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Abstract

Recently, virtual reality (VR) and augmented reality (AR) technologies are attracting attention as core
technologies in the era of the 4th industrial revolution. These virtual and augmented reality technologies
are being used in a variety of industries, including the construction industry, healthcare industry, and
manufacturing industry, to innovate in communication and collaboration, education and simulation, customer
service and reinvention of the customer experience. In this paper, VR—based experiential safety education
was conducted for workers of shipbuilding companies in Ulsan city, and for them, the educational
effectiveness such as immersion, site applicability, safety accident prevention, education satisfaction,
overall performance, and safety behavior in VR—based safety experience education were measured. In
addition, we examined whether the immersion of VR—based safety experience education affects site
applicability, safety accident prevention, educational satisfaction, overall performance, and safety behavior.
Furthermore, it was analyzed whether site applicability plays a mediating role in the relationship between
immersion and safety accident prevention. As a result, it was found that the immersion of VR—based safety
experience education affects site applicability, safety accident prevention effect, education satisfaction,
overall performance, and safety behavior, and that site applicability mediates between immersion and
safety accident prevention. Based on these results, we suggests a direction for the development of
VR—based contents in the field of safety and health and the transformation of safety and health education
in the future.

Keywords : Virtual Reality (VR), Augmented Reality (AR), VR experience safety education, Immersion, Field
Applicability, Safety Accident Prevention
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[Figure 2] The proportion of
(thousand people) and shipbuilding in the amount of
percentage to total production(16 years)

employment in manufacturing

®.

= a4

ay
2
@ (- )

Source . Strategies for development of shipbuilding industry
through three innovation, Joint department of relation
(2018.4.4.)

[Figure 3] The proportion of
shipbuilders employed in the
shipbuilding industry
(16 years)

Z/ﬂ?j% [Figure 4] %} [Figure 5] 94 & 4= $l%o]
16~17d 5480|901}, <Table 1>4 ®HE= H9}
7Elo] 18 gq}zsuﬁo] r/H }_/\q—gﬁo‘t SE=Sul=) 7;”01;2
Adabar 229 19 (G A J78E 21.3%) 5 A4
SFQlaL, FAAEE = A 1071 Al & 1~4, 8917} &
:L.]Z_ﬁ.}l\i /ﬂ] ]z%vj _A/\LO Uﬂ;(]tq z;dqj /\Z tﬂ
S5 A2 FE Fo7k A V15E & Aolekn A

SEEID)

a0 559

| I

M I i
2m

[Figure 4] Domestlc Ship—

’—N'”/

s
I' Iu -
I .l ‘ “ I l || 'I
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<Table 1> World Shipyard Order Status in 2018

Order status for individual shipyards
.. 1,000
Rank Individual Country CGT M/S
| | Daewoo Shipbuilding & |y | 581y | 7.39
Marine Engineering
2 Hyundai heavy Korea | 4,749 | 5.9%
industries
3 Samsung heavy Korea | 4,602 | 5.8%
industries
4 Hyundai samho Korea | 3,968 | 5.0%
heavy industries
5 Jiangsu NewYZJ China 2,120 | 2.7%
6 Shanghai China | 1,954 | 2.4%
Waigaoqgiao
7 NewTimesSB China 1,714 | 2.1%
8 Hyundai mipo Korea | 1,690 | 2.1%
dockyard
9 Meyerwerft Germany | 1,679 | 2.1%
10 Chantiers Atlantique France | 1,546 | 1.9%

Source : KOSME Industrial Analysis Report_Shipbuilding
Industry, Ministry of Convergence Finance(2019.7)

[Figure 6] Number of [Figure 7] Five major
accident deaths and accidents regional accident rates and
over the past five years accident mortality rates
[Figure 8] Current status of
shipbuilding accidents over

the past 5 years

Source : Reprocessing statistical data from the Ministry of
Employment and Labor and Korea Occupational Safety and
Health Agency
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<Table 2> Likert evaluation scale

Questionn | Strongly Strongly
aire Item | disagree agree

Sale | 1 | 2 | 3 | 4 | 5

Pade 8% o
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<Table 3> Results of descriptive statistics analysis

