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Intelligent System for Fieldwork
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n Gate System

m,o,m\ Modelling

=
\tegrates the base information through the worker

e nt
n and face photos to make the biometrics authentication of

 BNEARBEHADEY

C A & i
Applications Project Reference
HERH

fficlency struction site s The Chinese University of
3 ical Centre

Proximity Safety Alarm
(Dual Frequency)
PiES SRR AR

In this proximity safety

transponder should be carr
mounted on moblle plant, Th
mobile plant machine
which triggers the !

EEREEEEERAM

This online management system can be applied to manage
lifting appliance and lifting gears (LGLA) with the use of NFC
smartphone. 1t can be easily used to upload and retrieve
information such as loading information and recent
check-historical records, including the approval documents,
e.g.Formé, 7.

iR FERRARAIAKEECERGENEEREEBER
NFCEEFM TUERERABRAL ANARESAR
IRV IR S o8 I HDE SO ) I BARE T o

Benefits ® Notlimited by the surface
contamination, e.g. Ofl grease
5 RS R PRB U0 A

Upggale the information remotely

Clear label
TR

Applications e Trace history and item information
FE B BB RERMCHR

Automatic notification for
expiry date approaching
BEBNAXEN

Export data to other format
Hit = H gt

Workforce Tracking Sys! ikind of innovative intelligent management
of human resources for construction sites. This system uploads the
registered workers' attendance and work dynamic records to the cloud
server in real time. It helps not only the management team obtaining
reliable manpower data for analysis in any location and at any time, but
also provides data records of workers' attendance and avolds

labour-management conflict.

AN EERGARETHARCANERSE CrSEMT ANHBRTFHE
S35 Rs i EI B > (8 o] LUK BY B IR R E B AR R i AR A R Y ATD R
DI IR MR E T A IR SR BREWIRE-

Benefits Applications
BR . 3:2)

High reliability ¢ Tunnel works * Building works
FLIE 43 BETRE BETHE

Reduce checking cost ® Civil works * Renovation works
HARIZHRE +AIH ETiE

Project Reference
HE#H

¢ Resort Hotels
HPIARER

33 TH T NBIRIEHE 44t 34 MIfF IR 2R AN TRE
15




35 TSEAISIMARE 36 BIIIMERE

2~ R RGER
— DS B EE R LSERGT R PIISUES - B S E )

% B ERHIHAA - HER AR HiE—HNEER  FAgo A ANE—F
G © AFTEfE> 3D TASENE T RASERRAN - BILUEE A\ IR TIES e ER
AT AN DN R WA e e SN T S R S N L R
APOSHO 33 ifaf&tf » AR/ MEION E R A B EEE SR L 2 A m R
" Dumb Ways to Die | (ZEZEAY5EE) » DUIEEAY ~ BWEAAY 2R > HEERE>
JEFSERTUERT - HGEE, - B2 KREE - HEEE AR B FE E A
2B o
+ APOSHO 33 st & + /8y i i s Bl S DUBSK sk | - 5855 & 70 BT
A BN TAFGTZ 2RI - HEIRCEZ 2H4 % (OSHA)TE 1992 41
10 T ER R EEEM T BT 28 Bk 14 (EEEIHE 2 — » 1999 4= OHSAS
18001 L A EH AN 2 T BB/ S B K | FRE 2007 FFAHA T 2=
BT 2HEEE LSS BTS2 EREEARNERER Y — - i
WA ERAE B L2 U B FHIIRGE Ry - BINTES & ST 2 T A im
ELEERVIHR 4 « BRIt VBT » B r BRI MERIEE - s

)
KA B R B AA B S (E LB R S -
16

W

1TZ

\>§v



= EEIPEATERGTREE > £ T STEAM #0582 | & > FoR T /KEMIR A KB E

HEHH - WS EFE REREH T E 5 F KRR A HAEtH - STEAM
(Science, Technology, Engineering, Art, and Mathematics) {5 245 & FHEE ~ Tl
TAR ~ SEirMEER RIS SRR A - SR F R AR [ - A5 TARER
BlTAVETR » SREZE RSB - RS 1986 F R FIEZ B Gt
HRHEE B TREAEER R S HY STEM SEHYAHHE MR > 2006 SEAILAZE T (Ar)
Sk FEREENEAS ~ TR - RIER MBEER > AR TR AT - B
BEIFE - BEEEAHEE T BE 2030:1TEIZEME , HIE Y S Eh R A R
FERHEE ~ BHY - TR - FIEER (STEM)SHIE, » STEAM EL A2 ERBE S - BN
M B E SR EFRIGHEST STEAM 25 - [F5HY - e 2 AR WRE K FR
BARRIUR - B RFLRHARE L2l AEREg 5 AR AR TIF - 1
B AE - S 4 AT BUM EU OSHA 4HER T R BRI 2 AR
NEREZE J(Mainstreaming OSH into education) » [t B 4 m] LN T E R 2%
44t https://osha.europa.eu/en/themes/mainstreaming-osh-education -

