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Abstract 

This study aimed to investigate the effectiveness of Virtual Reality (VR) technology for flexibility 
exercise and compare the physical outcomes, user experience, and engagement of VR desktops and 

VR headsets. The VR exercise application was designed using motion capture technology and 

exported to different VR devices. Each of the devices was used by 30 participants to perform a 
flexibility exercise in VR. Physical outcomes were measured using the sit-and-reach test, and user 

experience and engagement were evaluated using questionnaires and group discussions. The results 

showed that VR desktop participants had higher sit-and-reach scores. However, VR headset 
participants reported a more immersive experience (reality judgment) and motivation (value and 

usefulness). They also had higher engagement (focused attention and reward) levels than VR 

desktop participants. There were no significant differences between the two approaches in terms of 
enjoyment, effort, pressure, choice, correspondence, absorption, perceived usability, and aesthetic 

appeal. The study highlights the importance of considering physical outcomes, user experience, and 

engagement by comparing two different VR approaches for flexibility exercise. Further research is 
needed to explore the limitations and potential benefits of VR technology for physical activity. 
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1- Introduction 

Virtual Reality (VR) is a computer-generated environment that can simulate real-world experiences [1]. With this 

capability, VR enables technology integration into exercise [2]. VR devices like head-mounted displays (VR headsets) 

and desktop displays (VR desktops) offer an immersive experience that can be used for exercise. Exercise through VR 

can provide users with a sense of presence in a virtual world [3, 4], making it an ideal tool for encouraging physical 

activity and improving health. Video game exercises, or exergames, are becoming increasingly popular for promoting 

physical activity and improving health and performance [5-8]. Exergames offer several advantages, including improved 

mobility [9, 10], muscular strength [11], balance control [12], and cognitive function [13, 14], which can encourage 

strategic exercise [15–17] and provide assessment, feedback, and skill practice [18]. Studies have shown that integrating 

VR into exercise can enhance the effectiveness and efficiency of physical activities and have attempted to compare it 

with traditional exercises in various aspects. However, previous studies have not adequately addressed the differences 

between VR headsets and VR desktops. First, there is a lack of a control group to evaluate the effect of physical outcomes 

between VR headsets compared to VR desktops. Second, the evaluation of the VR exercise application was primarily 

concerned with the physical outcomes but overlooked user experience (UX) and user engagement (UE) aspects. 
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To address these gaps, this study aims to investigate the effectiveness of VR headsets compared to VR desktops in 

promoting VR exercise. The research question is: To what extent can VR headsets make exercise more effective than VR 

desktops? The study involved participants who used either a VR headset or a VR desktop to exercise using an exercise 

application with a virtual trainer. The study compared exercise results and user experiences between the two groups. The 

study's findings can guide the development of VR exercise programs to optimize their effectiveness, regardless of 

whether a VR headset or VR desktop is used. This study contributes to the research on exergames and their potential to 

encourage physical activity, providing insights that can benefit VR exercise developers to improve their application and 

performance. 

The following section reviews the existing literature on VR exercise applications and highlights the research question. 

Section 3 describes the research methodology. Section 4 proposes the empirical study, including the data collected and 

hypotheses. Section 5 presents the results and significant differences between the VR desktop and the VR headset. 

Section 6 provides a detailed discussion and compares the findings of this study with those of previous studies. The final 

section of the paper presents the conclusion of the study. 

2- Literature Review 

In this section, we reviewed the literature on the different types of exercise and the application of VR technology to 

exercise. Moreover, we examined the effect of VR displays on user immersion, motivation, and physical outcomes. 

Then, we explored the evaluation of VR exercise applications, which is applicable to this investigation. 

2-1- VR Exercise 

When considering exercise or sport-related tasks, it is possible to categorize them into four categories: aerobic, 

strength, balance, and flexibility [19, 20]. Aerobic activities, such as walking, jogging, swimming, bicycling, and 

dancing, are essential for developing and maintaining cardio endurance [21, 22]. Strength conditioning exercises develop 

bone strength, muscular strength, and connective tissue. Strengthening improves force development, power, jumping, 

sprinting, direction changes, potentiation, and running [23]. Balance training, such as yoga poses, can increase the body's 

capacity to maintain its upright position, especially the legs and core [24]. The body's balance facilitates movement and 

prevents injury [25]. Flexibility training is activities that extend and stretch muscles or functional abilities, such as 

reaching, bending, and stooping, contributing to flexibility [26]. 

Previous studies have examined the use of VR technology in various exercise categories. In the category of aerobic 

exercises, researchers have explored the effectiveness of VR for activities such as cycling, rowing, and running [27-29]. 

Studies have shown that VR can simulate outdoor environments and provide a more engaging and enjoyable experience 

[30, 31], improving motivation and adherence [32, 33] to the exercise program. However, many aerobic exercises in VR 

require additional equipment [18], such as treadmills or stationary bikes, which can be expensive and take up space. 

In strength training, researchers have investigated the use of VR for resistance exercises, such as weightlifting [34], 

and found that VR can provide a more varied and engaging workout experience and also provide real-time feedback on 

form and technique, which can help individuals avoid injury and optimize their performance [35]. Balance training using 

VR technology has also been investigated, with studies examining the effects of VR on postural stability and 

proprioception [36-40]. VR can provide a safe and controlled environment for balance exercises and offer users real-

time feedback, improving their ability to maintain balance. However, many studies on VR balance training focus on the 

elderly [36] because this training has traditionally been considered a form of rehabilitation. 

While there are many studies on the effectiveness of VR exercise for aerobic activities with additional equipment and 

balance activities in the elderly, there is a lack of research on using VR for flexibility exercises. Ultimately, flexibility 

is needed for stretching and range-of-motion exercises [41]. This exercise does not require additional equipment and 

requires less movement than other exercises. Therefore, it is suitable for exercising if having to use a VR device while 

exercising. However, there needs to be more comparison between VR display technologies, particularly between VR 

desktops and VR headsets. This comparison supports us in understanding which display technology may be more 

effective in enhancing user experience and engagement for flexibility exercises. Additionally, there is a need to 

investigate the factors that make VR-based exercises effective and how they can be optimized to promote physical 

activity and health outcomes. 

