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Abstract

Safety leadership is recognised as a key safety-related concept in high-risk industries,
such as mining. To date however, efforts to improve understanding of the concept of safety
leadership, and its utility in supporting and enhancing safe performance across the industry
have been limited. While a systems perspective is widely accepted as the dominant paradigm
for understanding safety and performance within complex socio-technical systems, existing
research has not examined safety leadership from this perspective. Further, examining safety
leadership for improved understanding has not yet materialised as a focal area of interest in

mining.

To address these gaps, this thesis aimed to examine safety leadership from a systems
perspective in order to establish how mining work systems can best enhance the likelihood of
appropriate and effective safety leadership to support safe performance. To achieve this aim,
the body of research presented sought to; i) determine the utility of applying a systems
perspective to conceptualise and analyse safety leadership; ii) expand understanding of safety
leadership within a mining complex social-technical system, iii) identify factors that influence
and interact with safety leadership across mining work systems to support safe performance,
iv) demonstrate the utility in application of systems ergonomic methods to model safety
leadership, and lastly; v) to develop a set of strategies for organisations to adopt to support

appropriate and effective safety leadership.

To answer these research questions, a literature review and three studies were
conducted. First, the utility of applying a systems perspective to study safety leadership was
demonstrated through a case study examination of the Bingham Canyon Mine Highwall
Failure incident (Study 1). Rasmussen’s Risk Management Framework (RMF) and AcciMap
Method were applied in conjunction with the Critical Decision Method (CDM) interview
technique to examine safety leadership during the incident. Through testing of an adapted set
of Rasmussen’s predictions, safety leadership was established as a systems phenomenon.
An expanded understanding of the safety leadership concept was also achieved, with an
integral link established between decision-making and behaviour in the safety leadership
context. Study 1 contributed to the identification of factors that influenced and supported
effective safety leadership during the critical incident scenario, across the work system. Study
2 identified a further set of factors and interactions across the work system that influenced and
supported effective safety leadership associated with regular safety-related task execution.

Study 2 also provided a methodological contribution to the research through the development



and application of an extension to the CDM for improved examination of the behavioural
component of safety leadership in association with decision-making. Last, Study 3 applied
Cognitive Work Analysis (CWA) to develop a model of safety leadership that integrated the
factors identified in Studies 1 and 2 to determine the core skill, rule and knowledge-based
behaviours indicative of effective safety leadership across the work system during both normal
and abnormal operational contexts. The output from Study 3 underpinned the development of
a comprehensive systems-based competency framework for effective safety leadership
development. A corresponding set of optimisation strategies are recommended for
organisations in the industry to adopt to develop and enhance effective safety leadership to

support safe system functioning.



Declaration

| hereby declare that this thesis contains no material which has been accepted for the award
of any other degree or diploma at any university or equivalent institution and that, to the best
of my knowledge and belief, this thesis contains no material previously published or written by

another person, except where due reference is made in the text of the thesis.

This thesis includes 4 original papers published in peer-reviewed journals. The core theme of
the thesis is the application of systems-thinking to identify the factors that influence and
support effective safety leadership decisions, behaviours and actions across a mining work
system and the application of this knowledge to improve safety across the industry. The ideas,
development and writing up of all the papers in this thesis have been the principal
responsibility of myself, the student, working within the Monash University Accident Research
Centre under the supervision of Associate Professor Sharon Newnam, Professor Timothy
Horberry, Adjunct Professor Michael G. Lenné and Professor Paul M. Salmon of the University

of the Sunshine Coast.

The inclusion of co-authors reflects the fact that the work has come from active collaboration
between researchers and acknowledges the input into team-based research. With specific
regard to chapters 2, 4, 5 and 7, which contain peer-reviewed journal articles, my contribution

to the work has involved the following:



Leading with Published
style: a

literature

review of the

influence of

safety

leadership on

performance

and outcomes

Safety Published
leadership and
systems-
thinking:
application and
evaluation of a
Risk
Management
Framework in
the mining
industry

Ending on a Published
positive:

examining the

role of safety

leadership

decisions,

behaviours and

actions in a

safety critical

situation

85% primary author.
Conceived idea to
conduct a structured
literature review,
determine
methodology for the
review and criteria,
conducted literature
search, analysed
results and was
responsible for the
initial drafting and
subsequent editing
of the paper.

80% primary author.
Conceived idea of
adapting
methodology to
examine safety
leadership.
Conducted analysis
and application of
methodology to the
case study.
Responsible for the
initial drafting and
editing of the paper.

80% primary author.
Conceived the idea
to apply to the
critical incident case
study. Developed
and applied the
methodology.
Collated and

analysed the results.

Responsible for the
initial drafting and
subsequent editing
of the paper.

Paul M. Salmon. No
10% Guidance in
interpretation and
presentation of
results. Provided
critical review of the
draft versions of the
paper. Michael G.
Lenné 5% guidance
on interpretation and
presentation of
results. Provided
critical review of
draft versions of the
paper.

Paul M. Salmon. No
10% input into
AcciMap review,
including
interpretation
presentation of
results. Provided
critical review of the
draft versions of the
paper. Michael G.
Lenné 5% guidance
on interpretation and
presentation of
results. Provided
critical review of
draft versions of the
paper. Timothy
Horberry 5%
guidance on
interpretation and
presentation of
results.

Paul M. Salmon. No
10% input into
review, including
interpretation of
presentation of
results. Provided
critical review of the
draft versions of the
paper. Michael G.
Lenné 5% guidance
on interpretation and
presentation of
results. Provided
critical review of
draft versions of the
paper. Timothy
Horberry 5%
guidance on
interpretation and



7 All'in a day’s Published
work: towards

improved

understanding

of safety

leadership

during regular
safety-related

tasks in mining

I have not renumbered sections of submitted or published papers so as to generate a

consistent presentation within the thesis.

Student signature:

The undersigned hereby certify that the above declaration correctly reflects the nature and
extent of the student’s and co-authors’ contributions to this work. In instances where | am not

the responsible author, | have consulted with the responsible author to agree on the respective

contributions of the authors.

Main Supervisor signature:

80% primary author.

Conceived the idea
to apply to
methodology in a
normal operational
setting. Developed
and applied the
methodology.
Collated and

analysed the results.

Responsible for the
initial drafting and
subsequent editing
of the paper.

SIGNATURE REMOVED

SIGNATURE REMOVED

presentation of
results.

Paul M. Salmon.
10% input into
review, including
interpretation of
presentation of
results. Provided
critical review of the
draft versions of the
paper. Michael G.
Lenné 5% guidance
on interpretation and
presentation of
results. Provided
critical review of
draft versions of the
paper. Timothy
Horberry 5%
guidance on
interpretation and
presentation of
results

No

Date: 7 January 2021

Date: 7 January 2021



Acknowledgements

To describe the path to completion of this research program as merely a journey, would be an
understatement. It has been an epic adventure, crossing multiple continents, traversing
mountains and canyons, navigating roads and trails, and with a finishing line that often
appeared as a mirage in the distance. Yet, here | am. | finally made it. And | am incredibly

grateful to the many people who have assisted me along the way to achieve this goal.

Firstly, | could not have done it without the support from my fantastic supervisory team.
Associate Professor Sharon Newnam, thanks for stepping in to help guide me through the
final months, days and hours. | appreciate your care and assistance in helping me pull together
the finished product, something of which | am very proud. Thank you to Professor Timothy
Horberry for helping me stay the course. Your ability to keep me focused and on track when
at times, the end seemed so far out of reach, has been key to me crossing the finishing line.
Professor Paul Salmon, thank you for allowing me the freedom pursue a program of research
that interests me, for generously sharing your knowledge, and opening my eyes to the power
of systems-thinking. And Adjunct Professor Mike Lenné, you’'ve been there with me since day
one. Thank you for always asking the hard questions, challenging me to think, and for your
ever-present support and encouragement. As the inaugural recipient of the Thomas Triggs
Memorial Scholarship, | am grateful we were able to honour Tom’s legacy as a team, and in

delivering this research program, contribute something of which | hope Tom would be proud.

This research would not have been possible if it weren’t for the many participants who
generously shared their time, knowledge and experience to this program. | never cease to be
amazed by the generosity of people who participate in research and | hope that our combined
efforts will lead to genuine improvements in safety. In particular, I'd like to extend my sincere
thanks to those incredibly inspiring leaders at Rio Tinto’s Kennecott Utah Copper who
generously volunteered their time and knowledge to support this research. | will be forever
grateful for your contribution towards the betterment of safety and am immensely proud to

share the learnings of this research program with the world.

And finally, thank you to my wonderful family and friends for their love, support and
encouragement. In particular, thanks to Neil and my little boy, James for allowing me the time
to finish this research. | could not have got there without your support. Dividing my time to
achieve this goal has not been easy, but you both have been accepting, involved and part of

this adventure. Thank you, my boys, | love you both.



This thesis is dedicated to those in the mining industry,
whose daily leadership through decisions, behaviours and actions provide a
significant contribution to ensuring the safety of their respective operations, and the

safety of those individuals and teams in their care.



Table of Contents

1

L1011 oo [ oz 1 Lo Y o 18
1.1 Safety leadership research: the status quO.........cccccerevrriiiiiiiciicncinnciericeenas 18
1.2 The application domain: the mining industry ..........ccccccevvviiiiiiiiiniicniiiennines 20
1.3 Overall aim and research qUESLIONS.........cccccceieveiriiiiicinincnennereres e 21
1.4 Methods and appProaches ........cccuiiiiiciiiiiniiiniininrre s sase s 22
1.5 Structure of the theSis ........ccovviiiiiiiriiirrrr e 23
Review of the safety leadership literature....................cccuuuevvcueervcruevrissueerennes 27
b2 T 114 e T [ ¥ T £ o o PPN 27
2.2 DiSCUSSION ..cciiiiiiiiicetitiistrsiisesessessasessssssssssssssasessesssssssssssnsessessasessssssnsesssssasessassn 48

2.2.1 Defining Safety Leadership..........cocccvreiniieininerieenieeseeesee e 48
P T 07 4 Ued [T =71 o 1R PRSP RN 49

Review and selection of a systems-thinking methodology for studying

Safety 10aderShip ...........oeeeevvceeerieeeitteisee sttt 50
5 Jg BN 1214 o Yo [T o o TSRO 50
3.2 Identification of systems-thinking frameworks, models and methods.......... 50
3.3 Selection of systems-thinking framework, model and methods for examining
safety leadership........ccocceviiiiiiiniii e 57
3.3.1  Rasmussen’s Risk Management Framework (RMF) ..o, 57
3.3.2  ACCIMAP MELNOQ ..ot et st 57
3.3.3  Critical Decision Method (CDM).......cccoviiiiiineinrieenieieesesieresieiee e 57
3.3.4  Cognitive Work Analysis (CYWA) ...ttt 58
3.4 CONCIUSION......ciiieiicecrcttrcerrsre e sre s sas s s sas s s snesssasssessassssnasssasassssnssssnasssnns 63

