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Introduction

These proceedings are published under the umbrella of the Clpufp®seof whichis to provide a
globalnetwork for international exchange and cooperation in building and construction research
and innovation The CIB is thimternational Council for Research and Innovation in Building and
Construction and comprises world-wide network of over 800 expertdrom about 0 member
organisations active in the research community, in industry or in educafioeycooperate and
exchange information in 361B Commissions covering all fields in building and construction related
research and innovation. These includ®rking Group 099 (Construction 8gf Health and
Wellbeing) and WorkinGroup123(People in Construction).

Objectives and Scopes of W099 (Construction Safety, Health and Wellbeing):

The Commission is committed to the advancement of safety health &tideing of
construction workers. The tools necessary to accomplish this end include designing,
preplanning, training, management commitment and the development of a safety culture.

I O2dzy iNEQa Ay @2f SYSyid 6A0GK OnfiendedmzOiA 2y
factors like: varying labour forces, shifting economies, insurance rates, legal ramifications
and technological development.

Objectives and Scopes #/123(People in Construction):
The Task Group focuses on "boots on the ground" managerfegsionals and workers.

The Task Group aims to involve representatives of employers, workers and governments,
and researchers in both developed and developing countries, and aims to foster dialogue
and collaboration.

Main research activities of the Tka&roup focus on various items related to people in
construction, including: competencies, aging workers, gender issues, disability, work and
labour conditions, H&S, work/life conditions and see@mnomic issues, stress, respect for
people, skills supplgnd employment relationships.

These proceedings are from the W099 akid23joint conference, held on the" & 10" September

2021 Thistwo-day conference was due to be held at Glasgow Caledonian University, Glasgow
Campus, but became an4ine event d to restrictions on conference attendance due to the COVID

19 pandemic. The GCU Built Environment & Asset Management (BEAM) Centre hosted the
conference, which is thiourth of its type held in the UK and tlsecondin Scotland2020 was also a

Df I A AN d#¥ @ Q O2y FSNByY OS ¢ heeting ffcDsed om di deasEondioKthedCIBA &
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The conference provided an international forum for researchers and practitioners to put forward their
research and ideas on how to improve saféiyalth, wellbeing, and the life of people in construction.
¢tKS GKSYS 2F (KAA& eHangdsbdinno@goysTi& Nidbsoeé wellbkirg ind

~

aI.'.

i K



Proceedings of the Joint CIB W099 & W123 International Conference 2021: ~

o)

Changes and innovations for improvweellbeing in construction Wiza3

constructiof ¥ | f AJY SR 6AGK

GdKS

' b 3{(gimd health ird avélliseing, S @St 2 LI

(decent work and economic growthand 9 (Industry innovation and infrastructure)

Conference Statistics

88 abstracts received from 167 authors across 18 countries

13 rejected
3 withdrawn

75 invited to submit full papefat this point a face to face will still planned)

Country

No. of Authors

Australia

China

Denmark

Ghana

Hong KongSAR)

Iraq

Malaysia

New Zealand

Nigeria

Oman

Portugal

Saudi Arabia

South Africa

Sri Lanka

Sweden

Turkey
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United Kingdom

N
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USA
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44 papers received
37 accepted

2 withdrawn

4 rejected

1 industry paper

Accepted papers 89 authors fromcBuntries

Country No. of Authors
Australia 13
China 2
China (leang KondSAR) 2
Portugal 3
South Africa 13
Sweden 3
Turkey 2
United Kingdom 35
USA 15
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Papers were divided into nintbemes:

=

Digital Innovation & Technology

Culture & Leadership

Human Factors & Behaviour

Healthy Mind: Mental Health

WCteAYydQ LYyy20FG4A2Y 3 ¢SOKyz2f238
HealthyBody

Management

Healthy Mind: Stress & COVID

Home & Work

= =4 =4 =4 -4 -8 -4 -9

Papers by themes

Most papers this year have been submitted to the W099 theme. Many straddle both W099 and
W123, with7 on mental health. However, there has been a dearth of submissions on tomicsas
gender issues, equality and diversity. Therefore, we should endeavour to promote more of these for
future joint conferences.
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Paper Awards

W@mmie Hinz€Best Paper Award 2021

Safety Implications of Using UAVs in Cartion: An EthicaPerspective
Mostafa Namian, Mohammad Khalid, Michael Behm

Wohn SmallwoofBest Paper Award 2021

Family Role Blurring and Conflict: The Case of South African Construction Professionals
Rita Zhang and Paul Bowen

Best Mental Health Paper Award 2021
Exploring Acculturation Stressors of Ethnic Minority Workers in the Construction Industry
Khursheed Ahmed and M¥ung Leung

Best Student Paper Award021
Risk myopia among UK construction workers: Refining the Prescription for our Safety Glasses
llya Andgeev and Fred Sherratt

Hrst runnerup
Jimmie Hinze Best Papeunner-up 2021 (Joint)
[ dzft GA@FGAY3 | WwW2dzadQ Odz §dzNBE Ay O2y aldNHzOGAZ2Y
Safety management systems
Meri Duryan, Jing Xu, Hedley Smyth

Risk myopiamong UK construction workers: Refining the Prescription for our Safety Glasses
llya Andreev and Fred Sherratt

Best Mental Health Papeunner-up 2021
Improving Mental Health and Safety in the Construction Industry: A Study in Australia
Carol K.H. Hon

Best Student Papeunnerup 2021
Exploring Acculturation Stressors of Ethnic Minority Workers in the Construction Industry
Khursheed Ahmed and M¥ung Leung

We congratulate all those recognised here!

ProfessomBilly Hare
Glasgow Caledonian UniveysiUnited Kingdom
Joint CeOrdinator W099
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10" September 2021

Dear Author

On behalf of the Joint CIB WO93& 23 InternationalConference 2021held on9"-10" September

2021, | can confirm that the Conference Proceedivdisbe formallypublished (SBN978-1-91418

801-5). | can also confirm that the Proceedings have a full table of contents, together with an index of
authors, as well as statements indicating the importance of contributions from this discipline to the
Conference.

Allpapers accepted for the Conference resulted from of a double blind peer review process at abstract
and final paper stage by members of the International Scientific & Technical Programme Committee.

Best wishes
Professor Billy HaréhD, BSc (Hon), BA, MCIOB
Conference Chaiir,

Joint CIB WO99 & W1R&ernational WekConference 2021
Deputy Director BEAM Research Centre | Construction & Surveying / SEBE
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W123 (formerly TG59%eople in ConstructionNow and Tomorrow

The CIB task groupn construction people (PiC) called TG59 held its first meeting on June 17th 2005
in Helsinki, Finland. The task group puts 'people' at the forefront of construction research. At
inception, TG59 was a brainchild of the CIB through the active involverh®mtwim Bakens and the
International Labour Organisation (ILO) through Dr Edmundo Werna. Although the task group was
muted in 2004, it was only formally established in 2005 with Dr Jill Wells as the group's first
coordinator. Dr Jill Wells, former constition specialist the ILO, served as the coordinator from 2005

to 2006. The objectives of the group in her tenure were twofold:

Bring together two kinds of researchers: those whose primary objective is to improve the
industry's performance and see the focos people as a way of achieving this; and those
whose primary interest is in the lives of the people who work in the industry.

Create a dialogue between these two groups of researchers, from both developed and
developing countries, to foster collaboration

The objectives mentioned above were expedited at the macro and micro levels of research focus. The
macralevel involves a look into the labour market and its dynamics in addition to national and cross
border migration. At the micréevel, the group's focaiwas on the reality of work on construction sites

and views of the workers, the links between skills and productivity, future skill requirements, including
professional and managerial skills, and the meaning of 'HRM' in construction. Ms Robyn Gordon took
over from Dr Well in 2006. She focused on skills shortages, health, safety and welfare, change in
attitude concerning productivity, leadership and resources, education, training and development,
automation and technology and knowledge management. In 2@t international coordinators

were appointed for the task group. The joint coordinators served for nine years (Z8WI6). As joint
coordinators, Prof Theo Haupt and Prof John Smallwood, expanded the research focus of TG59 while
hosting conferences tattract emerging scholars to the group.

In 2016, Prof Fidelis Emuze took over the coordinator baton for TG59, emphasising people in the
frontline of construction work. Thus, the research focus included respect for people, gender issues,
older workers, wokforce engagement, diversity, and wellbeing. The overarching idea is that people
that binds the construction process together are the most valuable resource in the sector, and as such,
their interests are essential research considerati®s. an intentioal¥ 2 Odza 2y Wo6220a 2y
and frontline managers, professionals, and workers as the PiC came into being in the tasicgrenp.

that construction remains labotintensive where people's contributions significantly impact
performance, improving peple's wellbeing is paramount. The task group that was recently upgraded
to a CIB Working Commission (CIB W123pwiltl upon the work and antecedent of TG59. The work

of W123 will involve scholars and practitioner identifying as employers, contracegglators, and

all categories of people in construction operations (craft, technical, professional and managerial
workers), in both developed and developing countries. W123 will foster dialogue and collaboration
among PIC by expediting a range of forwbroking objectives, which include:

1. To create a network of interested and involved members in research into work (employment),
people, and social issues in construction.

2. To bring into the network, scholars from outside the construction disciplines whaanieng
on people issues.

3. To provide a forum for the exchange of ideas on social and people issues in construction.
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4. To provide a forum for the exchange of ideas on people issues concerning Sustainable
Development Goals (3 Health and Wading, 4 Quality ducation, 5 Gender Equality, 8
Decent Work & Economic Growth, 9 Industry, Innovation & Infrastructure, 10 Reduced
Inequalities, 11 Sustainable Cities and Communities) in construction.

5. To provide a forum for the exchange of ideas on people issues concegytiiagtechnologies
for fourth Industrial revolution (4IR) (Artificial Intelligence [Al], Quantum Computing, Internet
of Things [IoTs], Big Data, Blockchain, Cloud) in construction.

6. To provide a forum for exchanging ideas on people issues concerninggdhgsitologies
for 4IR (3D printing, Robotics, New Materials) in construction.

7. To provide a forum for exchanging ideas on people issues concerning health disruptions in the
form of pandemics and epidemics (inequalities, job securities, revised safepnammrdures
[SWPs]) in construction.

8. To provide a forum for the exchange of ideas on people issues concerning ethical reasoning in
construction.

9. To identify critical issues for future research and possible sources of funding.

10. To disseminate research findmgp a broader group of scholars and practitioners working in
the field.

Professor Fidelis Emuze
Central University of Technology, Free State, South Africa

CoOrdinator W123
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Making History: the evoltion of joint CIB W099 aniiV123 Conferences

WOQW{ I TSihex | SISAYA WYR/ 2F&ail MR S2 WYY / Bsfféini NaizOd A 2
ventured for an annual conference in Cape Town, South Africa, June 2017, followed by Salvador, Brazil,
August 2018, and virtually (Glasgow), September 2020.nPutie Triennial CIB World Building
Congress, June, 2019, W099 and TG59 staged separate sessions. ThértR@RlGlasgow),
conferencecontinued thigoint venture success

The joint venturing has its origins in the scope of the respective commissamudtant synergy, and
dual allegiance of a number of membefsthe respective commissions.

In terms of scope, given that W123 focuses on people in construction issues, many are directly related

to H&S, such as H&S itself, labour conditions, stress, emri#itions,and work life conditions Other

W123 issues are indirectly related to H&S, such as ageing workers, and gender. Furthermore, recently
completedpeople in constructiomesearch directed towards developing a W123 research roadmap,
resulted in repondents identifying 53 issues relative to the top five people in construction issues, top

five research priorities, and top five research gaps in their countries. Based upon the mean response,

the top four issues were mental health, workforce wediing,workforce engagement, and H&S, which

are all W099 issues, albeit in the casavofkforce engagemento a lesser extent. These findings also

dzy RSNBEO2NBE GKS NIGA2y IS T2N S@2t gAy3a GKS 2 nado
W{FFSheBaWelSEAYR Ry [/ 2yaidNHzOGA2YQ

Professor John Smallwood
Nelson Mandela Universitport ElizabethSouth Africa

Member W099 (since 1996) and TG59/W123 (since 2007)

WO099 & W123 Committee for 2021

Professor Billy Hare Glasgow Caledonian University, UK
Professor FideliEmuze Central University of Technology, SA
Professor John Smallwood Nelson Mandela University, SA
Professor Fred Sherratt Anglian Ruskin University, UK

Dr Kenneth Lawani Glasgow Caledonian University
DrPhilipMcAleenan Expert Ease International, UK

Dr CiararMcAleenan Ulster University, UK

DrPatrick Manu University of Manchester, UK

Dr Emmanuel Aboagyimo University of Brighton, UK

Mrs Tres Hendry Glasgow Caledonian University, UK
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ScientificReviewCommittee

The peer review for this conference wanly possible because of theoluntary contributions of
experts from various countries. The edit@® sincerely grateful to:

Emmanuel Aboagye Nimo

Aka Adefemi
Wael Alruqi
Omar Amoudi
Bankole Awuzie
Paul Bowen
Siddharth Bhandari
Clara Cheung
Alex Copping
Marcello Costella
Fidelis Emuze
John Gambatese
Alistair Gibb
Matthew Hallowell
Billy Hare

Theo Haupt
Marcus Jeffries
Andrea Jia
Richard Jimoh
Wendy Jones

Ali Karakhan
Elvira Lantelme
Kenneth Lawani
Helen Lingard
Patrick Manu
Thomas Mills
Ciaran McAleenan
Philip McAleenan
Innocent Musonda
Chioma Okoro
Manikam Pillay
Payam Pirzadeh
Sally Rajendran
Tarcisco Saurin
Fred Sherratt
John Smallwood
Simon Smith
Heldley Smyth
Michelle Turner
Tarig Umar

Ned Umeokafor
Rita Zhang

University of Brighton

Federal Universityforechnology
Al Jouf University

Oxford Brookes University
Central University of Technology
University of Cape Town
Western Michigan University
University of Manchester
University of Bath

Federal University of Rio Grande do Sul
Central University of Technology
Oregon State University
Loughborough University
University of Colorado
Caledonian University
Mangosuthu University of Technology
University of Newcastle
University of Melbourne

Federal University of Technology
Loughborough University, UK
Oregon State University

Federal University of Rio Grande do Sul
Caledonian University

RMIT University

University of Manchester
Oklahoma State University

Ulster Uniersity

Expert Ease International
University of Johannesburg
University of Johannesburg
University of Newcastle
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Central Washington University
Federal University of Rio Grande do Sul
Anglia Ruskin University

Nelson Mandela University
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University College London

RMIT University

Kingston University
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Industry & KeynotePapess

12 ISHCCO Qualification Framework For Construction Safety Coordinators
Alfredo Soeiro, Reinhard Obermaier, Manfred Mehl, Bhikpr, JeaRiere Vanlier, Erwin
Bruch

21 Suicide in Construction: Examining Upstream Industry Influences and Interventions
Ciaran McAleenan, Michael Behm, Gerard Ayers, Philip McAleenan
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ISHCCO Quialification Framework For Construction Safetgrdinators

Alfredo Soeiro, Reinhard Obermaier, Manfred Mehl, Philip Baker, JBaare Vanlier,
Erwin Bruch

ISHCC®OInternational Safety and Health Construction Coordinators Organization
http://www.ishcco.org

Correspondence: avsoeiro@fe.up.pt
Abstract

ISHCCO (International Safety and Health Construction Coordinators Organizativm.ishcco.org)
represents an European umbrella association of the national professional associations of Health and
Safety Construction Coordinators (HSCC). One of the stattims of ISHCCO is to promote
excellence in education, training and professional development in the countries of the national
members. Since ISHCCO was founded in 2003 it has been working on the development of such a
catalogue of criteria for the promain and acceptance of qualification framework for HSCC. The
ISHCCO qualification framework (IQF) developed enables benchmarking based on technical standards
and European legislation complying with international and national criteria. IQF, like the European
Qualification Framework, has three dimensions for the competences of HSCC: knowledge, skills and
attitudes. What is described is the process followed to define these competences, the application of
IQF for levels 5, 6 and 7 of EQF (technician, bacheldrnaaster) and the connection with the
European Directive 92/57 about temporary or mobile construction sites. The types of projects
considered in IQF include requirements for simple projects, medium building construction and civil
engineering projects anklighly specialized construction projects or major projects. The target groups

in construction are experts, institutions, professional associations, chambers of commerce,
construction sector companies, authorities and building owner/clients. IQF can betusifine

learning outcomes of HSCC training courses and respective contents and assessment.

Keywords. Competences, Construction Coordinators, EQF, Health & Safety QSKECQualification
Framework

DESCRIPTION

The European Temporary or Mobile Constion Sites Directive, 92/57/EEC, through national
legislation in member states, places an obligation on clients to appoint safety and health coordinators
for the both the preparation stage and the execution stage of a construction project [1]. The tables
below describe the core knowledge, skills and Attitudes required by coordinators at three EQF levels,
5, 6 and 7 [2]. The relationship can be observed in Figure 1.

Each table of IQF starts with the standard EQF descriptor for the level, describesabxgjiect for

which a person at that level might be an appropriate coordinator and presents some of the job names
for that level of person that might be in common usage in some of the member states [3]. The
functional requirements of coordinators are tsame at each of the three levels it is the levels of skill,
knowledge and Attitudes that increase at the higher levels.

12
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Each table of IQF then presents the requirements on coordinators from the Directive, using the
Directive Article numbers and beneatlach requirement lays out the knowledge, skills and Attitudes
that are required to discharge the function to that level. Each of the three tables starts with the
functions of the preparation stage coordinator (Article 5) and then addresses the functidhe o
execution stage coordinator (Article 6).

The definitions of knowledge, skills and Attitudes used in this ISHCCO Qualifications Framework are
adapted to Safety and Health Construction Coordination from the European Qualification Framework
(EQF). ThEQF definitions are:

1 Knowledge; outcome of assimilation of information through learning. Knowledge is the body
of the facts, principles, theories and practices related to a field of study or work;

Skillsg ability to perform tasks and solve problems;

Autonomy and responsibilit the ability of the individual to apply knowledge and skills
autonomously and with responsibility.

