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Abstract: This study investigated the application and acceptance of virtual reality (VR) and mixed 
reality (MR) technologies in university education. Here, university freshmen were introduced to these 
technologies and surveyed to assess their perceptions of VR and MR systems when applied in 
educational settings. The results demonstrate that the participants generally responded positively to 
both technologies, with VR being rated higher in terms of enjoyment and perceived usefulness. The 
findings suggest that students are more inclined to use VR in future educational settings. MR also 
received favorable evaluations; however, it received lower evaluations, particularly in terms of ease of 
use, which is likely due to the participants’ relative inexperience with the technology. The findings of 
this study highlight the potential of VR and MR technologies as effective educational tools and 
emphasize the importance of leveraging their respective advantages. 
Keywords: Educational technology, Immersive learning, Mixed reality, Student engagement, Virtual reality. 

 

1. Introduction  
Emerging advanced technologies have considerable impacts on various sectors of industry and 

society. Advanced technologies lead to the development of new consumer culture and new media trends; 
thus, educational institutions provide training to cultivate talent that can utilize such advanced 
technologies in emerging industries. Advanced technologies are utilized in university education to 
enhance conventional teaching methods and establish new learning paradigms. For example, virtual 
reality (VR) and mixed reality (MR) technologies have potential to transform university education. 
Conventional teaching methods involve passive learning through lectures and textbooks; however, 
classes that utilize VR and MR encourage students to actively participate in learning through 
interaction with educational programs. Thus, immersive technologies, e.g., VR and MR, have a positive 
impact on student engagement and performance [1]. 

To motivate student interest and provide new learning experiences, immersive learning content 
that utilizes VR and MR technologies should be presented differently from conventional teaching 
methods. By offering virtual environments and scenarios tailored to the subject matter, students can 
understand educational content within an immersive learning environment [2, 3]. In addition, by 
utilizing immersive devices, students can engage multiple senses, e.g., sight, hearing, and touch, thereby 
gaining a richer learning experience [4]. Through interaction with educational content, students can 
enhance their understanding of various situations, and unlike traditional learning methods, which are 
limited to theoretical approaches, immersive learning facilitates the expansion or contraction of space, 
the manipulation of time (slowing or speeding up), and the simulation and visualization of virtual 
information without being constrained by laws of physics. Numerous studies related to immersive 
learning content have demonstrated that VR and MR technologies enhance learning outcomes by 
increasing learner engagement [5-8]. 

University education is increasingly shifting toward cultivating creative and interdisciplinary 
thinkers, utilizing various digital technologies in the process [9]. Specifically, VR and MR technologies 
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are widely adopted in higher education and are expected to become increasingly prevalent. These 
technologies are expected to transform higher education significantly by providing highly immersive 
and interactive personalized experiences. In addition, the integration of digital educational content with 
network technologies can extend the reach of university education beyond physical boundaries, thereby 
leading to a spatially expanded educational environment. In this study, we explored the application of 
VR and MR content in university education, and we investigated methods to produce and utilize such 
content. In addition, through surveys to assess student experiences with VR and MR content, this study 
examined their interest in and perceived usefulness of each technology to identify effective strategies to 
integrate these technologies into higher education. 
 

2. Virtual Reality and Mixed Reality 
VR and MR technologies offer novel sensory experiences that typically cannot be realized in 

everyday life by generating and delivering virtual digital information. Research is ongoing to enhance 
the realism and immersion of virtual content by incorporating various sensory modalities, including 
visual and auditory stimuli, and tactile, kinesthetic, olfactory, and gustatory sensations [10]. By 
tracking the users' body movements and controllers, real-time interactions with the virtual environment 
can be realized, which increases user immersion by reflecting changes based on user input. In addition, 
the use of visual and haptic feedback in VR enhances the sense of realism and immersion, making it a 
prominent area of study, particularly in medical simulations where haptic sensations of the hands are 
critically important [11, 12]. 

