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Abstract: In order to enhance the effectiveness of military training, military education authorities are very interested in the 

use of virtual reality (VR), which is the core technology of the 4th industrial revolution. The purpose of this paper is to 

analyze effects of the army’s VR-based military training. For this purpose, we draw evaluation factors of AHP through 

related literature and Delphi technique and divide them into two levels: equipment effects and learning effects. The sub-

factors of each factors consist that equipment effects are reality, safety, and availability, and learning effects are interest, 

immersion, and understanding. The questionnaire for evaluation factors was composed of pairwise comparison on 9-point 

scales. The 14 experts who had experience of teaching the VR-based training participated in a pairwise comparison survey. 

As a result of this study, the top six factors determined are as follows: interest, reality, immersion, understanding, availability, 

and safety. The VR-based training showed higher values in term of Interest (6.3), reality (5.2), immersion (3.5), and 

understanding (3.1) than existing training method of video contents (VC)-based training. On the other hand, availability (0.9) 

and safety (0.9) were lower. It is expected that the result of this study will be used as the basic data for the military’s VR-

based training policy in the future. 
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1. Introduction 

The actual trainings of Army use to be limit according to the training conditions such as training location, 

budget, weather, available time, and civil complaints. Therefore, the importance of the scientific training system 

that enables situations in which actual training is impossible is gradually increasing. For this, military education 

authorities are very interested in the use of virtual reality (VR) which is the core technology of the 4th industrial 

revolution to enhance the effectiveness of military training [1]. 

The VR-based training in the military is to pre-train by making virtual environments similar to real 

battlefields before soldiers are put into operations. The Army has been conducting VR-based training wearing 

HMD (Head Mounted Display) since 2019 to train shooting, disassembly, assembly, and manipulation of 

expensive weapons with conducting in parallel with video contents (VC)-based training that has been applied 

since 2014. Especially, the VR-based training in the military has been applied to weapon training with high-risk 

and high-cost. In this study, we analyze how effective VR-based training is compared to video contents-based 

training, and if so, in what factors. For this, we use the AHP (Analytic Hierarchy Process) method to draw the 

relative importance of the evaluation factors through pairwise comparison. 

 

2. Literature Review 

2.1. AHP (Analytical Hierarchy Process) Method 

The Analytic Hierarchy Process (AHP) is a method to solve by making a complexed  hierarchical 

structure decision problems, using math and psychology. It was developed by Thomas L. Saaty in the 1970s 

and has been refined since then. AHP contains three parts: the ultimate goal or problem you're trying to solve, 

all of the possible solutions, called alternatives, and the criteria you will judge the alternatives on. AHP 

provides a rational framework for a needed decision by quantifying factors and alternative options through 

pairwise comparisons by the experts, and for relating those elements to the overall goal [2]. 

Consistency of experts' responses is judged by the Consistency Ratio (CR), and the consistency ratio 

represents the reliability of responses. If the consistency ratio is lower than 0.1, it can be judged that a good 

response was given. This quantifying capability distinguishes AHP from other decision-making techniques [3]. 

In the final step of the process, numerical priorities are calculated for each of the alternative options. 

These numbers represent the most desired solutions, based on all users' values. All the steps of AHP is shown 

in Figure 1 [4]. 
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Figure 1. The steps of AHP 

As a study related to effect measurement using AHP, Lee [5] drew the major factors for improving the 

class effect by examining the relative weight of the factors on the class effect of students of business schools in 

the Korea and America. Kim [6] analyzed the effects of convened education and distance education of the 

Army through AHP. Kim [7] measured the effectiveness of the improved training method for Army recruits 

using AHP. Kim [8] verified the effects of Havruta learning method which was known as how to enhance inner 

motives, creativity, and service values of Army new recruit training. Lee [9] analyzed priorities of the factors 

affecting the introduction of smart factory using AHP. 

2.2. VR (Virtual Reality)-based and VC (Video Contents)-based training 

Virtual reality is a simulated experience that can be similar to or completely different from real world. 

Therefore, the application of VR must be included entertainment and educational purposes. The types of virtual 

reality are divided into immersive virtual reality, simulation-type virtual reality, and display-type virtual reality 

as shown in Figure 2. 

   
<Immersive>           <Simulation-type>         <Display-type> 

Figure 2. The types of VR 

Immersive virtual reality is a way for users to be actively engaged in virtual reality through special 

equipment such as HMD (Head Mounted Display). Display-type virtual reality is a type of technology that 

allows you to experience a virtual world through a display such as a screen or monitor. It is a way to 

experience virtual reality by using a keyboard, mouse, joystick, or gloves or devices with sensors attached. 

