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Abstract This study aims to propose specific directions for developing digital twin contents. This aim is
achieved by thorough literature review and applying the grounded theory. Based on customers need
analysis, this study suggests the priorities of contents development of digital twins. As a result, complex
workflows and dangerous training contents are adequate to be developed. Moreover, large-scale projects
such as nuclear powerplants that are hard to build the mock-ups were considered to be effective. This
study provides significant information for not only software developers but also clients who desire to
reduce training fees and improve the complex workflows. Since these client companies operate based upon
multiple complex workflows, this study encourages stakeholders to make effective decisions. This research
needs further analysis of current digital twin technology- possibilities and limitations.
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Table 1. Interview questions and options

Interview Questions Options

a. office managers
b. site managers
C. supervisors
d. labors
e. others

1. Potential end-users of
digital twin

a. safety training
b. equipment control
c. process improvement
d. others

2. Potential topics to
develop with digital twin
technology

3. Differences between a. potential (scale)

virtual reality, augmented .b' cost
reality, and mixed reality c. topics & pumose
! d. others
a. very high
4. Digital twins applications b. high
in the current industry ¢. not high
d. low
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Table 2. Data collections and analysis

Responses
(d) labors, (c) supervisors, (b) site managers in
order
Clarifications: who actually need the knowledge
at the site

Questions

(a) safety training, (b) equipment control in order
Clarification: nuclear reactor that is not only
2 dangerous to train at the site but also costly to
build a physical mockup. Physical training is time
consuming and space consuming

Virtual reality: useful for safety training since site
visit is not necessary; cost reduction due to
sharing a HVD (head mounted display); user
interaction is possible from different locations

which leads to collaborations for achieving
missions; the devices are cheaper than ones
from augmented reality.

3 Augmented reality: used for business process or
business improvement; physical checklists and
clipboards that used to be required are up in the
air as a reminder; reduced rework is reduced
costs; individual device is expensive and more
orders are needed since workers need it on-site
simultaneously; thus, cannot share one device

Not high (c)

Clarifications: currently application of digital twins
is limited in the construction or aviation industry.
Physical mock-up or graphic simulators using
tablets are used for training. If digital twins that
can bridge the gap between the physical
simulators and graphic simulators are verified,
high demand is expected.
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Table 3. References evaluations based on the grounded
theory

Author (year) Criteria Summary Ratings
[ref]
industrial maintenance
topic and assembly task
Gavish et al. training 5
(2015) 18] end-user expert technicians
technolo augmented reality
[
: construction safety
topic I
training
Zheo & Lucas end-user user 3
(2015) [16]
technolo ) .
virtual reality
9y
: construction safety
topic )
Le et . (2015) education
[ '7] end-user students 5
technolo ) .
virtual reality
9y
safety with construction
topic materials and methods
Pedro et al. education 5
(2016) [18] end-user students
technolo virtual reality
9y
topic training
Gonzalez Franc end-user workers
o et al. (2016) pow— 2
N9 €chnolo mixed reality
9y
} construction methods
topic )
Kang et al education
©019) [11] end-user students 4
technolo
portable
9y
planning, designing, and
topic operating the
Kaewunruen, & construction project
Xu, (2018) - — 3
(2] end-user construction participants
technolo BIM (building information
ay modeling)
topic rotating rnachmery fault
diagnosis
Wang et . end-user - 3
(2019) [5] Pow—
ecg;oo Digital Twin rotor model
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Table 4. Final categorizations based on the grounded
theory and reference evaluations

Rank Topics End-user Technology
1 safety training laborers virtual reality
2 education students virtual reality

industrial augmented
3 maintenance & laborers gme
reality
assembly
equipment ; .
4 uip laborers mixed reality
control
5 process supervisors & augmented
improvement managers reality
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