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Introduction 

These proceedings are published under the umbrella of the CIB, the purpose of which is to provide a 

global network for international exchange and cooperation in building and construction research 

and innovation. The CIB is the International Council for Research and Innovation in Building and 

Construction, and comprises a world-wide network of over 3000 experts from about 300 member 

organisations active in the research community, in industry or in education. They cooperate and 

exchange information in 35 CIB Commissions covering all fields in building and construction related 

research and innovation. These include Working Group 099 (Construction Safety, Health and 

Wellbeing) and Working Group 123 (People in Construction). 

 

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

The Commission is committed to the advancement of safety health and wellbeing of 

construction workers. The tools necessary to accomplish this end include designing, 

preplanning, training, management commitment and the development of a safety culture. 

! ŎƻǳƴǘǊȅΩǎ ƛƴǾƻƭǾŜƳŜƴǘ ǿƛǘƘ ŎƻƴǎǘǊǳŎǘƛƻƴ ǎŀŦŜǘȅΣ ƘŜŀƭǘƘ ŀƴŘ ǿŜƭƭōŜƛƴƎ ƛǎ influenced by 

factors like: varying labour forces, shifting economies, insurance rates, legal ramifications 

and technological development. 

 

Objectives and Scopes of W123 (People in Construction): 

The Task Group focuses on "boots on the ground" managers, professionals 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 Task Group 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 socio-economic issues, stress, respect for 

people, skills supply and employment relationships. 

 

These proceedings are from the W099 and W123 joint conference, held on the 9th & 10th September 

2021. This two-day conference was due to be held at Glasgow Caledonian University, Glasgow 

Campus, but became an on-line event due to restrictions on conference attendance due to the COVID-

19 pandemic. The GCU Built Environment & Asset Management (BEAM) Centre hosted the 

conference, which is the fourth of its type held in the UK and the second in Scotland (2020 was also a 

DƭŀǎƎƻǿ ΨǾƛǊǘǳŀƭΩ ŎƻƴŦŜǊŜƴŎŜύΦ {ƛƴŎŜ мффсΣ ǘƘƛǎ ƛǎ ǘƘŜ нфth meeting focused on at least one of the CIB 

ƎǊƻǳǇǎΩ ǘƻǇƛŎǎΦ 

The conference provided an international forum for researchers and practitioners to put forward their 

research and ideas on how to improve safety, health, wellbeing, and the life of people in construction. 

¢ƘŜ ǘƘŜƳŜ ƻŦ ǘƘƛǎ ȅŜŀǊȰǎ ŎƻƴŦŜǊŜƴŎŜ ǿŀǎ άChanges and innovations for improved wellbeing in 
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constructionέΣ ŀƭƛƎƴŜŘ ǿƛǘƘ ǘƘŜ ¦b {ǳǎǘŀƛƴŀōƭŜ 5ŜǾŜƭƻǇƳŜƴǘ Dƻŀƭǎ 3 (good health and wellbeing), 8 

(decent work and economic growth), and 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 paper (at this point a face to face will still planned) 
 

Country No. of Authors 

Australia 21 

China  4 

Denmark 1 

Ghana 1 

Hong Kong (SAR) 2 

Iraq 1 

Malaysia 1 

New Zealand 3 

Nigeria 1 

Oman 1 

Portugal 11 

Saudi Arabia 2 

South Africa 42 

Sri Lanka 2 

Sweden 6 

Turkey 4 

United Kingdom 45 

USA 19 

 

44 papers received 
37 accepted 
2   withdrawn 
4   rejected 
1   industry paper 
 
Accepted papers 89 authors from 8 countries 

Country No. of Authors 

Australia 13 

China 2 

China (Hong Kong SAR) 2 

Portugal 3 

South Africa 13 

Sweden 3 

Turkey 2 

United Kingdom 35 

USA 15 
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Papers were divided into nine themes: 

¶ Digital Innovation & Technology 

¶ Culture & Leadership 

¶ Human Factors & Behaviour 

¶ Healthy Mind: Mental Health 

¶ ΨCƭȅƛƴƎΩ LƴƴƻǾŀǘƛƻƴ ϧ ¢ŜŎƘƴƻƭƻƎȅ 

¶ Healthy Body 

¶ Management 

¶ Healthy Mind: Stress & COVID 

¶ Home & Work 

 

 

Papers by themes 

 

Most papers this year have been submitted to the W099 theme. Many straddle both W099 and 

W123, with 7 on mental health. However, there has been a dearth of submissions on topics such as 

gender issues, equality and diversity. Therefore, we should endeavour to promote more of these for 

future joint conferences. 
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Paper Awards 

 

ΨJimmie HinzeΩ Best Paper Award 2021 
Safety Implications of Using UAVs in Construction: An Ethical Perspective 
Mostafa Namian, Mohammad Khalid, Michael Behm 
 

ΨJohn SmallwoodΩ Best 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 Mei-Yung Leung 
 

Best Student Paper Award 2021 
Risk myopia among UK construction workers: Refining the Prescription for our Safety Glasses 
Ilya Andreev and Fred Sherratt 

 
 

First runner-up  
Jimmie Hinze Best Paper runner-up 2021 (Joint) 
/ǳƭǘƛǾŀǘƛƴƎ ŀ ΨƧǳǎǘΩ ŎǳƭǘǳǊŜ ƛƴ ŎƻƴǎǘǊǳŎǘƛƻƴ ƛƴŘǳǎǘǊȅ ǘƻ ƛƳǇǊƻǾŜ hŎŎǳǇŀǘƛƻƴŀƭ IŜŀƭǘƘ ŀƴŘ 
Safety management systems 
Meri Duryan, Jing Xu, Hedley Smyth 
 
Risk myopia among UK construction workers: Refining the Prescription for our Safety Glasses 
Ilya Andreev and Fred Sherratt 
 
Best Mental Health Paper runner-up 2021 
Improving Mental Health and Safety in the Construction Industry: A Study in Australia 
Carol K.H. Hon 
 
Best Student Paper runner-up 2021 
Exploring Acculturation Stressors of Ethnic Minority Workers in the Construction Industry 
Khursheed Ahmed and Mei-Yung Leung 

 
 
 
 
We congratulate all those recognised here! 
 

 

Professor Billy Hare 

Glasgow Caledonian University, United Kingdom 

Joint Co-Ordinator W099 
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10th September 2021 

 

 

Dear Author 

 
 
On behalf of the Joint CIB WO99 & W123 International Conference 2021, held on 9th-10th September 
2021, I can confirm that the Conference Proceedings will be formally published. (ISBN: 978-1-91418-
801-5).   I 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. 
 
All papers 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 Hare PhD, BSc (Hon), BA, MCIOB 
Conference Chair,  
Joint CIB WO99 & W123 International Web-Conference 2021 
Deputy Director BEAM Research Centre | Construction & Surveying / SEBE   
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W123 (formerly TG59) People in Construction: Now and Tomorrow 

The CIB task group on 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 involvement of Dr Wim 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 construction 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 focus on 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 

macro-level involves a look into the labour market and its dynamics in addition to national and cross 

border migration. At the micro-level, the group's focus was 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 2007, joint international coordinators 

were appointed for the task group. The joint coordinators served for nine years (2007 ς 2016). As joint 

coordinators, Prof Theo Haupt and Prof John Smallwood, expanded the research focus of TG59 while 

hosting conferences to attract 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, workforce 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 considerations. So, an intentional ŦƻŎǳǎ ƻƴ Ψōƻƻǘǎ ƻƴ ǘƘŜ ƎǊƻǳƴŘΩ 

and frontline managers, professionals, and workers as the PiC came into being in the task group. Given 

that construction remains labour-intensive where people's contributions significantly impact 

performance, improving people's wellbeing is paramount. The task group that was recently upgraded 

to a CIB Working Commission (CIB W123) will build upon the work and antecedent of TG59. The work 

of W123 will involve scholars and practitioner identifying as employers, contractors, regulators, 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 forward-looking 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 who are working 

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 Well-being, 4 Quality Education, 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 concerning cyber technologies 

for fourth Industrial revolution (4IR) (Artificial Intelligence [AI], Quantum Computing, Internet 

of Things [IoTs], Big Data, Blockchain, Cloud) in construction. 

6. To provide a forum for exchanging ideas on people issues concerning physical technologies 

for 4IR (3-D 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 safe work procedures 

[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 findings to a broader group of scholars and practitioners working in 

the field. 

 

Professor Fidelis Emuze 

Central University of Technology, Free State, South Africa 

Co-Ordinator W123 
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Making History: the evolution of joint CIB W099 and W123 Conferences 

 

W099 Ψ{ŀŦŜǘȅΣ IŜŀƭǘƘ ŀƴŘ ²Ŝƭƭ-.ŜƛƴƎ ƛƴ /ƻƴǎǘǊǳŎǘƛƻƴΩΣ ŀƴŘ ²мно ΨtŜƻǇƭŜ ƛƴ /ƻƴǎǘǊǳŎǘƛƻƴΩ first joint 

ventured for an annual conference in Cape Town, South Africa, June 2017, followed by Salvador, Brazil, 

August 2018, and virtually (Glasgow), September 2020. During the Triennial CIB World Building 

Congress, June, 2019, W099 and TG59 staged separate sessions. The 2021 virtual (Glasgow), 

conference continued this joint venture success.   

The joint venturing has its origins in the scope of the respective commissions, resultant synergy, and 

dual allegiance of a number of members of the 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, work conditions, and work life conditions. Other 

W123 issues are indirectly related to H&S, such as ageing workers, and gender. Furthermore, recently 

completed people in construction research directed towards developing a W123 research roadmap, 

resulted in respondents 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 well-being, workforce engagement, and H&S, which 

are all W099 issues, albeit in the case of workforce engagement, to a lesser extent. These findings also 

ǳƴŘŜǊǎŎƻǊŜ ǘƘŜ ǊŀǘƛƻƴŀƭŜ ŦƻǊ ŜǾƻƭǾƛƴƎ ǘƘŜ ²лфф ƴŀƳŜ ŦǊƻƳ Ψ{ŀŦŜǘȅ ŀƴŘ IŜŀƭǘƘ ƛƴ /ƻƴǎǘǊǳŎǘƛƻƴΩ ǘƻ 

Ψ{ŀŦŜǘȅΣ IŜŀƭǘƘ ŀƴd Well-.ŜƛƴƎ ƛƴ /ƻƴǎǘǊǳŎǘƛƻƴΩ. 

 
Professor John Smallwood 

Nelson Mandela University, Port Elizabeth, South Africa 

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

 

W099 & W123 Committee for 2021  
Professor Billy Hare  Glasgow Caledonian University, UK  

Professor Fidelis Emuze  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  

Dr Philip McAleenan  Expert Ease International, UK  

Dr Ciaran McAleenan  Ulster University, UK  

Dr Patrick Manu  University of Manchester, UK  

Dr Emmanuel Aboagye-Nimo  University of Brighton, UK  

Mrs Tres Hendry  Glasgow Caledonian University, UK  
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Scientific Review Committee 

The peer review for this conference was only possible because of the voluntary contributions of 
experts from various countries. The editors are sincerely grateful to: 
 

Emmanuel Aboagye Nimo  University of Brighton 
Aka Adefemi Federal University of Technology 
Wael Alruqi Al Jouf University  
Omar Amoudi  Oxford Brookes University 
Bankole Awuzie  Central University of Technology  
Paul Bowen University of Cape Town 
Siddharth Bhandari  Western Michigan University 
Clara Cheung University of Manchester 
Alex Copping University of Bath 
Marcello Costella Federal University of Rio Grande do Sul 
Fidelis Emuze  Central University of Technology 
John Gambatese Oregon State University 
Alistair Gibb Loughborough University 
Matthew Hallowell University of Colorado 
Billy Hare Caledonian University 
Theo Haupt Mangosuthu University of Technology 
Marcus Jeffries University of Newcastle 
Andrea Jia University of Melbourne 
Richard Jimoh Federal University of Technology 
Wendy Jones  Loughborough University, UK 
Ali Karakhan Oregon State University 
Elvira Lantelme  Federal University of Rio Grande do Sul 
Kenneth Lawani Caledonian University 
Helen Lingard  RMIT University 
Patrick Manu  University of Manchester 
Thomas Mills  Oklahoma State University 
Ciaran McAleenan Ulster University 
Philip McAleenan Expert Ease International 
Innocent Musonda  University of Johannesburg 
Chioma Okoro  University of Johannesburg 
Manikam Pillay University of Newcastle 
Payam Pirzadeh RMIT University 
Sally Rajendran Central Washington University 
Tarcisco Saurin Federal University of Rio Grande do Sul 
Fred Sherratt Anglia Ruskin University 
John Smallwood Nelson Mandela University 
Simon Smith University of Edinburgh 
Heldley Smyth University College London 
Michelle Turner RMIT University 
Tariq Umar Kingston University 
Ned Umeokafor Liverpool John Moores University 
Rita Zhang RMIT University 

 
 



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

 

11 
 

 

 

Industry & Keynote Papers 
 

12 ISHCCO Qualification Framework For Construction Safety Coordinators 
 Alfredo Soeiro, Reinhard Obermaier, Manfred Mehl, Philip Baker, Jean-Piere Vanlier, Erwin 

Bruch 
 

21 Suicide in Construction: Examining Upstream Industry Influences and Interventions 
 Ciaran McAleenan, Michael Behm, Gerard Ayers, Philip McAleenan 

 

  



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

 

12 
 

 

 

ISHCCO Qualification Framework For Construction Safety Coordinators 

Alfredo Soeiro, Reinhard Obermaier, Manfred Mehl, Philip Baker, Jean-Piere Vanlier, 
Erwin Bruch 

ISHCCO - International Safety and Health Construction Coordinators Organization
 http://www.ishcco.org 

Correspondence: avsoeiro@fe.up.pt 

Abstract 

ISHCCO (International Safety and Health Construction Coordinators Organization ς www.ishcco.org) 

represents an European umbrella association of the national professional associations of Health and 

Safety Construction Coordinators (HSCC). One of the statutory aims 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 promotion 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, bachelor and master) 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 and highly 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 be used to define 

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

Keywords : Competences, Construction Coordinators, EQF, Health & Safety, ISHCCO, IQF, Qualification 

Framework 

DESCRIPTION 

The European Temporary or Mobile Construction 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, describes a typical project 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 the same at each of the three levels it is the levels of skill, 
knowledge and Attitudes that increase at the higher levels. 
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Each table of IQF then presents the requirements on coordinators from the Directive, using the 
Directive Article numbers and beneath each 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 functions of the 
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).  The EQF definitions are: 

¶ Knowledge ς 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; 

¶ Skills ς ability to perform tasks and solve problems;  

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

 

 

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

 

PROJECT BACKGROUND 

These requirements expressd in 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 acquired with experience 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 European Union 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: 
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ω ¢ƘŜ ΨtǊƻƧŜŎǘΩ ǎǘŀǊǘǎ when the client first makes contact with the construction industry and 
ends when the structure is complete. 

ω ¢ƘŜ ΨtǊŜǇŀǊŀǘƛƻƴ {ǘŀƎŜΩ ǎǘŀǊǘǎ ŀǘ ǘƘŜ ǎǘŀǊǘ ƻŦ ǘƘŜ tǊƻƧŜŎǘ ŀƴŘ ŜƴŘǎ ǿƘŜƴ ǘƘŜ ǊƻƭŜ ƻŦ ǘƘŜ 
Preparation Stage safety and health construction coordinator is complete.  This might be when the 
contractor starts work, when the design is complete, or at the end of the Project. 

