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Abstract

Despite the fact that the construction industry is \ketwn for its enormous economic
contribution to the country, the high fatality rate remains a major source of concern for
construction professionals. The hazardous, fragmenteddiesh,and dynamic nature of the
industry has been identified as the primary contributor to the construction industry's
compromised safety. Despite several initiatives from the government, safety regulatory bodies,
and safety professionals to improve safety mamamnt, statistics show that occupational safety
performance is still unacceptable. In fact, the construction industry is still grappling with
identifying the critical factors influencing safety performance. Consequeotihfemporary
practicesare incapale of dealing witithe currentH&S challenges. To overcome safety issues,

it is critical to integrate underlying safety factors affecting safety performance into safety
management systems. As a result of the aforementioned issues, the goal of this stiady wa
investigate the underlying factors influencing safety performance in the UK construction
industry and propose a framework to address the shortcomings by incorporating advanced

immersive technologiger H&S management

This study ook a systematic appach, first identifying the critical factors that have a
significant impact on the safety performance of construction projects through a detailed
literature review, which served as the foundation for developinigital framework.These

factors were clssified into several clusters, which included organisational, managerial,
legislative, social, environmental, and personnel considerations. Human/personnel factors were
discovered to have a significant impact on occupational health and safety on camstructi
projects, accounting for approximately 80% of construction site accidents; thus, the underlying
factors were investigated further in this stutly order to supplement the findings of the
literature review, amixedmethodapproach was used to scope therking framework for

overcoming the H&S challenges influencing safety performaRieis. involvedconductinga
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total of 34 questionnaireesearctwhich helped to refine the research findings ahdped the
proposedrameworkto assess human erriorconstruction projectdAfterwards, a qualitative
approach involving senrstructured interviews was ustmlvalidate the proposed framework
In total, 20 experts took part in thimterviews and the results were comparedthe initial
findings to valigte theresearch findingsas well as the proposed framewonigs shown to

the participantso validate its working.

TheresearcHindings suggestethat the leading causes of human error are human personnel
traits such as human behaviour, attitude, rsdeasment, experience, and hazard assessment.
Furthermoretfo investigate theccurrence of human error, accident causation models have
beenstudied to analyse thelationship between the latent gmeximal human factorsThe

human reliabilityanalysis (HRA)Ytechniquewasusedto managdéiuman error in construction
projects.SeveralHRA techniques have been examined to determine the bieatridwork and

the proposed framework was created usingHiRA technique, which has been proven to be

an dfective method in safetgritical industries. Furthermore, immersive technology has been
proposed and integrated into the novel framework to develop a viable safety management
framework. The proposed immersive safety management framework was validated by

respondents.
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1. Introduction

This chapteroutlines the research background and explains the principle research aim and
objectives underpinneuly this research on H&S management in the construction industry. The
research rationale has also been addressed in this chapter to identify the impbthenstidy

based on construction industry needs. The brief research methodology has been highlighted for
consideration as well as the research process has been presented, and lastly, the structure of the

research thesis has been outlined.
1.1. ResearchBackground

The significance of the construction industry cannot be underestimated as it is considered one
of the largest industries and most dynamic dewdrthe economy that employs millions of
people in the countrfRostamiet al, 2015) Around 2.4 milliox people in the UK work in the
construction industry which contributes A11?:
6. 8% of t he (CfficewiNational&Gmtistied) Z)18pespite its worth in generating
revenue, it is also a wetihown fact that the construction industry is one of the most hazardous,
labourintensive, fragmented and dynamic indust{M&nget al, 2019)andis ranked as the
second top industry after agriculture with the highest accidents in 2018/2019 in the UK (HSC,
2019). In the United Kingdom, around 22% of total occupational fatalities are from the
construction sector, as reported by the Health and Safety Executive (HSE) 2019) In
2018/19, 30 workers in the construction industry became the victim of fateesjand 2420

faced norfatal injuries at the workplace in Great BritgSC, 2019)

The uniqueness of construction is its hazardous nature due to a range of construction activities
comprised of working in difficult situations and relying intensively on heavy machinery and
equipment(Durdyevet al, 2017) Construction workers are expdst® hazardous working
conditions such as working at heiglarsd beingstuck and caught by construction equipment

and machinery on siteghich often lead to acciden{fMohammadet al, 2018) The notorious
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nature of the construction industry has catgitic effects on productivity which is
traditionally measured in the parameters of cost, quality and Hareet al, 2006) Abubakar

et at.,(2015)stated that among the other performance parameters, H&S is considered one of
the key parameters besglthe traditional parameters (time, quality and cost) which can easily

be compromised by the lack of effective H&S managemehts, the improvement in

occupational health and safety stands inevitable as well as a great concern for the researchers

as theaccidents come with enormous &etd undermined productivity.

Along with economic loss, this issue also comes with the loss of indispensable human lives,
illness, skilled workers and huge compensation c¢Benjaoran and Bhokha, 2010)
Furthermore, ecident costs could be categorised into direct and indirect costs in the

construction industryfHaupt and Pillay, 2016)The direct costs are terméde 6t i p of t

icebergdb and involve the accident i nsurance

economy lost £1.2 billionn direct costs due to wortelated illnesses and accidents in the
construction sites which comprises 8% of total costs across all industries (HSE, 2019).
SubsequentlySmallwood and Haupt (2008}ated that indirect or submeud) costs are 14.2
times direct costs triggered in terms of reduced performance, low productivity, delays and loss
of property. This huge loss of construction costs and important human life demands the

construction industry for better safety performance.

In the UK construction industry, the H&S issues have for long pinched the construction
industry and lead to a lot of studies on the causing factors as well as resolving techniques.
Latham (1994 Const ruct i ngEganh2002i e atmbi nlkainmg const
noteworthy studies on construction industry performance that mentioned H&S as one of the
key drivers for improved performance. More recently, in the UK the research trend is towards
commitment towards safetghallengesn implementing safetyn the construction industry

andthe introduction of advanced digital technologies in safety management such as virtual

r

u
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technologies and BIME-or instanceShepherd et al. (2021ilentified the challenge®mwards

the safety ofvorkers from diverse demographics and backgrounds withelUK construction
industry.Ganah and John (201gjoposeda BIM-based frameworkor better H&S practice
onsite and highlighted th&IM6 s  p o in enantaging kafety practices and procedures.
Similay, Goulding et al. (20123leveloped a prototype using virtual reality technoléay
improved safety management tine constructionindustry. A wealth of research has been
carried outin the construction industrio identify the factors responsible for poor H&S
however, mainhffocused on a specific country or regi@bdul-Rashidet al, 2007; Kadiriet

al., 2014; Hamicet al, 2019) Based on the limited evidence of safety factors withenUK
context, this researchhereforeaimedto identify safety factorand highlight factors which

has the most impact on safety performance.

Consequently, considering the hazardous nature of the construction industry several countries
have regulated the safety management system. The United Kirigdo, Heal th and
Commission (HSC) legislated Health and Safety at work etc Act 1974 to propose the
occupational health and safety guidelindsich werelater upgrdedto H&S in 2007 called
Construction (Design and Management) Regulations 2007 (CBeéfice, construction safety
management is the process of managing safety regulations, practices and procedures before
and during the construction phaggbas et al, 2020) Besides safety regulations, safety
management practices also contribute momentotssisafety management. The literature
reveals thathe traditional H&S practice is carried out in two phases, during the first phase
called as preonstruction phase, safety is planned and executed and monitored in the
construction phase of constructigdhang et al, 2013a) It is obvious that along with
complying with the regulations, thereds a ne
the organisation to plan, do, act and check the safety managgi&&nt2013a)Several types

of research have been conducted to propose safety management systems or frameworks for
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improved safety performand&unduz and Laitinen, 2017; Guo, Yu and Skitmore, 2017a;
Alkaissy et al, 2020; Nnaji and Karakhan, 2020; Khaétal,. 2021). Similarly, researchers
have also highlighted the potential factors and barriers affecting safety management to rectify

the issuegManuet al, 2014; Francioset al, 2019; Buniyaet al, 2020; Nawazt al, 2020)

To overcome the issues mentionggove,resarchershave developed safety management
systems, frameworks, models and rating systems to put resistance to the highlighted H&S
issuesZhou, Goh and Li (2015tated that construction H&S research revolves around three
domains; safety managhent process, behavioural safety and organisational (safety culture and
climate) safetyBezalel B and Mohamed H (201®)entioned that existing safety management
systems are based on risk management, cultural safety management, and behavioural
managemen prospectives. Although promoting a safety culture, behaviour and risk
management helps towards better performance of safety, however, the literature reveals there

are many other factors responsible for accidents on constructiofAditeset al, 2020)

Subsequently, research on accident causal factors has been of significant importance for
researchers in the construction industry. For instavioeet al. (2014)analysed the factors
affecting the safety performance of metro construction in ChimaileBly, Ismail, Doostdar

and Harun (2012analysed the safety factors for a specific project in Malaysia and highlighted
personal factors as the most influential factor for safety managekhe@mammadi, Tavakolan

and Khosravi (2018ljsted thirteen fators that could influence safety performance from the
literature reviewHu et al. (2011ytudy the factors that affect the risk of falls on construction
sites. moreover, Furthermofdaiduwahandi and Silva (2018tudied the factors influencing
workers' behaviour towards safety on construction sitgeman et al. (2020penned on

finding the factors that route the success of a safety management system. Hence, several

researchers have penned on causal factors of safety performance, howevstuthesare
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based on a specific realm i.e. location, project type or personnel feature. Moreover, these

studies do not present a method or system to measure or manage the safety factors.

Againstthegiven above background, more recent trandseconstruction industry ha been
towardsthe introduction of advanced digital techomgies Construction safety management
systems circle around two notions which are either manageingat or technology drivers
(Zhou, Goh and Li, 2015)Numerous digal tools have been introduced by safety professionals
for safety improvement in the fields of automation, tracking and visualizélezeret al.,
2013a) Li et al. (2018)critically analysed the visualization technologies used in the
constructionmdustry and found that technologies like virtual reality or augmented reality are
helpful for hazard identification and training workers. Other prominent technologies that have
been introduced in the construction industry found in the literature are; GP&I& for
location tracking, 4D simulations for hazard identification, application of unmanned aerial
systems (UAS) for inspection, BHdased hazard identificatiqidongling et al., 2016; Guo,

Yu and Skitmore, 2017a; Melo et al., 2017a; Alizadehsaledl. e2018) It is obviousfrom

the literaturethat in safety management, technology has applications for risk assessment,

hazard identification and training purpog€sioet al, 2018)
1.2. Research rationale

The rationale of this research is based onftdet thatthe UK construction industry still
constituts a bad reputation and represemhaligned H&S performance. Government
interventions, regulations, guidelines, technological advancement, and safety profgssional
contributions have helped the constran industry to H&S to a certain extent, however, it is
evident that the construction industry needs a more inclusive approach to overcome the
shortcoming. Specifically, the relianca conventionakafety management systeonly on a

few safety factoranisalignment of the safety factors study from safety management systems,

and lack of integration of safety management systemsaakdf digital technologyin safety
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managemenare the key issues affecting safety management in the construction industry.
Therefore, given the fatalities encountered each year, it is inevitable to review accident
causatiorfactorsand figure out the key factors causing many accidents on constrsitéen
Moreover, along with figuring out the causes

methods used in the construction industry and develop a novel approach to safety management.
1.3. Research Questions

Basedon the above discussion, the followy research questions have been established.

Q1. What are the key factors affecting safety management in the construction indukey

United Kingdon?

Q2. What methods/systenase used in the construction industoy éliminate key factors
influencingsafety management?

Q3. What are the shortcomings cbntemporarysafety management systenn the

construction industry?

Q4. Howsafety management can be improvedhaconstruction industrypy incorporating

advancedligital technologes
1.4. Research Am & ODbjectives

This research aints develop a novel framework to eliminate the accident causal factors from
safety management allowing construction professionals to improve safety performance in the
UK construction industryGiven below are the research objees derived to achieve the

research aim;

1. Determine the current H&S performance, practices, and improvement efforts in the UK
construction industry.
2. Undertake a critical review of safety causal factors in H&S management and determine

the key factor that cdributes to accident causatiand develop minitial framework.
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3. Explore the impact of those factors and remedial methods/techniques as well as the

advancedligital technologies to overcome the issue.

4. Conductquantitativeresearch to get the constructibi&S professional inpuaimed to
developa solution for safety management.

5. Develop a framework aiming to eliminate those factors from the construction process
utilizing advanced digitalechnologies.

6. Validate theframeworkand evaluate the appropriateness offtameworkby employing

aqualitative research approaahd concluding the research.

1.5. ResearchMethodology

A research methodology is a specific technique or method to acquire pertinent knowledge about

a topic or a prblem (Fernandez, 2020Yhe choice of which research method to use depends

on the nature of the research probl@door, 2008) Saunders et a[2013 argued thathe

research methods can also be comprehended from the research philosophy followed by the

research approach and suitable strategies in pursuit of research objectives. Theisfore

important to identify the research philosophy, research approach and strategies for the given

methodological choiced.o acquie a betterunderstanding of resedr methodologiessome
philosophical termare frequently used ovéhe past few years such as research ontology,
epistemologypositivism andnterpretivism(Dainty,2008).The research philosophy describes
how knowledge is developed and what is the matdiknowledgéSaunders et al., 2009)he
term epistemology deals with the method of getting knowlddgmderstandingvithin the
researclilomain(Saunders et al., 2009jence from the philosophical perspective, the research
entails gpragmaticapproacho acquiring about the research domdihis research approach
was adopted based dhe ontological andepistemological positions of the researchisT
research entailsa subjectivéidealistic ontolgical position anda socialconstructive

epistemological positionThe Epistemology of ragmatic philosophy drives the research
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hypotheses from natural observations and-llees generalizationsSaunders et al., 2009).
Pragmatismis anotherphilosophical school of thougt#iso knownas thefiPhilosophy of
Common Senge The scientific philosophy of pragmatism believes that conceptions are only

helpful when they support actiofiselemen and Rumens, 2008)

Research Methodology

Research Philosophy Literature Review
Pragmatic Philosophy H&S Performance
l > H&S Regulations

Factors Affecting H&S

Research Approach

Current H&S Solutions

Inductive Approach

ImmersiveTechnologies

v
Initial research Findings

Research Technique

Initial Framevork Development

Literature Review

Secondary Data *

Data Collection

Suvey L,

Semistructured Interviews

Questionnaire

v

¢ Proposed Solution

Data Collection & Analysis
_-l_> Framework Development
Quantitative Method
* *
. . Validation

Research Validation —

A 4

Semistructured Interviews

v

Research Outcome

OualitativeMethod

Final H&S Framework

Research Contribution &
Recommendation

Figure 1.1: Research Methodology
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Subsequently, this research follows a mixeethod approach to develop a framework for
essential H&S improvement. The mixatethod approach has been used frequently to define
problems and identify solains to improve as well as enhance human knowledge with the
creation of innovative frameworksom Brocke, Hevner and Maedche, 2Q2h)erefore this
approach has been selected to identify the safety management problem and develop a novel
framework to improve safety performance. Furthermore, regarding the research strategy,
Knight and Ruddock (2009%uggested multiple research strasgto achieve research
objectives. Hence, a literature review, seatnuctured research survey and sstnictured
interviews have been selected as the appropriate strategies for the research. The detailed

research methodology including the philosophylieen shown in Figure 1above
1.6. Research Process

The research has been carried out in four essential sTdge8rst stage entaitlinvestigating

the research challenges, as well as gaining a better knowledge of the research topic and
examining current corrective techniques. Following that, the second step builds a research
instrument based on the first phase's findings and condatzscdllection. The third phase
entails data analysis and framework building based on the study findings, and the final research
objective of validating the framework is accomplistiedbughsemistructured interviews in

this phase. These foatages of tis research have been described briefly below

Stagel: Literature Review

The key aspect of this research has been the literature review. It allowed this research to
examine and comprehend existing knowledge about H&S methods, flaws, and factors affecting
safety in the construction busineassd contributed to theitial framework development
Furthermore, it laid the groundwork for this research by identifying research gaps and assisting
in the compilation of research questiondoreover, rigorous literate examined the

technological interventions in the various industries and identified appropriate technologies
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suitable for safety framework development. Chap®er& 3 critically analyse the factors
affecting H&S, prevailing safety practices, and poterstiedtegies to mitigate the factors.

Stage2: Questionnaire Survey

One of the most crucial strategies employed in this study to improve research knowledge was
the questionnairsurvey In a quantitative study, questionnaire surveys are commonly used to
collect data from certain groups of people to produce knowledge and theories. The purpose of
the questionnaire in this study was to gain an understanding of the research questions as well
as to investigate their knowledge of accident causation, factors iadfeld&S, human
reliability analysis (HRA), and their feedback on the use of immersive technology to eliminate
causal factors. To gather participants' perspectives on the réastims accident and human
reliability evaluation, an online questionnaire foealth and safety professionglsafety
Leaders, Directors and Top safety managees) developed in three sections.

Stage3: Framework Development

The proposed framework was created using the findingsaprehensive literature analysis

that lead tothe development oén initial SMS framework and through asemistructured
guestionnaire survey aimed at construction safety professiofasproposedframework
developmentprocessinvolved identifying the potential causes of constructioaccidents,
evaluating the weaknesses of existing safety measures in the construction sector, and reviewing
viable solutions to solve the shortcomingsietailed commentary ahe proposeffamework
development has been carried ouChmapters.

Stage4: Research Validation

After the framework was developed successfully, the study's next goal weasltatethe
research findingsThis was accomplished through sestructurednterviewswith construction

sector safety specialistfwenty interviews were catucted with the safety and behavioural

experts from within the construction industry ahdir feedback rebeen embedded into the



Page|l2

research findingsl he qualitative researatalidatedthe proposed H&S framework and yielded
some noteworthy results on H&Samagement in the construction industry, with some
implications. The method for analysing sestriuctured interviews has been discovered as
Interpretative Phenomenological Analysis (IPA). The development of the provided framework
has been validated by vaditing each study objectivéd detailed discussion on research

validation is provided ifChapter6.
1.7. Contribution to knowledge

This research contributed significantly to the development of the immersive safety
management framework. The research contribwigimerged after the identification of critical
safety factors and the gam the prevailing safety methods to manage the identified factors.
Thus this research has contributed to fulfilling the identified gap in professional practice as
well as in knowledgeThe research finding would be a massive milestone toward safety
planning in the construction industry. The research will not only provide construction
professionals with a tool tonanagesafety but it will also provide guidelines to future

researchers toontributeto the same domain
1.8. Thesis Structure

The thesis consists of seven chapters which are briefly described below. ERjlnelow
graphically presents the structure of the thesis.

Chapter One: Introduction to Research

This chapter discussed the backgrowam] the researatationale andpresentedhe research
problems, as well as the study context. The researchobjettives, and research questions
have also been illustrated in this chapt@&he study's reasoning @nustification are also
presented. It also includes a summary of the work completed, the contribution to knowledge,

and the thesis format.
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Figure 1.2: Thesis Structure
Chapter Two: H&S Literature Review & Initial Framework Development

Chapter2 highlights the H&S statistics of the constructindustry which have a significant
impact on the overall performance of the industry. It then reviews the prevailing safety
practices through an extensive literature revigection 2.4)Afterwards, an extensive analysis

of the factors affecting the safgigrformance of the construction industry has been carried out
using empirical research methods specifically designed for the comprehensive review. Around
sixty critical factors have been highlighted amdiritial frameworkwasproposed to manage

those fators.
Chapter Three: Human Factor and Elimination Techniques

After identifying the pertinent safety factors@mapter2. This chapter aimed at exploring the
prominent factors having a momentous impact on safety performance. Thaoiggitous

literaturereview based on accident investigatiithin the UK construction industyythe
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research has recognized human factors causing most of the accidentsanlhedepth
literaturereviewwas conductetb reveathemethodsand techniques used to overcanuenan
factorsin safetycritical industriesas well aghe constructioindustry. Moreover, this chapter
identified the patho developingarobustframework to minimise the impact of the highlighted

factors
Chapter Four: Research Design & Methodology

This chapter presented the research methodology, philosophical standing and research
paradigm associated with this research. The chapter also examines a variety of research
methods, as well as adopted an appropriate research methodology to achieve the research

objectivesThis chapter also justified the study methods and design employed.
Chapter Five: Data Collection, Analysis & Framework Development

A comprehensivaliscusgn ondata collection and analysies been made in this chapter.

First of all, dataollection strategies persisting data sampling, research instrument development,
distribution and collection have been presented. Followed by-dapth discussion on the
guantitative analysis of collected data. Afterwards, a safety management frames/drdem
proposed based on the research findings.

Chapter Six: Framework Validation & Findings

Through indepth interviews with H&S professionals in the construction industry, this chapter
validates the study findings from the preceding chapt&r.detailed discussion on the
participants, interview strategy and the finding has been carried out to further investigate the
research questions as well as validate the research findings to improve the H&S performance

of the UK construction industry.
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Chapter Seven Research Conclusion & Recommendations
The study's key conclusions and recommendations were presented in Chapter 8. It
highlightsthe findings of the research questions, as well as the original contribution to

knowledge, as well as the stusl{imits and recommelationsfor future research.
1.9. Chapter Summary

The first chapterpresenteda highlevel overview of theresearch motivation, adopted
methodology,research process and knowledge contributidioreover, it illustrated the
structure of thehesis for the reviewer and discussed each of the achieved objectives. This next
chapterexaminedthe literature review on factors affecting health and safety followed by

several chapters.
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Chapter 2: H&S Literature Review& Initial Framework Development
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2. Introduction

This chapter reviews the H&S performance of the construction industry as well as critically
reviews the factors affecting health and safety performance using empirical research methods
designed for the comprehensive review. Firstly, the perfocmaf the construction industry

from the H&S perspectivlas beerexamined through the literature and regulatory bodies'
reports followed by the significance of the construction industry in the economic growth of the
United Kingdom. Later, to review thadtors causing fatalities and accidents on construction
sites, an empirical research technique has been designed to review the past 15 years of literature

on accident causal factors.
2.1. Overview of H&S Performance inthe Construction Industry

Thedebate on the construction industryds perf
traced back to the 1930s. Both government and private sectors initiated several improvement
strategies to enhance industry performance. Sir Alfred Bossom in hisfiBpidingt he s ki e s ¢
in 1934 highlighted adversarial behaviour as one of the factors behind the poor performance of

the construction industifAlfred Bossom, 1934 Similarly, Simon Report (1944) and Benwell

(1967) criticized the construction procuremenéthods, construction contracts, and team
relationships and suggested the improvement of the construction inHisiglgrandt, 2008)

Latham (1994) n hi s report AConstructing the teamo
6fragment edlodg, 6adnefrsact i veod, and Oincapabl e
further stated that the client should be at the core to make an integrated team for more
collaborative and effective working and risk allocation should be carried out for a safe working
environment. SimilarlyEEgan (2002also advocated for better leadership, integrated working,
legislation, and safety management in construction projects, and called for dramatic

improvements in the industnAll the issues highlighted by these studmesve a direct effect
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on safety management which has been a serious concern for safety professionals for the past

few decades.

Subsequently, acupational health and safgiiy&S) is considered a global challenge for the
sustainability and development of seigi and the economy. The construction sector is one of
the riskiestmostdynamic and most challenging industrig@¢anget al, 2019; Fonseca, 2021)
and has been continuously ranked among the top three industries with the highest accidents
rate over thepast decade based on theistass provided by H&S authorities in different
countiefAhmadianet al, 2018) H&S has been regulated by almost every country around the
globe but it is still a concern for practitioners and researchers internationedlygeeof the

high rate of accidents. According to the International Labour Office (ILO), more than 2.3
million people die each year due to waegtated fatal injuries. Furthermore, around 374 million
people suffer noifatal injuries each year resulting @loss of 4% ofthe Gross Domestic
Product(International Labour Organisation, 202Hence, this loss comes with a considerable

social and economic cost to the individuals as well as to the businesses involved.

In the United States, according to the &u of Labour Statistics, a total of 5,147 fatal
workplace injuries were recorded in 2017 with a rate of 3.5 per 100,060nfellworkers
(Bureau of Labor Statistics US Department of Labor, 20E&ure 2.1 below shows the
number of fatal work injurieBom 2003 to 2017 provided by the Bureau of Labour Statistics.
Out of 5,147 fatalities in 2017, 971 (20.7% of the total) were from the construction industry,
that is, one in every five workers becomes the victim of fatal injury, which makes the
constructon industry top third most dangerous indus(Bureau of Labor Statistics US

Department of Labor, 2018)
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Figure 2.1: Number of fatal work injuries by employee status, 2008BLS, 2018)
Among the other incidents, in 2017 falls, slips and trips caused more fatal work injuries over
the past 26 years as reported by the Census of Fatal Occupational Injuriesgi@F@dlined
to 887 (17% of total) worker death. Figi2& shows the fatal causalities caused by different

types of inciden{®ureau of Labor Statistics US Department of Labor, 2018)
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Figure 2.2: Numbe of fatal work injuries by major incidents, 201G (BLS, 2018)
Besides fatal work injuries, statistics also show 2.8 million-fada workplace injuries and
illnesses reported in 2017 by private industry employers which account for 2.8 cases per 100

workers in the United States. Bureau of Labour Statistics reported that the numbefaithon
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2018) According to the Survey of Occupational Injuries amaelses (SOII) a USA federal

cooperative program that publishes statistics onfatah occupatioal injuries and illnesses

every year, the number of ndatal injuries and ilinesses is declining each (BLS, 2018). Figure

2.3 below shows the rate of workpglka injuries per 100 fullime workers from 20030t2017

categorised by differd case types.
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Figure 2.3: Nonfatal Occupational injuriesates by case type, 2043 (BLS, 2018)

2.2. H&S Performance of United Kingdom

Occupational health and safety is of significant importance for the construction industry

throughout the worldConstruction being one of the prominent industries in making significant

revenue

t

0]

t

he

country6s de6astmg 0% &f thenwaskfolce

also shares substantial responsibility for workplace saf&tgpartment for Business

Information & Skills, 2013; HSE, 2020Regardless of the comprehensive efforts by the safety

professionals and governmental H&S orgatiises in implementing safety regulations,

statistics still reflect high workplace fatal and nonfatal injui@sen compared to the other

Pr o

countries, UK workplace H&S performance reflects the best statistics across Europe. The UK

consistently shows the lowsestandardised fatal injury rates across Europe for years, lesser

than other large economies in Europe. In 2016, UK standardised fatal injury rate was 0.53 per
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100,000 fultime workers which revealed one of the lowest across Europe. Moreover, UK's
avera@ threeyear (20132015) fatal injuries rate was recorded as 0.52 per 100,000 workers
stood the lowest across Europe. FigRr#below shows the standardised incidence rate of
fatal injuries at the workplace per 100,000 employees for the year(Blebfithand Safety

Executive, 2018)
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Figure 2.4: Standardised Incidence rate Europe 2(H&E, 2018)
In 2020/21, a total of 142 workers became the victim of fatal injuries at the workplace in Great
Britain (HSE, 2020) There has been an increase seen in the reported fatalities in the past couple
of years, however, in numerical terms, the number of @mads remained level in recent years
with the average annual number of 142 workers killed at the work over the past five years.

Figure2.5shows the number of fatalities since 2010/11 according to HSC statistics.

175
142

113

2010/11 2019/20 2020721

Figure 2.5: HSC statistics for the past 10 yedHSE, 2020)
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The rate of fatal injurieper 100,000 workers has been showing a downward treedthe
past few decades and in the last few years, it is quite consistent with the annual average of
around 140 fatalities per 100,000 workers from 2016/17 to 20@8&H, 2020) However,
compared with 253 twenty years ago in 1998/99 the number of fatalities has decreased due to
the legislation imposed by the governm@n8C, 2019) Figure2.6 & Figure 2.7 below show

the number of fatalities per 100,000 workers and the fatalities rate sinc¢HS812019)

Rate of fatal Injury (per 100,000 workers)

[

1981 2020/21

Figure 2.6: Fatalities rate per 100,000 workers since 194BI5C, 2019)
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Figure 2.7: Fatalities per 100,000 workers since 198i1SC, 2019)

The overall UK6s H&S performance i s quite sa

construction is one of the top industries responsiime€cupational accidents and fatalities.
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The number of incidents in 2020/21 for almost every industry is broadly lined up with the
annual average incidents over the past five years, however, the number can flimtupbar
to year. Figur@.8 below shavs the fatal injuries by the industry for the year 2020/21 and the

annual average per 100,000 workers for 2016/2020/21(HSE, 2020)

11
8 . 8

Lonstructmn H.gfICL”tLH'B h’1amlfactur|ng Transportanon wholesale v‘l..aste and Administrative
forestry and and storage retail recycling and support
fishing motor repair services
Acommodation
and food
Il 202021 2016/17-2020/21

Figure 2.8: Number of fatalities by industri€slSE, 2020)

In the construction sector, an increase has been seen in the number of fatal injuries since last
year with total fatal injuries of 39. However, the number of fatalities in the construction
industry still contributes a significant number to the total nurobeccupational fatalities. In

2020/ 21, the construction industryés contrilk
as 27.4% and listed as the top first industry responsible for occupational acg@itkst2020)

This makes the construction unstry the top contributor to the loss of precious life as well as
enormous compensation amounts. Figubelow shows the number of fatalities in different

industries for the year 2020/21.
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Figure 2.9: Fatal Injuries by main industry type2020/21(HSE, 2020)

To further investigate the causes of accidents, around-tjuaeers of the total fatal injuries

in the past five (2016/1i72020/21) years can be categorised into five different accident kinds.
Falling from a height has been the most common kind of accident in the past five years and
caused an average of 36 fatal injuries each year. Struck by a moving vehicle has been the second
main cause odnaccident followed by being struck by a moving objé@pped by something

and contracting with moving machingitSC, 2019) Figure2.10below shows the number of

fatal injuries to workers by accident types in 2018/19 and the annual average for 2014/15

2018/19.
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Figure 2.10: Number of fatal injuries 2016/1-72020/21(HSC, 2019)
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2.3. Significance ofthe UK construction Industry

The significance of the UK construction industry cannot be undermined considering its
contribution to the economy. Besides its notorious nature, it is also considered one of the main
economic drivers of the countryd@esanekjohetmo mi c
millions of people(Yi and Li, 2018) The UK governmentds brief.i
construction industry contributed 118.9 GBP billion to the economy in 2019 which counts for

7% of GDP(Office for National Statistics, 2019The €onomic output of the construction

industry has grown in the past few years, especially since 2013 from 91GBP to 118GBP in
2019. Figure2.11below shows the performance of the UK construction industry over the past

decade with a positive trend since 2@Q8fice for National Statistics, 2019)

£ million
150,000
100,000
0
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

@ All Public Sector @ All Private Sector @ All New Work

Figure 2.11: Economic outcome of the UK construction indug®WsS, 2019)

Moreover, thdJK construction industry also ba major share iremployingmillions of jobs

each yearOffice for National Statistics (201%}ates that 2.4 million people in the UK have
been employed by the construction industry which counts for 6.8% of the total jobs in the
economy.Table2.1below shows the trend of workf@@rovided by the constriction industry
(Office of National Statistics, 2018These statistics show that the sustained growth of the

industry is essential for the socioeconomic growth of the country. However, the sustainable
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growth of the industry demds the improved safety of the millions of people working on

construction projects.

Table2.1: Employment in the Construction industry, UK (ONS, 2018)

Year Millions % of all Jobs

2010 2.08 6.6%
2011 2.09 6.6%
2012 2.07 6.4%
2013 2.07 6.4%
2014 2.14 6.4%
2015 2.18 6.4%
2016 2.21 6.4%
2017 2.35 6.7%
2018 2.38 6.8%

2.4. Health and Safety Practices in the UK Construction Indistry

2.4.1. Health and Safety Regulations

UK Health and safety regulations are enforced by the Health and Safety Commission (HSC)
established under Health and Safety at work etc Act. 1974 by making adequate arrangements
to propose the health and safety regutetiand approve the code of practice (HSE, 2013).
Health and Safety Executive (HSE) was then established under HSC to enforce health and
safety laws. Health and safety at work etc Act. 1974 implies duties on all the stakeholders to
ensure the safety of thieivorkers including members of the public during the project (HSE,
2013). Other subsidiary regulations like The Construction (Health, Safety, Welfare)
Regulations (HMSO, 1996) and The Management of Health and Safety at work (HMSO, 1999)
have imposed morepscific duties on contractors for risk assessment and health and safety
planning.

The principal set of regulations for construction was introduced in 2007 called Construction
(Design and Management) Regulations 2007 followed by an updated version irCPIMS5.
regulations imply roles and responsibilities for all who can contribute to the health and safety

of construction projects (HSE, 2007). Detailed requirements for those involved -in pre
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construction and planning phases are explicitly mentioned in CDMI&emns. Specifically,

the introduction of the new role of the Planning Supervisor at the designing phase to follow
health and safety exclusively during the design process and documentation such as the Health
and Safety File for contractors has led te thrmation of new health and safety processes.
Therefore, CDM regulations appoint duty on both the principal designer for health and safety
planning at the preonstruction phase and on the principal contractor to imply safety
arrangements during the comgtion phase of the project (HSE, 2007).

Moreover, the purpose of CDM regulations is to bring together all the stakeholders involved in
the design and construction process to overcome the health and safety issues which arise at
different stages of devgbment(Zhou, Whyte and Sacks, 20123ubsequently, it has also
stated that the CDM regulations aimed to bring safety and cultural change in the construction
industry by pursuing the philosophy of collaborative working by establishing a team with
compet@ace and resources to mitigate the safety risks from the design and construction phases
(Baxendale et al. 2000). It also highlights the importance of awareness level of distinctive
responsibilities among the stakeholders as well as underpins the col@abdiati safe
construction during various states of development (P. Perry, 2003). Furthermore, over the years
HSC has published a number of guidelines to support construction companies in improving
their safety performance by embedding safety measurehmtirganisational policies. Table

2.2 below shows a few of the prominent guidelines published by HSC in the last 20 years.

Table2.2: HSC Guidelines on safety management

Guideline Year Title
HSG65 2013 Managingfor Health & Safety
HSG245 2004 Investigating accidents and incidents
HSG150 2006 Health & Safety inConstruction
HSG48 1999 Reducing error and influencing behaviour
RR679 2009 Review of Human reliability assessment methods
RR834 2011 Preventing catastrophic events in construction
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These guidelines do not have any statutory or binding other bindings towards safety
management.However, they can help construction organisations to strengthen safety
management by introducing barriers affefént managerial levels for any safety breaches.
Moreover, these can be helpful for the leadership to develop safety management systems in the
organisations which are essential for vigorous safety management throughout the project
lifecycle. For instancef HSGH=® I t h and Safety in Construc
safety measures to be consi der ed-Managingforf f er en
Health and Safetyod advocates and guides the
systemwithin the organisation for essential safety management. Moreover, these guidelines

are helpful for accident prevention, error management, risk assessment and worker training.

