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[Abstract]
In the evolving landscape of modern defense, the integration of virtual reality (VR) and eXtended reality (XR) technologies is

becoming increasingly crucial. This study explores the development of a new tactical training system that addresses the limitations
of current VR systems, which lack the 'presence’ effect—essential for realistic training experiences. The proposed system leverages
mixed reality (MR) to blend virtual and real environments, enhancing realism and immersion. Additionally, it introduces interactive
elements and algorithms for accurate real-time user responses, utilizes three-dimensional audio technology for immersive
soundscapes, and emphasizes the importance of continuous user feedback for content refinement. Furthermore, it suggests
collaboration with developer communities to create diverse training scenarios. The paper posits that systematic implementation of
these strategies, alongside ongoing monitoring and technological updates, will significantly improve the efficacy of
counter-terrorism tactical training systems. The research acknowledges the limitations of current training systems due to their
nascent stage but envisions a future where enhanced training data and synthetic training environments (STE) contribute to the

development of advanced tactical training systems.
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Table 1. Demographic characteristics of the Delphi/AHP
survey expert panel

Delphi/AHP
Category Participation Compqsition
number of ratio
experts (%)
male 1 17
gender female 5 83
subtotal 6
20's 1 17
30s
age 40s 4 67
over 50 years old 1 17
subtotal 6
military educational
institutions ! 7
military policy agency 1 17
specialty
Field Defelnselresearch 3 49
institute
military field unit 1 17
subtotal 6
3 years or less 1 17
career 5 years or less 2 33
7 years or less 3 50
subtotal 6
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Table 2. Delphi technique 2nd survey questions

Top factors source Sub factor source

C1. VR content lacks realism [3]
C2. Interaction with VR content is limited [4]
C3. Low immersion in VR content (3]

antent qualityk (2] C4. VR content lacks completeness (2]

function, composition C5. Lack of VR content
C6. Scenario restrictions within content N .
C7. Modification of VR content is limited AggglﬁnsgrviiprZZJlltr:t
C8. Restrictions on implementation of VR content weapon system functions
H1. Inconvenient when wearing HMD (3]
H2. HMD weight
H3. HMD clarity, pixels, brightness, etc. (5]
HMD performance 3] H4. HMD field of view (FOV)

and functions H5. HMD battery life and heat
H6. HMD power limits Addition of expert first
H7. HMD processing speed Delphi survey results
H8. Restrictions on wearing equipment when wearing HMD
U1. Innovation tendency (curiosity, etc.)
U2. Immersive experience (3]
U3. User experience

. U4. VR sickness
User characteristics [3] — -

U5. Frustration in a closed environment [5]
U6. Passion for training participation » _
U7. Eye fatigue (limited training time) Agglglﬁnsﬁrvi);prirstlltrsst
U8. Inconsistency with tactical actions
T1. Command and control training restrictions 6]

SC‘?PB of use of 6] T2. Content composition focused on personal training

training system T3. Restrictions on training at medium or larger scale Addition of expert first
T4. Restrictions on joint military training Delphi survey results

SHEE Slich lz} A 2 HE dulo] AEAE wjE E % (Likert Scale : 8% m$- 2, L% 945 HE

1 A 10%0) RS BT AR Eokee} AT B FAE kS FAE A DS F5 o] AEES)
Ag ek 134 Y % AN dste] MEAE W FAA AL SRS 27 Wsto] ME-L SPSS, RV
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el 712 EARA Y CVR(TFAEEE) 248 4
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Fa 09 7k 949 A4 &ng 3] VR7|9 ﬁ%ﬁfz—aa
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+ 23} - dsfo] 719 23 AREA} G QLTS FOINIE AsE wETe Aok olsl] AHP /NS
Wsjol 71 14 AR RES BAS F AN 254 A 83lo] ] AETAAA TelEs Ang A oA
Wsjo] A B LA AND 24 Wotol AH A A A FE) DARE 29 7 FRE £ LS 919
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Table 3. 2nd Delphi technique survey basic statistical analysis

7} zto §io] nisithE AS ov|skal EdA) v
- T FEL SHAE AlololA ool w9 BRI AL
yepd & glom= gilsiy] gAY i T3S = 95
A 4 JoH11]

=0 % o Srto] S0 Z w9 X931 Ado] Y=
A& vt Fdio] B SHAENAT 48E 7 A
S oujgit}, Hito] v HEr) 2 52 B4 Sl
st ddo] GAY, SHERFES wkgo] g SHHd 4
Art[12]

AR e 434S Felsks 715l Cronbach’s al
ko g HrpRke] Al X (inter-rater reliability)7} Qwf
U A=A golskglor AR ee dut A7t 10 77t

o
= =
o Aghel Zlo g sl 13].