Evaluating the suitability of Rasmussen’s Risk Management Framework,
AcciMap Method and the Critical Decision Method for examining safety

L= Lo [=T € 11 o 64
4.1 INtrodUCTION ......coieiiiiiiiititcc s 64
T B L= o1 ¥ L= T o N 80
T 30 N 0o o e LV =3 oY o 81

Examining safety leadership decisions, behaviours and actions during a

critical inCident SCENAIIO ................eeeeeueeervceueeriiieeriiieeeissitessssiterssssvesssssss s saees 82
5.1 INtrodUCLION .....cooueiiiiiiiiiiiiitcctcr s 82
ES T Z 0 1 =1 o U E=T =] oY o 95
5.3  CONCIUSION ..ottt s 98

Developing a methodological extension of the Critical Decision Method to
support improved identification of effective safety leadership behaviours 99

6.1 INTrOAUCLION ... rr e e s ree s s e e s s e e s s s e s s s e e s s e e s s e e s s s s s s s s s s s s s nnnen 99
6.2 Background ...t ssse e 99



8

6.3 Safety leadership behavioural cognitive probe development........................ 102
6.4 Pilot testing the Critical Decision Method — Safety Leadership (CDM-SL)

Behavioural Probes...........iiiiiiiinieniienninnnnsssssssssssssssssssssasssssssnns 106
6.4.1  PartiCiPantS......c.ooi oottt ee 106
6.4.2  Data COlECHON.......ccuiieeieiieieirtete ettt ettt eesesbesaenens 106
6.4.3  Data ANAIYSIS ....ceeuiiiieiiriie bbb 110
B.4.4  RESUILS ..ottt sttt s be bttt 111
6.5  CONCIUSION......ciiieiiiiiicenrcet e s e s sas s s nesssas s s sasssssnasssasasssansssnnannns 115
Examining safety leadership decision-making and behaviour during
regular safety-related tasks ..............coeevuvervcvvervssuerrsisieiiiiieericseersssies e 116
4% B 1514 o Yo [T oY o LRSI 116
7.2  DISCUSSION ....ccueeiiiiietiinieettnineens e ssessese s s sss s s s s sassssessansssesssnsasssssansasessansassssnns 134
7.2 LIMIEALON Lottt ettt s ebe et et 135
7.3 CONCIUSION......eiiiitiiicrcetrceerere e sre s sse s s sae s s nesssasssesssssssnasssnsassssnssssnansnns 136
Applying Cognitive Work Analysis to develop a model of safety leadership
to support the development of strategies to enhance performance.......... 137
8.1 INErodUCLION ....cceiiieiiiettrcr s san s s s sans e s e s nns 137
8.2 Applying Cognitive Work Analysis ..........ccccervirninniinninniiinicnnessecscsesseesnnes 138
L= 0C T ] 1=1 1 3 o o R TRRORRR 138
8.3.1  DOCUMENT FEVIEW. ...ttt sttt st b e et ebe et se bbbt ene e e 139
8.3.2  Critical Decision Method Interview data............ccoeeveivivieininecceeeee e 140
8.3.3  Cognitive WOrK ANGIYSIS........ccorirueirieieirieiitrieiereet sttt 140
8.3.4 Subject Matter Expert (SME) Review of Cognitive Work Analysis.............ccceceuennee 143
8.4 Results and Analysis of Cognitive Work Analysis..........cccecvveriiinnicriernnncnnne. 147
8.4.1  WDA — model of safety leadership............cccoeerieiiniiiiniiinerceeeeeeee 147
8.4.2 CTA — CAT and consolidated DL .........cccccocerieiriniinieiriiieisesieeeeseeeesesae e 151
8.4.3 Worker Competencies ANaIYSIS ........ccccoeirrieinircinirieeieieeeeree e 155
8.5  DISCUSSION ....ccueeiiiiiieiiinieetiiiers et ese s ssss s s s sas s s s e sans s sesssnsesssssansassssansassssnns 159
8.5.1  KEY OULICOMES .....uiiiiiiieiirtiees ettt 159
8.5.2 Factors influencing safety leadership .........ccccooveonneiniieinnencereere e 161
8.6 Implications for optimising Safety Leadership ........cccccoevrvvirieriiinicrnerinnennee. 162
8.7 Study Limitations.........ccccceriiiiiiiiiiiiiniitncn e 164
8.8  CONCIUSION......coiiitiitircrtrcettere e se s s sae s s ne s s sas s s snsssssnasssasessssnssssnannns 164
Development of a systems-based competency framework for effective
safety leadership development................c.euueeeeviieessveeississsvnesisscsssvnssssssssnns 166
£ T8 TR 1014 e T [¥ T2 £ o o PR 166
L2 T2 | 1=1 1 3 o T TR 167
9.2.1  SME FBVIEW ...cviieeietiieeetestee ettt ettt ettt ettt st sse s s be b et esassessesessaseneesenseneens 170
9.3 A Systems-based Safety Leadership Competency Framework..................... 170
0.3.1  Updated WDA ...ttt ettt b e st b ettt st eae et 176
9.4 DiSCUSSION ..cciiiiiiiiiiittiicie e sesssee s sas e s sesssse s sssssssessessasessesssssssssssanessessansasans 178
9,41 LIMIEALION ..ottt ettt st et 179
L2 JE T 07T 4 Ued [T =71 ] o 1RSSR 179



10 Discussion, recommendations and concluSions................uuuuueeeeeeeveeeeurerenens 181

10.1 INTrodUCTION ...ttt s s ns e s s ns e s s s nna s 181
10.2 Addressing the research aim and research questions.........cccccccceiriviririinnen. 181
10.3 Contributions to research and practice .........cccccccvvviiiiviincieniiinninsenncnennceeneens 183
10.3.1 Theoretical CONriDULIONS .......c..oeiiiiiiiicece e 184
10.3.2 Methodological ContribULIONS ..........c.coivieiiiriciieee e 187
10.3.3 Practical ContribUtIONS...........ccooiiiiriiiincece e 189

10.4 Recommendations for optimising effective safety leadership across the
MINING INAUSEIY .....oviiiiiiiiir s sae s 194
10.4.1 Development of targeted learning and development content ............ccccoeveeveennnene. 195

10.4.2 Defining key performance indicators (KPIs), metrics and continuous improvement

ACHVITIES ettt st b et b e b st eat et neas 196

10.4.3 Integrating safety leadership competency requirements into recruitment and
SEIECON ACHVILIES ....c.eevieieciece e 198
10.4.4 Influencing regulatory reform ... e 198
10.5 Research Limitations .......cccccciiiiiiiiiiiiiiiiinnicrnnnrnnnnsses e ssssnes 199
10.5.1 Sampling and SAMPIE SIZE .......cccevrieiririeieiseee ettt 199
10.5.2 MethOdOIOGY .....eiuiieiiriiriceneree ettt st 200
10.5.3 GeneraliSability .........ccocociirieinre e 201
10.5.4 Design of specific INterventions...........c.cccooerneinienncieee e 201
10.5.5 Validation of Cognitive Work AnalySes ..........cccccecveeiniiinneinrcnsccneeeseeeee 201
10.6 Future research direCtions........ccccciiiiiiiiiiiiiiiiinirincrr e 202
10.7 CONCIUSION.....coiiiiieiicrtrcenrer s sssee s s sssessssnssssnsssssnessssnasssnssssssassssnansnns 203
B (= =T =T o Lo X S 205
T2 APPENAICES.......eeeeeviiiiiiiieiiiicisiiisisssissiesssssisssssssssssssssssssssssssssssssssssssssssssssssns 216

Appendix 1. Frameworks, models and methods not selected for application in the

(1T 11 o] B (=11 =Y 1 (e 1 D RPORRR 216

Appendix 2. AcciMap of the Bingham Canyon Manefay landslide reproduced in



Abbreviations

AL

CDM

CDM-SL

CAT

CTA

CWA

DL

EAST

EBT

EL

FRAM

HFACS

HFE

KBB

KPI

LMX

MSHA

NET-HARMS

PPAA

QMmI

RBB

RMF

RTW

Authentic Leadership

Critical Decision Method

Critical Decision Method - Safety Leadership
Contextual Activity Template

Control Task Analysis

Cognitive Work Analysis

Decision Ladder

Event Analysis of Systemic Teamwork
Evidence Based Training

Empowering Leadership

Functional Resonance Analysis Method
Human Factors Analysis Classification System
Human Factors and Ergonomics
Knowledge-Based Behaviours

Key Performance Indicator

Leader-Member Exchange

Mine Safety and Health Administration (USA)
Networked Hazard Analysis and Risk Management System
Physical Processes and Actor Activities
Queensland Mines Inspectorate

Rule-Based Behaviours

Risk Management Framework

Return To Work



SBB

SOP

SME

SMS

SRK

STAMP

TRFL

TRSL

VI

WCA

WDA

Skill-Based Behaviours

Standard Operating Procedure

Subject Matter Expert

Safety Management System

Skills, Rules and Knowledge

Systems Theoretical Accident Modelling Processes
Transformational Leadership

Transactional Leadership

Vertical Integration

Worker Competency Analysis

Work Domain Analysis



List of Figures

Figure 1 Literature review, key research activities, methods and questions answered......... 23
FIGUre 2. GEeNeriC CAT ...ttt et e e et e e e et et e e e e nae e e e e anneeeas 60
Figure 3. Generic DL showing process and knowledge state as well as ‘leaps’ or ‘shunts’..61

Figure 4. Factors that influence safety leadership associated with communication and

engagement-bDased AECISIONS ..........uuiiiii i e e e e e e e 96
Figure 5. Factors that influence safety leadership during regular safety-related tasks........ 135
Figure 6. WDA of safety leadership ...........c.uoiiiiiiiii e 148
Figure 7. CAT for functions of safety leadership and related tasks or situations................. 151

Figure 8. Consolidated safety leadership Decision Ladder associated with regular and non-
routine task execution for all participants............ccoooiiiiiiie 153

Figure 9 Systems-based Safety Leadership Competency Framework for Government,
Regulatory and Company System [EVEIS ...........cuueiiiiiiiiii e 173

Figure 10 Systems-based Safety Leadership Competency Framework for Management,
Physical Processes & Actor Activities and Equipment and Surroundings system level ...... 174

Figure 11. Updated WDA to include safety leadership system improvements.................... 177

Figure 12. Summary of factors that influence and support effective safety leadership ....... 191



List of Tables

Table 1. Criteria for evaluating systems-thinking approaches to align with stated research
(o [U1=TS o] o 1< TSP PTSURTR 51

Table 2. Overview of systems-thinking frameworks, models and methods suitable for
application to examine safety leadership...........ooooiiiiiiiiie e 53

Table 3. Rasmussen’s Skills, Rules and Knowledge taxonomy (Vicente, 1999)................... 62

Table 4. Decision element, leadership style and attribute alignment with communication and
engagement-bDased AECISIONS ..........uuiiiii i e e e e e e e e 97

Table 5. Safety leadership styles, attributes and behaviours as derived from the literature 101

Table 6. Extension of the Critical Decision Method — Safety Leadership Behavioural Probes
............................................................................................................................................. 104

Table 7. CDM-SL behavioural probe interview questions..............ccccoiviiiiiiiiiiiiiiiieeee e 108

Table 8. Raw data for pilot testing of CDM-SL behavioural probe and self-reported safety
1= = To [=T =] o] o I F- | - TSP 111

Table 9. Example responses to safety leadership behavioural set and corresponding self-

reported BEhaVIOUIaL ... e e e e e 113
Table 10. Changes made to the WDA based on reviews conducted with SMEs ................ 144
Table 11. Worker Competencies Analysis for safety leadership ...........cccocoiiiiiiiinninenn. 156
Table 12. Implications for optimising safety leadership from the CWA analysis.................. 163
Table 13. Key contributions as an outcome of this thesis..........cccccccciiiiii i, 184



Publications arising from this thesis

The following peer-reviewed journal articles are included in body of thesis:

1.