2.4.2. Safety Management System (SMS)

The study of the system for management of thetgalfr Safety Management System (SMS)
constitutes the study of three separate term
a SMS deals with the safety management of a system under considerati®M3Ais a

proactive and systematic approach to agang health and safety in a system. Health and
Safety Executive (HSE) defined SMS as fa fo
to deal with health and saf et jManagng forehgath i n i t
and safety(Health and Safetfxecutive, 2013)Safety management systems (SMS) aim to
evaluate the safety policies, procedures and practices to improve safety performance by
preventing incidents and accidentSuo, Yiu and Gonzélez, 2015Rasmussen (1997)
pioneered the concepf a systemic approach to deal with inevitable accidents rather than
eliminating the root causes and latent failuitds. furtherargued for togbottom systematic

safety management incorporating the government and the regulatory bodies above the

organisatnal levelln his modeRasmussen (199pjesented a Risk Management Framework
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(RFM) to elaborate on the risk associated at each organisational level (i.e. government,

regulator, organisation, management, staff and wsirkjvn in Figure2.12
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Figure 2.12: Risk Management In The Sodiechnical System (Rasmussen, 1997)

A well-designed SMS can contribute immensely to the successful execution of safety
management in the workplace, hence, accommodatirsgidoessful completion of the project.
Health and Safety Executive (201f)ther stated that a safety management system must
comply Plan, Do, Check, Act framework to identify the key safety risks involved and highlight
necessary actions required in eathp of the framework. Therefore, safety management
systems need to deal with planning, implementing, evaluating and reviewing safety measures.
The key actions required at each step are shown in FijliBbelow (Health and Safety

Executive, 2013)

+ Safety Policy
+ Safety Planing

« Safety Profiling
* Training
« Implementation

Performance
Measurement
« Assessment

Figure2.13: Plan, Do, CheckActFramework(Health and Safety Executive, 2013)

+ Reviewing
+ Learning
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In the pursuit of effective safety management, many safety management systems have been
proposed by safety professionals in different countries and induskuesluz and Laitinen
(2017)highlighted 16steps essential for the development of a safety geamant framework
addressing the factors involved in the safety management for small to m&dadrcompanies.
Similarly, many others have also put the effort to develop safety management systems and
frameworks from different grspectives, for instance, magementriven SMS and
technologydriven SMS are the two prominent directions of safety management research in the
construction industryZhou, Goh and Li, 2015)To explore further SMS in the construction
industry, an exhaustive literature review hasib carried out focusing on the development of
SMS and classified into two groups; managenrtkivien SMS and technologicdliven SMS.

2.4.3. Management Driven Safety Management Systems (SMS)

As dorementioned, an SMS aims to evaluate safety planning, procehdesfety practices

within the organisation for safety improvement. Management driver safety management
systems assume that safety procedures and practices help towards safety maBgeateint

B and Mohamed H, 2016These SMS further presumes thafiesy procedures and practices

act as barriers at different levels of organisational hierarchy to prevent safety breaches and
eventually accidents on the construction sites. Additionally, manageineen safety
management systems are based on eliminatieglent causal factors, indicators, safety risks
and worker behaviour management by introducing safety practices and procedures. For
instance,Hallowell et al. (2013)developed a system for proactive safety management by
monitoring and responding tofssy indicatorsDe Silva and Wimalaratne (2012¥roduced

a framework for accident prevention in Sril
accident causal factors. Sefjsently, Guo, Yiu and Gonzalez (201%roposed a safety

management model to evaluate the worker's behavioural towards safety for the betterment of
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safety performance. Tabk3 below shows some of the managemdriven safety systems

proposed by different researchers.

Table2.3: ManagemenDriven safety management systems

Author Research Title

(Maiti and Choi, 2021) | An evidencebased approach to health and safety managem:

megaprojects.

(Wu et al, 2013) An integratedinformation management model for proact
prevention of stucky-falling-object accidents on constructi
sites.

(Husin, Adnan and Management of safety for quality construction

Jusoff, 2009)

(De Silva and OSH management framewadidr workers at construction sites

Wimalaratne, 2012) Sri Lanka

(Zeng, Tam and Tam, | Towards occupational health and safety systems in
2008) construction industry of China

(Li et al, 2015) Proactive behavig-based safety management for construc
safety improement

2.4.4. TechnologyDriven Safety Management Systems (SMS)

Considering the role and significance of the construction industry in the economy, researchers
and practitioners have been endorsing the use of technology in the construction industry.
Especially, the introduction of building information modelling (BINM)d advancements in
drawing, management and planning tools have helped the construction industry to fulfil its
obligations. However, the construction industry has yet less benefited from technology as
compared to other industries, particularly in safetpaggment. Nevertheless, there has been

an encouraging trend toward the use of advanced technologies for safety manfgearept
Gheisari and Walker, 2012a; Balgheeth, 2016; Frank Moore and Gheisari, 2019a; Fonseca,
2021) More emphasis has been giv® technologydriven safety management systems than
managemendriven systems in the past 10 years by the introduction of-ctdbe-art

technologies in safety management.



Page|32

A technologydriven SMS presumes that the application of robust technology can be used to
improve health and safety performance. Most technetbiigpen safety management systems
revolve around visualization technology implementation for enhanced comniomjcat
planning, risk assessment, and trainingmattempt to improve overall safety management
(Eiris, Gheisari and Esmaeili, 2018Yloreover, other technologies have also attracted the
attention of safety experts for safety monitoring and safety ev@h(®lelo et al, 2017a) The
introduction of building information modelling (BIM) has been the primary step toward
technological advancement in the UK construction industry which helped construction
professionals to review and evaluate the improverpetential of the industryBarlish and
Sullivan, 2012) Since then, many technologyiven safety management systems (SMS) have
been proposed by safety experts by introducing several technologiéact,rsince the
advancement in technology, there hamdly been a safety management system (SMS)
proposed without technological involvement. Tabk below lists a few of the technology

driven safety management systems below

Apart from the effectiveness of the technolaljjven safety management systentsese
management systems do not comprise the holistic safety management approach but have rather
built on a specific domain. For instan@aretti et al. (2009¥leveloped a system using advanced
augmented reality technology ftine safety inspection and avkers monitoring, however,
doesndét assist with saf et yGuglianaln(ROd3promsed man a
a comprehensive conceptual framework based on virtual technology for safety planning, hazard
identification and training but did notclude the safety monitoring part to fulfil the definition

of a safety management system driven by HSE. Hence, most SMSs based on advanced

technology do not offer inclusive safety management however, they serve a specific purpose.
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Table2.4: TechnologyDriven Safety Management Systems

Author Title

(Giretti et al, 2009) | Design and First Development of an augmented-tneed safety
management system

(Guo, Li and Li,| VP-based safetymanagement system in largeale constructiot

2013a) projects: A conceptual framework
(Hu and Zhang| BIM and 4Dbased integrated solutions of analysis and manage
2011) for the conflict and structural problems during construction

(Zhanget al, 2015a)| BIM-based fall hazard identification and prevention in construg
safety planning

(Awolusi, Marks and Wearable technology for personalized safety monitoring
Hallowell, 2018) trending

(Teizer, Cheng an( Location tracking and data viglization technology to advanc
Fang, 2013b) construction ironworkers' education and training in safety
productivity

(Le et al, 2015a) A framework for using mobildased virtual reality and augment
reality for experiential construction safeggiucation
(Chantawit et al, | 4ADCAD-Safety: Visualizing project scheduling and safety plann
2005a)
(Melo et al, 2017a) | Applicability of unmanned aerial system (UAS) far safety
inspection on construction sites

(Bansal, 2011a) Application of geographic information systems in construc
safety planning

Similarly, managemerdriven safety management systems have their limitations as they are
built to overcome the specific factors/indicator or developed for a specific neezkdfople,

Guo, Yiu and Gonzalez (2018¢veloped a system to help mitigate the impact of behavioural
factors, however, do not comply with other key factors. Similavigjti and Choi (2021)
proposed a safety management framework for safety plannéegl loa the existing knowledge

and promoted collaborative working for safety management but the framework was limited to
safety planning and do not offer assistance towards other aspects of safety. Hence, the literature
revealed that the existing safety rmagement systems assist construction professionals to some

extent but donot comply with the key safet)
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therefore essential to explore and evaluate all the factors which affect or influence safety

management durinthe construction project.
2.5. Factors Affecting Safety Management

Over the last decade, researchers have been particularly concerned with safety mamagement
the construction industnfter reviewing 513 articles in the construction safety domhmet

a. (2019)discovered that the safety management programme has been a topic of interest for
researchers in the previous decallee process of managing safety standgpdsctces, and
procedures on a construction site is known as construction safetyenagt.Abas et al.

(2020) Safety management praads, in addition to safety regulations, play an important role

in safety managemenficcording to the literature, traditional H&S prawtiis divided into two
phases: the preonstruction phase, duringghich safety is planned and the construction
(second) phase, during which safety is executed, and monifdraadg et al.(2013aHowever,

many researchers also mentioned that contemporary padeticesrely immensely on human
perception, experience, knowledge, and cognitive capabilities to identify hazardous situations
(Honglinget al, 2016; Wang, Zou and Li, 2016; Nawetzal, 2020) Carter and Smith (2006)
claimed that hazard identification by w&k e r s & ¢ 0 g nis impossible dup tb thé ud e s
dynamic, unpredictable nature and uniqueness of constructionFsitkse to identify safety
hazards is the key cause of accidents in the construction ind@itoy Yu and Skitmore,
2017b) Thereforeit is essential to explore possible safety factors that could cause an incident

or an injury on the construction site.

Various construction industry researchers have investigated safety management performance
and unearthed previously unknown aspectsiariting H&S managemerkor instancetiare,
Cameron and Roy Duff (2008hentioned that adequate safety planning is one of the most
significant things that can play a critical part in any construction project's suzkas(2017)

believes that healtand safety planning is still done separately from project planning and that
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this lack of integration could result in an accident during constructMorkers are more
vulnerable to unforeseen dangers and can suffer catastrophic damage when hazard
identification is not fully analysed with project desi¢hlbert et al, 2014) As a result,

integrated H&S planning is recognised as one of the variables that could lead to mortality.

Hazard identification is a vital aspect of safety management, and thégapadetect possible
dangers on construction sites before beginning actual work is a critical factor in mitigating risks
(Eiris, Gheisari and Esmaeili, 2018%imilarly, worker training, safety culture, safety
behaviour, risk assessment, stakeholdéatiomships, safety resource allocation, and the
complexity of construction projects as some of the ‘kedwn variables contributing to
inadequate safety managemast cited by several scholafBou, Zhang and Wang, 2007;
Ismail et al, 2012; Agumba and &uipt, 2014; Jafari, Gharari and Kalantari, 2014, &tial,

2018; Wanget al, 2019) There has been a lot of research on safety factors by researchers all
over the world, either unique to their countries or projects, but no comprehappizach to
figuring out all conceivable safety elements in the construction sector has beenAmlken.
result, this study will take a methodical approach to revtencurrent literature on factors

affecting safety management and develop an SMS framdwoekluce all of the risks involved.
2.6. Literature Analysis

After the selection of pertinent statéthe-art literature from peereviewed journals, the

analysis was done threestagesin the firststage theempirical analysis tsbeen performed

with NVivo 12 Prousing the word frequency function on the selected artiolesenceptualize

the safety factors taxonomyfhemi ni mum | et t er l ength was set
grouping criteriawe r e s et to OExact Mat cho theommostt he w
appropriate blend of words caTable2dbandRgarEet y c
2.14 show the result of the word frequency test identifying all the safety concepts related to

H&S management.
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Words Count Weighted Percentage (%)
management 4764 1.22
risk 2558 0.65
workers 2333 0.60
site 1439 0.37
data 1389 0.35
training 1369 0.35
climate 1245 0.32
design 1052 0.27
culture 854 0.22
assessment 811 0.21
contractors 781 0.20
practices 742 0.19
environment 708 0.18
quality 704 0.18
time 696 0.18
equipment 691 0.18
information 671 0.17
cost 659 0.17
experience 625 0.16
unsafe 612 0.16
behaviour 599 0.15
method 587 0.15
planning 567 0.14
implementation 548 0.14
knowledge 545 0.14
productivity 508 0.13
workplace 500 0.13
approach 479 0.12
hazards 474 0.12
relationship 448 0.11
human 440 0.11
commitment 432 0.11
measures 431 0.11
technology 428 0.11
communication 422 0.11
systems 420 0.11
education 415 0.11
activities 404 0.10
regulations 404 0.10
organization 396 0.10
compliance 395 0.10
tools 371 0.09
perception 354 0.09
indicators 353 0.09
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procedures 353 0.09
resources 338 0.09
policy 325 0.08
supervisors 321 0.08
materials 318 0.08
awareness 307 0.08
decision 307 0.08
attitude 299 0.08
social 297 0.08
understanding 285 0.07
involvement 283 0.07
motivation 266 0.07
stakeholders 266 0.07
technologies 265 0.07
plan 262 0.07
responsibility 259 0.07
audit 258 0.07
muoluemenl
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Figure 2.14: Safety Concepts
Subsequently, the clustering shbeen performed afterontextualizingthe safety concepts
(Table6) generated by thevord frequency tesb categorize them into numerous groups. The
clustering performed was based on the comparative study of the context of the words generated
by the empirical study. The analysis indicated that these concepts can betetenpto six
di fferent clusters namely 6organisational 06,
and 6personnel 6. It has also been indicated

mul ti ple groups. Fageimesat @&nceanabwot dnkieklet
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cluster analysis of the complete list of safety concepts based on their safety context.
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Figure 2.15: Cluster Analysis ogafety Concepts

Furthermore, the cluster analysis also indicated thayrafthe concepts were interlinked and
phrased as H&S management factors when <c¢comb
Operceptiond together exhibit adequate H&S
(Khosraviet al, 2014; Wang, Zou and Li,046; Durdyewet al, 2017; Gunduz and Laitinen,

2017; Gul, 2018; Machfudiyanto, Latief and Robert, 2019; Othebah, 2020) Therefore, in

the second stage, another empirical analysis was performed to forthald&S management

factors associated witthe safety concepts generated in stage one. Each of the safety concepts
was analysed separatelyth NVivo 12Pro Text Search functiamsingthe selected literature

and a list of sixtythree H&S management factonwas compiledin six different clusters.
Moreover, as aforesaid the analysis revealed that several factors are linked with multiple
clusters and cawonly be mitigatedif managed in all related clusterfor instance, safety

perception is a part of organisations, managerial and persduastgrs Therefore, some of the
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safety factorsverelisted in multiple clusters in the safety factors tablable 2.6 shows the

list of all contributory H&S management factors found in the literature.

Table2.6: H&S management Factors

Organisational

F1 SafetyManagement (Haslamet al., 2005)Hallowell, 2012}Zhou, Goh and Li, 201%\ksorn and

F2 Policy design Hadikusumo, 2008Wang, Zou and Li, 201@)i, Ning and Chen, 2018smail,

F3 Safety audit Doostdar and Harun, 20X%aoet al, _20181Durdyevet al, 2017)(Jaafaret al,

F4 Safety culture 2018 Gunduz and Ahsan, 20¥8greiraet al, 2020)

F5 Commitment

F6 Approach

F7 Safety Perception

F8 Implementation plan

F9 Safety compliance

F10 | Information management

F11 | Structure &Responsibilities

F12 | Stakeholders management

F13 | Resource management

F14 | Quality

F15 | Economics

Managerial

F16 | Safety planning (Othmanet al, 2020fKhosraviet al, 2014JAksorn and Hadikusumo, 2008

F17 | Safety management system (Haslamet al, 2005)Wang, Zou and Li, 20163l Haadir and Panuwatwanick

F18 | Training 201.116unduz and Ahsan, ZQIWang, Zou gnd Li, 201§Aksorn and

F19 | Safety cost design Hadikusumo, 2007&park and Kim, 2013&pereiraet al, 2020)Jaafaret al,
2018)Gul, 2018jGao et al, 2018YDurdyev et al, 2017)Zahoor et al,

F20 | Safety compliance 2017)Nawazet al, 2020JMohammadi, Tavakolan arthosravi, 20184pbas

F21 | Decisionmaking et al, 2020)Al Haadir and Panuwatwanich, 20U&mail, Doostdar and Harur

F22 | Communication 2012)Durdyevet al, 2017 Matharet al, 2020fMollo, Emuze and Smallwoog

F23 | Knowledge sharing 2019)Zhou, Goh and Li, 2015)Li, Ning and Chen, 2018)Hallowell,

F24 | Safety Education 2012 Gunduz and Ahsan, 2018)

F25 | Commitment tdSafety

F26 | Safety attitude

F27 | Safety culture

F28 | Safety perception

F29 | Contractor experience

F30 | Supervision & monitoring

F31 | Enforcement

F32 | Safety Tools/technology

F33 | Safety meetings

F34 | Risk Assessment

F35 | Hazardidentification

F36 | Data Sharing

F37 | Safety investment/incentives

Legislative

F38 | Safety code (Zhou, Goh and Li, 2015Wang, Zou and Li, 2016\ksorn andHadikusumo,

F39 | Compliance 2008)Li, Ning and Chen, 2018Purdyevet al, 2017)(Hallowell, 2012)(Gao

F40 | Safety policy et al, 2018)Pereiraet al, 2020)Ismail, Doostdar and Harun, 2012)

F41 | Safety methods

F42 | Commitment to regulation

F43 | Enforcement plan
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Social
F44 | Society culture (Zhou, Goh and Li, 2015§Wang, Zou and Li, 201@)i, Ning and Chen,
F45 | Workers ethnicity 2018)Aksorn and Hadikusumo, 2008}, Ning and Chen, 2018pPereiraet al,

; : 2020)Durdyevet al, 2017)(Hallowell, 2012)(Gaoet al, 2018)(Gunduz and
F46 | Education &C t t .

ucation o.mml men Ahsan, 2018]Ismail, Doostdar and Harun, 2012)

F47 | Safety perception
F48 | Awareness EMotivation

Environmental

F49 | Construction site (Zhou, Goh and Li, 201%u et al, 2011)Li, Ning and Chen, 201§Hallowell,

F50 | Unsafe climate 2012)(Gaoet al, 2018)(Wang, Zou and Li, 201&)smail, Doostdar and Harur

F51 | Safety hazards 2012) (Durdyevet al, 2017)(Pereiraet al., 2020JGunduz and Ahsan, 201§
- (Jaafaret al, 2018)

F52 | Safety indicators

F53 | Unseen risks

F54 | Equipment &materials

F55 | Uncontrolled conditions

F56 | Weather

Personnel

F57 | Attitude (Wang, Zou and Li, 2016Xhou, Goh and Li,2015)Li, Ning and Chen,

F58 | Risk awareness 2018)Hu et al, 2011)(Gunduz and Ahsan, 201@ereiraet al, 2020)Li, Ning

F59 | Education and Qhen, 2018)i, Ning and Chen, 2018Hallowell, 2012)(Gaoet al, 2018)

F60 | Safety Perception (Ismail, Doostdar and Harun, 201@®urdyevet al, 2017)

F61 | Commitment to plan

F62 | Hazard perception

F63 | Training

Figure2.16illustrates six H&S management clusters developed in &adehe research.

Environmental

Organisational

Managerial

I Legislative

Figure 2.16: H& S Factor Clusters
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2.7. Safety Management System Framework Development

A safetymanagement system (SMS) framework is defined by HSE and international standards
as a systematic and proactive approach to managing safety policies and procedures to mitigate
the risks involved in the project. After the formulation and clustering of H&®H®cthe third

and final phase of research intended to propose an SMS framework aligned with all the
associated H&S management clusters found in faehe empirical analysis. The proposed
framework showcases the relationship between safety factdrsafety drivers to better
understand and manage the safety factors which if unattended lead to incidents on site. The
adequate implementation of the SMS framework improves safety performance by taking into
account the safety factors and eventuallyilegtb the success of the project. In this phase, the
proposed SMS framework was developed in three tiers to develop a methodical approach to
mitigate and manage all H&S factors. The-tie routes all the safety factors through two
driver s; 0Safratty oAdmiamd oIl nformation Technol

2.7.

Table2.7: Safety Factors Classification

Safety Administration IT Adoption
Program/Planning Technology/tools/innovation
Legislation/policy/method Communication/information/datsharing

Competenceknowledge Planning/programming

. . Training/education
Compliancelimplementation

) _ Hazard identification/risk assessment
Contractor/supervisor experience

Monitoring/supervision
Leadership/commitment
Equipment/site mapping
Stakeholders/team management
Attitude/culture/perception/awareness

Roles/responsibilities
Resources/safety cost
incentives/motivation

Environment/equipment/materials
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Table2.8: Researchers Endorsing Safety Administration & IT as Safety Drivers

Safety Driver Author

Safety Administration | (Machfudiyanto, Latief and Robert, 20{®mail et al, 2012) (Choudhry, 201{)NVachter and
Yorio, 2014JFang, Chen and Wong, 2006&)ou, Fang and Wang, 2008; Asgard 5
Jargensen, 2019(Chileshe and Dzisi, 201@e Snoo, Van Wezel and Jorna, 2qLi)Ning
and Chen, 2018pthman et al, 2020)Khosravi et al, 2014JAksorn and Hadikusumag
2008)YHaslam et al, 2005\Wang, Zou and Li, 2016A\l Haadir and Panuwatwanich
2011 Gunduz and Ahsan, 208Yang, Zou and Li, 2016Aksorn and Hadikusumo, 2007
(Pereiraet al, 2020)Jaafaret al, 2018YGul, 2018)

IT Adoption (Benjaoran and Bhokha, 201Bhanget al, 2015ajChoe and Leite, 201{@rank Moore and
Gheisari, 20194¥hou and Ding, 2017{Bansal, 2011&¥hang, Shi and Yang, 202@gark and
Kim, 2013ajCarter and Smith, 2006bYMelo et al, 2017ajGanah and John
2017 Rwamamarat al, 2010)Balgheeth, 2016)

H&S literature explicitly illustrates the use of two drivers as safety management and risk
mitigation techniques. These drivers were formed basedl@mraugh literature review which

on one side states that managing safety policies and procedures defines the SMS framework,
however, a wealth of literature also argues intensely on the adoption of information
technologies for safety performance promotiomd aisk assessment for improved safety
performance. For instance, TaBi8Ba bove shows the number of res
6Safety Administrationéd and different 61 TO

managementigure2.17 shows the SMSramework developed in three tiers considering all

the safety factors.
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Figure 2.17: Safety Management System (SMS) Framework
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After defining the drivers of the SMS, tiewo comprises the four elements of safety
management recommended by OSHA and ISO safety standards to include every aspect of
safety management. The four el ement sérdiesk ved
management, and O0safety promotiond which i mi
system i.e. planning, implementation, education and inspection. The categorization of safety
elements into two safety drivers demonstrates safety managé&ar@nthe top level in the
organization. Tier three further narrows down each safety element to safety components
involved in the planning of that element for better understanding and control of safety. This

tier indicates all the essential components &dan the accomplishment of an effective SMS

framewor k. These essenti al components inclu
pl anningo, 06safety complianced, Operf or manc
assessment 6, ,asl@as eftgty ncpletcai .6 Each of the

detail and the relationship between safety components and safety factors is explained in section
2.7.1 The discussion on each of the safety components highlights how safety factors are
conneted with safety components and validate the SMS framework from the literature review.
2.7.1. Results and Discussion

2.7.1.1. Safety Policy

The sfety policy statement is the essential parthef SMS frameworkwvhich states the
organi sati onds b e latioad, cmmnitmentandraesonsibdsregardingr e g u |
health and safety manageméisimail et al, 2012) A successful safety policy not only leads

to the success of safety objectives but atemifeststhe success ain organisabn's overall
mission.Hence the success of a safety policy depends on:

2.7.1.1.1. Safety Regulations

Safety regulationare oneof the decisive factors found in the research towards the successful

implementation of health and safety. Many countries have implemented their H&S regulations
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suchas the Occupational Safety and Health Administration (OSHA 2013) in the United States,
British Standards Institute (BSI 200QChoudhry, 2017) As aforementioned, the CDM
regulations 2007 development by the government commission was a big milesemesioft

safety management. The safety regulations provide essential guidelines for safety management
practices to accomplish positive safety res(#tgachter and Yorio, 2014)Organisational

values and culture have a direct impact on the successfulnmaptation of safety regulations
(Gaoet al, 2018) Although safety management regulations play important role in managing
safety, however, the extensive research on H&S factors revealed that successful application of
the safety regulations can only behieved by taking into account; organisational factors,
safety compliancemethods and managerial facto(&unduz and Ahsan, 2018igure2.18

below demonstrates each of the factors of safety regulations broken down into the contributing

attributes ofach factor.
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Figure 2.18: Safety Regulation Factors
2.7.1.1.2. Leadership
The consequentiality of safety culture has long been discussed in the safety literature and is
perceived as the evolving safety values, gatroes and attitude of employees to improve the

safety performance within the organisat{éang, Chen and Wong, 2006&he leadership has
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the core commitment and responsibility toward developing a safety culture that leads toward a
positive impact otthe workers and improved safety performafidmar, 2020) Moreover, the
leadership has a direct role in defining safety policies, risk assessment, programme
development, implementation plans, and evaluati@nNing and Chen, 2018)The personal
involvement of top leadership in safety planning and execution is recognized as the key
component of safety management to achieve safety performance in the organisation
(Machfudiyanto, Latief and Robert, 2019he safety regulations and plans do not lead to
success without competent leaderskipdair (2011)also stated that leadership attitude is a
decisive factor in achieving safety goals.

Nevertheless, the critical analysis of safety factors illustrates the significance of leadership and
the related success attributes. Safety attitude and commitment ardddeattie key factors

of effective leadershigzigure2.19 below demonstrates eacfithe factors of safety regulations

broken down into the contributing traits of each factor.
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Figure 2.19: Leadership Factors
2.7.1.1.3. Safety Planning
Effective safety planning is recognized as one of the impbféators that play a vital role in

the success of any construction projgtare, 2006) It is recognized as a twaiage process:

planning and implementatiq@hanget al, 2013a) Risk assessment and hazard identification
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are the essential partss#fety planning that need to be done at thecprestruction stage. The

ability to identify the potential hazards on construction sites before initiating the actual work

is a decisive part of the safety plan to mitigate the (Bkss, Gheisari and Esmiie2018). It
doesnot only contribute to the prevention o
workers on construction sit€Bansal, 2011b)Subsequently, safety planning also needs to
consider at the earliest stages of project planning to mitigate the safety issues and relevant risks.
The decisions made during the planning phase have an immense impact on the successful

completion of the prejct(De Snoo, Van Wezel and Jorna, 2011)

One of the contributory factors of impaired safety performance is conducting safety planning
separately from project planning gChdntamibnsi de
et al, 2005b) Efforts have been made in the past to integrate safety planning with project
design, scheduling and cost planning to improve safety performance proactively. The
construction CDM regulation (2007) in this regard provides the most integrated safety planning
appoach as well as involves every stakeholder in the safety planning process. It explicitly
defines roles and responsibilities for everyone involved in the design and construction planning
procesguringthe preconstruction phase of the projéZhou, Whyteand Sacks, 2012Yhe

detailed analysis of safety factors highlighted safety planning as a substantial factor
contributing to H&S managemerkigure2.20below demonstrates each of the factors of safety

planning broken down into contributing traits.
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Figure2.20: Safety Planning Factors
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2.7.1.2. Safety Assurance

Safety assurance is at the core of the safety management system that ensures the
implementation of the systematic safety plan and continuous surveillaihcsafety
performance throughout development. In the construction industry, safety implementation
starts with the application of safety regulations in the design and planning stages followed up
by continuous inspection and monitoring during the construgi@se of the task. The two

aspects of safety implementation identified in the literature review are;
2.7.1.2.1. Safety Compliance

Safety compliance in the construction industry is adhering to the safety procedures to carry out
the work in the safest possible wg@hou, Fang and Wang, 2008)he success of the safety
management system depends momentously on the safety implemeplatiomhe research
revealed that the good implementation of the safety management system enables the
organisation to meet the safety as well as the overall project(@faleshe and Dzisi, 2012)

In the United Kingdom, CDM regulations provide the ledgps for the implementation of a
safety management system that includes: (1) safety protective measuties ué2) of rights

safety tools, (3) providg training and instructions (4) effective supervision (CDM, 2015).
There is also a wealth of literature on safety implementation, the essential elements found in
the literature are; proactive safety progsadirections, education and training, clear raed
responsibilities and review meth®d vital factor of a successful implementation program is

to periodically educate and train the workers to improve their knowledge as well as their safety
awarenes¢Bavafa, Mahdiyar and Marsono, 2018)ear rolesand responsibilities enable the
management team to mitigate the potential risks and eventually accidents on construction sites
(Yu et al, 2014) Figure2.21below demonstrates each of the factors of safety implementation

broken down into the contribuiy traits of each factor.
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Figure 2.21: Safety Compliance Factors
2.7.1.2.2, Performance Measurement
The performance of any safety management system inevitably depends on continuous safety
monitoring and review for thimprovement of the system. It is recognised as an integral part
of the safety management system that reflects success through continuous review and change
management. Although the safety regulations enforced by the government around the globe set
a selfregulatory approach to measuring safety performance, however, construction
professionals advocate for a personalised safety performance measurement framework.
Williams, Fugar and Adinyira (20193tated that hazard identification, monitoring and
evaluatio,, and safety encouragement are the essential traits to be considered for safety
performance measurement. The analysis of extensive literature revealed the following as the
factors of safety measurement; development of the supervisory team, monitoongpbaace,
communicatiorwith the site workers, and participation in safég, Cheng and Skitmore,
2005) The supervisory personnel qualification, experience, knowledge, safety awareness,
training and commitment have a significant impact on performan@asurement. Figu22

below shows the factors of performance measurement.
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Figure 2.22: Performance Measurement Factors
2.7.1.3. Risk Management
Risk management is recognized as identifying and controlling the safety risks in the
construction process to help the organisation litegtne, quality and financial goa{Serpella
et al, 2014a) The literature shows that this is one of the most mapb parts of the safety
management system is risk identification and analysis. The decision made on the identified
risks has an immense impact on the pré&emterall performance. The risks are managed in
two stages; at the pi@nstruction stage riskare identified and controlled during the design
and planning phases, secondly, during the construction stage, site inspections are carried out to

mitigate potential risks. Therefore, two characteristics of risk management are;
2.7.1.3.1. Risk Assessment

Risk assessmm is recognized as a critical procedure of safety planning as it involves
identifying the potential risks that could cause harm to the site perddtarehiazariet al,

2011) Identifying and managing the risk from the initial stages of planningupgoent until

the construction, and handover is significantly essential to camgptbe project on time, cost

and quality. The researchers have highlighted the importance of systematic risk assessment
method for efficient and effective risk managementalanningSerpellaet al, 2014b) The

lack of an effective risk assessment method could lead to several issues during the project. For



Page|50

example, the ineffective risk assessment against the potential hazard or miscommunication

could lead to unforese@vents on the construction site, delaysincrease in cost or disputes

among the parties. The extensive literature review on safety factors revealed that the safety

manager 0s

knowl edge

and

experience can

have

factor that helped safety managers to identify and analyse safety risks is the use of information

technology. The use of building information modelling (BIM) has not only helped to identify

the safety risksn the preconstruction phase but also lessetieel dependency on human
perception and knowledgé sk assessmeritigure2.23below shows the factors involved in

risk assessment.
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Figure 2.23: Risk Assessment Drivers

Safety Inspection

The site inspeatn is another essential element of a safety management system and an adequate

way to monitor the risks involved, tasks/activities progress, tasks duration, working

environment, people and equipment involved in the construction process. One of the research

done in China on health and safety management ranked safety inspection as the top third factor

affecting safety managemerfAshebir et al, 2020) To ensure compliance with the

Construction (Design and Management) Regulations (CDM), the principal contisbound

to arrange an efficient mechanism for regular safety monitoring. The internal inspections are



Page|51

carried out by the contractor or a thjpdrty audit to make the construction process safe and
productive. Health and Safety inspection is essefutiany task that involves risk as they are
the source of accidents, such as work at height, fall protection system, PPE, equipment on the

site, scaffold, structural stability and unauthorized access to the site.

In the traditional safety inspection pess, manual observations are usually carried out by a
safety supervisor or safety specialist on the construction site and after analysis, necessary
precautions are considere@inze, Thurman and Wehle, 2013However, with the
advancement in information technology, new technologies for inspection have been introduced
by construction professionals. For instan€sai, Hsieh and Kang (2014¢yesented a BIM
technology for the construction site inspection usimggsite images generated by BIMshour

et al. (2016sed drone technology for gathering site data by taking images at regular intervals.
Similarly, Melo et al. (2017)ntroduced Unmanned Arial Vehicles (UA)Vfor construction

site monitoring with Bhanced visualization capability. Nevertheless, from the literature review,

it is deemed that site inspection should be carried out frequently by a competent safety
supervisor based on the safety policy and utilizing the latest technologies that helputifg id

the hazards preciselyrizarry, Gheisari and Walker, 2012yigure 2.24 below shows the

essential drivers of safety inspection.

Safey Inspection

Safety Policy Man;glement Data Collection Inspection Tools
- ; ole
T T T T
! ! i i
1 1 1 1
1 1 1 1
v - v v
r 3 ~
o Clear safety * Safety
requirments knowledge e Frequent data ¢ Assessment
» Method « Communication collection procedure
< statements <« Competence e Acute e [nformation
« Safety checklists e Commitment observations technology
* Management ® Safety ¢ Data analysis usage
driven Preception
L 4 ~

Figure 2.24. Safetyinspection Management
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2.7.1.4. Safety Promotion

Safety promotion is the core of any safety management system as it aims to develop and
maintain the safety conditions at the construction site by management, site personnel and
everyone involved in the development process. The success of any safety manageement sys

is at stake without an effective safety promotion policy. The critical drivers of safety

promotions found in the literature are safety culture in the organisation.
2.7.1.4.1. Safety Culture

The terms Osafety cultured c apdifferanterdlusttieie at t
involved in the dangers occurring, such as the construction industry which-snaelh for
accidents. The safety culture is defined by professionals as an outlook of collective beliefs,
values, attitudes and behaviours on safetybgean organisation on its entire hierarchy to
minimize the exposure to a condition that can cause accident or injury to the members of the
organisationFunget al, 2005) The wealth of literature on safety culture recognizes it as a
leading indicatorof the safety management system that helps organisations to reduce the
number of accident®n construction site§Khawam and Bostain, 2019B5ubsequently,
Hallowell et al. (2013argued thaasafety culture is one of the most important investmiemts
employees as it increases employee awareness and knowlesddety conditions.

