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Abstract. The integration of virtual reality (VR) technology into education has
always been a focal point of researchers. This study explores the integration of VR
technology into teaching electrophotographic printing machine operation. Utiliz-
ing VR device and Unity3D software, a VR simulation software was developed
with 12 operating modules. Compared to traditional methods, the VR technology
provided a more engaging and interactive learning experience. Moreover, stu-
dents who received VR-based instruction achieved higher learning effectiveness
than those who received only traditional practical training. This study highlights
the potential of VR technology in enhancing practical education and training.
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1 Introduction

Virtual reality (VR) technology has emerged as a powerful tool in enhancing practical
education and training. This technology creates a simulated environment in which users
can interact and immerse themselves, enabling them to gain valuable experience in a
safe and controlled environment.

One of the primary advantages of VR technology in practical education is that it
can simulate real-life scenarios that are difficult to replicate in the physical world. For
example, medical students can practice surgical procedures in a safe and controlled
environment without the risk of harming a patient [1, 2].

Similarly, engineering students can simulate the construction of complex structures
and machines, allowing them to gain valuable experience before entering the workforce
[3, 4]. VR technology can also provide a more engaging and interactive learning expe-
rience, which can lead to improved learning outcomes and higher levels of retention
[5, 6].

The use of VR technology in practical education is still in its early stages, but it has
been gainingmomentum in recent years.Many educational institutions and training orga-
nizations are beginning to adopt VR technology to supplement or even replace traditional
training methods [7, 8]. In the medical field, VR technology is being used for surgical
training, patient diagnosis, and rehabilitation [9]. In engineering and manufacturing, VR
technology is being used for design simulations, prototyping, and assembly line training
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Fig. 1. Pico neo3 VR headset

[10]. In the aviation industry, VR technology is being used for flight simulation and pilot
training [11, 12].

This study introduces the incorporation of virtual reality (VR) technology into the
teaching of electrophotographic printing machine operation. Based on traditional teach-
ing methods, the combination of VR simulation exercises and practical operations has
improved the learning effectiveness of students.

2 Implementation

2.1 Hardware Platform

In this study, we utilize the Pico neo3 VR all-in-one device, which comes with an
Android-based operating system and employs an optical controller-based positional
tracking solution. The device is integrated with a built-in processor, sensors, battery,
storagememory, and display, whichmakes it capable of operating independently without
a connection to a PC or smartphone.

The device is comprised of a head-mountedVRdisplay and two controllers, as shown
in Fig. 1. This device was chosen for the study for the following two reasons:

Firstly, this device offers a high degree of integration and does not require a computer
for data processing or graphics rendering, nor does it require laser base stations for
positioning, as in traditional PC-based VR headsets. Its simple setup and ease of use
significantly reduce the learning costs for students using this new teaching equipment.

Secondly, this device is moderately priced at approximately 300 US dollars, which is
relatively lower than PC-based VR devices, and is therefore crucial for the widespread
adoption of VR in education. Despite the availability of low-cost devices that utilize
smartphones for VR display, this device offers significant advantages in display quality.
With the continuous advancement of technology, it is anticipated that the cost of this
type of VR device will continue to decrease, while its performance will improve.

2.2 Teaching Software

Using industrial 3D modeling software combined with real-world printing equipment,
a 3D model of the printing equipment is created and a teaching software is developed
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using Unity3D software that can be run on VR devices. The software includes two
main parts: a four-color electrophotographic printing machine training and a multi-color
electrophotographic printingmachine training.Eachpart includes six operatingmodules:
introduction of the printing machine, ink replacement, waste ink unit replacement, paper
loading, charging unit replacement, and output virtual training. The software module
composition is shown in Fig. 2.

After entering the corresponding module, students can see the four-color or multi-
color electrophotographic printing machine, the printing machine server, and related
accessories. There is a text display above the printing machine to facilitate students to
view operation prompts and operation scores, as shown Fig. 3.

Fig. 2. Software module composition

Fig. 3. Software interface
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Fig. 4. Software flowchart

The software can be used in twomodes: stationary andmobile. Themain difference is
whether the operator needs to move positions or use the joystick to move when moving.
According to the actual teaching situation, the operational space for each student is
limited, so the stationary mode is chosen.