ω ¢ƘŜ Ψ9ȄŜŎǳǘƛƻƴ {ǘŀƎŜΩ ǎǘŀǊǘǎ ǿƘŜƴ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ǿƻǊƪ ǎǘŀǊǘǎ ŀƴŘ ŜƴŘǎ ŀǘ ǘƘŜ ŜƴŘ ƻŦ ǘƘŜ 
Project. 

 

  

Figure 2. From ISHCCO IQF [3] 

 

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 IQF. Initially 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 due to the difference 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 TALOE was used 
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 were discussed 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 own training 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 common 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 

Coordinator 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 processes within 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 and Health Construction 
Coordinator 

Knowledge 
(highly specialised 
knowledge, some of which 
is at the forefront of 
knowledge in a field of 
work or study, as the basis 
for original thinking and/or 
research; critical awareness 
of knowledge issues in a 
field and at the interface 
between different fields) 

Skills 
(specialised problem-solving 
skills required in research 
and/or innovation in order 
to develop new knowledge 
and procedures and to 
integrate knowledge from 
different fields) 

Attitudes 
(manage and transform work or 
study contexts that are complex, 
unpredictable and require new 
strategic approaches; take 
responsibility for contributing to 
professional knowledge and practice 
and/or for reviewing the strategic 
performance of teams) 

Example of projects: Process plant; complex geotechnical challenges; multi-storey above 25 
metres/10 floors; bridge structures with pre-stressing; tunnelling; deep excavations greater than 
ten metres; dams 

Examples of functional descriptor: 
Germany ς Engineer 
Portugal ς Engineer 
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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 appointed in 
accordance with Article 3(1) shall coordinate implementation of the provisions of Article 4 (General 
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 construction coordination 
actions against organisational 
objectives 

 Justify the principles and 
applicability of the tools and 
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 safety and health matters during the project preparation stage appointed in 
accordance with Article 3 (1) shall draw up, or cause to be draw up, a safety and health plan setting 
out the rules applicable to the construction site concerned, taking into account where necessary 
the industrial activities taking place on the site; this plan must also include specific measures 
concerning work which falls within one or more of the categories of Annex II; 

Knowledge Skills Attitudes 

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

Devise a construction safety 
and health coordination 
system for a project 

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

Understand the 
construction coordination 
policies of organisations 
working on a project 

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

Communicate construction risks in 
the context of project risk 

Understand general 
management techniques 
and how these can be used 
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 the 
workplaces 
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Article 5(c) Project preparation stage: duties of coordinators 
The coordinator(s) for safety and health matters during the project preparation stage appointed in 
accordance with Article 3 (1) shall prepare a file appropriate to the characteristics of the project 
containing relevant safety and health information to be taken into account during any subsequent 
works. 
Knowledge Skills Attitudes 

  Communicate construction risks in 
the context of project risk 

 

Article 6(a) Project execution stage: duties of coordinators 
The coordinator(s) for safety and health matters during the project execution stage appointed in 
accordance with Article 3 (1) shall coordinate implementation of the general principles of 
prevention and safety: 
τ when technical and/or organizational aspects are being decided, in order to plan the various 
items or stages of work which are to take place simultaneously or in succession, 
τ when estimating the period required for completing such work or work stages; 

Knowledge Skills Attitudes 

Understand the principles 
of ethical practice in 
construction safety and 
health 

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

Justify construction coordination 
actions against organisational 
objectives 

 Demonstrate professional 
advocacy in relation to 
construction safety and 
health coordination 

Utilise appropriate national and 
European standards to improve 
SHCC performance 

 Justify the principles and 
applicability of the tools and 
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 appointed in 
accordance with Article 3 (1) shall coordinate implementation of the relevant provisions in order to 
ensure that employers and, if necessary for the protection of workers, self-employed persons: 
τ apply the principles referred to in Article 8 in a consistent manner, 
τ where required, follow the safety and health plan referred to in Article 5 (b); 

Knowledge Skills Attitudes 

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

 Utilise appropriate national and 
European standards to improve 
SHCC performance 

 

Article 6 (c) Project execution stage: duties of coordinators 
The coordinator(s) for safety and health matters during the project execution stage appointed in 
accordance with Article 3 (1) shall make, or cause to be made, any adjustments required to the 
safety and health plan referred to in Article 5 (b) and the file referred to in Article 5 (c) to take 
account of the progress of the work and any changes which have occurred; 

Knowledge Skills Attitudes 
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Understand the differences 
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 organisations 
working on a project 

Utilise benchmarking 
techniques 

Communicate the changes necessary 
to SHCC activities 

Understand general 
management techniques 
and how these can be used 
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 health 
management monitoring 
systems 

Communicate construction risks in 
the context of project risk 

Adapt systems to 
incorporate diversity and 
inclusivity in the 
workplaces 

  

 

Article 6 (d) Project execution stage: duties of coordinators 
The coordinator(s) for safety and health matters during the project execution stage appointed in 
accordance with Article 3 (1) shall organize cooperation between employers, including successive 
employers on the same site, coordination of their activities with a view to protecting workers and 
preventing accidents and occupational health hazards and reciprocal information as provided for in 
Article 6 (4) of Directive 89/391/EEC, ensuring that self-employed persons are brought into this 
process where necessary; 

Knowledge Skills Attitudes 

 Illustrate how the systems 
devised meet statutory legal 
requirements in the 
jurisdiction of operation 

Justify construction coordination 
actions against organisational 
objectives 

 Develop internal 
construction coordination 
competence schemes 

 

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

 

 

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

Knowledge Skills Attitudes 
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Understand the differences 
between monitoring 
systems 

Explain the purpose of 
safety audits, their design 
and techniques 

 

Be aware of learning styles 
and their effectiveness in 
construction safety and 
health both for supervisors 
and the workforce 

Interpret feedback from 
safety and health 
management monitoring 
systems 

 

 

Article 6 (f) Project execution stage: duties of coordinators 
The coordinator(s) for safety and health matters during the project execution stage appointed in 
accordance with Article 3 (1) shall take the steps necessary to ensure that only authorized persons 
are allowed onto the construction site. 

Knowledge Skills Attitudes 

Be aware of learning styles 
and their effectiveness in 
construction safety and 
health both for supervisors 
and the workforce 

  

Adapt systems to 
incorporate diversity and 
inclusivity in 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 
quality. In an area like 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 could be to become 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 competence 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 epidemic.  Much of the 

literature and intervention strategies focus on construction site awareness, support and 

coping mechanisms, building a caring culture, and ways that construction companies can 

intervene and offer assistance.  However, 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 and re-examine this topic from the 

perspective of project design influence and intervention.  A literature review will examine 

current issues and intervention strategies.  The 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 targeted at designers and owners.  This paper 

makes the case for in-depth 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 actual 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 or indirectly and rather than thinking it is something deeply personal that 

ǿŜ ŎƻǳƭŘƴΩǘ ƘŀǾŜ ŦƻǊŜǎŜŜƴΣ ŎƻǳƭŘƴΩǘ ƘŀǾŜ ǇǊŜǾŜƴǘŜŘΣ ƛǘ ƛǎ ǘƛƳŜƭȅ ǘƻ ŎƻƴǎƛŘŜǊ άǿƘŀǘ Ŏŀƴ ǿŜ Řƻ 

ǘƻ ŎǳǊǘŀƛƭ ǘƘƛǎ ǎŎƻǳǊƎŜΚέ ¢Ƙƛǎ ƛǎ ƴƻǘ ǎƻƳŜ ŀŎŀŘŜƳƛŎ ǘǊŜŀǘƛǎŜ ŦǊƻƳ ǘƘŜ ǎƛŘŜ-lines, this is deeply 

ǇŜǊǎƻƴŀƭ ǘƻ ŀƭƭ ƻŦ ǳǎΦ tǊŜǾŜƴǘƛƴƎ ƻǊ ǊŜŘǳŎƛƴƎ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ŀ ǿƻǊƪŜǊΩǎ ǎǳŦŦŜǊƛƴƎ ōȅ ǿƘŀǘ ǿŜ ŘƻΣ 

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 stages of a 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 understand? 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 stays 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 occupational 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, 2015). In the UK, data from 2011- 2015 indicates that the risk of suicide among male 

labourers, particularly those working in construction roles, was 3 times higher than the male 

national average (Windsor-Shellard, 2017).  According to Peterson et al. (2018), in the 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 study was expanded 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 construction workforce 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 INTERVENTIONS 

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 then mega-success. But 

of course we can never truly know the full impact of any 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 

ŘƻƴΩǘ ƘŀǾŜ ŀ ǎǘŀǘƛǎǘƛŎ ǘƻ ƳŜŀǎǳǊŜΣ ōǳǘ ƭŜǘ ǳǎ ƴƻǘ ƭŀƳŜƴǘ ǘƘŀǘΦ ¢Ƙŀǘ ƛǎ ǘƘŜ ǇŀǘƘ ǘƻ ƛƴŀŎǘƛƻƴΦ {ǳƛŎƛŘŜ ƛǎ a 

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 they are.  

Lƴ ±ƛŎǘƻǊƛŀΣ !ǳǎǘǊŀƭƛŀ LƴŎƻƭƛƴƪ όнлнмύ ƘŀǾŜ ŀ ǇǊƻƎǊŀƳƳŜ ŎŀƭƭŜŘ Ψ.ƭǳŜ IŀǘǎΩΣ ǿƘƛŎƘ ƛǎ ǾƻƭǳƴǘŜŜǊΣ ǿƻǊƪŜǊ 

led and worker driven. This programme is about looking after people, workers supporting fellow-

workers, not counselling, just listening. Recently Dr Kylie 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 research-informed messages that improves knowledge of the factors 

that offer protection from suicidal 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 Prevention (CIASP) exists to 

provide and disseminate information, resources and training for suicide prevention and mental health 

promotion in construction with the goal of creating a zero-suicide industry (CIASP, 2020). 

!ǳǎǘǊŀƭƛŀΩǎ aŀǘŜǎ ƛƴ /ƻƴǎǘǊǳŎǘƛƻƴ όa!¢9{ύ ǇǊƻƎǊŀm is a suicide prevention and early intervention 

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 from a job-site accident. 

Mates in Mind works to support organisations address mental health and wellbeing as it best fits their 

culture and ways of working (HCLG 2021). Connectors are front-line 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, and help-offering and help-seeking through connectors. It is encouraging that the program 

appears to be enabling workers to overcome traditional barriers and attitudes to help-seeking through 

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

The Construction Industry Federation in Ireland teamed up with Lighthouse (a construction industry 

ŎƘŀǊƛǘȅύ ǘƻ ƭŀǳƴŎƘ ǘƘŜ ΨIŜƭǇ ƛƴǎƛŘŜ ǘƘŜ IŀǊŘ IŀǘΩ ŎŀƳǇŀƛƎƴ ǊŀƛǎƛƴƎ ƳŜƴǘŀƭ ƘŜŀƭǘƘ ŀǿŀǊŜƴŜǎǎ ŀŎǊƻǎǎ ǘƘŜ 

island and offering helpline support and assistance across 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 actively and with positivity 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 

or irrelevant it may appear has ŀ ǊƻƭŜ ƛƴ ǘƘŜ ŦƛƎƘǘΦ {ǳƛŎƛŘŜ ƛǎ ƴƻǘ ŀƴ ƛƴŘǳǎǘǊƛŀƭ ŘƛǎŜŀǎŜΣ ƛǘ ƛǎƴΩǘ ŀ ōƭǳŜ 

ŎƻƭƭŀǊ ŀŎŎƛŘŜƴǘΦ Lǘ ŘƻŜǎƴΩǘ ƳŀǘǘŜǊ ǘƘŀǘ ǘƘŜ ƘƛƎƘŜǎǘ ƴǳƳōŜǊ ƻŦ ǎǳƛŎƛŘŜǎ ƛƴ ŎƻƴǎǘǊǳŎǘƛƻƴ ƛǎ ŀƳƻƴƎ ōƭǳŜ-

collar workers suicide is non-discriminatory in nature. Individual circumstances discriminate 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 Dƻŀƭ уΤ ǘƻ άtǊƻƳƻǘŜ ƛƴŎƭǳǎƛǾŜ ŀƴŘ ǎǳǎǘŀƛƴŀōƭŜ ŜŎƻƴƻƳƛŎ ƎǊƻǿǘƘΣ ŜƳǇƭƻȅƳŜƴǘ ŀƴŘ ŘŜŎŜƴǘ ǿƻrk 

ŦƻǊ ŀƭƭέ ό¦b нлнмύ ŎƘŀƭƭŜƴƎŜǎ bŀǘƛƻƴǎ ǘƻ ƘŜƭǇ ǇŜƻǇƭŜ ŎƻǇŜ ǿƛǘƘ ŀŘǾŜǊǎƛǘȅΣ ǘƘǊƻǳƎƘ ǎƻŎƛŀƭ ǇǊƻǘŜŎǘƛƻƴ 

and basic services all the while promoting social cohesion and investing in community-led resilience. 

What we are talking about is a humanising of the construction 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 

WorƭŘ CŜŘŜǊŀǘƛƻƴ ƻŦ 9ƴƎƛƴŜŜǊƛƴƎ hǊƎŀƴƛǎŀǘƛƻƴǎ ό²C9hύ όнлнмύ ǘƻ ǎŜŜ Ƙƻǿ ǘƘŜȅ ǊŜŦŜǊ ǘƻ ŜƴƎƛƴŜŜǊǎΩ 

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 of society, 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 suicide in construction 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 a price 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 willing to commit to, at the sharp end? Dekker (2013) said, 
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ά¢ƘŜ ƻǊƎŀƴƛȊŀǘƛƻƴŀƭ ōƭǳƴǘ ŜƴŘ ƛǎ ƘǳƎŜƭȅ ƛƳǇƻǊǘŀƴǘΥ ƛǘ ǎŜǘǎ ǘƘŜ ŎƻƴǎǘǊŀƛƴǘǎ ŀƴŘ ŎǊŜŀǘŜǎ ǘƘŜ 

opportunities for doing things safely or not.  It provides resources, rules, directives, 

production pressures, incentives and expectations, tools, technologies and lots of other 

ǘƘƛƴƎǎ ǘƘŀǘ ŘƛǊŜŎǘƭȅ ƛƳǇŀŎǘ ƻƴ ǇŜƻǇƭŜΩǎ ŀōƛƭƛǘȅ ŀǘ ǘƘŜ ǎƘŀǊǇ ŜƴŘ ǘƻ Řƻ ǘƘƛƴƎǎ ǎŀŦŜƭȅ ƻǊ ƴƻǘΧέ 

Lƴ ǘƘƛǎ ŎƻƴǘŜȄǘ ŀƴŘ ŦƻǊ ǘƘŜ ǇǳǊǇƻǎŜǎ ƻŦ ǘƘƛǎ ǇǊƻƧŜŎǘΣ ǘƘŜ ǘŜǊƳ άǎŀŦŜƭȅέ ƛǎ ŘŜŦƛƴŜŘ ŀǎ ƛƴŎƭǳŘƛƴƎ άƳŜƴǘŀƭƭȅ 

ǎŀŦŜέΣ ƴƻǘ Ƨǳǎǘ ǇƘȅǎƛŎŀƭƭȅ ǎŀŦŜ ŀƴŘ ǘƘŜ ǇǊƻƧŜŎǘ ƛǎ ŦƻŎǳǎǎŜŘ Ƙƻǿ ǘƻ ōŜǎǘ ǇƭŀŎŜ ǘƘŜ ŜƳǇƘŀǎƛǎ ƻƴ ǘƘŜ άōƭǳƴǘ 