 IERSE R AR L 2 R R b RIS SR A KRS s > Hp
FEBEE SR - VI - A LE S EHENFH ERE RN, 2 2 B |
SIHE - e ELEREIRT T LE ST 2 Kae Tt L2 2 e R ARSIy
JiTE e

17



B~ M

fiff— 55 33 JEnd AR 2 e A AT & (APOSHO 33):#ie

) APOSHO 33

Driving OSH excellence through communication and collatoration

Day One | Tuesday 04 December

08.15 Registration, refreshmernisian:iie;lrlvibition

09.00 Welcome from the Chair Prof Vincent HO
09.10 Welcome from APOSHO Chi-Ming LAW, Secretary General, APOSHO
09,15 Guest of Honour Dr Wai-Kwok LO, Chairman of the Business and Professionals Alliance for Hong Kong
09.30 Sponsor appreciation - Thank you to our sponsors and supporting organisations
09.45 Keynote 1
Dr Constance CHAN, Director of Health — Department of Health, Hong Kong
10.15 Keynote 2
Ms Bonnie YAU, Executive Director, Occupational Safety & Health Council

10.40 Refreshments and exhibition

11.10 PARALLEL SESSION 1 see page 09
Technical Session 1
Incorporation of management systems (IS0 45001)
Technical Session 2
Leading safety - the benefits to an organisation
Technical Session 3
Communicating safety to the workforce ~ innovative ways, engaging with cultural differences

12.40 Lun:h and exhibition

13.40 PARALLEL SESSION 2 see page 10
Technical Session 4
Virtual reality and use of new technologies
Technical Session 5
Communicating safety to schools and young workers
Technical Session 6
Safety in design

15.10 Refreshments and exhibition

1540 PARALLEL SESSION 3 see page 11
Technical Session 7
Sustainability — the safety link
Technical Session 8
Health and wellbeing ~ case studies

Technical Session 9

Working together for positive results

17.10 Day 1 close
19.00 Networking evening for all delegates — see page 17




APOSHO 33 is hos

Parallel Session 1

Tuesday 04 December | 11.10-12.40

Technical Session 1
Incorporation of management
systems (1SO 45001)

Room Versailles Ballroom

Session Chair Kate FIELD,

Global Product Champion - Health and
Safety, BSI Group

So you want to become a risk-and-
opportunity-based thinker and
communicator?

Mr James WHITING, MD and Principal
Risk Engineer, Risk@Waorkplaces Pty Ltd,

Australia

Japanese OSHMS, having two
dimensions of I1SO 45001 and JIS
45100(so-called JIS a(alpha))

Mr Takeo HAYAKI, Director, OSHMS
Center, JISHA (Japan Industrial Safety and
Health Association), /apan

1SO-45001 - what have we

learnt so far?

Ms Kate FIELD, Global Product Champion
- Health and Safety, BSI (British Standards
Institution) Group, UK

Enhance Management Systems
effectiveness using technology-
enabled Risk Communication

Mr JC SEKAR, CEO and Co-Founder
AcuiZen Technologies Singapore Pte, Ltd,
Singapore

Session sponsor

bsi.

| Technical Session 2

‘ Leading safety — the benefits
to an organisation
Room Longchamps
Session Chair Mr Ameerali ABDEALI
Honorary APOSHO Member

Positive safety leadership through
LEAD model

Mr Aravind APPI RAJ O, Deputy General
Manager — Central Safety Co-ordinator,
Mahindra and Mahindra Ltd, India

Leading safely (a practical approach)
Mr Craig DOCHERTY, CEO / Founder,
Fusion Safety Management Pty Ltd,

Singapore

A study of relationships between self-

efficacy and perceived managerial
safety practice for employees’ safety
performance