Cooper (2000)conceptualized safety culture in three interrelated aspects: psychological,
behavioural and situathal aspects. The psychological aspect referred to the organisational
values, attitudes and perceptions, the behavioural aspect describes the personal behaviours
towards safety, whereas, situational aspects are concerned with the organisational policies,
regulations and safety management system. A reputable fact from the research is that the
behavioural and psychological aspectsashfety culture can be dealt withroughadequate

training and education programm{@sidoreanu, no date; Wilkins, 201 Moreover, the use of

information communication technologies (ICT) has improved the learning capability of
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trainees by creating realorld scenarios and more visualized learning methods. For instance,
virtual reality (VR), Augmented Reality (AR) and otherigisbased technologies are quite
famous in the construction industry for training purpg3esloreanu, no date; Zhao and Lucas,

2015a; Liet al, 2018b)

Consideringhe Cooper (2000nodel of safety culture, several researchers have explored the
factors involved to achieva safety culture at the maximum capacity. Research on safety
culture improvement biYlachfudiyanto, Latief and Robert (201@garded leadership, safety
behaviour, and perception as crucial factors of safety culture. Similarthesimesearch stated
leadership, safety training, commitment and resource allocation as the factors affecting safety
culture(Ismail et al, 2009) Figure2.25below shows the factors involved in the achievement

of a safety cultureWhereas, Figur@.26 conceptualizes the proposed SMS framework that

presentsSafetyComponentsvith relevant safety factors.
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Figure 2.25: Safety Culture Adoption
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Figure 2.26: SMS Framework illustrating Safety Factors with Safety Components
2.8. Chapter Summary

Accidents on construction sites leading to fatalities, serious injuries and econorsigreast

great concern for the construction industfjne pragmatic approach has been used for the
research intended to create a Safety Management System framework to improve the safety
performance of construction projectTherefore, the researéh immersed into the safety
literature to get an wdepth ingght into the occupatial health and safety factors involved in

the SMS of a construction project to develop a robust safety management framework that
complies with all safety factors. This objective was achieved by undertaking an empirical study
and a Ist of sixtythree safety factors was identified from the literature review and classified
into six clusters. It has been found that the effective SMS framework requires an inclusive
approacho organisational, managerial, legislative, environmental, scmal personnel safety

factors to strive for better safety performance.
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Hence, the research also proposed to develop an SMS framework to comprehensively analyse
and manage the safety performance taking into account the safety factors. Therefore, for
adequate safety implementation, the study proposed a safety management system framework
developed in three tiers to cope with all safety factors involved in safety management. The first
and primary tier called o0Saf et yintoDwoicarrilarss 6 ¢ h a
namel vy OAdmi ni strativebo and 0l To. The admi
development and assurance, the IT oversees risk management and safety promotions which are
called the oO0Safety EI ement she suodess aishwellaStHesS f r a
effectiveness of the SMS framework, another tier was added to the SMS framework called
6Safety Componentsd. The tier consists of es
reflects the typical safety management system (plajact and check). Furthermore, the safety

factors associated with each safety componewe baen illustrated in the SMS framework

which helps safety managers to consider safety factors for robust safety management
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Chapter 3: Human Factor and Elimination Techniques



Page|57

3. Introduction

The previousreviewed thdactors affecting H&Sas well as developed the initial framework
based on empirical researchhis chapter explorethe factors having significant impacts on
safety performance. Furthermore, an esienliterature review on the methods and techniques
to overcome those factors in different industries along with the construction indiistog
carried out in pursuit to develop a robust method/framework to mitigate the impact of the

underlined factors
3.1. Outstanding Factors causing Accidents in Constructiomndustry

Researchers in recent years have given considerable attentioting out the causal factors
responsible for the accider(tdu et al, 2011; Mohammadi, Tavakolan and Khosr&@]18a;
Machfudiyanto, Latief and Robert, 201%here are several reasons for the accident to happen

as a result of some factors in the workplécel oej &, 2017) According to the literature,
current safety management approaches focus mainly oragimgn the organisational,
managerial and environmental factors. However, accident causation studies have shown that
about 8890% of accidents happen as a result of human €Baysariet al, 2009; Guo, Yiu

and Gonzalez, 2016; Faat al, 2020) Moreove, Reason (1990bjlaimed human erras a
predominant cause of accidents that happens if the human factor is not considered in safety
managementSimilarly, several accident causation studies have mentioned human failure as
the main cause of accider(tsariuki and Lowe, 2007)Hinze, Pedersen and Fredley (1998)
stated that accident prevention can only be achieved with a clear understanding of root causes.
Hence, he integration of human factors into the safety management system is therefore
essentiafor accident prevention and inherent safety manage(amiuki and Léwe, 2007)

More emphasis needs to be given to human error if accidents are to be r@hatbdand
Mosleh, 2012; Hosseinian and Torghabeh, 2012; Winge, Albrechtsen and Mostue, 2019;

Milazzo, Ancione and Consolo, 2021)
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3.2. Human Factor

Humans are the core, adaptable and flexible part of any working system and yet most
vulnerable (Nair, 2015; Edmonds, 2016cHuman actions are considered important
contributors to the health and saf@grformance of industrieg@anu, 2013) Rigby (1970)

first cited human error aa series of human actions that excekd limits of acceptability
(Hosseinian and Torghabeh, 20123 most accidents in the construction industry are the result

of humanerrors, the consensus among safegearcherbas been developed on the human

factor as the main reason behind accid€8tgaji and Duff, 2000; Habibi and Pouya, 2015;

Jin et al, 2019; Winge, Albrechtsen and Mostue, 2019; Uetalal, 2021) Within any

wor kplace, the term O6Human Factor6 is wuswuall
with each other and the workpla@éilazzo, Ancione and Consolo, 202Until recently, HSC
defined the human fact or alsjob fadidiseancindividuelo n me n

characteristics which influence behaviour at the work in a way which can affect health and

s af €HS@, @005)

Edmonds (2016bjepresented the interaction of humans with other characteristics of the
system withtheweb al | ed O6human within the work syste
people with their surroundings that including hardware, software, work and social environment
within the workplace shown in FiguBlbelow. The critical factors mentioned on the vaed

Work tasls, Work Equipment, Work tools, Workplace, Organisational context and
Environment context which according to Edmonds (2016) should be considered to manage
human factors. Similarly, many researchers have noted the significance of the humman fact
knowing its catastrophic impacts if left unattend€derefore the need to consider the human

factor in the safety assessment of sdeithnical systems is essential to reduce the probability

of human errof(Cacciabue, 2004)
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Environmental
context

Organizational
context

Humans

Work area
workspace

Work
equipment

Figure 3.1: Human Factor within the workpladedmonds (2016)

Furthermore, to eliminate or reduce the impact of the human factor, it is essential to understand
the human error mechanisifAksorn and Hadikusumo, 2007byignificant efforts to
understand human error mechanisms have been carried out and human error models have been
developed by expertRasmussen (1988)as the pioneer to work on human error mechanisms
and developed a welkinown model called Skills. Rules, Knowlgel (SRK) model to describe

the human error. The presented model classifies the errors under skills, rules or knewledge
based performance to understand the occurrence o$.eskili-based performance required

the completion of welpractised action in a familiar environment. These actions involve little

or no consciousness, as a result, making the workers overconfident or overfamiliar with the
task and surroundings that incregsthe chances of err¢caife and Mitchell, 2016)These

kinds of errors include slips, laps or mistakes. Fig.@2delow shows th€Rasmussen, 1983)

skill-rule and knowledge model (SRK).
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Skill-based

Well-practiced tasks, little cognitive effort

Rule-based

Established rules available
“If A happens do B”
More complex than skill-based

Knowledge-based

Suissasoud aaniudod Suisealou)

SNOIdsuUo)

Novel situation with no learned routine or rules, using knowledge
to find a solution

<

Figure 3.2: Skill, Rule, Knowledge (SRK) Mod&asmussen, 1983)
Based on the SRK modeReason (1990presented its weknown human error model
describing the involvement of human factors in the accident mechaRisason (1990)
categorized human unsafe acit$ as errors and violations. Errors could be -flalied rule-
basedor knowledgebasedas proposed byRasmussen, 1983however,Reason (1990)
describedviolations asintended mistakes shown Fgure 3.3. There are also other human
error models, however, human error studis@blished that most unsafe acts are the result of
violations (Aksorn and Hadikusumo, 2007b; Hosseinian and Torghabeh, 2012; HSE, 2012;

Oswald, Smith and Sherratt, 2015)

—b[ Skill Based errors ]

—b[ Lapses of Memory ]

Skill based]—

—’[ Rule based Mistakes ]

Mistakes

Human Human *[Knowledge based Mistakes]
Factor Failure

Routine ]

Situational ]

L1

Exceptional ]

Figure 3.3: Human Error Model (Reason. 1990)
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A significant number of researchers have pursued their research in identifying the patterns of
human errors to overcome the undesirable impacts of human error in tkelager For
instance, one type of human error is an unintentional failure committed by the person working
in a workplace. These types of mistakes or errors are not deliberately done, however, they arose
because of an error of judgeme($caife and Mitche)l 2016) Similarly, since the
developments in the field of psychology, the study of human error and error mechanism has
been carried out by researchers and human error models to understand error have been
developed. Some of the renowned authors who predehuman error models afieeason,

1990b; Wickens, 2000; Boring, 2012jost of these models identify different types of human
error and explain how the error could occur in the workplace and also mention the measures to
reduce the likelihood of erroMoreover, with the further advancement in the field, several
researchers have also identified the specific conditions which enhance the likelihood of human
error by developing accident causation mo@@lgliams, 1986; B. Kirwan, 1994)A detailed

review of accident causation models has been carried out in the next section.
3.2.1. Accident Causation Models

Human error cannot be eliminated from any workplace or system as a human makes an error
and they always will. However, leaving the error unattended couldupndith serious
consequences. Prolific research has been cat
been developed to study the human error and error mechanism that causes an accident in
workplaces.Accident causation models aim to identify the ehusctors and processes

involved in the accidents to develop plans for accident prevei(iitnopoulos, Abdelhamid

and Howell, 2005a)This is the retrospective approach of learning from past incidents to avoid

them in future project§Grantet al, 201.8). Ranasinghe et al. (2014efined the accident

causation model as a systematic way of finding the causes of accidents. Accident causation

models were originally developed as an occupational accident investigation tool to prevent the
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repetition of acidents.The ontology of the human factor as a cause of the accident in accident
causation models can be traced back to the 1930s, since the evolution of the first accident
causation theory. In 1931, H.W. Heinrich being a pioneer in accident investjgatsented

a theorem Kknown thatkighlighten the hurman fattce loy Istatibg that human
unsafe actions and unsafe conditions cause most of the accidents and eventually injuries at the
site (Heinrich, 1969)

Following H.W. Heinrich, several researchers after investigating the accidents put forth
accident causation theories and models for accident preveftioat al, 2020) Peterson
(1971) introduced t he wiicklpoktilatep UnsafeacGandursafe on T
conditions behind accident causat{@thmanet al, 2018) Bird and Germain 1974 presented

a modified domino theory called Birddéds acci
management as the root cause of accidents that initiatean error and unsafe a¢Rird,

1974; Li and Poon, 2010Jhe Reason (1974) is also very wiallown in safety science for his
contribution to accident causation study after H.W. Heinrich. Reason (1977) came forth with

the SwissCheese modelndpresated a systematic approach to deal with latent failures (distal
factors) along with root cause investigatigteason, 2008)Reason (1977) described latent
failures as organisational barriers/defence lines against risks and hazards to prevent accidents,
these barriers are sequential and for an incident to happen there must be errors across all the

defence lines which is a rear cdkarouzee and Le Coze, 2020)

The aforementioned accident causation models served exceptionally well to investigaie the ro
causes or the latent failures in the past, however, recent accident causation models envisaged a
system approach to deal with the failures rather than sequential (N@dMamet al, 2005;
Mitropoulos, Abdelhamid and Howell, 2005a; Graattal, 2018) (Watersonet al, 2015)
demonstrated historical developments in the accident causation models since thé1&930s.

categorized accident causation models into Technological, Ergonomics and Complex socio
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technical system eras in his timeline shown in Fagiid. Woolley et al. (2019xlassified

accident causation models into 6simple | inea
nonrl i near model s6 based on the error identif
cal | edeng&rdfionmedsd i n | i terature showcase the ear

dealt with root causes analys$idaleet al, 2012a; Wang, Zou and Li, 2016; Grantal, 2018;

Harvey, Waterson and Dainty, 2019a; Woolletlyal, 2019) 6 Comp |l ex | i near m (
O0Seadpenerati on model sé6 incorporated human f a
well as latent failurefHaleet al, 2012a; Wang, Zou and Li, 2016; Grantal, 2018; Harvey,

Waterson and Dainty, 2019a; Woolleyal, 2019) However,technological advancement in

the industry envisaged the researchers to adopt a systemic approacintpvdédabccidents

(Haslamet al, 2005; Mitropoulos, Abdelhamid and Howell, 2005a)

Age of Technology
Age of Human Factors
Age of Complex Sociotechnical Systems
Action Variance
oot Catnse Research Analysis
Pre-World War Il 1950’s and 1960's  1970's and 1980's 1990's 2000 2013+ |

FMEA = Failure Modes and Effects Analysis
MEAD = Macroergonomic Analysis and Design
CSE = Cogniti ineering

CWA = Cognitive Work Analysis
HRA = Human Reliability Analysis
ODAM = Organizational Design and Management
STAMP = Systems-Theoretic Accident Modelling

and Processes
CREAM = Cognitive Reliability Error Analysis Method
FRAM = Functional Resonance Analysis Method

Figure 3.4: Historical Development Of Accident Causation Model (Waterson et al., 2015)
Subsequently, researchers in recent decades opted to adopt a systematic approach to deal with
inevitable accidents in complex dynamic syste(iaslam et al, 2005; Katsakiori,

Sakelbropoulos and Manatakis, 2009; Hosseinian and Torghabeh, 2012;eGedn2018;
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Woolley et al, 2019) Hence, recent accident causation models focused on a systematic
approach to deimg with factors causing accidents in complex seteichnical systesi(Nawi

et al, 2016; Harvey, Waterson and Dainty, 2019b; Woodlegl, 2019; Dhalmahapatra, Das

and Maiti, 2020)Rasmussen (199p)oneered the concept of a systemic approach to deal with
inevitable accidents rather than eliminating the root caasdslatent failuresRasmussen
(1997)argued for toghbottom systematic safety management incorporating the government and

the regulatory bodies above the organisational level shown in Figuke presented a Risk
Management Framework (RFM) to elaberah the risk associated at each organisational level

(i.e. government, regulator, organisation, management, staff and work). Of many ACM based

on the system approach developed by the researchers, RFM is the most famous and cited
framework. System ACMs caider the complex relationship between safety factors at
different organisational levels as the causes of accigérdaslley et al, 2019) Furthermore,

a traditional system approach is based on the core principle that safety is the collective
responsidi i ty of everyonebds actions and decisior
coul dnét necessaril y hmowdvar,@mevge fdom thé dymamicamd s or
complex interaction between contributing factors and associated actor throughout the entire

system(Rasmussen, 1997; Leveson, 2004; Hastaad,, 2005; Salmoret al, 2017)
3.2.1.1. The Domino Theory

In 1931, H.W. Heinrich being a pioneer in accident investigation, presented a theorem known
as 0do mi andhighliphtedtheyhdman factor by stating that human unsafe actions and
unsafe conditions cause most of the accidents and eventually injuties site(Heinrich et

al., 1980) The 6 Domi nods Th (HeimrighGet ap 1980) stated ¢hdt the y
occurrence of occupational injury at the workplace is the result of a sequence of complicated
factors and the last of which is accident its&€his theory first listed the chain of events in

chronological order that leads to the occurrence of an infugthermoreHeinrich et al.
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(1980)mentioned tht five dominos arstanding in a sequence one after the otttech leads

to the injury sahat when one domino falls it knocks down the next domino itself which initiates
the fall of all dominos. The sequence is listed as:

Injury by an;

accident, due to;

Unsafe act of a person, due to;

The fault of the person is caused by;

Ancestry and saal environment.

It further noted that to prevent an injury to happen it is essential to remove any one of the
dominos to break the sequence of falls. Fi@isebelow explains the domino effect described

in the domino theory.

Social Environment Unsafe act
and Inherited Fgg‘.};lggéﬂgg’sﬂggﬁ or condition — ) Injury - outcome
Behavior (e.g., |— temper, ’ Performing a task || Accident |, [of some accident

alcoholism recklessness, etc) a grig::orlgtéthE but not all

AN t /
MISTAKES OF PEOPLE

Figure 3.5: Heinrich's Dominos TheorfHeinrich et al, 1980)
The different stages oite domi nodés theory are described b

a) Ancestry or Social Environmenthe ancestry or the social environment describes the
impact of inherited personal behaviour as well as the workplace surroundings on the

worker's skills, and perception of saf¢8axena, 2017)
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b) The Fault of the Person: This describes the impactiofam factors to enter an unsafe
situation or commit the potential fault or mistake which leads to the accident on site.
People have tendencies to get into unsafe conditions either intentionally or intentionally
(Reason, 1990b)

c) The Unsafe Act: Unsafecarepresentanact that causes harm or injury. This could be
the fault of the person working on the site which leads to the accident.

d) Accident: This domino represents the accident caused by the dallesfedendominos.

e) Injury Itself: This representdeé injury to the worker on site. The domino accident

model advocates the unidimensional sequence of events caused by multiple factors.
3212.Birdds Model of Accident Causation

Bird and Loftus (1976pr esent ed a modi fi ed ADomieroleds The
of management in the sequence of events defined by Heinrich (Domino Theory). They further
added basi causes (personal and job factors|), immediate causes (standard practices,
conditions) that lead to the incident and eventually personal or prdpssgyThis updated
version oftheA Domi no Theoryodo is known as the Bird
Model of accident causation can be applied to all types of accident investigatass®inian
and Torghabeh, 2012Jhe sequence of events invetin the Bird Model are;

a) Lack of Control/ManagementCaused by inadequate program, Inadequate program

standards, and inadequate compliance to the standard.

b) Basic Causes: Due to personal or job factors.

c) Immediate Causes: Caused by-stdéndard practices drconditions.

d) Incident: Due to contact with energy or substance.

e) Loss: Loss to the people or property.

Figure3.6 below shows the sequence of events involved in the Birds Model.
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Lack of Control
(Management)
\/
Basic Causes (Origins)
\/
Immediate Causes (Symptoms)
Incident (Contact)
N/
People-Property (Loss)

Figure 3.6: Birds Model of Accident Causati¢Bird and Loftus, 1976)

3.2.1.3. The Swiss Cheese Model

Reason (1990kpresented the Swiss Cheese Model as an accident causation model to explain
the occurrence of incidents at the workplace. This model drew the attention of health and safety
professionals to eliminate accidents by introducing defences. This method exipédins

avoid the occurrence ahaccident the organisation must introduce several additional barriers

to stop the risks and hazartet become accidentdkeason, 1990bReason (1990) further
explains that although organisations have barriers in gageevent accidents to happen,
however, these barriers have holes in them like slices of Swiss Cheese which he called defects

in the barriers shown in FiguBe7.

Some holes due Hazards

to active failures

Other holes due to
latent conditions
(resident ‘pathogens’)

Losses

Figure 3.7: Organisational Barriers td’revent AccidentReason, 1990)
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Reason (1977) stated that organisations have barriers/defence lines against risks and hazards
to prevent accidents, these barriers are sequential and for an incident to happen there must be
human errors across all the deferlines which is a rear caflearouzee and Le Coze, 2020)

When these holes or defects come across then accident is certain to happen, however, the
introduction of additional barriers could help to prevent the accidents. Moreover, Reasons
(1990) introdeed the active or latent failures in the Swiss Cheese Model to explain the
occurrence of failure. FiguB8elaborates on the barriers presented in the Swiss Cheese Model.
Reason (1990) believes that holes are an unsafe act because of human erropvdsehtse
activefailure,and most accidents are the cause of active failure vidiible result of mistakes,
violations, or slips.Reason (1990bfurther divided the barriers/defences into two groups as
described below;

a) Soft Barriers: According to Reasdi990) these are the organisational barriers or
defences which are dependent on the safety procedures or the safety personnel. Soft
barriers invole the supervisors, operators, and safety regulations that have defects that
cause accidents in the workplace.

b) Hard Barriers: Hard barriers are the additional barriers proposed by R&890h that
includes automatic warning systems, physical obstacleafety devices that prevent

accident in case of failure of soft barriers.

Organisational failare at
the management level

(latent faiure) N

Additional Barriers to
prevent accidents
(window of oppertunity)

Supervisory failure
(latent Failre)

Unsafe Condition

Unsafe Act
(active failre)
Automatice Safety

Devices o
Warning Systems

Training & Procedures

Figure 3.8: Reason's Swiss Cheese Mddason, 1990)
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3.2.2. Accident Causation Models in Construction Industry

Accident causation atsprevailed in the construction industry based on the accidents studied

by the researchers. For instantgClay (1989)pr esent ed the AUniversa
accident causation in construction and identified hazards, human unsafe actions and functional
limitations as major causes of accidemtsize (1997known for his contribution to accident
causation in the construction industry, can
distraction from hazasldue to work pressure increases the probgbiit accidents on
construction sites. Furthermokgaslam et al. (2003)eveloped a systematic accident causation
framework calledhe ConAC Framework based on the analysis of 100 minor construction
accidents. ConAC Framework characterised the causaldacs i nt o o6ori gi na:
6shaping factorsd and 0 Hriviere dtiald20H)nkedacdident s 6 s h

causation with construction project features and the proximal factors shown inF&ure

Client’s brief, design decisions &
project management decisions

!

Construction Project Features (CPFs)

A\ 4

Proximal Factor (PFs)

= =

Figure 3.9: Accident Causation Based on CRManuet al, 2010)

Contemporary researchers in the construction industry have studied accidents in the
construction industry to find out the root causes of accid&ttappell and Wiegmann, 1997,
Manu, 2013; Mohammadi, Tavakolan and Khosravi, 201Bljman unsafe behavioand
actions are consistently found as major causes of accidents in the construction industry

(Hosseinian and Torghabeh, 201%Yinge, Albrechtsen and Mostue (201@\vestigated
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hundred and sevensix construction accidents and ranked worker actidihe$op and most
catastrophic factor causing most of the accidents in construction. iRgferithese studies,
human error quite predominantly represents a major cause of accidents in the construction
industry. The past two decad#fgesearch exhibit withe pertaining factors causing accidents

in the construction industry, however, the contemporary research revealing the human factors
as accident causation factors confirms that no improvement has been made in the past twenty
years(Nawi et al, 2016; ZAhooret al, 2017; Francioset al, 2019; Winge, Albrechtsen and
Mostue, 2019; Khalid, Sagoo and Benachir, 2021)

Henceforth, accident causation models contributed substantially to the construction industry in
identifying the proximal, latent and inncing factors, however, these retrospective models
offer no help in managing these fact@fenkinset al, 2010; Apostoeimates and Barbu, 2016)

For instance, ConAC Framework systematically channelizes the factors into immediate,
shaping and originatg factors but is untalkative on how to and at what organisational level
these factors can be eliminat@ibb et al, 2014) Furthermore, applying the ACM model for

root cause analysis is not the question anymore, rather investigations should beoatioied
finding the contributing factors and fimdy out their relationships at different levels in the
complex socigechnical construction systefWoolleyet al, 2019) Construction being one of

the complex dynamic socikechnical industes entails ahigh risk of accidents due to the
involvement of human actions throughout the project execititmvden, Albrechtsen and
Herrera, 2010; Oswald, Smith and Sherratt, 20 T%)erefore, to deal with the complex
dynamic societechnical impact on safety, is iindispensable to develop more resilient
approaches or frameworks to manage safidtyvden, Albrechtsen and Herrera, 2Q1Dhe
research, therefore, aimed to conduct empirical research targeting to explore the H&S
professional's perception of the UK struction industry on accident causation and elimination

of human error.
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3.2.3. Human Reliability A nalysis(HRA)

HRA is one of the most frequently used systematic techniques tdygepiantify and mitigate

human error in complex safety syste(iou et al, 2021) HSE defined human reliability
assessment as a quantitative or qualitative method to assess the contribution of humans to the
error(HSE, 2009) Similarly, Kirwan (1998)stated that HRA methods are the probabilistic risk
assessment and cognition modelling to mitigate human &wathermoreHuman reliability
assessment (HRA) is a method for probabilistic qualitative and quantitative assessment of
human errors in a humaechnical systenfCalixto, 2016; Howet al, 2021) Reason (1990a)

stated that human error usually occurs when physical and cogatiitees areoverwhelmed

by environmental demands. Subsequently, quantifying human error could be a complicated and
troublesome task to carry out in any industry; even the experts could be prone to errors due to
the wrong comprehension of the situatifpavis, 1982) However, probabilistic risk
assessment is essential to evaluate and analyse the possible acondeiutssioe safetycritical

activities in a complex system. Human reliability analysis (HRA) has been successfully used
in safetycritical industries especially nuclear and other complex siecbnical industries to

reduce the likelihood of human errWng, 2015) However, in the construction industry, no
standard procedures or guidelines have been introduced to minimize the probability of human
errorin hazardous activitiefKazmi et al, 2016) Subsequently, the practice of HRA started
around the 19s with the technological advancement in the industries, however, the first
formal HRA method was presented in a symposium meeting of safety experts in the 1960s
(Swain, 1990; Karwowski, 2006; Boring, 2012)

The pioneeringdRA method introduced wakeil Tec hni que f or Human Rel |
Prediction (THERP)O to model human reliabil |
tragic nuclear accident at Three Mile Islghhzin and Fass, 20155ince then, there has been

a proliferation of HRAmethods by researchers for different industries to quantify human
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reliability under complex situation®oring, 2012) Generally, an HRA method involves the
guantification of human error probability (HEP) for a system or task against performance
shapingfactors (PSF)Kirwan, 1997; Bai and Jin, 2016; Emstsen, Nazir and Roed, 2017)
Performance shaping factors (PSF) are the contributing factors that may influence human
performance in an HRAPark, Jung and Kim, 2020A significant study to explore the
contributing factors has been conducted by the researcher in the past fe(Wymaadi, 1996;

Hale et al, 2012b; Mohammadi, Tavakolan and Khosravi, 2018b)ythermore, PSFs have
been categorized into three classes; External, Internal and physabfagiorsAbbassiet al.,,

2015) External factors are defined by the characteristics of the work environment, equipment,
situation, task and procedural instructions. The internal factors are associated with personal
characteristics such as skills, experience, mental health and mativetiio However,
psychological and physiological factors; also called stressors; are the factors that directly affect
mental stress or physical stress such as workload, work speddyorking in extreme
conditions(Groth and Mosleh, 2012; Yang, Tao and,E414; Abbassét al, 2015; Calixto,

2016; Francioset al, 2019) A list of commonly proposed PSFs is givermable3.1

Table3.1: Performance Shaping Factors @Ps)

Performance Shaping Factors (PSF) Performance Influencing Factors (PIF)

Job Factors Personal Factors Organisational Factors
Instructions Competence Peer Pressure
Equipment / Tools Motivation Communication
Communication Fatigue Safety Culture
Procedure / Design Stress / Morale Roles & responsibilities
Complexity / Difficulty Commitment Workload
Time Workload Management
Environment Communication Supervigon

Furthermore, a traditional HRA has been carried out in three distinct phases; (i) modelling of

potential human error, (ii) identification of potential human error after applying the B%Fs,
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(i) quantification of human erro(Swain and Guttmann, 1982; ddleh et al, 2010)
Additionally, HRA methods are based on two core principles for human error assessment; (i)
expert opinion and (i) human error databdébbassiet al, 2015) The expert opinion
technique involves acquiring expert judgements freaveral experts having complete
knowledge about the task for which HEP is assessed. The analyst review the relevant PSFs
against the task and opinions are provided which are used to calculate the overall HEP value
using an appropriate HRA meth@8oring, Giffith and Joe, 2007)Boring, Griffith and Joe
(2007)further stated that analysts may review a possible list of PSFs to identify human error.
The most common methods in this category r@Success likelihood index method (SLIM)

and Absolute Proflimlity Judgement (APJ) methods. On the other hand, the human error
database techniques encompass the dataset of human error probabilities to be used within the
framework of the specific HRA method to obtain the HEP v@Rmuya and Habibi, 2015)

The conmon HRA methods which use human error database are; Human Error Reduction
Technique (HEART)the Technique for Human ErrdRate Prediction (THERP) and (JEIDI)
(HSE, 2009; Bolet al, 2010; Faret al, 2020) Below are two methods that can be used in the

construction industry for human error assessment.
3.2.3.1. Technique for Human Error -Rate Prediction (THERP)

THERP is a pioneerg technique in HRA and still hemost widtly used approach in several
indudries for human error assessméYiang, Tao and Bai, 20)J4THERP was introduced as

a formal HRA method in 1663 in a health and safety meeting by Dr Alan Swain. At first,
THERP was applied only to the nuclear industry however esulesitly, the later versions of

this technique became a guideline for planttyadesurace (Swain and Guttmann, 1982}his
technique usesneerror probabilities database developed by safety analysts whickifgsa
HEPs for the task using PSKKazmi et al, 2016) Furthermore, to analyse the error

probabilities, this methodology decomposes the task intdasiis to select the possible error
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data fromthe THERP HEP handboof@bbassiet al, 2015) In the later step, the relationship
between different HEPs is csidered andhe final HEP is calculated usinthe human

reliability tree(Calixto, 2016) The steps involved to perform THERRshown inFigure3.10.

Detailed Task Analysis

v

Breakdown of task into elements

v

Selection of nominal HEPs

v

Determine effects of PSF on each element

v

Calculate dependence b/w tasks

v

HRA event tree analysis

v

Quantify total task HEP

Figure 3.10: THERP Analysis Techniqy8wain andsuttmann, 1982)
3.2.3.2. Cognitive Reliability and Error Analysis Method (CREAM)

The mgnitive Reliability and Error Analysis Method (CREAM) is a secayaheration HRA

method developed by Erik Hollnagel in 1998 considering the slooning of the first
generation method@HSE, 2009) CREAM has been introduced to deal with more sophisticated
industrial processes with high unpredictability of humanrgfPouya and Habibi, 2015J his

HRA method is developed to assess as well as evaluate the humamadradilpies basedn

human cognition and the surrounding situation. Furthermore, this method allows the
retrospective analysis of past events as well as the prospective human error analysis to predict
howtheerror could potentially occyFeliceet al, 2013) The CREAM method starts with the
analysis ofatask or situatiomusing Common Performance Conditions (CPCEpwed by the

context description adheaction and cognitive activities to perform error podns. Finally,
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guantification of likelyhuman error is conducted to evaluate the error probab(litienagel,

1998) The steps involved in the CREAM modekshown in Figure3.11 below.

Task Analysis

|\ J
\ 4
4 N\
L J ) .
Basis Version
4 Y N\

Control Modes (CII)
Determination

:
1
1
1
1
:
1
1
! CPCs Evaluation
:
1
1
1
:
1
1

CognitiveProfile
Constriction

e A
Possible Failure
Models of Cognition

9 Functions )

( Y N\

Finding Human Error
Prohahilitv

Figure 3.11: Steps involved ithe CREAM ModelHollnagel, 1998)

The basic versionf the CREAM model consists of a qualitative classification of CPCs only

but doesndt i ncl ud & apa Sanehakalany Rashed 201&wevep r o c € S ¢
the extended versiaallows the analyst to determine the task which requires human cognition

and also it is capable to identify the conditions where cognitive reliability is reduced enhancing

the risk atheworkplace(Ung, 2015) CREAM is a retrospective tool to analyse the historical
occurrence of an error as well as a prospective analydisot@assess error probability in the

high-risk task. The introduction of Common Performance Conditions (CPCs) to identify the

error conditions was a new concept proposed in this Model. CPCs were developed to identify
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the condition of likely performance. detailed review of CPCs has been provided in the next
section.
3.2.3.2.1. Common Performance Conditions CPCy9
Hollnagel (1998)n his model listed nine factors that affect human reliability in a system called
Common Performance Condition (CPCs) which are listedfdlow; (i) adequacy of
organisation, (ii) working conditions, (iii) adequacy of rraachine interface, (iv) availability
of plans and procedures availability, (v) time availability (vi) number of simultaneous goals,
(vi) time of day, (viii) adequacy otraining and experience and (ix) quality of crew
collaboration. The first step in this model is to apply the task steps to thei€FP@lsle 3.2
below. This step involves an expert's judgement to obtain the level of CPCs of certain task
steps. Based on the CPCs the probabilities of human cognition and actions to perform an error
are measured on a scale of four characteristics called Control Modase | vy ; AScr amb
AOpportunistico, ATact i c adlldThe assessor GsBstTaBBt e gi c O
to find the scores of each CPQesotosigni dskac
xi mpr ov ed (Hoknagel,a®B)The Cllis répresented by the formula below.

Cll = xxkedpceded

And

Cll=B 000

Whereas
CII = context influence index)
PIl = Performance Ifluence Index

The value of CIl represents the control mode using Figut2 If the value of Cllis not

significant then it can be ignored as it indicates minor or no effect on human reliability.
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Table3.2: CPCs and Performance Reliabilififolinagel, 1998)

Expected Effects

Performance

CIFee Levels/c[:)zcs:criptors on PeFfOfFT‘ance Ieree Jnee
Reliability Pl
Adequacy of| Very Efficient Improved -0.6
Organisation Efficient Not Significant 0
Inefficient Reduced 0.6
Deficient Reduced 1.0
Working Conditions | Advantageous Improved -0.6
Compatible Not Significant 0
Incompatible Reduced 1.0
Adequacy of human| Supportive Improved -1.2
machine interactiol Adequate Not Significant -0.4
and operationa Tolerable Not Significant 0
support Inappropriate Reduced 1.4
Availability of | Appropriate Improved -1.2
procedures/plans | Acceptable Not Significant 0
Inappropriate Reduced 1.4
Number of| Fewer than capacity | Not Significant -1.2
Simultaneous goals| Matching current Not Significant 0
capacity Reduced 1.4
More than capacity
Available time Adequate Improved -1.4
Temporary inadequate| Not Significant 0
Continuously Reduced 2.4
inadequate
Time of delay wher| Daytime (adjusted) Not significant 0
the task is performe( Nighttime (unadjusted)| Reduced 0.6
Adequacy of training Adequate high Improved -1.4
and preparation experience Not significant 0
Adequate low Reduced 1.8
experience
Inadequate
Crew collaboratior| Very Efficient Improved -1.4
quality Efficient Not significant 0
Inefficient Not Significant 0.4
Deficient Reduced 1.4




Page|78

Strategic

2 , Tactical
z o ¥
3
E 5 | |
§ 4 .- n I Opportunistic
% 3 @ AN N |
E>mmEAnm Scrambled
1 A m m|
H E N
1 2 34 5 6 7 8 9 Reduced

Reliability

Figure 3.12: CPCs scores and Control Modg@solinagel, 1998)

Table3.3: CREAM Control ModefHollnagel, 1998)

Control Modes | HEP Interval Cll Value | Control Modes Descriptor
Strategic 0.0005 < HEP 4 -7t0-3 Adequate time, management a
0.01 organisational support, practicg

assessable to consider the action.

Tactical 0.001 <HEP<0.1|-3to1 The performance follows planne
procedures

Opportunistic | 0.01<HEP <05 |2to5 Condition is characterised kaylack
of planning

Scrambled 0.1<HEP<10 |6t09 The rext action is disorganised
unexpected

3.2.3.3. Human Error Assessment andReduction Technique (HEART)

The Human Reliability Assessment and Reduction Technique (HEART) is another Human
reliability assessment tool to analyse the risk and probability ofiarharman performace in

a systematiwvay (Bell and Williams, 2018Williams (1986)proposed this technique of human

error assessment and error reduction. This method works based on the fact that for any task to

be carried out there is a probability of error/failure. These @&kKiams, 1986)mentioned
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the varying ével of Error Producing Conditions (EPCs) that can influence human reliability in

a workplace. Furthermore, this method allows the assessor to modify the human reliability data
specific to the risks involved in the ta@kazmiet al, 2016) Additionally, Bell and Williams

(2018) argued that this method is comparatively quiakd straightforward and can be

appropriate for any industry where human reliability is considered important.

