threshold value > 0.708 [65]. As shown in Table 3, the composite reliability was higher than
0.94 and the lowest value of AVE was 0.84. In terms of validity studies, hetero trait–mono
trait (HTMT) is most often used to judge the validity, as shown in Table 4, which shows a
significant difference in interval effects between variables [66]. In line with the discriminant
validity HTMT less than 0.85 [67], the data in the table are in line with normal values. The
HTMT was inferred from 5000 runs with a confidence interval maximum value of 95% and
a minimum value of 2.5% of the threshold [−1, 1]. The bias correction and acceleration
(BCa) were wirelessly close to 0. There is an effective structure between the numerators of
the dependent variables, as shown in Table 5.

5.2.3. Structural Model

Standard Deviation is the evaluation of the magnitude of the deviation of the inde-
pendent and response variables. As seen in Table 6, the variance values ranged from
0.048 to 0.064, all less than 0.1 [68]. indicating that the deviations between the structures
were small and did not have a significant effect on the structural model. The confidence
interval between structures 2.5% and 95% values are close to ±1. Significant differences
at the time of the study of p-values to 0.05, 0.01, and 0.001, respectively. As seen in
Table 6 and Figure 3, hypotheses of ATB (H1: B = 0.543, p < 0.001; H2: B = 0.488, p < 0.001)
were positively related to XRU and AXRS. It was assumed that XRU (H3: B = 0.265, p < 0.001;
H4: B = 0.192, p < 0.001) had an enhancing effect on ATB and AXRS. It was hypothesized
that OV, OR, TR, and TS (H5: B = 0.141, p < 0.05, H6: B = 0.303, p < 0.001: H7: B = 0.165, p < 0.01;
H8: B = 0.132, p < 0.01) had a positive effect on the change of patients’ behavioral attitudes.

Table 2. Common-method bias factor.

Latent
Construct Indicators

Substantive
Factor Loading
(Ra)

Substantial
Variance Square
(Ra2)

Method Factor
Loading (Rb)

Method Variance
Square
(Rb2)

ATB
ATB1 0.9259 0.857291 0.0909 0.008263 ***
ATB2 0.9279 0.860998 −0.1451 0.021054 **
ATB3 0.8964 0.803533 0.0494 0.002440 NS

OR
OR1 0.9287 0.862484 −0.0553 0.003058 NS

OR2 0.9173 0.841439 0.2414 0.058274 *
OR3 0.9324 0.86937 −0.1886 0.035570 **

OV
OV1 0.8997 0.80946 0.0332 0.001102 ***
OV2 0.9404 0.884352 0.0261 0.000681 NS

OV3 0.9106 0.829192 −0.0599 0.003588 ***

TS
TS1 0.9276 0.860442 −0.0753 0.005670 ***
TS2 0.9249 0.85544 0.0497 0.002470 ***
TS3 0.9033 0.815951 0.0255 0.000650 NS

AXRS
AXRS1 0.8902 0.792456 0.0588 0.003457 ***
AXRS2 0.9372 0.878344 −0.1275 0.016256 **
AXRS3 0.9356 0.875347 0.0677 0.004583 ***

TR
TR1 0.9351 0.874412 −0.0022 0.000005 NS

TR2 0.9461 0.895105 −0.0309 0.000955 NS

TR3 0.9243 0.85433 0.0336 0.001129 ***

XRU
XRU1 0.8992 0.808561 −0.1105 0.012210 **
XRU2 0.9178 0.842357 0.1067 0.011385 **
XRU3 0.9431 0.889438 −0.0039 0.000015 NS

AVD 0.850491 0.009182 ***

Notes: ATB—attitude toward behavior; OR—operation risk; OV—operation value; TS—tension; AXRS—acceptance
of extended reality smart glasses surgery; TR—trust; XRU—extended reality usefulness. *** p < 0.001; ** p < 0.01;
* p < 0.05; NS—insignificant.
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Table 3. Convergent validity and construct reliability.

