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Abstract

BACKGROUND

Traditional paper-based preoperative patient education is a struggle for new
nurses and requires extensive training. In this situation, virtual reality technology
can help the new nurses. Despite its potential benefits, there are studies on patient
satisfaction but there is limited information on the usability of virtual reality (VR)
technology for new nurses in giving preoperative education to patients.

AIM
To investigate the impact on satisfaction, usability, and burnout of a system using
VR technology in preoperative patient education.

METHODS

The study involved 20 nurses from the plastic surgery ward and 80 patients
admitted between April and May 2019. Each nurse taught four patients: Two
using traditional verbal education and two using virtual reality. The System
Usability Scale, After-Scenario Questionnaire, and Maslach Burnout Inventory
(MBI) were employed to evaluate the impact of these education methods.
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RESULTS

The VR education groups showed a statistically higher satisfaction than the traditional verbal education groups.
Among the three subscales of the MBI, emotional exhaustion and personal accomplishment improved statistically
significantly. VR was also better in terms of usability.

CONCLUSION
This study suggests VR enhances usability and reduces burnout in nurses, but further research is needed to assess
its impact on depersonalization and objective measures like stress and heart rate.

Key Words: Virtual reality; Preoperative care; Patient education; Burnout; Usability; Satisfaction; Prospective studies

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Virtual reality technology proved to be significantly more satisfactory and usable than traditional paper based
methods for healthcare providers (especially for nurses) working in plastic surgeries wards.
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INTRODUCTION

In recent years, virtual reality (VR) technology has evolved rapidly, opening new possibilities for many industries,
including healthcare[1]. With the aid of VR technology, users can engage in immersive and realistic experiences in
computer-generated environments and simulations. It has been applied to a variety of patient care, including psycho-
therapy[2], medical education[3], pain management[4], and rehabilitation[5]. VR can provide patients with a simpler
approach for understanding complicated medical procedures in preoperative situations[6,7]. More dynamically and
interestingly, it enables patients to experience the procedure and understand the possible risks and complications[8].

In addition, traditional paper-based preoperative patient education is stressful for new nurses, requires extensive
training[9], and the patients receive varying levels of instruction as a result of nurses' various understandings and
practices[10].

Receiving varying degrees of care from various nurses is a concern in terms of quality of nursing. Furthermore, the
learning curve that new nurses must go through to overcome this can deplete their energy and produce excessive stress,
leading to work dissatisfaction and maladjustment, poor mental and physical impacts, and burnout[11].

Burnout is a phenomenon characterized by emotional exhaustion, depersonalization, and a sense of poor accom-
plishment in life as a result of job-related stress, which can result in a worsening in the quality of care provided[12]. It is
caused by prolonged exposure to job stresses such as high patient caseloads, long work hours, and challenging
interactions with patients[13]. Nurse burnout is a serious problem that must be addressed for a variety of reasons. It
endangers the emotional and physical health of nurses, causing symptoms such as depression, anxiety, sleep disturbances
and an increased risk of chronic diseases[14-16]. Furthermore, it can impair patient care quality by decreasing nurses'
motivation, attention, and ability to offer compassionate care[17]. This burnout ultimately puts patients at risk and
reduces the efficiency of the healthcare system.

According to one study, 43% of nurses who reported high levels of burnout showed plans to quit compared to just 11%
of non-burned-out nurses, indicating that managing burnout can help keep experienced nurses in the field for a longer
period[18]. Another study showed that healthcare employees had a 32% greater risk of suicide than non-healthcare
workers. Medical support staff had the highest annual suicide rate per 100000 among healthcare workers, followed by
nurses at 16.0[19].

In this situation, virtual reality technology can help both the patient and the new nurse. Despite its potential benefits,
there are studies on patient satisfaction[6,20,21] but there are limited studies on the satisfaction and usability of VR
technology for preoperative education of new nurses and its impact on burnout of new nurses. We hypothesized that
using VR technology would result in higher satisfaction and usability for new nurses compared to traditional paper-
based methods, and that it would reduce burnout and promote wellness. Thus, this study aims to compare the
satisfaction and usability, impact on burnout of new nurses of a system using VR technology with traditional paper-based
methods in preoperative patient education from the perspective of new nurses.
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MATERIALS AND METHODS

This study was approved by the Research Ethics Board of Chungnam National University Hospital (approval no. CNUH
2019-06-008-002) and informed consent was obtained from all participants. From April to December 2019, this study
involved 20 nurses from the plastic surgery ward of Chungnam National University Hospital in Daejeon, South Korea.
All nurses who participated in the study had been working at the advanced beginner level with less than two years of
experience[22] (Table 1).