The HEART method introduced 38 enmroducing conditions (EPCs) redat to the focused

task instead of Performance Shaping Factors (PSFs) used in the other HRA methods shown in
Table 3.6 below (Kazmi et al, 2016) Most of the EPCs are common in use such as time,
unfamiliarity, inadequate procedures and poor feedbackTét.calculation of HEART is

carried out in five steps; task selection, assigning nominal HEP, identifying EPCs, combining
the proportion of each EPC on nominal HEP, and labtgic HEP calculation as shown in
Table3.4 below (Williams, 1986) Hence, HEART calculation is dependent on Generic Error
Probability (GEP) and related EPCs. Generic Error Probability (&GitR)be selected from

given criteria AH relevant to the EPCs as shown in TaBIB. Eventually, human error

probability HEP) is calculateds shown in Figurd.13below.

Select a Generic Task

il

Identify EPCs on each task

v

Estimate the Impact of EPC on task

v

Calculate Assessed Impact

v

Calculate HEP

Figure 3.13: HEARTMethodologyBell and Williams, 2018)
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Table3.4: HEARTCalculation(Bell and Williams, 2018)

Step Task Output
1 Generic Task Unreliability: Classify the task into ong Nominal human
the 8 (AH) generic taskypes (Tablel4) unreliability
2 Error Producing Condition & Multiplier: Identify releva] Maximum predicteg
EPCs tahetask under analysis (Tabl®). nominal HEP which may
increase unreliability
(Multiplier)
3 Assessed Proportion of Effect: Estimate the impag (Assessed Proportion (
eacherror-producing condition (EPCs) dhetask under effect)
analysis based on judgment betweerD and 1
4 Assessed Impact: Calculate the assessed impact of Assessed impact value
EPC bytheformula:
((Multiplier-1) Assessed Proportion of effect )+1
5 Human ErroProbability: calculate ovell HEP usinghe | Overall Error Probability

formula

Nominal humanunreliability X Assessed impactl
Assessed | mpact 2¢é¢. et g

Table3.5: Generic Task Unreliability (Williams, 1986)

Generic Task Unreliability

Generic Proposed nominal
task human unreliability
(5th—95th percentile
boundaries)

A Totally unfamiliar, performed at speed with no real idea of likely 0.55(0.35-0.97)
consequences

B Shift or restore system to a new or original state on a single attempt 0.26(0.14—042)
without supervision or procedures

C Complex task requiring high level of comprehension and skill 0.16 (0.12—0.28)

D Fairly simple task performed rapidly or given scant attention 0.09(0.06—0.13)

E ng)utine, highly practised, rapid task involving relatively low level 0.02 (0.007-0.045)
of skill

F Restore or shift a system to original or new state following 0.003 (0.0008—-0.007)
procedures, with some checking

G Completely familiar, well-designed, highly practised, routine task 0.0004 (0.00008—
occurring several times per hour, performed to highest possible 0.009)
standards by highly motivated, highly trained and experienced
person, totally aware of implications of failure, with time to correct
potential error, but without the benefit of significant job aids

H Respond correctly to system command even when there is an 0.00002 (0.000006—
augmented or automated supervisory system providing accurate 0.00009)
interpretation of system stage

M Miscellaneous task for which no description can be found. (Nominal 0.03(0.008—0.11)

5th to 95th percentile data spreads were chosen on the basis of
experience suggesting log-normality)

Table3.6: Error Producing Conditions (EPCs) (Williams, 1986)
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Error-Producing Conditions (EPCs)

Maximum predicted nominal
amount by which unreliability
might change going from ‘good’

Error-producing condition conditions to ‘bad’
1.  Unfamiliarity with a situation which is potentially important but which only x 17
occurs infrequently or which is novel
2. A shortage of time available for error detection and correction x 11
3. A low signakto-noise ratio x 10
4. A means of suppressing or overriding information or features which is too easily x9
accessible
5. No means of conveying spatial and functional information to operators in x8
a form which they can readily assimilate
6. A mismatch between an operator’s model of the world and that imagined by x8
the designer
7. No obvious means of reversing an unintended action x8
8. A channel capacity overload, particularly one caused by simultancous presentation x 6
of non-redundant information
9. A need to unleam a technique and apply one which requires the application of an x 6
opposing philosophy
10. The need to transfer specific knowledge from task to task without loss x 5.5

11.  Ambiguity in the required performance standards

12. A mismatch between perceived and real risk

13.  Poor, ambiguous or ilkmatched system feedback

14.  No dear direct and timely confirmation of an intended action from the portion
of the system over which control is to be exerted

15.  Operator inexperienced (e.g. a newly qualified tradesman, but not an ‘expert’)

16. An impoverished quality of information conveyed by procedures and
person-person interaction

17.  Little or no independent checking or testing of output

18. A conflict between immediate and long-term objectives.

19.  No diversity of information input for veracity checks x2.5

REX, NI X XXX
D W ot
23

20. A mismatch between the educational achievement level of an individual and the x2
requirements of the task
21. Anincentive to use other more dangerous procedures x2
22. Ii]ittlc gwortunity to exercise mind and body outside the immediate confines of x 1.8
the jol
23.  Unreliable instrumentation (enough that it is noticed) x 1.6
24. A need for absolute judgements which are beyond the capabilities or experience x 1.6
of an operator
25.  Unclear allocation of function and responsibility x 1.6
26. No obvious way to keep track of progress during an activity x 1.4
27. A danger that finite physical capabilities will be exceeded x 1.4
28. Little or no intrinsic meaning in a task x 1.4
29. High-level emotional stress x 1.3
30. Ewvidence of ill-health amongst operatives, especally fever x 1.2
31. Low workforce morale x 1.2
32. Inconsistency of meaning of displays and procedures x 1.2
33. A poor or hostile environment (below 75% of health or life-threatening severity) x 1.15
34. Prolonged inactivity or highly repetitious cycling of low mental workload tasks x 1.1 for first halfhour
x 1.05 for each hour thereafter
35.  Disruption of normal work-sleep cycles x L1
36. Task pacing caused by the intervention of others x 1.06
37. Additional team members over and above those necessary x 1.03 per
to perform task normally and satisfactorily additional man
38.  Age of personnel performing perceptual tasks x 1.02

3.3. Human Reliability Assessment in Construction Industry

Construction being one d@he complex indusies entailsa high risk of accidents due the
involvement of human actions throughout the project exac(@swald, Smith and Sherratt,
2015) The high accident rates due to human error require more attesitioa it is one of the
most prominent factors affecting the performancéhefconstruction industryLarouzee and

Le Coze, 2020)Severakfforts haeebeen made to eliminate human error from the construction
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process to avoid accident&ariuki and Loéwe 2007; Haleet al, 2012a; Yeet al, 2018;
Ramprasactt al, 2019; Milazzoet al, 2021) Accident causation models (described above)
contributed substantially to identifig the root cause of accidents, however, these traditional
models retrospectivel analyse the incidents ignoring the complexity of the system or
environment(Jenkinset al, 2010; Aposteimates and Barbu, 2016}urthermore, these
retrospective models of identifying the error from past incidentsausp-to-bottom safety
managemenapproactto eliminating the errors through the organisational sygtdoaveni,
Banihashemi and Mojtahedi, 201%aving said that, it is evident from the literature that a
proactive human risk assessment approach is required to mitigate humanirertioes

construction industryFargnoli and Lombardi, 2019)

NeverthelesstheHRA approach has successfully been used in several industries to control the
personal characteristics and behavioural aspects of the workers in a-imatizine system
(Ung, 2015) The costruction industry which réts heavily on human actions and human
reliability in construction activities decides the successful completion of the project
(Ramprasad, Kumar and Prabhat Kumar, 20Bhe context of HRA, limited attention has
been given to eliminatg human error from the construction process ugiediRA approach.
Moaveni, Banihashemi and Mojtahedi (20Byued that the use of HRA can help to reduce
the probability of human error the construction industryhowever, ver limited use of HRA

is found in the literaturePriskaet al. (2020) appliedthe CREAM method to analyzéhe
workers behavior and relatedrisihnl ndonesi ads ¢ oManytrasaarcheisand | nd u
safety professionals havecoanmended the use of HRA to reduce the human factofHIiSE,

2009; Houet al, 2021) however, onlya few have implemeted the concept of human
reliability in the construction for safe work executigargndi and Lombardi, 2019; Prisket

al., 2020) Severalreasons have been found which lininetuse of HRA in the construction

industry which are discussed in the next section.
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3.3.1. Limitations of Human Reliability Analysisfor the Construction Industry

Nevertheless, the HRA approach has successfully been used in several industries to control the
personal characteristics and behavioural aspects of workers in a complex-rhactane
system(Ung, 2015) The construction industry which heavily relies upol is also the victim

of human actions sanot benefited from HRA method®amprasacet al, 2019) Although
technological advancements in the construction industry have helped the construction industry
with better risk assessment and safety management, however, human error is still found to have
appalling effect®n the construction industry. Accorgjro the literature, limited attention has

been given to eliminating human error from the construction process, however,
recommendations have been made by the researchers to use HRA. For indtavesi,
Banihashemi and Mojtahedi (201@viewed the HR models and mentionagtiatHRA could

help to reduce the probability of human error in the construction industry. SimPaitka
Sinabariba et al. (202@pplied the CREAM method to analyse woskbehaviour and related

ri sk i n 1 ndoonendusty.0Several oesearthersiand safety professionals have
recommended the use of HRA in the construction industry to reduce the human factor risk
(HSE, 2009; Howet al, 2021) however, only a few have implemented the concept of human
reliability in construction for safe work executidirargnoli and Lombardi, 2019; Priska

Sinabaribaet al, 2020)

In the construction industrihetraditional way of dealing with any sort of riaksociated with

the construction process known asfirisk assessmemt(Pinto, Nunes and Ribeiro, 2011)
However,Aven (2003)argued that risk assessment and reliability analysis are two distinct
subjects with a great deal of overlap. Reliability engineering is narrow in scope than risk
assessment and tends to deal witlgineered systems which demand high reliability and are
subjected to repeated failur¢Swain, 1990; Frenclet al, 2011) Furthermore, human

behaviour is complex and usually nmtional in a complex socitechnical system driven by
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the number of exten a | and internal factors thand | eads
otripdé wHauét aln202d)Rareover, human errors are socially defined events for
instance; a perfectly reasonable action for one person might be a disastroe$dathe other

(Hollnagel, 1998)Whereas risk assessment is a quite broader term usually carriteddeal

with organisational and environmental factors but igathe personal factors that could lead

to human errorsLhe literature reviewed abotas made it obvious to embrace HRA for human

error management however, this technique could not make its way into the construction

industry.

One of the maiimitations of theuse of HRA in the construction industry is the complexity

of HRA methodgSchiraldi, 2013)Each of the HRA methods has its limitations as well as
different calculation techniques to analyse the t4BISE, 2009) Therefore, safety
professionals in cotrsiction are reluctartb use HRA methods because of their sophisticated
nature. Moreover, many of the HRA methods require expert human reliability analysts to
calculate the human reliability analysis of complex tasks. Such a person is usually an
engineemg psychologist, human factor specialist ergonomist Therefore, the risk
assessment team needs to include a person with human reliability assessment expertise as the
construction safety professionals are usually unfamiliar with HRA. Another limitaitmei
working style of the construction industry which traditionally operates around efficiency rather
than reliability, however, HRA encouragesulture of reliability instead of efficiendfrench

et al, 2011) Another limitation found is the unavability of human reliability analysis
methods specifically made for the construction industry. Although few efforts have been made
as mentioned above, however, no robust HRA with practical usage has been found in the

literature.
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3.4. Technology Interventions in Health & Safety in Construction

The foregoing literature has stated all the paramount causal factors of accidents on construction
sites responsible for ineffective safety performance. In response to the shortcomings of
traditional safety measurethis study reviewed the contemporary methods and tools being
practsed in safetycritical industries and identified a method integrated with advanced
technologies to overcome the causal fact®ask and Kim (20133tated that the Architecture,
Engineering, ©nstruction(AEC) and Facility Management (FM) induists heavily rey on

visual communicationand can be benefied enormouslyfrom advancements in virtual
technology.For instance, the use of building information modelling (BIM) has changed the
way of phnning and management approaches in the construction infilsaryget al, 2013b)

BIM applications are not limited to visualization however, it facilitates communications and
collaborations for better planning, design and management. Similarly;bBfdd safety
methods have also been introduced in the construction industry in thdepade, however,

most of them were focused on risk assessment. For ins@acah and John (201d¢veloped

a method to integrate project planning and safety management through BIM. Similarly,
Hongling et al. (2016§leveloped a tool to integrate Bllhd safety rules to identify unsafe

factors during the design phase of the construction project.

Consequently, many other technologies have made their way to the construction industry; the
most prominent ones found in the literature are 3D & 4D techna@pgé®graphic information
systems (GIS), immersive technologies, vbelsed safety management and monitoring
technologies, digital technologies and unmanned aerial systems (UAS) for safety management
and risk assessme(Chantawitet al, 2005a; Bansal, 2Q%; Greuteret al, 2012; Teizer,

Cheng and Fang, 2013c; Bhoir and Esmaeili, 20186t ki, 2015, 2018a; Zharef al, 2015b;

Azhar, 2017; Meloet al, 2017a) The concept bautomation has also prevailed in the

construction industry in recent yearshvthe advancement in technology. Automation in the
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construction industry has distinct interpretations at different levels in the construction industry
(Chenet al, 2018) For instance, hile most designers see this as a way to automate project
planningand design, construction contractors see it as using robots to complete tasks on site.
Similarly, different definitions exist in the literature on automation in the construction industry.

For exampleBock (2015)d ef i ned &éconst r arewsebafitecanologg amdt i o n G
processes that will fundamentally alter the course and concept of constr@tidine other

side, ontractorsdeviseda more specific definition, referring to "construction automation™ as

a machinecontrolled construction technag for deploying robotic systems in the construction

area(Jung, Chu and Hong, 2013)

Previous research found that the majority of construgttated accidents were caused by a
lack of preventive and proactive acticgh as workforce training, riskssessment and
hazarddentification, safety awareness and education, and s(Park and Kim, 2013b)
Building Information Modeling (BIM), Virtual Reality (VR), Augmented Reality (AR), and
other game enginkased Mixed Reality (MR) solutions have ba&embedded into the safety
management systems to overcome the pertaining challéGhesKang and Wang, 2013)
These advancements in immersive technology have benefited enormously in many industries
like education, marketing, entertainment, and healthtcam@prove the learning experience,
cognitive ability, creativity and engagemefBuh and Prophet, 2018Lonscientiously,
immersive technology has also found its applications in the construction industry for
visualization and planning purposes.

As dorementioned, mny researchers already hdeatatively implementedlirtual reality for
bettervisualization, planningsollaboration, communicatiotrainingand safety enhancement
areas For instanceHongling et al. (2016)leveloped a game for consttion safety training

by allowing the trainees to navigate and perform construction operammhgnhance their

safety perceptiarLi, Chan and Skitmore (2018sed the game engine to develop a VR training
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program that allowed the users to practicepiozess of safe tower crane dismantlement and
other teaching and learning purposes. Simildtly,et al. (2015)designed a game for the
students to learn about safety materials, rules, and regulations through interaction using virtual
reality. Similarly, Guo, Yu and Skitmore (2017a&fudied the application of visualisation
technologies in construction safety and discovered that visualisation technology may
efficiently enhance safety training, enable job risk area identification, and prevention of
accicents in a visible, interactive, and cooperative marB@&sed on the broad applications of
immersive technologies for visualization, training and hazard analysis, this research aimed to
further explore the immersive technologies for the development gértpmosed immersive

safety management framework.
3.4.1. Immersive Technologies (VR/AR) Overview

Soliman, Peetz and Davydenk (20@éfined immersive technology as a technology that blurs
the barrier between the physical and virtual worlds, creates an immemsivegfand enhances

the realism of virtual encountesn immersive virtual environment (IVE) surrounds the user
perceptually, boosting the user's impressiothepresence or real presence withifte goal

of virtual reality (VR) simulation is to creaimmersive settings in which users may get unique
insights into how the actual world operafiésn et al, 2013; Gueet al, 2018; Suh and Prophet,
2018) The concept of VR appeared more than 50 years before the invention of the first
immersivef ldmanrcomputer interactian(HCI) model called théi M amachine graphical
communicationsystem whi ch was | at er (Lakaeenperand Matkawia | r e a
2009; Liet al, 2018a) Scholars have since proposed many taxonomies to explain where a
rigorous VR idea should be placed the continuum of reality to virtuality (R\proposed by
Milgram and Colquhoum 1994 shown in Figur@.14below(Skibniewski, 2014)This reality
virtuality continuum represenfsur Reality-Virtuality experience lesls based on the degree

of blending that various electronic display technologies can achieve
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Figure 3.15: Benford's Classification of Virtual and Real Spékeet al., 2018a)
Furthermore, to differentiate the boundaries between reality and virtuality; another taxonomy
has been introduced Benfordshown in Figur&.15(Li et al, 2018a) Benford classifiedour
spacedased on whether a group of users can access virtugs tliom their local space and
whether a space is synthetic or dependent on the physical Woedpplication of immersive

technologies covers broad areas from visualization to perception developments with the aid of
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different technologies. Moreovevirtual reality (VR) aims to replace a usegserceptionof

their surroundings witthe help ofacomputergenerated artificial 3D environme@imilarly,
augmented reality (AR) aids userso6 percept.i
world (Carmigiiani et al, 2011) AR is an emergingechnology that combines images of

virtual items with the actual environment. AR technology could achieve the goal of augmenting

a person's perception of virtual prototyping with actual entities by putting viriadylated

prototypes into the real world and producing an augmented scene.

Various visualisation approaches, such as VR and refaeglopment, such #R, have been

used to enrich learning experiences since the early 2000s. Virtual reality has prbeea to
useful technique for improving learning and visualising abilitfé¢ang et al, 2018)
Furthermore, traditional 3D approaches to education and training rely on the use of a mouse or
keyboard to engage with the compugenerated structural for(RPak et al, 2016) Therefore

the role of immersive technologies has been critical to addressing the prevailing challenges
raised by theapid changes in the technology usethmindustry byffering adequate training
programmes to improve employedlailly taskswhich have become increasingly crucial.
Traditional training methods, such as compwatieledlearning, are incapable of preparing
decisionmakersto deal with numerousituations thus immersive technologies enable
cognitive learning by immersinghe employee in the retime situation However, the
application of immersive technologies is not limited to visualization and immersive learning
but extends to behaviour development through cognitive re@iliegin et al, 2016)

3.4.2. Virtual Reality (VR) Development in Immersive Technology

VR is a computegenerated scenario that creates a realistic experience that may be engaged in
a presumably real or physical way by a person utilising sophisticated electrical equipment
(Muhanna, 2015)To displayimportant data and analyses in immersive areas, it has mostly

relied on interactive 3D graphics, user interfaces, and visual simulation &4gaghical
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representation of devices and objects of interest employing graphical languages). Because of
its abilty to stimulate involvement and motivation, virtual reality (VR) is widely employed in

the sectors of education and train{ifgeina and Ott, 2015Yirtual reality has applications in

safety training as well asmbedding safety perception by developoanputedaided safety
scenariosVR offers the possibility of travelling safely around risky situations, learning to
manage emotions while experimenting with the best solutions, far away from the real dangers,
for vocational training aimed at adult workevho otherwisecould not be physically reached

due to constraints such as time, physical inaccessibility, and ethical co(feina and Ott,

2015)

There is a diverse set of technologies available, inclutbngputeiinterfaces, portable devices,
3D graphics,and sensorall of which are required to create immersive environmsuath as
headmounted displays (HMDgBernalet al, 2022) The usecanbecompletely immersed in

the virtual environmenwith the help of thestechnologiesMoreover, thee technologies also
helpusers experience more immersion, presence,rdedictivity The degree to which a user
canengage withthe simulated world is referred to as interactiviiymilarly, the subjective
sensation (illusion) of being in om@ace is known as presence, and it is closely linked to
immersion.lmmersion, from a technological standpoint, refers to a system's ability to provide
a comprehensive and expansive environment, as well as a vivid perception of Asakty.
result, displayresolution, stereo capability, a wide field of view, tracking devices, and input
devices all contribute to the illusiodmmersion, from a psychological point of view, is a mental
and emotional state in which the user perceives sensory isolation fromeahevorld
(Sepasgozar, 2022)hus,immersive virtualisation technology gives the impression that the

user is physically, cognitively, and emotionally present in a virtual 3D environment.
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3.4.3. Virtual Reality (VR) System Development

Virtual reality systemsarecreated by the interaction of three components: computer, software
and peripheral hardwafErank Moore and Gheisari, 20198&gveral software tools have been
used by professionals for the modelling of the virtual world integrated with thev&ige tools

to developa sense of immersioThe hardware serves as the primary interface between the
user and the virtual or augmented waleth as HMD and CAVESacks, Perlman and Barak,
2013a) Figure46 below shows the basic requirements for thevééopment of a virtual reality
system. This starts with the development of scenarios using 3D modelling software, however,
not limited to the environment but the objects and characters in the virtual world. In the
construction industry, several tools hdneen used for 3D modelling that is required for virtual
environment development. In the construction industry, the most commonly used 3D tools are
BIM 3D, Revit, 3D Max, Maya, and Blender which can be used for 3D modelling in VR
development. Figurd.16shows the 3D modelling of a construction scenario that can be used

in developing an immersive environment.

Design,
prototype,

and 3D
modeling
tools

Target VR
headsets and
accessories

Advanced
computer
hardware

Figure 3.16. VR Development Requiremeffsank Moore and Gheisari, 2019a)
Subsequently, along with the conventional modelling software, immersive development
requires another set of software tools called G&mgines which converts 3D models into

immersive environments. Moreover,game engine israabsolute part immersive to@br
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creating interactive virtual reality experien¢8&rnalet al, 2022) Game engines aspecial
softwarethat use programming and graphic desgifis to create rich, immersive, and realistic
worlds. These tools are aimed at connecting all softveaie hardware technologies to create

an essence of immersive existence. Moreover, along with the integration, the essential purpose
of game engines is to develop functions and systems using programmingarnkxexecuted

in the virtual world. Figure3.17 below demonstrates the development of VR using
encompassing different software and hardware tools. Several tools have been usually utilised
for the development of a virtual environment. First of all, the virtual environment is developed
utilizing modelling tools such as Revit, 3D Max, Maya and Blender followed by the game
engine where most of the development is carried out. The training simulations, different levels
of complexities and scenarliased assessments are designed in the game engines. Roejnsta

Bernal et al. (2022feveloped a virtual reality training game utilizing Revit along with

Rl

VR Hardware Integration

Unity3D for safety training.

R AUTODESK g AUTODESK'
REVIT 3DS MAX

VR Environment Development

unity unmea
VR Code Development

.:K
AUTODESK' @
M MAYA 2}

blender

VR Objects Development

Figure 3.17: VR Development ProcefBernal et al., 2022)



Page|93

Along with the game mgines, several hardware tools are utilized to develop a sense of
immersion. The Cave Automatic Virtual Environments (CAVE)as the first immersive
instrument introduced by researchers that facilitate immersionvhich the user is in a
chamber withprojection screens on all four walls and the floditerwards, VR glasses and
headmounted displays (HMD) further improved virtual reality with the introduction of sensory
instrumentsCAVE environments are still quite expensive, they require a dedicaded and

they are not easily transportalffereina and Ott, 2015Because of theseharacteristicsghey

are unlikely to be widely used in education and trainifigils, CAVE technology igypically

used in cultural heritage educati@tt and Pozzi, 208). However, on the other sidegaring

3D glasses, the user feels as though he is floating in the simulated world, free to move around.
Moreover,VR glasses or other types of Head Mounted Displays (HMD) can easily give the
visceral sensation of actualbeing in the simulated world when combined with headphones.
For the complete immersive sendepaour five senses should be involviedhe development

of thevirtual world. However, nost VR environments today don't handle all of them, instead
focusing on two of them: sight and hearinghis research aimed to explore immersive
technologies for the development of a safety management framework. It is clear from the above
literature that immersive technology can immensely benefit the found safety iesthes i
construction industry by developing immersive VR from human reliability assessment and

training simulations.
3.5. Considerationsin Developing theFramework

Several accident causation models developed since the hW@86sritically examined in this

chaper to identify the developments in the area of human error. The accident causation models
aimed at investigating root causes of accidents have been extensively used in the past for
accident investigations to help reduces accidents in many industriesrddeaaychers in recent

years have investigated historical advancements in accident causation models to develop safety
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management systems. For instance, accident causation models have been classified into simple
linear models, complex linear models and cawrpionlinear models. The advanced accident
causation models advocate adopting a systematic approach to deal with inevitable accidents in
complex dynamic sociechnical systems. Several accident causation models have been
explored in this research, forstance, the swissheese model, SDK model and Birds Model
which identify latent and direct causes of accideMsreover, the swissheese model
influenced this study and the proposed model has been devddaped on this model by
incorporatinga human error barrier within the saéfemanagement systenthese models
contributed substantially to thesearchin identifying the proximal, latent and influencing
factorsthat helped the researtt understand the accident mechanism as weillgidighting

the key factors to focusnto manage human factors
3.6. Chapter Summary

This chapteexaminedhe most prominent factor that causes most of the casualties to further
explore the methods used in several industries to minimize or eliminate the outstaiediisg ef
Through a rigorous literature review, the research identified human factors as the most
noteworthy cause of accidents in the construction industg.'"Human Factor is commonly
defined as the interaction of human beings with each other and withottkplace in any
workplace.Due to technological advancement, the construction industry has become a more
complex and dynamic soctechnical system that signifies the importance of the human factor.
The literature alseeviewed theaccident causation thees to understand the process involved

in the accidents. Researfthitherrevealed that human factors originate because of the personal
traits of the workers in a system. Hence, the research explored the methods which have been
used by the researchersrutigate the impacts of human errasd identified the potential
methods and techniques which helped to develop the proposed framework for safety

management.
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Subsequently, this chapter also examined human reliability analysis (HRA) methods used as a
prevailing practice in safetgritical industries as a systematic technique to identify, quantify

and mitigate human error in complex safety systems. The HRA approach has successfully been
used in several industries to control the personal characteristibebadoural aspects of the

workers in a humamachine system. The complexities of these methods have been identified

as one of the prominent reasons these met ho.
industry. However, the study of human relidilanalysis was the key milestone for the

research as it steered the research to develop the safety management framework based on

human reliability assessment/analysis.

Lastly, the chapter reviewed the technological advancement in construction as wh#ras o
industries. Technological advancements have helped many industries to overcome the
prevailing issues, especially safety issues, however, the construction industry could not yet
fully benefit from the advanced technologies. This research has explatedfsheart
technologies that have been used in construction and found automation, visualization and
immersive technologies among the top trends in the construction industry. Morealegsthn
insight into immersive technologies has been carriedroptifsuit to develop a technological
gateway for safety management in the construction industry. Immersive technology has been
found pertinent to developing a safety management framework. Therefore, to accomplish the
study's aim the applications of immessitechnologies have been reviewed and incorporated

into the proposed safety management framework.
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Chapter 4: ResearchDesign andMethodology
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4. Introduction

The previous chapterarried outa succinct accident causation study as well as reviewed the
H&S methods useih safetycritical industriego propose anethod to manage human factors

in the construction industryThis chapterunweils the research methodologyractisedto

conduct thigesearchThe chapter alspresents thdata collectioomethodsresearch approach
usedfor primary datacollectionandanalysisappropriate to achieve thhesearchobjectives.
Moreover, this chapter explains the connection between the adopted research methodology and

research philosophies
4,1. Resarch Methodology

The term O0researchd has been defined in the
into and study of materials and Uastalor(20Bl t 0 e
stated that the researchrried out can beomprehendedh terms of the research philosophy
adoptedthe research strategy employed, and thus the research instruments used in the pursuit
of agoal.,Si mi |l arl vy, a range of interpretations
met hodol og ystientifiofields. Thé reseaech methodology is the approach and the
login to the principle and procedures of scientific rese@felows and Liu, 2015Moreover,

Fellows and Liu (2015¥urther stated that the research involves systematic and lcarefu
investigation of research questions that contribute to the addition of knowledge. Similarly,
Fernandez (202QJefines the research methodology as a systematic and scientific search for
appropriate knowledge on a specific topic. Similakymar and Prommathed (2005eferred

to a research methodology as the approach that comprises philosophy and toethpgort

the investigation. Therefore, a research methodology comprises research philosophy, approach
and techniques used for the scientific inigegion of an issuéKnight and Ruddock, 2009;

Fernandez, 2020)
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Researchers in the different research domains usually adopt customised research
met hodol ogi es however, there are two kinds
resear cho easnedarécOmi.onfThRr former is a simplifi
by Kagioglou (1998)n which the final research tools/techniques are selected by narrowing
down the research philosophies and the adopted research approach. The nested methodology
has thee layers, where the research philosophy guides and energises the research approach and

research techniques from the outer layer as shown in Fdure

Research Philosophy

Research Approach

Research

Technique

Figure 4.1: Nested Research Philosopfi$agioglou, 1998)

Alternatively, the latter research methodology develope&duynders, Lewis and Thornhill
(2013) for business el at ed research comprises multiple
formulate an effective research methodology shownguarE4.2. The prominent layers in the
6research onioné are; research philosophy,
collection starting from outer to inner. Research onion provides an extensive explanation of the

key layers or stages that mustdmeomplished to develop a robust methodolddglnikovas,

2018) Within this research onion, the starting point is the delineation of the main philosophy,

choosing appropriate research approaches, methods, strategies, and time horizon as well as
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identifying the data collection and analysis technique which altogether connects the research

logic to the research design.

POSItIVISIIL #++ereeuesereoriomgeroesesesussesens Philosophy

PR R TI Approach to
theory development

Mono method
quantitative

Dedu:ction Methodological

choice

Critical
realism
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Experiment

quan[ita[ive B T T N T PP P PP PR P PRI PR PP PP PP

Archival
research

Cross-sectional

Dat: Multi-method

col]edctc}on quantitative I
. nter-
and data Abduction | pretivism
analysis £ e Y - - Strategy(ies)
L - Multi-method
Longitudinal “~~./ quantitative

H Action R A Time
 Narrative research horizon
\dnquiry Grounded

Mixed method

theory simple

POStj
modernism

Mixed method
complex

Induction

“e-eeee Techniques and
procedures

Pragmatism

Figure 4.2: Research Onion Methodolog$aunders, Lewis and Thornhill, 2013)

The six nain layers of the research onion are described b@awnders, Lewis and Thornhill,

2013)

1. Research Phisophy:This layer form the research basis throuahé delineation of
ontology, epistemology and axiology ottltesearch.

ResearchApproach: This is built on the adopted research philosopimgl usually
includes deduction, induction or abduction approaches.

3. Methodological Choicefollowed by the selection of research approach [dyer
determines the selection of qualitative, quatitieaor mixed methods.

Research Strategyidentify the research strategy to collect and analyze data which

includes: survey, experiment, case study, ethnography, action research, archival

research or narrative exploration.
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5. Time horizon:Defines the timeline for the research that involves esessional or
longitudinal research.
6. Techniques/Toolsthis layer involves the selection of appropriate techniques/tools for

data collection and analysis.

Each of these layelis examined below andn adoptedphilosophicalassumption has been
identified for this research.

4.1.1. Research Philosophy

When carrying out the research, the researchers must implement the underlying philosophical
perspectivgdGray and Malins, 2004)These underlying philosophicassumptions delineate

the nature of reality (ontology) for the pursuit of knowledge (epistemology) considering the
ethics of research (axiologgffellows and Liu, 2015; Melnikovas, 2018hese philosophical

assumptions argescribed below;
4.1.1.1. Ontology

Ontology is a philosophical viewpoint that refers to the natureadity or what holds a reality
(Saunders, Lewis and Thornhill, 201Be Vreede (1998jtates ontology is the way we define

reality. The context of a paradigm or the reality of a lbelystem is represented by ontology.

An ontology could be characterized as either
assumptions are also ment i (BareldndMorganR878) i s mod
600bj ecti vi s mbrstothe péskian avhere &Enoviledge eXises in the reality external

of the soci al actors whereas, 6Subjectivisn
knowledge and its existence from the perceptions and the subsequent actions of social actors
(Alan Bryman, 2012)

As the research aims to identify the root causes of accidents to establish a robust
method/framework for improved safety, therefore, this reseantds outthe realistic

ontological position. Furthermore, this research revolves aroumdeats in the construction
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industry and the ontological question of thi
takes a subjective standpoint. Hence, this research aligns more towards idealism or
subjectivism to interpret knowledge mainly througgtial interaction. Moreover, by taking

this position, these research outcomes were developed based on the participant's opinions,

views, and knowledge about the research questions.
4.1.1.2. Epistemology

Epistemology, as mentioned above, is mainly concerned witfta® as well as the nature of
knowledge and the relationship between research and resea$eherders, Lewis and
Thornhill (2013)reported that epistemology shapes what dewsafisfactory knowledge in

the specific domain of study. It emphasizesabeeptability of knowledge in the field of study,

i.e. how knowledge is acquirddlan Bryman, 2012)The key concern of epistemology is
explaining the relationship between knowledge and researchers during the résearah
Killam, 2013) In conducthg research, there artur philosophical perspectivesto
epistemology wh i ¢ h i nclude Opositivismb, i nter pl
constructivism)pealismand Opr agmati s mb.

Positivism is a type of philosophy that believes data can be acquoed dbservations
(Michael Levin, 1998) Alternatively, interpretivism proposes that knowledge can only be
identified through subjective interpretations of reali@rotty, 1998; Saunders, Lewis and
Thornhill, 2013) Lastly, pragmatism is another phitgsical paradigm that is calletthe
Philosophy of Common Sense. Pragmatism is aaiit@nted research philosophy that argues
concepts are only useful when they support actiietemen and Rumens, 2008joreover,
pragmatism lies between two extreme@$ophical positions i.e. positivism and interpretivism.
The ontological, epistemological and axiological position of the discussed philosophies is

highlighted in Tablet.1 below.
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Subsequently, in terms of epistemological position, consideringpabemological extremes,

A

Opositivistd and O6soci al constructivi smo,
constructivism. Moreover, this study is exploratory by nature and interprets knowledge based
on unarticulated knowledge from H&S intelteals and exploits both qualitative and
guantitative research paradigms for data collection to investigate the issue and present a method
to overcome it. Hence, based on the explored epistemological approaches to dealing with the
issue and the selected medological approach, this study best fits under the pragmatic

epistemological approach.

Table4.1: Research Philosophies Comparig@aunders, Lewis and Thornhill, 2013)

Positivism

Realism

Interpretivism

Pragmatism

Ontology: the
researcher’s view of
the nature of reality
or being

External, objective
and independent of
social actors

Is objective. Exists
independently of
human thoughts and
beliefs or knowledge
of their existence
(realist), but is
interpreted through
social conditioning
(critical realist)

Socially constructed,
subjective, may
change, multiple

External, multiple,
view chosen to best
enable answering
of research
question

Epistemology: the
researcher’s view
regarding what

Only observable
phenomena can
provide credible

Observable
phenomena provide
credible data, facts.