ŜƴŘέ ƻŦ ǘƘŜ ƛƴŘǳǎǘǊȅ ŀƴŘ ƴƻǘ Ƨǳǎǘ ǿƛǘƘƛƴ ǘƘŜ ƻǊƎŀƴƛȊŀǘƛƻƴΣ ƛΦŜΦΣ ŦǊƻƳ ǘƘŜ ǇŜǊǎǇŜŎǘƛǾŜ ƻŦ ǇǊƻƧŜŎǘ ŘŜǎƛƎƴΣ 

influence and intervention 

 

MAPPING POTENTIAL UPSTREAM INTERVENTIONS 

¢ƘŜǊŜ ŀǊŜ ŀƭǊŜŀŘȅ Ƴŀƴȅ ƻŦ ǘƘŜ άǳǇǎǘǊŜŀƳέ ǎǳǇǇƻǊǘ ƳŜŎƘŀƴƛǎƳǎ ƛƴ ǇƭŀŎŜ όƛƴ ǾŀǊȅƛƴƎ ŘŜƎǊŜŜǎ ƻŦ ŎƻǳǊǎŜύΣ 

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 carnage and 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 proven/demonstrated to have been implemented at the 

άōƭǳƴǘ ŜƴŘέ ƻŦ ǘƘŜ ƻǊƎŀƴƛǎŀǘƛƻƴŀƭ ǎŎŀƭŜΦ 

Table 1 outlines the current stage of mapping suicide triggers to potential interventions in the 

workplace. It is recognised that the causes of mental ill-health are varied and range in both severity 

ŀƴŘ ŘǳǊŀǘƛƻƴΦ ¢ƘƻǳƎƘǘǎ ǎǳŎƘ ŀǎ άƭƛŦŜ ƛǎ ƴƻǘ ǿƻǊǘƘ ƭƛǾƛƴƎέ ŀƴŘ ǎǳƛŎƛŘŜ ƛŘŜŀǘƛƻƴ ŀǊŜ ƴƻǘ ǳƴŎƻƳƳƻƴ ōǳǘ 

action on them is either not considered an option or is prevented as a result of protective factors, such 

as family. But there are times in some peoples lives when their mental ill-health 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 crisis may be an ongoing worsening of their mental health, or it may be some new 

events that add to the pre-existing conditions.  For some it may be a sudden change to circumstances 

for which they are unprepared that takes them from good mental health to the point of suicide very 

rapidly. 

The workplace may not be the cause of the mental ill-health 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 whether 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 assessment  and the control 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 

 



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

 

25 
 

Acknowledged  
Triggers 

Mapped to 
construction 
Industry 
and/or 
pressure 
points in 
construction 
environment 

Upstream or 
Downstream 
related (using 
5ŜƪƪŜǊΩǎ 
definition) or 
both? 

Current support 
programs and 
potential 
obstructions... 

Suggestions of what may be done 
differently? 

Work related 
stressors: 
Timeframe/sched
uling 
High job/task 
demand 
Lack of job 
autonomy 
Lack of worker 
voice 
Conflicts (work)  
Job insecurity 
Long hours 
Weekend work 
Large male 
population 
Poor female 
representation/in
teractions 
Macho mind set 
Workplace 
harassment 
Racketeering/par
amilitary activity 
Corruption 
Competences 

Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
 
Yes 

Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
Both 
 
Both 

Mates & Incolink 
etc are great ς 
but not enough? 
 
$ Penalties and 
liquidated 
damages too 
high. 
 
Timeframes/prog
rams arguably 
too tight /  
unachievable. 
 
Staggered 
handovers 
ƘŀǾŜƴΩǘ helped 
coordinated/sea
mless 
completions. 
 
Being and 
admitting 
άǾǳƭƴŜǊŀōƛƭƛǘȅέ 
should be an 
honor and a sign 
of strength ς not 
a concept to be 
ashamed about 
or be seen as 
weak. 

More realistic timeframes and 
programs. 
 
 
Less emphasis on $ penalties and 
more on how to build & work with 
life /  family balance. 
 
More time off. 
 
Mandatory sessions at work for all 
workers for counselling (family, 
relationship, financial, substance 
addiction...). 
 
Free Family days at work (no work 
undertaken) to show families what 
a worker does all day he/she is at 
work. 
 
Less weekends (maybe a roster ς 
every second weekend off...). 
 
Much larger mandatory ratio of 
female workers in/for  our industry 
(working towards equal numbers...) 
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Personal 
Family/relationsh
ip breakdowns 
No time for 
relationships 
Too tired /  too 
stressed 
Poor 
communication 
(due to above) 
Loss of /  no 
connection to 
family or partner 
Substance abuse 
Other addictive 
distractions to 
mask/hide the 
above: e.g. 
gambling 
Institutionalised 
clinical/medical 
diagnosis 
Family stressors 

Yes 
 
Yes 
Yes 
Yes 
 
Potentially 
Yes 
 
Potentially. 
 
 
 
 
 
 
 
 
 
 
Potentially 

The work 
environment 
contributes to 
these issues /  
triggers 
(references 
will help 
validate this 
claim?) 

See above See above 

Financial issues 
(which also has 
personal 
implications...) 
 
Debt ς home, 
property, cars, 
motorbikes 
(other toys...) 
 
Private school 
fees 
Child /  family 
support  
Poor budgetary 
advice 
Poor budgetary 
implementation 
Economically 
disadvantaged 
communities 

Personal 
Choice. 
 
 
 
 
Relationship 
breakdown 
issues. 
 
 
Personal 
 
 
 
 
 
 
Societal 

 See above See above 
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CONCLUSION 

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

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 construction 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 interventions 

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

IŀǾƛƴƎ ǎŀƛŘ ǘƘŀǘΣ ƛǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƘŀǘ ǿŜ ŘƻƴΩǘ ƛƴŀŘǾŜǊǘŜƴǘƭȅ ƻǊ ǳƴƛƴǘŜƴǘƛƻƴŀƭƭȅ άƛƴŘƛǾƛŘǳŀƭƛǎŜέ ŀƴȅ ƻŦ 

the identified problems, triggers and/or symptoms that cause suicide ideation, as well as any of the 

ǇƻǘŜƴǘƛŀƭ ǎƻƭǳǘƛƻƴǎΦ  ²Ŝ ƪƴƻǿ ǘƘŀǘ ǿƻǊƪŜǊǎ Ƨǳǎǘ ŎŀƴΩǘ ǘŀƪŜ ǘƛƳŜ ƻŦŦ ǿƘŜƴ ǘƘŜȅ ǿŀƴǘ ǘƻ ŀƴŘκƻǊ ŜǾŜƴ 

ƴŜŜŘ ǘƻΣ ǘƻ ǎƻǊǘ ƻǳǘ Ƴŀƴȅ ƻŦ ǘƘŜƛǊ άƛǎǎǳŜǎέΣ ŜǎǇŜŎƛŀƭƭȅ ǿƘŜƴ ǘƛƳŜŦǊŀƳŜǎΣ ōǳŘƎŜǘŀǊȅ όōƻǘƘ ǇŜǊǎƻƴŀƭ ŀƴŘ 

organisational) problems and restraints, relationship problems, work expectations, insecure 

ŜƳǇƭƻȅƳŜƴǘ ŎƻƴǘǊŀŎǘǎΣ ŜǘŎΦΣ ŀƭƭ ƛƳǇƛƴƎŜ ŀƴŘ ƛƴ ǎƻƳŜ ŎŀǎŜǎ ǇǊŜǾŜƴǘǎ ŀ ǿƻǊƪŜǊΩǎ ŎƘƻƛŎŜ ƻǊ ƻǇǘƛƻƴ ƛƴ 

seeking help.   Any help/assistance for workers needs to be part of the overall work program, 

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 all-industry rate. Digitalisation of the construction industry 
offers increased productivity and new opportunities to reduce some OHS risks or better manage them. 
However, there is little in-depth 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 obtaining 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 semi-structured interviews were carried out, discussing how the 
process of digitalisation for OHS applied the five principles of HRO. The findings demonstrate that 
ŎƻƴǎǘǊǳŎǘƛƻƴ ǘŜƴŘǎ ǘƻǿŀǊŘǎ ŀ ΨǉǳƛŎƪ ŦƛȄΩ ŀŘƻǇǘƛƻƴ ǇǊƻŎŜǎǎ ŦƻǊ ǘŜŎƘƴƻƭƻƎȅΣ ǿƘƛŎƘ Ŧŀƭƭǎ ǎƘƻǊǘ ǘƻ ǎǳǎǘŀƛƴ 
high reliability performance. Two 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 firm-project interface and across organisations, and (2) empowering 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 rather than 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 safety (OHS) 
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. An underlying assumption of prescriptive regulations 
and their enforcement is that OHS arises from following rules independently of the context (Hale & 
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 more proactive approach 
beyond compliance and a systemic perspective that considers the interrelations and interactions in 
the complex socio-technical systems. The specific characteristics of construction projects, particularly 
the physical, organisational and social decoupling of projects to parent organisations and the 
temporary multiple organisations, impose challenges in OHS management and monitoring (Harvey et 
al., 2019). It has been argued that the weak systems at the firm-project interface, across projects and 
organisational boundaries have caused difficulties in OHS knowledge management, communication, 
consistent performance and continuous improvement (Duryan 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 addressed (Smyth et al., 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 monitoring 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 investigated. 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 (HRO) (Weick & Sutcliffe, 2015). 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 high reliability 
are identified (Harvey et al., 2019; Olde Scholtenhuis & Dorée, 2014). This study uses HRO principles 
to gauge whether and how the current digitalisation helps OHS performance 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 construction workers die each year because of work-related 
illness (HSE, 2018). This is echoed across many developed countries. There have 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 transactional (Smyth et al., 2019). 
The competitive bidding drives construction firms to keep investment and expenditure low in order 
to secure works. The large tier-one contractors had no internal incentive to make improvement, which 
requires investment. Instead, OHS improvements are externally driven by legislations and standards. 
Clients and contractors set safety management systems, procedures and behavioural programmes to 
ŎƻƳǇƭȅ ǿƛǘƘ ŜȄǘŜǊƴŀƭ ǊŜǉǳƛǊŜƳŜƴǘǎΦ ¢ƘŜ ǊŜǎǳƭǘ ƛǎ ǘƘŀǘ hI{ Ƙŀǎ ōŜŜƴ ǊŜƎŀǊŘŜŘ ŀǎ ŀ άōǳǊŜŀǳŎǊŀǘƛŎ 
ōǳǊŘŜƴέ (Swuste et al., 2012, p. 1333), which involves complicated documentation and box-ticking 
exercise rather than valid analysis and learning from experiences (Harvey et al., 2019). 

Safety management research has been progressing through several ages, being informed by 
engineering, psychology, sociology and anthropology. Hale and Hovden (1998) proposed 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 issues 
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 frameworks  (e.g., Haslam 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 the construction 
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 changes (Smyth et al., 2019). Safety is bolt on as an extra in 
construction project business and can be compromised 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 resilience (Borys et al., 2009). The 
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 
envirƻƴƳŜƴǘΦ ²ƻǊƪŜǊǎΩ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ŜȄǇŜǊƛŜƴŎŜǎ ŀǊŜ ǊŜƎŀǊŘŜŘ ŀǎ ŀƴ ŀǎǎŜǘ ǘƻ ǘƘŜ ƻǊƎŀƴƛǎŀǘƛƻƴΣ 
which enable improvision and adaption (Hollnagel, 2008). In this vein, some violations of written rules, 
ƻǊ ΨǿƻǊƪ ŀǊƻǳƴŘΩ ŀǊŜ ǇŜǊŎŜƛǾŜŘ ŀǎ ƛƴŜǾƛǘŀōƭŜ ŀƴŘ ǎƻƳŜǘƛƳŜǎ ƴŜŎŜǎǎŀǊȅ ŀŘŀǇǘƛƻƴǎ ǘƻ ƭƻŎŀƭ 
circumstances (Hale & Borys, 2013). For construction organisations where project workers are 
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 management system 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, openness 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 changes (Xu et al., 2021). A culture of openness and 
fairness encourages raising concerns regarding OHS and wellbeing issues at workplace (Duryan et al., 
2020).  

The development and application of digital technologies is believed 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 digital technologies in relation to construction OHS management in the literature 
review (e.g., Ahn et al., 2019; Antwi-Afari et al., 2019; Niu et al., 2019). 

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

BIM Wearable 
sensors 

RFID, 
UWB, 
GPS/GIS, 
GSM, 
Bluetooth, 
WLAN, IoT 

VR/AR/Co
mputer-
generated 
simulation 

Computer-
/Tablet-
/Mobile-
aided 

Camera 
/Drone 

AI 

Design  Prevention 
through 
design 

X       

Planning Safety plans X  X     

Monitoring Fatigue/Stre
ss/Musculos
keletal 
disorders 

 X    X X 

Wellbeing: 
e.g., sleeping 
patterns 

 X      

Location of 
resources, 
equipment 
and/or 
workers 

  X     

Safety 
behaviour & 
activities  

 X X  X  X 

Working 
environment 

  X   X  

Reporting      X   

Training  X   X X   

HIGH RELIABILITY ORGANISING IN CONSTRUCTION AND PROJECT MANAGEMENT 

HRO theories emerged through the study of day-to-day operations in the nuclear power plant, air 
ǘǊŀŦŦƛŎ ŎƻƴǘǊƻƭ ŀƴŘ ¦{ ƴŀǾȅ ŀƛǊŎǊŀŦǘ ŎŀǊǊƛŜǊǎΦ ¢ƘƻǎŜ ƻǊƎŀƴƛǎŀǘƛƻƴǎ ŀǊŜ ŎƘŀǊŀŎǘŜǊƛǎŜŘ ŀǎ ΨƘƛƎƘƭȅ ǊŜƭƛŀōƭŜΩ 
because they perform exceptionally and almost error-frŜŜΣ ŘŜǎǇƛǘŜ ǘƘŀǘ άǘƘŜȅ ŀƭƭ ƻǇŜǊŀǘŜ ƛƴ ŀƴ 
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 shifting ǎƻǳǊŎŜǎ ƻŦ ǾǳƭƴŜǊŀōƛƭƛǘȅΣ ŎƻƳǇƭŜȄ ǇǊƻŎŜǎǎŜǎ ŀǊŜ ǳǎŜŘ ǘƻ ƳŀƴŀƎŜ ŎƻƳǇƭŜȄ ǘŜŎƘƴƻƭƻƎȅέ 
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(Weick et al., 1999, p. 32). In this vein, safety is regarded as a dynamic non-event. 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 
changes or 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 and responding to potential threats 
(Saunders, 2015). Weick & Sutcliffe (2015) summarised five principles of HROs:  