Similar technologies are employed to implement VR and MR content; however, the contextual 
characteristics of the content differ due to the distinct hardware and software requirements of each 
technology [13]. VR technology allows users to interact and engage within a virtual world using 
various devices, e.g., VR headsets and controllers [14]. The head-mounted displays (HMD) used in VR 
completely block out the real world to create an immersive user environment. By rendering different 
images to each eye in real time, considering binocular disparity, users can perceive depth and experience 
the illusion of being present in a physical space. Previously, HMDs and the personal computers required 
to operate them were high-end, expensive devices; however, with the recent introduction of standalone 
HMDs, the lower cost and ease of use have resulted in wider adoption of such devices. In contrast, MR 
utilizes a see-through approach that combines digital content with the real world to create a hybrid 
experience where physical and virtual elements coexist and interact in real time. By recognizing the real 
world spatially and analyzing user movements, virtual information is rendered in real time, which 
allows the users to feel as though the virtual objects are integrated with the real environment. MR is 
supported by various devices, e.g., Microsoft's HoloLens and Apple's Vision Pro, which are equipped 
with sensors that can measure depth information [15]. 

VR and MR technologies are utilized across various educational fields, with significant applications 
in medicine, science, technology, history, and foreign language education, and their scope of use is 
expanding [16, 17]. In addition, the integration of VR and augmented reality (AR) in educational 
contexts is increasing, thereby leading to the development of diverse educational programs [18]. VR is 
characterized by its ability to create entirely new spaces, offering users completely novel experiences. 
Images and videos are typically used in conventional medical education. In contrast, VR-based 
instruction allows for the use of three-dimensional models and sophisticated surgical simulations, which 
enables the acquisition of specialized knowledge without time and budget constraints. Medical training 
that incorporates VR enhances knowledge acquisition and increases educational satisfaction compared 
to traditional methods [19]. Furthermore, the gamification of VR facilitates engaging and interactive 
learning, thereby fostering active learning. For example, the application of a virtual reality escape room 
in biology education, which incorporates escape room game mechanics, has been found to increase 
knowledge acquisition through active learning approaches in the short term; however, no significant 
differences were observed in the long term compared with conventional learning methods [20]. 
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AR enhances virtual information by combining the physical world with the digital world using MR 
displays. When using content based on the real world, AR provides a high sense of realism and allows 
for the addition of various narratives across different fields. AR is widely used in tourism, education, and 
entertainment. In the cultural heritage field, AR enriches user experiences by extending cultural content 
in diverse forms and offering contextually relevant information ranging from past to present to tourists 
visiting historical sites [21]. In addition, in terms of machinery assembly training and maintenance, 
rather than modeling an entire complex machine for VR, it is more effective to augment the required 
information directly onto the real machine during training. It has been demonstrated that using AR 
programs in training can improve student understanding [22]. MR utilizes specialized display devices 
to project spatial holograms, which facilitates active user engagement through interactive experiences. 
For example, when applied in museums, MR systems enhance the visitor’s experience by combining 
historical interaction visualizations with physical artifacts and exhibits, and visitors who have used MR-
based tour systems in museums have responded positively [23] . In the case of Mathland, which is an 
MR application for mathematics education, the HoloLens device has been used to explore mathematical 
phenomena and facilitate interactive learning, which was found to be effective in terms of immersion, 
collaborative learning, and problem solving [24]. In anatomy education, an experiment was conducted 
to compare groups of participants using optical microscopes and HoloLens devices. Both groups 
achieved similar scores in knowledge assessment; however, the HoloLens group reported higher levels 
of understanding and rated their learning activities more positively, which suggests that MR provides a 
beneficial learning experience [25]. In addition, compared with conventional methods, the use of MR in 
design courses was found to improve geometric analysis skills and creativity considerably [26]. 
 