SHCC
Safety and Health Construction Co-ordinator

EQF Level
IQF Level

Professional Manager 7 |
complex projects

EQF Factors

Expert Technician 6 ':‘, }

Technician 5 | / Responsibility...
simple projects i
/ skills

&0 knowledge
> /

Q@Q':Ne /

SN COUNCIL DIRECTIVE 92/57/EEC
v‘°\(\e5°

Figure 1¢ application of IQF to the safety and health construction coordination

PROJECT BACKGROUND

These requirements expra$sn IQF for HSCC are set in the context of health and safety construction
coordination. The importance of understanding the design and construction processes to identify the
interface risks between construction techniques. These can be best acquireeipéhence in design
practice and on construction sites. The European Commission has produced a Non Binding Guide on
the application of the Directive. In addition to the knowledge, skills and attitudes identified in IQF,
HSCC wanting to work in Europeamdh member states or in other countries around the world will

also need to demonstrate that they understand and can apply the national requirements of the
country of operation. An illustration of the requirements of HSCC can be that presented in Figure 2

In terms of the project stages project stages different member states and countries have different
definitions of the stages of a project [4]. In Figure 3 the stages are illustrated as described in the
European Directive 92/57:

13



o

Proceedings of the Joint CIB W099 & W123 International Conference 2021:
Changes and innovations for improweellbeing in construction Wilz23

w ¢ KS Wt NP @iedthelieat first NiEkés contact with the construction industry and
ends when the structure is complete.

w ¢KS Wt NBLINFXdGA2y {dG13SQ adlINIa Fd GKS adl NI
Preparation Stage safety and health construction coortdinégs complete. This might be when the
contractor starts work, when the design is complete, or at the end of the Project.

; A z
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Project.

d) Qualification of the coordinator for safety

Iand health matters
NeL A

| % Good practices:

The competencies of coordinators for safety and
health matters on a project should take into account
the need to:

- have the requisite knowledge to act as a coordinator;

- have demonstrable skills and experience of similar
projects;

- have sufficient knowledge of design and construc-
tion work, and of occupational safety and health
issues specific to the project under consideration
having regard to its size and complexity; and

- beable to satisfy the client that they have the resourc-
es successfully to manage the project’s occupational
safety and health risks for the work in question.

When assessing the competencies of a legal person,
it is necessary to consider the competencies both of
the organisation and the people it proposes to use
on the project in question.

When assessing other stakeholders, the same broad
issues of competence and resources are applicable.

Figure 2. From ISHCCO IQJF [

Project Project
Inception Completion'l’

PRE CONSTRUCTION STAGE

Design or preparatory work
CONSTRUCTION STAGE
Construction work

Figure 3. Project Stages
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ISHCCO has produced the IQF with the contribution of a working group of members. The work was
done in about four years and it was the result of several meetings held for a day dedicated to several
steps towards the current IQMnitially it was supposed to be developed as an accreditation tool for
HSCC professionals. It was noted by association members that the task and responsibilities of carrying
such a job of accrediting the professionals in each country was difficult diieetdlifference of
procedures to be qualified as HSCC [5].

Intermediate step consisted in defining modes of assessment that were adequate for the different
types of competences and various levels of HSCC activities. In this approach the tool TALO& was use
to define for each type of competence adequates modes of assessment like peer review, case studies,
multiple choice questions, problem based questions, etc. [6]. This phase was concluded and the
proposals for evaluating the different competences werecdssed and established. These are
available for those interested in using these assessment methods.

The last phase consisted in developing training materials that could lead to the acquisition of the
required competences. Some countries have their ownntrgj schemes based on local safety
conditions and on construction practices. These training programs are different in terms of content,
duration, periodicity, levels of qualification and definition of learning outcomes/competences. The
idea of defining a@mmon training program was researched but abandoned due to existing variations
across countries. IQF has now this collection of training programs as an annex to the IQF so the choice
of an adequate training program can be made.

LEVEL 7 HSCC Competences

Caoordinator knowledge, skills and attitudes at EQF level 7 is presented as an example.

The level 7 Safety and Health Construction Coordinator (SHCC) according to IQF requirements for
being qualified must have knowledge, skills and attitudes of the procesilm the discipline of

SHCC shown in the table below in addition to those for Levels 5 and 6. This can be achieved through
training, experience or accreditation of prior learning.

EQF description of performances at Level 7 applied to the Safety anith @eaistruction
Coordinator

Knowledge

(highly specialised
knowledge, some of which
is at the forefront of

Skills

(specialised problersolving
skills required in research
and/or innovation in order

Attitudes

(manage and transform wror
study contexts that are complex,
unpredictable and require new

knowledge in a field of
work or study, as the basis
for original thinking and/or
research; critical awarenes
of knowledge issues in a
field and atthe interface

between different fields)

to develop new knowledge
and procedures and to
integrate knowledge from
different fields)

strategic approaches; take

responsibility for contributing to
professional knowledge and practiq
and/or for reviewing the strategic

performance of teams)

ten metres; dams

Example of projects: Process mia complex geotechnical challenges; musfibrey above 25
metres/10 floors; bridge structures with pigressing; tunnelling; deep excavations greater tf

Germanyg Engineer
Portugalg Engineer

Examples of functional descriptor:
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Article 5(a)Project preparation stage: duties of coordinators
The coordinator(s) for safety and health matters during the project preparation stage appoin
accordance with Article 3(1) shall coordinate implementation of the provisions of AriiGenéral

Principles of Prevention)

Knowledge

Skills

Attitudes

Understand the principles
of ethical practice in
construction safety and
health

Demonstrate professional
advocacy in relation to
construction safety and
health coordination

Justify constructiorroordination
actions against organisational
objectives

Justify the principles and
applicability of the tools ang
techniques available to
measure risk

Utilise appropriate national and
European standards to improve
SHCC performance

Develop internal
construction coordination
competence schemes

Apply the theory of
organisational
communication with
respect to construction
safety and health
coordination

Article 5(b)Project preparation stage: duties of coordinators

The coordinator(s) for safegnd health matters during the project preparation stage appointe
accordance with Article 3 (1) shall draw up, or cause to be draw up, a safety and health plan
out the rules applicable to the construction site concerned, taking into accountevhecessary
the industrial activities taking place on the site; this plan must also include specific me
concerning work which falls within one or more of the categories of Annex Il;

Knowledge

Skills

Attitudes

Understand the influences
on the cultue of an
organisation on
construction safety and
health

Devise a construction safet
and health coordination
system for a project

Compare ranges of communication
techniques and be able to select
appropriate techniques for the
intended audience

Understandthe
construction coordination
policies of organisations
working on a project

Develop your professional
skills portfolio and
recognise the importance o
personal reflection

Communicate construction risks in
the context of project risk

Understand general
management techniques
and how these can be use(
to deliver construction
safety and health
coordination

Devise goals and
performance targets for
safety and health within
safety and health policies

Adapt systems to
incorporate diversity and
inclusivity in tte

workplaces
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Article 5(cProject preparation stage: duties of coordinators
The coordinator(s) for safety and health matters during the project preparation stage appoin
accordance with Article 3 (1) shall prepare a file appropriate toctieracteristics of the projeq
containing relevant safety and health information to be taken into account during any subse
works.

Knowledge Skills Attitudes

Communicate construction risks in
the context of project risk

Article 6(a)Projectexecution stage: duties of coordinators

The coordinator(s) for safety and health matters during the project execution stage appoin
accordance with Article 3 (1) shall coordinate implementation of the general principlé
prevention and safety:

T when technical and/or organizational aspects are being decided, in order to plan the v
items or stages of work which are to take place simultaneously or in succession,

T when estimating the period required for completing such work or work stages;

Krmowledge Skills Attitudes
Understand the principles | Develop your professional | Justify construction coordination
of ethical practice in skills portfolio and actions against orgasational
construction safety and recognise the importance o objectives
health personal reflection
Demonstrate professional | Utilise appropriate national and
advocacy in relation to European standards to improve
construction safety and SHCC performance

health coordination

Justify the principles and
applicability of the tools ang
techniques available to
measure risk

Article 6(b)Project execution stage: duties of coordinators

The coordinator(s) for safety and health matters during the project execution stage appoin
accordance with Article 3 (1) shall coordinatelementation of the relevant provisions in order
ensure that employers and, if necessary for the protection of workersesailoyed persons:

T apply the principles referred to in Article 8 in a consistent manner,

T where required, follow the safetgind health plan referred to in Article 5 (b);

Knowledge Skills Attitudes

Understand the influences Utilise appropriate national and
on the culture of an European standards to improve
organisation on SHCC performance
construction safety and

health

Article 6 (cProject execution stage: duties of coordinators

The coordinator(s) for safety and health matters during the project execution stage appoin
accordance with Article 3 (1) shall make, or cause to be made, any adjustments required
sdety and health plan referred to in Article 5 (b) and the file referred to in Article 5 (c) to
account of the progress of the work and any changes which have occurred;

Knowledge | Skills | Attitudes
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Understand the differencesg
between monitoring
systems

Develop change strategies
to improve construction
coordination on a project

Compare ranges of communication
techniques and be able to select
appropriate techniques for the
intended audience

Understand the
construction coordination
policies of organisatios
working on a project

Utilise benchmarking
techniques

Communicate the changes necessq{
to SHCC activities

Understand general
management techniques
and how these can be use
to deliver construction
safety and health
coordination

Devise goals and
performance targets for
safety and health within
safety and health policies

Challenge existing SHCC systems
when necessary

Understand the concept of
continual improvement in
construction safety and
health coordination

Interpret feedback from
safety and halth
management monitoring
systems

Communicate construction risks in
the context of project risk

Adapt systems to
incorporate diversity and
inclusivity in the
workplaces

Article 6 (dProject execution stage: duties of coordinators

The coordinator(sjor safety and health matters during the project execution stage appointg
accordance with Article 3 (1) shall organize cooperation between employers, including suc
employers on the same site, coordination of their activities with a view togatotg workers ang
preventing accidents and occupational health hazards and reciprocal information as provide
Article 6 (4) of Directive 89/391/EEC, ensuring that-eglployed persons are brought into th
process where necessary;

Knowledge Skills Attitudes

lllustrate how the systems
devised meet statutory legg
requirements in the

Justify construction coordination
actions against organisational
objectives

jurisdiction of operation

Develop internal
construction coordination
competenceschemes

Apply the theory of
organisational
communication with
respect to construction
safety and health
coordination

Article 6 (eProject execution stage: duties of coordinators
The coordinator(s) for safety and health matters during the projeetation stage appointed il
accordance with Article 3 (1) shall coordinate arrangements to check that the working procg
are being implemented correctly;

Knowledge | Skills | Attitudes
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Understand the differenceg Explain thepurpose of
between monitoring safety audits, their design
systems and techniques

Be aware of learning styleg Interpret feedback from
and their effectiveness in | safety and health
construction safety and management monitoring
health both for supervisors| systems

and the workforce

Article 6 (f)Project execution stage: duties of coordinators

The coordinator(s) for safety and health matters during the project execution stage appoin
accordance with Article 3 (1) shall take the steps necessary to ensure that only authorizeuasy
are allowed onto the construction site.

Knowledge Skills Attitudes
Be aware of learning styleg
and their effectiveness in
construction safety and
health both for supervisors
and the workforce

Adapt systems to
incorporate diversity and
inclusivityin the

workplaces

CONCLUSION

ISHCCO finds that having a proper set of terms of reference to evaluate who is capable of performing
the HSCC tasks and jobs is fundamental to ensure society that professionals perform their tasks with
guality. In an aredle construction safety where accidents and fatalities rates are high it is a civic duty
to assure that construction safety is coordinated by qualified and capable professionals [7].

The possible developments of the IQF are various. The first couldliExtome a standard for HSCC
around the world. That would give possibility for mobility of HSCC across countries and would ensure
that the competences have obtained quality levels. The second is that IQF can be adapted to the users
acquaintance with competare frameworks using descriptors with concrete examples instead of
competence definition. A third possibility is to specifically prepare IQF for different types of
constructions like bridges, buildings, highways, dams, etc.
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Abstract:

Suicide among construction workers is becoming a worldwide epideiiach of the
literature andintervention strategies focus on construction site awareness, support and
coping mechanisms, building a caring culture, and ways that construction companies can
intervene and offer assistancéiowever, the construction industry is complex with multiple
agents; just as we have found that eventual site safety is influenced by financier and designer
decisions, the purpose of this paper is to explore aneexamine this topic from the
perspective of project design influence and interventioh.literature revew will examine
current issues and intervention strategieShe authors are from Europe, Australia, and the
United States where they will interview associations currently established to raise awareness
and offer strategies around suicide prevention tamgat designers and ownerdhis paper
makes the case for idepth research in this area, where ultimately the findings will provide
original and practical guidance to architects, engineers, financiers, and others distant from,
but influential to, the aaal construction site.

Keywords: Health and Safety, Mental Health, Organisational Culture, Suicide Prevention.

INTRODUCTION

Suicide; the very mention of it is uncomfortable, painful, distressful even. But it is around us,

it affects us directly oindirectly and rather than thinking it is something deeply personal that

S 02dzf RYyQiU KI @S FT2NBaSSys O2dzZ RyQild KIF @S LINB
G2 OdzNIIAf GKAA a02dzNBSKE ¢ KA Alindsathisyisteéplya 2 YS |
LISNE2Y | G2 it 2F dzad t NEBOSYydiAy3da 2N NSRdzOA Y
upstream of the construction project is something at the heart of what makes us great
designers. Who are we; which of us has influence at the early stafgee construction project

and when do we ever consider good mental health as a part of the mix in making design
decisions.

It is difficult, not just difficult to face, empathise or comprehend and it is challenging. Where
to begin? What is there to unddaend? Surely suicide is so deeply personal and complicated

in its root causes that those of us who influence great designs; clients, financiers, academics,
etc., cannot be the ones to solve the problem? And the more we think like that the more
suicide stag a problem in the construction industry.
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BACKGROUND

Suicide among construction workers is being recognized as a worldwide epidemic. Data from
Australia from 2001 to 2013 suggest suicide among construction workers remains elevated
compared to other occug#nal groups and should remain a target for suicide intervention
and prevention (Milner, 2016). Of the 6520 recorded suicides in Ireland in the period 2000
2012 a significant proportion were males construction workers; 1039 between 2008 and 2012
(CIF, 208). In the UK, data from 2012015 indicates that the risk of suicide among male
labourers, particularly those working in construction roles, was 3 times higher than the male
national average (WindseBhellard, 2017). According to Peterson et al. (20ib3)he US,
during both 2012 and 2015, the National Violent Death Reporting System data from 17 states
indicated Construction is the occupational group with the second highest male suicide rate
(43.6 /100,00 [2012] and 53.2 /100,000 [2015]. The US stiadyexpanded to 32 states in
2016 and again Construction remained the second highest occupational group with a suicide
rate of 45.3 /100,000 workers (Peterson et al., 2020). To put this as raw numbers, in the US
for example, based on an annual constrantivorkforce of over 6 million, in 2015 there were
over 3,200 suicides among US construction workers. Compare this with 4,836 workplace
fatalities for the whole of the US workforce (approx. 157 million) in the same year, (BLS 2020).

CURRENT INTERVENBON

One suicide is too many and considering how our upstream actions can be brought to bear in a positive
manner, even if it prevents one suicide is a major success. If it prevents many thersuoegas. But

of course we can never truly know the full impaétany positive actions from upstream partners in

the construction process, since if a worker decides not to take the path to suicide after all then we
R2y Qi KIF@S | adlraAradAo G2 YSEadaNBI odzi f &i dza
virtually invisible in society and in industry, partly due to the fact that we shy away from the act and
the consequences. Remember! It is uncomfortable, painful and distressing to talk about. But to defeat
this the conversations need to happen and trzag.

Ly AO00G2NAFX ! dzZa0NItAF LYyO2fAy] O6HAnHMUO KIF @S
led and worker driven. This programme is about looking after people, workers supporting-fellow
workers, not counselling, just listening. RecentlyKylie King, Monash University, whose body of
research focuses on the effectiveness of suicide prevention interventions for men and boys, has begun
to support the implementation of and evaluate the effectiveness of the Blue Hats Suicide Prevention
initiative (Monash University, 2020).

In the USA, the National Action Alliance for Suicide Prevention, among other activities, is working to
change the conversation with researgiformed messages that improves knowledge of the factors
that offer protection fromsuicidal behaviours and which enhance wellness (NAC 2021). A more
positive stance than looking at lagging indicators, which continue counting the bodies (to put it quite
crudely). Also in the US, the Construction Industry Alliance for Suicide Prevern#&@Pj&xists to
provide and disseminate information, resources and training for suicide prevention and mental health
promotion in construction with the goal of creating a zeswicide industry (CIASP, 2020).

y i

LI

l dza GNF £ AF Q& al G35& Ay miRa/suidideqEdéritichyand @aly intévention LINR 3 N

program delivering training and support to workers (Ross et al., 2019). In UK the Health in Construction
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Leadership Group launched Mates in Mind, similar to the Mates in Construction campaigns, citing that
workers in UK construction are 10 times more likely to die from suicide than fromsit@haccident.

Mates in Mind works to support organisations address mental health and wellbeing as it best fits their
culture and ways of working (HCLG 2021). Conneet@drontline workers trained to identify and
safely engage with people at risk and connect them to professional help. Results from Ross et al.,
(2019) indicate that MATES is an effective connector training in improving suicide prevention
awareness, anllelp-offering and helpseeking through connectors. It is encouraging that the program
appears to be enabling workers to overcome traditional barriers and attitudes tedaslking through

the positive stories of seeking/receiving help from industry peers.

The Construction Industry Federation in Ireland teamed up with Lighthouse (a construction industry
OKFNxGev G2 fFdzyOK G4KS WI StLI AyaaARS G4KS TINR I
island and offering helpline support and assistanc®sg the construction community (Lighthouse

2020).

PROJECT OBJECTIVES

This research project is working to identify factors that can be considered early in the construction

life, upstream of the construction activity, which key influencers can activelywahdpositivity and
inclusiveness address. In some way addressing suicide in construction industry needs to be treated as

you would a pandemic. We are all in this together! And every part of the puzzle, no matter how trivial
orirrelevant it may appearhds N2t S Ay (G(KS FTAIKGP {dAOARS A& y2
O2ftftFNJ F OOARSylG® LG R2SayQid YIFGGSNI GKIFG GKS KA3T
collar workers suicide is negiscriminatory in nature. Individual circumstasceiscriminate and

exploit the vulnerabilities of those who feel they can no longer cope in society. And that is a failing of

us all, for us all to reflect upon.