Donovan, S.-L., Salmon, P. M., & Lenné, M. G. (2016) Leading with style: a literature
review of the influence of safety leadership on performance and outcomes. Theoretical
Issues in Ergonomics Science, 17:4, 423-442.

Donovan, S.-L., Salmon, P. M., Lenné, M. G., & Horberry, T. (2017) Safety
leadership and systems-thinking: application and evaluation of a Risk Management
Framework in the mining industry. Ergonomics, Vol 60(10): 1336-1350.

Donovan, S.-L., Salmon, P. M., Horberry, T., & Lenné, M. G. (2018) Ending on a
positive: Examining the role of safety leadership decisions, behaviours and actions in
a critical incident scenario. Applied Ergonomics, 66, 139-150.

Donovan, S.-L., Salmon, P. M., Horberry, T., & Lenné, M. G. (2020) All in a day’s
work: towards improved understanding of safety leadership during regular safety-
related tasks in mining. Human Factors Ergonomics in Manufacturing and Service

Industries.



1 Introduction

“... Meaningful interaction with an environment depends upon the existence of a set of in-
variate constraints in the relationships among events in the environment and between

human actions and their effects.” (Rasmussen, 1983)

The technical and human aspects of managing safety within complex socio-technical
systems has received increasing attention over the past several decades (Griffin & Talati,
2014). Research has advanced knowledge of a range of factors associated with improvements
in safety (Christian, Bradley, Wallace, & Burke, 2009). One such factor is safety leadership,
which is recognised as the pivotal link between the safety of individuals and teams and the

overall safety of an organisational system (Griffin & Talati, 2014).

Complex organisational systems comprise a large number of social and technical
factors that interact to create the conditions for successful, or unsuccessful performance (Righi
& Saurin, 2015; Walker, Stanton, Salmon, & Jenkins, 2008). Examples of such systems exist
within aviation (Harris & Stanton, 2010), transport (Larsson, Dekker, & Tingvall, 2010; Salmon,
McClure, & Stanton, 2012) and mining (Horberry & Cooke, 2010). Contemporary thinking in
ergonomics suggests that for such systems to maintain safe performance, they require the
ability to adapt and respond to uncertainty and changing circumstance in meaningful ways
(Hollnagel, 2004, 2009; Righi & Saurin, 2015). A key component of this adaptive capacity
(Rasmussen, 1997; Vicente, 1999) relates to safety leadership and its ability to support

adaptive and safe performance under both normal and abnormal operational contexts.

In order to appreciate the capacity of safety leadership to support safe and successful
performance, it is important to understand the decisions, behaviours and actions leaders make
in the context of the system in which they occur. These attributes collectively represent safety
leadership. Understanding the factors that influence and interact with safety leadership across

complex organisational systems to support safe performance, is central to this thesis.

1.1 Safety leadership research: the status quo

Leadership is typically characterised by a leader's behaviours and the relationships
they form with followers (Zaccaro & Horn, 2003). Not surprisingly, the relative success of a
leader is often judged by their ability to influence followers towards the accomplishment of a

common goal (Chemers, 1997). This characterisation remains dominant across a range of



domains, including the education (Vecchio, Justin, & Pearce, 2010), finance and information
technology sectors (Carmeli & Schaubroeck, 2006). Within this, understanding how leadership
style and behaviour influence the performance of subordinate individuals and teams has been

the historical research focus (Dinh et al., 2014; Zaccaro & Klimoski, 2001).

Leadership style and behaviour has also been linked to improvements in safety
performance and outcomes (Flin & Yule, 2004; Hofmann & Morgeson, 1999; Kelloway, Mullen,
& Francis, 2006; Michael, Guo, Wiedenbeck, & Ray, 2006; Zohar, 2002) however, conceptual
and methodological limitations relating to safety leadership research exist. Over the last
several decades, there has been a shift in the safety science research to a systems
perspective to examine safety within complex socio-technical systems (Leveson, 2004;
Rasmussen, 1997). As a consequence of this, there is now widespread acceptance that safety
is an emergent property of the overall system of work; that is, it is a product of the decisions,
behaviours and actions of actors across all levels of the work system, up to and including,
regulatory bodies and government (Rasmussen, 1997). Indeed, the very notion of complex
socio-technical systems is underpinned by a systems perspective (Dekker, 2011; Hollnagel,
2014; Leveson, 2012; Rasmussen, 1997) that recognises that the emergent nature of
interactions between social and technical factors across work systems can have a profound
effect on performance in both a desired (Hollnagel, 2004, 2009) and undesired way (Reason,
1997). Thus, applying a systems perspective to study safety-related concepts is important in
the modern era, given the complexity of operations in high-risk domains where reductionist
approaches are no longer considered suitable (Dekker, 2011; Read, Salmon, Lenné, &
Stanton, 2015; Walker, Stanton, Salmon, Jenkins, & Rafferty, 2010).

With a systems perspective emerging strongly as the contemporary approach for
studying and understanding safety within complex organisational systems (Alper & Karsh,
2009; Carayon et al., 2015; Dekker, 2011; Nayak & Waterson, 2016; Read, Salmon, & Lenné,
2013; Salmon, Walker, Read, Goode, & Stanton, 2017; Walker et al., 2008), it is important to
examine safety leadership from this perspective. However, it is not clear whether this has yet
occurred. Indeed, advocates for systems-thinking (Leveson, 2004; Rasmussen, 1997;
Reason, 1997) acknowledge safety leadership is an important factor that supports safety
within complex socio-technical systems, yet despite this, there is little evidence safety
leadership has been examined using the frameworks, methods and models that promote its
importance (Akselsson, Jacobsson, Botjesson, Ek, & Enander, 2012; Zohar, 2002). It is
therefore not clear what factors across work systems either facilitate or inhibit safety
leadership, which represents a significant gap in the knowledge base. As such, organisations

in high-risk industries are no closer to understanding the factors that underpin and influence



safety leadership across work systems in order to optimise its effectiveness. Thus, the
problem of what creates ‘good’ and more importantly, effective safety leadership for different
levels of leadership (i.e., frontline supervisors, team leaders, managers, senior and executive
leaders) remains an outstanding challenge to researchers and practitioners (Glendon &

Clarke, 2015). This is the central research gap being addressed in this thesis.

1.2 The application domain: the mining industry

The mining industry is characteristic of a high-risk, complex socio-technical system
(Grote, 2012). It is selected as the domain of interest for the current research due to the safety
critical nature of operations and the corresponding potential for both small-scale occupational
incidents, as well as large-scale organisational accidents with the potential for significant loss
of life (Grote, 2012).

Research has shown that mining workers are routinely exposed to a more hazardous
work environment when compared with workers in other high-risk industries (Lenné, Salmon,
Liu, & Trotter, 2012). Indeed, a hazard database published and maintained by the Queensland
Mines Inspectorate (QMI) in Australia lists over sixty high-risk hazards associated with mining
activities, including for example, interaction with mobile plant and equipment, exposure to
high-voltage electricity and potential for entrapment (QMI website accessed 27th September
2020). Such hazards pose significant safety risks to mining workers, the outcomes of which
are unfortunately reflected in work, health and safety serious injury and fatality statistics both
in Australia (Work-related Traumatic Injury Fatalities, Safework Australia, 2016) and abroad
(Mining Safety & Health Administration (MSHA) website accessed 27th September 2020).

In recent years, mining research has begun to explore the benefits of applying a systems
perspective to help analyse and solve the problem of safety (Demir, Abou-Jaoude, & Kumral,
2017; Li, Sari, & Kumral, 2019; Xiao, Horberry, & Cliff, 2015). However, the majority of mining
safety research to date continues to focus primarily on identifying failures at the operational
level, with factors such as equipment and the work environment showing relationships with
injury severity and fatality potential (Lenné et al., 2012). For instance, an analysis of fatalities
and injuries involving mining equipment found off-road haulage to be a major factor in fatal
injuries (Groves, Kecojevic, & Komljenovic, 2007). A similar analysis examined equipment-
related fatal accidents and identified that interactions with trucks, conveyors and front-end-
loaders accounted for 40% of worker fatalities in US mining operations between 1995-2005

(Kecojevic, Komljenovic, Groves, & Radomsky, 2007). Overhead powerlines have also been
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identified as a major causal factor in fatal electrical accidents (Cawley, 2003), suggesting

design of the work environment also plays a role in the potential for exposure to fatal injury.

While identifying factors that contribute to incidents is important, it is also important to
identify and understand factors that act as preventative safety measures. For example,
existing research highlights safety culture and other organisational influences as important in
determining positive safety outcomes (Alper & Karsh, 2009; Lenné et al., 2012; Paul & Maiti,
2008). The implications of such are twofold; first, in line with a systems perspective, this
research points to factors which exist across mining systems that have the capacity to
influence safe performance. Second, this research implies a need to focus on identifying
positive performance shaping factors that support and maintain safe functioning (Hollnagel,

2014), rather than purely focusing on factors associated with failure.

Safety leadership is acknowledged as the critical link between the safety of individuals
and teams at an operational level, and the overall safety of complex organisational systems
(Griffin & Talati, 2014). With an established ability to influence performance and outcomes in
a positive way, it represents a key concept that demands further examination specifically in a
mining context. In other high-risk industries (e.g., nuclear power generation, manufacturing
and oil and gas, etc.), safety leadership has been linked to improvements in compliance,
communications and reductions in incidents and injuries (de Koster, Stam, & Balk, 2011; de
Souza Costa Neves Cavazotte, Pereira Duarte, & Calvao Gobbo, 2013; Eid et al., 2004;
Martinez-Corcoles, Schobel, Gracia, Tomas, & Peiro, 2012). However, safety leadership in
mining has received less attention (Du & Sun, 2012; Du & Zhao, 2011). There exists a clear
imperative to seek improvements in safety performance within the industry, and an associated
inherent need to identify positive performance characteristics that can assist in that regard.
The mining industry therefore presents as a key domain on which to focus research efforts.
Moreover, moving beyond conventional approaches (Clarke, 2013) to explore and describe
the influence of safety leadership on safety represents an opportunity to progress existing
theory and practice. Importantly, it also provides an opportunity to enhance safety leadership

by helping to understanding and optimising the systems around it.