Mr Yoonseok CHOI, Manager/Assistant
Professor, OSH Training Institute of
KOSHA, Republic «

of Korea

Empowerment of principle employers
roles through 3C (communication,
compliance and commitment) and 1b
(behaviour)

Mrs Nasyrah Binti IBRAHIM,
Manufacturing Sector Head, Principle
Employer Empowerment Research Group,
NIOSH, Malaysia

19

| Technical Session 3
Communicating safety to the
workforce - innovative ways,
engaging with cultural differences

Room Luxembourg
Session Chair Mr Darren BRUNTON
IOSH Singapore Branch Chairman
and Managing Director of

KB Associates Group of Companies

Visual literacy: how “learning to see”
benefits occupational safety

Mr John DONY, Director, Campbell
Institute / National Safety Council, USA

Practical Safety Training Center
@ Construction Site

Mr Matthias KROPE, Global Sales
Consultant, Youngwoo Ind,

Republic of Korea

HSSE communications with each
organisational layer of defence

Mr Neil van KALLES, HSSE Manager (Asia),
Hargreaves Industrial Services (HK) Ltd,

Hong Kong SAR, China

Fire safety - how can OSH
Practitioners address complacency
when the evacuation alarm is initiated
Dr David GOLD, International Occupational
Safety, Health and Fire Safety Consultant,

Switzerland
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Parallel Session 2

HYAPOSHO 33

Driving OSH excellence through communication and collaboration

Tuesday 04 December | 13.40-15.10

Technical Session 4
Virtual reality and use of
new technologies

Room Versailles Ballroom

Session Chair Michael D ARGUELLES,
National President, Association of Safety
Practitioners of the Philippines, (ASPPI)

A study of using virtual reality
technology for labour education

and training

Dr Cheng-Ming CHANG,

Associate Researcher, Institute of Labor,
Occupational Safety and Health,

Ministry of Labor

Kuo-Ching LIU, Associate Researcher,
Institute of Labor, Occupational Safety
and Health, Ministry of Labor

Chiech-Yu HUANG, Assistant Researcher,
Institute of Labor, Occupational Safety and
Health, Ministry of Labor, Chinese Taipel

Using behavioural reporting
systems as a pro-active indicator

to management

Mr Glenn PINSENT, Global Manager,
Health, Safety and Environment, Bristow
Helicopters Group, Scotland

Human-centered OSH Training

- OSH Immersive Experience Hall

Dr Winson YEUNG, Principal Consultant
of Occupational Safety and Health
Council, Hong Kong SAR

The role and power of social

media in EHS management

and accident prevention

Mr Kim Choy FONG, Deputy President,
National Safety Council of Singapore,
Singapore

Technical Session 5

Communicating safety to schools
and young workers

Room Luxembourg

Session Chair

Dayanand KURRUMCHAND

— President, IOSHM (Mauritious)

Occupational safety and health

in school (OSH in school) - a NIOSH
Malaysia approach in cultivating
OSH culture at an early stage

in Malaysia

Mr Lee Lam THYE, Chairman of NIOSH
Malaysia, Malaysia

Communicating occupational health
and safety messages regarding young
workers: tools, strategies, and lessons
from the ILO’s Youth4 OSH Project

Dr Francisco SANTOS-O'CONNOR,
Senior Specialist on Occupational Safety
and Health, Decent Work Team for East
and South-East Asia and the Pacific,
International Labour Organization (ILO),
Indonesia

The use of modern technology in OHS
Andy LEWIS, Director, WHS Australia,

Austraha
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Technical Session 6
Safety in design

Room Longchamps
Session Chair Victor KWONG,
President, HKFOSHA

Enhancing design for safety through
collaboration and communication

- the Hong Kong experience

Mr Andy LO, Chartered Safety and Health
Practitioner, HK IOSH

Mr Kevin CHUNG, Communications
Business Partner, IOSH, UK,

Hong Kong SAR, China

Building a collaborative future:

go for BIM

Ms Ada FUNG, Chairperson of
Committee on BIM of Hong Kong's
Construction Industry Council / President
of Lighthouse Club (HK), Construction
Industry Council of Hong Kong,

Hong Kong SAR, China

Advantages of electronic permit-to-
work system in hydrocarbon industry
Dr Atul SRIVASTAVA,

Vice President — HSE Design/Engineering,
Reliance Industries Ltd, India



Parallel Session 3
Tuesday 04 December | 15.40-17.10

Technical Session 7
Sustainability - the safety link

Room Luxembourg

Session Chair

Dr Dato Kanagaraja RAMAN,
President, MOSHPA

Return on prevention study in
manufacturing plant

Mrs Fazlin HASABAN,

Safety Health Officer, MSOSH, Malaysia

Leading on health and safety in
sustainability

Mr Richard JONES, Head of Policy
and Public Affairs, IOSH, Uk

How are.people motivated to act
safely? What does good safety
leadership look like? How can
practitioners change their vocabulary
to engage and drive change?