1. Preoccupation with failure: an ongoing attention to weak signals of failures through continuous 
monitoring, proactive reporting and pre-emptive analysis of possible vulnerabilities. It is also a 
preoccupation with learning from experiences including failures, 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 that question 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, bottom-up communication from operatives is encouraged. On the other hand, 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 might lead 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 learning. This 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 decision-making to 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 demonstrate tƘŜ ƻǊƎŀƴƛǎŀǘƛƻƴΩǎ ŎŀǇŀōƛƭƛǘȅ ǘƻ ŀƴǘƛŎƛǇŀǘŜ ŀƴŘ Ŏƻƴǘŀƛƴ ǳƴǿŀƴǘŜŘ 
situations and thus organisational mindfulness. Weick et al. (1999) defined organisational mindfulness 
ŀǎ ǘƘŜ άŎŀǇŀōƛƭƛǘȅ ǘƻ ƛƴŘǳŎŜ ŀ ǊƛŎƘ ŀǿŀǊŜƴŜǎǎ ƻŦ ŘƛǎŎǊƛƳƛƴŀǘƻǊȅ ŘŜǘŀƛƭ ŀƴŘ ŀ ŎŀǇŀŎƛǘȅ ŦƻǊ ŀŎǘƛƻƴέ όǇΦ отύΦ 
Organisational mindfulness enables organisations and their employees to notice emerging threads, 
understand the interactions between actions within a system and act resiliently. Essentially, HRO 
theories promote a way of managing OHS and maintaining 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 construction industry has been 
debated in extant studies. Saunders (2015) compared the characteristics of the project environment 
and those of the operating environment that renders 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 especially true 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 construction they are not (Olde 
Scholtenhuis & Dorée, 2014). The concept of reliability is context-independent, άFor some it 
ώǊŜƭƛŀōƛƭƛǘȅϐ ƳŜŀƴǎ ǘƘŜ ŎƻƴǎǘŀƴŎȅ ƻŦ ǎŜǊǾƛŎŜΤ ŦƻǊ ƻǘƘŜǊǎΣ ǘƘŜ ǎŀŦŜǘȅ ƻŦ ŎƻǊŜ ŀŎǘƛǾƛǘƛŜǎ ŀƴŘ ǇǊƻŎŜǎǎŜǎέ 
(Roe & Schulman, 2008, p. 5). Taking a pragmatic perspective, Olde Scholtenhuis and Dorée (2014) 
argue that 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 principles were identified (Harvey et al., 2019; Saunders, 
2015), including the project-based organising, temporary work processes, financial pressures, 
prevalent outsourcing and transient workforce. Such traits hinder effective communication between 
hierarchies, learning and knowledge transfer at the firm-project interface and across projects, 
investment in employees and leadership commitment. In particular OHS management, although 
construction is high-risk, the major concern is the frequency and rate of personal injury and fatal 
incidents. The safety-critical 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 of topics (e.g., Brady 
& Davies, 2010; Saunders, 2015). This study focuses on OHS management and its digitalisation, using 
the five principles of HRO as the analytical lens. For the purpose of this study, reliability encompasses 
ǘƘŜ ŎƻƴǎƛǎǘŜƴŎȅ ƻŦ ǎŜǊǾƛŎŜ ŘŜƭƛǾŜǊȅΣ ŀƴǘƛŎƛǇŀǘƛƻƴ ŀƴŘ ǊŜǎƛƭƛŜƴŎŜ ǘƻ ǎƘƻŎƪǎΦ Lǘ ǊŜǉǳƛǊŜǎ άǘƘŜ ŀōƛƭƛǘȅ ƻf 
organisations to plan for shocks as well as to absorb and rebound from them in order to provide 
ǎŜǊǾƛŎŜǎ ǎŀŦŜƭȅ ŀƴŘ Ŏƻƴǘƛƴǳƻǳǎƭȅέ (Roe & Schulman, 2008, p. 5). Safety refers to the way in which the 
organisation and project performs its mission without accidents, 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 
organisations that 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 organisation. In other words, they 
Ŏŀƴ ōŜ ΨǊŜƭƛŀōƛƭƛǘȅ-ǎŜŜƪƛƴƎ ƻǊƎŀƴƛǎŀǘƛƻƴǎΩ ǘƘŀǘ ŀǊŜ ŜƴŀŎǘŜŘ ōȅ ƳƛƴŘŦǳƭ ƛƴŘƛǾƛŘǳŀƭǎ ŀƴŘ ŀŎǘƛƻƴǎ ǿƛǘƘƛƴ 
the context of structure and routines. 

RESEARCH METHODS 

The research is explorative and uses qualitative methodology. 21 semi-structured 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 technology available 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 bodies, 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 used to analyse data. The five 
principles of HRO (Weick & Sutcliffe, 2015) are 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 treated as an added value of such 
development. This is echoed by the organisation-level thinking that prioritises commercial 
ŎƻƴǎƛŘŜǊŀǘƛƻƴǎ ŀƴŘ ǘǊŜŀǘǎ ǎŀŦŜǘȅ ƳŀƴŀƎŜƳŜƴǘ ŀǎ ǎƻƳŜǘƘƛƴƎ ƻŦ ŀ άōƻƭǘ-ƻƴ ŜȄǘǊŀέ (Smyth et al., 2019). 
It was commonly agreed that the main reason for minimal investment in digitalisation and OHS is cost. 
Contractors hold back on investment in order to appear more competitive in the bid stage. At senior 
and middle management levels, knowledge of OHS-related digitalisation is generally low and the 
competence to use and understand digital technology is problematic at all 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 and public 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 management, they are 
contributing to one of the five categories: 

1. Replacing people or at least complementing human capability for high-risk activities, such as 
drones, self-driving vehicles and sensors that detect and warn OHS hazards and risks in the 
working environment 

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 management 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 into controlled 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 with each other to build up a better 
understanding of OHS conditions. There is a lack of strategic and systematic thinking in the adoption 
ƻŦ ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀƴŘ ǘƘŜ ǘŜƴŘŜƴŎȅ ǘƻ ǇǳǊǎǳŜ ΨǉǳƛŎƪ ŦƛȄŜǎΩ ƛƴ ǊŜǎǇƻƴǎŜ ǘƻ ŜȄǘŜǊƴŀƭ ŦƻǊŎŜǎ ǎǳŎƘ ŀǎ 
safety inspection and client 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 learning from 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 through design (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 communicate them with 
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, some designs 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. The knowledge 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 process of transferring 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 and not a potential 
forum for improving OHS operationally.  

/ŀƳŜǊŀǎ ŀƴŘ ǿŜŀǊŀōƭŜǎ ƻŦŦŜǊ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ŦƻǊ ŘŜǘŜŎǘƛƴƎ ǿŜŀƪ ǎƛƎƴŀƭǎ ƻŦ ŦŀƛƭǳǊŜǎ ŀǎ ǿƻǊƪŜǊǎΩ ŀŎǘƛǾƛǘƛŜǎ 
and site conditions can be monitored and analysed post incidents. But this is a reactive approach to 
managing OHS. To prevent injuries, fatalities and work-related 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 activities, 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 training that is updated 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 knowledge for reuse at firm level and across projects. As one interviewee stated: 

LΩƳ ƎƻƛƴƎ ǘƻ ōŜ ŎƻƴǘǊƻǾŜǊǎƛŀƭΦ Lƴ ŎƻƴǎǘǊǳŎǘƛƻƴΣ ǿŜΩǊŜ ƴƻǘ ƛƴǘŜǊŜǎǘŜŘ ƛƴ ƭŜŀǊƴƛƴƎ ƭŜǎǎƻƴǎΣ ǿŜΩǊŜ ƴƻǘ 
ƛƴǘŜǊŜǎǘŜŘ ƛƴ ƛƳǇǊƻǾƛƴƎΦ ²Ƙŀǘ ǿŜΩǊŜ ƛƴǘŜǊŜǎǘŜŘ ƛƴ ƛǎ ǇǊƻǘŜŎǘƛƴƎ ƻǳǊ ƻǿƴ ǊŜǇǳǘŀǘion. So ǿŜΩǊŜ ŎƻǾŜǊŜŘ 

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 improvement and transformation and 
develop new capabilities to continuously improve performance. It was pointed out that the industry 
ƛǎ ǊŜǇŜŀǘƛƴƎ ǘƘŜ ǎŀƳŜ ƪƛƴŘ ƻŦ ŀŎŎƛŘŜƴǘǎ ŀƴŘ ƛƴŎǳǊǊƛƴƎ ǘƘŜ ǎŀƳŜ ƛƴƧǳǊƛŜǎ ŘǳŜ ǘƻ ǘƘŜ άǳƴƘŜŀƭǘƘ ŎǳƭǘǳǊŜ 
ŀōƻǳǘ ǎƘŀǊƛƴƎ ƛƴŦƻǊƳŀǘƛƻƴέ όIŜŀŘ ƻŦ Construction Sector and Policy of an institutional body). When it 
comes to information sharing inter-organisationally, the endeavour is focused upon successful stories. 
There is resistance to sharing experiences and learning from failures, errors and near misses. There 
are organisational reasons to enhance corporate image but also institutional factors that induce fear, 
distrust and blame cultures. 

Reluctance to simplify interpretations 

¢ƘŜǊŜ ǿŀǎ ŜȄǇǊŜǎǎŜŘ ŎƻƴŎŜǊƴ ǘƘŀǘ ŘƛƎƛǘŀƭ ǘŜŎƘƴƻƭƻƎȅ Ŏŀƴ ōŜ ǳǎŜŘ ŀǎ ŀ ΨōƭŀŎƪ ōƻȄΩ ƻŦ ǿƘƛŎƘ ǘƘŜ ƻǳǘǇǳǘ 
is taken for granted and hinders dialogues between people and at the human-technology interface. 
For what is inside the black box and how the output is produced 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 with the 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 
ōŜƛƴƎ ǇǊŜǎŎǊƛǇǘƛǾŜ ŀƴŘ ǎŀȅƛƴƎΣ ά¸ƻǳΩǊŜ ƎƻƛƴƎ ǘƻ ǿƻǊƪ · ǎƘƛŦǘǎ ŀƴŘ ǘƘŀǘΩǎ ǿƘŀǘ ǘƘŜ ŎƻƴǘǊŀŎǘ ǎŀȅǎΦέ ²Ŝ 

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 infrastructure project) 

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 ability to trace causes of 
ǎŀŦŜǘȅ ƛƴŎƛŘŜƴǘǎΦ bŜǾŜǊǘƘŜƭŜǎǎΣ ǘƘŜ ŘƛƎƛǘƛǎŜŘ ǊŜŎƻǊŘǎ ǘŜƴŘ ǘƻ ōŜ ǳǎŜŘ ǘƻ ŦƛƴŘ ǘƘŜ ΨŎǳƭǇǊƛǘΩ ǘƻ ōŜ ōƭŀƳŜŘ 
rather than to be systematically analysed to create knowledge and to be learned from. There are two 
challenges to be addressed in order to conduct systematic analysis of accident causes in construction. 
First is that technologies do not communicate with each other and therefore data from different 
ǎƻǳǊŎŜǎ ƛǎ ƴƻǘ ƭƛƴƪŜŘ ǿƛǘƘ ŜŀŎƘ ƻǘƘŜǊΣ ǿƘƛŎƘ ǿŀǎ ƳŜƴǘƛƻƴŜŘ ōȅ ŀ ǊŜǎŜŀǊŎƘŜǊ ŀǎ ŀ ǇǊƻōƭŜƳ ƻŦ άǎŜmantic 
ŜƴǊƛŎƘƳŜƴǘέΦ ¢ƘŜǊŜ ƛǎ ŀ ǇƻǘŜƴǘƛŀƭ ŦƻǊ ƛƳǇǊƻǾŜƳŜƴǘ ƛƴ ǘƘƛǎ ǾŜƛƴ ōȅ ǳǎƛƴƎ ǘŜȄǘ ƳƛƴƛƴƎ ŀƴŘ ƳŀŎƘƛƴŜ 
learning in the analysis of accident reports. The second challenge is the cost and time pressures in the 
construction industry. As mentioned, because of the transactional nature of the business, senior 
ƳŀƴŀƎŜƳŜƴǘ ƛƴ ŎƻƴǎǘǊǳŎǘƛƻƴ Ƙŀǎ ŀ ƘƛǎǘƻǊȅ ƻŦ ǇǳǊǎǳƛƴƎ ΨǉǳƛŎƪ ŦƛȄŜǎΩ ƻǊ ƎǊŀŦǘƛƴƎ ƻƴ ƴŜǿ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƻ 
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 more commonly 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 happening in operations. The bottom-up 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 construction 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 that saves time 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 perceived, 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 perceptions of suspicion 
as to the motivations of management. Also. 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 to 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 to expertise 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 decision making 
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 engaging and 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 technologies 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 also relationship and trust, aligning 
to the long-term 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 theories (Weick & Sutcliffe, 2015), which 
are preoccupation 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 and potentially transform OHS in 
construction. Yet the current way of adopting and implementing digital technologies falls short to 
realise long-term benefits for OHS and high reliability performance in projects and business. The 
findings point to two complementary 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 procedures (Olde Scholtenhuis & Dorée, 2014). In this vein, reliability depends on the 
development of processes, 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 interactions (Sutcliffe, 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. This process 
requires good knowledge management to support learning and knowledge transfer at firm-project 
interface and across projects. It also requires good relationship management to nurture trust, 
ǊŜǎǇŜŎǘŦǳƭ ƛƴǘŜǊŀŎǘƛƻƴǎ ŀƴŘ ǘƘŜ ŀǿŀǊŜƴŜǎǎ ƻŦ Ƙƻǿ ƻƴŜΩǎ ƻǿƴ ŀctions fit into the larger system and with 
ƻǘƘŜǊ ǇŜƻǇƭŜΩǎ ƧƻōǎΦ YƴƻǿƭŜŘƎŜ ŀƴŘ ǊŜƭŀǘƛƻƴǎƘƛǇ ƳŀƴŀƎŜƳŜƴǘ ǎȅǎǘŜƳǎ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ ǊŜƭŀǘƛƻƴŀƭ 
and social infrastructure of a mindful organisation. The adoption of digital technologies needs to 
invoke the rethinking through how the existing business needs to be re-engineered 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 be explored 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 systems. Working 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 challenges to current 
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 interpretations. This is supported by behavioural norms of 
respect, openness and trust, hence nurturing psychological safety to speak up about issues of concern, 
ǎƘŀǊŜ ƻƴŜΩǎ ƻǿƴ ǇŜǊǎǇŜŎǘƛǾŜǎ ŀƴŘ ŀǎƪ ƻǘƘŜǊ ǉǳŜǎǘƛƻƴǎ ŀōƻǳǘ ǘƘŜƛǊ ǇŜǊǎǇŜŎǘƛǾŜǎΦ !ŘŀǇǘƛƻƴ ŀƴŘ 
improvision 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 socially intruding among office and site 
workers.    
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ABSTRACT 
Occupational accidents continue to be an unresolved problem in the Swedish construction industry, 
ŘŜǎǇƛǘŜ ŀ ǿƘƻƭŜ ǊŀƴƎŜ ƻŦ ǊƻǳǘƛƴŜǎΣ ŎŀƳǇŀƛƎƴǎΣ ŜŘǳŎŀǘƛƻƴΣ ƳŀƴŀƎŜƳŜƴǘ ŀǇǇǊŀƛǎŀƭǎΣ ŀǳǘƘƻǊƛǘƛŜǎΩ 
enforcement, networks, and research in place. While registered accidents are 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, complementing existing 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 deǾŜƭƻǇƳŜƴǘ ƳŜǘƘƻŘ ά/Ǌƻǎǎ LƴŘǳǎǘǊȅ {ǘŀƴŘŀǊŘ tǊƻŎŜǎǎ 
5ŜǾŜƭƻǇƳŜƴǘ aŜǘƘƻŘέ ό/wL{t-DM) appears to offer just that. This paper aims to analyse experiences 
and challenges in using the first phase of CRISP-5aΣ ƛΦŜΦΣ άōǳǎƛƴŜǎǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎέΦ ¢ƘŜ ǎƻŎƛƻƳŀǘŜǊƛŀƭ 
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 quickly surfaced that CRISP-5aΩǎ 
άōǳǎƛƴŜǎǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎέΣ ǿƘƛƭŜ ŀǎƪƛƴƎ ǊŜƭŜǾŀƴǘ ǉǳŜǎǘƛƻƴǎ ƛƴ ǘƘŜ ŎƻƳǇŀƴȅ ŎƻƴǘŜȄǘ όǎǳŎƘ ŀǎ ǘƘŜ Ǝƻŀƭ 
for the model and the relative application), was too general to provide developmental guidelines. We, 
therefore, shifted from a top-down to a bottom-up 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 CRISP-
5aΩǎ ǎƭƛƎƘǘƭȅ ƛŘŜŀƭƛǎǘƛŎ ŀǇǇǊƻŀŎƘ ǘƻ ŀ ŎƻƳǇŀƴȅ ŎƻƴǘŜȄǘΣ ƛǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ŀǇǇǊŜŎƛŀǘŜ ǘƘŜ ŎƭŀǎǎƛŎŀƭ 
decoupling between top management and (bottom) project levels in Swedish contractor companies. 
 