VR contents

The Department of Anesthesiology and Pain Medicine and the Department of Plastic Surgery collaborated to create a
scenario of educational content using VR before and after surgery. Subsequently, VR contents for the full hospitalization
process, pre-surgery education, procedures on the day of surgery, and discharge were produced based on the completed
scenario. In particular, general education the day before and at the time for surgery, shifting from the ward bed to the
stretcher car, arrival in front of the operating room via the elevator, wait and entry into the waiting room, entry into the
operating room, laying on the operating bed for general anesthesia, shifting of the patient to the recovery room and
hospital room after surgery, and discharge from the hospital after recovery was implemented using VR (Figure 1). An
Insta360 ONE X (Insta 360, Seoul, South Korea) was used to record the video. Multiple persons can watch the
presentation at once using a PICO G2 head mount device (PICO Interactive Korea Co., Ltd., Seoul, South Korea). The full
video can be viewed on YouTube at https:/ /www.youtube.com/watch?v=thq3GikfPL4&t=11s.

Patients and Survey tools

Patients who were admitted to our plastic surgery department between April 21, 2019, and May 31, 2019, and underwent
their first operation under general anesthesia served as the study participants. Patients who could not benefit from VR
education because of cognitive disability, visual impairment, claustrophobia, or those who refused to participate in the
questionnaire were excluded. After excluding unsuitable patients, we used randomization software (Random Allocation
Software, version 1.0; Isfahan Medical Sciences) to randomly assign the 40 patients in the control group to 20 ward nurses
in groups of two (Figure 2).

Each patient was hospitalized the day before surgery, and the nurses who participated in the study (n = 20) provided
traditional paper-based education to the two control group patients assigned to each participating nurse and completed
satisfaction, usability, burnout surveys the following day. After the preoperative patient education of the control group
and the satisfaction, usability, burnout surveys of the nurses who participated in the study, the preoperative education
using VR and satisfaction, usability, burnout surveys were conducted in the same manner as for the control group (n =
40) (Figure 3). Patient characteristics are listed in Table 2. Age was tested for homogeneity between the two groups using
an independent t-test, sex was tested using a x” test, and the type of surgery was tested using Fisher’s exact test. After
patient education, and satisfaction, usability, burnout surveys were conducted.

To investigate satisfaction, the seven items in the questionnaire were scored on a 5-point Likert scale. Items 3 and 4
were designed as reverse questions, and considered in the following statistical analyses (Table 3).

To investigate usability of virtual reality system, we used two survey scales; The System Usability Scale and After-
Scenario Questionnaire. The System Usability Scale (SUS) was developed in 1986 by John Brooke as a "Quick and Dirty"
tool for measuring usability[23]. It consists of 10 items, each of which can be answered on a five-point scale from strongly
agree to strongly disagree, and is a reliable tool used to evaluate the usability of various products and services (Table 4).

Due to its effectiveness and ease of use —just three questions — the After-Scenario Questionnaire (ASQ)[24], a usability
survey created in 1995 by J.R. Lewis, is widely in use today (Table 5).

To measure burnout, we used the Maslach Burnout Inventory. The Maslach Burnout Inventory (MBI) is a widely used
and rigorously validated psychometric instrument developed by Maslach et al[25] to assess and quantify burnout among
healthcare professionals, including nurses. Comprising three distinct subscales —emotional exhaustion, depersonal-
ization, and personal accomplishment— the MBI provides a comprehensive assessment of the multidimensional nature of
burnout (Table 6).

Statistical analysis
A paired t-test was used to statistically compare the satisfaction before and after using VR by converting the Likert scale
for each item in the satisfaction survey into a score.

After the survey of the nurses who performed the intervention for the control and experimental groups, the scores for
each item of the SUS and the total score were calculated and compared using paired-t test. ASQ scores were also statist-
ically compared in the same manner.

MBI scores were also calculated and compared statistically using a paired ¢ test. Reverse-coded survey items were
handled and statistically analyzed appropriately.

All analyses were conducted using Statistical Package for Social Science software (version 26.0, IBM).