2.3 Software Logic

Taking the example of the four-color electrophotographic printing machine output
training, Fig. 4 shows a brief software flowchart. The logic of other modules is similar.

The software has high flexibility and provides prompts for students in case of incor-
rect operations. The students can repeat the exercise after a failed attempt. Each step in
the operation has a corresponding score, which is evaluated based on the correctness of
the operation and the time taken.

2.4 Screen Projection Monitoring

The VR device can wirelessly connect to a computer for screen casting and the output
image is a monocular image. Compared with wired screen casting, this method has a
certain delay, but the operation is simple and avoids the use of cables. Through the
computer near the students, the teacher can view the students’ screen in the VR glasses
and provide guidance. The teacher can also use computer software to summarize the
student operation interface to the teacher’s computer,making it convenient for the teacher
to view and discover problems in a timely manner.
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Table 1. Teaching schedule

Class hour Group 1 Group2

1–2 VR learning Teacher demonstration

3 Teacher demonstration Practical learning

4–8 Practical learning Practical learning

2.5 Implementation of the Teaching Plan

24 students majoring in digital printing were divided into two groups. Group 1 received
VR-based instruction in combination with hands-on training, while Group 2 received
traditional practical training. The teaching experiment consists of eight class hours. The
schedule is shown in Table 1.

The group 1 adopts the teaching method of VR learning in the first two class hours,
one class hour of teacher demonstration and five hours of practical learning. The group
2 adopts two hours of teacher demonstration and six hours of practical learning.

3 Result and Discussion

3.1 Questionnaire

After the training, all students anonymously completed a questionnaire about their
subjective impressions. A total of four questions were included in the questionnaire.

Question 1: Was the training interesting?
Question 2: Did you find the learning easy?
Question 3: Did you feel anxious during the practice?
Question 4: Have you fully mastered the operation of the electrophotographic

printing machine?
The result is shown in Fig. 5.
For the first question, 10 students in group 1 gave a positive response, while only

5 students in group 2 gave a positive response. For the second question, 9 students in
group 1 gave a positive response, while 3 students in group 2 gave a positive response.
For the third question, 3 students in group 1 felt anxious, while 8 students in group 2
felt anxious. For the fourth question, 11 students in group 1 gave a positive response,
while 9 students in group 2 gave a positive response. It can be seen from the results that
compared to the second group, the first group had more students who found the training
more interesting, easier, less stressful, and had better learning outcomes.

3.2 Learning Outcome

In order to evaluate the learning outcomes of the two groups of students, they were
required to complete a printing output operation during the last class hour of the training.
Figure 6 shows the number of mistakes and the number of students who made mistakes.

From Fig. 6, it can be observed that the number of mistakes and the number of
students in group 1 are significantly lower than those in group 2.
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Fig. 5. Questionnaire results

Fig. 6. Learning outcome

4 Conclusion

This work proves that VR teaching is a useful supplement to practical teaching. By
combining VR-based training with practical experience, a better learning outcome can
be achieved than with traditional instructional methods. However, VR should not be seen
as a replacement, but rather as a supplement to classic demonstration instruction.

To make VR-based instruction more attractive in the future, research efforts should
focus on how to supplement traditional teaching methods with VR-based instruction,
how to integrate VR-based instruction with traditional teaching methods, and how to
develop VR software that close to course content.



Application of Virtual Reality Technology 597

References

1. C.L.P. Aluthge, K.A.S. Imeshika, T.A. Weerasinghe, K.D. Sandaruwan, 2022.Effectiveness
of a VR-based Solution to Improve Practical Skills of Trainee Nurses in Sri Lanka.In:2022
International Research Conference on Smart Computing and Systems Engineering. Colombo,
Sri lanka.42–48. https://doi.org/10.1109/SCSE56529.2022.9905150

2. J. Kim, Y. Lee, H.-Y. Yu, 2022.VR Education Contents for Core Fundamental Nursing Skills.
In: SIGGRAPH Asia 2022 XR - Computer Graphics and Interactive Techniques Conference
- Asia, SA 2022.Daegu, Korea, Republic of. ACM SIGGRAPH. https://doi.org/10.1145/355
0472.3558410