Subjective meanings
and social
phenomena. Focus

Either or both
observable
phenomena and

constitutes data, facts. Focus Insufficient data upon the details subjective meanings
acceptable on causality and law  means inaccuracies of situation, a can provide
knowledge like generalisations, in sensations (direct reality behind acceptable
reducing realism). Alternatively,  these details, knowledge
phenomena to phenomena create subjective dependent upon
simplest elements sensations which meanings the research
are open to motivating actions question. Focus
misinterpretation on practical
(critical realism). applied research,
Focus on explaining integrating different
within a context perspectives to help
or contexts interpret the data
Axiology: the Research is Research is value Research is value Values play a large

researcher’s view of
the role of values in
research

undertaken in a
value-free way,

the researcher is
independent of the
data and maintains
an objective stance

laden; the researcher
is biased by world
views, cultural
experiences and
upbringing. These
will impact on the
research

bound, the
researcher is part

of what is being
researched, cannot
be separated and so
will be subjective

role in interpreting
results, the
researcher adopting
both objective and
subjective points of
view
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4.1.1.3. Axiology

The role of ethics andales in the researgirocesss referredto as Axiology.This is the

position within the research philosophy that judges the research (&uaders, Lewis and

Thornhill, 2015) EasterbySmith, M., Thorpe, R. and Jackson (204f2¥e axiology as théaird

component of the research philosophy that identifies whether the reality isfnesdugr value

driven Moreover, the axiological assumptions concern the nature of value and the foundation

for the value judgemeniKulatunga, Amaratunga and Haigh, ZQ)0Hence, as mentioned
above, this spectfrrueare & amlgerse fmo mv lviad ujeudger
research-landéndédvahee e value is i mpod&etds on th
research aims to build the outcomes based orestiNg interpretations, further, the research
outcomes are purely based on the researcher's values which help to determine what is real facts

and knowledge. Hence, the research FiguBshows the philosophical position of this study.

Ontology

4
v

Towards
traditional
positivism

Value free

Positivism

Axiology

Philosephical Continuum

Epistemology

Value laden
Philosophical stance of
undertaken research

Constructionism

Towards
Social
Constructionism

Figure 4.3: Continuum of Adopted Research Philosophy
4.1.2. ResearchApproach

After underpinning the philosophical positioning of this research, the research approach is the
following layer in the research onion which typically is dependent on the adopted philosophical

paradigm.Saunders, Lewis and Thornhill (2018gfined the resarch approach akow to
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establish knowledge/theory. FurthermoFéurairajah, Haigh and Amaratunga (208%ted

that the research approach is about conducting research activity for data collection in the most
appropriate way to achieve the research sai®aunders, Lewis and Thornhill (2013)
categorised the research approach intAo o6ded

detailed commentary on each research approach is provided in thectioims below.
4.1.2.1. Deductive Approach

As noted above, the deductive approach involves the developmanthedry based on the
rigorous test by the research{&aunders, Lewis and Thornhill, 201®aunders, Lewis and
Thornhill (2013)state that the deductive approach is typically usedéalistic ontological
research. Moreover, the deductive approach drives from broader to more particular
perspectives and is also known as thedown research approa¢Hyde, 2000) Robson and
McCartan (2002jnentioned five stages tarrying outa deductive inquiryas shown irFigure

4.4. As this research entaidssubjectiveontological position therefore the deductive approach

wonot be todhispesearchabl e

A

Figure 4.4: Deduction Approach StefRobson and McCartan, 2002)

4.1.2.2. Inductive Approach

The inductive approach is a thedsyilding process, that starts with the observations of a
specific perception and seeks to build a theory/generalisation about the phenomesron und
investigation (Hyde, 2000) Contrary to the deductive approadhge inductive approach

involves the development aftheory based on perceptiorhis approach is frequently used in

the social sciences and suppatbjective/idealistic ontological research and is also referred

to as tdwedohbhppromch to drive data frdb part.i

illustrates the steps involved in the untive research approackurthermore, for a better
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undestanding,Saunders, Lewis and Thornhill (2018)ggested the following differences

between deductive and inductive approaches shown in #able

Figure 4.5: Inductive Approach Stefslyde, 2000; Teddliand Tashakkori, 2009; Alan

Bryman, 2012)

Table4.2: The comparison between deductive and inductive inquiries

Deduction emphasises Induction Emphasises
1 scientific principles 1 gettingan understanding of the meaning
1 moving from theory to data social actorsttach to events
 the need to describe causal relations |1 @ close understanding of the research
between variables background
f quantitative dataollection 1 qualitative dataollection
q theuseof controls to confirnthe I a more [exible approactto allow changes
validity of data in research weight as the research
{ the operationalisation of ideas to ensuj Progresses
theaccuracy of definition 1 anunderstanding that the researcher
1 a highly organised approach integralis part of the research process
1 researcher independesf what is being 9 lesspressurevith the need to generalise

researched

1 the need to select samples of adequat
size to generalise conclusions

This research builds its understanding on the pemepti the health and safety intellectuals

in the construction industry about health and safety practices in the construction industry,
therefore, this comfortably adopts an inductive research approach as mentiofiégtiby

2000) for the development of Bealth and Safety management framework. Moreover, the
implemented research is researetieven holds an idealistic ontological position and utilizes
gualitative research methods for data collection and analysis, hence, this research could be

underpinnedas inductive research. Hence, the inductive research approach has been adopted
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for this research that exploits both deductive as well as inductive approaches for the best

outcomes.
4.1.2.3. Abductive Approach

Abduction is another position in the reseamplproachhat argues that theory can be developed
from inference, starting from observation as the basic concept for further redéelrtkovas,

2018) He further noted that laductive inference ishe best conclusioror guessbased on
availableknowledge The abductive technique is based on the observation that most major
scientific breakthroughs did not follow a pattern of pmductionor puredediction (Kovacs

and Spens, 2005As this research is takingn inductive apgoach herefore this research
approacttan not beppliedto this study

4.1.3. Methodological Choice

It is crucial to underpin the research methodolafgr adopting a research approdbht

defines how the research intends to acquire knowlgdige Bryman, 2Q2; Saunders, Lewis

and Thornhill, 2013)The research methods highlight the ways to answer the research questions.
The research methodologies are usually classified research methodologies as qualitative and
guantitative(Saunders, Lewis and ThornhillD23). However, nany researchers have used a
mixed-methodologies strategy, which combines qualitative and quantitative methods in the
same studyMoreover, these terms are commonly used in business and management research
to distinguish between both datallection and analysis techniqud$e decision to choose
anymethodologywvould be based on the study's goal as well as the type and availability of data
for the researciHence, the research methodology is either qualitative or quantitative or mixed
basel on research objective€Saunders, Lewis and Thornhill, 2013Jhese research
methodologies are examined below to clarify the difference and select an appropriate method

for this study.
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4.1.3.1. Qualitative Methodology

Qualitative researcmethodology usesn irductive approach, which is wedlited for research

that seeks a deeper understanding of topics that are primarily related to the study of the
implications of human experience, rather than testing predic(al@ Bryman, 2012)
Qualitative research concerns understanding and exploring the meaning of the research
guestionsfrom the participant's viewpoir{Creswell, 2009) Furthermore, this methodology
deals with thewhybanddhowbtypes of questiongFellows and Liu, 2015)This implies that

it is based on interpretive or critical social science and takes-leamn approach to research.
Creswell (2009jurther stated thahe qualitative method examines the meaning individuals or
groups give to social or human problemtsrting with assumptions, worldviews, and various

theoretical lenses.
4.1.3.2. Quantitative Methodology

The guantitative research method is often related to true science that includes experimentation
as well as correlation studi€Sreswell, 2009)Quantitativeresearch methodology deals with
testing the theories by investigating the relationship between the research variables.
Furthermore, this research methodology is considergmsitivist researchparadigm as
mentioned in section 4.2.Quantitativemethodolgy is primarily used synonymously with

data collection methods (such as questionnaires) or data analysis procedures (such as graphs or
statistics) that generate or use numerical (Baanders, Lewis and Thornhill, 201S)milarly,

Creswell (2009%taed that this methodologgonsists othe application omathematical and
statistical techniqués identify facts and causalityhisfollows a deductiveesearctapproach

based on hypothesis or theory testing and consists of variables measured by ramubers
analyzeusing statistical procedures to determine whethethbery or hypothesis remains

correct.
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4.1.3.3. Mixed-method Approach

Johnson and Onwuegbuzie (20@8fined a mixedne t hod a p p istodg cldss ira s ; i a
which researchersombineor mix qualitativeand quatitative research methods, approaches,
concepts, or languagesa single study. Creswell (20091 so descri bed mi xed
methodology that combines or links both quantr&aand qualitative methods to carry out the

i nqui ry o SauglersniLelia and Hhornhill (20Xr&ferred to multiplenethodologes

as employingboth quantitative and qualitative data collection techniques and analytic
procedures in a study desidtie further subdivided the multiplmet hod appr-oach a
met hodd amed hoondisxbe based on dat a cMiXednethdadi on an
research employs both quantitative and qualitative data gathering and aealysiguesand
procedureseither simultaneously (parallel) or sequentiatipdg aftetheothen, howeverdoes

not integrate them.

Mixed-model research incorporates qualitativelquantitativedatagathering techniques and
analysis procedures, as well as qualitativel quanttative approaches atherstages of the
research, such as tldevelopmenof research question¥he advantage of using a mixed
method approach is that¢ould assist in emphasising theoretically credible answers to the
researchquestion by removing pracal or cognitive hurdlesassociated with the study
(Creswell, 2009) Although a mixedmethods strategy can improve data collecting, the
researcher must first concentrate on the research question, goal, and @hoitegon and
Onwuegbuzie, 2004; Fellavand Liu, 2015)Mixed-method research can be classified as
Triangulation, Embedded, Complementarity, Explanatory or Explora(@ojhnson and
Onwuegbuzie, 2004; Creswell, 2009; Alan Bryman, 2012; Saunders, Lewis and Thornhill,

2013)shown inTable4.3below.
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Table4.3: Mixed-Method Res&rch Types

Mixed-Method Type Description

Triangulation Combining both qualitative and quantitative research metho
better examine the research problem.

Embedded Using either quantitative or qualitative research to answer res
questions in either predominantly quantitative or qualita
research.

Complementarity Use both qualitative and quantitative research methods to exi
complementary views about a particular aspect of research.

Explanatory A mixed-method approach uses qualitative data to exy
guantitative results.

Exploratory A Mixed-method approach utilizes quantitative data to expla
relationship found in qualitative data.

As thisstudyutilisesboth qualitative anduantitativeapproachegor framework development

and validation therefore,a mixedmethod approachvas adoptedo fulfil the purposeto
investigate the research problem as well as to develop a framework to rectify the problem.
Furthermore, exploratory mixedethod research has been conducted to first collect
guantitative data followed by qualitative interviews to vaiédthe research outcomes. To
answer the research questions, the quantitative research has been carried out in the first stages
using the questionnaire survey to explore the research problem and develop a novel framework
followed up by semstructured inteviews to validate the research findings. Hence, an
explanatory mixedanethod research approach has been found as the most appropriate research
method for this study to critically examine the research questions and propose a nhovel
framework to rectify them.

4.1.4. Research Strategies

On the successful selection of the researethodologythe next layeis to reveal the research
strategy inthe research onion b$aunders, Lewis and Thornhill (201Research strategies
are the essential components introduced in the research plan included in the research design to

coll ect and analyse data. Research strategy
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answer the research quest i oghsmethcdd Thé isbokd t o
research strategies listed Baunders, Lewis and Thornhill (201&8)k; experiments, surveys,

action research, interviews, grounded theory and ethnography. Therefore to develop a robust
research methodology to answer the resequastions, it is equally important to choose an
appropriate research strategy. Furthermore, the literature reveals that the researchers associate
specific research strategies with specific research philosoffP@kirage, Amaratunga and

Haigh, 2005) Fo instance, ethnography is usually associated with an interpretivism
epistemological positionwhile surveys and experiments are often linked with positivism
(Sexton, 2004) Similarly, case studies occasionally are used for both positivism and
interpretvism research{Saunders, Lewis and Thornhill, 2013Jowever, regardless of the
selection technique, the adopted strategy should be able to achieve the research objectives and
aims.Some of the commonly useésearch strategies\ebeen examined below;

4.1.4.1. Surveys

Surveys are a widely acknowledged reseasttategy that requires information from
participants through questionnaim@sstructured interviews. This research stragegyvides a

means to collect answers from a large numbepasficipantsin a stuctured format, using
statistical analysi€Creswell, 2009; Saunders, Lewis and Thornhill, 2013)Mor eover , a
is a norexperimental inquiry that is usually associated with a deductive research approach
(Alan Bryman, 2012)Surveys fit into thepositivist paradigm as this strategy relesavily on
guantitative data and quantitative analytical methods to find answers to research questions
(Oates, 2005)it is typically considered exploratory or descriptive research whielwislely

utilised strategyin business and managemshidies with the most common questions being
who, what, where, how much, and how maHgnce, this strategy allows you agsemble

guantitative data that can be analysed statistically with inferemitidescriptivestdistics
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Considering the explanatory and descriptive nature of this research as well as the usefulness of
this strategy in management research, this research stwedsgglectetb answer the research

guestions to find out the root causes of accidents and shortcomings in the current safety
practices in the construction industRurthermorethis strategy allows the collection of data

from a specific respondenwithin the organiation, therefore, fulfilling the research
requirement of obtaining data frospecificparticipantgH&S experts)from the construction

industry. Hence, asurveywadoptech s t he research strategy to s
to the research quest®moreover,the descriptive statistics approach was adopted to analyse

the results.
4.1.5. ResearchTechnique

Saunders, Lewis and Thornhill (201&)nsider data collecting and analysis to be the most
important aspect of researdResearch techniques are referred to as the methods/techniques

used for collecting data for the underpinned study. Researchers have divided the data collection
into three main categories; 0 s a Ifiah Brymarg , opr |
2012;Saunders, Lewis and Thornhill, 2018)oreover, some of the key research techniques

used in this research are; literature review, questionnaire survey-degtmsemstructured
interviews.These research techniques are examined below;

4.1.5.1. Literature Review

Building your study on existing knowleddse the most crucial yet building block of any
academic research activity, regardlesthesubjectlt enables scholars to comprehend current
information, theories, and methodologies, as well as unansweretibbgaea their domains
(Alan Bryman, 2012)Similarly, Tranfield, Denyer and Smart (2008)gued thas literature
review is asystematic wayf collecting and summarising previous reseafh a research
approach, an effective and welbbnducted revie establishes a solidundationfor increasing

knowledge and aiding theory developm@m™ebster and Watson, 2002herefore, it enables
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the researchers to critically review the previous knowledge to develop novel theories. Moreover,
aliterature reviewmay address research topmecisely and comprehensivedy combining

results andindingsfrom multiple empirical studiel'ranfield, Denyer and Smart, 2003)

Snyder (2019suggested several essential steps which have to be carried out for an effective
and comprehensive literature review which include; (i) designing the review, (ii) conducting
the review, (iii)analysing and lastly, (iv) writing up the literature review.i¥means that an
effective literature review allows the researchers to identify the existing-ofttte-art
knowledge, analyse its importance and align their research position and questions accordingly
to avoid any duplication of knowledge that alreadis®s. Additionally, sveralauthorshave
mentionedhatconductinga literature review allows scholars to build on current information
and broaden their breadth of understandinhtheir area of interegiNaoum, 2007; Creswell,

2009; Saunders, Lewis andhdrnhill, 2013) The literature review has been a very important
part of this research as it helped to explore the health and safety problems, highlighted the
factors affecting health & safety performance, enlightened the process of the safety
managemergystem as well as played a vital role in identifying the research gap and questions.
For instance, Chapterof this document examined the current health and safety problems and
highlights the systematic literature review on factors affecting health afaty.sSimilarly,
Chaptef3 reviews the most destructive factor causing 80% of the accident in construction sites,
and its mechanism and explores the current safety systems to eliminate the factor to identify
the research gap. More detail on the literatexgew is providd in sectiord4.3.1.

4.1.5.2. Secondary Data

Secondary data, often known as documentary evidence, refers to any material that provides
information on the phenomenon under investigatomaddress research questi@msl exists
independent of the rearcher's effort€Cowton (1998¥tated thatexcondary data is information

gathered by others that is not explicitly related to the study subject atlh&yxdommonly
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produced for precise functions apart from the ones of the studies however mdizée loyi

the researcher for cognitive functiofldewman and Benz, 1998Fellows and Liu (2015)
mentioned several advantages of secondary data documentation over other research methods,
for instance; (i) allows the researchers to study past researsé tor the underpinned research,

and (ii)they may be costffectivebecause the facts Vmalready been producednd (iii) hey

are nonreactive in the sense that the information provided is not vulnerable to possible

distortion as a result of contdmttween the researcher and the respondent

Secondary data could be of many different forms as guidance to organisacwtsn (1998)
identified several sources of secondary data, namely, governmental or regulatory body
documents, companies' data, tihegs, and other academic researcher data. This research while
exploring the H&S management systems, regulations, best practices and human factors;
reviewedseveralGovernmental and Health & Safety Executive (HSC) documents on H&S.

The list of documents reviewed explicitly for this research has been listed indTébkdow;

Table4.4: Secondary Data Reviewed for thedearch

Sr# Document Title Document Type
01 | The Construction (Design and Management) Regulations (085, 2015b) Governmental Btatutory
02 RR679- Review of human reliability assessment methods HSE / Guidance

(HSE, 2009)
03 HSG48- Reducing error and influencing behavigHSE, 2018) HSE / Guidance
04 HSG245- Investigating accidents and incidef@arrett and Teizer, 2009) HSE / Guidance

05 RR1082-The effectiveness of HSEO&s regu HSE / Guidance
(HSE, 2016)

06 RR834 - Preventing catastrophic events in construction Prepared by CIRIA HSE / Guidance
Loughborough UniversityAlan Gilbertson, Joseph G. Kappia, L8eBosher, 2011

07 | L24 - Workplace health, safety and welfé#SE, 2013b) HSE / Guidance
08 | Reporting accidents and incidents at w(HISE, 2008) HSE / Guidance
09 | L153- Managing health and safety in construct{pfSE, 2015a) HSE / Guidance
10 INDG275- Plan, Do, Check, Act: An introduction to managing for health and sg HSE / Guidance

(HSE, 2013a)
11 HSG65- Managing for health and safefylealth and SafgtExecutive, 2013) HSE / Guidance
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4.1.5.3. Questionnaire

Questionnaires are regularly used tools for acquiring survey data, which is generally numerical
and easy to analyg®ornyei and Taguchi, 2009Questionnaire surveys are usually used for
guantitative studies to gather data from a specific set of participants to develop a piece of
information or a theoryWith appropriatglanning questionnaires may provide highality

useful data, obtain high ngsnse rates, and enable anonymity, the latter promoting more honest
and forthright responses than, say, interviéMsarshall, 2005) Moreover, it enables the
researchers to design the questionseweralways to facilitate the research analysis; e.@nop
guestions, closed questions, quantity questions, categories questions, and raking/scaling
guestions. similarlyiMarshall (2005suggested that a questionnaire should avoid hypothetical,
imprecise, ambiguous and assuming questions. Hence, the quaisaarlhundoubtedly play

an important role ircollecting comprehensive data sets that can be easily compfanred

instanceby region, age, and gend&@aunders, Lewis and Thornhill, 2013)

However, while conducting questionnaire special consideratgimsuld be given to
guestionnaire design, approaching the targeted audience, familiarity with a targeted audience,
distribution strategy, and response time to ensure that participants have enough time to reply
to the questionnair@Marshall, 2005; CreswelR009; Alan Bryman, 2012; Saunders, Lewis

and Thornhill, 2013)Moreover, based on the question ty@hen, Manion and Morrison
(2020) categorized the questionnaire into structured, stractured and unstructured
guestionnairedMarshall (2005)ktated that a questionnaire should be written in-@rsemdly

wording and language bearing in mind the targeted audience to make sure it is not
misunderstood. Similarly, a polite and appropriate invitation must be sent to the participants
for the engagemériSaunders, Lewis and Thornhill, 2013his study hasonducteca semi
structured questionnaire as the main research instrument to explore the researchgrdblem

proposea framework for managing the utmost factor affecting health and safety in the
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construction industry. The detailed corantay on questionnaire development, participants

sampling, distribution and collection has been discusssédtion4.3.2.
4.1.5.4. Interviews

One of the popular strategy used for data collection in business and managadiegtast
interviews(Saunders, Lewis and Thornhill, 2018vale (2011)described an interview as a
conversation between two persons that has a specific structure and purpose determined by the
interviewer. Alan Bryman (2012)classified interviews & structured, sernstructured and
unstructuredSimilarly, Robert K. Yin (2014grouped interviews into structured, focus groups

and indepth inquiriesContrarily, semistructured or unstructured interviews are considered a
gualitative research strategfAlan Bryman, 2012) In semistructured interviews, the
interviewer follows a line of inquiry but also allows the interviewees the flexibility to respond
freely to the interviewer's queries. The interviewer carefully prepares a list of questions based
on the research, however, some questions are-epded and allow the researcher to ask

follow-up questions.

Unstructured interviews also known asdepth interviews, are described as the conversations
between the researcher and respondent held with aggimpmind or a line of a query to gather
information about the research questions. However, in the unstructured interviews, there is no
guideline or prepared questions to follow, rather, participants are approached ethically to gather
as much informatioas possible. écording to various authonsiterviewsareconversationfm

which the interviewer pursues a specific line of inquiry and can be performed in a variety of
ways (e.g. Skype, facéo-face, email or telephongCreswell, 2009; Alan Bryman, 2012;
Saunders, Lewis and Thornhill, 201Bpr this research, serstrucured interviews have been
selected for thérameworkvalidation to strengthen the reliability of research findings which

has been discussadsection4.3.3.
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4.2. Adopted ResearchMethodology Rationale

Section 41 examined the methodological choices mentioinetthe research onion developed

by (Saunders, Lewis and Thornhill, 2018gach layer of the research onion has been critically
analysed and an appropriate selection has been made in the previous selection shown in Figure
4.6. A mixedmethod approach haseen adopted for this study considering the research
objectives, strengths and weaknesses and philosophical positioning. Furthermore, this
methodology has been adopted based onothien researchmethodology proposethy
Saunders, Lewis and Thornhill (20h8here each layedefines a philosophicatlimensionof

this researchrhis is deemed the most appropriate methodology for this study as it allows the

researcheto explore and interpret subjective knowledge in their social setting.

Philosophy

Subjective
ontology

Approach

Strategy

Constuctive
Epistemology

Choice Inductive

Time Horizon Value-laden

Axiological
positioning

Mixed-Method

Technique

Literature,
Secondary Data,
Questionnaire &
\\ Interview

Crosssectional

Pragmatism

Figure 4.6: Adopted Research Methodology

Moreover, the adopted methodology has been selected based on the following reasons;
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1 The study seeks to explore the causes of accidents inotistruction industryo
identify the remedial measures to help eliminate those factors. The basic understanding
has been developed througlhterature review, however, for extensive insight into the
issue the constructionH&S professionalswithin the UK must be engaged with
reasonable sample siz&s this research targetedrery specific audience therefod@
participants were considered a reasonahlaplesize (Budiu and Moran, 2021 his
was only applicable under the aden research methodology for the appropriate
research findings.

1 The research explored the current safety practices as well as their weaknesses and
strengths to develop a novel framework to improve safety management. This was only
applicable by developingnriched data on the research queries to develop a framework
based on that. Therefore, a questionnaire has been selected as the research instrument
to approachihe H&S professional withirthe UK construction industry

1 The data gathered from the questionmdiad been analysed quantitively for further
research and framework development. This was followed bysteattured interviews
to validate the research findings by engaging theramged construction H&S
professionals as well as the HSE personnel.dghe mixeanethod habeen the most
appropriate approach for this study given the research type, limitations and available

options.
4.3. Research Process

The previous two sections in this chapter inspected the research philosophical positioning,
approachesstrategies, choice, tim®orizon, techniques and adopted research methodology.
However, this section will demonstrate the research process and steps involved in carrying out
the research. This comprises carrying out the essential steps to answer tich psestions

and develop research finding$ereforethe research process is carried out in four key stages.
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The first stage explores the research issues as well as develops an understanding of the research
problem and examines the existing remedial firas. Followed by the second phase; which
develops a research instrument based on the findings of the first phase and the carry out of data
collection. Whilst the third phase involves data analysis and framework development based on
the research findinggnd lastly, the last research objective of validating the framework has
been carried out in this phase by conducting ssmictured interviewsThesefour phases
have been achievdd develop the framewonkhich has beemescribed in the next sections
(Figure4.?);

1) Literature review (CI2&3)

2) Questionnaire Survey (Ch 5)

3) Framework Development (Ch 5)

4) Research Validation (C8)

N
Literature Review

N

Questionnaire Survey

Framework
Development

Research Validation

Figure 4.7: Research Process

4.3.1. Stepl: Literature Review

As mentioned irsection 41.7, the literature review has been the most critical and vital part of
this study. It enabled this study to review and understand the existing knowledge on H&S
practices, weaknesses, and the factors affecting safety in the construction indoistoyer,

it built the foundation for this study by identifying the research gaps as well as helping compile
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the research questions. The literature review for this study has been carried out in two chapters.
Chapter2 examined the overview of health aradety in the construction, performance, H&S
systems and regulations as well as using a specially designed systematic approach to explore
the factors affecting H&S. However, Chaptmpresents a comprehensive insight into the
human factor, accident causatimodels, human reliability analysis and examined immersive
technologies which could help to develop an immersive framework for H&S management.
Moreover, objectives one, two and three have been achieved tlabiegature review, whilst

the rest of theasearch objectives were also achieved based on the literature study4Rgure

below illustrates the literature review sequence by chapter.

The literature review has been carried out through a systematic literature review process
described byKitchenhamand Charters, 2007 his is typically used when there is little
evidence or when theesearcharea is todroadduring the initial studyHence, the literature

review started with finding the statd-theart literature on accident causation in the
cosmtruction i ndustry, i ts i mpact s on t he
management systems to find the research gap in the literature. This was carried out by selecting
the appropriate databases such as; Google Scholar, conference proceeditlyandesafety
Executive (HSE) reports (Secondary Data) and Nottingham Trent University (NTU) database.
This developed a comprehensive knowledge of the research problem and fadititated

carrying outof further research based on the literature review.

~
AH&S Practices, Performance
AH&S systems and Regulations
Ch apter AFactors affecting H&S
J

AHuman Factor A

AAccident Caustion Model

AHuman Reliability Analysis
Chapter Aimmersive Technology

Figure 4.8: Flowchart of Literaturereview Chapters
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4.3.2. Step2: Questionnaire Survey

The questionnaire study conducted in this research targeted the construction H&S professionals
to seek their understanding of the research questions as well as explore their knowledge of
accident causation, factors affecting the H&S, human reliabilityyaisa(HRA) and their
feedback on the application of immersive technology to eliminate the causal fActarsine
semistructured questionnaire for health and safety professionalsdessdopedin three
sections to gather participanfriews on the causeof the accident anthuman reliability
assessment he conducted questionnaire has acquired significant knowledge on the health and
safety issues, practices used in the industry and a detailed understating of mitigating the issues

based on the participanknowledge.

The questionnaire has been developed in three sections to make it understandable and user
friendly for the participants. To ensure the quality as well as the integrity of the research, the
first section inquired the participarits generalmformation about their expertigeb role age,

and health and safetyVhilst section two of the questionnaire developed the knowledge of
accident causation according to participants' knowledge and experience, whereas section three
seeks their understamgj of human factor management using immersive techno@gsrall
thirty-four (34) questions have been askedhe participantsA total of 47 questionnaisavere

sent to the targeted audienedth a response rate of 72%J/oreover, a nonprobability
samping technique has been used for the questionnaire distrib@ibkowed by the
guariitative analysisFurthermore, the questionnaire has been designed with different types of
guestions for the best outcome and to facilitate the data analysis. This inohetesshded
multiple-choice questions, grid questions and scaling/ranking questions. The developed

guestionnaire has been attached toAppendix| of this document.
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4.3.2.1. Data Sampling

Data sampling is one of the vital parts of any research especially ivotves social
constructivismSaunders, Lewis and Thornhill (2018pued that a researcher much considers
sampling irrespective of the research objectives and questions to choose an appropriate sample
for the research. Sampling is the technique of angdse right units from the population that

can contribute to the research outcorf@sunders, Lewis and Thornhill, 2018urthermore,
Saunders, Lewis and Thornhill (2018)entioned two types of sampling techniques; (i)
probability sampling, and (ii) neprobability sampling. In the first technique, the unit
population is selected based on some level of randomness. However, in the latter type, a unit
population is usuallyedected based on the subjective judgment of the researcher rather than

random selection.

This research has been conducted on atireal issue specifically in the construction industry,
therefore, the noprobability purposivesampling technique has besglected. Moreover, this

study aimed to explore accident causes and shortcomings of the current H&S practices related
to the UK construction industry. Therefore the sample population selected for the questionnaire
survey were H&S professionals in constroetwith reasonable experience in the industry.
Hence the people selected for this study were H&S managers, directors and H&S leaders.
Moreover, to ensure the research validity and integrity, it has been made sure that the selected
sample must have H&S ddication for the best possible findings.

4.3.2.2. Data Analysis & Research Findings

Data analysis ianother significantomponent of any research since it allows you to analyse
the acquired data and develop conclusions frorfCreswell, 2009) It begins withthe
breakdown, separation, or disassembly of research materials intopgiects,elements, or
units. Moreover, the esearchers often combine quantitative and qualitative data to classify

them, find types, sequences, or patterns and find evidence tesadte research's initial
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assumptiongRobert K. Yin, 2014)Saunders, Lewis and Thornhill (2018)entioned two

types of guantitative data anal yPasgiptveec hni
statistics are used to describe the centesidrof the data as well as determine the dispersion

of the data from the central trendowever, inferential analysexamines data beyond central

trends and is used to examine relationships, differences, and trends in numericahéeata
inferential analgis allows the data to be examined for the strength and significance of the

variablgs correlationgSaunders, Lewis and Thornhill, 2013)

On the successful completion of the questionnaire survey, this study carried out quantitative
data analysis of thgathered empirical evidence. The quantitative analysis of the research is
aimed at validating the literature review research findings as well as seeking knowledge to
develop a framework which has later been validated usingstemetured interviews atlater

stage. Description quantitative analysis technique is used for this study to analyse each question
as well as the central tendency. Each question has been analysed and graphically represented
in terms of graphs, bar charts and scale charts. Moremdatailed discussion has also been
presented along with the graphic representations to examine the research findings in context
with the research questions. Afterwards, the central trend has been analysed for the

development of the framework
4.3.3. Step3: Framework Development

The proposed frameworkasdeveloped in two stages. Firsthased on thin-depth literature
review carried out on the H&S factorsn initial framework was developed ¢onceptualize
the management adentified H&S factors. This framewotkighlightedthe prominent factors
affecting safetymanagement as well &srther refine the researdmdings which helped the
research to develop the questionnakéerwards,a questionnaire study was conductatd

the findings have been incorporategtopose the final H&S framework.



Page|123

4.3.3.1. Initial Framework

The study entailed a systematic literature review as a research methodology to explore the
factors causing H&S management issingbe construction industry among the pemriewed

articles and develo@n initial SMS framework mitigating all factors. The review was
performed by selecting articles from notable journals and conference proceedings that have
been used extensively bgsearchers and practitioners in the area based on the specific search

criterion. The systematic research methodology used has been shown in Figure 4.9 below

The selection of publications was the initial phase in the review process, and 295waetieles
selectedfrom peefreviewed databasesmmely Science Direct, Emerald, Taylors & Francis
ASCE, and some IOP publicationBhe selection criteria are based on specific search keywords
relating to study goals and publication dat€se search strings used ree (1) Health and
safety factors in construction, (2) Accident causal factors in construction, (3) Factors
influencing/affecting H&S Management in construction, and (4) Factors causing poor
Occupational health and safety (OHS) management, and (5) Factimencing safety
performanceSecondly, o article older than 2005 was chosen as part of the research, which
attempted to examine papers from the previous 15 years to provide insight into the most recent
safety concernsAs a result, the papers were choguring the review process based on the
title, year of publication, and keywords.detailed analysis of the systematic literature review

and development dhe initialframework has been provided in chapter 2.
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Figure 4.9: Methodology foiSystematic Literature Study
4.3.3.1. Literature Selection
An in-depth search has been carried out to locate the articles related to the factors in H&S
management within the construction industry. The downloaded literature has been through the
screening process to outline the most suitable articles associateatievitsearch objectives.

For that purpose, the abstract review has been conducted for all 295 papers and a total of 106
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papers specific to H&S management factors were shortlisted for the empirical analysis. The
articles have been categorised by the ydgsublication and type of publication as shown

below.

W 2005-2010 2011-2015 = 2016-2020

Figure 4.10: Literature Classification byear of Publication

m Journal Articles Conference Papers

Figure 4.11: Literature Classificatio by type of Article

Out of the selected articles, 54% of them ranged between the past five years as stiguve in

4.10 Moreover, for the review analysis, only journal and conference papers were selected, and
no books oathesis were included in thesearch to evaluate the most adequate-pmaewed
knowledge. Subsequently, 86% of the chosen articles were mostly journal publications and
14% were conference proceedirgs indicated in igure 4.11. The sources of the journal

articles and conference pemdings are listed ihable4.5.
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Journals

No# of Papers

Safety Science

17

International Journal of Occupational Safety and Ergonomics

Construction Management aBgtonomics

Engineering

IOP Conference Series: Earth and Environmental Science

Journal of Engineering

IOP Conference Series: Materials Science and Engineering

Journal of Construction Engineering and Management

Journal of SafetResearch

International Journal of Project Management

Procedia Social and Behavioural Sciences

Accident Analysis and Prevention

Association of Researchers in Construction Management

Automation in Construction

Journal ofManagement in Engineering

5th International Project and Construction Management Conference (IPCMC 2(

Advances in Civil Engineering

American Journal of Engineering Research

Applied Ergonomics

Australasian Journal of Construction Econongns Building

Automation in Construction

Benchmarking

Built Environment Project and Asset Management

Construction Economics and Building

Construction Innovation

Data in Brief

Human and Ecological Risk Assessment

IFAC-Papers Online

International Journal of Environmental Research and Public Health

International Journal of Industrial Ergonomics

International Journal of Managing Projects in Business

International Journal of Occupational Hygiene

Internatonal Journal of Productivity and Performance Management

International Review of Management and Marketing

IOP Conference Series: Earth and Environmental Science PAPER

IOSR Journal of Mechanical and Civil Engineering (IG3RCE)

Journal ofBuilding Engineering

Journal of Civil Engineering and Management

Journal of Construction in Developing Countries

Journal of Physics: Conference Series

MANAS Journal of Engineering

Policy and Practice in Health and Safety

Safety andHealth at Work

Safety officers and workers were asked to indicate how effective

Total Quality Management and Business Excellence

World Journal of Science

Journal of Financial Management of Property and Construction
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4.3.3.2. ProposedFramework Development

Thedesignedrameworkis based on the research findings of an extensive literature review and
the questionnaire survey targeting construction safety practitioners. The process of developing
the framework has been explicitlysdussd in Chapter5. That involves the identification of

the root causes of accidents in the construction industry, exploring the shortcomings of existing
safety practices in the construction industry and reviewing the potential technologies to
improve the shacomings through a comprehensive literature review and pilot study. Moreover,
based on the research findings of the first two steps of the research process this research
proposed a framework utilizing immersive technologgr this study, the framework was
determined to be the best choice for representing the safety management system while taking
into account underlying elements and establishing the relationship between accident causes.
Furthermore, the framework would assist construction experts in agsessential flaws in

the current system as well as highlighting the critical processes required for safety management.