2-2- VR Desktops and VR Headsets 

VR desktops and VR headsets are the two most popular devices currently being used. While there are many benefits 

associated with using these technologies, there are also several restrictions and drawbacks that must be considered. 

When using a VR desktop, the user typically interacts with a virtual environment displayed on a traditional computer 

monitor, TV, or projection system. In order to interact with the virtual environment, the user may use a variety of input 

devices, such as a keyboard or mouse [42]. The user remains seated in a stationary position while interacting with the 
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virtual environment, and the virtual environment is typically displayed on a 2D screen, although some specialized VR 

displays can provide a more immersive 3D experience. In addition, VR desktop offers a more streamlined and immersive 

computer interface that can enhance productivity, reduce distractions, and provide a more natural way to interact with 

technology. By eliminating the need for multiple devices and allowing users to work in a stationary position, VR desktop 

can be a valuable tool for those with limited space or mobility issues. Overall, these advantages make VR desktops an 

innovative and useful alternative to traditional computer interfaces [43]. 

On the other hand, when using a VR headset, the user wears a special head-mounted display that fills the user's entire 

field of vision and gives them a very immersive 3D experience [44]. The user may also use specialized input devices, 

such as handheld controllers, to interact with the virtual environment. Unlike with a VR desktop, the user can move 

around in physical space while interacting with the virtual environment, and the virtual environment is displayed in 

stereoscopic 3D, which creates a greater sense of depth and realism. For example, the study of using VR in medical 

education as an additional tool for training professional skills. A simulator for dental students was developed for tooth 

drilling, which helps develop motor skills and hand-eye coordination. The simulator was developed for the Oculus Quest 

2 VR headset with the Marching Cubes algorithm. The VR scene was piloted at the university, and a satisfaction 

questionnaire was used to evaluate the realism of the tooth 3D model drilling and the VR scene's creation of a dentist's 

office atmosphere. The study found that training with simulators improved fine motor skills and hand-eye coordination 

for dentists and surgeons in pre-clinical conditions [45]. 

In terms of user experience, the use of a VR headset could be more immersive and engaging compared to a VR 

desktop, as the user is fully immersed in the virtual environment and can move around in physical space to interact with 

virtual objects [46]. However, the use of a VR headset can also be more physically demanding, as the user may need to 

move around and perform physical actions and may experience motion sickness or other physical discomfort due to the 

highly immersive nature of the experience [47]. 

In assessing the effectiveness and possible uses of VR desktops and headsets, it is crucial to consider factors such as 

physical outcomes, user experience, and engagement. Therefore, it is necessary to conduct research to gain a thorough 

understanding of the physical and psychological impacts of VR technology, as well as how to enhance its design and 

implementation to encourage user engagement. 

2-3- User Experience and Engagement 

VR is a technology that has the potential to improve UX significantly [48] and UE [49]. Although many have used 

UX and UE interchangeably, both phrases are distinct. UX refers to the usability aspects during interaction with a digital 

application that involves perception and responses [50, 51] described that UX is a two-focus dimension representation 

that involves fundamental interaction elements (user, system, context) and experience typologies (ergonomic, cognitive, 

and emotional). Popular methods used to study UX include UEQ, meCUE, and attrakDiff [52]. 

UX is defined as the overall experience a user has while interacting with a product or system. In VR exercise, UX is 

an essential factor that influences the user's engagement, motivation, and enjoyment. For example, a study of UX 

conducted by Ijaz et al. [53] investigated motivation and engagement in immersive VR exergames. The study evaluated 

two different VR environments and found that personalized environments are crucial for motivating users with different 

needs and expectations. It also identified two typical groups, characterized as exercise-focused and entertainment-

focused, who experienced the immersive experience differently due to differences in expectations from a VR exercise 

session. Moreover, the results of a study on the effects of virtual reality on VR sickness and user experience. Participants 

watched two different panoramic videos on four different head-mounted displays and a 2D television. The simulator 

sickness and UX questionnaires were used to assess discomfort levels and experience. They found a strong correlation 

between VR sickness discomfort levels and negative experiences. The results showed that the presence of VR sickness 

symptoms affects the overall experience [54] 

UE refers to the degree of involvement and interaction a user has with a system or product. In VR exercise, UE plays 

a crucial role in promoting physical activity and achieving fitness goals. For example, a study by Pyae [55] explored the 

potential benefits of VR-based exercises for promoting physical and cognitive well-being. A two-week survey study was 

conducted to assess UE and enjoyment in VR exercises. The study found that users were more engaged and enjoyed VR 

exercises more than conventional exercises. These preliminary findings suggested that VR exercises had the potential to 

be a useful and enjoyable alternative to conventional exercises for users. Furthermore, a study was conducted to 

investigate the feasibility of using immersive VR as a tool to support physical activity for people living with dementia. 

The researchers designed two VR environments to support upper-body exercises and tested them with six participants 

living with dementia. The results showed that VR exercises were comparable to human-guided exercises in terms of 

motion and fitness parameters, and the participants reported feelings of enjoyment, engagement, interest, easiness, 

comfort, and level of effort. The researchers suggested that head-mounted VR has promising potential to support physical 

activity for people living with dementia [56-58]. 
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Due to the complex nature and nature of UX and UE, evaluation with VR is very challenging. Nonetheless, 

comprehending these two fundamental features of VR technology was enlightening. UX and UE are two ideas used to 

create interactive systems that are inextricably linked. UX places high value on the experiencing side of human-computer 

interaction, which encompasses a wide range of emotional responses, with engagement being a crucial characteristic. 

On the other hand, UE refers to the adhesiveness of users with an application gained from good experience.  

In conclusion, both UE and UX are crucial factors to consider when evaluating the effectiveness of using VR 

exercises. Positive UX and UE can enhance user motivation, enjoyment, and adherence to the exercise program, while 

negative UX and UE can lead to decreased adherence and lower effectiveness. Measuring UX and UE can also identify 

areas for improvement in VR exercise systems, ultimately improving the effectiveness of the exercise program. 

Therefore, evaluating UX and UE in VR exercise is essential to ensure a positive experience and optimize the 

effectiveness of the exercise. 

3- Research Methodology 

In this section, we introduce questionnaires and interviews, then describe how the investigations were carried out. 

Following that, we describe how the VR application was designed to apply a flexibility exercise for use in the research 

framework. 