3. C.-H. Tsou, M.-H. Tsai, Y.-S. Wang, T.-W. Hsu, P.-H. Hsu, W.-C. Lin, C.-H. Lin, I.C. Lin,
J.-H. Chuang, 2017. Immersive VR Environment for Architectural Design Education. In:
SIGGRAPH Asia 2017 Posters, SA 2017.Bangkok, Thailand. ACM Special Interest Group
on Computer Graphics and Interactive Techniques (SIGGRAPH). https://doi.org/10.1145/
3145690.3145726

4. C. Wang, Y. Tang, M.A. Kassem, H. Li, B. Hua.(2022)Application of VR technology in
civil engineering education. Computer Applications in Engineering Education, 30:335–348.
https://doi.org/10.1002/cae.22458

5. I. Horvath, 2018.Evolution of teaching roles and tasks inVR/AR-based education.In:9th IEEE
International Conference on Cognitive Infocommunications. Budapest, Hungary. 355–360.
https://doi.org/10.1109/CogInfoCom.2018.8639907

6. A. Tokarev, I. Skobelin, M. Tolstov, A. Tsyganov, M. Pak, 2021. Development of VR edu-
cational instruments for school pre-professional education in a research university.In:2020
Annual International Conference on Brain-Inspired Cognitive Architectures for Artificial
Intelligence: Eleventh Annual Meeting of the BICA Society. Natal, Rio Grande do Norte,
Brazil.750-754. https://doi.org/10.1016/j.procs.2021.06.088

7. C. Wang, H. Li, S.Y. Kho. (2018) VR-embedded BIM immersive system for QS engineering
education. Computer Applications in Engineering Education, 26: 626–641. https://doi.org/
10.1002/cae.21915

8. S. Xu, X. Hong, H. Yang, 2022. The Application of VR Technology based on Computer
Vision in Physical Education.In:7th International Conference on Information and Education
Innovations. Belgrade, Serbia. 176–181. https://doi.org/10.1145/3535735.3537765

9. G. Papagiannakis, N. Lydatakis, S. Kateros, S. Georgiou, P. Zikas, 2018. Transforming med-
ical education and training with VR using M.A.G.E.S. In: SIGGRAPH Asia 2018 Posters -
International Conference on Computer Graphics and Interactive Techniques, SA 2018.Tokyo,
Japan. ACM Special Interest Group on Computer Graphics and Interactive Techniques
(SIGGRAPH). https://doi.org/10.1145/3283289.3283291

10. S. Lyn, F. Yan, Q. Sun. (2022) Influence of Virtual Reality (VR) Technology on the Teaching
Effect of Engineering Practical Training. Journal of Engineering Science and Technology
Review, 15:142–148. https://doi.org/10.25103/jestr.156.17

11. G. Albeaino, R. Eiris, M. Gheisari, R.R. Issa. (2022) DroneSim: a VR-based flight train-
ing simulator for drone-mediated building inspections. Construction Innovation, 22:831-848.
http://doi.org/https://doi.org/10.1108/CI-03-2021-0049

12. Z. Zhou, L. Zhang, S. Wei, X. Zhang, L. Mao. (2022) Development and evaluation of BCI
for operating VR flight simulator based on desktop VR equipment. Advanced Engineering
Informatics, 51. https://doi.org/10.1016/j.aei.2021.101499

https://doi.org/10.1109/SCSE56529.2022.9905150
https://doi.org/10.1145/3550472.3558410
https://doi.org/10.1145/3145690.3145726
https://doi.org/10.1002/cae.22458
https://doi.org/10.1109/CogInfoCom.2018.8639907
https://doi.org/10.1016/j.procs.2021.06.088
https://doi.org/10.1002/cae.21915
https://doi.org/10.1145/3535735.3537765
https://doi.org/10.1145/3283289.3283291
https://doi.org/10.25103/jestr.156.17
https://doi.org/10.1108/CI-03-2021-0049
https://doi.org/10.1016/j.aei.2021.101499


598 C. Zhang et al.

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s Creative
Commons license, unless indicated otherwise in a credit line to the material. If material is not
included in the chapter’s Creative Commons license and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder.
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