Sam CHAN, Associate Director JLL

and Chairman of JLL Integrated Facilities
Management EHS Committee, JLL
Steven BROWNE, Asia Pacific,

Risk and Incident Director, JLL,

long Kong SAR, China

Developing vision zero strategy
and seven golden rules towards a

sustainable OSH culture of prevention

for Thai SMEs

Dr Chaiyuth CHAVALITNITIKUL,
Honorary President of SHAWPAT,
SHAWPAT

Dr Chalermchai CHAIKITTIPORN,
President, SHAWPAT

Mr Tamrong KUNOPAKARN

Dr Dheera PHONG-ANANT,

Tt
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| Technical Session 8
| Health and wellbeing - case studies

Room Longchamps
Session Chair Dr Hyuck-Myun KWON,
Research Professor, Yonsei University

Bapco - Bahrain Wellbeing Model

Dr Spyridon TROUS, Manager Medical
Services, The Bahrain Petroleum Company
(BAPCO), Bahrain

Effect of heat stress on the
occupational health strain of industrial
workmen - a case study in food
manufacturing industry in India

Dr Susanta PODDER, Manager EHS,
PepsiCo India Holdings Pvt Ltd, india

Reasonable working time and
measures to improve working
conditions for workers in Vietnam
Prof Le Van TRINH, Vietnam
Occupational Safety and Health
Association, Vietnam
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Technical Session 9
Working together for positive results

Room Versailles Ballroom

Session Chair Eros ZUNIGA,

National President, Safety Organization
of the Philippines (SOPI)

How engineers and OSH professionals
together can improve outcomes

Ms Sarah Emma DAVIDSON,

North Asia EHS Director, JLL

Mr Paul BOWER, Asia Pacific HSBC,
Regional Engineering Director, JLL,

long Kong SAR, China

Enhance communication between
occupational hygienists, OHS
professionals and practitioners for
effective risk management

Mr Zephan Chan Yu YUN, Director

of Operations, Head of Occupational
Hygiene, IOM (Institute of Occupational
Medicine) Singapore Pte Ltd

Sriram PRASATH, Occupational Hygienist,
IOM (Institute of Occupational Medicine)
Singapore Pte Ltd, 5

ngapore

Can HR and OSH work together to
bring about sustainable rehabilitation?
Dr David THOMAS, Senior Lecturer

and Portfolio Lead (Acting Head of Built
Environment), University of Greenwich, L/}

Occupational safety and health (OSH)
communication: MSOSH engagement
and collaboration strategies with its
stakeholders

Mr Mohamad Aliasman MORSHIDI,
HSE Practitioner, Malaysian Society of
Occupational Safety and Health (MSOSH),
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Driving OSH excellence through communication and collaboration

Day Two | Wednesday 05 December

08.30 Registration, refreshments and exhibition

09.10 Welcome from the Chair Prof Vincent HO
09.15 Guest of Honour Er Siong Hin HO, Commissioner for Workplace Safety and Health, Ministry of Manpcwer

09.35 Keynote 1: Dr Olivier LO, Group Medical Director, International SOS
Health sustainability: OHS sustainable reporting opportunities via the GRI 403 standard

10.05 Keynote 2: Linda REINSTEIN, President/CEO, Asbestos Disease Awareness Qrganization (ADAO)
10.35 Panel discussion and Q&A

11.00 Refreshments and exhibition

11.40 PARALLEL SESSION 4 see page 13

Technical Session 10
Managing critical risks
Technical Session 11
Safety culture

Technical Session 12
Mental health and wellbeing case studies

13.10 Lunch and exhibition

14.10 Inspiring OSH Student Award

14.25 Closing ceremony Mr Matthew Cheung Kin-chung, GBM, GBS, JP, Chief Secratary for Administratior,
The Government of the Hong Kong Special Administrative Region
14.40 Summary and conclusions from conference chair