Latent
Construct Items Loadings Standard

Deviation RhoA (ρA) Composite
Reliability

Average Variance
Extracted (AVE)

ATB
ATB1 0.927

0.364 0.907 0.940 0.840ATB2 0.925
ATB3 0.898

OR
OR1 0.930

0.36 0.926 0.947 0.857OR2 0.923
OR3 0.924

OV
OV1 0.901

0.363 0.907 0.941 0.841OV2 0.941
OV3 0.909

TS
TS1 0.923

0.363 0.910 0.942 0.844TS2 0.922
TS3 0.910

AXRS
AXRS1 0.893

0.362 0.915 0.944 0.848AXRS2 0.933
AXRS3 0.937

TR
TR1 0.934

0.356 0.929 0.954 0.875TR2 0.945
TR3 0.927

XRU
XRU1 0.890

0.362 0.922 0.943 0.846XRU2 0.925
XRU3 0.944

Notes: ATB—attitude toward behavior; OR—operation risk; OV—operation value; TS—tension; AXRS—acceptance
of extended Reality Smart Glasses Surgery; TR—trust; XRU—extended reality usefulness.

Table 4. Hetero trait–mono trait (HTMT).

Latent Construct ATB OR OV TS AXRS TR XRU

ATB
OR 0.743
OV 0.649 0.678
TS 0.597 0.624 0.625
AXRS 0.772 0.642 0.654 0.684
TR 0.638 0.665 0.541 0.436 0.601
XRU 0.662 0.650 0.570 0.519 0.642 0.622

Notes: ATB—attitude toward behavior; OR—operation risk; OV—operation value; TS—tension; AXRS—acceptance
of extended reality smart glasses surgery; TR—trust; XRU—extended reality usefulness.

5.2.4. Predictive Relevance and Effect Size

In addition to the study of the internal relationship of the model, the Stone–Geisserde
Q value should also be tested, and is an important indicator for detecting the out-of-sample
predictive power of a model [69]. When the PLS path is predictive, it can detect unused
correlations in the data. A Q2 greater than 0 means that the path is predictive of the
model [70]. Table 7 shows that Q2 is greater than 0, indicating that the proposed structural
model is predictive of a certain endogenous structure. Two methods can usually be used
for Q2 calculation (Table 8), namely the cross-validation commonality method and PLS-
SEM. the quadratic operation can better ensure the predictiveness of Q2 and predict the
eliminated data points.

In addition to assessing the endogenous structure of the Q2 value, the effect size
was assessed to determine whether the omitted structure had a substantial effect on the
endogenous structure [71]. The assessment score, f2, is the inclusion of exogenous variables
and the criterion for judging—from large to small, these are 0.35, 0.15, and 0.02. When
the effect of influence is less than 0.02, this means that the omitted data does not affect
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the endogenous structure [54]. From Table 9, it can be seen that, among the effects of the
endogenous factor variables, the effect of OR on AXRS had the lowest effect of only 0.021,
but this was above the threshold. The effect of ATB on XRU was very high, at 0.489.

Table 5. Hetero trait–mono trait (HTMT inference).

Latent Construct Original Sample (O) Sample Mean (M) Bias 2.50% 97.50%

ATB -> AXRS 0.672 0.671 −0.001 0.588 0.746
ATB -> XRU 0.488 0.488 0.000 0.370 0.597
XRU -> ATB 0.192 0.192 −0.001 0.092 0.298
OR -> ATB 0.350 0.348 −0.002 0.245 0.466
OR -> AXRS 0.235 0.234 −0.001 0.163 0.320
OR -> XRU 0.171 0.170 −0.001 0.109 0.246
OV -> ATB 0.172 0.172 0.001 0.052 0.287
OV -> AXRS 0.115 0.116 0.001 0.036 0.200
OV -> XRU 0.084 0.085 0.001 0.025 0.153
TS -> ATB 0.158 0.156 −0.002 0.064 0.257
TS -> AXRS 0.163 0.163 0.000 0.092 0.243
TS -> XRU 0.291 0.289 −0.002 0.187 0.401
TR -> ATB 0.220 0.224 0.003 0.123 0.322
TR -> AXRS 0.148 0.150 0.002 0.082 0.219
TR -> XRU 0.108 0.109 0.002 0.058 0.168
XRU -> AXRS 0.265 0.266 0.001 0.136 0.389

Notes: ATB—attitude toward behavior; OR—operation risk; OV—operation value; TS—tension; AXRS—acceptance
of extended reality smart glasses surgery; TR—trust; XRU—extended reality usefulness.

Table 6. Hypothetical structure model.