1.3 Overall aim and research questions

Safety leadership is recognised as a key safety-related concept that necessitates
exploration in the mining context. Without an understanding of the factors and
interrelationships that underpin safety leadership across a mining work system, practical

applications designed to support or enhance appropriate and effective safety leadership are
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unlikely to succeed. Thus, a significant research gap exists, which prevents understanding of
the true capabilities of safety leadership in supporting and enhancing safety within the

industry. Accordingly, the overall aim of this research was:

To examine safety leadership from a systems perspective, in order to establish how mining
work systems can best enhance the likelihood of appropriate and effective safety leadership

to support safe performance.
To achieve this aim, the following research questions have been addressed within this thesis:
RQ 1: Has safety leadership been conceptualised and analysed from a systems

perspective and, if not, is this perspective appropriate?

RQ 2: Can the application of a systems perspective expand understanding of safety

leadership within a complex socio-technical mining system?

RQ 3: What factors influence safety leadership within a complex socio-technical mining

system and how do these factors interact?

RQ 4: Can systems-based ergonomics methods be used to develop a useful model of

safety leadership?

RQ 5: How can organisations in the mining industry support appropriate and effective

safety leadership?

1.4 Methods and approaches

An overview of the key research activities, research question and associated methods to be

applied throughout this thesis is presented in Figure 1.
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Key research activities

Study 2: Examining
safety leadership
during regular safety-
related tasks and
activities

Study 1: Examining
safety leadership
during a critical
incident scenario

Study 3: Modelling

Literature Revi i
eview safety leadership

Rasmussen’s Risk * Rasmussen’s Risk « Cognitive Work

Review of established

safety leadership Management Management Analysis
theories, concepts, Framework Framework *  Work Domain
methodologies, and AcciMap Method » Adaptation of Critical Analysis
Methods findings Critical Decision Decision Method + Control Task
Method interviews interview technique Analysis &
Self-report safety for examining safety Decision Ladder
leadership behaviours leadership decisions, *  Worker
behaviours and Competencies
actions Analysis
RQ 1. Has safety RQ 2. Can the application RQ 3. What factors RQ 4. Can systems- RQ 5. How can
leadership been of a systems perspective influence safety based ergonomics organisations in the
conceptualised and expand understanding of leadership within a methods be used to mining industry support
analysed from a systems safety leadership within a complex socio-technical develop a useful model appropriate and effective
perspective, and if not, is complex socio-technical mining system and how of safety leadership? safety leadership?

this perspective
appropriate?

mining system? do these factors interact?

Figure 1 Literature review, key research activities, methods and questions answered

1.5 Structure of the thesis

In order to provide a logical sequence and progression towards achievement of the
stated aim and answering the research questions, the thesis is structured as follows:

Chapter 1 - Introduction

The current chapter introduces the research topic, provides background to the
research and outlines the need for improved understanding of safety leadership. The domain
of application is also introduced, the aims and research questions are presented, and sets out
the structure of the thesis to come.

Chapter 2 - Review of the safety leadership literature

Chapter 2 presents the findings from a review of the literature on safety leadership. It
describes what is currently known about safety leadership, the links between different
leadership styles and behaviours, and their respective influence on safe performance and
outcomes. Chapter 2 also identifies gaps in the current knowledge base and the extent to
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which safety leadership has been examined from a systems perspective. An improved
definition of safety leadership is proposed that reflects an integrated and systems-based

underpinning.

Chapter 3 — Review and selection of a systems-thinking methodology for studying

safety leadership

Chapter 3 presents the findings from a review of various systems-thinking frameworks,
models and methods to determine their potential suitability to examine safety leadership, and
subsequently sets out a methodology for studying safety leadership from a systems

perspective.

Chapter 4 — Evaluating the suitability of Rasmussen’s Risk Management Framework,

AcciMap Method and the Critical Decision Method for examining safety leadership

This chapter presents the first set of findings from Study 1 that involved the application
of three of the frameworks and methods identified in Chapter 3 to study safety leadership.
Rasmussen’s RMF (Rasmussen, 1997), the AcciMap Method (Rasmussen, 1997) and the
CDM (Klein, Calderwood, & MacGregor, 1989) are applied to examine safety leadership
during a mining critical incident scenario. This chapter describes the utility of examining safety
leadership from a systems perspective and found safety leadership met Rasmussen’s tenets

for systems phenomena.

Chapter 5 — Examining safety leadership decisions, behaviours and actions during a

critical incident scenario

Chapter 5 describes a further set of findings derived from Study 1 in which
Rasmussen’s RMF, AcciMap Method and the CDM were applied in conjunction with a self-
reporting approach to identifying effective safety leadership behaviours during the same
critical incident. This chapter identifies the factors that influenced safety leadership decisions,
behaviours and actions across the work system to maintain safety during the incident. Chapter
5 also highlights a need to extend the CDM to support examination of leadership behaviour in
association with decision-making. It also describes the need for further in-depth qualitative
research to understand the factors that influence safety leadership under normal operational

conditions.
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Chapter 6 — Developing a methodological extension of the Critical Decision Method to

support improved identification of effective safety leadership behaviours

The previous chapter identified a need to extend the CDM to better support
examination of the behavioural component of safety leadership. Chapter 6 describes the
development of an extension to the CDM to support improved examination of safety leadership
behaviour as associated with decision-making across a mining work system. The
methodological extension is developed for integration into a standard CDM interview to
improve understanding of the relationship between safety leadership decision-making and
behaviour as an integrated concept. This chapter outlines pilot testing and refinement of the
extended method ahead of its application in Chapter 7 to examine safety leadership decisions,
behaviours and actions during regular safety-related tasks that support every day safe

functioning.

Chapter 7 — Examining safety leadership decision-making and behaviour during regular

safety-related tasks

Chapter 7 describes Study 2, which involved the application of the modified CDM
described in Chapter 6. This modified CDM was used to examine safety leadership during
regular safety-related tasks in a mining work system under normal operating conditions. The
findings highlight the need to consolidate the findings and factors identified in Studies 1 and 2
and proposes the use of Cognitive Work Analysis (CWA) to achieve this aim, to support
movement towards the design of strategies to enhance effective safety leadership across

mining work systems.

Chapter 8 — Applying Cognitive Work Analysis to develop a model of safety leadership

to support the development of strategies to enhance performance

Chapter 8 describes Study 3 in which three phases of CWA are applied to develop a
model of safety leadership (Work Domain Analysis; WDA), conduct a Control Task Analysis
(CTA) and Worker Competencies Analysis (WCA) to identify the core safety leadership Skills,
Rules and Knowledge (SRK)-based behaviours required across the work system to support
safe performance. The findings highlight the need to develop a systems-based competency
framework that defines the core safety leadership competencies required across each level of

the work system, which can be developed in leaders to support safe system functioning.
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Chapter 9 — Development of a systems-based competency framework for effective

safety leadership development

Chapter 9 introduces a systems-based competency framework for safety leadership
development across mining work systems. The framework aligns with Rasmussen’s RMF and
provides a consolidated perspective of the identified factors and attributes that influence and
interact with safety leadership to support safe performance. The framework defines five core
competencies, with underpinning behavioural indicators indicative of effective safety
leadership practices required across the work system to support safe and successful

performance.

Chapter 10 — Discussion, recommendations and conclusions

In the final chapter, the theoretical, methodological and practical implications of the
research are discussed. A set of outcome recommendations are presented, which provide the
basis for targeted improvements in safety leadership in line with the principles of the systems-
based theory applied, and the optimisation strategies presented in Chapter 8. Implications for
practical implementation within the mining industry are discussed and avenues for further

research are recommended.

26



2 Review of the safety leadership literature

Donovan, S.-L., Salmon, P. M., & Lenné, M. G. (2016) Leading with style: a literature review
of the influence of safety leadership on performance and outcomes. Theoretical Issues in
Ergonomics Science, 17:4, 423-442.

2.1 Introduction

This chapter presents the results of a review of the literature that aimed to determine
what is known regarding the influence of safety leadership on performance and outcomes in
high-risk industries. The review was conducted to identify; the current knowledge state
regarding safety leadership; the links between different leadership styles and behaviours and
their influence on performance and outcomes; where gaps exist in the current knowledge
base, and; to determine the extent to which a systems perspective has been previously applied
to examine safety leadership. A systems perspective is widely acknowledged as the dominant
safety paradigm however, it is not clear this perspective has translated to underpin research

examining safety leadership.

This chapter reviews how safety leadership has been conceptualised, how it is
considered to influence safety performance and outcomes, and how (if at all) it relates to other

factors, addressing Research Question 1:

RQ 1: Has safety leadership been conceptualised and analysed from a systems

perspective and, if not, is this perspective appropriate?
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ABSTRACT ARTICLE HISTORY
Leadership is increasingly being recognised as a key factor in Received 23 August 2015
supporting performance across a range of domains. Over the past two Accepted 15 January 2016
decades, a body of research has emerged with a focus on examining KEYWORDS

different safety leadership styles, with general support established for Safety leadership; systems-
a positive influence on a range of performance and outcome thinking; safety;
variables. Despite this, findings to date can be considered limited, with performance; outcomes
the concepts and methodologies applied limiting advancement in

understanding. This article aims to review the literature targeting the

influence of safety leadership on performance and outcomes in high-

risk industries to determine the extent to which systems-thinking is

evident. The review identifies a number of limitations relating to

current methodological and conceptual approaches used,

highlighting considerable gaps in understanding within the current

knowledge base. In conclusion, the application of systems-thinking is

proposed to support both methodological and conceptual

advancement of the study of safety leadership in high-risk industries.

Relevance to human factors/ergonomics theory

Support is growing for the positive contribution safety leadership plays in supporting safe perfor-
mance, and the prevention of incidents and injuries in high-risk industries. However, the present arti-
cle contends that limitations associated with current popular methodological approaches for
examining safety leadership may prevent a full understanding of safety leadership, the factors under-
pinning it, and how it interacts with other behaviours. Current research points towards a lack of sys-
tems-thinking not only in relation to safety leadership methods, but also the corresponding theory
and the concepts studied. As such, how safety leadership emerges and supports safety and risk man-
agement across work systems may not yet be fully understood. A systems approach is proposed, which
will provide a new framework through which to study and examine safety leadership, which will in
turn lead to new research, and corresponding implications for practice.