14.45 PARALLEL SESSION 5 see page 14

Technical Session 13

Creating a safe and healthy workplace through collaboration
Technical Session 14

Worker engagement - practical application

Technical Session 15
Educating the workforce — innovative ways for engagement

16.15 Conference close
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Parallel Session 4
Wednesday 05 December | 11.40-13.10

Technical Session 10
Managing critical risks

Room Luxembourg
Session Chair Prof Shuh-woei YU
- Honorary APOSHO Member

What is the meaning of a safe system
of work from the legal perspective
Dr Yum Yin WONG, Managing Director,
Y Y Wong Safety Consultants Ltd,

Hong Kong

Minimising the exposure of safety
critical risks — our experience in CLP
Dr Vanessa FORBES, Senior Director —
Health, Safety and Environment, Group
Operations, CLP Holdings Limited

Mr Stephen PANG, Senior Process safety
Manager-CLP Holdings Limited,

R, China

An innovation to enhance working

at height safety - rapid demountable
platform for RMAA Works

Dr Winson YEUNG, Principal Consultant,
Occupational Safety and Health Council,
Hong Kong SAR

Mr Toran LAW, Senior Consultant,
Occupational Safety and Health Council,
Hong Kong SAR,

ng SAR, China

How collaboration can

make work safer

Mohamed Amin ABDULLAH,

Group HSSE, Petroliam Nasional Berhad,

[echnical Session 11
Safety culture

Room Versailles ballroom
Session Chair Bernie DOYLE,
President and Chairman,
NSCA Foundation

Application of decision-making
tool for safety culture study in
Hong Kong industry

Mr Chun Kuen Alex TSE,
Programme Director,

The Open University of Hong Kong,

Hong Kong SAR, China

Three lessons learned when
changing safety culture
Mr Boon Chew SOON, Principal

Consultant, Culture Lab Pte Ltd, Singapore

Rising to the challenge of developing
a safety culture in high-profile multi-
contractor major projects

Mr Stephen POLLOCK

Senior Manager - Project Safety Strategy
and Development, MTR Corporation,

Hong Kong SAR, CI

Using safety management

systems to motivate change

Nicole YIU, Teaching Fellow, Department
of Civil and Environmental Engineering,
The Hong Kong Polytechnic University,

Hong Kong SAR, China
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Technical Session 12
Mental health and wellbeing
case studies

Room Longchamps

Session Chair Mr JC SEKAR,
CEO and Co-Founder AcuiZen
Technologies Singapore Pte, Ltd

What's new in return to work?
Joining the dots for OSH professionals
Ms Bonnie YAU, Executive Director,
Occupational Safety and Health Council,
Mr Ivan Williams JIMENEZ,
Research and Development Advisor,
I0SH, UK

Perceptions of psychosocial risks
in the Asia Pacific workplaces

Mr Ivan Williams JIMENEZ, Research
and Development Advisor, IOSH, UK

A survey of occupational burnout
and wellbeing in Hong Kong

Ms Alice LAM, Senior Consultant of
Occupational Safety and Health Council,

Hong Kona SAR. China
iong Kong R, Chine
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Parallel Session 5

APOSHO 33

Driving O5H excelence through communication and collaboration

Wednesday 05 December | 14.45-16.15

Technical Session 13
Creating a safe and healthy workplace
through collaboration

Room Versailles ballroom
Hosted by International SOS
Moderator Mr. Patrick WONG,
Business Development Director,
International 505 and Future Care

Hear from a panel of industry experts
about some best practices on how
organisations create a safe and healthy
waorkplace through working closely with
different teams. The areas to be discussed
in the panel discussion would include:

The definition of OSH excellence

and the understanding of collaboration;
Sharing of different organisations’
views and experiences in driving

OSH excellence;

Key drivers towards attaining
collaboration;

How to manage expectations

and overcome challenges; and

Howv success was measured.

Capt. Pradeep CHAWLA,
Chairman/Managing Director QHSE

& Training at GlobalMET, Anglo-Eastern
Ship Management Ltd.

Mr. Paul SCOTT

Executive Director, Arcadis

Prof. Samuel YU,

Associate Director, Health, Safety and
Environment Office, Adjunct Associate
Prafessor, Division of Environment and
Sustainability, The Hong Kong University
of Science and Technology

Technical Session 14
Weorker engagement
- practical application

Room Luxembourg
Chair Mr Andy Lo Chartered Safety
and Health Practitioner HK 105H

Making the connection ...