3-1- Questionnaires and Interviews 

Two study approaches – questionnaire and group discussion – were applied to evaluate the user experience of the VR 

application. Before interacting with the VR application, participants were required to complete the following two 

questionnaires: 

 The Exercise Thoughts Questionnaire (ETQ) [59] measures the frequency of exercise-avoidant thoughts using 25 

statements about an individual's exercise-related thoughts. Responses are provided on a five-point scale ranging 

from 1 = not at all to 5 = all of the time. The sum of the scores indicates the frequency of exercise avoidance 

thoughts. The ETQ can help identify potential barriers to exercise and negative thoughts that participants may have 

before joining the VR exercise. For instance, if participants' ETQ scores indicate that they have negative automatic 

thoughts related to exercise, we may investigate whether using VR can help replace these thoughts with more 

positive ones and lead to a more positive exercise experience. 

 The Immersive Tendencies Questionnaire (ITQ) [60] measures how immersed participants can become in everyday 

activities. The 18-item questionnaire is measured on a seven-point scale that varies depending on the question, 

such as 1 = never to 7 = often, or 1 = not at all to 7 = very well. The ITQ can be used to identify participants who 

are more likely to become fully engaged and immersed in the VR exercise. By identifying participants with high 

immersive tendencies, we can explore whether these individuals have a more positive experience and better 

outcomes with VR exercise. 

After interacting with the VR application, participants were asked to complete the following questionnaires. 

 The Post-Experimental Intrinsic Motivation Inventory (IMI) [61], which assessed participant motivation 

throughout the exercise task. The IMI has seven potential subscales, but only two were used: effort/importance and 

perceived pressure/tension. Out of this, the scale contained ten first-person statements that participants scored from 

1 = not true at all to 7 = very true. The IMI can be used to understand how VR affects participants' intrinsic 

motivation to engage in exercise. By measuring the different subscales of intrinsic motivation, such as 

interest/enjoyment and perceived competence, we can gain insight into which aspects of the VR experience are 

motivating for participants. This information can be used to optimize the design and implementation of VR 

exercises. 

 The Reality Judgment and Presence Questionnaire (RJPQ) [62] analyzed the participant's perception of the realism 

of the VR environment. On a 10-point scale ranging from 0 (not at all) to 10 (extremely), the 16-item questionnaire 

was scored (absolutely). The RJPQ is divided into three subscales: reality judgment, internal/external 

correspondence, and attention/absorption. The RJPQ is useful in measuring the sense of presence or the feeling of 

"being there" in virtual environments. It is important to assess how the participants perceive the virtual 

environment, how immersive they find it, and whether they feel like they are really present in the environment. 

 The 12-item of User Engagement Scale-Short Form (UES-SF) [63] represents four dimensions of engagement: 

focused attention (FA), perceived usability (PU), aesthetic appeal (AE), and reward (RW). The UES-SF was found 

to have strong psychometric properties [64]; this property, associated with the instrument's relevance to our 

research topic, justifies our selection of this instrument for our empirical study. The UES-SF is an important tool 

for studying the effectiveness of using VR in flexible exercise after participants join the VR exercise. It measures 

user engagement and identifies areas for improvement in the VR exercise. By analysing the results, we can identify 

which aspects of the VR experience were engaging for participants and which need improvement. 
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Afterward, semi-structured interviews (group discussion) were undertaken to get additional information regarding 

user experience. Both the questionnaire and interview took roughly ten minutes to complete on average. 

3-2- Research Framework 

As stated in the introduction, this study aimed to evaluate the effectiveness of a VR application for supporting 

individuals in performing flexibility exercises. Figure 1 shows a diagram of the methodology framework. As a result, 

the research methodology was carried out. It was developed using the Human-centred design (HCD) (ISO9241-

210:2019) approach [63], which involved users and an exercise trainer, who were critical stakeholders in the intervention 

throughout the development process to understand their needs and desires. The phases of the HCD design were listed as 

follows: 

 Expert Interview: Interview the trainers to understand how they train flexibility exercises. 

 Specify the context of use: Studying the situation in which the VR application would be used. Understanding the 

scenario in which participants were using the VR for flexibility training. 

 Specify requirement: Identifying user needs that must be satisfied for the VR to benefit. 

 Produce design solution: The VR was carried out during this phase. It was constructed from a conceptual idea to a 

final product: the VR interface was included in the application design and how users interacted with the VR. 

 Evaluate designs: the VR was evaluated with users in the context and used the identified requirements to see how 

well the design responded. Interviews with trainers were also conducted to evaluate their intention to use VR to 

train users on flexibility exercises. 

 

Figure 1. The research methodology and framework 

The between-subject approach was used in the experimental design. The two independent variables (IVs) were 

physical outcomes, which were measured using the flexibility exercise test (i.e., the sit-and-reach [64, 65] pre-test and 

post-test), user experience, which were measured using the IMI and RJPQ, and the standardized UES-SF questionnaire. 

Participants were recruited and randomly assigned to one of two groups, each subjected to a different condition. Using 

the VR desktop approach was evaluated in comparison to the use of the VR headset approach. 

3-3- Development of the VR Application 

In this section, we presented the development of the VR exercise application. The lunge twist was chosen as the 

exercise post for this experiment, which can be a useful tool for this study investigating the impact of VR headsets, as it 

Introduction of flexibility exercise 

Questionnaires (ETQ and ITQ)  

Sit-and-reach flexibility pre-test 

then warming up and cool down 

Flexibility exercise on 

VR desktop 
Flexibility exercise on 

VR headset 

Sit-and-reach flexibility post-test 

Questionnaires (IMI, RJPQ and UES-SF)  

Group discussion 
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provides a standardized and controlled way to assess user experience and engagement during a dynamic activity that 

simulates some of the movements involved in virtual reality experiences. In the development, we employed an exercise 

trainer with the ability and expertise to perform the lunge twist as a model for capturing poses. We provided the VR 

application with 3D avatars performing exercise posture animations and exported them to different devices. The 

transformation of exercise trainer poses into 3D animation required accuracy and precision. Then motion capture with a 

very precise motion detection technology for sports [66] was used to detect and transform motion into 3D animation. 