Keywords: accidents, machine learning, Sweden, CRISP-DM, construction, accident register 
 
INTRODUCTION 
ML is receiving remarkable interest in safety research as a new approach to improve the prevention 
of occupational accidents (Goerlandt et al. 2020). The capability of analysing large amounts of 
accident reports appears to bolster this aspiration. However, preventing occupational accidents is a 
very mature discipline, which appears to function well alongside the continuing unsolved occurrence 
of accidents (Judson and Brown 1944, Hovden et al. 2010, Lingard and Wakefield 2019, Hasle et al. 
2021). There is a risk of reinventing the wheel, repositioning the same prevention proposal repeatedly, 
disregarding central dynamics of the work environment context ς as in Lingard and Wakefield (2019) 
and Hasle et al. (2021), proposing a better integration with design, project management, and 
operations management to lever accident prevention. Therefore, there is a need to appreciate the 
local and corporate context and their often-contradictory dynamics. ML software development 
appears as sufficiently malleable to meet exactly that requirement. In particular, the ML development 
method CRISP-DM is of interest, as it is one of the most used methods. The method of CRISP-DM starts 
with the άōǳǎƛƴŜǎǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎέ ǎǘŀƎŜ ŦƻǊ ǎŜǘǘƛƴƎ ǳǇ ŘŜǾŜƭƻǇƳŜƴǘŀƭ ǊŜǉǳƛǊŜƳŜƴǘǎ ŀƴŘ Ǉƭŀƴ ŦƻǊ ǘƘŜ 
development and deployment stages. 
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Therefore, this paper aims to analyse experiences and challenges in using tƘŜ άōǳǎƛƴŜǎǎ 
ǳƴŘŜǊǎǘŀƴŘƛƴƎέ ǇƘŀǎŜ ƻŦ /wL{t-DM to assure a solid contextual embedding and an appreciation of 
local dynamics. A sociomaterial approach serves as the framework of understanding, supplemented 
with accident research and ML development concepts. The context of a contractor company is indeed 
complex (Lingard and Wakefield 2019). Therefore, methodologically, the research adopts a bottom-
up approach. The paper draws on an ongoing research project aiming at developing a ML prototype 
for occupational accident analysis.   

Firstly, the paper contributes with an understanding that CRISP-5aΩǎ άōǳǎƛƴŜǎǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎέ 
is too general to provide sufficient guidelines for ML development ς even relevant general questions 
of the company context (e.g., the goal for the business and the relative application) are indeed asked. 
We, therefore, shifted from a top-down to a bottom-up approach, where knowledge on accident 
registration procedures and registered accidents became the point of departure for iterative 
prototype development. Secondly, it highlights the difficulties in understanding registered data 
extracted from standard database software with limited transparency, and tackling register entries of 
different quality ς which echoes previous research on the importaƴŎŜ ƻŦ ǘƘŜ ǊŜǇƻǊǘŜǊΩǎ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ 
(Dekker 2015, Jacinto et al. 2016). Thirdly, it appreciates the classical decoupling between top 
management and the building project level in Swedish contractors. Integrating accident prevention at 
the operational level is not a simple task (Hasle et al. 2021). 
 
METHOD 
The overall method is an interpretive approach (Alvesson and Kärreman 2007). A concept-centric 
literature review was conducted (Webster and Watson 2002) to review the status of ML-based 
solutions for accidents 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 a safety strategist 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 ML-based prototype. Moreover, the ML questions and discussions were focused on developing 
a data-driven prototype, inspired by the business understanding framework of CRISP-DM and the 
recommended practice (RP) framework (DVN GL AS 2020). 
 
THE STATUS OF ML DEVELOPMENT METHODS 
a[ ƛǎ ƎŜƴŜǊŀƭƭȅ ŘŜŦƛƴŜŘ ŀǎ ǘƘŜ ŜȄǇƭƻǊŀǘƛƻƴ ƻŦ ŀƭƎƻǊƛǘƘƳǎ ŜƴŀōƭƛƴƎ ŎƻƳǇǳǘƛƴƎ ǎȅǎǘŜƳǎ ǘƻ άƭŜŀǊƴέ ŀƴŘ 
make data-driven predictions by building a model from a sample dataset (Curtis and Scheinberg 2017). 
Computer systems that utilise ML automatically improve through experience (i.e., new domain data) 
(Witten et al. 2017, Portugal et al.  2018). ML is frequently classified into supervised, unsupervised, 
ŀƴŘ ƘȅōǊƛŘ όYŀƪŀǊƭŀ Ŝǘ ŀƭΦ нлнмύΦ {ǳǇŜǊǾƛǎŜŘ a[ ŀƭƎƻǊƛǘƘƳǎ ŀǊŜ άǘǊŀƛƴŜŘέ ŀƴŘ ǾŀƭƛŘŀǘŜŘ ǳǎƛng labelled 
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 developing modeƭǎ άƻƴ ƛǘǎ ƻǿƴέ όtƻǊǘǳƎŀƭ Ŝǘ ŀƭΦ нлмуύΦ IȅōǊƛŘ a[ 
mixes several approaches (e.g., semi-supervised and reinforcement learning) (Gerard 2021). 

There has been an increasing interest in developing ML models and prototypes for the analysis 
of occupational accident 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 categories (Kang 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 outcomes (Ayhan 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 goal-informed. However, the 
contextualization of this developmental process and its constituents (e.g., the algorithms) emerges as 
a major issue. The conceptual matching of algorithms to a specific occupational accident-related 
problem and dataset is rarely carried out; their suitability is not contextually evaluated ς the 
algorithms are rather selected on an experimental, trial-and-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 specificities. Moreover, 
άǊŜǇŀƛǊƛƴƎέ ŘŀǘŀǎŜǘǎ όŜΦƎΦΣ ǳƴŘŜǊ- and oversampling) is sometimes employed without considering 
whether datasets maintaining their initial properties (such as sparsity) can represent reality and 
inform the algorithms more meaningfully. Things are even 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 largely lacks, in most cases, the framework of a specific methodology. 

An exception to this rule can be the development of ML prototypes according to the CRISP-DM 
methodology; CRISP-DM dictates a series of six steps (business understanding, data understanding, 
data preparation, modelling, evaluation, and deployment) (Martínez-Plumed et al. 2019). These steps 
can account for a contextualization of the developmental process, starting with the initial step of 
business understanding ς and thus offer a way to ameliorate the previously mentioned shortcomings. 
CRISP-DM can be considered to go beyond goal-directed development (Martínez-Plumed et al. 2019) 
by introducing systematic steps aiding in a conceptual systematization and mitigating the dependence 
on a solely experimental basis. Based on the organized steps of CRISP-DM, other industrial models 
have emerged, such as RP (DVN GL AS 2020). The latter claims to be differentiated from CRISP-DM by 
the usability in applications comprising data-driven models developed using other processes while 

focusing on risk assessment and quality assurance of data-driven applications (DVN GL AS 2020). 

 

Business understanding 
The business understanding aims to define the business objective (Chapman et al. 2000), including 
defining the cƭƛŜƴǘΩǎ Ǝƻŀƭ ŀƴŘ ŎŀǇǘǳǊƛƴƎ ǘƘŜ ƻǊƎŀƴƛȊŀǘƛƻƴΩǎ ōǳǎƛƴŜǎǎ ǎǘŀǘǳǎΦ Lƴ ƳƻǊŜ ŘŜǘŀƛƭΣ ǘƘƛǎ ǎǘŜǇ 
corresponds to different subtasks: determine business objectives, assess the situation, determine data 
mining goals, and Produce project plan (Chapman et al. 2000). The same steps are followed in RP but 
add concrete documentation requirements, including commercial, safety, and social constraints 
anticipated in the deployment (DVN GL AS 2020). 
 

Determine business objectives 
In this step, the analyst uncovers what the business 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 view (Chapman et al. 2000). RP introduces a so-called 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 
ŀƴŘ ǳǎŜǊǎΩ ǎǘƻǊƛŜǎ (DVN GL AS 2020). The business context, objectives, 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 objectives. 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 cost-benefit analysis from a commercial perspective (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 followed step (determine data-driven 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 modelling goals 
(high-level assessment). Defining the cost-benefit, failure modes, and legal and ethical consequences 
can be related to the modelling step from a technical-focused point of view (low-level assessment). 
All the deliverables of this step are required to 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 goal (Chapman et al. 2000). According to 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 criteria ς either objective, based 
on a low-level assessment, or subjective, based on a high-level assessment. 
 

Produce project plan 
A realization plan for the data mining goals is prepared to specify steps, resources, and possible 
iterations ς while also developing a list of data analysis tools and techniques (Chapman et al. 2000, 
DVN GL AS 2020).  
 
MAPPING OF THE CONTEXT 
We are mainly interested in how accident prevention is embedded in the business setting when 
mapping the context. The contractor operates a project-based organisation. The building project is 
the most important value and turnover generator and cost transformer. The different 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&S) work 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 (SEs) 
this early; however, this is done once a contract is obtained. A particular job role, 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&S perspective. During production, the safety representatives (the so-called 
BAS U personnel ς basic education for production) are responsible for a particular part of the building 
project and the building process. They collaborate with the on-site H&S, Quality, and Environment 
(HES) manager and the SEs. Together, they constitute a horizontal element of the H&S organisation 
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 organizational 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 
developing 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 company 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 company, all four safety engineers (SEs) answered that safety in the organization means 
that everyone should go home safe and injury-free 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 organization and on the site management level. On the higher levels, there 
is much talk about safety coming first, changing attitudes and behavior ς while for site management, 
prioritizing different tasks and meanings affects many skilled workers. 
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A normal working day 
! ƎŜƴŜǊŀƭ ǊŜƳŀǊƪ ǊŜƎŀǊŘŜŘ ǘƘŜ ǊŜǎǇƻƴŘŜƴǘǎΩ ǘƘƛƴƪƛƴƎ ŀōƻǳǘ ǘƘŜ ŜŦŦŜŎǘ ƻŦ /h±L5-мф ƻƴ ŀ άƴƻǊƳŀƭέ 
working day. For some of them, working from home seemed abnormal. Before the pandemic, a normal 
working day involved the planning for project safety, safety support to site management and 
production personnel, follow-up on risk documentation, contact with site and project management, 
and discussing with the workers about the work environment and the reason protective equipment 
ǎƘƻǳƭŘ ōŜ ǳǎŜŘΦ ¢ƘŜ ǇǊƻƧŜŎǘΩǎ Ǌƛǎƪ ŀssessment and work preparations must be ready, 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 the list, the site 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 to see if something was forgotten ς the 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 process ς although 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 on-site also need attention to discuss the reasons and be involved in the 
investigation ς for fact-checking, coming up with ideas for future prevention, and getting support in 
case of psychological shock. 
 

The reporting of accidents 
Accidents are reported internally through digital registering 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) and what 
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 statistics. The 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 reporters fill in 
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 thinking; then, 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 the risks were carefully estimated. However, there is a chance 
that all procedures were followed through properly, and the causes were person-related instead 
όάŦŀǳƭǘȅ ŀŎǘǎέύΦ ¢ƘŜ ǎƻŦǘǿŀǊŜ Ŏŀƴ ŀƭǎƻ ƎǳƛŘŜ ƻƴ ŎŀǳǎŜǎΣ ōǳǘ ǘƘŜ ŦƛƭƭƛƴƎ ƛƴ ƻŦ ƛƴŦƻǊƳŀǘƛƻƴ Ŏŀƴ ŘƛŦŦŜǊ 
according to the person doing it. Even if the causes and prevention measures are evident in the 
ǊŜǇƻǊǘŜǊΩǎ ƳƛƴŘΣ ǘƘƛǎ ŘƻŜǎ ƴƻǘ ƴŜŎŜǎǎŀǊƛƭȅ ǘǊŀƴǎƭŀǘŜ ǘƻ ŀ ŘŜǘŀƛƭŜŘ ŜƴƻǳƎƘ ŘŜǎŎǊƛǇǘƛƻƴΦ hƴŜ ƻŦ ǘƘŜ {9ǎ 
describes their reporting as detailed so that anyone who reads the report can understand what 
happened ς and added that it is crucial to go down to root causes and not stay at the surface level. 
¢ƘŜ άр ǿƘȅǎ ŀƴŀƭȅǎƛǎέ ƛǎ ǳǎŜŘ ŀǎ ŀƴ Ŝŀǎȅ ŀƴŘ ǉǳƛŎƪ ǿŀȅ ǘƻ ƴŀǊǊƻǿ Řƻǿƴ ǘƻ Ǌƻƻǘ ŎŀǳǎŜǎ ŀƴŘ ŎƻƳŜ ǳǇ 
with helpful prevention measures. 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.g., site managers), the human factor is 
the main cause ς they thus do not what has caused the respective person to act this way. 
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Status of the data use and safety objectives 
The accumulated accident reports are used in reporting key performance indicators by following 
statistics ς 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 case to planning 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 high-risk 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 indicates what 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 value of learning from reporting and not experiencing the same 
accidents again ς 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 social-related 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 easy to see 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 categories ς 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 report ς e.g. when the 
ŀŎŎƛŘŜƴǘ ƛǎ ǘƘŜ ǇŜǊǎƻƴΩǎ ŦŀǳƭǘΦ 
 

Improvement in the safety process for accident 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 feedback, the work becomes more proactive and safer ς e.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 people want to do the work 
first instead of taking more time for safety-ǊŜƭŀǘŜŘ ǇǊŜǇŀǊŀǘƛƻƴǎΦ ¢ƘŜ ǊŜǎǇƻƴŘŜƴǘ ŎŀƭƭŜŘ ǘƘƛǎ ǘƘŜ άL ǿƛƭƭ 
Ƨǳǎǘ Řƻ ǘƘƛǎ ŦƛǊǎǘέ ǎȅƴŘǊƻƳŜΦ !ƴƻǘƘŜǊ {9 ǘƘƻǳƎƘǘ ǘƘŜǊŜ ƛǎ ŀ ƴŜŜŘ ŦƻǊ ōŜǘǘŜǊ ǇƭŀƴƴƛƴƎΣ ōǳǘ ƻǘƘŜǊǿƛǎŜΣ ŀƭƭ 
the tools and processes exist ς just 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 quite advanced 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.  