Furthermore, the following criteria were used in the selection:

1. The framework's capabilities will extend beyond descriptions of "whakplanations
of "why" and "how," allowing clients to understand why they need a framework for
effective safety management.

2. With the main goal of identifying the relationship between errors and probable
accidents, thg@roposedramework will emphasise theslationship between multiple
variables producing an accident on site.

3. Develop a systematic method to reraoaccident causes based on theoretical
discoveries as well as practical investigation.

4. Theproposedramework will give H&S practitioners insight into the safety process,
allowing them to utilise a practical approach to manage the major issues that affect

health and safety.
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A detailed discussion on the development of the immersive H&S framework has been carried

out in chapteb.
4.3.3.2.1. Framework Development Process

Prior to beginning data collecting and analysis, the reseasthodologyemptasisesthe
significanceof conceptualising the phenomena under study eegta@blishing an initial theory.
When conceptualizing a phenomenon, it is possible to identify the main theories relevant to the
study, how it is constructed, and the circumstances in which these therwdtieslationships

are believed to be try&obert K., 2014)Furthermore, the initial data collection involving the
guestionnaire provides rigorous insight into the research questions and interrelationships
required for the development of the framewadvkhen researchingo examinea specific
intended or presemrocedure or problemthe technique might be defined primarily by two
fundamental concepts: the framework and the m@@altner, 1985; Greene, Caracelli and
Graham, 1989)Miles and A. Michael Huberman (198dgfined the framework ate most

recent ver®n of the researcher's map of the area under investigaBartner (1985)
differentiating framework and the model argued thatfthenework establishes theverall
structure of the study, whereas the model delves into the spew@tivodology Similarly,

Robert K. Yin (2014)mentioned that frameworkare used in research to provide a general

picture of a possible course of action or to suggest a preferred approach to a thought or idea.

The researchers have proposed three distinctive types of fransework 6 concept u;
6t heoretical 6, a n (Garthgy, r1986; tEisenizaidt) 199Miles mmedwAo r k s
Michael Huberman (1984)efined theconceptual framework as a graphical or textual product

that "describes, either visually or narratively, tlssential objects to be researched, the key
aspects, ideas, or variables, and the hypothesised relations betweeMtrenprecisely, a

conceptual framework presents the occurrence of a phenomenon and establishes the

relationships between the related vhlés and overall aspects of reseaftlkshem and
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Trafford, 2007) Moreover, Imenda (2014)mentioned that the conceptual framework
represents atintegrated” view ofooking into gproblem.From their point of view, it isvident

that the conceptual fnr@aework may evolve as reseanutogressesA practical framework, on

the other hand, presents the practicality of the problem under examination based on theoretical
explanations. Eisenhardt (1991)suggest ed t hat t he Opractica
reseachers to identify what works in the exercise or experience of doing something by the
people directly involved in it. However, the theoretical framework is usually based on a theory

to explain the procestimenda (2014)efersto the theoryor set of conceptthat researchers

choose to guide their researdterefore, dheoretical framework is the use of a theory or a

group of concepts taken froatheory to explain an occurrence or focus attention on specific

phenomena or research challeng

For this research, the practical framework has been found as the most appropriate selection to
represent the safety management system taking into account underlying factors and proposing
a practical solution. Moreover, the practical framework woul@ kehstruction professionals
identify the potential weakness in the contemporary safety system as well as highlight the
essential steps required for safety management. Moreover, the selection has been made on the
following;
1. Thepracticalframework's abilig will go beyond descriptions of ‘what' to explanations
of 'why' and 'how," providing an answer as to why clieatgiirea practicalframework
for robust safety management.
2. The practicalframework will emphasize the relatisimp between differenvariables
causing an accident on site with the main aim to manage human factors in the
construction industry.
3. Based on the theoretical findings as well as goantitativeresearch develop a

systematic approach to eliminating causal factors of accidents.
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4. The framavork will provide insight into the safety process to facilitate H&S
practitioners using a practical solution to manage the substantial factors affecting health

and safety.

Based on the above arguments and literature, the practical framework opted asstthe mo
appropriate selection to shape the theoretical and empirical findings into the safety
management method. Figutel 2illustrates the framework development process used in this

study.

Identify the key area of thestudy
Literature Review

Identify root causes & relationships

[ Systematic Study ]—V Examine the shortcoming of
contemporary SMS

Explore the methods/technologies w
potential to improve shortcomings

Expert Opinion +
(Questionnaire Initial Framework

survev)

l N
o 4

IHRA Framework Development

Figure 4.12:Framework Development Process
4.3.4. Step-4: ResearchValidation

On the successful development of the framework, the succeeding objective of this study was
to validate the framework. This has been achieved by carrying oussseitiured interviews

with safety experts in the construction industriie qualitative studgonductedralidatedthe
suggested H&S framework and provided notable results on H&S management in the
construction industry from which some implications can be dnatvch has beediscussed

in Chapter 6. Non-probability sample technique has been ugardgeting lead safety
professionals withirthe UK construction industryith a totalof twenty (20)participants.
Interpretative Phenomenological Analysis (IF#s been identified @ appropriatenethod

for analysing semstructured interviewsEach study bjectivehas been validategssentially
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to validate the development of the suggested framewodetailed discussion of research

validations has been carried outGhapter6 of this thesis.
4.3.4.1. Interpretative Phenomenological Analysis (IPA)

Interpretative phenomenological analysis (IPA) has been a recently developed qualitative data
analysis approach and has been frequently used in psychology, medical sciences and social
studies since its inception by Jonathan Srg&tmith, 2004; Biggerstaind Thompson, 2008)

It enable the researcher to conduetigorousinvestigation of subjective experiences and, in
particular, social cognition¢Biggerstaff and Thompson, 2008)he goal of interpretive
phenomenological analysis (IPA) is to learnrenabout how people make sense of tbain
personal and social worldé$P?A has become the dominant technique for qualitative data
analysis in several academic field$uffour, 2017) Moreover, IPA has a theoretical
underpinning with phenomenology, hermeutics (interpretation) and idiography
(interactionism)Smith, 2004, 2011; Palmet al, 2010) Phenomenology ifocused on the

study oflived human experiences as well the study ofhow perceived and appear to the
consciousnesqTuffour, 2017) Hermeneutics deals with interpreting the participant's
conception of the subject or event under consideralesearcherelieve that IPA involved
doublehermeneutics; thus two stages of interpretat8mith, 2004, 2011; Palmet al, 2010)

The participants are attempting to make sense of their experience/world, while the researcher
is attempting to understand the participants' attempts to make sense of their experience/world
(Hefferon and GHRodriguez, 2011)Hence,IPA is intellectually linked to hermeneutics and
interpretatiomal theories.Similarly, IPA has its roots in idiography which deals with the
commitment to analyse each case in a corpus in dstaitting with a careful assessment of

one case until some degree of closurecanclusionis obtained, IPA moves on to a deep

analysis of the next case, and so on through the corpus of(Sasigs, 2004)
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NeverthelessPA believes in the person as a cognitive, linguistic, social, and @thymag,
and implies a chain of lirdbetween people's speech and their thinking and emoMworeover,
IPA provides a flexible and adaptable metiiodcomprehending people's experiencEse
difference between IPA and description qualitative analggtss methodology involved in the
IPS process. IPA is carried out in several stages to critically and rigorously interpret
participants' experiences. Therefore, this research selected IPA as the most appropriate analysis
technique to analyse lived experenof construction professionals in the knowledge through
a rigorous process of interpretation and interaction. The stages involved in interpretation
phenomenologicahnalysis (IPA) are;
I.  Stagel: first interaction with the text

ii. Stage2: identification ofpreliminary themes

iii.  Stage3: grouping and clustering the emerging themes

iv.  Staged4: summarizing the findings
The most often used research instrument in IPA is-senuctured interviews which have also
been practised for this researdfollowing the interviews, each interviewrecording is
meticulously transcribed, often incorporating signs of pauseshearing and apparent
mistakes ifthey are noteworthyThe interview transcripts aréghencompared to the original
recordings, which may or may noarrespond to those listed on the researcher's prompt sheet.
On the successful completion of interview transcripts, stagjehe IPA analysis begins. Based
on the rigorous analysis methodology used in the IPA to interpret qualitative data, this research
has utilized IPA for the analysis of sestructured interviews conducted for the validation of

this study.
4.3.4.1.1. Stagel: First Interaction with Text

Close reading and 1eading of thenterviewtext is key to IPA analysiSmith, 2011)In IPA

analysis, wile reading the transcript or other text, the researcher takes notes on any thoughts,
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observations, or insights that come to miAdy repeating phrases, the researcher's concerns,
emotions, and descriptions of or comments on the language used are lielintduded in

such notesNotes are utilised at this step to document points that the researcher notices while
reading the text. It's customary to jot down these early thoughts in one of the transcript's
margins(Smith, 2004; Palmest al, 2010; Tuffour 2017) In most of the analysis techniques,

the researcher tries to suspend preconceptions and judgments when reading the text to focus on
what is offered in the transcript ddBiggerstaff and Thompson, 2008his concept is called

0 b r a c k echantailg &tenwpabrary refusal of critique, which would bring in the researcher's
preconceptions and experience, as well as a suspension of critical judgdoveater,the

IPA recognises the neéar interpretation, the concept dfracketin@gis thereforecontroversial

in IPA and, in any case, gives way to a more interpretive process as the analysis progresses.
This study used MS Teams for the interviews and the interviews were then cautiously
transcribed to a word document. Using the IPA sthgeethods, the transcripts were
thoroughly examined and observations and emergent concepts were written down for further
research.

4.3.4.1.2. Stage2: Identification of Preliminary Themes

At this stage, lie researcher goes on teread the fanscriptand choose thees that best
express the important characteristics of that particular interdieesresearcher usually looks

for potential or plausible relationships between topics when identignimgyginghemes from

each portion of théranscript(Smith, 2004; Palmeet al, 2010) Consequently, as with any
gualitative study, the researcher may come across data that contradicts the emerging narrative.
This is particularly obvious in the a rdesconfirmaion evend in which the individual's
narration or topic recogsed in that perspective differs significantly from the majority of the
other participantéSmith, Harré and Langenhove, 1995)ich dissonance will urge the scholar

to go back over previous transcripts to see whether anything important was overlooked or
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misunderstood. Only then wouttle researchentroduce a contradictory or opposing idea.
Following the IPA methodology, the written transcripts were rigorously examined and then
emerging themes from each question have been underpinned. A detailed alisofidbie
emergent themes has been carried out in se@tin

4.3.4.1.3. Stage3: Clustering the Emergent Themes

This is one of the most critical stages of IPA analysis to identify the emerging preliminary
concepts from the transcripts and therefore describes the potential route toward further analysis.
The stage8 entails attempting to offer the study a generalcstme by grouping themergent

themes intaxluster®or conceptd At this stage the objective is to come up with a group of
themes and find supadinate categories that indicate a hierarchical relation betalasters

The emerging themes have been developed for each of the research queries made during the
interview and transcribed into the clusters to find the relationship between the clusters th

emerged from the clustering of all the participant's transcripts.
4.3.4.1.4. Stage4: Summarising the Research Findings

Stage4 is to create a mastbst of clusters identified in the previous stagemetimes known

as a table. It's critical to organise thesarthe into a framework that recognises the major
characteristics and concerns raised by the research partidipase are frequently presented

as a table with data from the interview and a quotation that the analyst believes best represents
the essence dhe person's thoughts and emotions concerning the topic under investigation.
This stage has also been practised for this research to summarise as well as evaluate the findings

from the defined clusters out on the participant's feedback.
4.4. Validity & Reliabi lity of Quantitative and Qualitative Research

The goal of the qualitative and quantitative paradigms is the same: to discover thelilte h 6
concernsof reliability and validity hae been extensively discussed bgvocatesof both

guantitative and quadtive researchete evaluate the research qualReliability is the degree
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to which results are constant over time and a precise representation of the entire population
under study. A research instrument is deemed to be trustworthy if the study'gdindmbe
replicated using a similar approa@Bolafshani, 2003)On the othehand,Validity assesses

how accurate the research findings are or whether the study measures what it set out to measure
(Bashir, Afzal and Azeem, 20Q8Jo testspeculative generalisations, logical positivist or
guantitative researchers use experimental techniques and quantitative (Hetjes, 1997)
Subgquently, galitative researclindings are a different type of knowledgas one party

argues from the uterlying philosophical nature of each paradigdolafshani, 2003)

Despite the fact that the term "reliabilityftenrefers to a concept used for testing or evaluating
guantitative researctnowever, agood qualitative study can assist usiumderstading an
otherwise enigmatic or confusing situatiofCreswell and Miller, 2000)To evaluatethe
credibility, consistency an@uthenticityof the researchinstrumentsboth quatitative and
gualitative research instrumeritave beerpassed through threliability by conducting pilot
studies For this purposethe instruments were sent to a small sangite includingfive
participants from the selected audierared their feedback Babeen incorporateihto the
research instruments:or the research vality, the qualitativesemistructure interview
guestionnaire was designed validate the framework as was as the research objectives.
Moreover, the framework has been validabgdshowing theframework to the participants
during the interviewsThis metlodology helped validate the research as well as the proposed
framework.A detailed discussion on the reseaacil frameworksalidity has beeronducted

in Chapter6 and each of the research objeilas been validated.
4.5. Chapter Summary

This chapter extensely reviewed and examined the available methodological choices as well
as commented on the adopted methodology. First athalbhapter begaby demonstrating

the philosophical assumptions that this research was based&aoh. of the research
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philosophes, approaches and techniques were unfolded in pursuit to select the most appropriate
methodology.The chapter then went on to describe several research paradigms, such as
positivism and interpretivism, and why a qualitative research paradigm wassthig for this
investigation.This was due to the reasonable quality of the approaches that could achieve the
outlined goals and objectives of this studydditionally, the research paradigms and
philosophieghat affected the methodologies and methoggplemployed in this study were

also discussed in this chaptEnllowing that, a thorough description of the studyepstvas

given, as well as justification for the methodologies useékhis indicates that the study was
based on appropriate methodolpgyplying that the data presentiedthe studywascredible.

The chapter also went through each method and approach used, as well as how the study
outcomes were recorded. Finally, the chapter detailed the steps done to improve the research
data quality irterms of validity and reliability. The results of the exploratory investigiiwa

beenpresented and discussed in the next chapter.
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Chapter 5: Data Collection & Analysis
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5. Introduction

The previous chapter preged a detailed commentary on tliesearch methods and adopted
research methodology. This chapter redethe data collection and analysis te
guestionnaire survey condedtin this research. The questionnaire used for this resealich
beanalysednd lased on the research findindsstchapter will proposefaamework fohealth

& safetymanagemenn the construction industry
5.1. Survey Distribution

After selecting the right sample to carry out the survey the next phase in the research was to
acquire the selected sample and distrilbgequestionnaire. As mentionedsiection4.3.2, an

online questionnaire route has been selected for this research to approach the maximum number
of participants as well as to facilitate the participants and data collection. Therefore, the
research intended to approach as many participants as possible based on the designed sampling
criterion using all the available resources. The selected sample participants were contacted
through personal contacts, Linkedin contacts and with the help @&wacbnstruction
organisations. Fortgeven guestionnaires have been sent out to the H&S experts form where

34 responded at a response rate of around 72%. The respondent profiling has been carried out
in the next section. The developed questionnaire has dtésched to the Appendbof this

document.
5.1.1. Demographic Information of the Respondents

For the robust evidence, the survey was sent to health and safety leadership and the people
responsible for the safety planning of the construction and infrastruptojects who
showcase knowledge, experience and leadership role in occupational health and safety
managementthe purpose of targeting this particular group of participants was to get a
comprehensive perception and insight into H&S practices and isswesllaas the factors

affecting safety in the construction industiy.context to the responded survey, around 59%
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of the respondents representelth and safety managers, 18% represented H&S leaddrs,
14% represented H&S directors in the constructimustry includinga few others as shown

in Figure5.1.

Respondent Designation

.‘ 14% Director H&S
4% Health & Safety
Coordinator

Health and Safety
Manager

= HSE Leader

= Associate Director CDM
590 H&S Services

Figure 5.1: Responderd Designation

Furthermore, for the vigoroussearch findinggarticipants were specified based on the H&S
certification. Amost all of the respondents had H&S certification from reputed organisations
and have showthe required knowledge and skills to work as H&S lead in construction projects.
Amongst these respondents, 32% had construction safety certification NEBOSH #Nation
Examination Board in Occupational Safety and Health), 23% were entitl€MIOSH
certification,and 18% had GradlOSH. Similarly, other respondents were also-et&ied
professionals as shown in Figus&. Acronyms for all H&S certifications have é&e listed in
Table 5.1 Subsequentlyall of the respondents demonstrated significant experience in

construction and infrastructure project
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H&S Certification

5%

5% NEBOSH
AN o GradlOSH
9% CMIOSH
— = Ciob
=~ NeBOSH, IOSH
= PG Dip Health and Safety
18% NCRQ L6
23% Not Answered

Figure5.2: H&S Certification Represented BRespondents

Table5.1: H&S Certification Acronyms

H&S Certification Acronym
NEBOSH National Examination Board in Occupational Safety and Heall
GradlOSH Graduate MemberInstitution ofOccupational Safety and Healt
CMIOSH Chartered MemberInstitution of Occupational Safety and Hea
CIOB Chartered Institute dduilding
NCRQ National Compliance and Risk Qualifications
PG Dip Health & Post Graduate Diploma in HealthSafety
Safety

The targeted organisations have also been put through the screening process to get the right
audience for the questionnaire survey. The purpose of the screening was to identify
organisationghat hawe pragmatic stety management systems to deal with safety risks. This
helped to develop the essence of inclusiveness and emphasis on the right audience for the
selected objectives. For said purpose, the respondents were investigated about the safety
policies, safety maagement systems, safety culture and other safety management measures in
their organisations. A set of multipeh oi ce questions on a scale o
has been asked to the respondents and as aimed by the research, all the targeted
organsations/companies fulfilled the required criteria of distinctive safety standards. Survey

results have shown that all of the companies comply sufficiently with the expected safety
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system in the organisation. It has been found that 100% of the targeteaintesrpad a safety
management departmerdnd safety policy and carry oua risk assessment and safety
inspections for safety management of the construction projects. Similarly, 95% of the
companies hold a comprehensive safety management system inchelisgféty training of

their employees workingn the construction site. Other measures included in this serton

shown in Figuré.3.

Safety Profile

Health and safety inspe Ctio S
Health and safety department
Safety Training I
health and safety induction EEEEEEEEEE
Safety roles and responsibilitie S
H&S communication I
Risk /A s S eSS e 1t 1
Safety Priority

Safety Management P o i/
Safety Management Sy ste v

60% 65% 70% 75% 80% 85% 90% 95%  100%

Figure 5.3: Targeted Companies Demographics
5.1.2. ResearchFindings on Accident Causation

The systematiditeraturereview research revealed vigorous insight into the health and safety
represent at ifhaecident causatioo aspvellias safety management. As explored
in the literature, safety professid®aredeem the same opinion on accident causations
highlighting the severity of human actions behind the accident®nstruction sites. Almost

all of the participants highlighted human error as the main cause of incidents in construction.
that validatedte initial research finding througtliterature reviewThe participants have been
enquired about the causes of accidents on the construction sites inlsettiom questionnaire.

Several questions have been asked about the causes of accidentssantopréechniques
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used in the construction industry to get a robust intuition of safety managertrenindustry.
Validating the literature review, 60% of the participants mandated human error as the root
cause of accidents on construction sit&sother prominent cause of acciderfound was

system complexity which contributes significantly to the human shown in Fagdire

Accident Causation

Human Error
5%

5% 5% Technology
A Complex sites
10% = Inadequate
systems/standards
10% 60% = A combination of

causes
Intraction between

50 Human and Machines
Poor Planning

Figure 5.4: Respondent's Perception of Accident Causation

A literature review reealed that leadership has a significant role in safety management in terms
of developing safety polies and practices as well as promoting a safety culture in the
organisatior{Fang, Chen and Wong, 2006b; Khdair, 2011b; Ametepey, Aigbavboa and Ansah,
2015; Zhou, Goh and Li, 2015¢onsequently, the lack of leadership attention to safatidc
inevitably cause an accident on the construction sites.qlaistitativestudy also sought the
respondent’'s views on accident responsibility in the construction organisation to decode the
accident mechanism. Therefore, a series of questions to evaluate the accident responsibility of
people responsible for H&S at different lé&veof organisational hierarchy. The research
revealed that top management shares more responsibility to manage as well as regulate safety
during the construction phase as found in the literature. It has been stated by 48% of the
respondents that leadershoprry a vital role in making sure that H&S is managed well
throughout the construction projects. Fig6tB illustrates the respondent's view on accident

causation responsibility. Mor eover, it has
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accidentot he construction sites and respondents
and O0i mproper risk perceptiondé are the most

leadership. More causes of accident due to leadership is illustrated in &igure

Accident Responsibility

26%
Top Management

48%
Safety Manager

Workers on sites
26%

Figure 5.5: Responderd Views of Accident Causation

Top Management Responsibility

n ‘ = Improper risk perception
Lack of safety awareness
13% Lack of safety Knowledge

Lack of Commitment

Inadequate Planning
13% .
18% lack of experience

= others
17%

Figure 5.6: Responsibility of Leadership for Accidents
However, a few intriguing facts have Inekighlighted by the H&S representative regarding
the root causes of human errors in the complex gecimnical system. The key reason behind
human error has also been inquired in a question to analyse/elatordte human error
mechanism. Unsafe actisiave been found as the significant reason behind the accident with
a vantage of around 39%, missmmunication has been ranked as the second and lack of
training was the third main reas@or the accident on construction sites shown in Figure

Subsegently, the reason behind the unsafe actions was found as inappropriate behaviour to a
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great extent. Inappropriate behaviour counted 29%, attitude 25% and lack of training counted
22% as a reason behind the unsafe actions. Similarly, other reasons te ¢tecerror of
commission are shown in Figurg.8 Therefore, according to the construction H&S

professional, human error affects the whole safety system not only the workers on site.

Reason of Accidents on site

Unsafe Actions

Lack of Training

4%
4% \8%
39%
Miscommunication

-

= Workload
18%

14% = Managing changes to
the plan

Figure5.7: Causes Of Accidents in Construction Sites

Reason of Unsafe Action

3%2%

\ | |
. = In-appropriate behaviour
22% Attitude

Risk assessment ability
Lack of Training

= workload

19% complacency

25%

Figure 5.8: Causes of Unsafe Actions

As directed by the literature review unsafe actions by humans are the ultimate cause of
accicents on construction sitg®ird, 1974; Heinrichet al, 1980; Reason, 199QbJhe
involvement of the human factor in carrying out unsafe actions directed the research to explore
the attributes of human factors affecting human actions towards the wwaatefdre, human

factor attributes had been explored through the literature review and found a list to be validated
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by the construction professionaléhalid et al.,(2021)through an extensive literature review
classified personnel attitude, safety petmn, commitment to work, training and experience

as attributes of the human factor that need to be managed for appropriate safety management.
The human factor attributes are also called
reliability analysis teminology. The distributed survey validated these attributes as well as
human attitude and behaviour found to be the biggest hurdle in carrying out the construction
activities safely. Furthermore, the Likert scale has also been used to rate the impufrtance

these attributes oascaleof 0 t o 5 i . e. Ainot | mportathe at al
Likert scalewas used to rank tHeumanfactor safety attributes based on the understanding of

the participantsit has been found that human behaviour dtithde share a significant count

in the human factorThis also helpd the research toonsider human behaviour in the
frameworkwhich has been achieved by proposing an immersamework to assess the

workers behaviour in an immersive environmergure5.9 illustratesthe impact of each of

the human factor attributes on accident causation whereas, Bidrpresentghe rank of

each of the human Factor attribsitated by the respondents.

Human Factor Attributes

2%

= Attitude
“ Behaviour
Commitment
13% Risk Perception
16%

Safety Knowledge
12% Experience
12% = Hazard Awareness
16% = Other

Figure 5.9: Human Error Attributes Involvement in Accidents
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HF Attributes Rating

Hazard Awareness I ——
Experience [l 1

Risk Perception 1 I e —
Education s —
Attitude
Commitment [l ./ |
Behaviour [

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

m Not Important at all m Not Important m Somewhat not-Imp

Somewhat Imp m Very Important H Extremely Important

Figure 5.10: HumanFactorsAttributes Scaling

The study explored #depth insight into the root causes of lamerror to develop a framework

to manage human error in pursuit to reduce accidents in the construction industry. The
participants revealed that most of the incidents are the result of human actions which are usually
triggered by human personality traibgckground and experience. Based on these findings the
human error causation model according to the H&S professional in the construction industry

has been developed shown in Figbirel

\/

Human Error

\\/

Unsafe Actions

\\/

Inappropriate Behaviour

Accident

Figure 5.11: Accident Causation Model according to Respondents
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5.1.3. Research Findings on Human Reliability Analysis (HRA)

These findings made it inevitable to manage HF for robust safety management in the
construction industryThe literature review has rigorously examined the human factor
management techniques being used in the complex -satiaical and safetgritical
industries. Human Reliability Analysis (HRA) has a long histiinpanaging the human factor

in many industes, however, it could hardly make a limited usage in the construction industry.
As mentioned in the literature, HRA is a systematic method to identify, quantify as well as
mitigate human error from the complicated organisational process. As the litessteaéed
limited usage of HRA in the construction industry, therefore, it was worthwhile to seek the
participant's views on the use of HR8urprisingly nany participants were unfamiliar with
human reliability analysis used in other industries for humeor essessment. Abob2% of

the participants involved in the resea,ych

the rest of them knew about human reliability assessment, however, no evidence has been

found on the usage of HRA throughout theiperience as H&S professionals. Moreover, the

majority of the respondents didndét khl@w any

According to these findings, it can be anti

human factor maagement technique amdtherrely on traditional risk assessment methods.

Human Reliability Analysis Methods

‘ = Human Factor Analysis &

Classification System (HFAC!

human error assessment and
13% reduction technique (HEART)

52% Cognitive Reliability and Erroi
Analysis Method (CREAM)

None of the above
19%

Figure 5.12: Familiarity with Human Reliability Analysis Methods

The accident investigation studies in ctes@ as well asn the previous sectio(section 5.3.2)

of this interview stug highlightedthe human factaas one of the promineocauss of accidents

di

c
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in the construction industrgausingmost accidents however, no professional practice to
manage human factors has been fified by the H&S professionals in the construction
industry. Moreover, most of the respondents were not familiar with the human reliability
analysis methods substantially used in other industries for human factor managérisent.
validatedthe research ahding to develop the frameworkanalyse and manageman factors

of the safetyperformance of the construction industry.

Therefore participanteave then inquiredbout human error assessment for this research to
develop a novel HRA method for tkkenstruction industry. Thereforeegarding the question

on HF management, 73% of the participants stated that the human factor should be assessed
for the critical taskpresented in Figur6.13 Following the above question, they have also

been asked abbuhe HF assessment method, majority of them (around 32%) agreed that

0 me a sHFraitribuge coul d hel p to assess human facto
assessment 06, 0special i st illystadjneFigeabildHHencé, met h o c
the devel opment of HRA for the construction
error attributesd could be measured. Anot h
assessmentd6, which is also the momwevef, mmous
the literature, the risk assessment has not been found enough for human error assessment and

elimination.

Human Factor Assessment

9%

18%
Yes

No
Not Sure

73%

Figure5.13: Human Factor Assessment
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HF Attributes Measurement

a0

= HF attributes
= Specialist Judgement

Risk Assessment

Method Statement

9% = None of the above

27%

Figure 5.14: Human Factor Measurement

Afterwards, a series of questions have been asked to the respondents to identify the

measures/determinants of human factors attributes/performance shaping factors (PSFs). Each

guestion had been dgeed to inquire about the measures of each attribute/PSF in an immersive

envi

explored as d6actionsdéd, and o6ti meo.

Si

ronment . For Il nstance, t he measur e

ai

of

ar

frameworkfor the measurement of PSFs in immersive environments. This has been achieved

by asking the safety professional number of questions with a diverse range of options to select

from. After the detailed analysis, the determinants of human faatomding to respondents
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Lastly, unlike the typical HRA method which usually utilized either specific calculation or
expert judgement to quantify the human error assessment. This study intended to use immersive
techhology for H&S performance improvement, which has also been examined rigorously in
the literature review. The literature also revealed the application of immersive technology in
the construction industry as well as its effectiveness in visualising satafjsdBased on this,

the study aimed to inquire about the respondent’'s understanding of immersive technologies and
how this advanced technology can help improve or resolve safety issues in the construction
industry. This led to asking a series of quastion the possible use of immersive technology

in human factor assessment.

Hence, the respondents were asked their preferred method to assess human error and most of
them did agree that immersive technology could be helpful in the assessment of human erro
as illustrated in Figur&.16 The respondents have alsentioned other ways of assessing
human error for instance verbal communicatibowever,immersive tebnology has been
provided better for safety assessnaamd risk analysi€SacksPerlman and Barak, 2013b; Zhao

and Lucas, 2015bMoreover, based on the immersive human error assessment the respondents
accepted the fact that the human factor can be managed through immersive technology.
Similarly, safety training has a significanigdon carrying out the construction process safely.
Immersive safety training has already been recommended by the researchers and has also been
practised as mentioned in the literat(ifrne and Thompson, 2008; Guo, Li and Li, 2013b;

Park and Kim, 2013b)The questionnaire asked the respondents about their opinion on
immersive technology and whether this can help to manage the human factor shown in Figure
5.17. Most of the respondents agreed with the idea of using immersive training to eliminate

human emor as shown in Figurg.18
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Prefered Assessment Method

= Written Communication of
Safety Details

= Using Immersive technology,
monitor the employee in real-
time situation

= Verbal Communication of
Safety Details

None of the above

Figure 5.16: Preferred Human Error Assessment Method

Immersive Technology for HF Management

= Yes, it can be helpful

= No, the existing methods
are better

= Not Sure

Figure5.17: HF Management Using Immersive Technology

Human Factor improvement though
Immersice Training

0%

= Yes, it can be of improved
enormously

= Not Sure

= No, the existing methods
are better

Figure 5.18 Immersive Training for HF Management

Although the research found intriguing and insightful findings on accident causation and

human factor involvement in the incideritdias validated the interview findings th& most



Page|152

prominent and substantial factor causing most of the accidents. However, the literature review
also highlighted the concept of systematic H&S management in complextsokrocal
systems. With the technological interventions and the construaftmmplex projects, several
researchers related to H&S have strongly recommended systematic safety management rather

than blaming the site workers for the accident.
5.2. Framework Development

5.2.1. Framework Development Stages
The development of the novel framewddk robust health and safety management has been
carried out by rigorously following these steps;

1. Identify the causal factors of accidents through critical analysis of the literature and
systematicstudy (ChapteR).

2. Explore the contemporargafetymethods to analyse and evaluate the causal factors
through literature andystematicstudy. (ChapteB).

3. Based on the above findingevelop a researcimstrumentto embed construction
professiona'inputon identified causes anad propose aotential fameworkfor safety
managemen{Chapters).

4. Develop an immersive human reliability analysis (IHRA) Framework to evaluate
human error during construction activity (Chagigr

Each of these stages has been discussed rigorously in the next sections.

5.2.1.1. Accident Causation Factors Identification

A critical analysis of accident causation factors has been carried out in Chalglere than

100 articles have been examined using a tailored designed methodology and around 60 causal
factors have been identifi¢lhalid, Sagoo and Benachir, 202The leading factors affecting

safety management found were; organisational, managerial, regulatory, social, environmental,

and personnel/human factqisksorn and Hadikusumo, 2008; Ismatlal, 2012; Wang, Zou
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and Li, 20B; Gunduz and Ahsan, 2018; Othmeinal, 2020; Khalidet al, 2021) Further
investigationinto the causing factors revealed human factors as the most prominent factors
contributing to about 80% of accidents in construction $Ragsariet al, 2009;Guo, Yiu and
Gonzalez, 2016; Faet al, 2020; Khalid, Sagoo and Medjdoub, 202Reason (1990b)
associated human error as a major cause of accidents that occur when not taken into account in
safety management. Similarlpanyaccident cause studies citeuman error as the main cause

of accidentgHaslamet al, 2005; Kariuki and Léwe, 2007; Edmonds, 20164d)e in-depth

studies on the human factor, its mechanism, and its effects have been carried out in3Chapter

After identifying the potential factors of accidents, the research aimed to further investigate the
factors and find out the root causes of accidents. Based on its damaging effects on the
construction industry as well as increased fatalities, many scholars haadlgexamined the

human factor to reduce associated risks in the safétyal industrie{Suraji and Duff, 2000;

Habibi and Pouya, 2015; Jat al, 2019; Winge, Albrechtsen and Mostue, 2019; Utall,

2021) For instance, H.W. Heinrich was tipgoneer researcher to work on the human factor
andanal ysed the mechanism and associated caus
theory which cited unsafe actions and unsafe conditions as the triggering causes of accidents
(Heinrich et al, 1980) Afterwards, several scholars studied the causes and effects of human
factors and presented numerous theories. A detailed examination of accident causation theories
has been presented in ChapBerThe indepth insight into the accident causation models
portrays human actions, behaviour, attitude, commitment, risk perception, hazard awareness

and safety knowledge as influential factors of human error.