3. Preferences for Virtual Reality and Mixed Reality 
VR and MR have distinct hardware characteristics and contextual content properties. VR offers 

highly immersive and concentrated experimental scenarios separate from reality ; however, it may 
induce visual fatigue and sensory overload. In contrast, MR, though less immersive than VR, allows 
users to interact with their surrounding environment, thereby facilitating simultaneous understanding 
of virtual elements and the physical world in a realistic context. This makes MR particularly 
advantageous for educational content that connects learning with real-life applications. Both 
technologies are being utilized increasingly across various fields, including educational content; thus, 
their inclusion in university curricula is essential. 

This study explored students' preferences for these technologies as part of the curriculum and 
educational content development. Prior to developing biases through major-specific courses, freshmen 
were surveyed to determine their preferences for VR and MR technologies, and their preferred 
application of these technologies in the academic context. As shown in Figure 1, students participated in 
hands-on experiences using both VR and MR technologies, which was followed by a survey to assess 
their preferences. The VR experience was conducted using Meta Quest VR headsets, and Microsoft 
HoloLens 2 devices were utilized in the MR experience. The VR experience involved interaction via 
controllers, and the MR experience involved interactions using finger gestures. 

Before participating in the experiment, 16 students (72.7%) had prior experience with VR, and only 
two students (9.1%) had experience with MR. The high percentage of VR-experienced students 
suggests that VR equipment and content are frequently used in exhibitions or experience centers. In 
contrast, the limited experience with MR devices, e.g., the Microsoft HoloLens or Apple Vision Pro, is 
likely due to the high hardware costs and lack of available content. 
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Figure 1.  
Virtual reality and mixed reality experiences. 

 
A modified version of a questionnaire comprising 20 questions was administered to measure how 

students accept VR and MR technologies [27]. This questionnaire was designed to assess five factors , 
i.e., personal innovativeness (four items), perceived enjoyment (six items), perceived ease of use (four 
items), perceived usefulness (two items), and intention to use (four items). Here, a five-point Likert scale 
was employed for the user survey, ranging from "(1) Strongly Disagree" to "(5) Strongly Agree." The 
personal innovativeness factor was assessed as a common item, and the other four factors were 
evaluated separately after experiencing the VR and MR content to facilitate an effective comparison. 

Table 1 shows the results for the personal innovativeness items (questions 1–4), which assess the 
participants' interest in new technologies. As can be seen, based on the responses to question 1, most 
participants expressed excitement about trying new technologies. However, as indicated by the 
responses to question 2, they tend to approach new technologies with caution. In addition, the responses 
to questions 3 and 4 suggest that the participants have an overall positive attitude toward new 
technologies. 
 

Table 1.  
Personal innovativeness. 

Question Statement 

1 Look forward to experimenting with new technologies 

2 The first person to try new technologies 

3 Not hesitant to try new technologies 

4 Like to experiment with new technologies 
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Figure 2.  
Results for personal innovativeness. 

 
Table 2 shows the questions related to perceived enjoyment, which were used to measure the 

participants' enjoyment while experiencing the VR and MR systems. Here, VR obtained an average 
score of 4.37, and MR obtained an average score of 4.22. As shown, VR was rated slightly higher; 
however, the difference was not statistically significant. Both VR and MR received the highest scores 
for question 10 and the lowest score for question 6. These results demonstrate that both VR and MR 
technologies provided the participants with engaging and interesting experiences; however, the results 
also suggest that the participants may not yet be fully accustomed to wearing the hardware required for 
these systems. The consistently high scores obtained for the questions related to enjoyment, e.g., items 
5, 7, and 10, confirm that VR and MR technologies can generate interest and enjoyment among 
students. 

 
Table 2.  
Perceived enjoyment. 

Question Statement VR (Mean) MR (Mean) 

5 System is fun to use 4.59 4.5 

6 System is pleasant 4.05 3.64 

7 Feel enjoyment 4.5 4.41 

8 Unhappy the session over 4.05 3.77 

9 Willing to repeat the same experience 4.32 4.36 

10 Interesting experience 4.73 4.68 
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Figure 3.  
Results for perceived enjoyment. 