Simulation-type virtual reality is a form developed by adding virtual reality technology to the simulator, and is 

used for the purposes of games, as well as specialized fields such as aviation and military fields, and medical 

care [1]. 

The earliest and the foremost vital application of VR technology is the military training and is also one 

among the fields where VR technologies is used at a large extent [10]. Additionally, U.S. Defense department 

states VR technology is the technology that would bring a change in the ideas and ways to military utility. The 

use of VR in military training consist of many fields such as virtual training, virtual weapon manufacturing and 

designing, virtual battleground exercise, maritime application, warfare and also engineering designing [11]. In 

case of Korea Army, VR-based training in the army is an immersive virtual reality type, and is a training 

method designed to practice the operation and disassembly of weapons by wearing a HMD. It has been applied 

since 2019 and is undergoing to use in training and will be applied to various types of military training and 

gradually expanded. 

Video contents (VC)-based training means a training that learns while watching a video on a computer 

screen for practice such as equipment operation, operation, and maintenance procedures. It is also referred to as 
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a kind of computer-based training (CBT), and it has advantages in terms of space, time, and economy because 

many people can learn at the same time at low cost, but it has a disadvantage that the learning effect is not high 

[12]. The Army has been conducting immersive VR-based training with HMDs since 2019 in parallel with VC-

based training for expensive weapon training. The main training contents are disassembly and assembly, 

shooting preparation, and shooting execution. Figure 3 shows the VR-based training and VC-based training. 

     
<VR-based training>                     <VC-based training> 

Figure 3. VR-based and VC-based training 

As a study on the learning effect using virtual reality, Ahn [13] analyzed the educational effects 

(understanding, interest, and fun) of VR educational contents for middle school students. He emphasized the 

realism for fun and interaction for understanding. Jung [14] conducted a comparative study on the effects of 

virtual reality education and video education through questionnaires. The group who conducted virtual reality 

education also declared higher educational interests than those who conducted video training. Noh [15] 

analyzed the effects of virtual reality-based lessons for 6th grade elementary school students on academic 

achievement, learning interest, and immersion. As a result, it showed virtual reality-based lessons were more 

effective than general lessons. 

 

3. Research Design 

3.1. The evaluation factors of AHP 

 
Figure 4. The evaluation factors of AHP 

The evaluation factors of AHP applied in this study are as shown in Figure 4.  Anderson [16] classified 

factors for measuring educational effectiveness into three factors: cognitive domain (related to "knowing"), 

psychomotor domain (related to "physical ability"), and affective domain (related to "values") as factors for 

measuring educational effectiveness.  In level 1, learning and equipment effects were chosen. This is because 

the cognitive domain (learning effects) and psychomotor domain (equipment effects) are the domains related to 

equipment such as weapons. The lower factors of the learning effects consist of the interest, immersion and 

understanding, and the lower factors of the equipment effects consist of reality, safety, and availability. 

The meaning of the six evaluation factors is as follows. The interest refers to the degree to which fun or 

concern is induced. The immersion refers to the degree to which you concentrate deeply when learning. The 

understanding is the degree to which a problem is understood and solved. The reality refers to the degree to 

which training reflecting the actual situation is possible. The safety refers to the degree of freedom from risks 

or accidents caused by fear or carelessness when using equipment. The availability refers to the degree of 

freedom from equipment damage and aging [17,18]. 

As for the lower level of learning and equipment effects, nine evaluation factors were derived from the 

aforementioned virtual reality-related literature, and the final six factors were selected through the Delphi 

technique with expert instructors based on the derived nine evaluation elements. For AHP analysis, SPSS 26.0 

and I Make It program were used. 

3.2. General characteristics of respondents (n=14) 

The 14 respondents are professional instructors who have experienced both training methods (VR-based 

and VC-based training). Respondents are all male, and consist of 5 people in their 30s, 6 people in their 40s, 
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and 3 people in their 50s. The work experiences consist of 4 people under 5 years, 8 people from 6 to 9 years, 

and 2 people over 10 years, and the ranks consist of 3 officers, 7 warrant officers, and 4 NCOs. Therefore, the 

composition of the respondents was judged to be reasonably chosen. The details are shown in Table 1. 