To further validate the research findings from the literature and further investigate the problem
identified, quantitative research utilizing the questionnaire has been carried out focused on
H&S professionals in the construction industry. Tjuantitativestudy not only validated the

literature review findings on the human factor as the root cause of tigersicbut also
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identified intriguing facts on human factor management and practices accordihg to
professional's knowledge and experience (discussed in section 5.3). Along with validating the
root causes of accidents, health and safety experts hav@gidighted the significance of top
management involvement in regulating safety as well as managing human factors. Moreover,
human factor attributes acknowledged by H&S experts were; behaviour, attitude, risk
perception, knowledge, commitment, and hazavdreness (discussed in section 5.3). Hence,
after the identification of the potential issues associated with H&S in the construction industry,
the research intended to examine the methods or practices used in the industry for human factor

management taifther identify the shortcomings or areas of improvement.
5.2.1.2. Contemporary Human Factor Management Techniques

On successful identification of the research problem, this research routed towards the second
research question (Q2) exploring the contemporary ndstbeed in the construction industry

to manage the identified cause of the accident. With immense surprise and misfortune, only a
little evidence of human factor management has been found in the construction industry which
had also been validated througie tquestionnaire survey. The traditional safety management
system used in the construction industry has been discussed in Chaptereover, this
research took the privilege to propose and also publish a robust safety management system
considering poterdl factors causing accidents on construction sft@salid, Sagoo and
Benachir, 2021) The research found that the traditional health and safety practices in the
construction industry are not aligned with the root causes of accidents, hence, doidet cons
human factors in a complex dynamic setgchnical system while planning as well as
execution stages of construction projgttSE, 2009; Moaveni, Banihashemi and Mojtahedi,

2019; Priska Sinabaritet al, 2020; Houwet al, 2021)

According to theresearch findings, theurrent health and safety systsmusedin the

construction sector shoultk more resilient to humaarrors Constructionhealth and safety
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professionals are well aware of the causes of accidentgjubatitativestudies have shown

that no HF control methods or techniques are used in the construction indiigtman
reliability analysis (HRA)is a commonly used methéalidentfy, evaluateand mitigate human

error inmany safetycritical industries from human famt managemer(Hou et al, 2021) As
aforementioned, HRA is a qualitative or quantitative technique to analyse the contribution of
humans to potential errdSE, 2009) Chapter3 has critically and thoroughly discussed the
development and working oegeral HRA methods to managersonal characteristics and
behavioural aspects of the workers in a complex humachine systenjUng, 2015) For
instance, a innovative method presented at the expert meeting was the "Human Reliability
Error Rate Predictio (THERP) Technique" for motag human reliability in the nuclear
industry in response to the tragic nuclear accident on Three Mile Ig\tedwards, several

HRA methods have been developed and successfully used in different industries to quantify

human reliability under complex situatiorfBoring, 2012)
5.2.1.3. Relationship between Causal Factor & HRA

As mentioned earlier, the rigorous investigation of H&S factorgeiledhuman factors as a

great cause of concern for the construction s¢8aysariet al, 2009; Honglinget al, 2016;

Fanet al, 2020) Accident causation models (ACM) are critically examinecChapter3,

explaining the process involved in the execution of accidents as well as explaining the
relationship between causal factors and actgleACM are the retrospective way of accident
prevention by analysing the accidents and exploring the fé@ditnopoulos, Abdelhamid and

Howell, 2005b) H. W. Heinrichdéds O6Domino Theory, Pet
Birdbés TheorypySwBhdefReabModébd have rigorousl:
causation process and highlighted the significance of human factors as well as explained how

human error propagates the accidents. For instance, the Swesse Model disseminates the
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accident mto organisational influence, managerial influence, unsafe act, and human error

shown in Figuré.19.

Figure 5.19: Relationship between Human error and Accidgfginrich et al, 1980)
Empirical research conducted has also validated human error as the main reason behind
accidents on construction sites. Evidently, ACMs are the retrospective way to study accidents
and identify the causes that could initiate active or latent failures. Hower the dynamic
sociotechnical complex industry and distinctiveness in the construction project features,
ACMs do not help to manage human factors for accident prevef@mkinset al, 2010;
Apostotmates and Barbu, 2018)n the other side, HR& a weltknown method to analyse
the human behavioural aspects of human error prevention. Subsequently, the construction
industry has not yet developed the culture to utilise the HRA to manage human fHu#ors.
conventional method of dealing with anyrfoof risk linked with the building process is known
as "risk assessment"” in the construction indu®mito, Nunes and Ribeiro, 201However,
Aven (2003)argued thatreliability analysifa nd O r i s k aratewcsepaaaulgects 6
with a greateal of overlapHence, the probabilistic human error evaluation is inevitable to be

carried out to manage human factors using the HRA technique.
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5.2.1.4. Immersive HRA Framework Development for Construction Industry

The role of HRA in human error management hsigiaificant history that has been rigorously
discussed i€hapter3. However, the construction industry has not yet benefited froriRiAe

and hence human error has an enormous role in accident causation in the construction industry
responsible for 80%fahe accidentgGuo, Yiu and Gonzalez, 2016)lthough technology
developments in the construction business have aided in risk assessment and safety
management, human error is still known to have disastrous consequences in the construction
sector. Scholars have argued that risk assessment covers the big spectrum of safety
management, however, the reliability analysis technique has specifically developed to study
the human behavioural aspects of a systdotording to the literatur@and the empirical
researchlittle emphasis has been paid to reducing human grribre constructionprocess;

nonetheless, academics have offered recommendations to employ HRA.

Limited evidence of HRA use in the construction industry has been found in the literature as
well as throughquantitativeresearch. Researchers, however, suggested the potential use of
HRA in the construction industry for human error management. For instifaaeeni,
Banihashemi and Mojtahedi (201&83sessed the HRA models and stated that HRAtraig

in reducing the likelihood of humaarrorsin the construction sectoiSimilarly, Priska
Sinabariba et al. (202@nplemented the HRAnethod to analyze the beham@ndassociated

risks in the construction sector in Indones&milarly, severalH&S researchers have
recommended the use of the HRA technique to reduce human err@ 88k 2009; Howet

al., 2021) However, this technique has not been introduced in the construction industry as a
safety management practice. A similar trend has fb@@md in thequantitativeresearch on

HRA methods, 73% of the respondents found familiar with HRA, however, no evidence has

been found of using HRA for human error assessment.
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Henceforth, to successfully introduce the HRA technique in the constructbor,sthe
investigation of limitations was inevitabl€he intricacy of HRA procedures is one of the key
limits found in the literature validated by the survey respondéxiter limitations found were;
the sophisticated nature, specialist knowledgehefHRA technique used, nature of the
construction industry, and unreliability of HRA methods (discussethapter3). Based on
established arguments, the construction industry undoubtedly needs the HRA method
specifically designed for the industry. Therefotwo requirements have been recognised for
the development of the HRA method for the construction industry;
I Compatible with contemporary safety management systems,
il. Convenient for safety experts.
These requirements have been achieved by in
devel opment . The |literature review has reve
their way to the construction industry because of the complexity of their uSagent
met hods are wusually based on either experto
based on the literature reviegyantitativeresearch findings and effectiveness as well as the
successful application of immersive technologies in manysfigtils research found immersive
technologies a pertinent choice for the development of the HRA. The application of immersive
technology for development will have the following benefits.
i.  Userfriendly: The literature has revealed that appropriately deeedlapmmersive
applications will not only have improved outcomes but will also be easy to adopt by
the users.
ii.  Reduced Risk: One of the key benefits of this technology is beingesland has been
successfully used with exceptional results for trainingppses in many industries

(Loosemore and Malouf, 2019)
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iii.  Conceptual Blending: Immersive technology helps the user to blend between real and
virtual work that enhances their learning performaiiaeyedy, Danish and DelLiema,
2015)

iv.  Cognitive ExperienceThe research has revealed that immersive technologies have
helped users to process a large amount of information embedded through their learning
context which eventually enhanced their cognitive abfltgu, 2017)

v. Constructive Learning: Another usefaspect of immersive technology found was a
constructive learning experience that allows the learner to actively engage with the
learning material as well as recall the previous knowledge to develop new knowledge

(Huang, Rauch and Liaw, 2010)
5.2.1.4.1. IHRA Framework

The above analysis of the limitations of traditional HRA methods and the appropriateness of
immersive technology lead to the development of immersive human reliability analysis (IHRA).

The traditional HRA are typically based on PSFs to identify thes{Eherefore, the proposed
immersive HRA has been developed on the same method shown in &-@urdowever, for

the immersive HRA development, the assessment measures/enablers identified through the
guantitative study for immersive reliability assessment are; human actions, time, risk
perception, safety knowledge, hazard awareness and communication shown in5SEfjure

bel ow. Moreover, O6éi mmersive activity designe
for the design of IHRA. The schematic diagram of the proposed IHRA is shown in big2ire

below.
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Figure 5.22: Immersive Human Reliability Analysis Model (IHRA)

5.2.1.5. Immersive Safety Management Framework

Based on the research finding aechploying the IHRA model, the research proposes a
Framework for human error mitigation below in Figarg3. ChapteB has explicitly reviewed
accident causation models which demonstrated the error mechanism. The accident causation
models have accused ufesaonditions and unsafe actiomsthe ultimate causes of accidents.

This framework has been developed based on two underpinned parameters; (i) environmental

risk mitigation, and (i) human error mitigation; employing immersive technology. Both
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underlyng parameters run simultaneously in the proposed framework that carries out safety in

three stages. (i) Modelling, (ii) Analysis / Assessment, and lastly (iii) Error Management.

Asillustrated in the proposed framewotke identification andelimination d human errcs

from the construction processill be achieved indifferentp hases i . e. 6mode
simulati oné, Ohuman reliabil ity Stage dof thesi s 06,
proposed frameworkssociateshe project informatiorto develop he projectmodels which

can be carried out at the initial stages of the construgroject. This allows the safety
professionals to develaggp3D model of the constructigoroject for the H&S risk assessment

and develoghe simulationmodel of the critical project activitie3.his can be achievelly
embeddingthe developed 3D model within the immersive toatsl creatinghe essential

functions to carry out the planned construction activity in the immersive environment.

Subsequently, stagei2the key stage in thframeworkthatillustratesthe carrying oubf the
risk assessment as well as the human reliability analysis based on the model and simulation
developed in the previous stage.this researchgured thathrough accident causation studies
that unsafety conditions lead to human eatang with other pdormance shaping factors
(PSFs) Therefore, the proposed framework altotive safety managete carry outthe risk
assessment of the constioat projectand identify the risks as well as the activities which
requirehuman reliability analysis Once theunsafe conditions are identified théme next
phase is taun animmersive HRA simulatiorbased on PSFs shown in Figufe22. The
complexity level othedeveloped simulation will define tleEcuracy and success of tHRA.
This phase will allow the safety professionals to cauy human reliability analysis in the
immersive environment aridentify the possible unsafe actions of the workéesstly, stage

3 of the frameworkenables le eliminaion of unsafe conditions and actions from the
construction process by mitigating the identified risk&l throughimmersive training of

workers witha low score of human reliability analysis
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5.3. Chapter Summary

This chapter examined the research questions on accident causation and the factors involved to
establish a relationship between them. Human factors have been identified as the main cause
of accidents in the construction industry through rigorous literatwiew research. Hence, to
eliminate the accident causation factors, several methods have been examined to manage
human error through a literature review which has been validatepidytitativeresearch
findings. Afterwards, based on the research finsliagovel Framework to manage human

factors has been developed in secBdh1.4of this chapter.
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Chapter 6: ResearchValidation & Findings
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6. Introduction

The previous chapter discussed the research findings as well as presented a robust framework
for improved H&S management. This chapter validates the research findings from the previous
chapter through Haepth interviews of H&S professionals in the construction industry. A
detailed discussion on the participants, interview strategy and the finding nasabeed out

to further investigate the research questions as well as validate the research findings to improve

the H&S performance of the UK construction industry.
6.1. Research Validation

The validation of research findings is the fundamental componentycdclolarly research
endeavourValidation describes how well the acquirddiowledgecovers the real field of
researcl{Ghauri and Gronhaug, 200%imilarly, Taherdoost (2018)efined research validity

as a conceptised to judge how excellent a resdaresponse is for any particular topic.
Moreover, research validation often stands opposite to verificatlalidity is defined as
fimeasuring what is meant to be measarééindy Field, 2005) Contrarily, \erification
guaranteeghe technical accuracyf cesearch products, such as simulation modelsko and

Rojas, 201Q)As both terms are common in the technical and management literature, they are
often used ambiguously or interchangeal@gnerally,verification isoften concerned with
fidoing thingsc o r r e wherkag @alidation is concerned witdoing the right things .
Therefore, this research aims to validate the research findings as well as the framework
developed through rigorously conducted research. The purpde alidation has been to
make the proposed framework more effective and thus further align the research findings with
the industrial needs.

The literature revealed two kinds of research validation; (i) internal validation, and (ii) external
validation(Robert K. Yin, 2014)Internal validity is closely tied to the ideatbe causeand

effect phenomenoand is concerned with the derivability of relationships inside dsnal
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validity can be jeopardised by a variety of issues, includirggifiined theoretical models with
misleading correlations or connected explanatory factors, biases in data collecting that make
comparisons inefficient, arttleinability to consider alternate hypotheses during data analysis
(Leedy and Ormrod, 2001)lowever, gternal validity refers to the degree to which a study
result can be generalizenutside the immediate study sampl&xternal validity can be
jeopardised bgeveralfactors, including a lack of statistical integrity in sample size selection
and data colle@in, the existence of any exceptional conditions during the research efforts, and
thesimplicity of the phenomenon under investigatfbeedy and Ormrod, 2001)

Other types of validity mentioned in the literature include face validityerion validity,
content validity, and construct validitffaherdoost, 2018Face validity is a nostatistical
subjective evaluation that seeks the opinion of remearchers on the validity of a certain study.
Another nonstatistical technique is content validityhich focuses on establishing whether the
substance of a study accurately reflects redlitye definition of criterion validityound in the
literatureis fithe degree to which the outcomes of one assessment instrument coincide with
another, seemingly rdked measuie .  Wh eonstruatvagliditycrelates to the appropriateness

of operationalizations of theoretical conceptidnsother wordsconstruct validity is focused

on ensuring that a research endeavour is measuring what it is meanmneasuretbllowing

its statedbbjectivegLeedy and Ormrod, 2001)

Construction engineering and management research investigatevoréhl tools and
procedures to increase tlwnstruction industry's efficacy and efficiendgxperiments,
observational studiesurveys,modelling and simulation, case studies, theory development,
case studies, and interviews have all been employed in construction engineering and
management resedrfor validation(Lucko and Rojas, 2010)he construct validity approach

to validate the research findings has been utilized which is a common validation approach used

in the social sciences and behavioural researtie. constructof the researcldesignis
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frequently defined as Athe extent to which
depiction of latent constructs that may draw on a variety of sources and types of data, as well

as being pertinent to the theory that the scientist is seekingldo (Straub and Gefen, 2004)

The construct itself may be understood as a social construction, characterized by a collection

of intellectually produced measures that are neitheresgdient nor inherentlyitrued . I n this
researchaliterature reviewsafety regulations, government reports agdestionnaire survey

with safety experts in the UK construction industry have been used in providing multiple data
sources for formulating the proposed framework for improved safety management. All these

data surces were valid and acceptable therefore the internal validation of the research findings,
however, for the external validation of the proposed framework, interviews have been

conducted.
6.2. Validation Technique

As aforementioned, in the construction manageimindustry gperiments, observational
studies, surveysiase studies, theory development, case studies, and inter#iewlse most
frequently used techniques for research validation. For this research, interviews with safety and
behaviour experts haveebn conducted to validate the proposed framework built on research
findings.

6.2.1. Sampling & Interview Arrangements

Semistructured (qualitative interviews were considered appropriate for this study to
investigate the health and safety procedures and mitigation measures utilised by construction
expertsAs this study was based on a readrld situation, especially in the constructeector,
therefore, the researer was well familiar with the sample participants to acquire data for
research validation. Hence, the Aamobability sampling technique has been selected as an

appropriate choice. Moreover, the initial research findings highlighted human factors as the
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main causes of accidents that involve personnel traits, for instance, behaviour towards safety.

Therefore the sample audience identified for this study has been divided into two groups;

I.  Lead safety experts in the UK construction industry to validaterdpoped framework.
ii.  Behavioural experts in the UK construction industry critically and rigorously analyse

the framework in relation to managing behavioural aspects towards safety.

Based on the defined sampling criterion, the interviews with the safetyetiadibur experts
have been carried out with twenty (20) experts. Fifteen (15) out of twenty were lead safety
experts whereas, the remaining five (5) were behavioural experts in the UK construction
industry. This interview strategy has been adopted to atalitheresearch as well as the
framewok. As semistructured interviews have been selected for this research, therefore a set
of questions have been developed to cover every aspect of the research. Howexangdegen
gueries have been included in theemtew so that followup questions could be asked based
on the participant's responses.
6.2.2. Data Analysis
As aforementioned, data Analysiegins with the breakdown, separation, or disassembly of
research materials into parts, pieces, elements, or Angaditative data analysis approach
has been selected for the analysis of interview data.
6.2.3. Qualitative Data Analysis
A crucial element of qualitative analysis is the emphasis on text rather than numbers. The 'text'
that scholars analyse is typically an intewi transcription or records from participant
observations; however, the teoduld be referretb asimageryor any other pictorial evidence
that the researcher studigscey and Luff, 2001 )Different data analysis stages mentioned by
Lacey and Luff (RO1)are;

i.  Documentation: It begins with thgata collectiorand writing of the transcript

ii.  OrganisationData organizatioand dassification into concepts.
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iii.  Connection: Identify the relationship between the data and explmredifferent
conceps may influenceeach other

iv.  Corroboration: Corroboration/legitimization is accomplished by the evaluation of
alternative hypotheses, disconfirming evidence, and the search for negative cases.

V. Representation: presenting the research finding.

For this research, omié interviews have been carried out, and in the first stage, the online
interviews have been converted to written documentation to undergo the analysis. Afterwards,
the interpretative phenomenological analyfiBA) technique has been used for qualitative

analysis.
6.3. Framework Validation

This study implemented sesiructured interviews for the research validation where data i
analysed using thimterpretative Phenomenological Analysis (IPAgthod which has been
selected as the most appropriate methodHernalysis of quigative research. Each of the
interviews has been analysed using the IPA method for rigorous analysis to get the best
outcomes. As the interview used a sestnuctured approach therefore a questionnaire with
openended questions has been formulated. Moreovemtiwiew has been divided into three
parts to align it with the research objectives. The first section sought information on the current
H&S practices that have been practised in the UK construction industry to evaluate the current
safety management sgsh against the safety issues highlighted in this study. The essence of
this part is to determine how effectively the construction industry is handling those factors
affecting H&S in the construction industry. Furthermore, this part will validate the casear
findings (objectivel) based on which the framework has been proposed.

Additionally, sectior? of the semstructured interview inquired about the participant's opinion

on the accident causation factors and determine their understanding of acciéecasis#s,

and the system they have in place to eliminate those factors to make the construction site more



Page|172

secure for the workers. This section also validates obje2tiMethis study which looks into

the finding of the causes of the accidents found duhegstudy. A series of questions have

been asked to the participants on the accident causation to havaepthnperception of
accidents and determine if it's aligned with the research findings. Similarly, the last section of
the interviews comprehengily inquires the participantboutthe found mospresidingand
dominant causes of accidents and eventually validates the proposed framework. Following the
aforesaid inductive approach for the data analysis, this study seeks to develop knowledge based
on the evidence from the H&S intellectuals in the UK construction indu$trgrefore the

inductive approach has been practised for this study to analyse the qualitative data.

Nevertheless, each interview has been conducted digitally becauseadttiations imposed
by the government due to the COVID® pandemic since 2019. Most of the interviews have
been conducted on MS Teams through video calls and a few of them were also conducted on
the Phone based on the participaptiority and the interet limitations. All of the interviews
were recorded and have been transcribed later for data analysis purposes. Furthermore, most
of the interviews have been transcribed by the MS Team itself, however, a few of them have
been transcribed manually. Speaiahsideration has been practised to transcribe the videos
professionally without any bias. On careful completion of the interview transcripts the IPA
analysis method has been used as mentioned above and the following process has been
practised.
i.  Each of thegquestions has been read comprehensively multiple times to highlight the
preliminary themes.
ii.  Once the emerging themes have been identified and clustering has been carried out of
the emergent theses for each of the respondents.
iii. Research queries have beealgsed based on the emergent themes from each of the

questions asked and findings have been summarised.
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Each section of the sersiructured interviews has been discussed in detail below;

6.3.1. Participants Demographics

A similar sampling technique has been ufmdhe qualitative researctwhich was practised

for the questionnaire surveyh& nonprobability sampling technique was used since this
research was conducted on a+t@ale topic particular to the construction sector. Furthermore,
the goal of this reseeh was to look into the causes of accidents and the shortcomings of present
H&S practces in the UK construction industand explore the methods used for human error
mitigation As a result, the sample population for the questionnaire survey was madfle up
construction H&S specialists with expertiaad experiencén the field. As a result, H&S
managers, directorgnd leadshave been chosen and contacted this studyto conduct
interviews Moreover, as the previously conducted research highlightdtuthen factors that
include human behaviour, attitude and perception, therefore, specifically for the interview
study safety behaviour managers have also been conducted to also validate the behavioural
aspect of the research. The list of participants aed firofessional backgrounds has been
presented in Tabkg 1below. The participantseredivided intothreesafety groups (SG) based

on their roles in safety management.

Table6.1: Interview Participant's Bekground

No of Organization Background | Experience | Qualifications

Group Background Participants Type

Title

SG1 H&S manager (4) 12 Contractor Infrastructure | 5-15 years | NEBOSH
Director H&S (3) Building GradOHS
H&S coordinator (1) Railways CMIOSH
H&S lead (2) IOSH
CDM regulator (1)
Associate H&S
Directors (1)

SG2 Safety Consultant (2)| 3 Consultant Railways 10-15years | MCIOB
CDM H&S service CDM Service | Building NEBOSH
1)

SG3 Behavioural Manager| 5 Contractor Infrastructure | 5-10 years | CMIOSH
(5) Railways MCIOB

Building
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6.3.2. Health & Safety Practices in the UK Construction Industry

As mentioned above, the first part explored the H&S safety practiagag bsed in the
construction industry. The literature review has mysly explored the traditional health and
safety practices and also highlighted their shortcoming, however, to further extend the research
findings on H&S practices and specifically to explore thbonse safety management systems

in the construction copanies, a few questions have been asked in the first section of the
interview. Almost all of the H&S professionals who were either the safety leads, safety
managers or safety consultants validated the literature review and backed the traditional H&S
manageent system. A traditional safety management system in the UK construction industry
comprises complying with the safety regulations, carrying out the risk assessment, developing

method statements and designing for safety. For instance one of the padisipted:

fiSo the core requirements are fully embedded in the organisational health

and safety practices at work and CDM regulations in principle. My current

role is working as consulting engineer and what are in terms of the Highways

England project, weare working with three companies to work

collaboratively and our work is H&S of the project. Making sure compliance

with CDM regulation and providing effective instruction in terms of H&S

safety. So the other companies are contractors and we are the teotsul

doing a risk assessment, developing method statements and then going into

looking at machines, material and everything else. So currently this is how

our and companies in the UK are complying with the safety practices and

regul ati-2pnso. [ SG
This statement indicated how basic H&S safety is practised in the construction industry and as
a core requirement, this traditional systen

management system. Moreover, this also indicates the consultant's iparoégt&S that
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exclusively revolves around the CDM regulations. However, besides the conventional H&S, a
few companies claim that they go a step further and also haweuse safety management
systems to establish a safety culture and make sure evemgrke safely and has a safety

structure at a corporate level. As one of the participants narrated:

AThe higher | evel i's done corporately. TI
around globally so the hierarchy structure put some hearorgthe safety

down b the organisation. So the global leadership and then regionally.

Regions across the globe where we work are Europe, the middle east and

then Australia where our organisation works specific and then it also works

in North America. Within our region whick Europe and the Middle East,

we have regional leadership for health and safety and a big focus of that is

around the corporate obligations and processhouse which is called

6Beyond Zerod which is done from inductic
so an over arching concept which tried to eliminate the accidents or

el iminate the health [SGlsks that come acr

nSafety i s managed in my organisation b\
and we are working on the philosophy that everybody shautbme safely

and it's done by the safety professionals. We ask the company or the

organisation to have a commitment towards safety and that commitment

should be from the highest |[®CGlE I down to

Similarly, another participanmentioned that:

i Wen we talk about looking at the pcenstruction phase. Obviously, we
have the hazards we look at those we actually and this is important really

important part as part of developing the work plan the surface system of work.
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We actually involve the techmicexperts from the supply chain. and that is
part of them actually producing the methodology because they are the
technical experts where, where maybe we're not in ensuring that we've got a
robust, safe system of work. we have many hulled points befoptepe
actually start workinglt will also review the work package plan is reviewed

by the contractors engineering manager or if you to apply that to traditional
construction, then obviously that will go through the project manager. And
indeed, the healthral safety manager. So it's a lot of hull points before we

actually start working. [SG-3]

According to these H&S professionals, the H&S practices in the construction industry are
committed to eliminating the potential risks involved in the constructiocegsothrough the
development of the organisational structure and the introduction of technical experts also helps
in identifying the potential risks in design and construction stages. Participants have also
indicated that the commitment to safety and thfotigorous risk assessment and supervision

the accidents can be reduced. However, the perspective of behaviour managers in the
construction industry has highlighted the significance of human behaviour in managing safety.
According to them, human behavidarthe main cause of accidents in the industry which also
validates the research findings which explored that the human factor is the cause of 80% of the
accidents. They have further indicated that they have systems in the organisation to influence

peoplés behaviour that helps towards reducing accidents. One of the participants said;

fOkay, so we have a couple of things that we work with. First, we have a

traditional safety management system fréime top-down that involves

complying with the safety regtians and doing a risk assessment and

met hod statement s. That s the thing ever

anithouse safety management system call ed
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behaviour,andconsequence. It's either good or bad. Good attitudddea

good consequences and bad behaviour leads to bad consequences. If the
ABC model is bad that means a variety of things. Behaviour > not positive,
Ignorance > human error, Influence/ peer pressure and it will come with a

financial cosd. [SG-3]

Anotherparticipant stated that;

i 1 really deep dives into various areas as I'm certain that you're aware of,

but we, as part of the people's attitudes we look at, what kind of headspace

they are app before they actually attend work and make them challenge

theme | ves. We have the 6C's and two of t

care so you know it's a mufaceted approach on how we ensure the safety

of our people out there in the Prevention of Accidents and incidents, we have

close calls, hazard observationspogitive interventions and also in

interestingly we also have those for design asowfHG-3]
Nevertheless, it is evident from the participant's responses that construction professionals have
different opinions on safety management. Safety professioralsng on the construction
project sites specifically the safety managers relate safety management to complying with
safety regulations, method statements, risk assessment and supervision. Above them is the
safety leadership exclusively the safety directmrthe HSC executives who have committed
to embedding safety in the organisation's culture by promoting good practices to deal with the
current safety issues. However, unlike the safety experts, behaviour managers have a different
opinion on safety managent that is more aligned with the findings of this research.
Behaviour managers believe that human behaviour is the main driver of safety and safety
performance can be improved instinctively by promoting good behaviour in the organisation.

Thus to furthe explore the safety issues sectdmf the interview inquired the participants

h
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about the factors causing accidents on construction sites and review how current safety
management systems are associated with the potential causes of accidents.

6.3.3. Accident Causation in the UK Construction Industry

The safety management systems can not be validated completely unless the factors behind the
accidents are knowrChapter2 and Chapte8 have critically examined the factors affecting
safety performance and rigoroyseviewed the causes of accidents. Therefore as mentioned
above, this section comprehensively inquired the safety experts about the causes of the
accidents to validate the research findings. This section of the questionnaire is comprised of a
series of gastions to note the participant's understanding of accident causation. The two main
themes which have been explored in this section werthgauses of the accident, and (i)

how these causes correspond to the safety management systems practices gathsation.

Each question asked had several folgpv questions to have an-depth insight into the
participant's understating of asked queries.

As revealed in the previous section, two kinds of perspectives have been identified in this
section as wll. It has been found that the H&S consultant's orientation on safety is management
driven and they have indicated that management commitment is the main cause of accidents
on sites. Therefore for them, good management practadd help to reduce or tigate the

accident during the construction process. As referred by one of the participants;

Al n my opinion management commitment, [
the risk,andunderstanding between the management arrangements and site
operatives. The otheaspects we are finding are the mental stress on the
wor k SG2 .
Nevertheless, the other perspective found during the interviews is oriented more toward the
personal failure of the system failure. The emerging themes of accident causation found in thi

perspective are; human error, communication, human behaviour, human factor and personnel
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attitude. Moreover, participants supporting this perception believe that safetyfritomaop
to bottom and accidents usually happen due to the human factor ithatltlee bottom level.

For instance one of the participants said;

Al think in construction it I's a barrier
contingency of noiEnglish speakers that pretty much because construction

industry requires a large influx gfou know norkEnglish speakers to fulfil

the gap industry has from last 15 to 20 years and | think language is a

massive part of the safétySG-1]

Another one mentioned that;

fi Aot of accidents do happen | think are construction management related
or theindividuals not complyingvith the process/system which is there to
protect them but the design clearly lsamassive obligation to trihedesign

out the hazards before the thing goes to the contrawt{®&-1]

Similarly, the other factors identifiedféhe causation of the accident are associated with the
human factors that also validated the research findings. One of the participant's responses to

human factors is narrated below;

AThereis a number of things that could initiate any accident, for ins&
humanfactorbut t hat 6s not the only reason. Th
that include ignorance, safety program failure, system error or technical

erroro. [SG-3]

To further investigate the causes of accidents and identify how the-atent®ned cawes are
associated with the accidents. Participants were also asked about any recent accident they have
encountered and what causes were identified and what lessons have been learned. The accident

causation studies explored from the participant's understaadd experience again validated
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the human factors as the pertinent reason for the accidents in this construction industry. Several
guestions have been askafdeach participant to have a detailed examination of the accident
they experienced and what Himf factors were identified from the accident investigation. It

has been established from the participant's feedback that the construction H&S professionals
are not familiar with the terms human factor or the behavioural aspect of accident causation.
They look at safety from the management perspective, not from the behavioural or human

factor perspective. For instance one of the respondent stated,;

fiYes, there has been a number of acc&lent construction sites | have

worked with and generally there agenumber of repetitive causes. One of

the root causess that people have done something different tthergiven

job description. He changes the method, you know. They sometahke

their own decision on something, t hat 0s

include taking unnecessary risks, wrong risks perceptian 26-1]

Similarly, another one stated that;

il have seen a number of accidenthe first one | remember was there was

a fatality and at that time the issue was the temporary struataseverand

the excavation and it brought down the support gauge so it might be very

aware of utility diversion and temporary works for utilities. So that was

probably the biggest learning that | got on wzhen the accident involves a

fatal ity t hrvestgdtien anddHSEwolldjinvave in that yes. |

think communication was the main issue behind that acGdsG-1]
This clearly indicates that human behaviand the commitment to safety which are the
underlying factors of human factors were the main reason for accidents identified by the

participant, however, when the same participant was asked about the measures they have taken
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to avoid such accidents again ahd participant responded with the better hazard recognition

such accidents can be avoided as mentioned in his statement below;

fYes, what | did is, | introduced a system called hazard recognition and what

that does is that that is a step before the redommbf nearmiss. So for me,

i f you recognize that thereds a hazard t

before they report the neanis®. [SG-1]
It can be perceived from the above statement that safety management should consider the
human factor as aputstanding cause of accidents in order to avoid incidents on construction
sites. Some construction safety practitioners do have an understanding of human error and they
have mentioned human error as the cause of accidents but unfortunately, they haretent

that there is no set process introduced in the construction industry yet to overcome human error.

iWe dondét have a system specifically, b ut
increasingly part of that actually come out of where we have nuclear power
stations where human factors is a big element andsiéng the processes
and particularly that come out of that industry where there are operational
issues. How somebody has reacted to the situation ceaafa@ty. But it does
ripple out how workers haveacted to a situation esite, staying focused
and work processes and things. So we are considering that increasingly in
the construction industry but we dondot vy
part of that. Our design management process at the monak@s sure that
people are aware that is a significant aspect but we need to consider this as
wello. [SG-1]
However, the behavioural managers who have been interviewed had more relevant knowledge

of accident mechanisms and also had a clear understarfdigvdiuman behaviour causes
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accidents on construction sites. The narrations below correspond to their response to the

accident causation question.

Al probably recall a few years ago whereby an individual had his legs broken

by a tally handler. And you kmoterribly, the individual had placed himself

in such a position. So you know if you get into a deep dive on this, uh, human

behaviour. We have also changed the methodology in terms of the lifting of

FIBC bolt bags that were part of the lifting activity the FIBC bulk bags

were being lifted by the telehandler onto the back of the flatbed truck, and

the individual who got injured was a baak&aro .  -B]S G
Moreover, they have also revealed that they have a system in place to manage the behaviour of
the peofe working in the organisation. For instance, one of them when asked if they have a

system in place to manage behaviour has responded that;

AObviously a lot of focus is placed back onto the supervision for this activity,
making sure that we have competgeebple who are actually out there
supervising our work. We also ensure that the workfar¢elly briefed on
being able to work on safe procedsis® effectivelyhat if they're unhappy

with a safe system of work without fear of retribution, they comivenivork

safe procedure to their supervisor. Who will investigate it and leaie it
uphold whether their concern is legitimate or explain to them why the safe
system of work is robust. coupled with that, we have a behavioural based
safety program called ALS plan attitude, lead and share and everybody
who attends our projecis briefed on this. And it's not just about safety that

that is a key thing. [SG-3]
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The research participants have explicitly underpinned their understanding of accident causation
in their experience and also, and accident investigation exploration has indicated how accidents
correspond to their experience. H&S professionals in the industry with extensive safety
experience are familiar with the outstanding factors affecting safetyedlsas know the
mechanism of accidents. As aforesaid, the most prevalent factors highlighted by the
participants are communication, commitment, attitude, safety awareness and human error.
More so, the other factor specifically highlighted by behaviourahagers was human
behaviour. To overcome these factors, the participants have mentioned that precise risk
assessment, commitment to safety and supervision, and behavioural alignment could help to
manage these factors. The literature review carried oubgltiis research has rigorously
revealed that all these causes highlighted by the participants are associated with the human
factor (Nawi et al, 2016; Zahooet al, 2017; Francioset al, 2019; Winge, Albrechtsen and

Mostue, 2019; Khalid, Sagoo and Beha, 2021)

These findings inevitably statbét the construction industry has to consider a human factor
approach to deal with the incidents on the construction sites. Although H&S professionals
mentioned the proximal causes associated with the huawtor fhowever, unfortunately, they

are not familiar with the human factors and undoubtedly, do not know how to deal with the
human factor. Thus the next section of the interview tried to approach the participants from the
human factor and inveil their uadstanding of the human factor which the research explored

as an utmost cause of an accident. Where necessary, they have also been briefed on the human

factor to record their explicit opinion on it and also explore how to deal with the prevalent issue.
6.3.4. Human Factorsin Construction Accidents

This study has revealed that the core reason beduodient causatiom the construction
industry is the human factgNawi et al, 2016; Zahooet al, 2017; Francioset al, 2019;

Winge, Albrechtsen and Mostue, Z)IKhalid, Sagoo and Benachir, 202About 80% of
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accidents happen becausecafises associated with hurgatherefore, further study on the
human factor is pertinent for this study. The literature review, as well as the questionnaire study
alsoindicated the human factor as an outstanding issue in the industry, therefore, to validate
and to get irdepth insight, the human factor has been discussed with the participants to validate
the framework developed. Moreover, to validate the frameworkiessd# questions have been

asked to the participants in this regard and the key findings have been validated based on which
the framework has been established. Thus the participants have been asked about their opinion
on the human factor and further incgd how in their understating this is relevant in accident
causation. Most of the participants have exhibited a fair understanding of human factors and
agreed that the human factor could be the root factor of causes they have highlighted for the

accidentFor instance;

AYes it is a significant driver to the safety system. also tde@énctor, the

working conditions and mental health. These are the significant causes of
accidents irthe construction industry. However, sometimes they are tested
because soatimes we have loads of pressure from overseas workers and

their communication as well as working style could be difféerd8-2]

AYes | do agree that human behaviour is the issue behind most of the
accidens but its not limited to that. It also involgemultiple factors like

behaviour, attitude, peer pressuszmdcompetendy. [SG-3]

Another participant mentioned that the human factor comes into effect due to a number of

reasons;

AThe main reason behind the accidents is human behaviour and | would say
unconscious behaviour, in my opinion, is the main reason. People get used

to seeing the hazards and when they, unfortunately, get used to seeing



Page|185

hazards then they no | onger become the h
t hat ri sk mor e ovetherisksds theyyseditofrord daygne r c e i
So there are a couple of factors from me so time versus repetition and

environment versus indivi-qual potenti al

fYes, so you know if you get into a deep dive on the accidents, uh, its human

factors. [SG-3]
Hence, retrospectively almost all of the participants agreed and related the causes they
indicated for the accidents with the human factor. Among the participants the understanding of
the human factor as mentioned before was differentneSoelated itto the worker's
demographics, sonethe behaviour and a femwthe communication. However, they validated
that the human factor could be the root cause of the accidents and must be tackled. Therefore,
the research hereafter aimed to in\gagte the participants to validate the framework developed
to manage the human factor. The participants were inquired to elaborate on human factor
management in their knowledge and experience and illustrate if they have a system in place for
human factor mnagement. A response given by a safety consultant to this query has been listed

below;

AiThereds no technique in specific, howev
management, | think we manage the human fa&orit is not within my

organisation, becausee donodét operate any <critical [
do is, we do design el ements, we donot t
construction what we do we develop a de
buil dabl e design and tdorsttudtion liagbiity t of hu me
part and goes to just the operating various kinds of plants, cranes,

infrastructure that got to interface or clash with[SG-2]
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This indicated that the principal designers only deal with design for safety and make sure that
a buidable design is carried out, however, in their understanding more of the accidents are the
result of the construction process for which the contractor has to be liable. Similarly, others

have also recorded their responses, a few of them are;

A So vy o uykpow théreaabe two approaches towards behaviour safety.
There is a negative reinforcement of behaviour safety and the negative
reinforcement of safety is when somebody makes mistake then you punish
them by either giving them a fine or a penalty, orother hand, the positive
reinforcement towards behaviour safety is recognising when somebody is
identified if something that has been done well or achieved something
positive. Well in behavioural safety you always reward the people to
appreciate them givin them positive feedback. You always start with the
good thing, you always encourage the positive behaviour behind a safe
act i[®&RA1) .