Motion capture technology is used in medical rehabilitation, sports kinematics, and film special effects to record 

physical and kinetic characteristics [67]. This technology collects kinematic and kinetic data by attaching markers to 

each body position and recording movements. We used the motion capture technology (Motion Analysis) consisting of 

8 Raptor-4 cameras [68] and 8 Eagle Digital cameras [69] with a resolution of 1280×1024 pixels with a frame rate of 

500 Hz. The motion capture system monitors the three-dimensional position with the 43 passive markers. 

The trainer wore the Motion Capture Suit with 43 markers to detect and record the trainer's exercise postures 

throughout one set of lunge twists (Figure 2). All movements were recorded in a three-dimensional point cloud data and 

cleaned using the Cortex Motion Analysis Software. After that, the .trc file was imported into the Motion Builder 

Software for actor mapping, retargeting, and editing procedures with the selected 3D avatar. Then exercise poses from 

the trainer were transformed into the virtual avatar (Figure 3). The complete avatar with animation was loaded into the 

Unity3D Game Engine to develop an exercise application. The application was exported into two display devices: the 

VR desktop connected to the television (TV) and the VR headset with the HMD device. 

   

Figure 2. The sport trainer on the Motion Capture Suit during recording  

   

Figure 3. The trainer avatar in the VR exercise application 

4- Empirical Study 

This section presented a study protocol that includes procedures from the beginning until the interview. The 

participants who met the inclusion criteria are then outlined, followed by the hypotheses. 

4-1- Procedures 

The exercise processes on the VR desktop and VR headset approaches were the same but with different visualization. 

The total time required for each experiment was approximately 27 minutes. The experiment began with an explanation 

of the procedure and the registration of a consent form. After informed consent, participants were asked to scan a QR 
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code to complete a Google form with primary personal data collection and the pre-test questionnaires. After completing 

the questionnaires, the body's flexibility was assessed using the sit-and-reach method [70], and the result was recorded 

in centimeters.  

Then the participant warm-up the body with six specified postures (jogging, front kicking, back kicking, arms stretch 

and full, foot touching, and knee lifting). During the relaxation period following the completion of the warm-up, the 

correct lunge twist is explained. The experiment was initiated. In the VR desktop approach, participants were positioned 

approximately 2 meters away from the TV screen (Figure 4). For the VR headset approach (Figure 5), participants must 

wear an HMD device (Oculus Quest 2 [71]). Both groups performed 12 sets of the same lunge twists, which were used 

for flexibility testing as recommended by trainers in the field. This number of sets was chosen as it provides a sufficient 

sample size to evaluate the testing and minimize the effects of individual variability. After completing all tasks, sit-and-

reach was tested (Figure 6), and the data was recorded again. After getting a water break, the participant scanned a QR 

code to complete the post-test questionnaire. A group discussion regarding the user experience follows. In Table 1, every 

procedure detail was presented. 

    

Figure 4. Participants during performing an exercise with a virtual trainer using the VR desktop approach. 

    

Figure 5. Participants during performing an exercise with a virtual trainer using the VR headset approach (casting the VR 

headset to a TV allows researchers to observe what participants see in VR) 

  

Figure 6. The sit-and-reach flexibility test for pre-test and post-test after the VR exercise 
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Table 1. The experiment procedures 

No. Tasks Descriptions Duration 

1. Introduction Explanation of each process in the experiment and sign the consent form. 1 min 

2. Pre-test questionnaire 
Collecting personal information such as age, gender, weight, and height and doing pre-test 

questionnaires ETQ and ITQ. 
5 mins 

3. Sit-and-reach pre-test 
A standard measure of flexibility, the score is recorded to the nearest centimetre as the distance 

reached by the hand. 
30 seconds 

4. Warming up 
Warming up with six poses: jogging, front kicking, arms stretch and full, foot touching, knee 
lifting, and back kicking. 30 times or 1 minute for each pose. 

6 mins 

5. 
Cool down and lunge 

twist presentation 

Cool down after warming up, and explain step by step to do the lunge twist pose with the 

application. There are 12 sets of the lunge twist pose to do. 
1 min 

6. Start application 
There was an introduction about the lunge twist pose and counting down 3 seconds before starting. 

Then, exercise with a virtual trainer in a virtual gym. 

2 mins 

30 seconds 

7. Lunge twist set 1-2 Beginning set 1 with the slower speed. - 

9. Lunge twist set 3-12 Continue to set 3-12 with average speed. - 

10. Sit-and-reach post-test The sit-and-reach testing again after exercise. 30 seconds 

11. Cool down and drinking Give drinking water and pause for a moment. 1 min 

12. Post-test questionnaire Doing post-test questionnaires about feeling after exercise: IMI, RJPQ, and UES-SF. 5 mins 

13. Interview Interviews about the VR experience. 5 mins 

4-2- Participants 

Walailak University’s Ethics Review Committee approved the empirical inquiry with approval number WUEC-20-

191-01. The experiment was conducted on the university campus, announcing volunteers via social media. Participants 

with no medical contraindications to exercise were invited. There were 60 participants aged 18 to 26 years old involved 

in the study, divided into two independent groups randomly chosen by their preferred. The first group consisted of 30 

participants who exercised with the VR desktop and visualization on TV (16 males, 14 females; average age: 20.63). 

The second group consisted of 30 participants who exercised with immersive visualization on the VR headset (19 males, 

11 females; average age: 20.10). Only data from participants who completed all tasks, including the pre-and post-

questionnaires and exercise tests were collected. 

4-3- Hypotheses 

The data gathered in this study was used to analyze the research model (Figure 7) and to verify the three associated 

hypotheses (H) regarding physical outcomes, user experience, and user engagement.  

 

Figure 7. The diagram of the research model with the hypotheses 

The primary assumption supporting the hypothesis is whether the VR headset approach enables participants to 

perform the flexible exercise more effectively than the VR desktop approach. The following hypotheses are formulated 

as null hypotheses that assume that all statistical tests are p = 0.05, evaluated with the empirical data collected. 

H1: There is no statistically significant difference in physical outcomes (sit-and-reach scores) between the VR 

desktop and the VR headset approaches. 

H2: There is no statistically significant difference in user experience between the VR desktop and the VR headset 

approaches. 
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H2a: There is no statistically significant difference in IMI scores between the VR desktop and the VR headset 

approaches. 