Dr Karen Elizabeth MCDONNELL,
Occupational Safety and Health Palicy
Adviser, Royal Society for the Prevention
of Accidents, UK

Carlene MCAVOY, Community Safety

| Development Manager, Royal Society far

the Prevention of Accidents
Scotland, UK

How to get your workforce
engaged with health and safety

Mr Lance HISCOE, Vice President,

Asia Pacific Rim, NOSA Global Holdings,
New Zealand

Developing health and safety
culture through effective
communication strategies

Mrs Chandani KAHANDAWALA,
Managing Directar,

International Safety Consultants

| Mr Gayan FERNANDO, Head of Health

and Safety, Siam City Cement (Lanka)
Limited, Sri Lanka
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Technical Session 15
Educating the workforce
- innovative ways for engagement

Room Longchamps

Chair Mr Zephan Chan Yu YUN,
Director of Operations,

Head of Occupational Hygiene,
I0M Singapore Pte Ltd

Engage for positive change
Ms Roisin KELLY, HSEQ Manager,
Balfour Beatty CLG Ltd, Republic of Ireland

Effective communication

in complex environments

Mr John LACEY,

APOSHO Organising Committee, UK

How can we make employees more
sensitive to hazards effectively?

Mr Megumu FUKUMI, Director,
JISHA (Japan Industrial Safety and
Health Association), Japan
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A Study of Using Virtual Reality Technology for Labor Education and
Training

Cheng-Ming Chang  Kuo-Ching Liu  Chieh-Yu Huang
Institute of Labor, Occupational Safety and Health, Ministry of Labor, Taiwan

Abstract :

In recent years, there are several major accidents occurred in the petrochemical
industries and construction industries in Taiwan, and many workers lost their health and
even lives. Despite the measures that have been established for safety and health
management systems and emergency planning by large-scale enterprises, major accidents
still occur. The traditional approach of safety education and training mainly use drills
which need much manpower and material costs for each exercise, and therefore it is
difficult to be conducted frequently.

In this study, we collected and analyzed occupational accidents in petrochemical
related industries in the last five years. Next, we wrote the scenario scripts for incorrect
operation and improper maintenance. Also, we conducted on-site interviews in three
petrochemical industries and one occupational safety consulting company for writing the
contents of script. Then we established the experiential studio and operations of several
safety concept designs in the petrochemical industries using virtual reality technology. This
virtual reality tools was to simulate fire and explosion accidents. Smartphones, tablets, and
smart glasses can be used to repeat the exercise process. At the end, the VR app and the
evaluation questionnaires regarding the traditional and immersive education training were
given to 55 plant workers. The survey results showed that the trainees feel that the virtual
reality teaching is easier to carry out, more attractive compared to traditional education
training, and helpful for educational training.

In addition, this study also focused on the occupational hazards in the construction
industry and the development of immersive virtual reality for scenarios related to site
activities of the construction industry. Somatosensory interactions and hazard
identifications were used including falling from high places, falling over, electrocution,
collapsing, flying objects, struck-by, and so forth.

This study simulated the developmental processes of accidents by virtual reality
teaching which enables workers to experience the actual situation in accidents through
simulation. The workplace hazard identification training can be repeated.

1. Introduction
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Human errors are always considered the causes of occupational injuries, it could
be physical and mental capabilities, lack of knowledge and information relevant to
performing the task, and lack of the necessary skill to carry out the task. How to
educate employees to be less prone to having human errors is an important issue of
enterprises’ education and training on occupational health and safety.

Augmented Reality (AR) and Virtual Reality (VR) development have been
applied to entertainment, marketing, education, art, fashion, and many more area.
VR/AR introduce a new way to learn. Virtual reality is the use of computer technology
to create a simulated environment. It can provide the most robust and immersive
experience. Unlike traditional user interfaces, VR places the user inside an experience.
Instead of viewing a screen in front of them, users are immersed and able to interact
with a 3D world. Several studies have shown that people who learn and train in VR
retain the information much more deeply and for longer periods of time than those who
simply use books and videos and other traditional methods. VR allows students to run
the lesson as many times as needed, and they cannot be distracted while in the headset.

This study is to use VR technology to develop occupational education and
training materials and hopefully to raise workers' safety awareness.
2. Methods

(1) Compile and analyze occupational accident cases in construction and petrochemical
related industries.

(2) Define the goals of VR training materials and decide what platforms to design for.