Table 1: General characteristics of respondents 

Characteristics No. of respondents Ratio (%) 

Age range 

30s 5 35.8 

40s 6 42.8 

50s 3 21.4 

Work experience 

5 years or less 4 28.6 

6 ~ 9 years 8 57.1 

More than 10 years 2 14.3 

Rank 

Officer 3 21.4 

Warrant officer 7 50.0 

NCOs 4 28.6 

 

4. Research Results 

4.1. The weights (priority) of level 1 and level 2 

The weights (priority) of level 1 and level 2 are as shown in Table 2. 

Table 2: The weights (priority) of level 1 and level 2 

 

As for the importance at level 1 of the training effects evaluation factors, it was analyzed that the 

equipment effects (0.554) is more important than the learning effects (0.446). In the level 2 of the training 

effects evaluation factors, first, looking at the importance of the learning effects sub-factors, interest (0.423) 

showed the highest value, followed by immersion (0.316), understanding (0.261). And the consistency ratio 

(CR) was 0.043. As for the importance of the equipment effects sub-factors, reality (0.575) was the highest 

value, followed by safety (0.334), availability (0.091). And the consistency ratio (CR) was 0.035. 

4.2. Relative importance and effects of VR-based and VC-based training 

In order to compare the effects of VR-based and VC-based training, first, the relative importance for 

evaluation factors of level 2 was derived as shown in Table 3. 

Level 1 
Weights 

(priority) 
Level 2 

Weights 

(priority) 

Consistency 

Ratio 

Learning Effects 0.446 (2) 

Interest 0.423 (1) 

0.043 Immersion 0.316 (2) 

Understanding 0.261 (3) 

Equipment Effects 0.554 (1) 

Reality 0.575 (1) 

0.035 Safety 0.334 (2) 

Availability 0.091 (3) 
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Table 3: Relative importance of VR-based and VC-based training 

VC-based training VR-based training 

Priority Importance Evaluation factors of level 2 Importance Priority 

6 0.137 Interest 0.863 1 

4 0.221 Immersion 0.779 3 

3 0.240 Understanding 0.760 4 

5 0.160 Reality 0.840 2 

1 0.514 Safety 0.486 6 

2 0.502 Availability 0.498 5 

 

Looking first at the importance of the level 2 evaluation factors for VC-based training, safety (0.514) was 

the highest, followed by availability (0.502), understanding (0.240), immersion (0.221) and reality (0.160). 

Interest (0.137) was the lowest. The importance of the level 2 evaluation factors of VR-based training showed 

that interest (0.863) was the highest, followed by reality (0.840), immersion (0.779), understanding (0.760), 

and availability (0.498). Safety (0.486) was the lowest. 

To calculate each effect index of VR-based and VC-based training, first, the weights of the level 1 and 

level 2 evaluation factors (Table 2) and the relative importance of the level 2 evaluation factors (Table 3) are 

multiplied. Assuming that the effect of VC-based training is '1', the relative ratio of how effective VR-based 

training is as shown in Table 4. 

Table 4: Effect index and relative ratio of VR-based and VC-based training 

Factors 

Effect index Relative ratio 

VC-based VR-based VC-based VR-based 

Interest 0.026 0.163 1 6.3 

Immersion 0.031 0.110 1 3.5 

Understanding 0.028 0.088 1 3.1 

Reality 0.051 0.267 1 5.2 

Safety 0.095 0.090 1 0.9 

Availability 0.025 0.023 1 0.9 

 

The most effective VR-based training compared to VC-based training was the interest (6.3), followed by 

reality (5.2), immersion (3.5), and understanding (3.1). On the other hand, safety (0.9) and availability (0.9) 

showed relatively low values. 

 

5. Conclusion 

In this study, we conducted a literature review and examined the effects of VR-based training. Based on 

this, we drew two major factors and six sub-factors to be applied for the AHP hierarchy questionnaire. Also, 

the questionnaire results were analyzed by the AHP analysis program (I Make It) to quantify the relative 

importance of level 1 and level 2 and determine the priority. As a result, equipment effects and learning effects 

were chosen in level 1 of the AHP. In level 2, the sub-factors of learning effects appeared in the order of 

interest, immersion, and understanding, and the sub-factors of equipment effects was shown in the order of 

reality, safety, and availability. Finally, in order to analyze the effects of VR-based and VC-based training, 
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each relative importance was derived, and the effect index was calculated by multiplying it by the weights of 

the level 1 and level 2 evaluation factors, and then the effect degree through the relative ratio was calculated. 

The VR-based training was shown effective in terms of interest, reality, immersion, and understanding. 