FFAA} 1 oAl 57 3 C5, C6, Ul, US, T29} it
o] ykal H%r} o 47) & C7,C8, HS, T4, st 2 2
N &= C2, T3 5 % 117 358 AHE tlgo= so] 527

2HAE HESIGlon 1 49 ol 47) S 2HAlsl

= T-5ko 2830l A 2453810 2 At 2R H 2470
O] Ar o 2 AT A EH(AHP) AiFA s SIS

Sub—evaluation items average standard Deviation skewness kurtosis standard error o
C1 4.67 0.82 -2.45 6 0.33 0.86
c2 417 0.41 2.45 6 0.17 0.842
C3 4.67 0.52 -0.97 -1.87 0.21 0.843
C4 417 0.98 -0.46 -2.39 0.4 0.834
C5 3.67 1.03 -0.67 0.59 0.42 0.82
C6 3.67 1.03 -0.67 0.59 0.42 0.819
Cc7 3 0.89 0 -1.88 0.37 0.825
C8 3.83 0.41 -2.45 6 0.17 0.839
H1 417 0.75 -0.31 -0.1 0.31 0.868
H2 417 0.98 -0.46 -2.39 0.4 0.826
H3 4.33 0.82 -0.86 -0.3 0.33 0.845
H4 417 0.75 —-0.31 -0.1 0.31 0.848
H5 3.83 0.41 -2.45 6 0.17 0.852
H6 3.33 0.82 —-0.86 -0.3 0.33 0.827
H7 4.67 0.52 -0.97 -1.87 0.21 0.83
H8 3 0.89 0 -1.88 0.37 0.826
Ut 3.67 1.03 -0.67 0.59 0.42 0.826
u2 417 0.75 -0.31 -0.1 0.31 0.853
us 3.83 0.75 0.31 -0.1 0.31 0.861
U4 4.5 0.55 0 -3.33 0.22 0.851
us 4 0.89 0 -1.88 0.37 0.84
U6 3.17 0.98 1.44 3.6 0.4 0.869
u7 4.67 0.52 -0.97 -1.87 0.21 0.849
us 4.33 1.21 -1.95 3.66 0.49 0.824
T1 4.33 0.82 —-0.86 -0.3 0.33 0.833
T2 3.67 1.03 -0.67 0.59 0.42 0.853
T3 3.17 0.41 2.45 6 0.17 0.842
T4 3 0.63 0 2.5 0.26 0.835
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Table 4. Items removed as a result of validity and reliability review after the second Delphi survey

Sub-evaluation items average Stand?rd skewness | kurtosis standard a
Deviation error

C7. Modification of VR content is limited 3 0.89 0 -1.88 0.37 0.825

C8. Restrictions on implementation of VR content weapon system functions 3.83 0.41 -2.45 6 0.17 0.839

U8. Inconsistency with tactical actions 4.33 1.21 -1.95 3.66 0.49 0.824

T2. Content composition focused on personal training 3.67 1.03 -0.67 0.59 0.42 0.853
E 5. MRS J1EA| U AHP AE E25 29| Aol SAZF QAL FE ol he] F9 AlFhS iyt
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Table 6. Importance ranking based on relative weights among all subfactors

CiE2] Ms=dMA ZEA M2

Hate

Top factors Sub-evaluation items G value” 2%’;'{:3 L value™ rLa;i:zg
C1. VR content lacks realism 0.166 1 0.374 1
C2. Interaction with VR content is limited 0.114 2 0.257 2
Content quality, - —
function, C3. Low immersion in VR content 0.073 5 0.165 3
Cogéﬁg‘)” C4. VR content lacks completeness 0.045 9 0.100 4
C5. Lack of VR content 0.032 12 0.073 5
C6. Scenario restrictions within content 0.013 19 0.030 6
H1. Inconvenient when wearing HMD 0.089 & 0.353 1
H2. HMD weight 0.062 7 0.246 2
H3. HMD clarity, pixels, brightness, etc. 0.033 11 0.132 3
HMD performance | H4. HMD field of view (FOV) 0.021 14 0.083 4
and functions
(0.251) H5. HMD battery life and heat 0.021 15 0.082 5
H6. HMD power limits 0.015 17 0.061 6
H7. HMD processing speed 0.006 21 0.025 7
H8. Restrictions on wearing equipment when wearing HMD 0.005 23 0.018 8
U1. Innovation tendency (curiosity, etc.) 0.087 4 0.405 1
U2. Immersive experience 0.052 8 0.243 2
U3. User experience 0.036 10 0.168 3
User C(%"’_";Ci)erisms U4. VR sickness 0.015 16 0.069 4
U5. Frustration in a closed environment 0.013 18 0.063 5
U6. Passion for training participation 0.008 20 0.037 6
U7. Eye fatigue (limited training time) 0.003 24 0.015 7
Scope of use of T1. Command and control training restrictions 0.063 6 0.692 1
training system T2. Restrictions on training at medium or larger scale 0.022 13 0.247 2
(0.091) T3. Restrictions on joint military training 0.005 22 0.060 3

" G value: overall relative importance between upper-tier factors
“* L value: Relative importance between lower class factors
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Fig. 1. Concept of developing a counter-terrorism tactical
training system using BtS functions
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