1. Introduction

Leadership is increasingly being recognised as a key factor in supporting successful perfor-
mance across a range of domains (Carmeli and Schaubroeck 2006; O’Dea and Flin 2001).
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Defined as a process of social influence in which a person can enlist the aid and support of
others in the accomplishment of a common goal (Chemers 1997), the characteristics that
underlie different approaches to leadership manifest as both broad and varied. As such,
corresponding theory and research has expanded over the past two decades, with the
examination of different styles and attributes as linked to the achievement of a variety of
desirable performance and outcome measures emerging as a key area of focus (e.g., Vec-
chio, Justin, and Pearce 2010, Reid et al. 2014).

With this in mind, understanding the influence leadership has on performance and
outcomes becomes particularly important when considered within the context of safety.
With support growing for the positive contribution leadership plays in supporting safety
performance and the prevention of incidents and injuries (Mullen and Kelloway 2009;
Zohar 2002), understanding and characterising this contribution offers some important
opportunities to enhance the traditional component approaches to safety and risk man-
agement (Dekker 2011).

In line with this, a body of research has emerged with a focus on understanding how
different styles of leadership influence safety performance and outcomes in high-risk
industries. Considered high risk due to the potential for either major accidents or smaller
scale incidents and occupational accidents (Grote 2012), to date, much of the research in
this area has been applied within the manufacturing and construction industries (Conchie
2013; Flin and Yule 2004; Hofmann and Morgeson 1999; Michael et al. 2006; Zohar
2002). General support has been established for different leadership styles as having a
measurable influence on a range of safety performance and outcome variables (Christian
et al. 2009; Nahrgang, Morgeson, and Hofmann 2011; Zohar and Tenne-Gazit 2008). For
example, the literature points to links between Transformational and Transactional Lead-
ership, and follower safety participation and compliance (Akselsson et al. 2012; Clarke
and Ward 2006; Lu and Yang 2010). Furthermore, links have also been established for
Authentic Leadership (AL) and Empowering Leadership (EL) practices as influencing
those same variables (de Souza Costa Neves Cavazotte, Pereira Duarte, and Calvao Gobbo
2013; Martinez-Corcoles et al. 2011). The aforementioned leadership styles have also
demonstrated positive links with safety climate (Hystad, Bartone, and Eid 2013;
Martinez-Corcoles et al. 2011; Zohar 2002), with a Leader—Member Exchange (LMX)
relationship and style also identified as providing a positive influence (Yagil and Luria
2010).

While these findings provide some insight into the role different leadership styles play
in supporting improvements in safety, they also raise some questions regarding the cur-
rent state of knowledge surrounding safety leadership in high-risk industries. Currently,
there appears to be little consensus regarding what styles of leadership are most influen-
tial, with the degree of overlap in findings suggesting convergence of styles, rather than
different styles representing discrete and separate constructs within the context of safety.
In addition, research has not yet reached a conclusive standpoint regarding the definition
of performance and outcome variables within the safety context. Some clarification has
been provided in terms of conceptualising performance as a metric for safety-related
behaviours (Christian et al. 2009; Neal and Griffin 2006), and outcomes as tangible events
or results (Zohar 2002) however, the terms and concepts are still used interchangeably
within the existing literature. This has important implications for safety leadership
research in terms of conceptualisation and measurement of its influence, particularly with
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regard to understanding its contribution as a preventative safety element and potential
lead performance indicator.

Perhaps most significantly however, research to date has tended to largely focus on the
influence of leadership at the ‘sharp end’ (i.e., worker and frontline-supervisory level),
with limited exploration within the context of the broader organisational (e.g., Zohar and
Luria 2005), or work system as a whole. Furthermore, these relationships have largely
been examined through the use of surveys and questionnaires as the predominant data
capture method, with minimal exploration of additional factors and elements across
organisational systems (i.e., procedures, policies, systems and processes) that may also
provide important influence. Moreover, these approaches further restrict understanding
of how different leadership styles at different levels within an organisational and work sys-
tem shape desirable performance and outcomes; an important emerging piece of the puz-
zle (Carmeli and Schaubroeck 2006; Reid et al. 2014). These are considered significant
limitations. Over the past two decades, the safety science research has seen an important
shift to a systems approach when considering safety and safety management (Rasmussen
1997). In doing so, there is now widespread acceptance that safety and safety compromis-
ing incidents are emergent properties of the overall system of work (e.g., Jenkins et al.
2008; Leveson et al. 2009; Naikar 2006; Rasmussen 1997; Stanton 2014; Underwood and
Waterson 2013; Underwood and Waterson 2014), that is accidents are caused by the deci-
sions, behaviours and actions of actors across all levels of the work system, up to and
including regulatory bodies and government. By extension, the decisions, behaviours and
actions that characterise safety leadership thus become important emergent properties in
the prevention of incidents and injuries, the influence of which should be considered
within the context of the wider work system as whole, and not just contained to within an
organisational system.

It is contended, therefore, that limitations associated with popular methodological
approaches for examining safety leadership may prevent a full understanding of safety
leadership, the factors underpinning it, and how it interacts with other
behaviours. Current research points towards a lack of systems-thinking not only in rela-
tion to safety leadership methods, but also the corresponding theory and the concepts
studied. As such, how safety leadership emerges and supports safety and risk management
may not yet be fully understood.

The aim of the current article was thus to critically review the literature targeting the
influence of safety leadership on performance and outcomes in high-risk industries to deter-
mine the extent to which systems-thinking is evident within the literature. A concurrent aim
was to provide a way forward for methodological and conceptual advancement regarding
the study of safety leadership. The review identified limitations regarding the current body
of knowledge relating to the conceptualisation and measurement of safety leadership, safety
performance and outcome variables, the current approach to methodological design, and
the resulting impact on the applicability of findings. Future directions related to safety lead-
ership are then discussed, with a new conceptual and methodological position proposed.

2. Methodology

Electronic library catalogue systems were searched including PsycINFO, Social Science Cita-
tion Index, OneFile, Scopus, ScienceDirect, SafetyLit, IngentaConnect, MedLine and Wiley
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Online Library. An initial considerable list of search terms were used which included: ‘safety
leadership, ‘leadership’, ‘style’, ‘safety’, ‘systems-thinking’, ‘systems-approach, 'systems’, ‘per-
formance’ and ‘outcome’, with the subject filter of ‘safety’ being applied. The list of search
terms was subsequently refined with ‘systems-thinking’, ‘systems-approach’ and ‘systems’
removed which yielded the greatest number of hits. The search was refined further to focus
on articles published in English between January 1993 and December 2013, and yielded
267 total hits. The title, abstract and keywords for each article were then screened, with the
following eligibility criteria applied to permit inclusion in the final list for review. First,
articles that did not focus on high-risk industries were excluded. As such, articles outlining
research in the education, financial or food safety sectors were excluded from the list as
they did not meet the definition of a high-risk industry (Grote 2012) applied for this review.
Second, articles had to demonstrate original research, either qualitative, quantitative, theo-
retical or methodological in nature, thus excluding items such as book reviews, technical
reports, letters and editorials as they were not considered practical for inclusion in the cur-
rent review. Finally, safety leadership needed to be the key focus of the research, and not a
secondary variable of interest. Review of the full text articles was then undertaken and
articles that failed one or more of the selection criteria were rejected. The process identified
thirty-five articles. Data was extracted from the thirty-five articles relating to the leadership
style examined, the key findings in relation to the performance and outcome variables mea-
sured, and the methodological design adopted.

A critical review of the articles is presented in Section 3. The review presents the findings
in relation to the examination of leadership style, conceptual performance and outcome
variables measured, and the focus of methodological design.

3. Review findings
3.1. Safety leadership styles

Five prominent leadership styles emerged as studied within the context of safety as having a
positive influence safety performance and outcomes, specifically Transformational Leader-
ship (TRFL), Transactional Leadership (TRSL), LMX, EL and AL. Each style is defined and
characterised within the literature as having a range of dimensions, attributes and under-
pinning behaviours, based on a mix of social-exchange focused interactions, person and
task-focused interactions, as well as neo-charismatic-based and follower-centric interactions
(Arnold et al. 2000; Burns 1978; Graen, and Uhl-Bien 1995; Walumbwa et al. 2008).

Figure 1 provides an overview of the key attributes and behaviours underpinning each
of the five leadership styles identified within the review (adapted from Arnold et al. 2000;
Avolio, Bass, and Jung 1999; Graen and Uhl-Bien 1995; Barling, Loughlin, and Kelloway
2002).

Twenty studies reviewed (57.1%) focused on examining TRFL and TRSL (Akselsson et al.
2012; Bahn 2013; Clarke 2013; Clarke and Ward 2006; Conchie 2013; Conchie and Donald
2009; Conchie, Taylor, and Donald 2012; Conchie, Moon, and Duncan 2013; Dahl and
Olsen 2013; Du and Sun 2012; Hoffmeister et al. 2013; Kapp 2011; de Koster, Stam, and
Balk 2011; Lu and Yang 2010; Noruzy et al. 2013; Wu et al. 2011; Zahari and Shurbagi 2012;
Zohar 2002; Zohar and Tenne-Gazit 2008; Zohar and Luria 2010), with 11 of those studies
(31.4%) conducted within the manufacturing and construction industries. Of the remaining
studies, a comparatively lesser number examined LMX (Credo et al. 2010; Hofmann and
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Leader ination to maintain a safe working environment, and behaves in a way that displays
commitment to a safe work place
Inspirational Motivation: Leader talks about his/ her values and beliefs of the importance of safety, providing continuous encouragement to
Transformational | others to do their jobs safely
L Leader suggests new ways of doing tasks more safely, and encourages team members to express ideas and
opinions about safety at work.
Individualised Consideration: Leader listens to individual concerns about safety on the job and actively spends time demonstrating to team
members the safest way to complete tasks.

Contingent Reward: Leader exp when team perform jobs safely and ensures that appropriate recognition is
Transactional received for achieving safety targets.
L by Leader only intervenes to provide corrective direction when team members do not meet acceptable performance

levels

Trust: Leader develops effective working with team bers, and
demonstrates confidence in team members’ capabilities.
Ol Leader of team job problems and needs, and uses their power positively to help followers
solve problems in their work.

pect: Leader with team members so they 'know where they stand'

ping followers' potential. Leader

Leader-Member
Exchange

Leading by Example: Leader sets high performance standards and a good example by the way he/ she behaves
Participative Decision Making: Leader encourages team members to express ideas and suggestions, giving all followers the chance to voice
their opinions. Leader listens to suggestions and ideas and uses them to inform decisions that affect the work group
Empowering C g: Leader fosters between team ¢ ge of and group problem solving. Leader
Leadership suggests ways to improve team performance and praises teams when they perform well
Informing: Leader explains company decisions and goals, and how the team fits into the company. Leader clearly explains own decisions and
actions, and rules and expectations to the work group.
Showing Concern/ Interacting with the Team: Leader takes the time to discuss team members’ concerns patiently, and shows concerns for
members well-being. Leader treats team members with honesty and fairness.