H2b: There is no statistically significant difference in RJPQ scores between the VR desktop and the VR headset 

approaches. 

H3: There is no statistically significant difference in user engagement (UES-SF scores) between the VR desktop and 

the VR headset approaches 

5- Results 

In this section, Table 2 shows the descriptive statistics of age, weight, height, and BMI of the participants. The mean 

and standard deviation values for each variable were reported. To assess the normality of the data, the Shapiro-Wilk Test 

was used, which is a statistical test that checks if the data are normally distributed. The results of the Shapiro-Wilk Test 

showed that the data, including all questionnaire results, were not normally distributed. As a result, non-parametric 

statistical Mann-Whitney U Test was used for hypothesis testing to analyze non-normally distributed data. The 

participants in the VR desktop and VR headset approaches were not significantly different in BMI (p=0.9442>0.05). 

Moreover, the results of the sit-and-reach pre-test of the two groups were not different (p=0.45326>0.05) as shown in 

Table 5. In addition, the results showed that there were no significant differences in the ETQ scores (p=0.45326>0.05) 

and ITQ scores (p=0.56192>0.05) between the VR desktop and VR headset groups. It showed that the two random 

groups were not different in the experiment, indicating that the two groups had similar exercise thoughts and immersive 

tendencies (See Tables 3 to 4). 

Table 2. The personal data of VR desktop and VR headset participants 

 VR desktop VR headset p-value 

Number of participants 30 30 - 

Age 20.63 20.10 - 

Weight 67.7 kg. 65.5 kg. - 

Height 168.93 cm. 167.7 cm. - 

BMI 23.5 kg/m2  23.2 kg/m2  0.9442 

Table 3. The average and standard deviation results of the ETQ questionnaire (5-point Likert Scales) 

Question 
VR desktop VR headset 

Mean SD. Mean SD. 

1. I am too tried to exercise. 2.67 1.269 2.77 1.305 

2. I need to sleep 3.80 1.186 3.40 1.037 

3. I would rather get some sleep. 3.67 1.093 3.47 0.900 

4. There are more important things I have to do. 3.47 1.196 3.00 0.830 

5. I am too busy. 3.10 1.155 2.80 1.064 

6. I have not got time. 2.97 1.299 2.43 1.073 

7. It’s not that important right now. 2.17 1.289 2.17 1.315 

8. I would rather relax. 3.50 0.861 3.60 0.814 

9. I would rather watch TV. 2.33 1.446 2.47 1.167 

10. I would rather socialize. 2.73 1.081 2.77 0.858 

11. I would rather do something else. 3.07 1.230 2.83 1.289 

12. I have social obligations. 2.37 1.159 2.07 0.944 

13. I don’t feel good enough to exercise. 2.37 1.326 2.53 1.432 

14. Exercising will only make me more tired. 2.07 1.112 2.23 1.223 

15. It will talk a lot of energy. 3.50 1.042 3.93 1.015 

16. It will take too long. 2.40 1.070 2.40 0.814 

17. I am just not motivated enough to exercise. 3.17 1.533 2.63 1.520 

18. I don’t feel like exercise. 2.17 1.234 2.47 1.332 

19. I will make it up later. 3.17 1.289 3.13 1.224 

20. I will do it tomorrow. 2.70 1.291 2.67 1.373 

21. I will do it later. 2.90 1.062 2.60 1.037 

22. I will work out extra hard tomorrow. 1.80 1.031 1.93 1.143 

23. I will cut down on eating instead. 2.23 1.278 2.27 1.258 

24. Missing one day won’t make that much of a difference. 3.10 1.348 3.13 1.279 

25. I can afford to miss one day. 3.83 1.392 3.87 1.332 
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Table 4. The average and standard deviation results of the ITQ questionnaire (7-point Likert Scales) 

Question 
VR desktop VR headset 

Mean SD. Mean SD. 

1. Do you easily become deeply involved in movies or tv dramas? 5.67 1.028 5.77 1.104 

2. Do you ever become so involved in a television program or book that people have problems getting your 
attention? 

3.50 1.717 3.47 1.776 

3. How mentally alert do you feel at the present time? 5.20 1.270 5.40 1.276 

4. Do you ever become so involved in a movie that you are not aware of things happening around you? 4.87 1.332 4.87 1.432 

5. How frequently do you find yourself closely identifying with the characters in a story line? 4.30 1.055 4.27 1.015 

6. Do you ever become so involved in a video game that it is as if you are inside the game rather than 
moving a joystick and watching the screen? 

4.27 1.874 4.13 1.978 

7. How physically fit do you feel today? 4.07 1.874 4.10 2.006 

8. How good are you at blocking out external distractions when you are involved in something? 5.43 0.728 5.10 1.185 

9. When watching sports, do you ever become so involved in the game that you react as if you were one of 
the players? 

3.27 1.437 3.33 1.422 

10. Do you ever become so involved in a daydream that you are not aware of things happening around you? 4.00 1.486 3.73 1.507 

11. Do you ever have dreams that are so real that you feel disoriented when you awake? 4.87 1.456 4.53 1.655 

12. When playing sports, do you become so involved in the game that you lose track of time? 3.40 1.831 3.17 1.859 

13. How well do you concentrate on enjoyable activities? 5.27 0.691 4.93 1.081 

14. How often do you play arcade or video games? (OFTEN should be taken to mean every day or every 
two days, on average). 

4.33 1.900 4.30 2.087 

15. Have you ever gotten excited during a chase or fight scene on TV or in the movies? 5.63 1.245 5.57 1.406 

16. Have you ever gotten scared by something happening on a TV show or in a movie? 5.57 0.935 5.53 0.973 

17. Have you ever remained apprehensive or fearful long after watching a scary movie? 5.40 1.476 5.30 1.442 

18. Do you ever become so involved in doing something that you lose all track of time? 5.53 1.676 5.07 1.911 

5-1- Sit-and-Reach Results 

The statistical results from the sit-and-reach pre-test and post-test were shown in Table 5. The table showed the results 

of the sit-and-reach testing for the VR desktop and VR headset approaches, including the pre-test and post-test means 

and standard deviations. The p-values for the two groups were also shown. The physical outcomes were calculated by 

subtracting the pre-test score from the post-test score. The results indicated that there was no significant difference 

between the pre-test (p=0.45326>0.05) and post-test (p=0.85716>0.05) scores for both groups. However, when 

considering the physical outcomes, there was a significant difference between the two groups (*p=0.03<0.05), 

suggesting that the VR desktop approach may have had a greater improvement in flexibility compared to the VR headset 

approach. 