Another one stated that;

AWe dondét have a system specifically, bu
increasingly parof that actually come out of where we have nuclear power

stations where human factors is a big element andstteng the processes

and particularly that come out of that industry where there are operational

issues. How somebody has reacted to the stiaintros the safety. But it

does ripple out how workers have reacted to a situatiosien staying

focused and work processes and things. So we are considering that

i ncreasingly in the construction industr

in placein a part of that. Our design management process at the moment
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makes sure that people are aware that is a significant aspect but we need to

consider tSGills as wel |l 0.

These statements as well as the data gathered from the other participants haviealbteg
directed that the construction industry lack behind in the safety management of other safety
critical industries. The human factor is considered a-kweshwn cause of accidents in other
industries but the construction industry relies more onttoedil ways of safety management.

So far, using the IPA methodology, the emergent themes in relation to the human factor
management established by the research participants were; effective supervision, behavioural
incentives and design management procgsbsequently, as seen before during the analysis,
the safety behavioural managers illustrated more understanding of the human factor and also

highlighted methods to manage the behavioural aspect of the human factor. For instance,

AnuUh, i n t e ramwuman factorscas Weil, 1 mentioned our, uh,
behavioural based safety program PAES.we have supervisor training and
getting them to look out in termséoflet me give you an example. An
individual turns up for work who is highly competent but has dadrse

sleep because of maybe an argument with their partner baby crying, etc. and
we train our supervisors to look for things like that. | mean, |, as you're
obviously aware, the human factors can impact so adversely on human
performance, it's unbelievable and you know it's kind of recognizing across
our industry web. The practice there is looking at how we got and implement
with our tasks and teams to ensthrat, you know, we've got a robust manner

of dealing with and[SG8loki ng at human f ac

Similarly, another one stated that;
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Yes, we do have a system called PALS. That is plan, attitude, lead and share.
So that involves robust planninidpe right people right attitude, leading by
example,and sharing information. That is the systematic way, we have
developed to manage the hunmiactor. By managing the behaviour and
attitude we can | think improve it. Also, we have a valoeth system
everywhere in the organisation. For example, if you put more value into
safety it's gonna worth more and i f you
not had a good outcome. So it's up to the top management which actually
defines the value of safety or any other aspect of safety. The problem | think
construction company has today is that its reluctant towards introducing new
systems and new things fdret betterment of the industry. So if we adopt

valueworth that could have the industry significantly. [SGG

This reveals that some construction companies do know the significance of behavioural
management and they have established systems to promotéajwodour throughout their
organisation for better performance. Specifically, the programs like PALS and-Waltth

have indicated how a few companies have approached the behaviour for the improved overall
performance of the organisation. Unfortunatehg safety professionals in the construction
industry did not portray an explicit and broad approach to safety management, instead, focus
on the conventional methods. For instance, in response to the asked question, most of them
revealed that communicationlear job description and effective supervision could help to
mitigate the effects of the human factor. However, the previous research has highlighted the
shortcomings of the traditional safety management systems and also found that the human
factor is nt limited to human behaviour but also involves other personnel and safety traits such

as attitude, commitment, safety perception, knowledge, and communication which needs to be
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analysed before the construction process commences. Thus this researclogathesligh

interviews has so far enlisted the following findings.

1. The participants have unanimously validated the current safety practices being
practised in the UK construction industry.

2. As explored in the literature review, the current/traditional tgaf@anagement
constitutes a plan, do, act, and check cycle. Participants have mentioned that this
process is embedded into the safety regulations which is usually carried out in the
following order; design for safety, risk assessment, method statemesy@erdision.

3. According to the participants the most prominent causes of accidents are; management
commitment to safety, ineffective communication, understanding between
management and operator, human error and human behaviour.

4. Moreover, one of the findgs of this research is that safety is considered the sole
liability of the contractor, therefore, is considered responsible for the accidents on the
site.

5. Although most of the causes highlighted by the participants behind accidents
correspond to the humédnactor, however, construction safety professionals are not
familiar with the human factor and how the human factor triggers the accidents.

6. Behaviour managers in the construction industry relate accidents with human behaviour
and they have mentioned thabproting good behaviour helps to reduce accidents.

7. The construction safety professional believes that with effective risk assessment,

communication and supervision human factors can be reduced.

Hence these findings have indicated that the constructiostiycheeds to consider the human
factor aspect of safety management is found as the utmost cause of accidents. Unfortunately,
the construction safety professionals reveallalited understanding of the human factor and

its management, thus, the next pdrthe research will validate the proposed framework which
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is based on two safety concepts Osite risk
immersive technologies.

6.3.5. Human Reliability Analysis (HRA) in Construction Industry

The analysis so far dealith the validation of the first three objectives based upon which the
framework has been developed. This section aims to validate the proposed framework and
identify its appropriateness according to the participants. As aforementioned in Ghéaipéer
proposed framework has been developed in two stages. The first stage involved the
development of an immersive human reliability analysis model, whereas, in the second stage
the framework for human factor management has been proposed based on estabWshed HR
As the proposed framework has been developed explicitly on the research findings, therefore
validating the research findings has been inevitable. The construct validity as explained earlier
deals with the appropriateness of the research operatior@iigbsiherdoost, 2018Y o put it
another way, construct validity is involvedensuring that an investigation is measuring what

it is designed to assess in accordance with its stated Jdwdsefore, construction safety

professionals have been engagedalidate the appropriateness of the framework.

Although the proposed framework was developed based on the literature review and
guestionnairstudy, however, for the research integrity and to ensure the appropriateness of its
work for the constructiomdustry the validation had an enormous significance. Thus several
guestions have been asked on human reliability analysis and human error assessment.
Moreover, participants have also been inquired about immersive techniques for health and
safety managememand immersive safety training. For instance, the first question sought the
participant's view of human reliability analysis (HRA) and its potential usage in the
construction industry. A mixed response has been found among the participants on HRA and
its usage in the construction industry. Few participants demonstrated their understanding,

however, no evidence of its usage in the construction industry has been found. Most of the
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safety practitioners didndt knowanahbelawtis HRA ¢

some of the feedback from participants;

Al mi ght be familiar with HRA but | haven

construction. We dondédt have[IGH]at in our

Another safety expert stated that;

fiYes, | am broal v f ami l i ar with that but we ha
construction and also havenot seen anyor
industry0.[SG-1]

Similarly, one of the safety consultants revealed that it might be the contractor's responsibility to carry

outa reliability analysis, however, the consultant's role is to make sure the construction process is safe

and buildable. For instance;

ASo it is not within my organisation, be
infrastructure, what we do is, we do desige ehe nt s , we donot t ake
liability on us, typically in construction what we do we develop a design
process to say if t hereds a buil dabl e
elemental construction liability part and goes to just the operating various
kinds ofplants, cranes, infrastructure that got to interface or clash avith
[SG-2]

However, one of the safety consultants stated that we have a process to manage human

reliability by making sure that the staff working on a critical activity is vigilant andtatéen

fiWe do have the equivalent of that that all staff works adjacent to the high
speed network have to get the diabetes health, drugs and alcohol tests,
mobility checks to perceive risks, Eyesight tests, hearing tests as minimum

requirement as they areorking in the risk environmeafSG-2]
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This indicated that the concept of human r e
industry although the construction industry is far more dynamic, complex anétscaiocal

than before. Moreover, tratatistics have revealed the human factor as the cause of accidents

but no practices have been developed in the construction industry so far to overcome the human
factor. Behavioural managers on the other side explicitly revealed their familiarity and some
understanding with HRA, however, the methods they mentioned were not entirely HRA
methods and also, and they have also mentioned their concerns about adoption in the

construction industry as shown below;

fYes, we have a system called the RS§SEm. It's a general human error
framework that takes you through. Uh, call them, hold points if you will, uh,
whereby it's root and tree analysis. Basically for human factors. Uh, | mean
you know you. You can link it back Simplistically to the Jame®reaodel,

can't you? The Swiss cheese on our most fundamental level? Uh, | mean and
you know that at the very core principles. Uh, you know, underpin the way
we look at our Accident Investigation, so you know, we go through whether
it's human error, usemterface, whether it's a component failure, whether

it's an organizational failure so we have all of these sitting in our toolkit in
the back. In the background, you know whether it's unsafe, supervision

preconditions for unsafe acts and so forth andre o -B]S G

Similarly, another one stated that;

AOk avy . So we dondét have that but we have
works the same way. We have a risk assessment of two kinds. So the first one
is generic risk assessment and the other very importanisaaskspecific

risk assessment. That is carried out on a system called ERIC which is
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eliminated, reduce, Inform and control. So that starts with identifying the
risk, then using the ERIC approach to try to eliminate or reduce the risk then
informing thesite working and the last and very important is a control which

is done by the supervisnfSG-3]

The systems participants mentioned do not explicitly analyse human reliability in the
construction environment. However, when they have been told how HRA wparticipant

revealed the associated limitations as below;

flt is my hardest challenge unequivocally in trying to get embedments about
exactly what you've spoken about in civil engineering and building. | will rail
division absolutely gets this 100%hey understand the value it brings. But
without discrediting civil engineering or building you take a step downwards
in peoples understanding and then they're not. They're not as mature, and
I'm trying to embed this. | used, I've used previously sontettéatied

dimensions of safety. Uh, and I've tried to embedti&G-3]

The above argument and the statements by safety practitioners in the construction industry
create concern about the construction industry being not mature and professional in adopting
new methods and technologies. Moreover, it has been explicitly analysed by the participant's

statements that the safety practitioners are reluctant to explore and adopt new methods to
manage the outstanding issues. Similarly, the safety practitionesiatén complying with

the safety regulations and therefore are not familiar with the methods and techniques used in
the developed industries of pertinent problems. Hence, the next part of the interview explored

the immersive human reliability analysis.
6.3.6. Immersive Technology Implications in UK Construction Industry

Section3.4 has explicitly reviewed various technologies being practised in the construction

industry as well as critically analysed the limitations and impact of these technological
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interventians. The research findings steered the study to explore relevant technologies which

can help to overcome the found shortcoming associated with the H&S. On reviewing several

technologies being practised in the construction industry, this study found addt@pise

immersive technology for the framework development due to several reasons which are as

follows;

(i)

(ii)

(iii)

(iv)

v)

Immersive technology has abilities beyond visualization and communication like
many other technologies being practised in the construction industrindtance,

its ability to develop simulators is a significant advantage over other technologies
that could help to develop Immersive HRA.

this study has revealed that human factors can be managed by influencing human
cognition and conscience by identifigi and quantifying human error through
reliability and training. Immersive technology with its ability to develop the real
environment that can help to quantify and assess human error possibility.

Other than many visualization technologies being pracitisetthe construction
industry; immersive technology provides a sense of spatial immersion, emotional
immersion, cognitive immersion, and sensory immersion which can help to manage
human factorgKhanet al, 2021a)

It develops a safe and enriching lgag environment for the users to carry out
complex processes and procedures without getting involved in the associated risks
(Loosemore and Malouf, 2019)

With handson experience and expertise, immersive tools facilitate the development
of virtual environments much easier and quicker than other modelling tools used in

the construction industry.
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(vi)  Immersive technology has already been used in the construction industry for
visualization and training purposes. The existing experience would facilitate the
corstruction industry to implement the proposed framework.

As dorementioned, several scholars have penned on the implementation of immersive
technologies in the AEC industry becausetlo¢ir vast applications in communication,
visualization, and immersive pabilities. Freina and Ott (2015¢arried out a systematic
literature review on the application of virtual technology in the construction industry as well
as elaborated on its significance in educating construction pKpis et al. (2021gritically
reviewed the immersive technologies application in the construction industry and highlighted
its upsurge in the construction industry. Moreover, they further reviewed its vast applications
in information sharing, collaboration, communication and visuizaGopinath and Messner
(2004) reviewed the potential use of immersive technologies for facility prototyping
development for enhanced communication during the design and construction phases of a
project. Similarly, many other researchers have revighedmmersive technology adoption,

acceptance, limitations and advancements in the construction industry.

The above literature review has presented the current involvement of immersive technologies
that range from communication to information sharindlaboration to visualization, and
modelling to immersive training. Similarly, immersive technologies have also made their way
to construction health and safety management. For instafalapi, Nnaji and Okoro (2022)
reviewed the potential use of immises technologies for risk modelling in the construction
industry. Similarly, Getuli et al. (2018)proposed a framework to introduce immersive
technology in the construction industry. Nonetheless, the construction industry seems well
familiar with immersve technologies, hence, encouraging the implementation of the proposed

safety management framework. To further investigate the appropriateness of immersive
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technology for the framework development, the query has been raised to the interviewees and

their satements have been recorded as below;

AWe dondét have this t ecubingtheimmesive n our or
technologies would be a significant advantage. For instamenersive

training can help significantly for desigreandtheconstruction commmuty.

Specifically for the designersnaay s dondét have site exper
dondét actwually have the feelings for the
it's being built or operated and also for the people working on sites they can

actually perceive whats the site look a like and what conditions have will

havetoworldo [-B G

Similarly, another participant narrates that;

AWe're running something similar on the railway where a camera is mounted
to the front of the train. In a meeting and thatreplayed back through
something called the mission room, tite4D model that allows you to walk
through the infrastructure in a safe manner. Uh, but allows you to hazard,
spot and pick up the hazards so effectively you taking you. You could do a,
you could compile a risk register without actually having to need to be on

the infrastructure. | mean, how amazing is thi@@&-3]

Another participant also mentioned that;

fYes we used a system called BIM in the past, we used that system to create

risk assesments and method statemeiise god thing with BIM is you can

see mechanical and engineering construction clashes. You can add

i nformation from the BIM to the safety ar

visual aid for the workers you know it helhem to bein a safer workplace
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during the work. You can see where your workers are and \itherigk lies

you knowo [-B G
The above statements Il lustrate the constr
technologies and a few types of immersive texdthgies that have been used in the construction
industry. This also demonstrates that in the H&S domain, immersive technologies have been
used for visualization, risk assessment and hazard analysis within the UK construction industry.
Hence, the developmeof a safety framework will encourage the use of immersive technology
as well as facilitate the construction industry to overcome safety issues in a more efficient and

safe environment.

The literature review as well as the qualitative study has higbtigihe key technologies that

are being used in the construction industry. The technologies such as 3D and 4D dominate
within the construction industry for planning, visualization, and risk assessment purposes.
Many othernotable technologiesmentioned inthe literature are geographic information
systems (GIS), immersive technologies, vbalsed safety management and monitoring
technologies, digital technologies, and unmanned aerial systems (UAS) for safety management
and risk assessmentlowever, the recgnadvancements in BIM, as well as immersive
technologies, have equipped the industry with more options to improve deprived areas such as
health and safety. The application of virtual and augmented reality technologies has also been
evidenced in the constrtion industry, however, currently with no or little impact, especially

in safety management. Undoubtedly, immersive technologies have the potential to conduct
safety management with a more realistic and proactive approach as compared to other
technologies

The interaction of three elemen® computer, software, angkripher& hardwarecreates
immersive systemsFrank Moore and Gheisari (2019[gymbolic practical application of

immersive technology has been identified within the UK construction industry which is limited
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to the visualization or architectural aspects. However, this study has highlighted the potential
use of immersive technology the health and safety areas because of its potential to carry out
reattime planning. The sense of realism or immersiveness is developed usingracweadd

display (HMD) devised and supported by software which integrates developed 3D space with
HMDs. In the construction industry, the immersive environment is developed utilizing
modelling tools such as AutoCAD 3, Revit, 3D Max, Maya or Blender followed by the game
engine which is where most of the development is carried out to create a realistic environme
by incorporating several functions to resemble the real world. This stage of immersive tool
development has not yet started in the construction industry as it involves game andine
coding experience to develop associated with artificial intelligebegty 3D and Unreal
Engine have been explored during this study which has the potential to develop an immersive
HRA tool using the proposed framework.

6.3.7. Immersive Human Reliability Analysis (IHRA) Development

The previous section has indicated that thestrostion industry is not much familiar with

HRA methods which this study has also explored through the literature review as well as
through the questionnaire research. Thus the previous section has also validated the research
finding, however, this sectiovalidates the development of the immersive human reliability
model which has been developeddhapter5 based on the research findings. Literature has
categorically highlighted the catastrophic effects of human error causing about 80% of
accidents in ta construction industry. This research then explored the human reliability
analysis (HRA) as a human error management technique used incséfesy industries
through an extensive literature review. Therefore this study presented the idea of human erro
assessment through immersive human reliability analysis as the conventional HRA methods
coul dnot make their way to the constructior

reluctane t o adopt new techniques andatirigz.chnol ogi
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Chapter5 has explicitly stated the development of IHRA for the construction industry based
on a few key parameters. The conventional HRA methods operate on identifying the human
error probability (HEPs) using personal influencing factors (PSWsch this study has
explored as Human Factor Attributes. Thus the proposed IHRA has been developed based on
the same principles of identifying human error probabilities using personal influencing factors
(PIFs), however, in an immersive environment. eAftards, the analysis of PIFs in the
immersive environment has been explored in the previous research specifically in the
guestionnaire survey. Thus the research has found human actions, risk perception, hazard
awareness, safety knowledge, communicatiahtame as the measures of PIFs that determine

the human error probability. Therefore, validating the personal shaping factors has been a key
aspect of this section. The participants have been asked some sittzdmediquestions to
record their underlyig understanding and feedback on the human error probability assessment

in an immersive environment.

To validate human reliability analysis using PIFs, the participants were asked how human error
probability can be assessed in the immersive environmeité iQuiiguing answers have been
recorded on the idea of immersive human error assessment and participants have been quite

welcoming and interested to adopt this approach to safety management. For instance,

AWow, that is very interesting,you imitate he real situation you can assess

through human actions, the way he acts and risk assesdmewuéer thought

of it but this would be something a gamechanger in the industry. | would be

very interested to do that. It's again the same thing. Vaioieth. Nowyou

are puttinga value on safety and yes the outcome would be better. And |
think thatdéds very much possible i f you

opposite of our ABC model. Now in the immersive technology, you have CBA
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which means you cahow the consequence that will influence the behaviour

and would help to promote positive behaviour -B]S G

Similarly, other participants have found this fascinating if achievable.

fYes It would help as you can see if the person is identifying the hazard
and risks clearly or not. Based on his actions you can assess his reliability.
S0 you start doing the simulation exercise which would also help the
perceive what actual environment they will be working with. This can help
to evaluate the workererror probability and also unsafety conditions-on
site. So it has two major sides which can help the construction signifizantly
[SG-1]

Another one stated that;

Yes, | think we probably could. What you talking about is job profiling, if you
profiling and seing if you need a driver for an excavator and see what kind
of skill, experience, agandsharpness you require which | think you could.

| am not sure about the expert level you arnéitey about. But if we can
simulate a real site situationeh ités very nuch possible andas the same

as doing the risk assessmd®G-1]

Similarly, another one stated that;

Alt will 100% improve it and test you could do which is very similar to that.

l et's not simulate the constrhionti on acti
drivers. Forget construction activity which is a basic activity all the works
would carry out. It's how to do the drivers in the motorway, the perception

of the highway changing and their reaction to-@dss and other things that

happen on sides. dNw , thereds an issue about peopl
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differently so they might react to it. So you got variants in there that you

dondét necessarily know how trained a per ¢
is, how they would react. That | think would irope it. Because basically if

you see a problem and you are able to visualize it for a site worker, it very

unlikely that people will make the same mistake tvjS&-2]

Similarly, many others have elaborated their thought to support this concept antbaahda
human actions in an immersive environment could help to assess the error probability. This
indicated that analysing human actions can significantly and risk perception, safety knowledge
and other PIFs measures could help to analyse human rgfiabiiich validated the

development of IHRA shown in Figui#.
6.3.8. Immersive Safety Framework Validation

The last section of the interview addresses the validation of the proposed safety framework that
has been developed on certain parameters to rectify thexlyimg causes of accidentsor
validation; the developed framewonkas revealed to the participantdhe significant
parameters found through comprehensive research were (i) risk assessment, and (ii) human
error assessment. The human error assessnmebéba addressed by the development of IHRA
which has also been validated in the previous section. However, for environmental risk
assessments, many techniques and technologies are being used in the construction industry of
which BIM is well renowned. Theonventional safety management systems circle around this
risk assessment, however, the robustness of the proposed framework involves the consideration
of human error mitigation along with site/environmental error mitigation. It has been revealed

in the research that construction professionals are quite familiar with immersive technologies
andafew immersive applications specifically for training purposes have been carried out by a
few top construction companies. Therefore, this section has addresseacestiers of risk

assessment and training in an immersive environment which has unanimously been validated
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by the safety practitioners as this concept has already evolved in the construction industry. For

instance;

AYes, that we are looking to do increading was part of the working group

of health and safety executives to build the health and safety initiatives and

as a business, we do build Bldhsed H&S design and management

proceses and | do believe that should be possible to identify the unsafe

condtions on the sites and we should have people identify the hazfBs

1]
This indicated that the construction industry is aware of risk assessment using visual
technologies like BIM. Another participant also narrated the use of visual technologyfor ris

assessment of the site.

AWe're running something similar on the
to the front of the train. In a meeting and that is replayed back through
something called the mission room, uh, a 4D model that allows you to walk
throughthe infrastructure in a safe manner. Uh, but allows you to hazard,
spot and pick up the hazards so effectively you taking you. You could do, you
could compile a risk register without actually having to need to be on the
infrastructure. | mean, how amazings t [S&8]? 0 .
The proposed framework has also recommended immersive training for robust safety
management. The last question of the survey, therefore, illustrated the viability of immersive
training to improve safety performance as well as manage heman Participants have
unanimously been fascinated by the concept of immersive technology to improve safety

performance. Some construction companies have been successfully using immersive training
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for improved safety management. The feedback from afeke participants on this question

has been listed below;

RN100% | agree with that. But as | have sa
the actual activity then i1itdéds a very dif
visit the site on google maps, theogle map is one year late then what you
got is you then going into an environment that is not similar to when you

have VR [8G2hi nedo.

nYes absolutely. That is something that could help to reduce the incidents in

the construction industty[SG-3]

ARnYes, that would be helpful because it me
any consequence in the immersive environment and can learn from
t he[®®&1]

6.4. Examination of the Findings

The core part of the safety management system in the UK construictiostry is the
Construction Design and Management Regulations (CDM) which bounds the stakeholders to
carry out safety management at all levels of the construction priejeata broad perspective,

the safety consultants working along with the princg@signer carry out the safety during the
design stages to make sure the safety of the structure as well as ensure the buildability of the
structure safely. Moreover, the safety consultants use the design for safety (DFS) approach to
ensure safety during ehconstruction phase. However, the contractor is responsible for the
safety of the construction activities during the construction phase. Thus the contractor usually
has a designated safety department to manage safety during the construction procelssr A num
of safety experts from construction companies have been interviewed to explore the safety

practices in their organisations. Hence, similar safety cultures and safety practices have been
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identified across all construction organisations. Howevamdn kehaviour, according to
behaviour managers, is the primary driver of safety, and safety performance can be enhanced
simply by supporting good behaviour throughout the organisation.

In response to identifying the overwhelming causes of accidaearts;ipans have explicitly
informed their vievg on accident causatiorConstruction safety practitioners have identified
several causes of accidents in light of their personal experidiioesover, the participants
shared their experiences with the recent accidents they have encountered and mentioned the
causes they found by accident investigation. The prominent causes of accidents identified were
human error, personnel behaviour, miscomioation, attitude, and risk perception. An
intriguing fact identified by the research is that construction safety professionals are not
familiar with the human factor and how it affects safety at the site. All the causes identified by
the construction safy managers are related to the human factor which this research has found
as a key factor affecting H&S. On the other side, behavioural managers have mentioned the

human factor as one of the reasons for the reduced performance in the construction industry

The proposedramework has also been validated through ssractured interviews carried

out in this research. This has been achieved by validating the core principles used for the
development of the framework. For instance, the participants have roggred to review
human reliability analysis (HRA) which is the method used in other industries for human factor
management and its potential usage in the construction industry.aOely participants
showedheir understandingf HRA, butno proof of itsuse in the construction sector has been
discovered.Thus the proposed framework has been validated by the explicit discussion on
human reliability analysis and risk assessment utilizing immersive technology. The participants
have not only unanimously age and validated the framework but also appreciated the

concept to improve safety management in the construction industry.
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Thisresearch further highlightetat the concept of human reliability has not yet arrived in the
construction industry, despiteetifact that the construction industry is far more dynamic,
complex, and sociechnical than it was previouslkilthoughstatistics have revealed that the
human factor is the cause of accidents, no praatigecomingthe human factor have been
developedn the construction industry thus farhe emerging themes from the interviewees
have endorsed the development of immersive human reliability fromdwpaztives namely

risk assessment and human error assessment in an immersive envirMonemier theother
emerging themesecoded in this research have been showFigure 6.1 which demonstrates
the validty and reliability of the qualitative research as well as valgltte framework

development.
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6.5. Chapter Summary

The qualitative analysis carried out in this chapter validated the proposed H&S framework as
well as revealed several significant findings on H&S management in the construction industry
that can be used to draw some casins.Interpretative Phenomenological Analy§iBA)

was identified and employed as the most appropriate methtwefamalysis of sersstructured
interviews conducted by the H&S practitioners in the UK construction industry. Each research
objective hasbeen addressed and required to validate the development of the proposed
framework. Starting witlvalidatingthe causal factors involved in the initiation of accidents in
the construction industry and followed by exploring iHRA methods to rectify and itigate

the overwhelming factors, this chapter tooldigpth insight into safety issues with the safety
experts to validate the research findings. The research has identified that the construction is
old-fashioned and needs enormous improvements in saf@tyiqes to deal with the current
challenges more dynamic complex and sdeihnical industry. A detailed discussiointioe
participant's feedback has been carried o@hapter6 to validate the research outcomes that
validated the proposed framewoikach objective has been validated through the rigorous
discussion ofsafety experts to validate the research findiagd the framework has been
validatedusingthe construct validity approact thorough discussion of the participant input

was held to comfm the research findings, which validated greposedramework.
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Chapter 7: Conclusions
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7. Introduction

This chapter summarises the study's main findings, conclusions, cantlibutions
Furthermore, the chapter discusses the stumyislusions and achievement of the research
objectives in order to highlight the study's contributidfe study's limitations are also
discussed. Finally, the chapter concludéth potential research contributionfor future

research based on the studiiislings and limitations.
7.1.  Synthesis of Research Objectives

The studyset out todevelop a novel framework to eliminate the accident causal factors for
robust safety management using advanced technologies to improve the safety performance of
the constructin industry. Followed by the explicit review of safety causal factors, their impacts
on performance as well as prevailing methods have been prese@Gteapier2. Subsequently,

the comprehensive review of prominent factors affecting safety managemeriedas
highlighted and the methods used in safaitical industries have been exploreddhapter3.

The rigorous research i€@hapter2 and Chapter 3 has identified human factors as the
overwhelming factors causing around 80% of the total accidents gotistruction industry.
Moreover,Chapter3 meticulou$y explored the methods and techniques used in safgtical
industries to manage human factors and details a discussion on adoption and limitations in the
construction industry has been steered. Aolditlly, a questionnaire surveyasconducted to

get input from the safety experts in the construction industry on the above finding. Based on
the established findings, a framework has been propogathipter5 which has been validated
through semstrucured interviews ilChapter6. The successful accomplishment of the derived

objectives for this study has been illustrated in Tabkldelow.
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Table7.1: Summary of adbved research objectives

Sr# Research Objective Achievement | Method Used

01 Determine through the literaturg Insight into | A comprehensivéiterature
review the current H&S H&S in the | review research have been
performance, practices, industry carried out on UK
improvement efforts in the UK construction safety
construction industry. Chapter 2+5 performance, and prevailing

practices used in the UK
construction industry.

02 Undertake a critical review of th{ Explored key| A rigorous literature review
impact of safety causal factors ¢ H&S issues | has been conducted to
H&S management determine th factors affecting
and determine the key factor thg Chapter 2+3 | Safety management in the Ut
contributes to accident causatio construction industry.

Empirical research based on
the study of one hundred ang
one articles has figured out
around sixty factors affecting
safety management.

03 Explore through literature the | Data Extensivequantitative
impact of thee factors and Collection & | research based on thirtgur
remedial current Analysis guestionnaire surveys have
methods/techniques as well as { been carried wt targeting
advanced immersive technologil chapter 3+5 | Health and safety
to overcome the issue. professionals within the UK

04 Conduct theyualitativeresearch construction industry to get
to get the construction H&S their input on the research
professional input to questions.
strengthen the research questio

05 Develop a frameworkiming to | Framework | Safety Management
eliminate those factors from the| Development| Framework has been
construction process by utilizing developed based on the
immersive technologies. Chapter 5 findings of objectives 4.

06 Validate the framework and| Research Framework validation has
evaluate the appropriateness | Validation been carried out through sen
the framewvork by developing & structured interviews
research Chapter 6 conducted with lead safety

instrument and concluding the

research.

experts within the UK
construction industry.
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This study used a literature review and data collected through a questionnaire sdis@&yan
structured interviews within the UK construction industry to develop a safety management
framework. This involved carrying out a comprehensive literature review throughout the
research journey, safety documents analysis, and accident investigiadies.SMoreover, 34
guestionnaire surveys have been carried out to develop the framework followed by 20 semi
structured interviews to validate the proposed framework. The following sections summarise
and present the key findings associated with eachtolgec

7.1.1. Objective 1:

Determine through the literature review the current H&S performance, practices, and

improvement efforts in the UK construction industry.

The first objective needed to formulate a comprehensive and coherent understanding of
prevailing health and safety practices and performance within the UK construction industry.
This objective has been achieved through a rigorous literature review that established the major
determinants for investigation, for instance, the health and gadeiyrmance industry of the
construction industry, causal factors affecting safety performance, and identification of
compelling safety factors causing most of the accidemtaigin accident investigation. This
review helped to identify the knowledge gapd set out the direction to carry out the pilot
study targeting safety experts through a questionnaire survey. That eventually encapsulated the

research findings for the development of a safety management framework.

This objectiveenabled this researdh review and comprehend existing knowledge on H&S
practces weaknessesnd factors that affect safety in the construction industry. It also paved
the way for this study by identifying research gaps andrglp the developmentf a safety
framework.Furthermore, this objective has been achieve@hapter2 by comprehensively

reviewing the statef-the-art literature and HSE reports on construction performance and
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underpinning the effects of safety on overall construction performance within the UK

constuction industry.
7.1.2. Objective 2:

Undertake a critical review of the impact of safety causal factors on H&S management

and determine the key factor that contributes to accident causation.

A systematic literature review procdsas been carried out to investigate the factors affecting
safety managementhis involved empirical research technigue review more than two

hundred articles to encapsulate the list of factors affecting safetggament cited by the
researchers investigating safety causal factors in the construction inégstryesulta list of

about sixty influencing safety factors has been developed and causal factors have been
categorized into six categories namely; manage organisational, legislative, social,
environmental and personnel factors. Additionally, based on these findings a framework has
also been proposed to manage each of these factors at different stages in the organisation. These
causal factors includingpe framework were later published in a reputed safety journal through

an article that has been included in the app
foundation to further develop the research but also envisaged the route to invekg&gate t

construction industryds input on identified
7.1.3. Objective 3:

Explore through literature the impact of those factors and remedial current

methods/techniques as well as the advanced immersive technologies to overcome the issue.

Followed by the documentation on safety influencing factors, the research further aimed at
exploring the impact of those factors to identify the most influencing factors causing most of
the accidents. This objective has been successfully achie@bajter3 by an indepth review

of accident investigation studies found in the literature. Accident causation models and theories

have also been reviewed meticulously to identify the notable safety factors causing most
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accidents. Tase personnel/human factors haveen identified as the most prominent factors
causing about 80% of accidents in constriction and other safiétyal industries.
Subsequently, this objective also aimed to examine the prevailing methods/techniques used to

manage the substantial facttinat this research explored as human factors.

The comprehensive literature review has found the human reliability analysis (HRA) method
as an effective technique used in saf&itical industries to eliminate human factors. Several
HRA methods have bearviewed; their historical development and operating method have
been extensively discussedGhapter3. This research further investigated the potential use of
HRA in the construction industry, however, little evidence of HRA use has been found in the
literature due to several limitations discusse@hapter3. The complexity of HRA methods

has been found as the prominent reason for limited or no use in the construction industry.
Furthermore, immersive technology has been identified as a useful techfmiogitigating

human factors through immersive training and analysis of human reliability.
7.1.4. Objective 4:

Conduct Quantitative research to get the construction H&S professional input to

strengthen the research questions.

The next phase towards the develemtnof the safety framework wasgaantitativestudy

carried out through a questionnaire survey targeting safety professionals within the
construction industry. The questionnaire survey has been one of the most important strategies
used in this study torgngthen and validate the research outcomes sdHarquestionnaire

study conducted in this researsbught safety professionalsderstanding fothe research
questions as well davestigatedheir knowledge baccident causation, factors affecting the
H&S, human reliability analysis (HRA) and their feedback on the application of immersive
technology to eliminate the causal factdrs.gather participants' perspectives on the causes of

the accident and human reliability analy$tRA); an online semstructured questionnaire for






















































































































































































































