Division N Minimum value Mi:lzq;m Average csiéirilei?gi Skew Kurtosis
Immersion 292 2.3 5 4.218 0.564 -0.273 —0.031
Field applicability 292 2.0 5 4.216 0.550 —-0.165 0.214
Safsgg;ﬁgims 292 2.2 5 4.200 0.580 ~0.354 0.282
Education satisfaction 292 2.5 5 4.180 0.553 —-0.103 —0.083
Overall performance 292 3.0 4.340 0.529 —0.209 —0.659
Safety behavior 292 2.6 4.242 0.525 0.012 -0.314
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<Table 4>°l14 AAE BE A7x14=2] F&2nlst LvlA|

<Table 4> Validity and reliability analysis

Measurement factors Question 1 2 3 4 9 6
IMS 1 0.787
IMS 4 0.749
Immersion IMS 2 0.729
[IMS] IMS 6 0.715
IMS 3 0.715
IMS 5 0.689
OPF 3 0.773
OPF 4 0.766
Overall [;())epréc])rmance OPF 2 0765
OPF 5 0.688
OPF 1 0.635
SAP 3 0.711
Safety acciednts SAP 4 0.703
prevention SAP 2 0.673
[SAP] SAP 5 0.649
SAP 1 0.640
FAC 3 0.716
Field applicability FAC 4 0.713
[FAC] FAC 5 0.711
FAC 2 0.638
SBH 5 0.727
Safety behavior SBH 3 0.708
[SBHI SBH 4 0.690
SBH 2 0.624
) o ESF 1 0.742
Educatlo[rlli SESLSfaCUOH BSF 2 0674
ESF 3 0.571
Cronbach’s @ 0.922 0.933 0.950 0.923 0.934 0.910
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<Table 5> Correlation
. Immer Field Safety accidents Education Overall .
Division . L. . . . Safety behavior
sion applicability prevention satisfaction performance
Immersion 1
Field applicability 0.696™ 1
Safety achents 0.798" 0.799"
prevention
Education satisfaction 0.694™ 0.743" 0.785™ 1
Overall performance 0.682™ 0.721" 0.730™ 0.689™ 1
Safety behavior 0.642™ 0.732™ 0.779" 0.756™ 0.768™ 1
“ The correlation coefficient is significant at level 0.01 (both sides).
<Table 6> Results of regression analysis of Hypothesis 1
. F.I?ld Non—standardization coefficient Standa.rc.hzed
applicability coefficient
t p—value
Independent
variable B Standard error B
(Constant) 1.332 0.177 7.530 0.000™
Immersion 0.687 0.042 0.696 16.519 0.000™
R?=0.485, Adjusted R?=0.483, F=272.893" *p<0.1, *p<0.05, **p<0.01

<Table 7> Results of regression analysis of Hypothesis 2

Sttty acc1depts Non—standardization coefficient Standgr@zed
prevention coefficient
t p—value
Independent
variable B Standard error B
(Constant) 1.041 0.176 5.903 0.000™
Immersion 0.749 0.041 0.728 18.065 0.000™
R?= 0.529, Adjusted R?= 0.528, F=326.331"", *p<0.1, ™ p<0.05, “*p<0.01
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<Table 8> Results of regression analysis of Hypothesis 3

Ed ucat}on Non—standardization coefficient Standgr(.hzed
satisfaction coefficient
t p—value
Independent
variable B Standard error B
(Constant) 1.246 0.180 6.933 0.000™
Immersion 0.694 0.042 0.694 16.425 0.000™
R?=0.482, Adjusted R?=0.480, F=269.769™", *p<0.1, *p<0.05, **p<0.01
<Table 9> Results of regression analysis of Hypothesis 4
Overall Non—standardization coefficient Standgr@1zed
performance coefficient
t p—value
Independent
variable B Standard error B
(Constant) 1.638 0.171 9.553 0.000™
Immersion 0.641 0.040 0.682 15.897 0.000™
R%= 0.466, Adjusted R?= 0.464, F=252.715", *p<0.1, *p<0.05, **p<0.01
<Table 10> Results of regression analysis of Hypothesis 5
Safgty Non—standardization coefficient Standa‘thzed
behavior coefficient
t p—value
Independent
variable B Standard error B
(Constant) 1.710 0.179 9.557 0.000™
Immersion 0.600 0.042 0.642 14.275 0.000™
R?= 0.413, Adjusted R?=0.411, F=203.763", *p<0.1, *p<0.05, **p<0.01