'b{5D D2If yT G2 atNRY2(GS AyOftdzaAaA@®S | yR akizZadl Ayl
F2NI FEté€ o0!b Hnumo OKIffSy3aSa blraAzya (2 KSf LI L
and basic services all the while promoting social cohesion and investing in comibednigsilience.

What we are talking about is a humanising of thestouction industry. A socially responsible and

ethically aligned approach to concept, design and delivery of infrastructure. This is not a new concept,
explore the founding principles of professional codes of conduct (Engineering Council 2021) and the
Wof R CSRSNIGA2Yy 2F 9Yy3IAYSSNAY3A hNEFIYAAlIGA2YyE 62 ¢
responsibilities relating to societal health and wellbeing.

UNSDG Goal 8 is not aimed at engineers, it is aimed at all the various influential forces in society,
(groups/companies/communities) whose ethical and moral behaviour results from the interactions
of the individuals that make up the collective, and which have the power to effect change. Where
the compelling ethic is aimed outwards to the betterment ofisdg it may be broadly considered
utilitarian, and in that regard what could be a greater challenge and a greater success than to play a
major role in the eradication of suicide?

A serious yet horrifying question can be asked; is the problem of suicaagtruction too large a
problem for us to solve or too small a problem for us to address right now? Yet, whether it is too big
or too small is not the issue, rather it is whether there is a failure to acknowledge or recognise that
suicide is too high arjee to pay for doing business.

Following on from this is the consideration of what our society in general and our industry in particular,
really wants to do with the problem of suicide in construction. What interventions do we value and
what are we willig to commit to, at the sharp end? Dekker (2013) said,
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G¢KS 2NAIFYyATFdA2y It ofdzyid SyR A& KdASt& AYL
opportunities for doing things safely or not. It provides resources, rules, directives,
production pressuredncentives and expectations, tools, technologies and lots of other
GKAYy3a 0GKIFIG RANBOGEE AYLI OG 2y LIS2L) SQa oAt

Ly GKA&a O2yGSEG FYyR F2NJ GKS LidzN1L}2 &aSa BYS{KKE&T BINE
al ¥Sé¢3x y20 2dzad LKeaAOrftfte alr¥S IyR GKS LINR2SOi
SYR¢ 2F (GUKS AYRdzZAGNER FyR y20 2dzad 6A0KAY GKS 2 NI
influence and intervention

MAPPINGPOTENTIAL UPSTREIVWERVENTIONS

CKSNBE IINB It NBIFIR& YlIye 2F (KS adzLJaGNBI|F YE adzLILI2 NI
e.g., Mates in Construction, IncoLink (in general) and IncoLink Blue Hats (in particular), as well as
similar UK, Irish and US programs, and yet the caraagl loss of life continues, arguably unabated.

This project considers what can be offered or done that is different from what is already being done,
because it appears, with all the best intentions and support programmes in place, we are still not able
to really halt the slide of this suicide tragedy (or should it be described as an epidemic)? And perhaps
we need to treat it like an epidemic. Halting/ceasing work when factors are identified, and not
returning until some positive change can be provemfamstrated to have been implemented at the
Gofdzyd SyRE 2F GKS 2NHIyAalGA2ylt aolfSo

Table 1 outlines the current stage of mapping suicide triggers to potential interventions in the
workplace. It is recognised that the causes of mentdlgllith are variecand range in both severity

YR RdzN} GA2yd ¢K2dAKGA adzOK a afAFTS Aa y2i 62N
action on them is either not considered an option or is prevented as a result of protective factors, such

as family. But therera times in some peoples lives when their mentahdhlth reaches a crisis point

when their thoughts and ideation become a viable alternative and those factors that were previously
protective are no longer a strong enough preventer.

What triggers the gsis may be an ongoing worsening of their mental health, or it may be some new
events that add to the prexisting conditions. For some it may be a sudden change to circumstances
for which they are unprepared that takes them from good mental health topihiat of suicide very
rapidly.

The workplace may not be the cause of the mentdiatlth of a particular individual, but as a factor

in their life it plays a significant role in determining whether their health improves or deteriorates,
including whethe there are workplace factors that are trigger mechanisms. In the manner in which
workplace hazard assessments take into account worker age, fitness, health and vulnerabilities, the
process ought to mental health and fitness as part of the assessmentharmbntrol measures that
prevent harm and contribute to worker wellness are imbedded into the company from policy to
operational levels.

Table 1: Mapping suicide triggers to potential upstream interventions
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Personal
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CONCLUSION

The specific aim of this project is to explore upstream sources of suicide risks in the constection

and map ways that those with control of and/ or influence over these upstream factors such as
designers, engineers, financiers could be part of a holistic solution to mitigate such risk. The product
of this research project will be an upstream cwostion sector suicide risk factor review mind map

and the end result of this project will be an identification and analysis of upstream risk factors of
suicide in the construction sector. It will be utilised as a starting point to build upstream inteme

that could augment the current focus of interventions at the worker and site level.

I F@AYy3 AFAR GKFGZ AG Aa AYLRZNIIYyd GKFG 6S R2yQi
the identified problems, triggers and/or symptoms that cagsécide ideation, as well as any of the

LR GSYGALf az2ftdzirazyaod 2SS 1y2¢6 GKIG 62N]ISNR 2dzai
YySSR (23 (2 a2NI 2dzi Ylyeée 2F GKSANI aAaadzsSaéds Sal
organisational) problems and restraints, relationship problems, work expectations, insecure

SYLX 28YSyid O2yiNrOGaz SiOdx ff AYLAY3AS YR AY
seeking help. Any help/assistance for workers needs to be part of the ovenddl pwogram,

timeframe and hours of work that the worker is required to perform under their employment contract

/ agreement.
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ABSTRACT

The occupational health and safety (OHS) performance has plateaued in the UK construction industry
and the fatality remains three times the -#fidustry rate. Digitalisation of the construction industry
offers increased productivity and new opportunitiesreduce some OHS risks or better manage them.
However, there is little iwdepth knowledge on their processes and outcomes in terms of driving
continuous improvement. This study deals with this gap by using high reliability organising (HRO) as a
lens for dotaining insights into digitalisation for OHS management in construction. The aim is to
investigate whether and how the implementation of digital technologies can help achieve high
reliability of construction OHS. 21 sestiuctured interviews were carriedut, discussing how the
process of digitalisation for OHS applied the five principles of HRO. The findings demonstrate that
02y aiNHzOGA2Y GSyR&a (26FNR& | WjdzA O]l TFAEQ | R2LIIA:
high reliability performanceTwo complementary ways for enhancing digitalisation for OHS, based on
HRO, were discussed: (1) integrating soft and hard systems to facilitate learning and interactions
between hierarchies, at the firrproject interface and across organisations, andefdpowering the
workforce in OHS management through digital tools supported by appropriate systems at firm and
project levels. More importantly, to achieve HRO requires the digitalising process generating collective
mindfulness and a sense of caring rathigan socially intruding among office and site workers.

Keywords:Digitalisation, high reliability organising, mindfulness, occupational health and safety.
INTRODUCTION

The UK construction industry has experienced significant occupational health and €af8)
improvement in the last 40 years. The declines of workplace facilities and injuries were largely due to
the introduction of OHS legislations, regulations and safety management systems (SMS). Yet the
fatality rates have remained at a high plateau. Waderlying assumption of prescriptive regulations

and their enforcement is that OHS arises from following rules independently of the cqhiabet &

Borys, 2013) Consequently, the organisational OHS measures are mostly reactive to respond to
external pressures from regulations and client requirements and focus on facilities and tools in
individual projects. To break the OHS performance plateau requires a mosaetw® approach
beyond compliance and a systemic perspective that considers the interrelations and interactions in
the complex socigechnical systems. The specific characteristics of construction projects, particularly
the physical, organisational and salcdecoupling of projects to parent organisations and the
temporary multiple organisations, impose challenges in OHS management and moriktaingy et

al., 2019) It has been argued that the weak systeamshe firm-project interface, across projects and
organisational boundaries have caused difficulties in OHS knowledge management, communication,
consistent performance and continuous improvemefduryan et al., 2020)This is further
exacerbated by the transactional business model adopted by construction firms where commercial
considerations shape the project under and within which OHS is then addrE&asgth et &, 2019)
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It is believed that the development and application of digital technologies offers new opportunities to
address the challenges and further enhance OHS performance in construction. There are many
examples of usage of digital tools for OHS rwinig and management, from drones, virtual and
augmented reality to wearable devices and robotics on construction sites. Whether and how their
implementations can facilitate the OHS management process and drive continuous improvement
needs to be investigad. The aim of this study is to examine the current process and outcomes of
digitalisation for OHS in the UK construction industry, from the theoretical lens of high reliability
organising (HRQ)Weick & Sutcliffe2015) HRO theory provides a means to manage OHS without
sacrificing performance. The applicability of HRO in the construction and project management has
been discussed in previous studies and the limits of the construction industry to achieve faigititsel

are identified(Harvey et al., 2019; Olde Scholtenhuis & Dorée, 2004y study uses HRO principles

to gauge whether and how the current digitalisation helps @ei$ormance in the UK construction
industry.

OHS MANAGEMENT AND DIGITALISATION IN CONSTRUCTION

OHS is a major concern in construction. In the UK, one third of all workplace fatalities were from the
construction industry, and around 4000 constructionrkers die each year because of wodlated
illness(HSE, 2018)This is echoed across many developed countries. Thare been a series of step
change improvements regarding OHS since 1970s. But the progress in the construction industry has
arguably been slower than other industries. One of the reasons is transact®@math et al., 2019)

The competive bidding drives construction firms to keep investment and expenditure low in order

to secure works. The large tiene contractors had no internal incentive to make improvement, which
requires investment. Instead, OHS improvements are externally dbydegislations and standards.
Clients and contractors set safety management systems, procedures and behavioural programmes to
O2YLX & 6AGK SEGSNYyLtf NBIJdANBYSyGad ¢KS NBAdL
0 dzNR(Swlste et al., 2012, p. 1333yhich involves complicated documentation and Hizking
exercise rather than valid analysis and learning from expeesgfiHarvey et al., 2019)

Safety management research has been progressing through several ages, being informed by
engineering, psychology, sociology and anthropoldtple and Hovden (1998yoposed the age of
technology, the age of human factors and the age of management systems. The first age focused on
technical improvements to mitigate risks and hazards. People and management related issue
emerged subsequently, leading to a focus on the human behaviour and the demand for a more
systemic approach, hence the emergence of various safety management frame{gagksHaslam et

al., 2005) The systems age is followed by an increased concern for organisational culture and
relationships. Yet studies point out that the current safety management measures in thiwation
industry such as safety inspections are ineffective in terms of proactive intervention to prevent
accidents(Saurin, 2016)Safety culture is also found to be hard to sustain in construction firms,
especially under major organisational chang8myth et al., 2019)Safety is bolt on as an extra in
construction project business and can bempromised when emergent events bring shocks to
organisational systems.

An adaptive age has recently emerged in other industries and incorporates theories and practices of
high reliability organising, resilience engineering and organisational resiliBocgs et al., 2009)he

age of adaption represents a move away from bureaucracy towards developing organisational and
human adaptability to manage the increasing complexity and dynamics of organisations and their
envir yYSYG® 22Nl SNBEQ 1v26fSRIS YR SELISNASYOSA
which enable improvision and adapti@dollnagel, 2008)n this vein, some violations of written rules,

2N Wg2N] | NRdzyRQ | NB LISNDSAOSR a AySoiailof$

circumstances(Hale & Borys, 2013)For construction organisations where project workenrs
physically and socially decoupled to the parent organisation and subcontracting is prevalent, human
adaptability needs knowledge and relationship management supported by the firm in order to ensure
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both flexibility and consistency. Knowledge managemsydgtem helps identify the gap between
practice and procedure, capture and transfer the local knowledge across programmes and
organisations, which increases the resourcefulness and resilience of the organisation. Relationship
management fosters trust, opeess and fairness across hierarchies, functions and organisations
(Smyth, 2015)Mutual trust between management and operatives is key to flexibility in decision
making especially during crisis or unexpected charf¥eset al., 2021)A culture of openass and
fairness encourages raising concerns regarding OHS and wellbeing issues at wtkpigae et al.,

2020)

The development and application of digital technologies iselset! to offer opportunity for better

OHS management as they can help the monitoring and reporting of OHS data between project and
organisation levels and facilitate learning about OHS issues including errors and near misses. Table 1
summarised the digitalechnologies in relation to construction OHS management in the literature
review(e.g., Ahn et al., 2019; Antifari et al., 2019; Niu et al., 2019)

Table 1: An overview of digital technologies for OHS management in construction

Function Technology
BIM Wearable RFID, VR/AR/Co Computer Camera Al
sensors UWB, mputer- [Tablet /Drone
GPSI/GIS, generated /Mobile-
GSM, simulation aided
Bluetooth,
WLAN, loT
Design Prevention X
through
design
Planning Safety plans X X
Monitoring Fatigue/Stre X X X
ss/Musculos
keletal
disorders
Wellbeing: X
e.g., sleeping
patterns
Location of X
resources,
equipment
and/or
workers
Safety X X X X
behaviour &
activities
Working X X
environment
Reporting X
Training X X X

HIGH RELIABILITY ORGANISING IN CONSTRUCTION AND PROJECT MANAGEMENT

HRO theories emerged through the study of deyday operations in the nuclear power plant, air

GNI FFAO O2yiaNRE YR ' { yI @& | ANONI TG Ol NNASNAO®
because they perform exceptionally and almost efii@ S~ RSALIAGS GKFG adGKSe
unforgiving social and political environment, an environment rich with the potential for error, where

the scale of consequences precludes learning through experimentation, and where to avoid failures

in the shiftingd 2 dzZNDS& 2F @dzZ ySNIoAf AGeT O2YLX SE LINROS&a
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(Weick et al., 1999, p. 32)n this vein, safety iegarded as a dynamic nasvent. Bureaucratic rules

are seen as stifling whereas expert knowledge and adaptability supported by organisational systems
and routines are needed to improvise and maintain performance, especially during the unexpected
changesor crisis. The other common features include a high priority placed on safety, a learning
orientation, a just culture that fosters openness, fairness and psychological safety, decentralised
decision making in emergencies and proactively anticipating asdor&ling to potential threats
(Saunders, 2015Weick & Sutcliffe (2015ummarised five principles of HRO

1. Preoccupation with failure: an ongoing attention to weak signals of failures through continuous
monitoring, proactive reporting and premptive analysis of possible vulnerabilities. It is also a
preoccupation with learning from experiences includingufas, errors and near misses, which
are treated as an indicator of potentially larger problems.

2. Reluctance to simplify interpretations: analysing failures, errors and near misses beyond human
errors and direct causes; valuing divergent viewpoints thag¢sgion underlying assumptions,
uncovering blind spots and identifying changes.

3. Sensitive to operations: obtaining and maintaining the big picture of current situations. On the
one hand, bottoraup communication from operatives is encouraged. On the otterd, senior
and middle management needs to be actively in close touch with what is happening here and now
in operations. Such information and knowledge can inform decision making in crisis but also
forestall the accumulating of small problems that migdad to systemic failure.

4. Commitment to resilience: ongoing development of capabilities and resources to absorb, adapt,
recover and learn from the adversity. Organisational resilience involves greater skills at
endurance, adaption, improvision and learginThis requires the support from organisational
systems and routines but also individual competence and resilience, pointing to the importance
of investing in both systems design and people.

5. Deference to experience: the tendency to shift decisioakingto experts in the face of
unexpected events. Subordinating written rules and hierarchies to expertise allows that emerging
problems get quicker and better solution and capabilities are matched with the varying situations.

These principles demonstrateKtS 2 NHI yA &l GA2y Qa Ol LI oAt AGE G2 |

situations and thus organisational mindfulness. Weick et al. (1999) defined organisational mindfulness

Fd GKS aOlF LI oAfAGE (G2 AYyRdzOS | NAOKIIOARBEYSHaID2 ©

Organisational mindfulness enables organisations and their employees to notice emerging threads,

understand the interactions between actions withinsgstem and act resiliently. Essentially, HRO

theories promote a way of managing OHS andhintaining reliable performance through
organisational and human adaptability enabled by good communication, learning, expert knowledge,
trust and a strong organisational culture, rather than reducing it by increasing bureaucratic rules and

control (Sutcliffe, 2011)

From the original contexts where safety is of prime importance and the consequences of incidents is
far-reaching, the extent to which HRO theories can be translated to the constructionipdhastbeen
debated in extant studiesSaunders (2015ompared the characteristics of the project environment

and those of the operating environment that reed HRO. They pointed out some similarities
between two environments, for example, high complexity, interdependencies between actions,
multiple stakeholders with potentially divergent interests, uncertainties and information
incompleteness. This is espdbjdrue for infrastructure projects or megaprojects that are undertaken

in the public domain. A nuance in the debate is that in the original contexts safety and reliability are
treated as equivalent concepts whereas in other industries such as construbgy are not(Olde
Scholtenhuis & Dorée, 2014Yhe concept of reliability is contektdependent, For some it
ONBfAFoAtAGES YSLya GKS Ozyaidlyoes 2F &ASNDAOST ¥
(Roe & Schulman, 2008, p. Bpking a pragmatic perspective, Olde Scholtenhuis and Dorée (2014)
arguethat reliability is important to all organisations in terms of improved performance and therefore
HRO is applicable across a far broader range of industries. On the other hand, traits of the construction
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industry that impose barriers to applying HRO pptes were identified (Harvey et al., 2019; Saunders,
2015), including the projedbased organising, temporary work processes, financial pressures,
prevalent outsourcing and transient workforce. Such traits hinder effective communication between
hierarchies, learning and knowledge transfer at the fiproject interface and across projects,
investment in employees and leadership commitment. In particular OHS management, although
construction is highisk, the major concern is the frequency and rate of peedanjury and fatal
incidents. The safetgritical industries such as nuclear and aviation focus more on catastrophic events
potentially causing societal impacts.