Table 5. Results of sit-and-reach testing on VR desktop and VR headset approaches 

Sit-and-reach testing (CM)  VR desktop VR headset p-value 

Pre-test 
Mean 1.07 2.53 

0.45326 
SD. 7.629 6.678 

Post-test 
Mean 6.53 6.77 

0.85716 
SD. 7.291 5.063 

Physical outcomes 
(post-test – pre-test) 

Mean 5.47 4.23 
0.03* 

SD. 3.093 2.501 

(sig. * p<0.05, ** p<0.01) 

5-2- Users Self-Report Results 

All participants in the VR desktop and VR headset approaches completed the questionnaires on the user experience 

and engagement in the VR exercise application. The mean and standard deviation results and details of each 

questionnaire are shown in Tables 6 to 8, while the line graph of the average is in Figures 8 to 10. The Mann-Whitney 

U test results of all user experience and engagement scores between the two groups are shown in Tables 9 to 11. The 

results indicated significant differences between the VR desktop and VR headset approaches regarding user experience 

and engagement. 
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Table 6. The average and standard deviation results of the IMI questionnaire (7-point Likert Scales) 

 Question 
VR desktop VR headset 

Mean SD. Mean SD. 

IMI-IE: 
Interest/enjoyment 

IE-1. I enjoyed doing this activity very much 5.50 0.900 5.57 1.357 

IE-2. This activity was fun to do. 5.57 0.898 5.72 1.327 

IE-3. I thought this was a boring activity. (R) 6.00 0.910 5.82 1.544 

IE-4. I would describe this activity as very interesting. 5.90 0.803 5.88 1.344 

IE-5. I thought this activity was quite enjoyable. 5.83 0.834 5.88 1.301 

IE-6. While I was doing this activity, I was thinking about how much I enjoyed it. 5.07 1.202 5.84 1.374 

IE-7. This activity did not hold my attention at all. (R) 6.20 1.186 5.62 1.711 

IMI-EF: Effort 

EF-1. I put a lot of effort into this. 5.90 0.759 5.80 1.344 

EF-2. I tried very hard on this activity. 4.83 1.577 4.94 1.444 

EF-3. It was important to me to do well at this task. 6.10 0.960 5.69 1.393 

EF-4. I did not try very hard to do well at this activity. (R) 5.33 1.516 4.88 1.991 

EF-5. I did not put much energy into this. (R) 5.80 0.925 5.62 1.548 

IMI-PT: 

Pressure/tension 

PT-1. I did not feel nervous at all while doing this. (R) 2.47 1.279 2.24 1.137 

PT-2. I was very relaxed in doing these. (R) 2.27 0.944 1.88 1.140 

PT-3. I was anxious while working on this task. 2.63 1.450 1.85 1.152 

PT-4. I felt very tense while doing this activity. 1.83 0.913 2.78 2.082 

IMI-CH: Choice 

CH-1. I believe I had some choice about doing this activity. 5.13 1.570 5.34 1.485 

CH-2. I felt like it was not my own choice to do this task. (R) 6.00 1.114 4.79 1.975 

CH-3. I did not really have a choice about doing this task. (R) 6.07 1.015 5.54 1.583 

CH-4. I felt like I had to do this. (R) 4.60 1.429 4.40 1.761 

CH-5. I did this activity because I wanted to. 6.00 0.910 6.17 1.414 

CH-6. I did this activity because I had no choice. (R) 5.60 1.163 5.90 1.511 

CH-7. I did this activity because I had to. (R) 5.40 1.380 5.09 2.141 

IMI-VU: 

Value/usefulness 

VU-1. I believe this activity could be of some value to me. 5.97 1.098 6.24 1.305 

VU-2. I think that doing this activity is useful. 6.17 0.913 6.43 1.303 

VU-3. I think this is important to do. 5.23 1.736 5.70 1.541 

VU-4. I would be willing to do this again because it has some value to me. 5.87 1.106 6.43 1.302 

VU-5. I think doing this activity could help me. 5.87 0.900 6.32 1.318 

VU-6. I believe doing this activity could be beneficial to me. 5.87 0.973 6.31 1.289 

VU-7. I think this is an important activity. 5.73 1.143 6.16 1.308 

Table 7. The average and standard deviation results of the RJPQ questionnaire (10-point Likert Scales) 

 Question 
VR desktop VR headset 

Mean SD. Mean SD. 

RJPQ-RJ: 

Reality judgment 

RJPQ-18. To what extent did the experience seem real to you? 7.60 1.653 7.27 2.273 

RJPQ-11. In your opinion, how was the quality of the images in the virtual world? 6.67 1.647 7.47 2.255 

RJPQ-2. To what extent was what you saw in the virtual world similar to reality? 6.67 1.605 6.67 2.454 

RJPQ-37. How real did the virtual objects seem to you? 6.33 1.688 6.93 2.545 

RJPQ-38. To what extent was what you experienced in the virtual world congruent to 

other experiences in the real world? 
6.67 1.768 7.80 2.107 

RJPQ-17. To what extent did you feel you “went into” the virtual world? 7.00 1.576 7.60 2.253 

RJPQ-32. To what extent did your interactions with the virtual world seem natural to 

you, like those in the real world? 
6.73 1.413 7.13 2.751 

RJPQ-9. To what extent did you feel you “were” physically in the virtual world? 6.27 1.911 7.80 2.929 
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RJPQ-IC: 

Internal/external- 
correspondence 

RJPQ-40. To what extent could you move around the virtual world? 6.50 1.978 7.03 2.327 

RJPQ-60. To what extent were the events in the virtual world congruent to your actions? 6.63 1.938 6.73 2.243 

RJPQ-36. To what extent could you interact with the virtual world? 6.70 2.037 6.33 2.771 

RJPQ-21. To what extent did the virtual world respond to your actions? 6.73 1.799 6.70 2.322 

RJPQ-54. To what extent did your actions produce changes in the virtual world? 6.33 2.218 6.43 2.569 

RJPQ-56. To what extent were you yourself while experiencing the virtual environment? 6.17 2.151 7.07 3.140 

RJPQ-AA: 

Attention/absorption 

RJPQ-61. To what extent did you feel it was necessary to devote all your attention to 

what you were doing in the virtual world? 
7.60 1.545 6.83 2.914 

RJPQ-30. To what extent did you feel like you “went into” the virtual world and you 

almost forgot about the world outside? 
5.47 2.675 6.30 2.781 

RJPQ-48. To what extent did you have to pay excessive attention to what was going on 

in the virtual world? 
7.47 1.871 7.67 2.023 

RJPQ-70. To what extent did you forget you were in a room wearing a helmet? 5.20 2.905 6.53 2.700 

Table 8. The average and standard deviation results of the UES-SF questionnaire (5-point Likert Scales) 

 Question 
VR desktop VR headset 

Mean SD. Mean SD. 