Self-Awareness: Leader seeks feedback to improve their interactions with others and demonstrates ability to accurately describe how others
view his/ her capabilities.
Relational Transparency: Leader says exactly what he/ she means and is willing to admit mistakes when made.

aumenas Moral P ive: Leader beliefs that are consistent with actions and makes decisions based on his/ her core

Leadership

beliefs
Balanced Processing: Leader solicits views that challenge his/ her deeply held positions and carefully listens to different points of view
before coming to conclusions

Figure 1. Attributes and behaviours of leadership styles identified.

Morgeson 1999; Kath, Marks, and Ranney 2010; Luria and Morag 2011; Michael et al. 2006;
Yagil and Luria 2010), EL (Hechanova-Alampay and Beehr 2001; Martinez-Cdrcoles et al.
2011; Martinez-Corcoles et al. 2012a, Martinez-Corcoles et al. 2012b; Torner 2011) and AL
(de Souza Costa Neves Cavazotte, Pereira Duarte, and Calvao Gobbo 2013; Eid et al. 2012;
Hystad, Bartone, and Eid 2013; Nielsen et al. 2013) across a range of industries (e.g., process
industry, nuclear power generation and rail). Notably, the review only revealed one study to
be conducted in the mining sector, with no research identified in the aviation sector.

The majority focus on examining TRFL and TRSL within the literature reviewed is
considered a notable limitation to advancing understanding. Restricting the research to
focus largely on these two leadership styles neglects consideration of potential additional
leadership styles (Dinh et al. 2014; Dionne et al. 2014) which may yield greater insight
and stronger links between leadership style and improved performance and outcomes.
Furthermore, in comparing the underpinning behaviours and attributes of each leadership
style examined, it becomes evident that considerable overlap exists. While each style is
cited as measuring empirically distinct constructs, the similarities evident between behav-
iours and attributes raises important questions regarding convergence of leadership styles
within the context of safety. For example, the EL model shows considerable overlap with
TRFL across a number of dimensions, with the EL dimension Leading by Example dem-
onstrating similarity with that of TRFLs Idealized Influence. Further questions emerge
regarding empirical distinction when reviewing the AL literature (Walumbwa et al. 2008).
A high degree of overlap with TRFL is acknowledged (Eid et al. 2012), with AL also
emphasising personal and social identification processes (Avolio et al. 2004; Gardner et al.
2005; Walumbwa, et al. 2010), thus providing evidence of further overlap with the core
underpinnings of the LMX theory.

The limited leadership styles researched, coupled with the high degree of overlap in
behavioural attributes between styles raises an important question regarding whether these
leadership styles are in fact conceptually distinct. Further examination of the behaviours and
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attributes that underpin the individual styles is required to determine whether each is indeed
comprised of separate and distinct constructs, as measurable within the context of safety.

3.2. Influence of leadership on safety performance and outcomes

Seventy-two performance and outcome variables were extracted from the studies
reviewed. Of that, the five leadership styles were reported to have a positive influence over
forty-five variables, with safety climate emerging as the most frequently studied variable
across all leadership styles (n = 12 studies). Safety compliance (n = 7 studies) and safety
participation (n = 6 studies) also emerged as prominent. The remaining variables identi-
fied comprised a disparate mix of both individual and group performance variables, which
reflected a seemingly arbitrary approach to the selection of variable of interest.

The following section presents the findings of the review in terms of leadership style
and reported links with the performance and outcome variables identified.

3.2.1. Transformational and transactional leadership

TRFL and TRSL were the most frequently researched leadership styles, with TRSL practi-
ces only researched in conjunction with TRFL, and not in isolation. Figure 2 provides an
overview of the positive links identified between TRFL, TRSL and a range of performance
and outcome variables. Safety climate emerged as the most frequently studied variable
(n = 8 studies) for both leadership styles, with safety participation and safety compliance
also emerging as prominent (n = 3 studies).

The review identified TRFL practices to demonstrate positive links over a range of vari-
ables, for example, trust (Conchie 2013; Conchie and Donald 2009; Conchie, Taylor, and
Donald 2012), as well as safety compliance and participation (Clarke and Ward 2006;
Dahl and Olsen 2013; Lu and Yang 2010). TRFL and TRSL practices were also positively
linked to wider contextual factors such as organisational culture (Zahari and Shurbagi
2012), innovation and performance (Noruzy et al. 2013).

Disclosure trust intentions Intrinsic motivation

Safety Safety
Affect based trust beliefs Group communications —trAININE awareness
- network
Safety knowledge Hazard reducing
Trust systems
Innovation [ Injury rates
: Transactional
Safety priorities \ [ Safety citizenship
\ behaviors
Autonomy

Safety performance

Safety involvement
Social support
Organizational culture Transformational upp
Safety

Work climate commitment

Performance

Knowledge management

Group climate

Job satisfaction

Organizational learning

Safety
climate

Safety
culture

Safety
participation

Safety
compliance

Safety
behaviors

Figure 2. Overview of TRFL and TRSL influence on safety performance and outcome variables.
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A prominent focus of the literature is the link between leadership style and safety cli-
mate. A product of organisational interactions, safety culture is shaped by people in the
structures and social relations within and outside an organisation, giving rise to shared
values, attitudes and behaviours related to safety (Richter and Koch 2004). Safety climate,
by comparison, is a temporal state measure of safety culture, and refers to the perceived
state of safety at a particular place, at a particular time. A range of studies reviewed
revealed TRFL and TRSL practices as positively influencing safety climate (e.g., Clarke
2013; de Koster, Stam, and Balk 2011; Du and Sun 2012; Kapp 2011; Wu et al. 2011; Zohar
2002), however, these findings are also considered limited. The links reported are judged
to be tenuous, as no standard approach or questionnaire was used to measure TRFL and
TRSL, nor safety climate across the studies reviewed, rather a range of instruments were
adopted. As such, the variability in instruments used and underlying concepts measured
calls into question the strength of the links identified. It is thus contended measuring the
influence of TRFL and TRSL on safety climate provides little benefit in defining a tangible
contribution these leadership styles play in supporting improved climate.

While the findings reviewed provide general support for TRFL and TRSL practices as
having a positive influence on safety, they are considered limited for a number of reasons.
First, the disparate nature of the performance and outcome variables studied raises ques-
tions regarding the strength of each of the identified links. The literature suggests an arbi-
trary approach has been taken towards the identification of the individual and performance
and outcome variables examined. As such, a conclusive position regarding the influence of
TRFL and TRSL practices on the range of variables studied cannot be reliably inferred.

Importantly, the TRFL and TRSL research to date has overlooked integration of impor-
tant systems-thinking concepts such as vertical integration. Integrating systems-thinking
concepts would not only bring safety leadership research in line with contemporary safety
research, applying such concepts may provide greater insight into the range of factors
within the work system as a whole that influence performance, and thus provide improved
understanding of how TRFL and TRSL positively contribute to safety.

3.2.2. Leader—Member Exchange
Six studies reviewed reported a positive relationship between LMX and a range of varia-
bles, with Figure 3 providing an overview of the links identified.

Safety related events
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Upward safety communications

Safety
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Safety communications

Safety behaviors
SWMBA

Management safety concern

Accidents

Figure 3. Overview of LMX influence on safety performance and outcome variables.
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General support was established for the premise of higher quality LMX relationships as
having a positive influence on performance and outcomes. Higher quality LMX relation-
ships were shown to have a positive influence on safety communications and commitment
(Hofmann and Morgeson 1999), whilst reducing accidents and safety related events
(Michael et al. 2006). Moreover, the role of wider contextual variables such as perceived
organisational support and ethics were shown to influence the relationship between
LMX and individual employees’ safety knowledge and behaviours (Credo et al. 2010; Luria
and Morag 2011).

Similarly to that of TRFL and TRSL, LMX was also positively linked to safety climate,
with Kath, Marks, and Ranney (2010) investigating specific facets of safety climate most
predictive of employees’ willingness to engage in upward safety communication (Kath,
Marks, and Ranney 2010). In doing do, findings replicated Hofmann and Morgeson’s
(1999) finding that higher quality LMXs are positively linked to safety communications.

While the LMX research suggests some support for this leadership style in facilitating
improved communications and commitment, similarly to the TRFL and TRSL literature,
the reported links are considered limited as the concepts measured were highly variable in
application. The measures employed varied across studies, thus the strength of the
reported links is questionable, and the corresponding nature of the influence of LMX,
unclear.

3.2.3. Empowering Leadership

EL was also found to have a positive influence with Figure 4 providing an overview of
the linkages reported. Safety participation emerged as the most frequently studied variable
(n = 2 studies).

Similarly to that of TRFL and TRSL, EL has been linked to safety participation and
compliance, thus raising questions regarding the strength of each relationship and also,
the separation of each leadership style in measuring these performance variables. In 2012,
Martinez-Cércoles et al. (2012a) linked EL to safety participation and compliance, and
reducing risky behaviours (Martinez-Corcoles et al. 2012a). In a separate study, Martinez-
Corcoles et al. (2012b) also found a relationship between EL and safety participation,
however, this was identified as being mediated by collaborative team learning. This find-
ing provided a level of contradiction with previous findings given that the population
sample was judged to be the same for both studies. In addition, the relationship between
EL and collaborative team learning was partially mediated by the promotion of dialogue
and open communication (Martinez-Corcoles et al. 2012b).
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Figure 4. Overview of EL influence on safety performance and outcome variables.
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Two articles reviewed explored EL with regard to influencing safety climate and cul-
ture. Torner (2011) reviewed research on organisational psychological concepts found to
contribute to organisational performance and suggested an EL style may promote an
enhanced safety climate (Torner 2011). More recently, Martinez-Corcoles, et al. (2011)
found an empirical link with EL behaviours generating higher safety climate among
employees when the safety culture was strong, which in turn predicted employee safety
behaviours (Martinez-Corcoles et al. 2011). These findings further contribute to the lack
of clarity around which leadership style is considered most effective in influencing safety
climate.

3.2.4. Authentic Leadership

Research relating to AL is in its infancy, with only four studies identified and included in
the review. Figure 5 provides an overview of the performance and outcome variables
examined, with safety climate again emerging as the most frequently studied variable.

In 2012, Eid et al. (2012) proposed a theoretical model linking safety climate and the
subsequent performance variables of participation and compliance, however did not spe-
cifically explore the nature of the link. Moreover, while Nielsen et al. (2013) established a
direct negative relationship between AL and risk perception, this relationship was studied
in isolation (Nielsen et al. 2013).

More recently, an empirical link was established supporting a positive relationship
between AL and safety participation, compliance, and perception of justice (de Souza
Costa Neves Cavazotte, Pereira Duarte, and Calvao Gobbo 2013). The findings from this
study are important as they are comparable to those outlined relating to TRFL, TRSL, EL
and safety compliance and participation. Using the same questionnaire to measure safety
participation and compliance for all studies (Neal and Griffin 2006), AL, TRFL, TRSL and
EL practices were all shown to have a positive influence. This agreement between findings
suggests further research is required in order to establish whether each leadership style is
comprised of the same or empirically distinct constructs, or, which style is considered the
most beneficial in regard to influencing participation and compliance.