Despite the debates, HRO theories have been applied in the CPM to a wide range detgpi&ady

& Davies, 2010; Saunders, 2015his study focusemn OHS management and its digitalisation, using

the five principles of HRO as the analytical lens. For the purpose of this study, reliability encompasses
GKS O2yaraidSyoOe 2F ASNWDAOS RStEAOGSNEE | yGAOALI GA
organisations to plan for shocks a®ll as to absorb and rebound from them in order to provide
AaSNIDAOSA al TSt (RoekBdRuing@008) p. §)dZafdiraréférsito the way in which the
organisation and project performs its mission withoutcients, rather than an outcome of the

project per se. Indeed, OHS incidents in the construction process can cause disruptions in the service
delivery.HRO refers to systems, processes and procedures derived from the typical high reliability
organisationsthat are critical to sustaining reliable organising and performance. Organisations,
regardless of which industries they are in, can become highly reliable by creating the appropriate
behaviour and attitudes supported by systems at multiple levels of asgah.In other words, they

Oy 0SS WNSHAlEAARNBE yAaliA2yaQ (GKFdG FNB Syl OdSR
the context of structure and routines.

RESEARCH METHODS

The research is explorative and uses qualitative methodology. 21-stemtured interviews were
carried out, discussing whether and how the digitalisation facilitates the organising of OHS in
construction. As Table 1 shows that the range of technologiedola for assisting OHS in construction

is considerable. This research is not to address the full range but to evaluate the range of issues
emanating from the interviews. Data were collected from five types of organisation: institutions,
professional boes, client organisations, designers, and main contractors. Interviews were conducted
with senior management, project directors, principal designers, health and safety managers, safety
inspectors and site management. An interpretative approach is usednédyse data.The five
principles of HRQNeick & Sutcliffe, 201%)e used as an analytical lens to evaluate whether and how
the current digitalisation facilitates the organising of OHS and enhances reliability.

FINDINGS
Overview of the digitalisation for OHS in construction

At the institutional level, OHS has not been embedded in the context of the industry. While the UK
government has invested in digital innovation, OHS does not form an integral part. Most digital
technologies are developed for productivity, and OHS is éeahs an added value of such
development. This is echoed by the organisafiewel thinking that prioritises commercial
O2yaAARSNI GAZ2Yya FyR GNBFGA &l F5)6 &5 BhwiketaS 08y § | a
It was commonly agreed that the main reason for minimal investment in digitalisation and OHS is cost.
Contactors hold back on investment in order to appear more competitive in the bid stage. At senior
and middle management levels, knowledge of @el&ted digitalisation is generally low and the
competence to use and understand digital technology is problesretiall levels. In addition, the
fragmented nature of the industry and the lack of systems integration between organisations impede
industry-wide innovation and the collective capability to influence the institutional context including
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the government andgublic policy. Therefore, both the institutional environment and the strategic
leadership at industry level are not intentionally addressing OHS through digitalisation.

In terms of the current digital technologies implemented in the field of OHS managethegtare
contributing to one of the five categories:

1. Replacing people or at least complementing human capability forisghactivities, such as
drones, seldriving vehicles and sensors that detect and warn OHS hazards and risks in the
working enviroment

2. Monitoring human activities and working conditions including locations, behaviour and
working hours, such as cameras and wearables

3. Visualising risks and hazards in design, planning and training, such as BIM, VR and AR
technology

4. Improving safety managnent systems through digitising the paperwork, enhancing data
storage and visualising data, such as reporting applications on smartphones and tablets,
online information sharing systems, cloud storage and performance dashboard

5. Removing work off site intoontrolled factory conditions where digital technology can be
more easily applied.

Digital technologies were seen as individual solutions that do not contribute to overall performance

in a number of ways. Nor data from different sources are linked witth egleer to build up a better
understanding of OHS conditions. There is a lack of strategic and systematic thinking in the adoption
2F yS¢ (GSOKy2t23ASa YR (KS GSyRSyOe& (2 LlzNAdzS
safety inspection and elnt requirement.

Analysis of the digitalisation for OHS from the HRO perspective
Preoccupation with failure

An ongoing attention to possible failures requires continuous monitoring OHS leading indicators,
detecting weak signals, analysing and learriogn errors and near misses and sharing knowledge
within and across projects and organisations. The need to apply BIM to aid OHS management in
construction phase was stressed by regulators, designers and main contractors. The concept of
prevention throughdesign (PtD) has been promoted by Health and Safety Executive (HSE) under
Construction and Design Management Regulations 2015 (CDM 2015). Designers are encouraged to
identify and resolve OHS risks and hazards through design, or to highlight and commilneicatgth

main contractors. BIM can be applied to facilitate this process. Yet two barriers to PtD were identified.
First, designers generally have poor knowledge about the construction process and thus lack the ability
to identify OHS risks. In fact, serdesigns are not buildable and might cause accidents on site. Second,
the level of collaboration between designers and main contractors is low particularly after the design
handover. There is minimal investment and commitment to project planning. Thel&dges about

how design is realised and influences construction OHS is not fed back to designers and clients to
improve future works. The role of principal designer is set up to coordinate OHS issues in the project
lifecycle but not necessarily the procesfstransferring knowledge across different parties. BIM has
been grafted onto existing ways or working. Therefore, it is not surprising to learn from the findings
that BIM is seen primarily as a tool for design and technical information processing amgotential

forum for improving OHS operationally.

/' FYSNIa FYR 6SEFENIoftSa 2FFSNI 2LILRNIdzyAGASa F2NJ RS
and site conditions can be monitored and analysed post incidents. But this is a reactive approach to
managing OHS. To prevent injuries, fatalities and weldkted illness requires active prediction and
intervention in real time. This not only calls for advancement in data transmission technology but also

the competence of people who observe the actesti which is built upon continuous education and

learning from experiences including failures, errors and near misses. The adoption of VR and AR in
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safety training in some large infrastructure projects was mentioned as an example of raising workforce
awareness. One specialist consultant mentioned the high levels of dyslexia within the industry, and
this may be a reason that visual technology resonates with practitioners. However, the positive
impacts in the long term depend on the continuity of trainingttisaupdated as projects change.

More importantly, there is a lack of knowledge management system to support learning at individual
and organisational levels, capture knowledge generated at individual and project level, generate and
transfer generic knowdldge for reuse at firm level and across projects. As one interviewee stated:
LQY 32Ay3 (2 O8SyOaANIANBOINEABSONBYY23G AyiSNBadaSH
AYGSNBAGSR AY AYLINRGAYIP 2KIG ¢gSoaNBs SgNS NBAGS RS F
by lawyers(Programme Manager of a megaproject)

Data that is collected is not done so systematically and the sector does not analyse it. The absence of
systems causes difficulties to prioritise data that is useful for improvementrandformation and

develop new capabilities to continuously improve performance. It was pointed out that the industry

Aad NBLSFGAY3I GKS alyYS {AyR 2F | OOARSyGa yR AyO
F62dzi &aKI NARYy3I A gohgribhoh Sekt@ gind Palicy & hnRnst2uffonal body). When it

comes to information sharing intesrganisationally, the endeavour is focused upon successful stories.

There is resistance to sharing experiences and learning from failures, errors anchiseas. There

are organisational reasons to enhance corporate image but also institutional factors that induce fear,
distrust and blame cultures.

Reluctance to simplify interpretations

¢KSNB 6l a SELINBaaSR O2yOSNYy GKFG RAIAGEHE GSOKyz2f
is taken for granted and hinders dialogues between people and at the htietdimology interface.

For what is inside the black box and how the output isdpied is technologically complex to
comprehend by users. This can further lead to rigid practice (act as the technology says) or inconsistent

implementation of technology. To resist the tendency to simplify interpretations requires actively
engaging withhe workforce and using technology as a facilitator of communication.

When you do that [wearing wristband] you end up having a more detailed dialogue. Rather than
0SAY3 LINBAONARLIGAGS IyR aleiAyasr a, 2dzQNBaAD2ZAYS (2
engaged with the supply chain. Part of that engagement was to add this technology onto it to have a

look after them. Eventually we changed the shift patterns to more benefit those individual groups.

(Former Programme Manager of an infrastructurejpct)

In other words, data has to be managed in relation to understanding gaps between written rules and
practices and recreating new practices to manage improvement.

It was recognised that digitising paperwork and cloud sharing enhance the abilitgce ¢auses of

al ¥SGeé AYOARSyi(dad bSOSNIKSEt Saaszr GKS RATFAGAASR NE
rather than to be systematically analysed to create knowledge and to be learned from. There are two
challenges to be addressed in orderdonduct systematic analysis of accident causes in construction.

First is that technologies do not communicate with each other and therefore data from different
a2dz2NDOS&a Aa y2i ftAY1{SR ¢gAGK SIFOK 20KSNE maiid OK g a
SYNAOKYSyiGéd ¢KSNBE A& F LRGSYGAFE FT2NJ AYLINRGSYS
learning in the analysis of accident reports. The second challenge is the cost and time pressures in the
construction industry. As mentioned, becausetlé transactional nature of the business, senior
YEYFISYSylG Ay O2yaidNHOGAzYy KlFa || KAadz2NR 2F LlzNE
existing structures and processes. The underlying assumptions are rarely challenged. It helps to make

the sectors and organisational actors look engaged and proactive in the short run, but in the longer

term the net result is a set of rigidities that are laid down and hold back effective adoption and iterative
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refinement (). The last challenge, which was mmomymonly recognised in the interviews, is the blame
cultures and the low level of trust between operatives and management and between institutional
bodies and organisations. The fear of being blamed inhibited openness in reporting and the willingness
to learn. This is worsened by the prevalent use of temporary contracts that make workers more
vulnerable.

Sensitive to operations

There are ample examples where digital technologies can help the senior and middle management
better understand what is happenirig operations. The bottorup communication about OHS issues
from operatives are facilitated by the development of reporting applications available via
smartphones and tablets. Safety management systems collect and visualise performance indicators.
Large castruction companies also invested in the information sharing system and individuals are
required to share case studies monthly. Case studies are categorised in a number of ways such as
project types and impacts. Drones are used for site inspection thegsséime and cost as well. Yet,

the level of engagement on both leadership side and operations side was reported as insufficient to
bring about step change in performance. Some digital technologies pose problems as intrusive
interventions. They can be pearived, indeed used, as monitoring devices by management that are
unwelcome by operatives and indeed lead to pressures to intensify work rates that induce stress and
fatigue, hence also exacerbate OHS. This type of action erodes trust and feeds peradsispscion

as to the motivations of managemenmtlso. there is resistance to logging OHS issues. Apart from the
trust issues and blame cultures as mentioned before, this can be due to other reasons, such as
insufficient cost being built into bid prices &afford the time, awareness that the information will not

be analysed and acted on in some cases, nor fed into and effective knowledge management system
for re-use.

Deference to expertise and commitment to resilience

The last two principles, deference éxpertise and commitment to resilience, lays the foundation to
the effective implementation of digital technologies for OHS improvement. Despite that most OHS
related technologies are used by frontline workers, or at least need their inputs, the decialongm
about which digital tools to be adopted is largely top down from the senior management. This leads
to that some technologies were perceived by operatives as not useful or intrusive and thus not
consistently used. One reason for the reluctance of gimggaand empowering the workforce is the
perceived low competence among frontline workers. It was argued that to improve the effectiveness
of digitalisation needs investment in people to raise their competence and responsibility of employing
digital techndogies to improve OHS. Yet individual responsibility alone is insufficient to induce
transformation. Another integral part is the investment in organisational capability development and
systems design to support learning, knowledge management and alsmnslaip and trust, aligning

to the longterm strategy of the organisation.

DISCUSSION AND CONCLUSION

The aim of the study has been to examine the process and outcome of digitalisation for construction
OHS, from the perspective of HRO. The five principles of HRO th@igek & Sutcliffe, 2015)vhich

are preocupation with failure, reluctance to simplify interpretations, sensitive to operations,
commitment to resilience and deference to expertise, were applied in the analysis. It has been found
that digital technologies offer a major opportunity to improve apdtentially transform OHS in
construction. Yet the current way of adopting and implementing digital technologies falls short to
realise longterm benefits for OHS and high reliability performance in projects and business. The
findings point to two complematary approaches to achieve reliable performance. The first is to
improve systems design to facilitate the creation and recreation of routines and procedures.
Preoccupation with failures, reluctance to simplify interpretations and sensitive to operations
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contribute to actively anticipating and identifying weak signals of failures and then intervening
through a set of procedurg®©lde Scholtenhuis & Dorée, 201#) this vein, reliability depends on the
development oprocesses, procedures and routines. Nevertheless, adherence to rules and procedures

alone will not lead to continuous improvement. Reliability is the outcome of a continuous
management of fluctuations in human interactiof®utcliffe, 2011)The underlying assumptions need

to be challenged and routines recreated as gaps between written rules and practices are continuously
monitored, understood and shared between individuals, teams and organisations. Mussg

requires good knowledge management to support learning and knowledge transfer gpridject

interface and across projects. It also requires good relationship management to nurture trust,
NEALISOGFdzA AYyGSNI OlGA2ya I dfiéhsfiiktéthellagger ByStefrSaadwit?2 ¥ K2 &
20KSN) LIS2L) SQa 2206ad Yy2¢f SRAS YR NBfIFGA2YAKAL]
and social infrastructure of a mindful organisation. The adoption of digital technologies needs to

invoke the rethinkng through how the existing business needs to bemgineered to optimise the
implementation. It is based on the solid relational and social infrastructure that interrelations and
integration between different forms of information and software can belesgd and established. In

other words, the soft and hard systems should be better integrated to enhance reliability. The second
approach is to engage and empower the workforce in OHS management supported by the knowledge

and relationship management systenWorking at the frontline can give operatives a clearer view of

what are standard practices that are detrimental to safety, for example long shifts and working
unsocial hours on site that induce fatigue and stress, which can pose broader challengagnd cur
practices. Having such information needs an approach that encourages actors to mine and understand

the data, before it can be usefully acted upon. In addition, different perspectives need to be embraced

in decision making to avoid simplifying intergagons. This is supported by behavioural norms of

respect, openness and trust, hence nurturing psychological safety to speak up about issues of concern,
AKFNB 2ySQa 246y LISNBRLSOGAGSA FyR Fal 20KSNJ |jdzS
improvisia rely on individuals who have the competence to understand and employ the technologies

for the benefits of their own OHS. Lastly, to achieve HRO requires the digitalisation process generating
collective mindfulness and a sense of caring rather than $pdigtuding among office and site

workers.
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ABSTRACT
Occupational accidents continue to be an unresolved problem in the Swedish construction industry,
RSALIAGS | 6K2fS NIy3aS 2F NRdAziAySas OFYLIAIyax

enforcement, networks, and resedrén place. While registered accidemts less frequent, there is a

widespread willingness to strive for better performance. A potential solution is to apply more robust

data analytics to the large company occupational accident registers, complemenistong regular

analysis. Machine learning (ML) can provide a promising solution for strengthening data analysis, and
international prototypes of such systems are emerging. However, there is a need to appreciate local

and corporate concerns, and the ML@&t 2 LIYSy G YSGiK2R &/ NR&aa LyRdz
5S@St2LIYSy (i aDdidpgedsto afér judt that. This paper aims to analyse experiences

and challenges in using the first phase of CBISPE A ®Sd3 G odzaAySaa dzy RSNERGI )
approach serves as the framework of understanding and is supplemented with accident research and

ML development concepts. Methodologically, the paper draws on an ongoing research project to
develop a ML prototype for occupational accident analysis. It quickfiaced that CRISPa Q a
GodzaAySaa dzyRSNEOGFYRAYIES gKAES FalAya NBf SOy
for the model and the relative application), was too general to provide developmental guidelines. We,
therefore, shifted from a tomlown to a bottomup approach, where knowledge on accident
registration procedures and registered accidents became the starting point for iterative prototype
development. Also, early challenges were to understand the registered data extracted from standard
software with limited transparency, and tackle register entries of different quality. Apart from €RISP
5aQa aftA3aKite ARSFEAAGAO | LIINZFOK (2 F O2YLIl ye
decoupling between top management and (bottom) projlstels in Swedish contractor companies.

Keywords: accidents, machine learning, Sweden, @BVRonstruction, accident register

INTRODUCTION

ML is receiving remarkable interest in safety research as a new approach to improve the prevention
of occupatimal accident§Goerlandtet al. 2020). The capability of analysing large amounts of
accident reports appears to bolster this aspiration. Howepegyenting occupational accidents is a
very mature discipline, which appears to function well alongside tm¢imoing unsolved occurrence

of accidents Judson and Brown 194#lovden et al. 2010, Lingard and Wakefield 2¢1&sle et al.
2021). There is a risk of reinventing the wheel, repositioning the same prevention progpsatedly,
disregarding central dymaics of the work environment contextas in Lingard and Wakefield (2019)

and Hasle et al. (202)roposing a better integration with design, project management, and
operations management to lever accident prevention. Therefore, there is a need to agupréue

local and corporateontextandtheir often-contradictorydynamics. ML software development
appears as sufficiently malleable to meet exactly that requiremienparticular the ML development
method CRISPM s of interest, adt is one of the mat used methods. The method of CRE3W starts
withthed 6 dza Ay Saa dzyRSNAEGlI yRAYy 3¢ ad13S F2N aSddAay3a d
development and deployment stages
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Therefore, this paper aims to analyse experiences and challenges in 6sfg td 6 dzA A y S & &
dzy RSNA G I Yy RA Y 3HM tolkdsuieSa sdlid cortewtlia{ eimbedding and an appreciation of
local dynamics. Aociomaterialbpproach serves as the framework of understanding, supplemented
with accident research and ML development conceptee context of a contractor company is indeed
complex (Lingard and Wakefield 2019herefore, methodologically, the research adoatsottom-
up approach. The paper draws amongoing research project aiming at developing a ML prototype
for occupational acident analysis.