UES-FA: focused attention 

FA-1. I lost myself in this experience 3.30 0.988 3.47 0.730 

FA-2. The time I spent using this VR just slipped away 3.37 0.850 3.87 0.819 

FA-3. I was absorbed in this experience 3.53 0.819 4.33 0.606 

UES-PU: perceived usability 

PU-1. I felt frustrated while using this VR 2.17 1.234 2.27 1.388 

PU-2. I found this VR confusing to use 2.40 1.329 2.70 1.418 

PU-3. Using this VR was taxing 2.50 1.225 2.53 1.383 

UES-AE: aesthetic appeal 

AE-1. This VR was attractive 4.00 0.743 4.10 0.803 

AE-2. This VR was aesthetically appealing 4.07 0.868 4.10 0.803 

AE-3. This VR appealed to my senses 3.80 0.551 3.87 0.629 

UES-RW: reward 

RW-1. Using this VR was worthwhile 3.93 0.583 4.13 0.730 

RW-2. My experience was rewarding 3.83 0.834 4.40 0.498 

RW-3. I felt interested in this experience 3.87 0.819 4.33 0.711 

 

Figure 8. The average IMI scores of the VR desktop and the VR headset 
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Figure 9. The average RJPQ scores of the VR desktop and the VR headset 

 

Figure 10. The average UES-SF scores of the VR desktop and the VR headset 

Table 9. The Mann-Whitney U test results of IMI scores between the VR desktop and the VR headset approach 

Statistics IMI-IE IMI-EF IMI-PT IMI-CH IMI-VU 

U 422 447 414 389.5 283 

Z -0.40657 0.03696 0.52485 0.88707 -2.46161 

p-value 0.6818 0.9681 0.60306 0.37346 0.0139* 

(∗significant p < 0.05, ∗∗highly significant p < 0.01) 

Table 10. The Mann-Whitney U test results of RJPQ scores between the VR desktop and the VR headset approach 

Statistics RJPQ-RJ RJPQ-IC RJPQ-AA 

U 316 377.5 359 

Z -1.97372 -1.06448 -1.33799 

p-value 0.04884* 0.28914 0.18024 

(∗significant p < 0.05, ∗∗highly significant p < 0.01) 

Table 11. The Mann-Whitney U test results of UES-SF scores between the VR desktop and the VR headset approach 

Statistics UES-FA UES-PU UES-AE UES-RW 

U 245 407 445 297 

Z -3.02341 -0.62834 -0.06653 -2.25462 

p-value 0.00252** 0.5287 0.9442 0.02444* 

(∗significant p < 0.05, ∗∗highly significant p < 0.01) 
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The results in Table 9 showed that participants in the VR desktop had the same motivation level as those in the VR 

headset, as measured by the IMI scores in IMI-IE, IMI-EF, IMI-PT, and IMI-CH, whereas for IMI-VU the two groups 

did not have the same motivation level (*p=0.0139<0.05), the VR headset performed significantly better.  

The results in Table 10 showed no statistically significant difference in the scores of RJPQ-IC and RJPQ-AA between 

the two approaches. However, the results showed a statistically significant difference in the scores of RJPQ-RJ 

(*p=0.048844<0.05) between the two approaches. 

The results in Table 11 showed no statistically significant difference in the scores of UES-PU and UES-AE between 

the two approaches. However, the results showed a statistically significant difference in the scores of UES-FA 

(**p=0.00252<0.01) and UES-RW (*p=0.02444<0.05) between the two approaches. 

In summary, the following results are the evaluation of each hypothesis: 

H1: Rejected. A statistically significant difference in physical outcomes (sit-and-reach scores) between the VR 

desktop and the VR headset approaches.  

H2a: Rejected. A statistically significant difference in IMI scores of IMI-VU between the VR desktop and the VR 

headset approaches. 

H2b: Rejected. A statistically significant difference in RJPQ scores of RJPQ-RJ between the VR desktop and the VR 

headset approaches. 

H3: Rejected. A statistically significant difference in UES-SF scores of UES-FA and UES-RW between the VR 

desktop and the VR headset approaches. 

5-3- Interview 

We conducted a group discussion with groups of five participants each. Based on the user's emotional experience, the 

use of the VR headset for flexibility exercise made the participants feel like it was the traditional way of exercise because 

the basic features of the 3D environment in VR were the same as those in a real-world environment. When compared to 

the exercise by using the VR desktop approach, the VR headset was better because virtual environments enabled the 

participants to view the trainer from all angles. In contrast, the VR desktop display only offered a single perspective. 

However, the participants suggested that both approaches should be redesigned to allow them to see their performance, 

so they may be able to ensure that their workout posture matches that of the trainer. For an instrumental experience, the 

participants mentioned that a smaller VR headset device would enable it even more convenient to use the VR headset 

for exercise in the future. Regarding motivational experience, the participants appreciated the set count revealed when 

they reached their workout’s end. Furthermore, some participants suggested that points or progress bars could be 

implemented in the VR system to increase player motivation. As a result, we have summarized some of the essential 

comments shared. In future work, we propose using gamification [72, 73], which could enhance their motivation. The 

participants can be given the option of choosing the type of gamification element they prefer for VR flexibility exercises. 