 
Table 3 shows the questions related to perceived ease of use, which were used to measure the 

participants’ subjective perceptions of how easy or difficult it is to use the VR and MR technologies. The 
perceived ease of use category shows that the VR system obtained an average score of 3.49, and the MR 
system obtained an average score of 3.36. These results indicate that both the VR and MR systems 
received similar evaluations in terms of ease of use. 
 

Table 3.  
Perceived ease of use. 

Question Statement 
VR 

(Mean) 
MR 

(Mean) 

11 Learning to use (VR, MR) would be easy 3.59 3.59 

12 I would find it easy to get (VR, MR) to do what I want it to do 3.32 3.32 

13 It would be easy for me to become skillful at using (VR, MR) 3.5 3.23 

14 Overall, I would find (VR, MR) easy to use 3.55 3.32 

 

 
Figure 4.  
Results for perceived ease of use. 
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Table 4 shows the questions related to perceived usefulness, which were used to measure the 
participants’ perceptions of how beneficial the VR and MR systems would be when applied to 
educational settings. Here, the VR system obtained an average score of 3.84, and the MR system 
obtained an average score of 3.61, which indicates that the VR system was rated more favorably than 
the MR system. 
 

Table 4.  
Perceived usefulness. 

Question Statement VR(Mean) MR(Mean) 

15 (VR, MR) technology would make it easier to do my study 3.41 3.5 

16 I find (VR, MR) technology useful in teaching and learning 4.27 3.73 

 

 
Figure 5.  
Results for perceived usefulness. 

 
Table 5 shows the questions related to the intention to use category, which were used to measure 

the participants’ willingness to use VR and MR technologies in the future. Here, the VR system 
obtained an average score of 4.17, and the MR system obtained an average score of 3.82. These results 
reflect the largest difference between the two systems across the survey items, with VR system rated 
significantly higher than the MR system. 
 

Table 5.  
Intention to use. 

No. Statement 
VR 

(Mean) 
MR 

(Mean) 

17 
I intend to use any system using (VR, MR) technology when it 
becomes available in my university. 

4.09 3.73 

18 I intend to use other applications using (VR, MR) in other subjects. 4.23 3.68 

19 
Given that I had access to the system, I predict that I would use it 
frequently. 

4.09 3.91 

20 Assuming I had access to the system, I intend to use it. 4.27 4.00 
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Figure 6.  
Results for intention to use. 

 

4. Conclusion 
In this study, university freshmen were introduced to VR and MR technologies and surveyed to 

assess their perceptions of these technologies when applied in educational environments. The results 
indicate that the participants generally responded positively to both the VR and MR technologies. In 
particular, the VR system was rated higher in terms of enjoyment and perceived usefulness, which 
suggests that students are more inclined to use VR in future educational settings. The MR system also 
received favorable evaluations; however, it scored comparatively lower than the VR system. The 
participants reported experiencing greater enjoyment and usefulness in the immersive VR environment. 
The lower scores for the MR system, particularly in terms of the system’s ease of use, are likely due to 
the participants’ relative inexperience with the technology and unfamiliarity with the system’s hardware 
and user interface. MR technology is still in its early adoption stage; thus, it is essential to provide 
students with more opportunities to experience MR, thereby helping them become more accustomed to 
the technology. 

Both VR and MR have the potential to play effective roles as educational tools, and it is crucial to 
consider the strengths and weaknesses of each technology when developing educational content. 
Leveraging the high level of immersion and immediate usefulness offered by VR can enhance student 
engagement, and the integration of MR's real-world context can connect learning content to real-life 
applications effectively. It is expected that this approach can mitigate the limitations of both 
technologies, thereby providing students with a richer and more comprehensive learning experience. 
The findings of this study confirm that VR and MR technologies can have a positive impact on higher 
education, and future research will focus on investigating effective strategies to integrate these 
technologies to enhance students' learning experiences. 

 
Copyright:  
© 2024 by the authors. This article is an open access article distributed under the terms and conditions 
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