Firstly, the paper contributes with amderstanding that CRISPa Qa4 G odzaAy Saa dzyRSI
is too general to provide sufficient guidelines for ML developngesten relevant general questions
of the company context (e.g., the goal the business and the relative application) are indeed asked.
We, therefore, shifted from a togown to abottom-up approach, where knowledge on accident
registration procedures and registered accidents became the point of departure for iterative
prototype developmentSecondly, it highlights the difficultié#s understanding registered data
extracted from standardlatabasesoftware with limited transparency, and tackling register entries of
different qualityc which echoes previous research onthe impgit@S 2 ¥ G KS NB L2 NI SN &
(Dekker 2015J)acinto et al. 2016). Thirdly, appreciates the classical decoupling between top
management andhe buildingproject level in Swedish contractoistegrating accident preventioat
the operational levels not a simple tasiHasle et al. 2021).

METHOD

The overall method is an interpretive approa@klvesson and Karreman 2007). A conesgtric
literature review was conductedWebster and Watson 2002) to reviethe status of Mtbased
solutions foraccidents report analyses. The literature review was connected to the application of ML
in analyzing reported accidents in the construction industry. For the empirical context, five interviews
were carried out: four with safety engineers and one with &estrategist at a high level in a Swedish
contractor company. The questions for the interviews were developed towards the unfolding of the
meaning of safety, accident response process, reporting process and quality, and the expectations
from a Mlbased pototype. Moreover, the ML questions and discussions were focused on developing
a datadriven prototype, inspired by the business understanding framework of @BVSBnd the
recommended practice (RERamework (DVN GL AS 2020).

THE STATUS OF DEVELOPMENT METHODS
al] Aa 3ISySNrftte RSTAYSR a GKS SELX2NIGAZ2Yy 27F |-
make datadriven predictions by building a model from a sample dataset (Curtis and Scheinberg 2017).
Computer systems that utilise ML amatically improve through experience (i.e., new domain data)
(Witten et al. 2017, Portugal et al. 2018). ML is frequently classified into supervised, unsupervised,
YR KE@ONARR OYIF(1FNIF S Ffd HAaumO® { dzLd§maBlled SR a |
datasets with known reasoning of the application domain (Kakarla et al. 2021). Unsupervised ML
analyses unlabelled data under assumptions about its properties (Jordan and Mitchell 2015) by finding
hidden patterns in the data and developingmédda a2y Ada 2¢6yé o6t 2NIdzak £
mixes several approaches (e.g., sampervised and reinforcement learning) (Gerard 2021).

There has been an increasing interest in developing ML models and prototypes for the analysis
of occupational acceht data within construction. Such recent prototypes can be largely categorized
according to their purpose, i.e., classification, prediction, or information retrieval. For example, ML
prototypes have been deployed for the classification of accident caieg@iKang and Ryu 2019, Zhang
et al. 2019), severity, type (Shrestha et al. 2020, Zhong et al. 2020), energy source, and related
upstream measures (Zhong et al. 2020). When it comes to prediction, ML models have been developed
to predict accident outcomefAyhan and Tokdemir 2019), the likelihood of fatality (Choi et al. 2020),
and accident severity (Zhu et al. 2021). Finally, a ML prototype for information retrieval covers the
hazard object and position, work process, and accident result (Kim and Chi 2019)
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In all of the aforementioned (and other) cases, the developmental process (incl. the choice of
algorithms, dataset preparation, and modelling) was mainly -gdatmed. However, the
contextualization of this developmental process and its constituentg, (fe algorithms) emerges as
a major issue. The conceptual matching of algorithms to a specific occupational aeeidésd
problem and dataset is rarely carried out; their suitability is not contextually evaluatéue
algorithms are rather selectedn an experimental, trighnd-error process, lacking a systematic
development method. Such an approach could lead to choices based solely on performance metrics
(accuracy, error) prone to overfitting and not necessarily capturing contextual specifigitbesover,

GNB LI ANRY IE  RI-and dversamplidgli® sSbhaimedzgnipByed without considering
whether datasets maintaining their initial properties (such as sparsity) can represent reality and
inform the algorithms more meaningfully. Things axen exacerbated by an overreliance on internal
validity testing and a lack of external testing on performance metrics and prediction accuracy. In
summary, the development of ML prototypes for the analysis of occupational accidents in
construction largelyacks, in most cases, the framework of a specific methodology.

An exception to this rule can be the development of ML prototypes according to the-DRISP
methodology; CRISPM dictates a series of six steps (business understanding, data understanding,
data preparation, modelling, evaluation, and deployment) (MartiRkmmed et al. 2019). These steps
can account for a contextualization of the developmental process, starting with the initial step of
business understandingand thus offer a way to ameliate the previously mentioned shortcomings.
CRISI®M can be considered to go beyond gdakcted development (MartinePlumed et al. 2019)
by introducing systematic steps aiding in a conceptual systematization and mitigating the dependence
on a solely expgmental basis. Based on the organized steps of CBMPother industrial models
have emerged, such as RP (DVN GL AS 2020). The latter claims to be differentiated frabMaRISP
the usability in applications comprising dateven models developed usinother processes while
focusing on risk assessment and quality assurance ofdtatan application§DVN GL AS 2020).

Business understanding

The business understanding aims to define the business obje@ivepman et al. 2000)ncluding
definingthe ¢ ASy 4 Qa 3J21f FyR OFLId2NAYy3 GKS 2NBFYATF GA:
corresponds to different subtaskdetermine business objectives, assess the situation, determine data

mining goals, and Produce project pk@hapman et al. 2000The same steps are followed in RP but

add concrete documentation requirements, including commercial, safety, and social constraints
anticipated in the deploymentDVN GL AS 2020).

Determine business objectives

In this step, the analyst uncovers what thasiness goal for the customer is and answers collateral
business questions related to the primary goal. Objective or subjective success criteria are decided
from the business point of viewChapman et al. 2000). RP introduces aalted value proposition
statement, which documents the intended user and why and how the application would be used. The
value proposition might be documented together with the business context in the form of use cases
YR dza S NBVE G AS202R).STae business contejeéctives, and success criteria should be
sufficiently and objectively defined at the end of this stage.

Assess the situation

Assessing the situation involves a detailed analysis of the resources, constraints, and assumptions
related to the business objeeks. This step should result in a series of outputs, including a list of all
possible resources, a setup of project requirements, measurable and subjective expectations, risks of
project failure, terminology, and costenefit analysis from a commercialigpective Chapman et al.
2000).RP(DVN GL AS 2020) views this step as a risk assessment of the intended and unintended uses
of a deployed application. It is suggested that this step can be done in two different iterations, also
connected to the followedstep (determine datalriven goals). Identifying and documenting
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stakeholders, available data resources, project requirements, project assumptions and constraints,
suitable terminology, project risks, and the application design can be related to the mgdgdals
(hightlevel assessment). Defining the cb&nefit, failure modes, and legal and ethical consequences
can be related to the modelling step from a techniftadused point of view (lovievel assessment).

All the deliverables of this step are reqearto be sufficiently identified and understood.

Determine data mining goals

This step must determine the objective of the data mining process in terms of data analytics linked to
the business goalOhapman et al. 2000According t(RP(DVN GL AS 2020), this stage requires close
collaboration between domain experts and data analysis experts. At this point, the desired predicted
target should be defined clearly together with the modelling success critaither objective, based

on a bw-level assessment, or subjective, based on a-teghl assessment.

Produce project plan

A realization plan for the data mining goals is prepared to specify steps, resources, and possible
iterations ¢ while also developing a list of data analysis tools and techni¢Deapman et al. 2000,

DVN GL AS 20R0

MAPPING OF THE CONTEXT

We are mainlyinterested in how accident prevention is embedded in the business setting when
mapping the context. The contractor operates a projeased organisation. The building project is

the most important value and turnover generator and cost transformer. Therdiit building projects

are produced in portfolios placed in divisions with slightly different business objectives, i.e., civil
works, residential buildings, office buildings. The project commences with a contract with a client. The
Health and Safety (H&Svork commences by documenting the way H&S will be organised in the
project in a bid for the customer. Typically, no risk analysis is carried out by the safety engineers (SESs)
this early; however, this is done once a contract is obtained. A particularojeb called BAS P
(educated in design safety), is part of this process. From the beginning of work planning, the SEs
inspect the plans with a H&&®&rspective. During production, the safety representatives (thealted

BAS U personnelbasic educatioffior production) are responsible for a particular part of the building
project and the building process. They collaborate with thesi@ H&S, Quality, and Environment
(HES) manager and the SEs. Together, they constitute a horizontal element of the H&iSation

and support the similarly horizontal building processes. H&S work is thus organised close to the single
building project. Apart from this horizontal element, the company also encompasses a vertical
hierarchy, where H&S is attached to several oigational levels. A central H&S unit is part of a
corporate management HR unit. HES units are adjacent to several organizational levels. This cross
organizational H&S apparatus works with behaviour issues, analysis and reporting, digitalization, and
devebping directives. In it, it is a common perception that accidents are mostly due to behaviours, so
efforts are targeting this issue. Another workstream is related to analysing and reporting, as well as
digitalization, driving projects, and the way the camny benefits from machines and innovation. The

third workstream is related to developing directive processes and procedures.

The meaning of safety at the contracting company

At the case companwll four safety engineers (SEs) answered that safety imtbanization means

that everyone should go home safe and injimge after a working day, and planning for that is the
most important thing. One of the respondents indicated the difference between what safety means
in the higher levels of the organizatiamd on the site management level. On the higher levels, there
is much talk about safety coming first, changing attitudes and behavidnile for site management,
prioritizing different tasks and meanings affects many skilled workers.
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A normal working day

I ASYSNIf NBYFN)] NB3IIFINRSR (KS NBamgpy RYY Ua Qi yiRKNEYYf
working day. For some of them, working from home seemed abnormal. Before the pandemic, a normal
working day involved the planning for project safety, safetypgup to site management and
production personnel, followap on risk documentation, contact with site and project management,
and discussing with the workers about the work environment and the reason protective equipment
aK2dz R 0S dzi SR dsse¢skiéht andNd R Bré€paraidns Mlstzb@ reddy, especially for
those performing the work. There is a knowledge repository of tips and checklists of different subjects
and tasks to help with planning. Often, if it is too cumbersome to search from thdéstjte manager

can ask the SE about the required information. Besides coordinating other tasks (such as the site
economy), balancing what to take in and what to leave out is needed. It is better to use own knowledge
first and then utilise the checklist teee if something was forgottenthe level of experience might
determine how much of the checklist is needed.

The response of the event of an accident

The accident response routine is taken more seriously by the organization. There is a requirement for
yearly training in the response processalthough a respondent had not witnessed a severe accident

in six years. The response depends highly on accident severity. In severe accidents, taking care of the
injured comes first; people esite also need attentin to discuss the reasons and be involved in the
investigationg for factchecking, coming up with ideas for future prevention, and getting support in
case of psychological shock.

The reporting of accidents
Accidents are reported internally through diditegistering software. The responsible site manager
initially does the registration, but the SE gets involved when needed. The reporter estimates what to
fill in (e.g., a description of the event, information about the injured, prevention measures) aaid wh
to leave out. Most importantly, there is a list of fully defined accident causes, besides the possibility
to comment in free text. In the portal, it is preferable to use the already defined options, as this allows
one to look into the related statistic§ he interviewee did not see the way free text can be used.

In severe accidents, the software allows for five causes and five prevention measures that need
to be filled in (not needed in less serious accidents). The interviewees said that the repdiriars fi
what they think the cause is and, most importantly, relevant prevention measures. For deciding about
those, one of the interviewees said that the first thing is thinking about the individual. The individual
is responsible for planning and thinkinggen, the company must provide safe work conditions and
create a safety culture that emphasizes planning and knowledge sharing.

To decide on accident causes, the work environment plan helps check whether the work
preparation was filled out properly and thissks were carefully estimated. However, there is a chance
that all procedures were followed through properly, and the causes were peaelated instead
6aFldzAZ G FO0laeovd ¢KS a2F0ol NS OFy Ffaz2 3FdzARS 2y
according to the person doing it. Even if the causes and prevention measures are dawidbat
NBLRZ2NISNRAE YAYR>I (GKA&a R2Sa y20G ySOSaal NhAfe& (NI y:
describes their reporting as detailed so that anyone whadeethe report can understand what
happenedg and added that it is cruciab go down to root causes and not stay at the surface level.
¢tKS ap oKea lylrfearaégd Aa dzaSR a Ly Slae FyR ljdz
with helpful preventionrmeasures. Nevertheless, not all reporters are experts in root cause analysis;
therefore, in very serious accidents, SEs come in and help with unfinished cases and more careful root
cause analyses. Also, for many of the reporters in the portal (e.gmait@gers), the human factor is
the main cause they thus do not what has caused the respective person to act this way.

47



Proceedings of the Joint CIB W099 & W123 International Conference 2021:
Changes and innovations for improveellbeing in construction

Status of the data use and safety objectives

The accumulated accident reports are used in reporting key performance indicatddldoying
statisticsg but mostly on accidents that were severe or resulted in absence. In a recent use case, a
sore card scheme was used to report the event type and find certain risk categories in different parts
of the organization. Another use caseptanning to purchase personal protective equipment (PPE)
based on analysed accident reports. The company uses the Bowtie model for analysis, because it
wanted to work with higkrisk areas and detect where barriers can be set to prevent those risks from
happening. As part of the reporting assurance, the reporting of severe cases is always secured by SEs.
Otherwise, H&S managers keep track of their area and support the reports of single cases, besides
following up with the safety function group. This indicsatevhat needs improving, training,
communicating, or developing IT tools. The focus for both severe and less severe cases is on the
reduction of their frequency.

The value of reporting of accidents and improvements

The interviewees agreed about the valuklearning from reporting and not experiencing the same
accidents agaimg acknowledgement the importance of reporting and learning, taking out statistics,
sharing the knowledge, identifying risks, and planning the resources for similar work steps. SEs also
wish to report sociatelated issues, usually not part of the routine, such as harassment. There are risks
when people do not feel good psychosocially. This is something that needs to be worked on within all
workspaces across the sector. It is not easgde and spot this type of situation, which is a risk for
individuals and groups. However, another SE pointed out that reporting negative/positive
observations, incidents, and accidents is a routine. In that way, the portal seems comprehensive for
all categoriesc but it would be good to add safety rounds within the reporting software. Another
comment about additional reporting was that people do not always want to reperg. when the

F OOARSY(l A& GKS LISNar2yQa Tl dzZ o

Improvement in the safety process faccident prevention support
Registering more events (incl. observations) can improve the reporting status, by making reporting
faster and better in handling registered cases and coupling that with feedback and prevention. With
more reporting and feedbackhe work becomes more proactive and safee.g., when handling
machines and material.
One respondent mentioned that people on site should follow what was decided. There are
prevention packages, but they are not always followed, mostly because peoplaavdatthe work
first instead of taking more time forsafety 5t  § SR LINBLI NI} 6A2yad® ¢KS NBALJ
2dzali R2 (GKAA FANRGE a@yRNRBYS® ! y2GKSNI {9 (K2dAKI
the tools and processes exisfust not fully used. The SE had a generally positive outlook, as in the
last six years, the organization was more focused on safety, even resulting in zero accidents recently.

Value proposition
The safety strategist indicated that the company is gaeanced in collecting H&S data but still far
from where it aims to be. The digital reporting software was introduced five years ago (a short period
for a large company), but the company only started using the data and investigating its utilities, which
creates more needs. Moreover, data quality and precision still need improvement, and only looking
at the data and not reflecting on it can be suboptimal.

¢ KS 02 YL y¥e@iprioitgitdn behalidur, which according to the accident report
statistics, is the most common cause of both minor and severe cases. Behaviour is hard to affect
because the endiser is always a person, but the H&S organization, especially the SEs, can exert such
an effect. Furthermore, fatalities are aimed to be at the leveterb.
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ML potential
In this part, the SEs were asked about their view of ML potential in analysing accident reports and
their tasks. At the beginning of this set of questions, ML was briefly described for the respondents.

One SE mentioned that there wastential in extracting statistics of what had occurred in
incidents, observations, and accidents, grouping them according to the case or subject, and gathering
all possible prevention measures instead of speculating on how to solve a problem. {3habkag
whether something was forgotten can also be possible support. On the other hand, two respondents
thought it was difficult to say what ML can offer for their work processit one added that through
all data across the whole company, it might be pdssib pay attention to work steps or work tasks
where there are many accidents or many people injured.

The question was then reformulated to be more general about what a needed area of support
could be. One SE answered that, in general, a lot of the waidut attitude and the way of thinking.
It will be good to have tools to present information about the risks to the production people, make it
Y2NB NBfS@lIyisx FyR S@OSy @radzftAlT S Ad O0LAOGdINBaZ
processesAlternatively, there is much to be learned from negative and positive observations and
finding the reasons behind not following the rules, even though they are known.

When SEs were asked whether they wish to see their proposals as digital applicatiens. O
answered that everything is already digital. Another mentioned that the most important thing about
a digital tool is that it is practical, it functions fittingly with the activities, and it provides something
new ¢ not only being something that needs b® done because the system requires so.

Proposals and ML risks
From a safety strategy perspective, involving information about the individuals in the data registration
should be avoided. However, this can be tricky if there are ethical concerns.

Understanding why people do not follow the rules is risky; it becomes a conflict if this
information is handled as negative prevention towards the individual. The SE indicated that there is
no answer for this concern. One of the perceived risks in creakitvg communicative meetings to
show risks and narratives of accidents is workers and site management not having time for them or
not finding them valuable.

Another interviewee did not see any risks, only opportunities, e.g., a knowledge bank helping
in planning in the early stages. The respondent also did not find ethical concerns since the focus of the
reporting is on the accident. Even for accidgnbne people, it is information that only the site
manager or the safety engineer knows about and mawhe @ private discussion with the individual.

Satisfaction with the reporting

It would be better if one reports in a more detailed, informative, and descriptive manner, so that even

if someone not involved in the event can understand. If investigationeadarrive at causes and

prevention measures, then extracted conclusions cannot be made. One SE indicated dissatisfaction

because much more could have been reporteceporting rates differ from site to site. Maybe site

management did not want to catch tantion, which causes reporting rates to drgpeven though

there are many more reports now; 1000 in one division while, some years ago, there were only 27.
As SEs support production and work with the portal, most of the reporting is done by site

managerssite supervisors and maybe safety representatives. Many questions are very relevant for

them, and they have another perspective of reporting and using the software.