RESULTS

Satisfaction
The average overall score in the satisfaction survey taken after giving the control group traditional verbal education was
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Table 1 Demographics of participating nurses

Characteristics of participating nurses

Sex Male 0 (0/20)
Female 20 (20/20)

Mean age, years 244

Mean years of experience 23

Table 2 Demographics of the patients

Characteristics of the patients Control group (n =40), nof mean *SD VR Group(n=40), nofmean*SD t  Pvalue
Sex Male 25 (25/40) 27 (27/40) 0.815
Female 15 (15/40) 13 (13/40)
Mean age, years 42.75+13.23 40.75 £15.60 0.62 0.538
Type of operation ~Facial trauma 26 (26/40) 25 (25/40) 0.717
Limb or trunk reconstruction 3 (3/40) 8 (3/40)
Corrective rhinoplasty 2 (2/40) 1 (1/40)
Benign tumor excision 7 (7/40) 10 (10/40)
Breast augmentation 0 (0/40) 1 (1/40)
etc. (Skin cancer, burn) 2 (2/40) 0 (0/40)

VR: virtual reality.

Table 3 Questionnaire items

Strongly Disagree  Neutral Agree  Strongly
disagree (1) (2) (3) 4) disagree (5)

1 Does the amount of time needed for preoperative education make sense?
2 Is a preoperative education making your job more difficult?

3 Does a preoperative education make you more physically stressed?

4 Does a preoperative education make you more mentally stressed?

5 After explaining the procedure to the patient, do you feel satisfied?

6 Do you believe that by giving the patient precise information, your
preoperative education satisfied them?

7 Do you employ effective communication skills or tools in your
preoperative education?

20.50 + 1.76 points. In addition, the experimental group received preoperative patient education through virtual reality,
and a satisfaction survey was conducted. The average overall score was 30.60 + 2.37. With a paired t-test P value of less
than 0.05, the experimental group showed a statistically higher satisfaction than the control group (Table 7). The experi-
mental group reported significantly higher satisfaction than the control group across all seven survey items when
comparing each item (Table 8). Bar plots with error bars diagrams are shown in Figure 4.

Usability

Based on the results of the SUS survey, the traditional paper-based method showed statistically significant results for the
items "System too complex," "Need of post-support help," "Too much inconsistent," "Cumbersome to use," and "Need of
pre-learn training." However, all 20 nurses in the study demonstrated statistically significant superior results for the VR-
based patient education system for the items "It will be used frequently," "Easy to use," "Well integrated," "Learned very
quickly," and "Confident to use." The results are shown in Table 9 and Figure 5. Although the total score was statistically
significantly higher for the VR-enabled system compared to the traditional system (68.00 + 5.42), this is only the average
system usability scale found in other studies[26].
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Table 4 System usability scale

System usability scale

Strongly disagree Disagree  Neutral = Agree  Strongly agree

(1) (2) (3) (4) (5)

I think that I would like to use this system frequently (SUSI)
I found the system unnecessarily complex (SUS2)
I thought the system was easy to use (SUS3)

I think that I would need the support of a technical person to be able to
use this system (SUS4)

I found the various functions in this system were well integrated (SUS5)
I thought there was too much inconsistency in this system (SUS6)

I would imagine that most people would learn to use this system very
quickly (SUS?7)

I found the system very cumbersome to use (SUS8)
I felt very confident using the system (SUS9)

I needed to learn a lot of things before I could get going with this system
(SUS10)

Table 5 After-Scenario Questionnaire

After-Scenario Questionnaire

Strongly Strongly agree
. 2 () (4 () (6
disagree (1) (7)
I am satisfied with the ease of completing the task in this scenario (ASQ1)
I am satisfied with the amount of time it took to complete the task in this scenario (ASQ2)
I am satisfied with the support information (on-line help, messages, documentation)
when completing the task (ASQ3)
Moving from the After surgery,
Introduction of VR | —> ward to the —] moving to the _,| Arrival at the
contents operating room recovery room hospital room
3 Arriving at the Close
f:plsg?;:nsg: t:e waiting room in observation in Hospitalization
v gery front of the the recovery care after surgery
operating room room
Explanation of the | | Moving to the After recovery, Discharge
day of surgery operating room | | goingtothe | |
and starting hospital room with
general anesthesia the nurse

Figure 1 Overall design of the virtual reality educational contents. VR: Virtual reality.

The ASQ survey also showed that the usability of the VR system was significantly higher than the traditional paper-
based system. The results are shown in Table 10 and Figure 6.