A positive relationship has also been established between AL and safety climate (Eid
et al. 2012; Hystad, Bartone, and Eid 2013; Nielsen et al. 2013). Eid et al. (2012) proposed
a theoretical model linking AL to safety climate, which was subsequently empirically
tested by Hystad, Bartone, and Eid (2013) and Nielsen et al. (2013). A positive relation-
ship was identified (Hystad, Bartone, and Eid 2013; Nielsen et al. 2013), as well as an indi-
rect effect via psychological capital (Eid et al. 2012; Hystad, Bartone, and Eid 2013).
Additionally, Hystad, Bartone, and Eid (2013) established a negative relationship between
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Figure 5. Overview of AL influence on safety performance and outcome variables.
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AL and individual risk perception, while consistent with Nielsen et al. (2013), also sug-
gesting safety climate displays a mediating role.

The findings from this group of studies add to the mounting concern regarding the sig-
nificant overlap in findings identified across each leadership style examined. Further, the
limited number of studies tend to focus on variables at the individual or team level, dem-
onstrating a clear lack of inclusion of important safety related concepts, such as systems-
thinking, to help understand systemic influences that may come into play when consider-
ing safety leadership.

3.2.5. Consolidated findings

Figure 6 provides an overview of the thirty-five studies reviewed, and the positive linkages
reported in the literature reviewed between each leadership style and the performance
and outcome variables measured. TRFL was the most frequently studied leadership style,
with safety climate identified as the most prominently studied variable across all leader-
ship styles. The leadership styles of TRSL, LMX, EL and AL were studied to a lesser
degree, with positive influences reported over a comparatively fewer number of perfor-
mance and outcome variables.

Figure 6 demonstrates the disparate approach taken to researching the influence of
safety leadership on performance and outcomes within high-risk industries to date. While
the leadership styles examined provide support for a positive influence over the range of
concepts and variables studied, the arbitrary nature of the variables selected, and their
resulting impact in terms of tangible improvements in safety, is highly questionable.
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Furthermore, the ill-defined nature of many of the variables studied, such as ‘perceptions
of justice’ and ‘autonomy’, make definitive and enduring relationships hard to establish.

The considerable overlap in findings is concerning, with common influence identified
the variables of; safety behaviours, safety commitment, safety participation, safety compli-
ance, safety climate and safety culture. While not unsurprising given the overlap between
attributes and behaviours of each leadership style, the concern surrounding these findings
is compounded when considering the robustness of the variables studied as actual and
definitive measures of performance or outcomes. With safety climate, safety participation
and compliance emerging as the most frequently studied variables, the extent to which
these are considered the panacea to safety improvement, and therefore focus of safety
leadership research to date, is a considerable limitation. The focus on measuring these var-
iables solely within the organisational context falls short of keeping up with contemporary
approaches to studying and understanding safety within complex socio-technical system,
such as applying systems-thinking. As such, the link between safety leadership, compli-
ance, participation and climate outside of the organisational context is not well estab-
lished, with a further lack of understanding of other factors outside of the organisational
context that may influence performance and outcomes. As such, the current understand-
ing surrounding the true contribution of safety leadership to improved safety performance
and outcomes is considered elementary at best. Furthermore, the only commonality estab-
lished across the studies examining these variables relates to the measurement instru-
ments for safety participation and safety compliance (Neal and Griffin 2006), with the
remaining variables all measured using different scales and instruments. As such, the
strength of the identified relationships is questionable, and therefore their gravitas in
terms of supporting safety improvement, largely unconvincing.

3.3. Methodological design

A key aspect of the literature reviewed relates to the methodologies used to assess safety
leadership and its relationships with performance and outcomes. The review revealed
questionnaires and surveys to be the predominant data collection method for both the
measurement of safety leadership and also, the performance and outcome variables.

Regarding safety leadership measurement, the majority of studies reviewed (approxi-
mately 71%) used of a number of established, and yet also at times, purposely developed
questionnaires as the sole data capture technique. Few of the studies reviewed supple-
mented that approach with supporting or objective data collection techniques, such as
focus groups (Conchie, Moon, and Duncan 2013), interviews (Bahn 2013) observational
assessments (Luria and Morag 2011; Zohar 2002; Zohar and Luria 2010) or even review
and integration of historical safety incident data (Hechanova-Alampay and Beehr 2001;
Hofmann and Morgeson 1999; Zohar 2002).

The questionnaires used are not without their flaws, with those used tending to take a
‘one up’ focus, with the frontline worker-immediate supervisor dyad as the key relation-
ship examined. As such, the findings from approximately 75% of the studies reviewed
were based purely on follower ratings of leader behaviours, with a noticeable absence of
leader self-rating measures incorporated into the methodological design.

The focus on the frontline worker-supervisor dyad alone is considered a clear limita-
tion, as it neglects to consider the context of the broader organisational and work system

38



Downloaded by [Monash University Library] at 21:03 16 March 2016

434 S.-L. DONOVAN ET AL.

as a whole, and the corresponding potential influence different leadership styles at differ-
ent leader levels may have on safety performance and outcomes. Only four studies exam-
ined leader influence at a higher dyad level (Hofmann and Morgeson 1999; Noruzy et al.
2013; Yagil and Luria 2010; Zohar 2002), and even then these studies restricted examina-
tion to one leader-follower level. Further, no studies were identified that examined the
influence of safety leadership within a regulatory context, or at higher governmental
levels.

Similarly, the effectiveness of the data capture methods used to examine performance
and outcomes is also open to question. With the exception of the common instruments
used to examine safety participation and compliance (Neal and Griffin 2006), the majority
of studies opted for a range of both established and purposely constructed questionnaires.
The inconsistency in measurement scales used across the variables examined makes
meaningful comparison of results problematic, which further compounds the ability to
draw definitive conclusions regarding the influence of each leadership style on the varia-
bles measured. As such, currently little conclusion can be drawn regarding which styles of
leadership are considered most effective in supporting improvement in the performance
and outcomes measured.

However, the most significant limitation of the studies reviewed, and a key conclusion
of the current review, relates to the lack of systems-thinking methods, approaches and
concepts applied to the examination of safety leadership. With systems-thinking now con-
sidered the dominant approach to understanding safety and safety management within
complex socio-technical systems (e.g., Leveson 2004; Rasmussen 1997), this presents a
key gap in knowledge and understanding.

Integrating systems-thinking methods and concepts, for example, by applying Rasmus-
sen’s Risk Management Framework (Rasmussen 1997) to the examination of safety lead-
ership, would provide a framework for methodological and conceptual advancement to
support improved understanding of the influence of safety leadership across the whole
work system. Further, it would facilitate exploration of systems-thinking concepts and
variables, such as vertical integration and the distribution of control, which have been
demonstrated to support safety. Figure 7 demonstrates provides a diagrammatic represen-
tation of the methodological design of the studies reviewed, and demonstrates the lack of
application of systems-thinking and examination of the influence of safety leadership
across the work system as a whole. This points to a significant gap in understanding the
influence of safety leadership across all levels of a work system.

4, Discussion

The aim of the article was to critically review the literature examining the influence of
safety leadership on performance and outcomes in high-risk industries to determine the
extent to which systems-thinking is evident within the literature. The review identified a
number of limitations relating to the methodological and conceptual approaches used to
examine safety leadership, and in doing so, highlighted considerable gaps in understand-
ing with the current knowledge base. A way forward for methodological and conceptual
advancement regarding the study of safety leadership is proposed.

Five leadership styles were identified as examined with reference to their influence on
safety performance and outcomes in high-risk industries; TRFL, TRSL, LMX, EL and AL.
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Figure 7. Overview of leadership style, method of assessment and work system level examined
mapped on Rasmussen’s Risk Management Framework.

In comparing the review findings, it quickly becomes apparent there is significant overlap
between the different leadership styles and attributes studied. This raises important ques-
tions not only regarding the discrete measurement of each leadership style, but also their
specific contribution to the performance and outcome variables measured. Further
research is therefore required to determine whether the constructs and attributes of the
five leadership styles identified are empirically distinct within the context of safety. Such
examination would either clearly establish empirical distinction and thus, insight into
what styles and attributes are considered the most influential, or determine whether the
leadership styles and attributes examined potentially all contribute to measurement of a
higher form of leadership style specific to the context of safety.

In connection with the overlap in leadership attributes, a considerable limitation iden-
tified lies in the conceptualisation of the safety performance and safety outcome variables
examined. The seemingly arbitrary nature of the variables studied, and their reported
impact in terms of tangible improvements in safety, is highly questionable. This becomes
concerning when considering the reported influence of multiple leadership styles on the
variables of safety behaviours, safety commitment, safety participation, safety compliance,
safety climate and safety culture (e.g., Clarke and Ward 2006; de Souza Costa Neves Cava-
zotte, Pereira Duarte, and Calvao Gobbo 2013; Eid et al. 2012; Hoffmeister et al. 2013;
Kapp 2011; Martinez-Corcoles et al. 2012a; Zohar 2002). While an overlap in findings is
not surprising given the identified similarities in leadership styles, the concern surround-
ing these findings is heighted when considering the reported tangible benefits these per-
formance and outcome variables provide to safety improvement. Furthermore, the focus
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on examining safety climate, safety participation and compliance, and the extent to which
these are considered the most important safety related concepts over which safety leader-
ship has an influence, is nothing short of alarming. Such a focus does not reflect incorpo-
ration of wider, more robust and tangible safety performance and outcome variables, thus
rendering the importance of these findings questionable. In addition, no strong relation-
ship was identified between safety leadership practices and accident causation, which
raises further concerns regarding the contribution of the current research base. The focus
on measuring these variables as the ‘magic bullet’ for improvements in safety performance
therefore falls far short of keeping up with contemporary approaches to studying and
understanding safety within complex socio-technical systems.

A key conclusion of the review relates to the limited methodological approaches used
to examine safety leadership and corresponding performance and outcomes variables.
The predominant data collection method used was questionnaires, which along with the
variability in specific scales used, highlights a significant gap. While it is acknowledged
many of the leadership measurement scales used were validated, well established measures
(Arnold et al. 2000; Avolio, Bass, and Jung 1999; Barling, Loughlin, and Kelloway 2002;
Graen and Uhl-Bien 1995; Walumbwa et al. 2008), they primarily adopted a single-level,
one-directional approach in which followers are asked to rate their immediate leader,
thus providing a limited level of analysis with regard to potential higher-level influences
and safety leadership practices at different levels within a work system (i.e., consideration
of high level company influences, as well as potential regulatory and governmental
influences).