Hyp PLS Paths Original
Sample (O)

Sample
Mean (M)

Standard
Deviation
(STDEV)

T Statistics
(O/STDEV) p Values 2.5% 97.5% Remarks

H1 ATB -> AXRS 0.543 0.542 0.061 8.943 0.000 *** 0.418 0.656 YES
H2 ATB -> XRU 0.488 0.488 0.058 8.417 0.000 *** 0.373 0.601 YES
H3 XRU -> AXRS 0.265 0.266 0.064 4.152 0.000 *** 0.139 0.391 YES
H4 XRU -> ATB 0.192 0.192 0.053 3.625 0.000 *** 0.090 0.296 YES
H5 OV -> ATB 0.141 0.142 0.056 2.539 0.011 * 0.033 0.252 YES
H6 OR -> ATB 0.303 0.302 0.052 5.802 0.000 *** 0.201 0.405 YES
H7 TR -> ATB 0.165 0.167 0.054 3.063 0.002 ** 0.064 0.275 YES
H8 TS -> ATB 0.132 0.130 0.048 2.766 0.006 ** 0.036 0.222 YES
H9 TS -> XRU 0.479 0.477 0.058 8.279 0.000 *** 0.358 0.585 YES

Notes: ATB—attitude toward behavior; OR—operation risk; OV—operation value; TS—tension; AXRS—acceptance
of extended reality smart glasses surgery; TR—trust; XRU—extended reality usefulness. * Significant at 5% level,
p < 0.05. ** Significant at 1% level, p < 0.01. *** Significant at 0.1% level, p < 0.001.

Table 7. Predictive relevance.

Endogenous
Construct SSO SSE Q2 (=1−SSE/SSO)

Predictive
Relevance

ATB 3600.000 1694.572 0.529 Q2 > 0
OR 900.000 298.145 0.669 Q2 > 0
OV 900.000 323.752 0.640 Q2 > 0
TS 900.000 319.077 0.645 Q2 > 0
AXRS 6300.000 3140.999 0.501 Q2 > 0
TR 900.000 271.190 0.699 Q2 > 0
XRU 5400.000 2721.810 0.496 Q2 > 0

Notes: ATB—attitude toward behavior; OR—operation risk; OV—operation value; TS—tension; AXRS—acceptance
of extended reality smart glasses surgery; TR—trust; XRU—extended reality usefulness.
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Figure 3. Result of hypotheses testing. * Significant at 5% level, p < 0.05. ** Significant at 1% level, p < 0.01.
*** Significant at 0.1% level.

Table 8. PLS prediction results.

AXRS
PLS-SEM Linear Model Benchmark

Q2_Predict RMSE MAE Q2_Predict RMSE MAE

AXRS1 0.443 0.778 0.652 0.576 0.678 0.549
AXRS3 0.404 0.833 0.687 0.45 0.8 0.654
AXRS2 0.384 0.796 0.663 0.526 0.698 0.579

Notes: AXRS—acceptance of extended reality smart glasses surgery.

Table 9. Effect size (f2).

Predictor Construct/
Dependent Construct ATB OR OV TS AXRS TR XRU

ATB 0.349 0.489
OR 0.407 0.021
OV 0.226 0.120
TS 0.266 0.213
TR 0.221 0.120
XRU 0.211 0.135

Notes: ATB—attitude toward behavior; OR—operation risk; OV—operation value; TS—tension; AXRS—acceptance
of extended reality smart glasses surgery; TR—trust; XRU—extended reality usefulness.

5.2.5. Importance Performance Map

Importance performance map analysis (IPMA) is a special-value-representation tool
for the impact assessment of potential variables on target variables [65]. PLS-SEM results
were measured through path coefficients. The mean of the endogenous variables of the
PLS path needs to be considered. IPMA relies on the total effect and the new endogenous
latent variable scores. As can be seen in Table 10, the total effects were all greater than the
threshold value of 0.02, where ATB had a positive effect on AXRS. In terms of performance
value, the standard value was greater than 60, and the average latent variable mean value
was 69.656.
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Table 10. Importance performance map results.

Importance
(Total Effect)

Importance
(Total Effect)

Performances
(Index Value)

ATB 0.543 71.566
OR 0.165 76.395
OV 0.076 65.287
TS 0.249 65.264
TR 0.090 70.847
XRU 0.369 68.576
Mean Value 0.249 69.656

Notes: ATB—attitude toward behavior; OR—operation risk; OV—operation value; TS—tension; TR—trust;
XRU—extended reality usefulness.