Burnout

Among the three subscales of the MBI (emotional exhaustion, depersonalization, and personal accomplishment),
emotional exhaustion and personal accomplishment improved statistically significantly from 2.53 + 0.31 to 1.98 + 0.17 and
2.80 = 0.20 to 2.54 + 0.44, respectively. However, Depersonalization increased from 1.97 £ 0.30 to 2.01 + 0.27, which was
not statistically significant. The results are shown in Table 11 and Figure 7.
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Table 6 Maslach Burnout Inventory

Questions Never Rarely Sometimes Frequently Always

I Emotional Exhaustion

I feel emotionally drained from my work 1 2 3 4 5
I feel used up at the end of the workday 1 2 3 4 B
I feel fatigued when I get up in the morning and have to face another day on the job 1 2 3 4 5
Working with people all day is really a strain for me 1 2 3 4 5
I feel burned out from my work 1 2 3 4 5
I feel frustrated by my job 1 2 3 4 5
I feel I'm working too hard on my job 1 2 3 4 5
Working with people directly puts too much stress on me 1 2 3 4 5
I feel like I'm at the end of my rope 1 2 3 4 5

IT Personal Accomplishment

I can easily understand how my recipients feel about things 1 2 3 4 B
I deal very effectively with the problems of my recipients 1 2 3 4 5
I feel I'm positively influencing other people’s lives through my work 1 2 3 4 5
I feel very energetic 1 2 B 4 5
I can easily create a relaxed atmosphere with my recipients 1 2 3 4 5
I feel exhilarated after working closely with my recipients 1 2 3 4 5
I have accomplished many worthwhile things in this job 1 2 3 4 5
In my work, I deal with emotional problems very calmly 1 2 3 4 5

III Depersonalization

I feel I treat some recipients as if they were impersonal ‘objects’ 1 2 3 4 5
I've become more callous toward people since I took this job 1 2 3 4 5
I worry that this job is hardening me emotionally 1 2 3 4 5
I don’t really care what happens to some recipients 1 2 3 4 5
I feel recipients blame me for some of their problems 1 2 3 4 5

Total patients
(n=84)

Excluded patients (n = 4)
Visual or cognitive impairment (n = 3)
Claustrophobia (7 = 1)

Patients included
in this study
(n=80)

J J

Control group in Experimental group in
first-half second-half
(n=40) (n = 40)

1 nurse : 2 patients 1 nurse : 2 patients

Figure 2 Diagram of patient allocation to each nurse.

DISCUSSION

This study demonstrates the effectiveness of preoperative patient education using appropriate technology for new nurses.
For new nurses, the use of VR technology proved to be superior to the traditional paper-based method in terms of
satisfaction, usability and wellness. However, this does not mean that VR is the tool of choice for preoperative patient
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Table 7 Comparison of satisfaction survey results of healthcare providers in VR and Control Group

Item . / ; mean * SD t P value (n = 20)
After verbal education 1 9(45.0)  9(45.0) 1(5.0) 1(5.0) 2050 £1.76 1444  <0.001

2 7(350) 115500  1(5.0) 1(5.0)

3 3(15.0) 9 (45.0) 4(20.0) 4 (20.0)

4 7(350)  8(40.0) 5 (25.0)

5 6(30.0)  7(35.0) 4(20.0) 3 (15.0)

6 9(45.0)  9(45.0) 1(5.0) 1(5.0)

7 6(300)  13(65.0)  1(5.0)
After VR education 1 2 (10.0) 8 (40.0) 10 (50.0)  30.60£2.37

2 2 (10.0) 9 (45.0) 9 (45.0)

3 3 (15.0) 10 (50.0) 7 (35.0)

4 2 (10.0) 11 (55.0) 7 (35.0)

5 2 (10.0) 7 (35.0) 11 (55.0)

6 3 (15.0) 3 (15.0) 14 (70.0)

7 3 (15.0) 6 (30.0) 11 (55.0)

VR: Virtual reality.