{ dz00S&aa ONRGSNALF F2NJ I LINRPGeLS olFaSR 2y GKS NBLJR
CNRY (KS & i NVidwShaving thewdrketSdribgaid isAfe most important thingaybe

not every single worker, but at least a small group that had already tried a new tool and given
feedback. Introducing new things in the construction industry is not very popular, ahisthaisk but

also a kind of attitude. Therefore, management needs to promote and try the new tools themselves

and engage in communication.
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COMPARATIVE DISCUSSION THAT CAPTURES THE CONCEPTUAL AND EMPIRICAL COMPARISON
The business objective includes dafif 3 G KS Of ASydQa 32+t | yR RSOARA
success criteria from a business point of viewr, according toRP (DVN GL AS 2020), a value
proposition that defines users and usases. Based on the interviews, the safety strategisteteefly
AYGSNBAGSR AY O0SKIF@A2dzNI FyR FlLialt | OOARSyGasz gKA
tasks and prevention, communication, and behaviddoreover, one of the SEs defined acceptance
criteria for a new digital application, namepyacticality, functionality connected to activities, and
giving the feeling of added value to users.

The first direct difference between CRISR Qa 02y OSLJia FyR GKS SYLIN
summarized as singular versus multigleal orientation. CRISPMand RP encourage the data analyst
G2 221 TF2NJ FyR alLISOATe | aAy3atsS odzaiySaa 2062
diversification on different products, different organizational levels, and the prdjased
organisation exhibits multiple gbad | yR 2062SO00A@Sad b2l ofex (GKS LI
would involve costs, time, and quality as prime objectives, whereas H&S and prevention of
occupational accidents might be present but still play a minor role. The latter setting intrdduce
FYoAIdzA (e AyGz2z GKS 202S00A0Sa 2F dzaAy3d | a[] Y2RS
rather than just a single goal. At the end of the first step of the business understanding, there is
probably a need for iteration to sum up objectivesdane-evaluate to make decisions on a common
objective. The CRIEIM guideline of deciding on the objective or subjective success criteria from the
business point of view of the ML model assumes the active participation of the managers and
employees in thalevelopment of the ML model, which is a feature our project does not encompass.

The second step of business understanding requires a detailed analysis of the related resources,
constraints, assumptions to the business objectives, risks of project fairmeinology, and cost
benefit analysis from a commercial perspective. The recommendation of this stage is related to the
resources of the H&S organisation, its members and most importantly, the data. There are resources
to a certain level, but a detailednalysis of accident causes is rare. It is the corporate registration
system that sets the limits for the effort. The constraints of the prevention activity are due to the
business objectives of production, where time and cost own prevalence. Moreovemaissns in
the field of accident prevention are related to several different safety cultures in the project
organisation (Koch 2013). At least two competing assumptions prevail in the interviews: first, that
accidents are due to human error and thereforeosald be prevented by campaigns and other
behaviouroriented efforts, and second, that accidents can be prevented when systemically analysing
the risks and making barriers for their impact. Furthermore, the interviewees showed conflicting views
about risksassociated with the latter prevailing safety assumptions. To sum up, analysts can extract
information related to assumptions, practices, and data validity constraints. However, more
requirements at this step seem challenging to define (such as the ajpticdesign and ethical
concerns), especially since most requirements need a vivid project and commercial benefits.

The following step would be defining dadiaiven goals. At this stage, there must be a clear
definition of the prediction target and an agdeY Sy i | 62dzi (GKS Y2RStQa | OC
achieving such a target. Based on the interviews and the latter analysis, the goal and constraints need
to be defined beforehand. The many projects, product types, management levels, and other factors,
make the context challenging to handle, and such liability and weakly defined phenomena make
applying ML difficult. Moreover, the data status might not allow for a clear definition of the prediction
target. Another iteration could be proposed to overcome thidiclifity. If the situation assessment
step had required a primary data analysis (besides listing detailed available data resources), it might
be easier for the analyst and the case company to make the connection to concrete targets.

One of the preconditionfor a ML application is to make a critical difference in prevention work,
i.e., that the system compiles a large amount of data and analyses it in an overview not offered in
previous methods, practices, and systems. In this occupational accident cahtextieans coupling
many building projects and units across time and space. The SEs function similarly across many project
contexts, so their active use of a standard ML system might provide an additional critical contribution
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to prevention. The similar e@werns and goals across time and space, rather than just the compiled
RFGFoFaSs ONBIGS GKS ONARGAOKE YIaa T2NJGKS aeads
system (e.g., quality data, production planning, and execution data) shigréetitureg a coexistence

of a common database spread in space and time, but with similar goals.

The previous analysis shows that much can be uncovered by asking domain experts about daily
processes and experiences. However, to define business undensgagdals and expectations of
datadriven (ML) applications requires working on multiple organizational levels, especially in project
based organizations. Adding an iterative step between the business understanding subtasks seems
beneficialc otherwise, ethcal, application design and dathiven goals, would remain ambiguous.
Moreover, the current description of business understanding seems to target commercial gains at a
strategic decisiormaking level. In contrast, in a large contracting company and erogerational
level, the business understanding framework needs to and can be adapted to match the specific case.

CONCLUSIONS
¢CKA& LI LISNIFAYSR i Fylftéeaiayd SELISNASyOSa | yR OK
of CRISIDM; and as part oin ongoing endeavour to develop a Mhsed system that utilises
NEL2NISR | OOARSy(Ga F2N LINS@GSyiaArAz2yd ¢KS AydiSNBadi
assure a solid contextual embedding and an appreciation of local dynamics (incl. vaiiatioles,
competencies, and resources). Our sociomaterial framework of understanding was supplemented
with accident research and ML development concepts, and the complex context of a contractor
O2YLIh ye ol a StSOGSRP® 5dzS iR busingsS unifs2aydialehsGiRitiN & R/
projectbased production, it can be (as the interviews also showed) compared to a loose constellation
of many small companies. Therefore, the method adopted was a bettprapproach.

¢KS LI LISNDa& FAKRISS aNBa dfi @1dzaS\g Sadar CE&ERSNAR G Y RA Y !
provide sufficient guidelines for ML development. There are relevant questions to be asked in the
company context, such as the goal for the business and the application domain, but little support can
be found for more particular decisions on the ML system design. We, therefore, shifted from a top
down to a bottomup approach, where the iterative system development drew directly on practical
experience and knowledge on accident registration proceduresegidtered accidents. The second
result was the difficulties in understanding registered data in the standard database software, with
limited transparency and different qualitycomplementing other research on the importance of the
NEB LJ2 NI S NE& @n. Rh¢ ihBdNegNiSigl appreciating the classical decoupling between top
management and the building project level in Swedish contractor companies. This hampers the
integration of accident prevention in the operational levélL systems should be desigh® provide
the coexistence of a common database and user experience spread in space and time, but with similar
goals in large contractor organisations with many projects and job functions. The review of the
GodzaAySaa dzy RSNAG LIy Rénéet dor twoyiteratiénha ithidtheprdcess;foBe@S R (1 K
0KS GRSGSNINAYS odaaAySaa 202SO00A@S¢e adsSLI G2 F 3INS
AAlbdz- A2y ¢ adalr3sS G2 AyOfdzZRS LINAYEFNEB RFEGE Tyl feaa
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Abstract
The integration of Industry 4.0 enabled technologies in construction health and safety (H&S)
YFEYF3SYSyid Aa 2F LI N¥Y2dzyd A Y L¥Eedidnd/ velbeiny.2TheA Y LINE €
COVIBEL9 pandemic expanded the need for Industry 4.0 technology integration in H&S management.
Despite this, the findings of previous studies and anecdotal evidence indicate that the construction
sector lags other sectors in ternaé technology adoption. This study aims to identify the level of
Industry 4.0 technology integration in construction H&S, and the factors affecting the integration of
Industry 4.0 technologies in construction H&S management. A quantitative survey desiguepted
which entailed the distribution of questionnaires to architects, construction managers, engineers, and
guantity surveyors, in construction and consultant firms in Harare. The data analysis consisted of
computing frequencies and a measure of gahttendency in the form of mean scores (MSs) to
facilitate ranking of the factors. The results of the study indicate that Industry 4.0 technologies
integration in H&S management is saptimal. The high investment cost, lack of knowledge of
emergingtechnologies, lack of client support, lack of awareness relative to technologies necessary for
H&S, and lack of top management support are the leading factors limiting the integration of
technology in H&S management. The study results highlight the smig of policies and strategies
that aim to reduce the cost, and raise awareness of H&S technologies in terms of promoting an
Industry 4.0 technologled H&S performance improvement drive. Although the study was
exploratory, the findings are useful to arm construction stakeholders with regards to areas that
require interventions to enhance technology integration in construction H&S management.
Keywords construction, health and safety, Industry 4.0, Zimbabwe.

INTRODUCTION

The construction sector is considered as a hazardous -sextor due to its disproportionate
contribution to occupational injuries. According to the International Labour Organisation (ILO) (2015),
approximately 108 000 fatalities are recorded on constautsites each year globally. In Zimbabwe,
statistics courtesy of the National Social Security Authority (NSSA), show that the incidence rate (IR)
of the construction sector exceeds the-adictor average. However, the economic and social burden

of workpla@ injuries is enormous. The ILO (2015) estimates that approximately 4% of global Gross
Domestic Product (GDP) is lost annually due to occupational injuries, fatalities, and disease. According
to Chigara and Smallwood (2019), occupational injuries dimihesbapacity of workers to meet their
current and future work requirements. Against this background, the need to adopt innovative
solutions to prevent/reduce occupational injuries in the construction sector cannot be overstated. In
G2RI&Qa ¢ 2Nd and itslagséedaditéttnologies emerged as an effective approach to
AYLINR@GS YR adzadl Ay aAi i Setaspz N4 MNEG., 20 {fO-2ZgicRA (1 A 2 ¥ &
and Teuteberg, 2016; Okpada al., 2020; Smallwoodt al., 2020). The last twdecades witnessed a
growing interest in utilising innovative technologies to prevent / reduce workplace injuries and
fatalities in the construction sector (Ramos, 2021; Netpl, 2020) due to their great potential to
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enhance H&S performance (Aslan, 20Liuet al, 2020; Romeret al, 2018; Nnaji and Karakhan,
2020).

Nnaji and Karakhan (2020) note that several Industry 4.0 technologies have been applied in H&S
management in the United States of America (USA), albeit at various stages. The study gteawe
most of the respondents (86%) were exposed to / used Building Information Modelling (BIM),
wearable sensing devices (WSDs), and ri@iguency distribution (RFID) as part of their H&S
management process; while 58% revealed that their organisat8®d Wnmanned Aerial Vehicles
(UAVs) augmented reality (AR), virtual reality (VR), robotics, and automation to improve H&S
performance (Nnaji and Karakhan, 2020). During another study conducted in South Africa, Beale and
Smallwood (2019) determined thatduastry 4.0 technologies such as VR, AR, VR based H&S training,
drone technology, and wearable technology / sensors are perceived to have great potential to
contribute to resolving many H&S challenges experienced in the construction sketording to the
Health and Safety Executive (HSE) (2G@)lying BIM during the planning and design phase enables
site layout and logistics planning, and early (design) hazard identification and mitigation before
physical work begins. The use of sensors and globatigmiag system (GPS) enhances collision
detection, exposure assessment, detection of unsafe construction site locatighkigaet al., 2020;
Howard, 2017) thereby reducing / preventing accident involving heavy equipment and workers
foot (Genderset al., 2016). Internet of Things (IoTs) and its accompanying technologies (sensors) can
enable reatime monitoring of workers and their operating / surrounding environment relative to
hazards, unsafe acts (UA) and unsafe conditions (UC); real time pro¥igiformation necessary for
reaktime decision making relative to H&Bdpanet al., 2019;Haikidaet al., 2020) and timely hazard
evaluation Erol and Kecioren, 2019).

Despite the potential benefits of Industry 4.0 technologies for H&S, the technolagiasot broadly
applied in construction H&S management (Okpatlal., 2020; Nnaji and Karakhan, 2020; Ramos,
2021; Swallow and Zulu, 201 %urther, research investigating the barriers to Industry 4.0 technology
integration in H&S management remains liedt and there is no evidence of any such study having
been conducted in Zimbabwe. To bridge this gap, this study investigates the perceptions of
construction professionals in Harare with regards to the barriers to Industry 4.0 technology integration
in corstruction H&S management in Zimbabwe. Through identifying the barriers to integrating
Industry 4.0 technologies in H&S management, the study provides important insights to construction
stakeholders regarding interventions required to enhance the integnat@®improve construction

H&S performance.

REVIEW OF RELATED LITERATURE
This section discusses the state of construction H&S in Zimbabwe and barriers to technology
integration in construction H&S management.

Overview of the status of construction H&8 Zimbabwe

CKS O2yadNHOGAZY AYRAAGNEQAE | 3{ NBO2NR A& dzyRSAA
organisation and implementation of construction H&S is ptoyo et al., 2015; Chipatet al., 2019).

This is corroborated by the NSSA H&S statisticthoperiod 2011 to 2015, which shows that the
average incidence rate (IR) (6.0 per 1 000 insured workers) for the construction sector is above the all
sector average IR (5.2 per 1000 insured workelsJSA, 2017)The leading types of accidents
contributing to nonfatal injuries are: contact with objects (28%); fall of objects (14.4%); fall of persons
(13.9%); overexertion when lifting, pushing, or pulling heavy objects (10.7%); road traffic accidents
(9.78%), and caught in or between objects (8.68%¥3SA, 2015 he factors contributing to the poor
construction H&S performance are neompliance with H&S provisiofBISSA, 2015unsafe work
practices, inadequate inspections, inadequate hazard identifinagnd risk assessment (HIRA),
inadequate H&S planning, inadequate H&S training, and inadequate design HIRA, which contribute to
the occurrence of injuries, fatalities, and diseaBhifjara, 2018)This calls for more action to improve

the situation. Preious studies@kpalaet al., 2020; Liet al., 2020) determined tha¢merging Industry
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4.0 technologies, when used appropriately have the potential to enhance construction H&S.
Nonetheless, several factors / barriers limit the application of these tecigies in H&S management.

Barriers to Industry 4.0 technology integration in construction H&S management

Swallow and Zulu (2019) investigated the barriers to adopting 4D modelling for site H&S in the United
Kingdom (UK) using a questionnaire survey adstéred to construction practitioners. The results
showed that only 31.2% of the participants had adopted 4D modelling in their workplace, and that the
main barriers limiting the adoption of 4D modelling for H&S are the cost to train, culture, cost of
software, time to implement, no collaboration, and lack of information technology (IT) skills. During
another study conducted in the USA, Nnaji and Karakhan (2020) established that the top five barriers
limiting the adoption of innovative technologies for H&finagement are expensive upfront cost,
need for extensive training before achieving optimum performance, concerns regarding the technical
support availability, doubts regarding reliability of these technologies, and clients rarely demand for
their use. Scéll et al. (2018) adopted a survey design to investigate the potential barriers preventing
the widespread adoption of wearable sensors in the construction industry based on the perceptions
of the members of the American Society of Safety Engineers. The resiiis stuidy showed that the
barriers preventing the adoption of wearables in construction H&S are the concerns regarding
employee privacy / confidentiality of collected data, sensor durability, and the benefit / cost ratio of
using wearables. Kinet al. (2019) investigated the perceptions of 26 construction industry
representatives in the states of Virginia and California, USA, regarding their opinion and concerns with
respect to the use of exoskeleton technology in construction to enhance H&S management. The
perceived barriers to the adoption of exoskeletons are the H&S concerns (of the workers using them)
and usability concerns. During another study, Borhani (2016) established that cost, complexity to use,
uncertainty in terms of obtaining benefits, time reed to learn and adopt the tool, and the need for
additional training are the main barriers affecting the adoption of technology for construction H&S in
the USA. Azhar and Behringer (2013) investigated the effectiveness of BIM technologies in developing,
communicating, and implementing H&S plans in the USA. The study established that the lack of
knowledge of H&S personnel in terms of using BIM, technical issues such-asaiability of H&S
elements and equipment in the BIM software library, and humareesur, which cannot be changed
quickly, as the main challenges related to the use of BIM for H&S management. Table 1 presents an
overview of factors / barriers constraining Industry 4.0 technologies integration in H&S management.
Tablel: Overview: barriers to Industry 4.0 technologies integration in construction H&S

management

Location Reference Identified barrier

UK Swallow and Zulu, The cost to train, culture, cost of software, time to implement,
2019 collaboration, andack of information technology (IT) skills.

USA Borhani (2016) Cost, complexity to use, uncertainty in terms of benefits, time nee

to learn and adopt the tool, and the need for additional training.

USA Nnaji and Karakhan,  Expensive upfront cosheed for extensive training before achievir

2020 optimum performance, concerns regarding the technical supy

availability, doubts regarding reliability of these technologies, ¢
clients rarely demand for their use.

USA Schalket al. (2018) Employee privag/ confidentiality of collected data, sensor durabilit
and the benefit / cost ratio of using wearables.

USA Azhar and Behringer  Extra cost involved in developing the Bhdsed H&S plans, lack 1

(2013) knowledge of H&S personnel in terms of using BIM, technical is

such as noravailability of H&S elements and equipment in the B
software library, and human behaviour which cannot bearued
quickly.

The review of literature provides important insights with regards to the barriers to adopting Industry
4.0 technologies in H&S management. Howeubg review of literature reveals that available
research with respect to the subject is limited and geographically biased towards the developed
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regions,and then mainly the USAhis calls for further studies to be conducted in other geographical
locations Although related studies were conducted in Bowfrica, they focus on the applicable
Industry 4.0 technologies for H&S management (Haugtl., 2020), the level of integration, and the
benefits of Industry 4.0 technologies in H&S management (Smallveboal., 2020; Beale and
Smallwood, 2019).

REEARCH METHOD AND SAMPLE STRATUM

Research design

The study adopted a quantitative approach which entailed the distribution of questionnaires per
emails to construction professionals, namely architects, construction managers, construction H&S
managers / dicers, engineers, project managers, and quantity surveyors from contractors and
consultant firms in Harare. An exploratory survey research design was adopted because survey design
is an established research design in construction management researchy([24168) capable of
providing a quantitative description of attitudes and opinions of a population or tests of association
among variables of a population, by studying a sample of that population (Creswell and Creswell,
2018). The study conducted in Hagathe capital city of Zimbabwe because the city hosts the largest
pool of construction professionals in Zimbabwe.