¢ƘŜ ŎƻƳǇŀƴȅΩǎ ǘƻǇ ƭƻƴƎ-term priority is on behaviour, 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 end-user 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 level of zero. 
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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 was potential 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. Double-checking 
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 process ς but one added that through 
all data across the whole company, it might be possible to 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 work is about 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 
ƳƻǊŜ ǊŜƭŜǾŀƴǘΣ ŀƴŘ ŜǾŜƴ ǾƛǎǳŀƭƛȊŜ ƛǘ όǇƛŎǘǳǊŜǎΣ ŀƴƛƳŀǘƛƻƴύ ŀƴŘ ŜƴƎŀƎŜ ǘƘŜƳ ƛƴ ǘƘŜƛǊ ƻǿƴ ǿƻǊƪΩǎ ǎŀŦŜǘȅ 
processes. Alternatively, 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 applications. One 
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 ς not only being something that needs to be 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 creating new 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 accident-prone people, it is information that only the site 
manager or the safety engineer knows about and maybe take a 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 investigations do not arrive at causes and 
prevention measures, then extracted conclusions cannot be made. One SE indicated dissatisfaction 
because much more could have been reported ς reporting rates differ from site to site. Maybe site 
management did not want to catch attention, which causes reporting rates to drop ς even 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 
managers, site supervisors and maybe safety representatives. Many questions are very relevant for 
them, and they have another perspective of reporting and using the software. 

 

{ǳŎŎŜǎǎ ŎǊƛǘŜǊƛŀ ŦƻǊ ŀ ǇǊƻǘȅǇŜ ōŀǎŜŘ ƻƴ ǘƘŜ ǊŜǇƻǊǘǎΩ Řŀǘŀ 
CǊƻƳ ǘƘŜ ǎǘǊŀǘŜƎƛǎǘΩǎ Ǉƻƛƴǘ ƻŦ view, having the workers on board is the most important thing ς maybe 
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, and that is a risk 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 definƛƴƎ ǘƘŜ ŎƭƛŜƴǘΩǎ Ǝƻŀƭ ŀƴŘ ŘŜŎƛŘƛƴƎ ƻƴ ǘƘŜ ƻōƧŜŎǘƛǾŜ ƻǊ ǎǳōƧŜŎǘƛǾŜ 
success criteria from a business point of view ς or, according to RP (DVN GL AS 2020), a value 
proposition that defines users and use-cases. Based on the interviews, the safety strategist was chiefly 
ƛƴǘŜǊŜǎǘŜŘ ƛƴ ōŜƘŀǾƛƻǳǊ ŀƴŘ Ŧŀǘŀƭ ŀŎŎƛŘŜƴǘǎΣ ǿƘƛƭŜ ǘƘŜ {9ǎΩ ǇǊƻǇƻǎƛǘƛƻƴǎ ƛƴŎƭǳŘŜŘ ǘƘŜ ǇƭŀƴƴƛƴƎ ƻŦ ǿƻǊƪ 
tasks and prevention, communication, and behaviour. Moreover, one of the SEs defined acceptance 
criteria for a new digital application, namely practicality, functionality connected to activities, and 
giving the feeling of added value to users. 

The first direct difference between CRISP-5aΩǎ ŎƻƴŎŜǇǘǎ ŀƴŘ ǘƘŜ ŜƳǇƛǊƛŎŀƭ ŎƻƴǘŜȄǘ Ŏŀƴ ōŜ 
summarized as singular versus multiple-goal orientation. CRISP-DM and RP encourage the data analyst 
ǘƻ ƭƻƻƪ ŦƻǊ ŀƴŘ ǎǇŜŎƛŦȅ ŀ ǎƛƴƎƭŜ ōǳǎƛƴŜǎǎ ƻōƧŜŎǘƛǾŜ ŀƴŘ ŎƭƛŜƴǘ ƎƻŀƭΣ ǿƘŜǊŜŀǎ ǘƘŜ ŎƻƴǘǊŀŎǘƻǊΩǎ 
diversification on different products, different organizational levels, and the project-based 
organisation exhibits multiple goaƭǎ ŀƴŘ ƻōƧŜŎǘƛǾŜǎΦ bƻǘŀōƭȅΣ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ǘȅǇƛŎŀƭ Ǝƻŀƭ ŎƻƴǎǘŜƭƭŀǘƛƻƴ 
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 introduced 
ŀƳōƛƎǳƛǘȅ ƛƴǘƻ ǘƘŜ ƻōƧŜŎǘƛǾŜǎ ƻŦ ǳǎƛƴƎ ŀ a[ ƳƻŘŜƭ ŀƴŘ Ƙŀǎ ǘƻ ōŜ ŜƳōŜŘŘŜŘ ƛƴǘƻ άƎƻŀƭ ŎƻƴǘǊŀŘƛŎǘƛƻƴǎέ 
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 objectives and re-evaluate to make decisions on a common 
objective. The CRISP-DM 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 the development 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 failure, terminology, 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 detailed analysis 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. Moreover, assumptions 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 therefore should be prevented by campaigns and other 
behaviour-oriented 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 risks associated 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 application design and ethical 
concerns), especially since most requirements need a vivid project and commercial benefits. 

The following step would be defining data-driven goals. At this stage, there must be a clear 
definition of the prediction target and an agreŜƳŜƴǘ ŀōƻǳǘ ǘƘŜ ƳƻŘŜƭΩǎ ŀŎŎŜǇǘŀōƭŜ ŀŎŎǳǊŀŎȅ ƛƴ 
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 this difficulty. 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 preconditions for 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 context, this means 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 concerns and goals across time and space, rather than just the compiled 

ŘŀǘŀōŀǎŜΣ ŎǊŜŀǘŜ ǘƘŜ ŎǊƛǘƛŎŀƭ Ƴŀǎǎ ŦƻǊ ǘƘŜ ǎȅǎǘŜƳΦ Lǘ ƛǎ ƭƛƪŜƭȅ ǘƘŀǘ ŜǾŜƴ ƻǘƘŜǊ ŘŀǘŀǎŜǘǎ ƛƴ ǘƘŜ ŎƻƴǘǊŀŎǘƻǊΩǎ 

system (e.g., quality data, production planning, and execution data) share this feature ς 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 understanding goals and expectations of 

data-driven (ML) applications requires working on multiple organizational levels, especially in project-

based organizations. Adding an iterative step between the business understanding subtasks seems 

beneficial ς otherwise, ethical, application design and data-driven goals, would remain ambiguous. 

Moreover, the current description of business understanding seems to target commercial gains at a 

strategic decision-making level. In contrast, in a large contracting company and on the operational 

level, the business understanding framework needs to and can be adapted to match the specific case.  

 
CONCLUSIONS 

¢Ƙƛǎ ǇŀǇŜǊ ŀƛƳŜŘ ŀǘ ŀƴŀƭȅǎƛƴƎ ŜȄǇŜǊƛŜƴŎŜǎ ŀƴŘ ŎƘŀƭƭŜƴƎŜǎ ƛƴ ǳǎƛƴƎ ǘƘŜ άōǳǎƛƴŜǎǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎέ ǇƘŀǎŜ 

of CRISP-DM; and as part of an ongoing endeavour to develop a ML-based system that utilises 

ǊŜǇƻǊǘŜŘ ŀŎŎƛŘŜƴǘǎ ŦƻǊ ǇǊŜǾŜƴǘƛƻƴΦ ¢ƘŜ ƛƴǘŜǊŜǎǘ ƛƴ άōǳǎƛƴŜǎǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎέ ǎǘŜƳǎ ŦǊƻƳ ƛƴǘŜƴŘƛƴƎ ǘƻ 

assure a solid contextual embedding and an appreciation of local dynamics (incl. variations in roles, 

competencies, and resources). Our sociomaterial framework of understanding was supplemented 

with accident research and ML development concepts, and the complex context of a contractor 

ŎƻƳǇŀƴȅ ǿŀǎ ŜƭŜŎǘŜŘΦ 5ǳŜ ǘƻ ǘƘŜ ŎƻƴǘǊŀŎǘƻǊΩǎ ŘƛŦŦŜǊŜƴǘƛŀǘƛƻƴ in business units and areas and its 

project-based production, it can be (as the interviews also showed) compared to a loose constellation 

of many small companies. Therefore, the method adopted was a bottom-up approach. 

¢ƘŜ ǇŀǇŜǊΩǎ ŦƛǊǎǘ ǊŜǎǳƭǘ ŜǾŀƭǳŀǘŜǎ CRISP-5aΩǎ άōǳǎƛƴŜǎǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎέ ŀǎ ǘƻƻ ƎŜƴŜǊŀƭ ǘƻ 

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 bottom-up approach, where the iterative system development drew directly on practical 

experience and knowledge on accident registration procedures and registered accidents. The second 

result was the difficulties in understanding registered data in the standard database software, with 

limited transparency and different quality ς complementing other research on the importance of the 

ǊŜǇƻǊǘŜǊǎΩ ƛƴǘŜǊǇǊŜǘŀǘion. The third result is 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 level. ML systems should be designed to 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 

άōǳǎƛƴŜǎǎ ǳƴŘŜǊǎǘŀƴŘƛƴƎέ ƛƴ ǘƘƛǎ ŎŀǎŜ ǎƘƻǿŜŘ ǘƘe need for two iterations within the process; one at 

ǘƘŜ άŘŜǘŜǊƳƛƴŜ ōǳǎƛƴŜǎǎ ƻōƧŜŎǘƛǾŜέ ǎǘŜǇ ǘƻ ŀƎǊŜŜ ƻƴ ŎƻƳƳƻƴ ƎƻŀƭǎΣ ŀƴŘ ǘƘŜ ǎŜŎƻƴŘ ŀǘ ǘƘŜ άŀǎǎŜǎǎ 

ǎƛǘǳŀǘƛƻƴέ ǎǘŀƎŜ ǘƻ ƛƴŎƭǳŘŜ ǇǊƛƳŀǊȅ Řŀǘŀ ŀƴŀƭȅǎƛǎ ŦƻǊ ǊŜŀƭƛǎǘƛŎ Řŀǘŀ ƳƻŘŜƭƭƛƴƎ Ǝƻŀƭǎ ŀƴŘ ŘŜŦƛƴƛǘƛƻƴǎΦ 
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Abstract  

The integration of Industry 4.0 enabled technologies in construction health and safety (H&S) 

ƳŀƴŀƎŜƳŜƴǘ ƛǎ ƻŦ ǇŀǊŀƳƻǳƴǘ ƛƳǇƻǊǘŀƴŎŜ ǘƻ ƛƳǇǊƻǾŜ ǿƻǊƪŜǊǎΩ ƘŜŀƭǘƘΣ ǎafety, and wellbeing. The 

COVID-19 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 terms of 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 design was adopted 

which entailed the distribution of questionnaires to architects, construction managers, engineers, and 

quantity surveyors, in construction and consultant firms in Harare. The data analysis consisted of 

computing frequencies and a measure of central tendency 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 sub-optimal. The high investment cost, lack of knowledge of 

emerging technologies, 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 significance 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 technology-led H&S performance improvement drive. Although the study was 

exploratory, the findings are useful to inform 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 work-sector due to its disproportionate 
contribution to occupational injuries. According to the International Labour Organisation (ILO) (2015), 
approximately 108 000 fatalities are recorded on construction sites 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 all-sector average. However, the economic and social burden 
of workplace 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 diminish the capacity 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 
ǘƻŘŀȅΩǎ ǿƻǊƭŘΣ LƴŘǳǎǘǊȅ 4.0, and its associated technologies emerged as an effective approach to 
ƛƳǇǊƻǾŜ ŀƴŘ ǎǳǎǘŀƛƴ ǎƛǘŜ ǿƻǊƪŜǊǎΩ Iϧ{ ŎƻƴŘƛǘƛƻƴǎ όIŀǳǇǘ et alΦΣ нлнлΤ aƛƘƛŏ et al., 2019; Oesterreich 
and Teuteberg, 2016; Okpala et al., 2020; Smallwood et al., 2020). The last two decades witnessed a 
growing interest in utilising innovative technologies to prevent / reduce workplace injuries and 
fatalities in the construction sector (Ramos, 2021; Nnaji et al., 2020) due to their great potential to 



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

 

55 
 

enhance H&S performance (Aslan, 2019; Liu et al., 2020; Romero et 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 showed that 
most of the respondents (86%) were exposed to / used Building Information Modelling (BIM), 
wearable sensing devices (WSDs), and radio-frequency distribution (RFID) as part of their H&S 
management process; while 58% revealed that their organisation used Unmanned 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 that Industry 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 sector. According to the 
Health and Safety Executive (HSE) (2018), applying 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 global positioning system (GPS) enhances collision 
detection, exposure assessment, detection of unsafe construction site location (Häikiöa et al., 2020; 
Howard, 2017) thereby reducing / preventing accident involving heavy equipment and workers-on-
foot (Genders et al., 2016). Internet of Things (IoTs) and its accompanying technologies (sensors) can 
enable real-time monitoring of workers and their operating / surrounding environment relative to 
hazards, unsafe acts (UA) and unsafe conditions (UC); real time provision of information necessary for 
real-time decision making relative to H&S (Dapan et al., 2019; Häikiöa et al., 2020) and timely hazard 
evaluation (Erol and Kecioren, 2019).  
Despite the potential benefits of Industry 4.0 technologies for H&S, the technologies are not broadly 
applied in construction H&S management (Okpala et al., 2020; Nnaji and Karakhan, 2020; Ramos, 
2021; Swallow and Zulu, 2019). Further, research investigating the barriers to Industry 4.0 technology 
integration in H&S management remains limited, 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 construction 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 integration to 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&S in Zimbabwe   
¢ƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƛƴŘǳǎǘǊȅΩǎ Iϧ{ ǊŜŎƻǊŘ ƛǎ ǳƴŘŜǎƛǊŀōƭŜΦ {ǘǳŘƛŜǎ ŎƻƴŘǳŎǘŜŘ ƛƴ ½ƛƳōŀōǿŜ ǊŜǾŜŀƭ ǘƘŀǘ ǘƘŜ 
organisation and implementation of construction H&S is poor (Moyo et al., 2015; Chipato et al., 2019). 
This is corroborated by the NSSA H&S statistics for the period 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 workers) (NSSA, 2017). The leading types of accidents 
contributing to non-fatal 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%) (NSSA, 2015). The factors contributing to the poor 
construction H&S performance are non-compliance with H&S provisions (NSSA, 2015), unsafe work 
practices, inadequate inspections, inadequate hazard identification and risk assessment (HIRA), 
inadequate H&S planning, inadequate H&S training, and inadequate design HIRA, which contribute to 
the occurrence of injuries, fatalities, and disease (Chigara, 2018). This calls for more action to improve 
the situation. Previous studies (Okpala et al., 2020; Liu et al., 2020) determined that emerging 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 technologies 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 administered 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&S management 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. Schall 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 results of this study 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. Kim et 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 needed 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 as non-availability of H&S 
elements and equipment in the BIM software library, and human behaviour, 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.  
Table 1: Overview: barriers to Industry 4.0 technologies integration in construction H&S 
management  
Location  Reference  Identified barrier  

UK Swallow and Zulu, 
2019 

The cost to train, culture, cost of software, time to implement, no 
collaboration, and lack of information technology (IT) skills. 

USA Borhani (2016) Cost, complexity to use, uncertainty in terms of benefits, time needed 
to learn and adopt the tool, and the need for additional training. 

USA Nnaji and Karakhan, 
2020 

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. 