Table 8 Comparison of satisfaction results of each item

Number mean * SD t P value

Item 1 Verbal education 20 2.70 £0.80 8.23 <0.001
VR education 20 4.40 £ 0.68

Item 2 Verbal education 20 2.80+0.77 6.31 <0.001
VR education 20 4.35+0.67

Item 3 Verbal education 20 3.45+1.00 3.00 0.003
VR education 20 4.20+0.70

Item 4 Verbal education 20 2.90 £0.79 5.81 <0.001
VR education 20 4.25+0.64

Item 5 Verbal education 20 3.20+1.06 419 <0.001
VR education 20 4.45+0.69

Item 6 Verbal education 20 2.70 £ 0.80 7.59 <0.001
VR education 20 4.55+0.76

Item 7 Verbal education 20 2.75 +0.55 7.47 <0.001
VR education 20 4.40+0.75

VR: Virtual reality.

education. Although the VR method scores higher on the System Usability Scale than the traditional paper-based method,
it is only average at 68 points[26]. The System Usability Scale is not a diagnostic method, so a low System Usability Scale
means that we need to further identify and improve the problem.

VR has been used in many healthcare fields. It has been used to train medical students[3], for preoperative planning
and simulation by surgeons[27,28], and for rehabilitation therapy[29] and psychotherapy[30]. There are also studies
showing the benefits of using VR to educate patients before surgery[7]. However, there is a lack of study on how
beneficial the use of suitable technology is in terms of usability for healthcare professionals (especially for new nurses
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Table 9 Comparison of traditional paper-based verbal method and virtual reality method using System Usability Scale

Variables Verbal education, mean * SD VR education, mean * SD t P value
SUs1 235 +1.04 410+0.72 -7.68 <0.001
SUSs2 3.90 £0.79 2,65 +0.81 4.80 <0.001
SuUs3 225+0.72 410+0.79 -7.00 <0.001
SUS4 4.00 £0.79 2.75 +0.79 4.63 <0.001
SUS5 210 +0.91 430+0.73 -7.03 <0.001
SUS6 4.00 £0.79 2.75 +0.91 5.22 <0.001
SuUs7 2.05 +0.89 430 +0.66 -8.64 <0.001
SUS8 410+0.72 2.90 +0.85 433 <0.001
SUS9 2,05 +0.83 4.00+0.73 -7.06 <0.001
SUS10 3.95 +0.76 2,55 +0.83 5.98 <0.001
Score of SUS 2713 +8.82 68.00 +5.42 -16.79 <0.001

SUS: System Usability Scale; VR: Virtual reality.

Table 10 Comparison of traditional paper-based verbal method and virtual reality method using After-Scenario Questionnaire

Variables Verbal education, mean £ SD VR education, mean * SD t P value
ASQ1 4.05+1.19 5.75 +0.97 5.23 <0.001
ASQ2 2.75+1.12 5.55 +1.00 -11.33 <0.001
ASQ3 295+1.10 3.85 +0.99 -4.72 <0.001
Average of ASQ 3.25 +0.59 5.05 + 0.61 -10.59 <0.001

ASQ: After-Scenario Questionnaire; VR: Virtual reality.

Table 11 Comparison of traditional paper-based verbal method and virtual reality method using Maslach Burnout Inventory

Variables Verbal education, mean * SD VR education, mean * SD t P value
Emotional exhaustion 2.53 £0.31 1.98 £0.17 6.77 <0.001
Personal accomplishment 2.80+0.20 2.54 +0.44 2.28 0.034
Depersonalization 1.97 £0.30 2.01+£0.27 -0.54 0.599

VR: Virtual reality.

who are new to the job).

The problem with traditional paper-based education is that it must be repeated for each patient and cannot be
performed concurrently when there are several patients. Numerous patients can be managed simultaneously if
preoperative patient education in virtual reality is performed using a head-mounted display, as the present study.
Additionally, the quality of education, which varies according to the healthcare professionals' abilities, has the benefit of
remaining consistent. From the perspective of healthcare providers, patients may receive suitable and easy-to-understand
information more readily than through conventional methods, and there may be a positive impact on lowering physical
and mental stress.

Because it is simple to use and has high usability for new nurses who are challenging at work, virtual reality
technology will assist improve the quality of nursing care. Since preoperative patient education using virtual reality
technology is beneficial for patients and usable for medical staff (especially new nurses), it should be actively considered
for acceptance and adoption.