6- Discussions 

Our empirical research revealed some intriguing observations about the utilization of two alternative flexibility 

exercise approaches – VR desktop and VR headset. Our primary objective was to determine whether these factors had 

varying experience and engagement impacts, which could affect the user's performance during flexibility exercises 

6-1- Revisiting the Hypotheses 

H1: the finding of this study suggested that there is a statistically significant difference in flexibility exercise between 

the VR desktop and VR headset approaches, as measured by the sit-and-reach scores. This result has implications for 

using VR technology in exercise interventions, the different approaches may lead to different physical outcomes. 

One possible explanation for the observed difference in physical outcomes between the two approaches is how VR 

technology is utilized. For example, the VR headset approach may require the device to be worn during exercise, 

resulting in less body movement than usual. While the VR desktop does not require wearing additional equipment, 

making gestures more convenient. For this reason, it can result in different sit-and-reach scores. This finding provides a 

new insight into the use of VR technology for exercise interventions and highlight the need for further research to fully 

understand the impact of different VR approaches on physical outcomes. Unlike flexibility exercises, this finding is 

inconsistent with the existing research studies, which showed that VR games can increase physical performance in 

aerobic training. Participants in the VR group had a longer travel distance and higher levels of presence and 

psychological arousal compared to the non-VR group, which played on a traditional PC set-up on a flat screen [74]. 

H2: the study found that the VR desktop and VR headset approaches differ significantly in terms of user experience. 

The study suggests that the VR headset approach may be more effective in creating a sense of presence and more 

motivated to interact with VR. The results are detailed in two sub-hypotheses: 
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H2a: The results indicated no statistically significant difference in the motivation levels between the VR desktop and 

VR headset approaches, as measured by the IMI-IE, IMI-EF, IMI-PT, and IMI-CH subscales. Their enjoyment, effort, 

pressure, or choice related to the exercise tasks were not different. However, the result showed a statistically significant 

difference in the IMI-VU subscale (*p=0.0139<0.05), indicating that the VR headset users perceived the activity as more 

valuable and useful than the VR desktop users. 

Although the motivation levels of participants were generally similar between the two approaches, the VR headset 

approach may be more effective for promoting motivation in the value and usefulness of the exercise. Consistent with 

previous research [75], low-immersion VR did not increase exercise motivation. This finding could have implications 

for the design and implementation of VR-based exercise interventions, as it suggests that the use of VR headset 

technology could potentially improve users' experience and adherence to the exercise program. It can be useful for 

researchers to enhance the effectiveness of VR technology in exercise interventions. 

H2b: The results showed that there was no statistically significant difference in the scores of RJPQ-IC and RJPQ-AA 

between the VR desktop and VR headset approaches. However, there was a statistically significant difference in the 

RJPQ-RJ score. The VR headset performed significantly better than the VR desktop regarding the reality judgment. This 

suggests that VR headset users have perceived a more immersive and realistic experience than VR desktop users. 

However, we observe that the correspondence or level of attention and absorption were not different. This means that 

using a VR desktop for exercising is no different from using a VR headset regarding correspondence and absorption. 

The design and development of VR exergames should consider the type of display device used when designing VR 

applications, as it may impact the level of realism and immersion experienced by users. A strong sense of presence and 

immersion is crucial for enhancing the user experience and achieving desired outcomes. As suggested with the previous 

research [76, 77], realistic judgment indicate that VR can enhance mental training. 

H3: The finding indicated significant differences in user engagement between the VR desktop and VR headset 

approaches. The results showed that VR headset users had significantly higher levels of focused attention (UES-FA) and 

reward (UES-RW) than VR desktop users. These results support the notion that VR technology can be effective in 

promoting engagement and enhancing attention in exercise activities. The VR headset approach may provide more 

opportunities for users to focus their attention and feel rewarded during the exercise. Higher levels of immersive attention 

in VR were associated with positive effects or activation during exercise, consistent with previous research [27,78-80]. 

However, no differences in perceived usability (UES-PU) and aesthetic appeal (UES-AE) scores suggest that both 

approaches were equally user-friendly and visually appealing. The interaction design of the flexibility exercise used in 

the virtual environment and the virtual trainer avatar did not affect the participants' feelings. It would be interesting to 

see the outcomes if it were designed as a VR exergame with complex interactions and a more interactive game 

environment. 

6-2- Limitations 

Due to the COVID-19 epidemic, all participants were required always to wear masks during the experiment. 

Consequently, participants might feel uncomfortable and more exhausted than usual. However, this experiment 

measured the flexibility of the body with sit-and-reach measurements. There was no major impact in this case. Although 

the IMI questionnaire may have influenced the assessment, both groups were tested under the same conditions. In 

addition, participants using the VR headset approach may experience less transparency during exercise due to the blurred 

vision caused by wearing a mask; however, all participants were able to complete the experiment without any issues. 

Although the questionnaire results allowed us to comprehend the user experience and engagement of the VR application, 

we could gain a more in-depth understanding of their exercise movements if we were able to record video of them 

interacting with the VR application. Adding a capture system can be useful for observing their verbal (thinking aloud) 

and non-verbal (facial expressions) behaviors to determine changes in their engagement. 

7- Conclusion 

This study has shed light on the differences between VR desktop and VR headset approaches in the context of 

flexibility exercise. The results show that the two approaches have significant differences in physical outcomes, user 

experience, and user engagement. Regarding the physical outcomes, our findings indicate that the VR desktop approach 

was more effective in improving flexibility, while the experience of the VR headset approach was more effective in 

creating a sense of presence and enhancing the user's perception of the exercise's value and usefulness. In terms of 

engagement, our study found that the VR headset approach provided users with a more immersive and realistic 

experience, which might be affecting higher levels of focused attention and reward compared to VR desktop users. This 

suggests that VR headsets can be effective in promoting engagement and enhancing attention in exercise activities. 

Furthermore, while our study focused on the impact of VR technology on flexibility exercise, future research can 

investigate the potential of VR in other types of exercise interventions, such as strength training, and balance training. 

Additionally, studies can explore the use of VR technology in combination with other interventions such as cognitive-

behavioral therapy, mindfulness, or social support to enhance the effectiveness of exercise interventions. 
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In conclusion, our study highlights the potential benefits and limitations of using VR technology in exercise. The 

findings provide important insights for healthcare professionals, researchers, and technology developers to design 

effective and accessible VR-based exercise programs. The integration of VR technology into exercise can provide a 

unique and personalized experience for users, increasing engagement in physical activity. 
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