Questionnaire design and administration

A structured questionnaire, accompanied by a covering letter explaining the rational of the study,
procedures for completing the survey, a request for participation in the survey, and assurances of
confidentiality, was used to collect data from construction professionals. The questionnaire comprised
eight closeend questions. Six (6) questions soughtataotain the sociedemographic data of the
respondents such as age group, gender, education, job title / designation, organisation, and years of
62N)] SELISNASYOS Ay (KS O02yaiNdzOGA2Y AYRdzZAGNE O
perceptions relatived (1) the extent to which Industry 4.0 technologies (BIM, RFID, UAVS, VR, AR,
robotics, drone technology, automation, loTs, additive manufacturing (AM), and mobile computing)

are applied to eight (8) aspects of construction practice, and (2) the extavtitth twentythree (23)

barriers selected from literature hinder Industry 4.0 technologies integration in construction H&S
management in Zimbabwe. A fiapmint Likert type scale ranging from 1 = Not at all, 2 = Minor, 3 =
Moderate, 4 = Near major,and 5a=F 22 NJ SEGSyd 6+ & | LILX ASR (G2 RSGSN
with respect to the above questions. Prior to distributing the questionnaire, three construction
professionals / experts, selected based on their theoretical questionnaire knowledge (DeMaio and
Landreth, 2004) and practical construction H&S management experience, were asked to review the
guestionnaire in terms of potential questions and the adequacy of the factors included in the

j dzZSAGA2YYIFANB® ¢KS NBEODAASR §edpbck, ivas2they diskriblied to A y O 2 N.
forty-five (45) purposively selected construction professionals in Harare. As the study is exploratory,
purposive sampling was used to select the professionals based on their experience / involvement in
construction H&S magement and exposure to / use / knowledge of Industry 4.0 technologies.

Data analysis

The data was analysed with the help of the Statistical Package for Social Scientists (SPSS) software to
compute frequencies, and a measure of central tendency in thien fof a MS to facilitate the
interpretation of percentage responses to Likert scale type questions, and the ranking of the variable.

¢KS a{d8 6SNB AYGSNIINBGSR Ay fAYS 6A0GK LINBODA2dza
=minortonearminorexSy 4 T WH mMdyn X HdcnQ I' YAY2N {2 | S
odnnQ ' ySFENI YAY2NI (2 | Y2RSNIGS k Y2RSNIGS SEGS
YI22N) SEGSYGZ YR WHh noun X p dnndgestdd byylkdiasidt Y 22 NJ
al. (2012), a midpoint score / benchmark of 3.00 [(1+2+3+4+5)/5 = 3)] was used to identify significant
barriers. The barriers with MSs > 3.00 are considered significant (Ikeeli@dh2012). Where two or

2SS
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more factors had the samblISs, the standard deviation was used to facilitate rank differentiation
(Doloiet al., 2012). Due to the small sample, inferential statistical analysis was not feasible.

RESEARCH FINDINGS

Response rate

A total of 45 questionnaires were emailed tonstruction professionals and 21 responses were
received, representing a response rate of 46.7%. Due to the small sample, the results may be regarded
as indicative. However, such responses are likely to have been obtained from the more committed
practitioners, and practitioners that are familiar with and / or have an interest in the subject area,
thereby reinforcing the validity of the findings (Smallwood, 2019). Notably, small samples have
previously been reported in construction management research.nguirelated study in Malaysia,

Yong and Mustaffa (2012) distributed 45 questionnaires to different target groups in the construction
industry and 14 responses, representing a response rate of 31.1%, were received and analysed.

Demographic profile of respndents

In terms of the demographic profile, 90.5% of the respondents were males, while females constituted

9.5%. The huge gender disparity confirms the results of the ZimStat (2019) survey which showed that
females make up 11.8% of wage / paid employmierhe norragricultural sector. With regards to the

age groups, the results show that most respondents (85.7%) comprise of Generation ¥ {PD9&2

followed by Generation X (1966coy m0 | 3S 3INRdzZL) omMn o2 0d ¢KS NBA
comprised Bk St 2 NDR& RSINBS o60Tcdw:03X aladSNRa RSINBS o
terms of the organisation represented by the respondents, 57.1% are construction consultants and

42.9% contractors. The analysis shows that most of the respondents antitylsurveyors (38.1%),

followed by project managers (19.0%), engineers (14.3%), construction managers (14.3%), architects
OpePp20E YR 19{ YIyFr3aSNA onodx:>0® wS3aFNRAYy3I GKS
construction sector, the analysis showsat 38.1% of the respondents havel@ years of work

experience followed by the-B years category (28.6%),-15 years (23.8%), and 16 years and over

(9.5%). Me diverse backgrounds and experience of professionals who responded to the survey
enhances tk relevance of the responses.

Application of Industry 4.0 enabled technologies in the construction industry in Zimbabwe

Table 2 presents the results of an assessment of the extent to which Industry 4.0 technologies are
applied to construction industrgractices in terms of percentage responses to a scale of 1 (not at all)
to 5 (major), and a MS ranging between 1.00 and 5.00, the midpoint score being 3.00.

Table 2: Extent to which Industry 4.0 technologies are applied to eight construction industry

practices

Response (%)

Practice Un- b 2 u o FffXXXXX MS Std. Rank
Major dev.

¢ 2 3 4 s
Cost management 0.0 00 95 333 429 143 3.62 0.865 1
Project schedule management 0.0 48 143 429 238 143 3.29 1.056 2
Construction site management 0.0 95 333 143 23.8 19.0 3.10 1.338 3
Resources and asset manageme 0.0 48 381 476 48 48 2.67 0.856 4
H&S management 0.0 4.8 524 19.0 19.0 4.8 2.67 1.017 5
Productivity management 9.5 95 333 286 143 4.8 243 1.287 6
Quality management 0.0 238 33.3 333 95 0.00 229 0.956 7

8

Environmental management 9.5 19.0 38.1 19.0 143 0.00 2.10 1.179
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It is notable that 3 / 8 (37.5%) of the MSs are > 3.00, which indicates that the respondents deem that
GKS LyRdzZAaGNE non GSOKy2f23ASa |NB FLWIXASR G2
YIEYyEFASYSyiQ: WLINRP2SOU aOKSRAAIDOYFyYyl ISYSYyidiQs FyR
The four construction practices ranked' fo 5" 6 c H P2 0 KIF @S a{ & B HDcN
indicates that the respondents deem that the Industry 4.0 enabled technologies are applied between
a minor to a moderate / moderate extent to the selected preesi- WO2a G Yyl 3SYSyd Qs
A0KSRdz S YIylI3aSYSydQs waiadasS YrylFI3aSYSydQs Wi s{ Y
construction practices ranked™to 8" 6 o T ®pr 0 KIF @S a{ad B mMdyn X HbDcC
respondents deem that the technologie ' NB | LJJ ASR (2 WLINRRdzOUA DA I
YIEYyEFEASYSyiQ:z FyR WSY@ANRYYSyidlf YIylFI3asSySyiQ oSi
Overall, the results show that the application of Industry 4.0 technologies in construction industry
practices igiradual and at various levels of maturity. The results confirm previous studies, which show
that Industry 4.0 technologies have not gained much attention in construction despite the benefits of
increasing automation and digitisation in construction praess(Oesterreich and Teuteberg, 2016).

Barriers to Industry 4.0 technologies integration in H&S management in Zimbabwe

¢FrofS o LINBaSyita GKS NBaLRyRSyiGaQ LISNOSLIIAZ2Zya NB
4.0 technologies ionstruction H&S management in terms of percentage responses to a scale of 1

(not at all) to 5 (major), and a MS ranging between 1.00 and 5.00, the midpoint score being 3.00.

Table 3: Barriers to Industry 4.0 technologies integration in construction H&S management in
Zimbabwe

Response (%)

. b2d G FffXXXXX Std.

Barrier Un- Major MS dev. Rank
e ™2 3 4 s

High investment costs 0.0 00 00 48 333 619 457 .598 1
Lack of knowledge of the
technologies and their 0.0 00 95 95 286 524 424 995 2
applications
Lack of support from clients 00 48 0.0 19.0 333 429 410 1044 3

Lack of awareness of the

innovative technologies for H&S 0.0 48 48 143 381 381 4.00 1.095 4
management

Lack of senior management 4.8 48 143 143 476 286 3.90 1.044 5
support

Inadequate technology integratiol
in built environment programmes
Lack of supportive government
policy

Lack of technical expertise &
experience

Lack of information regarding the
effectiveness of the technologies
Lack of a supportive reguiatory o 5 95 48 429 333 371 1521 10
framework

Resistance to [technology] chang 0.0 48 190 95 429 238 3.62 1.203 11
Inadequate / Weak [ICTS] 00 00 238 238 238 286 357 1165 12
infrastructure

Lack ofindustry standardsto 5 45 g5 333 333 100 352 1078 13
guide implementation

Lack of training 0.0 00 143 333 429 95 348 .873 14

Lack of clearly defined economic
benefits (Uncertain ROI) 00 48 190 238 286 238 348 1.209 15

00 00 95 19.0 476 238 386 .910 6

9.5 00 00 190 333 38.1 381 1470 7

0.0 00 95 333 333 238 371 .956 8

4.8 00 48 333 238 333 371 1271 9
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Lack of demand from contractors 4.8 48 48 333 286 238 3.48 1.327 16

Lack of requisite Information 00 48 190 381 238 143 324 1001 17

Technology (IT) skills

Lack of a methodical strategy for

implementation

Lack of technical support from

. 4.8 4.8 19.0 19.0 429 95 3.19 1.290 19

technology providers

Economic risk 4.8 4.8 9.5 476 14.3 19.0 3.19 1.289 20

Perceived technology interferenct , 4 g 586 286 286 95 310 1.091 21=

with work procedure

Unsupportive organisational

structure

Industry culture that promotes

slow technology adoption
Note: MS = Mean Score; Std. Dev. = standard deviation; ROI = retiumvestment

4.8 00 190 238 476 48 324 1134 18

0.0 95 190 286 38.1 48 310 1.091 21=

0.0 95 190 286 429 00 3.05 1.024 23

It is notable that all the MSs are greater than the midpoint score of 3.00, which indicates that
respondents deem that the barriers constrain the integration of innovative technologies in H&S
management to a major, as opposed to a mieatent. The variables ranked'and 2 (8.7%) have

a{a B nodun X pePnn: SKAOK AYRAOFGSa (GKFd NBaLRyRS
Industry 4.0 technologies in construction H&S management between a near major to a major / major
exte 0 d LG AaKNZKI| & 8BS dstcynSigeibd the2ieading barrier. Investment in
Industry 4.0 technologies is perceived to be expensive because of the numerous cost centres such as
the initial setup cost, cost to train (Swallow and Zulu, 2019), cost of software / hardware / upgrades
(Svallow and Zulu, 2019; Ahmedd al.,2014) and running costs of the implementation (Ahnetdl.,

2014). This finding is consistent with previous studies conducted in the USA (Nnaji and Karakhan, 2020)
and the UK (Swallow and Zulu, 2019) which identifietdbst of investment as a leading barrier to

the adoption of technology in H&S management. Given the high cost of investment, firms with a small
financial muscle such as small to medium (SMEs) may find it more difficult to integrate technology in
their H&SLINF O A OSa ® ¢ KS labkBol kabwiledige afki® dechiologies and their
application§XMS = 4.24) is ranked?2 Knowledge of the innovative technologies is important to
inform decision making relative to the application of the various techrietofpr H&S management.

The lack of knowledge is identified in previous studies as a limiting factor for technology adoption in
the construction sector in the USA (Heltal., 2015; Ahmeet al., 2014). However, the gradual growth

in technology use in theonstruction industry amplifies the need for construction enterprises and
built environment institutions to impart knowledge to workers, managers, and students relative to
the Industry 4.0 technologies that can enhance H&S management.

The fourteen barries ranked 3 to 16" 6 c n®dd: 0 KIF @S a{a B odnn X n dH
construction professionals perceive that the barriers constrain the integration of Industry 4.0
technologies in construction H&S management between a moderate to a near major hragar

extent. The following section will briefly discuss three barriers in the top half of the above MS band
OADPSD®E B odyn X ndHnOd ¢KS STFSOG 2F GKSAS o NN
considered important in terms of influencindpe decision to adopt innovative technologies. The
barrier ranked 3isi KS Wt I O1 27 &NMAIIANIGivanNER Ngh OdstlofSnyastinént
with regards to the Industry 4.0 technologies, client support relative to technology integration is
critical since they pay for the use of the technologiHss finding is consistent with Nnaji and Karakhan
(2020) who established that lack of client involvement in the technology discourse impedes the
integration of such technologies in H&S management.fiffaéng reinforces the observation made by
Lindblad and Guerrero (2020) that in project constellations, construction firms are much dependent
on clients to allow for innovation. Althougtlients (large private and public) can potentially use
procurement b influence technology integration in H&S manageméimderoth, 2010; Lindblad and
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Guerrero, 2020), the use of the lowest price as the dominant selection criterion in tenders discourages
clients from exercising a leadership role to foster innovation (&ewse and Richard, 2015).

¢ KS NBaLRyRSYlick oiSanErénase 9f thé Krinavative technologies for H&S

Y y I 2SS ¥ 400) is an important barrier to technology integration in H&S management. The
lack of awareness may be attributed to theck of integration of Industry 4.0 technologies in H&S
management and the lack of exposure to the technologies. Previous studies show that construction
H&S professionals rated themselves below average in terms of awareness of / exposure to most
Industry 40 technologies (Beale and Smallwood, 2019; Smallvetad., 2020). In the UK, Swallow

and Zulu (2019) established the low level of awareness of the 4D modelling contributed to the low
adoption of 4D for H&S management. However, the lack awareness andstemiging of the
technologies in terms of their potential impact, and how they can be implemented within firms may
discourage the uptake of Industry 4.0 technologies. At the organisational level, respondents perceive
that adoption of innovative technologiein H&S management is affected bye Wt | O] 2T (2
YI y I 3SYSy (MSi=dzan)i2 éadletdhip support is required to set the vision for the adoption
of Industry 4.0 technologies, allocate resources for the purchase of the required technologies, training,
and retraining of workers and managers in line with the new technologies. @rzds(2020) argue

that lack of top management support is more important that employee resistance of technology. This
finding is consistent with Borhani (2016) who identifladk of top management support as a major
barrier limiting the adoption of technologies for H&S management. During this study, Borhani (2016)
determined that while top management support may be forthcoming from large organisations
because they have the seurces, the situation is different for SMEs.

The seven barriers ranked10 2396 o n ®@m’> 0 KIF @S a{a B Hdcn X od
construction professionals perceive that the barriers to impede technology integration in H&S
management between a imor to a moderate / moderate extent. The factors included in this cluster
FNBY Wil Ol 2F NBldZAaAGS LYyF2NNIGA2Y ¢SOKy2f238
AYLIE SYSYGlFdA2y QT Wil 0O1 2F GSOKYyAOlFf WLdENERNIG STRN]
G§SOKy2t238 AYUGSNFSNBYOS 4AGK 62N] LINROSRIINBQT Wc
Odzf GdzNB GKIG LINRPY2(GSa aftz2g (SOKyz2f238 R2LIIA2YyQc
a proper infrastructure, skilling, and reflikg in line with Industry 4.0, and culture shift to promote
the adoption of technologyased solutions for H&S issues.

CONCLUSIONS AND RECOMMENDATIONS

The study investigated the perceptions of construction professionals in Harare to identify the level of
Industry 4.0 technologies integration in construction practices, and the barriers to Industry 4.0
technologies integration in construction H&S managenieZimbabwe. The results of the study show
that the level of Industry 4.0 technology integration in construction management practices and
specifically H&S management is syfitimal. The main barriers to technologies integration in H&S
management are higimvestment cost, lack of knowledge, lack of client support, lack of awareness
relative to the innovative technologies for H&S, lack of top management support, inadequate
technology integration in built environment programmes, and lack of supportive gmerhpolicy.

The results highlight how deficiencies from various stakeholders such as government, contractors,
training institutions, and clients impede Industry 4.0 technology integration in H&S management. The
multi-dimensional nature of the barriers sggsts that any transition towards Industry 4.0 technology
based solutions to H&S issues requires interventions at various levels. These results have some
practical implications for policy and practice. First, the results highlight the centrality of th@fcos
investment on the decision to adopt innovative technologies for H&S management. Given that most
of Industry 4.0 technologies are imported, the government should, in the short term, introduce
policies (e.g., subsidies, and incentives) that promote enon in terms of starup and
implementation costs of the various technologies. Second, the lack of knowledge among construction
stakeholders calls for higher education institutions (HEIS) to integrate innovative technologies into
built environment programras to close the knowledge gap and ensure that skills produced match

61



Proceedings of the Joint CIB W099 & W123 International Conference 2021:
Changes and innovations for improveellbeing in construction

those required by the industry. Enterprise level training can also help to enhance knowledge and skills
required to apply the technologies. Third, the absence of supportive policy andiagework calls

for the government to develop policies and regulations that promote technology adoption in
construction and specifically for H&S management. The main limitation of the study is that it was
conducted in one city in Zimbabwe, with a smadimple of participants, which limits the
generalisability of the findings to construction sectors in other regions.
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Abstract

The construction industry bears a lot of casualties and accidents rharedther highrisk industries
annually. Thus, to have a practical site inspection, monitoring, and training, the AECO (Architecture,
Engineering, Construction, and operation) is gradually integrating new digital technologies such as
building information nodelling (BIM), automatic rule checking, Augmented and Virtual Reality
(AR/VR).

The current research objective is to provide a general framework of abBHdd safety system to
improve the safety status in the construction field. The system aims to &#&dety planning,
Visualization, safety management, training, automated rule checking, monitoring and inspection. A
BIM for Safety verification system is proposed, based on a fully automated approach, adopting
Automated rule checking, and a manual approadopting Virtual and Augmented Reality (AR/VR).
These two systems will be a part of a BIM for Safety General Framework, which covers the construction
project lifecycle with all the involved stakeholders and international standards.