This study is the first study to analyze the effectiveness of virtual reality applied to military training in the 

army, and it is believed that the basis for applying virtual reality to various military training in the future has 

been prepared through the research results. In the future study, we need to analyze the difference in satisfaction 

and academic achievement between virtual reality-based and video contents-based training method for learners. 

 

References 

1. S. H. Lee. (2020) A Study on the Factors Affecting the Priority Selection for Introducing the System 

and the Intention to Use the Virtual Reality-based Defense Education Training System. Ph. D. 

Dissertation, Chungnam National University, Korea. 

2. Thomas L. Saaty. (1990) How to Make a Decision the Analytic Hierarchy Process. European Journal 

of Operational Research. 48(1), 9-26. 

3. Thomas L. Saaty. (2008) Relative Measurement and its Generalization in Decision Making: Why 

Pairwise Comparison are Central in Mathematics for the Measurement of Intangible Factors-The 

Analytic Hierarchy/Network Process. Review of the Royal Academy of Exact, Physical and Natural 

Sciences, Series A: Mathematics. 102(2), 251-318. 

4. Marjan J. Hummel, Maarten J. IJzerman, John F.P. Bridges. (2014) Group Decision Making with the 

Analytic Hierarchy Process in Benefit-Risk Assessment: A Tutorial. The Patient-Patient-Centered 

Outcomes Research. 7(2), 129-140. 

5. J. K. Lee, K. Y. Kim, S. T. Jeon. (1996) The Measurement of Class Effectiveness using AHP Method: 

focus on compare to Korean and America students. Korean Journal of Operations Research and 

Management Science. 2, 131-134. 

6. S. Y. Kim, J. W. We, Y. H. Kim. (2019) A Study on the Effects of course completed distance learning 

and operation condition in Army education. Korean Journal of Military Arts and Science. 75(1), 181-

209. 

7. S. Y. Kim, D. W. Kim, Y. H. Kim, (2019) A Study on Why campaign effectiveness on the army recruit 

training. Korean Journal of Military Arts and Science. 75(1), 97-124. 

8. S. Y. Kim, Y. H. Kim, D. H. Lee. (2020) Effects of Havruta Learning Method on Army New Recruit 

Training. TEST Engineering and Management. 83, 4264-4271. 

9. D. S. Lee, J. M. Boo, H. S. Jung. (2020) Analyzing Factors Influencing the Introduction of Smart 

Factory: Focusing on Type Manager and Firm age. Journal of Society of Korea Industrial and Systems 

Engineering. 43(2), 110-119. 

10. X. D. Luan, Y. X. Xie, W. U. Ling-Da. (2003) Application of virtual reality in military affairs. Journal 

of System Simulation. 15(4), 604-607. 

11. Kunjal A hir, Kajal Govani, Rutvik Gajera, Manan Shah. (2020) Application on Virtual Reality for 

Enhanced Education Learning, Military Training and Sports. Augmented Human Research. 5(1), 1-9. 

12. J. M. Lee, M.S. Park. (1995) Adjustment of Military and Method of System Development for 

Computer Based Training (CBT). The Journal of National Basic Information System. 2(3), 38-51. 

13. H. D. Ahn, M. H. Seo, S. C. Lee, H. K. Jung. (2018) Study for the Presence and the Interaction in the 

VR Solar System Education Contents. Korean Journal of Human Computer Interaction. 903-906. 

14. E. K. Jung, S. S. Choi, J. Y. Jung.  (2018) Comparison of educational interest, satisfaction, and 

achievements of educational virtual reality and videos education before simulation training. The 

Korean Journal of Emergency Medical Services. 22(2), 93-102. 

15. K. H. Noh, H. G. Ji, S. H. Lim. (2010) Effect of Augmented Reality Contents Based Instruction on 

Academic Achievement, Interest and Flow of Learning. Korean Journal of Contents. 10(2), 1-13. 

16. Anderson Lorin W, Krathwohl David R. (2000) Taxonomy for Learning Teaching, and Assessing, A: A 

Revision of Bloom’s Taxonomy of Educational Objectives. Pearson Education, London, p.333. 

17. Satapathy, S.K., Mishra, S., Mallick, P.K. et al. ADASYN and ABC-optimized RBF convergence 

network for classification of electroencephalograph signal. Pers Ubiquit Comput (2021). 

https://doi.org/10.1007/s00779-021-01533-4 

18. Satapathy, S.K., Mishra, S., Mallick, P.K. et al. ADASYN and ABC-optimized RBF convergence 

network for classification of electroencephalograph signal. Pers Ubiquit Comput (2021). 

https://doi.org/10.1007/s00779-021-01533-4 