(3) Write VR scripts. Based on the occupational injury analysis, select various operations
on construction sites and in petrochemical plants, construct virtual environment and
design interaction with virtual environment. Consult professionals with the script
content.

(4) Create immersive virtual reality experiences for potential hazards and incident: eight
scenarios in construction industry and two scenarios in petrochemical industry.

(5) Post training evaluation survey. Use questionnaire to evaluate the effectiveness of the
VP app.

(6) Device. Oculus Rift and 3D VR glasses were used.

3. Results and Discussion
(1) Occupational injuries
Domestic occupational accident cases in petrochemical related industry from
2012 to 2017 were studied, and a total of 19 accidents were collected. Among
these 19 accidents, 7 can be attributed to incorrect operation and 5 improper
maintenance.
From 2006 to 2016, there were 1,607 major occupational injuries in
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construction industry, an average of 161 injuries each year. The leading causes of
worker injuries on construction sites were falls(61.5%), collapse(10.8%),
electrocution(8.1%), flying objects(4.1%), and struck-by-object(3.4%).

(2) Design of virtual reality

The scenario scripts of virtual reality were based on the previously mentioned
occupational injuries case study. Two scenarios were designed for petrochemical
industry, incorrect operation of a valve and improper maintenance of a pump.

Eight scenarios were designed for construction industry. It offers an
interactive way to identify hazards in certain operation and environment, and creates
an immersive virtual reality environment that would let users experience an incident.
These eight scenario are planned as shown in Table 1.

Table 1 Eight construction industry VR scenarios

Operation/Environment Potential hazards
Mobile crane lifting operation Flying objects/ struck-by
Acetylene cutting operation Fire & explosion
Floor opening/ Fall
Elevator shaft opening
Electrical device Electrocaution
Stepladder Fall
Working platform/Scaffold Fall/Collapse
Steel structure work Fall
Roof work Fall

(3) Development of virtual reality

VR provides us with the opportunity to explore immersive 360-degree
environments. In some of the scenes we use arrows/highlight within the virtual
world to help direct the user’s attention towards a direction. Two virtual reality
environments were created for petrochemical industry. One is about the pump leak
due to improper maintenance and results in an explosion. The other one is a response
to the LPG pipeline leak, wrong valve operation results in bigger leak. Each VR
scenario has 5 interaction options to complete the assignment. The user can follow
the guidelines to go through the learning process. During this process, a wrong
decision will result in an explosion. Table 2 exhibits some of the scenes in this VR.

There are eight simulation working environments in construction industry VR.
And each environment is designed to conduct a hazard identification and experience
an incident. The user need to find the potential hazards. At the end of each section, it
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will let the user to experience an incident and make a deeper impression on the user.

Table 2 Scenes in petrochemical industry VR

1%t scenario: LPG pipeline leak - incorrect operation of the valve

Choose one scenario Assignment
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2"d scenario: pump repairment

Assignment PPE room

Inform control room to shut down | Insert blind
pump and lock out/tag out.
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Drain Pump removal
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Table 3 Scenes in construction industry VR

1. Mobile crane operation 2. Acetylene cutting operation

w

. Floor opening/ Elevator shaft opening 4. Electrical device

5. Stepladder 6. Working platform/Scaffold

7. Steel structure work 8. Roof work
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(4) Post training evaluation survey

Petrochemical industry VR was given to 55 plant workers. The evaluation
survey result showed that 95% of the users agreed that VR was a good learning
support tool, 91% agreed that VR learning was more effective than traditional
learning methods. However, the content was not very practical.

Construction industry VR was given to 20 construction workers. The
evaluation survey result showed that 95% of the users agreed that the accident
experience made them feel real, 90% felt the dangers on the construction site during
the interaction process, 100% had learned safety knowledge and also like to use new
VR training tool.

4. Conclusion

(1) Define the goals for the app is the most important step to consider before deciding to
develop a VR app. A clear goal of what to achieve with this app is needed, whether it is
a stand alone experience, a multi-story platform, or a game.

(2) Develop VR training tool need the cooperation between two domain knowledge
professionals, occupational safety/field operation knowledge and VR knowledge.

(3) Unlike video games, VR isn’t something people can watch hours-long without
feeling sick. Build in breaks that prevent discomfort. This is particularly important for
cardboard, which must be held close to the face.

(4) VR Immersive Experience is more impressive than the traditional learning methods but
can not replace them. It is an effective learning material and a learning support tool.
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