The BlMbased technologs can help with safety prevention, inspection, monitoring, and training
from the design stage to the operation and management. The integration of these tools in a
standardised manner could ease the adoption of the tools, following EN ISOZ.96%0PA3192-

6:2018, giving the owner better awareness and control over the safety aspects of the project,
identifying specific tasks for each stakeholder, and involving health and safety measures from the
beginning of the project. Some limitations are found irplementing new tools since every tool
represents a standalone, each tool covers a specific field only, the digital tools are not involved in the
standards and regulations, workers and safety professionals lack the experience of using such tools,
low demandfrom the owners, incompatibility of software and data format exchange, especially
between different appointed parties, and the time spent preparing the BIM model.

Keywords. Building Information Modelling, Automated Rule Checking, Augmented Reality, Virtual
Reality, Construction, Occupational Health and Safety.

Introduction

Construction safety is an international concern, with many injuries occurring in construction sites
worldwide (Zhang, Teizer, Lee, Eastman, & Venugopal, 20liBdéihe with the Occupational Safety

and Health Administration (OSHA), the construction industry was reggerisr 199,200 injuries and
illnesses in 2019. According to the U.S. Bureau of Labour Statistics, construction had 9.5 fatalities per
100,000 fultime workers(U.S. Department of Labor; Bureau abbr Statistics, 2019According to

OSHA, as of 2020, "one in five worker deaths in 2019 in construction".

Falls, struclby-objects, electrocution, and studk are considered the fatal four construction
accidents and were responsible for more thanftafl the construction workers deaths at 58.6% in
2020(U.S. Department of Labor; Bureau of Labor Statistics, 2019)

In a study conducted by Chim on the Causes and Preventive Approaches to Mitigatent Rate,

Chim reassured that the company and the workers' negligence is the leading cause for accidents on
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the construction sitChim, Chun, & Wah, 2018 him mentioned that accidents could be avoided if
the construction company management is careful with supervision during the construction process.
According to Abdelhamid and Everett, three factors trigger accglemit identifying a dangerous
situation related to a specific task, ignoring a hazardous condition, and proceeding with the activity,
or acting unsafe whatever the current environment w@ddelhamid & Everett, 2000)n a book
published by tle Health and Safety Executive, the authors explored several points such as the
influence of the human's behaviour on health and safety, the impact that health and safety problems
have on the worker's physical and mental health, and the book also illusttedes to identify and
solve these issuegHealth aml Safety Executive, 1999)his book states that a thoughtful
understanding of human actions at work can reduce the number of accidents and cases of
occupational hazards. Unsafe humanste actions cause at least 80% of accidents since people are
involved during the whole construction lifecycle. The authors divided the human factors into violations
and errors that are further divided into skilased errors and common mistak@dealth and Safety
Executive, 1999)

Moreover, the causes of the issues are related to the organisation's planning, managanten
decisionmaking functions. The authors suggested having planned construction and maintenance
tasks and an organized site environment with workplace precautions, risk control systems, and
management arrangements to assist with safer construction wdrkaddition, the skills, capabilities

and mental health of the individuals should be assessed for eacHesitth and Safety Executive,
1999)

Thus, the construction site requires regular and advanced monitoring and supervision; besides, new
workers must betrained carefully before going to the construction site to avoid unsafe actions.
Consequently, manual monitoring and supervisions are prone to error due to the complex and
dynamic environment. Subsequently, to assist the supervisors and visual inspettiba risks,
automated safety monitoring such as Building Information Modelling (BIM) is adopted by the AECO
sector(Eleftheriadis, Mumovic, & Greening, 201B)M integrates Building Regulations and health and
safaty information within the model that are specified as BIMAREGS task group. These groups have
been developed by representatives from the AECO sectors, all with a common goal in developing and
improving awareness, skill, and the use of BIM. The health datysgoup aims to incorporate health

and safety requirements into BIM so that users can immediately see whether their designs are
compliant(Mordue & Finch, 2019)Therefore, BIM implementation seems promising and can also
assist the continuous advancements in the construction processes. Furthermore, BIM cile prov
essential decisiosupport tools for engineers throughout the design stage, improving workers' safety
and performance and enriching esite and offsite training(Wang & Chong, 2015)

Digital Technologies for Construction Safety

BIM application in theAECO sector

BIM application in the AECO sector has several benefits, such as reducing health and safety challenges,
improving the project's quality, and enhancing collaborat{&mshassi, Ayyash, & Choudhry, 2016)
There issigrificant interest in improving safety through design and work method using BIM by
implementing safety planning throughout the proje&nshassi et al., 201683IM enables workers,
safety specialists and engineers to digitally visualise and monitor construction sile&lemtify
hazards (Azhar, Khalfan, & Magsood, 2012nshkassi et al., 2016)Consequently, with the
advancement of BIM and the lifecycle realisation of the project in one holistic environment, most of
the Health and Safety information can be generated in this single environflént Jeong, Clayton,
Haberl, & Yan, 2015; Schwegler, 201@)rthermore, 4EBIM, which is 3D models plus schedule,
means improved chances to make alternative preliminary plans of different construction stages and
tasks, linking them more to safefeanah & John, 2015)

The AECO sector is recognised for its increasing complexity and competitiveness due to strict
schedules, complex tasks, and limited budgets, driving the search for automated and technological
solutions(Chan, Scott, & Chan, 20ham, Pedro, Le, Lee, & Park, 20Diyitalisation has offered
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this sector the means to pursue higher performance and accuracy, thus reducing costs and
modernising operations. Implementing BIM methodology has benefited the AECO sector in
collaboration,scheduling, 3D drawings, management, quantity, and material sorting. Consequently,
various countries are adopting BIM. For European countries, BIM adoption is reinforced by Directive
2014/E.U., Article 22European Comission, 2014yvhich refer to BIM application for public
procurement and by the modern international standard for BEEMISO196501 (BS EN ISO 19640

2018) The AECO sector is currently implementing several tools and methodologies to assist BIM, such
as Automated Rule checking, Augmented Reality (AR), Virtual RealifG{¥4r), Dinis, atl., 2021,

Sidani, Matoseiro Dinis, et al., 2021)

Fully Automated Verification Systems (Rule Checking)

Rulebased checking systems have been developed for BIM models as part of the new BIM technology
3D and 4D simulations, which means a mockup of #wetric model (3D) and a geometric model

with schedule details (4D), to improve the understanding of construction operation. These are some
of the features embedded in BIM, allowing effective safety planning throughout the project's lifecycle
(Eastman, Lee, Jeong, & Lee, 2008)addition, such technologies can improve health and safety
through automated risk identification at an earlier stage and propose inexpensive and straightforward
ways to solve unsafe situations.

Accordingto Sijie Zhang, collecting and examining construction data (work breakdown, structure,
schedules, resource allocation) can be linked to a BIM model allowing to generatebasekt health

and safety framework that facilitates safer design, planning aretation of work task§Zhang,
Teizer, Lee, Eastman, & Venugopal, 201Bbaddition, joining the construction data with safety rules,
such as OSHA, and geometric project data can create informéit@ndnce the database is linked to

the BIM model, will create knowledge that can enhance safety education and training at the design
and construction stagé&Zhang et al., 2013b)

Safety standards and codes represent guidelines for construction risk identification. Therefore, it is
convenient to link BIM components or activities with relevant safety regulations and codes to carry
out automatic risk identification. According to Guo Hongl{rgpngling, Yantao, Weisheng, & Yan,
2016a) a safety rule system is thus built by:

9 Categorising construction safety information,

9 Building a safety rule system

1 Translating safety rule system to machireadable language.
Various kinds of standards may classify unsafe design factors from distinct perceptions and describe
the same rule in a changed structure; that is, rules and standards are not organized and standardized
for automated rule checking. Therefore, reorganiding rules with a specific format and facilitating
rule checking is require(Hongling et al., 2016aHowever, all these standards can be classified into
safety protection, design eoputation and design checking. Furthermore, as the rules are used to
prevent accidents, the design safeBiated information is updated according to accidealated
data. Thus, an organised and wetituctured safety rule system can be develogétbngling et al.,
2016a)
Several studies developed automated rule checking systems targeting f@florggling, Yantao,
Weisheng, & Yan, 2016b; Hossain & Ahmed, 2019; Malekitabar, Hassan Ardeshir, Abdollah Sebt,
Mohammad Hassan Stouffs, 2016; Zhang, Sijie Sulankivi, Kristiina Kiviniemi, Markku Romo, Ilkka
Eastman, Charles Meizer, 2015; Zhang et al., 201@Mjch are the most common risk to target using
automated rule checking. However, many hazards are too complex and interrelated to be automated
such as handling equipment and heavy machinery, installations, matenigbt; among others. These
kinds of risks are becoming more common to be integrated in automated rule chebkahekitabar,
Hassan Ardeshir, Abdollah Sebt, Mohammad Hassan Stouffs, BOf.&)fully manal approach might
be easier to implement while taking advantage of current technologies.
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Fully Manual Verification systems

Augmented Reality
G! dzZaAYSYGiSR wSIftAGe o! vgéneratal informdtidn@SmageiaSgmenting or O 2 Y LJdz
laying over the relworld environment"(Vincent, 2012) BIMbased AR advancements tiit the
AECO sector, providing an array of applications. Azuma describes AR as a variation of VR, which
provides a natural environment with the incorporation of virtual obje&guma, 1997)

Chi and Wang verified that AR technology evolved from markeed applications towards
markerless systemsnty uses sensors in the environment to calculate the position and orientation of
the camera and does not require prior knowledge of the environment to overlay virtual 3D content
into a scene and hold it to a fixed point in sp&Céi, Kang, & Wang, 2018Jowever, recent advances

in contextaware tools such as Wikitude, Google's Project Tango, ARCore and ARKit, may expedite the
technology used on mobile devices, given the increasing processing capabilities of portable devices
(Sidani, Matoseiro Dinis, et al., 2028dditiorally, Data Cloud computing environments have been
recognised in servdpased applications and a wide variety of applied localisation technologies,
dependent on the specifics of the system and the application or task itself. Simultaneously, the
potential of gesturebased interfaces and HMDs (Head Mounted Display) were also reported (e.g.,
applications based on Microsoft HoloLens). BIM authoring tools such as Revit and ArchiCAD and game
engines (e.g., Unity) support data transfer and the development of Vignaironments(Sidani,
Matoseiro Dinis, et al., 2021)

AR is primarily implemented in construction sites due to the visualisation and information extraction
capabilities that it can provide. Blvhsed AR applied to the construction site to support task
completion and reduceonstruction errors, lower cognitive workload, improve access to project
information, manage construction schedules and costs, improve collaboration, increase site
assistance, safety training, task orientation, and higher product{fdge, GolparvaFard, & White,

2013; Jiao, Zhang, Li, Wang, & Yang, 2013; Park, Lee, Kwon, & Wang, 2013; Pour Rahimian,
Chavdarova, Oliver, & Chamo, 2018pecifically, for Architecture and Civil Engineering, AR may
reduce constructiorerrors and project design review; improved communication compared to more
traditional 2D approaches, timeavings (working hours) and cost reduction, as defined by Agarwal
(Charef, Alaka, & Emmitt, 2018jigurel demonstrates a stefpy-step frameworkto develop an
effective AR system for the AECO sector. The framework proposes is based on a holistic aappraoch for
integrating AR into the construction. Besides, providing AECO actors with an improved understanding
of the technology's potential and suitdity to overcome some industry barriers. The framework maps

the relationship between AR capabilities and potential benefits based on 23 use cases.Furthermore,
the relevance of conducting field tests should not be disregarded from AR implementation, amsuch
approach may ascertain improved udeendliness and may also contribute to fostering acceptance

and longterm usaggBerkemeier, Zobel, Werning, Ickerott, & Thomas, 20A3ompromise must be
attained between the development team's knelvow, stateof-the-art technology to the extent that
possible difficulties in devefing the solution can be minimised, and cost and economic aspects.
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Use-case
Identification

Information Provision

*Support inspection

*Visualize current task
procedure

*Process awareness

Integration

*Retrieve inspection data

*Enable connection to
other functional modules

*Send data to other
instances

AR Task
Relevance

Analysis of AR capabilities
and potential benefits

*Decision-making
*Collaboration and
communication
*Improving productivity
*Problem-solving
*Reducing waste, defects
and construction rework
*Design feedback
*Safety report
*Automation
*Geographical location

Evaluation and
Feasibility

Requirement's assessment
and collaboration of
potential users

*Domain experts
*Technical experts

Selection of appropriate
data collection technique

=Expert interviews
=Focus groups
=Laboratory tests
*Field tests

Design
Principles

Recommendations for AR
software design

*Privacy compliance

*Economic use of memory

*Adoption of existing
knowledge

*Adaptability for the usage
context

*Modular customizability

*Scalability

Implementation
Requirements

Recommendations for AR
implementation and
acceptability

=Prototyping

*Low-code engineering
*End-user evaluation
«Iteration-based evaluation

Selection of appropriate

=Online questionnaires
hardware

Participant observation

*Wearing comfort

*Suitability for industrial
purpose

*Ergonomic design

*Usability and user
experience

«Compliance with security
and privacy regulations

Figurel Framework for a Guided Integration of AR in the AECO Sector bag@iemeier et al.,
2019; Hala, Christian, Makram, & Harald, 2020; Sidani, Matoseiro Dinis, et al., 2021; Steffen, Gaskin,
Meservy, Jenkins, & Wolman, 2019

Virtual Reality
VR has shown encouraging developments as technology prices become accessible to the general
consumer and computational power increag@gartin-Gutiérrez, Mora, Aforb®iaz, & Gonzalez
Marrero, 2017) In the last few years, VR research has focused on the AECO sectors, showing potential
benefits ina plethora of applications, especially when taking advantage of accuracy and information
comprised in BIM modeld.i, Wu et al. 2017)Thus, BlMbased VR applications have shown many
advantages to enhance design review, team collaboration, decision malimgng others. The core
idea behind VR application is to enable collaboration and communication, allowing people with
different expertise to access BIM informati¢@®idaniDinis, et al., 2021)

Kumar and hare presented an investigation that showed that the site experience is crucial for
designers, and it is being reduced in the education curricul{feyne, Kumar, & Hare, 2017)
Moreover, inexgrienced designers do not recognise the impact they can make esitersafety.
Following the author's hazard perception test, an association between identifying and mitigating
hazards and possession of site experience was found. The authors recommerfdtthatstudies
should be undertaken to target educational technologies. VR could offer opportunities to develop
solutions that could utilise the parametric attributes and assist with the education and training of
designer and new workef$layne et al., @17).

Most BIMbased VR tools utilise a thré@yer system architecture comprising a BIM authoring tool, a
game engine, and a visual enhancement module. Moreover, some studies expand to a fourth layer,
database, to exchange nageometric information(Sidani, Dinis, et al., 2021j was also identified

that other middleware applications were used to provide network connectivity, creating a multiuser
immersive experienceConstruction Safety field focussed on improving the construction site safety,
mainly through increased awareness and design simulai®idani, Dinis, et al., 2021Figure 2
illustrates an implementation framework of Bibvased VR.
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Creation of the model geometry

l

Model enrichment with information

BIM Model

Material compatibility and model
optimization

Visual Environment
Enhancement

Database

Creation and interaction with the VR
environment

Exchange of information between the
BIM model and the VR environment

VR Environment

Figure2 BIM-Based VR Development Framework
Proposed framework

Framework Description
The proposed BIM for Safety framewdtkjure3 combines the mentioned technologies generating a
BIM for Safety Verification System. This system can be divided into Fully manual or Fully Automated
approaches-igure4. Zhai mentioned that three aspects need to be improved to elevate the levels of
health and safety and reduce risks: detecting hazardous areas at a specific time, monitoring and
inspection, and trainingZhai, Goodrum, Haas, & Caldas, 2089 current models are standalone
models, either targeting visualization, automated rule checkingsafiety management, safety
planning but there is no framework combining these methods together and targeting most of the
project life cycle and the target group. In addition, this system will be based on European regulations
and standards which Is mostly s8ing with the current systems.
Afterwards, the suggested BIM for Safety general framewaykre3 will be based on the established
construction principles, such as EN ISO 19650 1 standard, an international benchmark for operating
data over the project's life cycle using BIM. It includesgiples and higievel requirements as United
YAY3IR2Y 3A2@0SNYyYSyiQa .La tS@St W FYyR A& IftA3AYySR
Furthermore, integrating PAS 1182018 "Specification for collaborative sharing and use of
structured Safety iformation using BIM". PAS 11822018 specifies requirements for the cooperative
sharing of structured health and safety information throughout the project's life cycles. Supporting
the development of structured health and safety data for constructionqutsj gradually from the
start. It offers guidance on how safety information is generated, flows, and can be used throughout
the project's lifecycle. While all Health and safety risk information can be incorporated within an
information model, PAS requirethe contextualisation and categorising of hazards and risks to
highlight the elevated risks that are critical. It also establishes a risk information cycle framework for
the application of safety information through BIM processes and applications. Thaewgunts of
PAS can be applied equally to ABIM projects. PAS identifies how to use Health and safety data to:

W Offer a safer and healthier environment for enders

Mitigate hazards and risks across the project's lifecycle

Improve construction Hdth and safety performance

Provide relevant health and safety information to the right people at the right time
Reduce construction and operational costs

€ e € ¢€
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Finally, Directive 92/57/EEC on implementing minimum safety and health requirements at temporary
or mobile construction sites will be associated with the framework. The proposed approach for BIM
for Safety verification system aims to improve these three aspects by the following:

Figure3 BIM for Safety Framework

Figure4 BIM for Safety Verification System

Detecting hazardous areas at a specific time

Since the system is made of a wdkntified and structured BIM model, the model then could be
introduced to automated rule checking for fully automated risk checking. One of the main problems
of construction health and safety is that it is impossibleliminate all risks due to the dynamic and
complex aspect of the construction site. Consequently, several risks scenarios will be identified and
analysed at an earlier stage, categorising them based on their Probability, severity, and exposure.
Moreover, te rules for each risk will be illustrated. Hence, developing the BIM model with adequate
requirements and Level of Development (LOD) facilitates automated rule chédging5s.
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