<Table 11> Results of regression analysis of Hypothesis 6

Sty acc1depts Non—standardization coefficient Standgrc.hzed
prevention coefficient
t p—value
Independent

variable B Standard error 8
(Constant) 0.676 0.157 4.297 0.000™
Field applicability 0.833 0.037 0.797 22.604 0.000™

R?=0.638, Adjusted R?=0.637, F=510.951"", *p<0.1, *p<0.05, **p<0.01

o) sl felet (8 =.694, p<0.01) A &=
nX 3L gl AeE veht 7 3+ AEE I

7P 4= QPR wS0] Bl o) AWkA Advl (a9
Alell T3+ Zlo]th. <Table 9ol QA wW5-2] EQl =
AREA A aef| il 2] 3k 4= (8=.682, p<0.01) A
FEE AL Q= Ao =E YER 7H 4= AHEE IR

7P 5% QP w20 ER1 o) oA go] A |of 7Et
Zlolt}, <Table 10>4] P S-2] B8]l %= P&
o thall 523t = (8=.642, p<0.01) ol F&-S v]=]
I e Aew yERY 7 55 AEE

7He 62 AW S0 A A8 Bk Yl
Ao B3k Zlolc}, <Table 11>004 ¢ wS-2] &%
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<Table 12> Results of regression analysis of Hypothesis 7

Dependent Safety acciednts prevention
variable (In delp;zﬁzler}ce . Level 2 Level 3 (Independence, Mediation —
Independent Mediation) (Mediation — Dependent)
variable Dependent) Mediated control (O) | Mediated control (X)
Study variable
Immersion 0.696™ 0.728™ 0.333™
Field applicability 0.797™ 0.567™
R? 0.485 0.638 0.529 0.695
Adjusted R? 0.483 0.637 0.528 0.693
F 272.893™ 510.951" 326.331" 329.330™
"p<0.10, ™p<0.05, " p<0.01
ulxjok 3ttt (4) miZfHSE E3k3k 3|2l = <Table 13> Results of Hypothesis testing
Sl ti See] 9L 2192 Byt A e Hypothesis explanation =
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<Table 14> Problems of the safety VR empirical education and requirement analysis

Contents and operation

Input/output device (controller, HMD)

O Need to improve program operation, update, and develop
various safety experiences and contents.

(O Requires graphic supplementation (too simple, lack of practical
vitality)

(O The video quality is not good, making me dizzy, and the
scene of the accident is cruel.

O Not only accidents, but also VR that complies with safety
work is needed.

(O Sensor error problem and cleanliness problem of each device.
There are a lot of trainees and lack of equipment.

O Visiting mobile VR training required (loss occurs when moving)

(O There is a need to improve the convenience of operating methods
for people of high age. Screen, operation method, and equipment
improvement are needed.

(O Specific explanations are needed on how to operate or how
to proceed.

(O People with poor eyesight are out of focus, and the focus of
vision is too blurry.

(O When watching VR, you are currently experiencing it with
red cotton gloves, and it is necessary to reflect the demand
to use insulating gloves at the site.

Expanding educational opportunities

(O VR education seems to be closely related to the field, and
I hope to allocate more time. It is hypothetical but realistic,
so there is no problem, but it is requested to apply more
diverse programs and reflect fires in the office in addition
to the site.

(O Training time is short. It's a good education, but I don't have
enough time.

(O hope the experience center will be further expanded so that
all employees can receive it comfortably.

(O Development of various genres by occupation and education
suitable for occupation are needed, and more diverse education
is needed.

(O 1T want to experience various VR contents by increasing the
time.
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