The MBI was used in the study to compare traditional methods of patient education with virtual reality technology.
The findings provided important insights into the impact of these two methods of instruction on the burnout levels of
nurses, as evaluated by the three MBI subscales: Emotional exhaustion, depersonalization, and personal accomplishment.
The first important finding was a statistically significant decrease in emotional exhaustion levels. Nurses who provided
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Figure 4 Bar plots with error bars of the satisfaction score of each item virtual reality. VR: Virtual reality.

patient education via virtual reality technology exhibited a decrease in emotional exhaustion, dropping from 2.53 + 0.31 to
1.98 £ 0.17. This is consistent with other studies that shown the use of VR technology reduces emotional weariness among
ENT residents[31]. A decrease in emotional exhaustion is critical because it implies a possible improvement in emotional
well-being and resilience in the face of the emotionally demanding nature of nursing. Similarly, the personal
accomplishment subscale improved statistically significantly. Scores improved from 2.80 + 0.20 to 2.54 + 0.44, indicating
an improvement in nurses' sense of accomplishment and efficacy. This advancement suggests that virtual reality methods
of education contributed to the nursing staff's sense of professional growth and achievement. Such beneficial changes can
be critical in increasing work happiness and lowering burnout, eventually improving not only nurses but also the quality
of patient care. The results of the depersonalization subscale, on the other hand, were intriguing. The increase in
depersonalization scores from 1.97 + 0.30 to 2.01 * 0.27 was not statistically significant. Because of the lack of statistical
significance, virtual reality-based education appears to have had little effect on reducing depersonalization. Depersonal-
ization is defined as an unfeeling and impersonal attitude to those who receive one's service, care, treatment, or
education. Because there is little face-to-face interaction with the patient, the use of VR is not regarded to be a major
improvement over the traditional method of nurses interacting and explaining to patients in person. It is necessary to
investigate more why depersonalization was mostly unaffected and whether further interventions or modifications to
methods of education are required to address this component of burnout.

The limitations of this study are obvious. These are as follows:

Patients with visual impairments or claustrophobia may find it challenging to understand the information provided in
virtual reality. This potentially leads to biased satisfaction and usability ratings that do not accurately reflect the general
patient population.

While the System Usability Scale and the After-Scenario Questionnaire are time-tested, valid, and reliable tools, they
are not diagnostic tools in and of themselves, necessitating additional inquiry into the actual causes for low scores owing
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Figure 5 Bar plot with error bar showing comparison of traditional paper-based method and VR method using System Usability Scale. VR:
Virtual reality.
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Figure 6 Bar plot with error bar showing comparison of traditional paper-based method and VR method using After-Scenario
Questionnaire. VR: Virtual reality.

to a lack of context in the results.

The traditional paper-based method may be more intuitive to use than the VR one for experienced nurses as compared
to younger, more familiar with technology new nurses. This difference could skew the results.

It is expensive to acquire equipment and provide VR content appropriate for each hospital environment. This financial
barrier could limit the widespread adoption of VR, affecting the generalizability of the study findings to other settings
that may not have the resources to implement such technology.

Even healthcare providers who have previously explained this need time to get trained on how to use the equipment
and contents. This could introduce variability in how effectively VR is implemented across different users, potentially
impacting the consistency and reliability of the study’s findings.

If the VR content needs to be changed owing to a change in the situation in the hospital, additional costs for
reproducing the contents may be incurred. This limitation may affect the long-term feasibility and sustainability of VR as
a patient education tool, influencing the study's implications for future practice.

The usability survey of a small number of healthcare providers (n = 20) was assessed using a subjective questionnaire;
however, it would be preferable if actual stress reduction could be demonstrated through more objective indications.
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Figure 7 Bar plot with error bar showing comparison of traditional paper-based verbal method and virtual reality method using Maslach
Burnout Inventory. MBI: Maslach Burnout Inventory; VR: Virtual reality.

CONCLUSION

This study provides a valuable reference for future research regarding the possible advantages and drawbacks of
employing VR technology in a preoperative environment. In addition, the study provides valuable insights into the
impact of patient education using VR technology on nurse burnout. Despite above limitations, the study demonstrates
that VR technology is significantly more usable than traditional paper-based methods for healthcare providers (especially
for new nurses) working in plastic surgery wards. In addition, it demonstrates the usefulness of virtual reality-based
patient education in lowering emotional exhaustion and increasing personal accomplishment of nurses. However, the
persistence of depersonalization in lack of a statistically significant changes implies that a more nuanced evaluation of
educational content and methods to address this particular aspect of burnout among nurses is required. As this study has
the limitation of being a subjective survey, it is crucial to assess qualitative changes to confirm the efficacy to the quality
of nursing care, such as the change in the number of questions or the amount of time required for a preoperative patient
education when the healthcare provider provides preoperative patient education using VR. Additionally, further research
is required to confirm the impact of objective vital signs of healthcare providers, such as stress signs or heart rate
variability, when the healthcare provider is offering the preoperative patient education.
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