6. Findings and Discussion

The results of the data analysis showed that behavioral attitudes and extended reality
usefulness had a positive impact on patients’ choice to use the XR procedure, but the
validity of the two effects differed. Extended reality usefulness is the practical benefit
which is a tangible effect [18], and attitude toward a behavior is just a mindset [72]. In the
study, it was found that patients’ attitudes towards behaviors had a higher impact than
the usefulness of extended reality. The XR system allows patients to watch a video of a
similar case surgery from a first-person view while simulating their procedure through a
virtual surgery system. They can go through each step of the procedure with the surgeon’s
explanation. The usefulness of XR surgery is directly felt by the patient in terms of reducing
presurgical stress, as the virtual surgery experience allows the patient to understand the
procedure and the associated risks more precisely [73,74]. It eliminates ignorance and
anxiety about unknown things. It helps to keep the patient’s blood pressure stable and
their heart rate normal before surgery [75]. These aspects provide a better physiological
environment to ensure that the surgery is performed successfully. This shows that H1, H2,
H3, and H4 are supported. In terms of operational value, XR technology can use external
data and images combined with human medical graphics to construct three-dimensional
images, which improves image visualization and facilitates surgical operations [76,77]. H5
is supported. The reduction in surgical risk lies in the ability of the surgical specialist to
free their hands, keep them on the operating table, and focus their eyes. H6 is supported.
The patient’s trust in XR surgery depends on passive trust, perceived judgment through
experience, and results given by the surgeon [7]. Recognition of the value of XR surgery is
a prerequisite for patients to undergo a given procedure. The data shows that patients are
willing to accept the new smart surgery. This suggests that H7 is supported. It is clear from
the data that the risk of surgery has a much greater impact on patients’ behavioral attitudes
than the value and trust of the procedure. Patients are more focused on the reduction in the
risk factor. The removal of tension is one way of ensuring that patients are physiologically
balanced. In psychology, people feel tension within themselves about things that are not
clear. Some patients can regulate their mental health through self-regulation, but others
are over-stressed, which causes a physical stress response. This supports H8 and H9.
Furthermore, in Kapikiran et al.’s study, head-mounted displays were effective in reducing
anxiety in pretransplant patients, and video viewing with head-mounted displays was
more effective than normal video viewing [52].

The present study has shown that the method of using VR/MR virtual surgery demon-
strations combined with physician presentations is superior to traditional preoperative
information, transforming cold, impotent verbal communication into actionable 3D image
demonstrations, combined with physician presentations, for a more in-depth experience of
the safety and feasibility of the procedure. Not only does this method dispel the patient’s
concerns about surgery, but it also enhances the patient’s trust in the surgeon. It reflects
the value of the operation together with trust. The avoidance of surgical risks lies in the
simulation of surgery, the user of the unfamiliar equipment can use reminders, and can
always be supervised in conducting surgery [78]. Through the first-person view presented
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by the video, the patient can observe the doctor’s operation, and can be assured that the
operation will be carried out with the simultaneous monitoring of the system, as opposed
to the doctor being the only one monitoring the surgery. This is like a student who is being
observed both by an invigilator and by a camera for double monitoring during an exam,
which greatly reduces the likelihood of cheating on the exam. Similarly, the probability of
surgical risk is reduced [79]. There are two main reasons for changes in a patient’s mood:
one is distrust in the doctor’s surgery capabilities, and the other is a lack of knowledge of
the surgery. The enhancement of trust in the physician has been mentioned above. The
lack of knowledge of the surgery can be improved indirectly through a doctor’s narration,
without visualization; however, virtual technology solves this problem perfectly, and the
immersive experience can bring the patient close to the real environment. So, the relationship
between the variables is interactive, and has a positive effect on presurgical preparation.

7. Conclusions and Future Works

The focus of this study was to explore patients’ attitudes towards the use of XR surgery.
Due to the scarcity of relevant information, a single study method was not appropriate.
A triangulated mixed research method was used to better ensure the implementation of
the experiment. The current study used the previously proposed technical behavioral
model, which was built on the theoretical basis of the TAM and TPB. It can make up for
the shortcomings of both models and is more suitable for research on technology-altered
human behavior. The important contribution of the current study is in altering patient
attitudes toward the use of the new technology for surgery, presenting a view of the
impact of XR technology from patient perspectives. It provides patient perspectives on
the future implementation of smart surgery. The limitations of this study are as follows:
this study was limited by geography, and data collection was only conducted in Malaysia;
patients experienced XR technology with only some skills of the technology and not the full
functionality of the system; finally, extended reality surgery should be used in more detailed
surgical studies in the future, in order to meet patients’ needs for surgery preparation.
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