USA  Schall et al. (2018) Employee privacy / confidentiality of collected data, sensor durability, 
and the benefit / cost ratio of using wearables. 

USA  Azhar and Behringer 
(2013) 

Extra cost involved in developing the BIM-based H&S plans, lack of 
knowledge of H&S personnel in terms of using BIM, technical issues 
such as non-availability of H&S elements and equipment in the BIM 
software library, and human behaviour which cannot be changed 
quickly.  

The review of literature provides important insights with regards to the barriers to adopting Industry 
4.0 technologies in H&S management. However, the 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 USA. This calls for further studies to be conducted in other geographical 
locations. Although related studies were conducted in South Africa, they focus on the applicable 
Industry 4.0 technologies for H&S management (Haupt et al., 2020), the level of integration, and the 
benefits of Industry 4.0 technologies in H&S management (Smallwood et al., 2020; Beale and 
Smallwood, 2019).   
 
RESEARCH 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 / officers, 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 research (Dainty, 2008) 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 Harare, the 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 close-end questions. Six (6) questions sought to obtain the socio-demographic data of the 
respondents such as age group, gender, education, job title / designation, organisation, and years of 
ǿƻǊƪ ŜȄǇŜǊƛŜƴŎŜ ƛƴ ǘƘŜ ŎƻƴǎǘǊǳŎǘƛƻƴ ƛƴŘǳǎǘǊȅΦ ¢ǿƻ ǉǳŜǎǘƛƻƴǎ ǎƻǳƎƘǘ ǘƻ ƻōǘŀƛƴ ǊŜǎǇƻƴŘŜƴǘǎΩ 
perceptions relative to (1) the extent to which Industry 4.0 technologies (BIM, RFID, UAVs, VR, AR, 
robotics, drone technology, automation, IoTs, additive manufacturing (AM), and mobile computing) 
are applied to eight (8) aspects of construction practice, and (2) the extent to which twenty-three (23) 
barriers selected from literature hinder Industry 4.0 technologies integration in construction H&S 
management in Zimbabwe. A five-point Likert type scale ranging from 1 = Not at all, 2 = Minor, 3 = 
Moderate, 4 = Near major, and 5 = aŀƧƻǊ ŜȄǘŜƴǘ ǿŀǎ ŀǇǇƭƛŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǊŜǎǇƻƴŘŜƴǘǎΩ ǇŜǊŎŜǇǘƛƻƴǎ 
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 
questionnaire in terms of potential questions and the adequacy of the factors included in the 
ǉǳŜǎǘƛƻƴƴŀƛǊŜΦ ¢ƘŜ ǊŜǾƛǎŜŘ ǉǳŜǎǘƛƻƴƴŀƛǊŜΣ ƛƴŎƻǊǇƻǊŀǘƛƴƎ ŜȄǇŜǊǘǎΩ Ŧeedback, was then distributed to 
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 management 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 the form of a MS to facilitate the 
interpretation of percentage responses to Likert scale type questions, and the ranking of the variable. 
¢ƘŜ a{ǎ ǿŜǊŜ ƛƴǘŜǊǇǊŜǘŜŘ ƛƴ ƭƛƴŜ ǿƛǘƘ ǇǊŜǾƛƻǳǎ ǎǘǳŘƛŜǎ ό{ƳŀƭƭǿƻƻŘΣ нлнлύ ǿƘŜǊŜΥ a{ Ψҗ мΦлл Җ мΦулΩ 
= minor to near minor exǘŜƴǘΤ ΨҔ мΦул Җ нΦслΩ Ґ ƳƛƴƻǊ ǘƻ ŀ ƴŜŀǊ ƳƛƴƻǊ κ ƴŜŀǊ ƳƛƴƻǊ ŜȄǘŜƴǘΤ ΨҔ нΦсл Җ 
оΦплΩ Ґ ƴŜŀǊ ƳƛƴƻǊ ǘƻ ŀ ƳƻŘŜǊŀǘŜ κ ƳƻŘŜǊŀǘŜ ŜȄǘŜƴǘϥΤ ΨҔ оΦпл Җ пΦнлΩ Ґ ƳƻŘŜǊŀǘŜ ǘƻ ƴŜŀǊ ƳŀƧƻǊ κ ƴŜŀǊ 
ƳŀƧƻǊ ŜȄǘŜƴǘΣ ŀƴŘ ΨҔ пΦнл Җ рΦллΩ Ґ ƴŜŀǊ ƳŀƧƻǊ ǘƻ ƳŀƧƻǊ κ ƳŀƧƻǊ ŜȄǘŜƴǘΦ !ǎ ǎǳƎgested by Ikediashi et 
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 (Ikediashi et al., 2012). Where two or 
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more factors had the same MSs, the standard deviation was used to facilitate rank differentiation 
(Doloi et al., 2012). Due to the small sample, inferential statistical analysis was not feasible.  
 
RESEARCH FINDINGS  
Response rate  
A total of 45 questionnaires were emailed to construction 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. During a related 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 respondents  
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 employment in the non-agricultural sector. With regards to the 
age groups, the results show that most respondents (85.7%) comprise of Generation Y (1982 ς 1994) 
followed by Generation X (1965-мфумύ ŀƎŜ ƎǊƻǳǇ όмпΦо҈ύΦ ¢ƘŜ ǊŜǎǇƻƴŘŜƴǘǎΩ ƭŜǾŜƭ ƻŦ ŜŘǳŎŀǘƛƻƴ 
comprised BacƘŜƭƻǊΩǎ ŘŜƎǊŜŜ όтсΦн҈ύΣ aŀǎǘŜǊΩǎ ŘŜƎǊŜŜ όфΦр҈ύΣ 5ƛǇƭƻƳŀ όфΦр҈ύΣ ŀƴŘ ƻǘƘŜǊ όпΦу҈ύΦ Lƴ 
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 are quantity surveyors (38.1%), 
followed by project managers (19.0%), engineers (14.3%), construction managers (14.3%), architects 
όфΦр҈ύΣ ŀƴŘ Iϧ{ ƳŀƴŀƎŜǊǎ όпΦо҈ύΦ wŜƎŀǊŘƛƴƎ ǘƘŜ ǊŜǎǇƻƴŘŜƴǘǎΩ ȅŜŀǊǎ ƻŦ ǿƻǊƪ ŜȄǇŜǊƛŜƴŎŜ ƛƴ ǘƘŜ 
construction sector, the analysis shows that 38.1% of the respondents have 6-10 years of work 
experience followed by the 0-5 years category (28.6%), 11-15 years (23.8%), and 16 years and over 
(9.5%).  The diverse backgrounds and experience of professionals who responded to the survey 
enhances the 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 industry practices 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  

Practice   

Response (%) 

MS 
Std. 
dev.  

Rank Un-
sure 

bƻǘ ŀǘ ŀƭƭΧΧΧΧΧΧΧΧΧΧΧΦ 
Major 

1 2 3 4 5 

Cost management  0.0 0.0 9.5 33.3 42.9 14.3 3.62 0.865 1 

Project schedule management 0.0 4.8 14.3 42.9 23.8 14.3 3.29 1.056 2 

Construction site management  0.0 9.5 33.3 14.3 23.8 19.0 3.10 1.338 3 

Resources and asset management  0.0 4.8 38.1 47.6 4.8 4.8 2.67 0.856 4 

H&S management  0.0 4.8 52.4 19.0 19.0 4.8 2.67 1.017 5 

Productivity management  9.5 9.5 33.3 28.6 14.3 4.8 2.43 1.287 6 

Quality management  0.0 23.8 33.3 33.3 9.5 0.00 2.29 0.956 7 

Environmental management  9.5 19.0 38.1 19.0 14.3 0.00 2.10 1.179 8 
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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 
ǘƘŜ LƴŘǳǎǘǊȅ пΦл ǘŜŎƘƴƻƭƻƎƛŜǎ ŀǊŜ ŀǇǇƭƛŜŘ ǘƻ ŀ ƳŀƧƻǊΣ ŀǎ ƻǇǇƻǎŜŘ ǘƻ ƳƛƴƻǊ ŜȄǘŜƴǘ ǘƻ ΨŎƻǎǘ 
ƳŀƴŀƎŜƳŜƴǘΩΣ ΨǇǊƻƧŜŎǘ ǎŎƘŜŘǳƭŜ ƳŀƴŀƎŜƳŜƴǘΩΣ ŀƴŘ ΨǎƛǘŜ ƳŀƴŀƎŜƳŜƴǘΩΦ   
 The four construction practices ranked 1st to 5th όснΦр҈ύ ƘŀǾŜ a{ǎ Ҕ нΦсл Җ оΦплΣ ǿƘƛŎƘ 
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 practices - ΨŎƻǎǘ ƳŀƴŀƎŜƳŜƴǘΩΣ ΨǇǊƻƧŜŎǘ 
ǎŎƘŜŘǳƭŜ ƳŀƴŀƎŜƳŜƴǘΩΣ ΨǎƛǘŜ ƳŀƴŀƎŜƳŜƴǘΩΣ ΨIϧ{ ƳŀƴŀƎŜƳŜƴǘΩΣ ŀƴŘ ΨǊŜǎƻǳǊŎŜǎ ƳŀƴŀƎŜƳŜƴǘΩΦ ¢ƘŜ 
construction practices ranked 6th to 8th όотΦр҈ύ ƘŀǾŜ a{ǎ Ҕ мΦул Җ нΦслΣ ǿƘƛŎƘ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ 
respondents deem that the technologieǎ ŀǊŜ ŀǇǇƭƛŜŘ ǘƻ ΨǇǊƻŘǳŎǘƛǾƛǘȅ ƳŀƴŀƎŜƳŜƴǘΩΣ Ψǉǳŀƭƛǘȅ 
ƳŀƴŀƎŜƳŜƴǘΩΣ ŀƴŘ ΨŜƴǾƛǊƻƴƳŜƴǘŀƭ ƳŀƴŀƎŜƳŜƴǘΩ ōŜǘǿŜŜƴ ƴƻǘ ŀǘ ŀƭƭ ǘƻ ŀ ƳƛƴƻǊ κ ƳƛƴƻǊ ŜȄǘŜƴǘΦ 
Overall, the results show that the application of Industry 4.0 technologies in construction industry 
practices is gradual 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 processes (Oesterreich and Teuteberg, 2016).   
 
Barriers to Industry 4.0 technologies integration in H&S management in Zimbabwe 
¢ŀōƭŜ о ǇǊŜǎŜƴǘǎ ǘƘŜ ǊŜǎǇƻƴŘŜƴǘǎΩ ǇŜǊŎŜǇǘƛƻƴǎ ǊŜƭŀǘƛǾŜ ǘƻ ōŀǊǊƛŜǊǎ ƛƴƘƛōƛǘƛƴƎ ǘƘŜ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ LƴŘǳǎǘǊȅ 
4.0 technologies in construction 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  

Barrier 

Response (%) 

MS 
Std. 
dev.  

Rank Un-
sure 

bƻǘ ŀǘ ŀƭƭΧΧΧΧΧΧΧΧΧΧΧΦ 
Major 

1 2 3 4 5 

High investment costs  0.0 0.0 0.0 4.8 33.3 61.9 4.57 .598 1 

Lack of knowledge of the 
technologies and their 
applications  

0.0 0.0 9.5 9.5 28.6 52.4 4.24 .995 2 

Lack of support from clients  0.0 4.8 0.0 19.0 33.3 42.9 4.10 1.044 3 

Lack of awareness of the 
innovative technologies for H&S 
management 

0.0 4.8 4.8 14.3 38.1 38.1 4.00 1.095 4 

Lack of senior management 
support  

4.8 4.8 14.3 14.3 47.6 28.6 3.90 1.044 5 

Inadequate technology integration 
in built environment programmes  

0.0 0.0 9.5 19.0 47.6 23.8 3.86 .910 6 

Lack of supportive government 
policy  

9.5 0.0 0.0 19.0 33.3 38.1 3.81 1.470 7 

Lack of technical expertise & 
experience 

0.0 0.0 9.5 33.3 33.3 23.8 3.71 .956 8 

Lack of information regarding the 
effectiveness of the technologies  

4.8 0.0 4.8 33.3 23.8 33.3 3.71 1.271 9 

Lack of a supportive regulatory 
framework  

9.5 0.0 9.5 4.8 42.9 33.3 3.71 1.521 10 

Resistance to [technology] change  0.0 4.8 19.0 9.5 42.9 23.8 3.62 1.203 11 

Inadequate / Weak [ICTS] 
infrastructure  

0.0 0.0 23.8 23.8 23.8 28.6 3.57 1.165 12 

Lack of industry standards to 
guide implementation   

0.0 4.8 9.5 33.3 33.3 19.0 3.52 1.078 13 

Lack of training  0.0 0.0 14.3 33.3 42.9 9.5 3.48 .873 14 

Lack of clearly defined economic 
benefits (Uncertain ROI) 

0.0 4.8 19.0 23.8 28.6 23.8 3.48 1.209 15 
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Lack of demand from contractors  4.8 4.8 4.8 33.3 28.6 23.8 3.48 1.327 16 

Lack of requisite Information 
Technology (IT) skills 

0.0 4.8 19.0 38.1 23.8 14.3 3.24 1.091 17 

Lack of a methodical strategy for 
implementation  

4.8 0.0 19.0 23.8 47.6 4.8 3.24 1.134 18 

Lack of technical support from 
technology providers   

4.8 4.8 19.0 19.0 42.9 9.5 3.19 1.290 19 

Economic risk   4.8 4.8 9.5 47.6 14.3 19.0 3.19 1.289 20 

Perceived technology interference 
with work procedure  

0.0 4.8 28.6 28.6 28.6 9.5 3.10 1.091 21= 

Unsupportive organisational 
structure 

0.0 9.5 19.0 28.6 38.1 4.8 3.10 1.091 21= 

Industry culture that promotes 
slow technology adoption  

0.0 9.5 19.0 28.6 42.9 0.0 3.05 1.024 23 

Note: MS = Mean Score; Std. Dev. = standard deviation; ROI = return on investment 
 
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 minor extent. The variables ranked 1st and 2nd (8.7%) have 
a{ǎ Ҕ пΦнл Җ рΦллΣ ǿƘƛŎƘ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ǊŜǎǇƻƴŘŜƴǘǎ ŘŜŜƳ ǘƘŜ ōŀǊǊƛŜǊǎ ǘƻ ŎƻƴǎǘǊŀƛƴ ǘƘŜ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ 
Industry 4.0 technologies in construction H&S management between a near major to a major / major 
exteƴǘΦ Lǘ ƛǎ ƴƻǘŀōƭŜ ǘƘŀǘ ΨƘƛƎƘ ƛƴǾŜǎǘƳŜƴǘ ŎƻǎǘΩ is considered the leading barrier. Investment in 
Industry 4.0 technologies is perceived to be expensive because of the numerous cost centres such as 
the initial set-up cost, cost to train (Swallow and Zulu, 2019), cost of software / hardware / upgrades 
(Swallow and Zulu, 2019; Ahmed et al., 2014) and running costs of the implementation (Ahmed et al., 
2014). This finding is consistent with previous studies conducted in the USA (Nnaji and Karakhan, 2020) 
and the UK (Swallow and Zulu, 2019) which identified the cost 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&S ǇǊŀŎǘƛŎŜǎΦ ¢ƘŜ ǊŜǎǳƭǘǎ ǎƘƻǿ ǘƘŀǘ Ψlack of knowledge of the technologies and their 
applicationsΩ (MS = 4.24) is ranked 2nd. Knowledge of the innovative technologies is important to 
inform decision making relative to the application of the various technologies for 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 (Holt et al., 2015; Ahmed et al., 2014). However, the gradual growth 
in technology use in the construction 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 barriers ranked 3rd to 16th όслΦф҈ύ ƘŀǾŜ a{ǎ Ҕ оΦпл Җ пΦнлΣ ǿƘƛŎƘ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ 
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 / near major 
extent. The following section will briefly discuss three barriers in the top half of the above MS band 
όƛΦŜΦΣ Ҕ оΦул Җ пΦнлύΦ ¢ƘŜ ŜŦŦŜŎǘ ƻŦ ǘƘŜǎŜ ōŀǊǊƛŜǊǎ ƭŜŀƴǎ ǘƻǿŀǊŘǎ ŀ ƴŜŀǊ ƳŀƧƻǊ ƛƳǇŀŎǘΣ ŀƴŘ ƘŜƴŎŜ ŀǊŜ 
considered important in terms of influencing the decision to adopt innovative technologies. The 
barrier ranked 3rd is ǘƘŜ ΨƭŀŎƪ ƻŦ ǎǳǇǇƻǊǘ ŦǊƻƳ ŎƭƛŜƴǘǎΩ (MS = 4.10). Given the high cost of investment 
with regards to the Industry 4.0 technologies, client support relative to technology integration is 
critical since they pay for the use of the technologies. This 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. The finding reinforces the observation made by 
Lindblad and Guerrero (2020) that in project constellations, construction firms are much dependent 
on clients to allow for innovation. Although clients (large private and public) can potentially use 
procurement to influence technology integration in H&S management (Linderoth, 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 (Loosemore and Richard, 2015).  
¢ƘŜ ǊŜǎǇƻƴŘŜƴǘǎ ǇŜǊŎŜƛǾŜ ǘƘŀǘ Ψlack of awareness of the innovative technologies for H&S 
ƳŀƴŀƎŜƳŜƴǘΩ (MS = 4.00) is an important barrier to technology integration in H&S management. The 
lack of awareness may be attributed to the lack 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 4.0 technologies (Beale and Smallwood, 2019; Smallwood et al., 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 and understanding 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 technologies in H&S management is affected by the ΨƭŀŎƪ ƻŦ ǘƻǇ 
ƳŀƴŀƎŜƳŜƴǘ ǎǳǇǇƻǊǘΩ (MS = 3.90). Leadership 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. Orzes et al. (2020) argue 
that lack of top management support is more important that employee resistance of technology. This 
finding is consistent with Borhani (2016) who identified lack 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 resources, the situation is different for SMEs.  
 The seven barriers ranked 17th to 23rd όолΦп҈ύ ƘŀǾŜ a{ǎ Ҕ нΦсл Җ оΦплΣ ǿƘƛŎƘ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ 
construction professionals perceive that the barriers to impede technology integration in H&S 
management between a minor to a moderate / moderate extent. The factors included in this cluster 
ŀǊŜΥ ΨƭŀŎƪ ƻŦ ǊŜǉǳƛǎƛǘŜ LƴŦƻǊƳŀǘƛƻƴ ¢ŜŎƘƴƻƭƻƎȅ όL¢ύ ǎƪƛƭƭǎΩΤ ΨƭŀŎƪ ƻŦ ŀ ƳŜǘƘƻŘƛŎŀƭ ǎǘǊŀǘŜƎȅ ŦƻǊ 
ƛƳǇƭŜƳŜƴǘŀǘƛƻƴΩΤ ΨƭŀŎƪ ƻŦ ǘŜŎƘƴƛŎŀƭ ǎǳǇǇƻǊǘ ŦǊƻƳ ǎŜǊǾƛŎŜ ǇǊƻǾƛŘŜǊǎΩΤ ΨŜŎƻƴƻƳƛŎ ǊƛǎƪΩΤ ΨǇŜǊŎŜƛǾŜŘ 
ǘŜŎƘƴƻƭƻƎȅ ƛƴǘŜǊŦŜǊŜƴŎŜ ǿƛǘƘ ǿƻǊƪ ǇǊƻŎŜŘǳǊŜΩΤ ΨǳƴǎǳǇǇƻǊǘƛǾŜ ƻǊƎŀƴƛǎŀǘƛƻƴŀƭ ǎǘǊǳŎǘǳǊŜΩΣ ŀƴŘ ΨƛƴŘǳǎǘǊȅ 
ŎǳƭǘǳǊŜ ǘƘŀǘ ǇǊƻƳƻǘŜǎ ǎƭƻǿ ǘŜŎƘƴƻƭƻƎȅ ŀŘƻǇǘƛƻƴΩΦ ¢ƘŜ ǊŜǎǳƭǘǎ ƘƛƎƘƭƛƎƘǘ ǘƘŜ ƛƳǇƻǊǘŀƴŎŜ ƻŦ ŘŜǾŜƭƻǇƛƴƎ 
a proper infrastructure, skilling, and reskilling in line with Industry 4.0, and culture shift to promote 
the adoption of technology-based 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 management in Zimbabwe. 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 sub-optimal. The main barriers to technologies integration in H&S 
management are high investment 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 government policy. 
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 suggests 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 the cost of 
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 economy in terms of start-up 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 programmes to close the knowledge gap and ensure that skills produced match 
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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 and legal framework 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 small sample 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 more than other high-risk 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 modelling (BIM), automatic rule checking, Augmented and Virtual Reality 
(AR/VR).  

The current research objective is to provide a general framework of a BIM-based safety system to 
improve the safety status in the construction field. The system aims to offer Safety 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 approach adopting 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 BIM-based technologies 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 ISO 19650Ȥ1 and PAS 1192-
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 in implementing 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 demand from 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, 2013a). In line with the Occupational Safety 
and Health Administration (OSHA), the construction industry was responsible for 199,200 injuries and 
illnesses in 2019. According to the U.S. Bureau of Labour Statistics, construction had 9.5 fatalities per 
100,000 full-time workers (U.S. Department of Labor; Bureau of Labor Statistics, 2019). According to 
OSHA, as of 2020, "one in five worker deaths in 2019 in construction". 

Falls, struck-by-objects, electrocution, and stuck-in are considered the fatal four construction 
accidents and were responsible for more than half of 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 Mitigate Accident Rate, 
Chim reassured that the company and the workers' negligence is the leading cause for accidents on 
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the construction site (Chim, Chun, & Wah, 2018). Chim 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 accidents: not 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 was (Abdelhamid & Everett, 2000). In a book 
published by the 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 illustrates how to identify and 
solve these issues (Health and Safety Executive, 1999). This book states that a thoughtful 
understanding of human actions at work can reduce the number of accidents and cases of 
occupational hazards. Unsafe human on-site 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 skill-based errors and common mistakes (Health and Safety 
Executive, 1999) 

Moreover, the causes of the issues are related to the organisation's planning, management and 
decision-making 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 works. In addition, the skills, capabilities 
and mental health of the individuals should be assessed for each task (Health and Safety Executive, 
1999).  

Thus, the construction site requires regular and advanced monitoring and supervision; besides, new 
workers must be trained 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 inspection of the risks, 
automated safety monitoring such as Building Information Modelling (BIM) is adopted by the AECO 
sector (Eleftheriadis, Mumovic, & Greening, 2017). BIM integrates Building Regulations and health and 
safety information within the model that are specified as BIM4REGS 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 and safety group 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 can provide 
essential decision-support tools for engineers throughout the design stage, improving workers' safety 
and performance and enriching on-site and off-site training (Wang & Chong, 2015).  

Digital Technologies for Construction Safety  

BIM application in the AECO sector 

BIM application in the AECO sector has several benefits, such as reducing health and safety challenges, 
improving the project's quality, and enhancing collaboration (Enshassi, Ayyash, & Choudhry, 2016). 
There is significant interest in improving safety through design and work method using BIM by 
implementing safety planning throughout the project (Enshassi et al., 2016). BIM enables workers, 
safety specialists and engineers to digitally visualise and monitor construction sites and identify 
hazards (Azhar, Khalfan, & Maqsood, 2012; Enshassi 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 environment (Kim, Jeong, Clayton, 
Haberl, & Yan, 2015; Schwegler, 2010). Furthermore, 4D-BIM, which is 3D models plus schedule, 
means improved chances to make alternative preliminary plans of different construction stages and 
tasks, linking them more to safety (Ganah & 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, 2004; Pham, Pedro, Le, Lee, & Park, 2017). Digitalisation 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 22 (European Comission, 2014), which refer to BIM application for public 
procurement and by the modern international standard for BIM EN ISO 19650-1 (BS EN ISO 19650Ȥ1, 
2018). The AECO sector is currently implementing several tools and methodologies to assist BIM, such 
as Automated Rule checking, Augmented Reality (AR), Virtual Reality (VR) (Sidani, Dinis, et al., 2021; 
Sidani, Matoseiro Dinis, et al., 2021). 

Fully Automated Verification Systems (Rule Checking) 

Rule-based checking systems have been developed for BIM models as part of the new BIM technology 
3D and 4D simulations, which means a mockup of the geometric 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, 2009). In 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. 

According to Sijie Zhang, collecting and examining construction data (work breakdown, structure, 
schedules, resource allocation) can be linked to a BIM model allowing to generate a rule-based health 
and safety framework that facilitates safer design, planning and execution of work tasks (Zhang, 
Teizer, Lee, Eastman, & Venugopal, 2013b). In addition, joining the construction data with safety rules, 
such as OSHA, and geometric project data can create information that, once the database is linked to 
the BIM model, will create knowledge that can enhance safety education and training at the design 
and construction stage (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 Hongling (Hongling, Yantao, Weisheng, & Yan, 
2016a), a safety rule system is thus built by:  

¶ Categorising construction safety information,  

¶ Building a safety rule system 

¶ Translating safety rule system to machine-readable 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, reorganising the rules with a specific format and facilitating 
rule checking is required (Hongling et al., 2016a). However, all these standards can be classified into 
safety protection, design computation and design checking. Furthermore, as the rules are used to 
prevent accidents, the design safety-related information is updated according to accident-related 
data. Thus, an organised and well-structured safety rule system can be developed (Hongling et al., 
2016a). 

Several studies developed automated rule checking systems targeting falling (Hongling, 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 M. Teizer, 2015; Zhang et al., 2013b) which 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, material control, among others. These 
kinds of risks are becoming more common to be integrated in automated rule checking (Malekitabar, 
Hassan Ardeshir, Abdollah Sebt, Mohammad Hassan Stouffs, 2016), but a fully manual approach might 
be easier to implement while taking advantage of current technologies. 
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Fully Manual Verification systems 

Augmented Reality 

ά!ǳƎƳŜƴǘŜŘ wŜŀƭƛǘȅ ό!wύ ƛǎ ŀ ƭƛǾŜ ǾƛŜǿ ƻŦ ŎƻƳǇǳǘŜǊ-generated information or image augmenting or 
laying over the real-world environment" (Vincent, 2012). BIM-based AR advancements within 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 objects (Azuma, 1997). 

Chi and Wang verified that AR technology evolved from marker-based applications towards 
markerless systems, only 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 space (Chi, Kang, & Wang, 2013). However, recent advances 
in context-aware 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., 2021). Additionally, Data Cloud computing environments have been 
recognised in server-based 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 gesture-based 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 virtual environments (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. BIM-based AR applied to the construction site to support task 
completion and reduce construction 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 productivity (Bae, Golparvar-Fard, & White, 
2013; Jiao, Zhang, Li, Wang, & Yang, 2013; Park, Lee, Kwon, & Wang, 2013; Pour Rahimian, 
Chavdarova, Oliver, & Chamo, 2019). Specifically, for Architecture and Civil Engineering, AR may 
reduce construction errors and project design review; improved communication compared to more 
traditional 2D approaches, time-savings (working hours) and cost reduction, as defined by Agarwal 
(Charef, Alaka, & Emmitt, 2018). Figure 1 demonstrates a step-by-step framework to 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 suitability 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, as such an 
approach may ascertain improved user-friendliness and may also contribute to fostering acceptance 
and long-term usage (Berkemeier, Zobel, Werning, Ickerott, & Thomas, 2019). A compromise must be 
attained between the development team's know-how, state-of-the-art technology to the extent that 
possible difficulties in developing the solution can be minimised, and cost and economic aspects.  
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Figure 1 Framework for a Guided Integration of AR in the AECO Sector based on (Berkemeier 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 increases (Martín-Gutiérrez, Mora, Añorbe-Díaz, & González-
Marrero, 2017). In the last few years, VR research has focused on the AECO sectors, showing potential 
benefits in a plethora of applications, especially when taking advantage of accuracy and information 
comprised in BIM models (Li, Wu et al. 2017). Thus, BIM-based VR applications have shown many 
advantages to enhance design review, team collaboration, decision making, among others. The core 
idea behind VR application is to enable collaboration and communication, allowing people with 
different expertise to access BIM information (Sidani, Dinis, 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 curriculums (Hayne, Kumar, & Hare, 2017). 
Moreover, inexperienced designers do not recognise the impact they can make on on-site safety. 
Following the author's hazard perception test, an association between identifying and mitigating 
hazards and possession of site experience was found. The authors recommend that future studies 
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 workers (Hayne et al., 2017). 

Most BIM-based VR tools utilise a three-layer 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 non-geometric information (Sidani, Dinis, et al., 2021). It was also identified 
that other middleware applications were used to provide network connectivity, creating a multiuser 
immersive experience; Construction Safety ς field focussed on improving the construction site safety, 
mainly through increased awareness and design simulation (Sidani, Dinis, et al., 2021). Figure 2 
illustrates an implementation framework of BIM-based VR. 



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

 

70 
 

 

Figure 2 BIM-Based VR Development Framework 

Proposed framework 

Framework Description 

The proposed BIM for Safety framework Figure 3 combines the mentioned technologies generating a 
BIM for Safety Verification System. This system can be divided into Fully manual or Fully Automated 
approaches Figure 4. 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 training (Zhai, Goodrum, Haas, & Caldas, 2009). the current models are standalone 
models, either targeting visualization, automated rule checking, or safety 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 missing with the current systems. 

Afterwards, the suggested BIM for Safety general framework Figure 3 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 includes principles and high-level requirements as United 
YƛƴƎŘƻƳ ƎƻǾŜǊƴƳŜƴǘΩǎ .La ƭŜǾŜƭ н ŀƴŘ ƛǎ ŀƭƛƎƴŜŘ ǿƛǘƘ ¦Y ммфн ǎǘŀƴŘŀǊŘǎ όtŀƴǘŜƭƛ Ŝǘ ŀƭΦΣ нлнлύΦ  

Furthermore, integrating PAS 1192-6:2018 "Specification for collaborative sharing and use of 
structured Safety information using BIM". PAS 1192-6:2018 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 construction projects 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 requires the 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. The requirements of 
PAS can be applied equally to non-BIM projects. PAS identifies how to use Health and safety data to: 

ω Offer a safer and healthier environment for end-users  

ω Mitigate hazards and risks across the project's lifecycle 

ω Improve construction Health and safety performance 

ω Provide relevant health and safety information to the right people at the right time 

ω Reduce construction and operational costs 
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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: 

 
Figure 3 BIM for Safety Framework 

 

 
Figure 4 BIM for Safety Verification System 

Detecting hazardous areas at a specific time 

Since the system is made of a well-identified 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 impossible to eliminate 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, the rules for each risk will be illustrated. Hence, developing the BIM model with adequate 
requirements and Level of Development (LOD) facilitates automated rule checking Figure 5. 