Significantly, the review also revealed a preference for existing research to view safety
leadership as having a mostly proximal, but at times, inconsistent effect on the safety per-
formance and outcomes measured. The majority of studies identified purely examined the
relationship between frontline workers and their immediate supervisor or leader. This is
considered a clear limitation. It is widely acknowledged that leadership is a complex and
multi-faceted construct, yet even so, few studies considered multi-level and more distal
influences of leadership on performance and outcomes, for example at the supervisory-
managerial level and above (Noruzy et al. 2013; Yagil and Luria 2010; Zohar 2002), while
fewer still (Akselsson et al. 2012) integrated more widely used safety-related concepts to
examine and understand variables that may influence and interact to impact performance
and outcomes at different organisational levels.

In short, research to date fails to look at safety leadership within the context of the
broader work system as a whole. This limitation presents as a significant gap in the cur-
rent body of knowledge. With systems-thinking now considered the dominant approach
to understanding safety and safety management within complex socio-technical systems
(Leveson 2004; Rasmussen 1997), applying systems-based methodologies and concepts is
considered fundamental to advancing understanding of the role safety leadership plays in
influencing safety performance and outcomes in high-risk industries.

5. Leading the way?

While the research reviewed does indicate safety leadership is important, the current
understanding surrounding its true contribution to improved safety performance and out-
comes can be considered elementary at best.
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The results of the current review revealed a number of conclusions regarding the cur-
rent state of knowledge surrounding the influence of safety leadership on performance
and outcomes in high-risk industries. The key finding from the current review is that
safety leadership has not been examined from a systems perspective. This is the dominant
approach to accident causation, and is emerging strongly as an important paradigm for
safety science issues such as injury prevention (e.g., Salmon et al. 2014) and manual han-
dling (Goode et al. 2014). In order to realise its potential contribution to safety, a para-
digm shift is required both in the way in which safety leadership is considered and
studied. This involves applying systems-thinking. Over the past two decades, safety sci-
ence research has seen a significant shift towards systems-thinking when examining
safety-related concepts (Dekker 2011; Leveson 2004; Rasmussen 1997; Reason 1997).
Notably, the review reveals that safety leadership is yet to be examined through a systems-
thinking lens.

As with other safety-related concepts, there is scope to apply systems-thinking models
(e.g., Rasmussen 1997) and methods (e.g., Leveson 2004) to safety leadership. Such an
approach would engender two important features of safety leadership. First, an appropri-
ate leadership style alone will not guarantee safe performance, rather, many other factors
across the overall work system will interact with, and shape leadership style. Second, an
important line of inquiry is to examine leadership across the different levels of the work
system, including frontline staff, supervisors, managers, CEOs etc. It is notable from this
review that both dimensions have not yet been examined. As such, it is argued that future
research agendas should incorporate multi-level, systems-thinking approaches to the
methodological design and exploration of safety leadership across all levels of a work sys-
tem, up to and including regulatory and government bodies. Moreover, they should
include examination of systems-thinking concepts, such as vertical integration and distri-
bution of control, to better understand systemic influences which may impact on safety
leadership.

It is, therefore, argued that the application of systems-thinking is key to the advance-
ment of research into the influence of safety leadership on safety performance and safety
outcomes in high-risk industries. As safety depends on the activities of individuals
(human and non-human) at every level of the system, and on the specific interactions
between these actors and levels (Vicente and Christoffersen 2006; Woo and Vicente
2003), it is of critical importance to examine the influence of safety leadership within the
broader context of the work system of safety. Whilst the existing literature provides some
support for the influence different leadership styles have on safety performance and out-
comes, it does not shed any light on the influence of leadership styles at different levels of
the overall work system. Further, it does not comprehensively identify what important
systems-thinking concepts such as decisions, actions, policies, and vertical integration
influence leadership style, and its impact. It is therefore concluded that these are critical
knowledge gaps that require further exploration.

As such, future research endeavours should apply systems-thinking models and meth-
ods (e.g., Leveson 2004; Rasmussen 1997) to the examination of safety leadership, as well
as incorporate systems-thinking concepts such as vertical integration and migration of
work practices. For example, applying methods and frameworks such as Rasmussen’s
Risk Management Framework and AcciMap would facilitate examination of safety leader-
ship across multiple levels within a work system. Supported by the application of
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knowledge elicitation techniques, such as for example the Critical Decision Method, such
an approach would support examination of interactions between human and non-human
actors, and understanding of systemic influencing factors that shape safety leadership per-
formance to support and maintain safety. Applying such approaches will go a long way to
advancing understanding of the true contribution safety leadership plays in positively
influencing safety performance and outcomes in high-risk industries.

While the current review is considered comprehensive, it is important to acknowledge
that studies examining safety leadership within the context of medical or health-care set-
tings were not included. Such articles were excluded for the following reasons; firstly, the
articles did not meet the definition of high-risk industry outlined by Grote (2012) applied
for this review, secondly the body of literature identified relating to health-care or the
medical sector was considered substantial enough to warrant a dedicated review within its
own right, and thirdly, two literature review articles were also identified (Kunzle, Kolbe,
and Grote 2010; Schmutz, Manser, and Mahajan 2013) which provided an already com-
prehensive perspective on the influence of leadership within the medical sector. As such,
it is suggested a separate and updated specific review be undertaken for that of literature
relating to the health-care and medical sectors, whereby cross comparison can be con-
ducted with the findings of the current review.

6. Conclusion

The current review concluded a significant opportunity exists to advance understanding
of the influence of safety leadership on performance and outcomes through the applica-
tion of systems-thinking. Applying a systems-based approach to future research agendas
would seek to close the identified gaps by broadening the conceptual and methodological
approaches used to examine safety leadership across all levels within a work system.
Doing so would provide insight into the less examined proximal and distal system influ-
ences which determine a range of effects on safety performance and outcomes. Further,
such approaches would permit examination of the presence of a range of leadership styles
across multiple levels of the system of safety, and their influence on key system perfor-
mance and outcome measures. The findings of this review should be taken into account
when developing future research endeavours to examine the influence of safety leadership
on performance and outcomes in high-risk industries.
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2.2 Discussion

The aim of this chapter was to review the safety leadership literature to identify what is
currently known about safety leadership, what gaps exist in the current knowledge base, and
determine the extent to which a systems perspective has been previously applied to examine
safety leadership. With a systems perspective widely acknowledged as the dominant safety
paradigm, the review identified safety leadership has not been examined from a systems

perspective.

2.2.1 Defining Safety Leadership

An important consideration to emerge from the review, and crucial for the direction of
this thesis, relates to the need to redefine leadership in the safety context. Existing definitions
of leadership applied in the safety context (e.g., Chemers, 1997) are considered inadequate
to describe the emergent, complex and adaptive nature of the concept to support safe
performance within high-risk, complex organisational systems. In order to provide a strong
foundation for defining what constitutes good and effective safety leadership (Glendon &
Clarke, 2015), a clear definition must be articulated, and one which encompasses the multi-
faceted nature of the safety leadership concept. Thus, an integrated and systems-based
definition of safety leadership is proposed that is consistent with a systems perspective.

Accordingly, safety leadership is defined as:

“Safety leadership comprises the emergent decisions, behaviours and actions of actors
across all levels within a work system, which combine and interact to support achievement

of the common goal of safe performance”.

Describing and focusing on an integrated definition of safety leadership is important for
the following reasons. First, defining safety leadership in this manner can help illustrate the
limitations of current theory, in terms of broadening understanding of safety leadership beyond
the influence of leadership style on follower performance alone. Second, it provides alignment
with contemporary thinking in ergonomics regarding the importance of considering safety
leadership from a systems perspective. This can assist in the development of a more
comprehensive agenda for future research with direct relevance to organisational practice
(Langley, Smallman, Tsoukas, & Van De Ven, 2013). Third, it recognises the underpinning
premise of systems-thinking, which relates to understanding the combined decisions,
behaviours and actions of actors across all levels within a work system, which interact to

influence performance (Rasmussen, 1997). The research presented in this thesis will apply
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this definition of safety leadership to improve understanding of the combined effect of
decisions, behaviours and actions of actors across work systems, and how these elements

emerge and interact to support safe performance.

2.3 Conclusion

The aim of this chapter was to determine what is known regarding the influence of safety
leadership on performance and outcomes in high-risk industries and examine the extent to
which systems-thinking has been applied to study safety leadership. Overall, it was concluded
that safety leadership is not well understood from a systems perspective. There is little
evidence of systems-thinking having been applied to its examination and hence, little
understanding and development of appropriate systems-based interventions to support
improved performance across high-risk, complex organisational systems. The findings provide
evidence of key gaps in the literature in relation to the current methodological and conceptual
approaches used to define and study safety leadership, which it is contended limit current
understanding. In a first step to address these shortcomings, an integrated definition of safety
leadership was proposed for application throughout this research. The definition reflects the
underpinning premise of a systems perspective, to focus on understanding the decisions,
behaviours and actions of actors across all levels within a work system, which interact to

influence safe performance.

In order to identify a suitable methodology to support examination of safety leadership
from a systems perspective, the following chapter describes a review of available ergonomics
frameworks, models and methods. It outlines the subsequent selection and justification of the

systems-thinking methodology that was applied and evaluated throughout this thesis.
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3 Review and selection of a systems-thinking methodology for
studying safety leadership

3.1 Introduction

The findings from the literature review presented in Chapter 2 confirmed that a systems
perspective has not yet been applied to examine safety leadership. With systems-thinking
considered the dominant paradigm for understanding safety and performance within complex
socio-technical systems (Dekker, 2011; Hollnagel, 2004; Salmon, Goode, et al., 2017; Salmon
et al., 2020), a clear research imperative exists. This involves applying systems theory-based
frameworks, models and methods to analyse, understand and ultimately optimise safety

leadership.

Various systems analysis methods have been applied in safety science research to
study factors implicated in safety within complex organisational systems. Approaches such as
the Functional Resonance Analysis Method (FRAM; Hollnagel, 2012), AcciMap (Rasmussen,
1997), CWA (Vicente, 1999), and Event Analysis of Systemic Teamwork (EAST; Stanton,
2013) have been applied to study and optimise road user behaviour (Read et al., 2018;
Salmon, Lenné, Walker, Stanton, & Filiness, 2014; Stanton & Bessell, 2014) to assist in
guideline development in health care settings (Clay-Williams, Hounsgaard, & Hollnagel, 2015;
Hollnagel, 2012), and to explore activity allocation and the impact of automation on decision-
making and behaviour in military systems (Jenkins, Stanton, Salmon, & Walker, 2008;
Jenkins, Stanton, Salmon, Walker, & Young, 2008; Naikar, 2006).

With a variety of systems-thinking analysis approaches available to draw from, it is
important to identify a suitable methodology for application in the safety leadership context.
Accordingly, the aim of this chapter was to identify, review and analyse the strengths and
weaknesses of various systems-thinking frameworks, models and methods, with a view to
identifying a suitable methodology to support the examination of safety leadership across a

mining work system.

3.2 ldentification of systems-thinking frameworks, models and methods

Leveraging the findings from the literature review, a review was conducted of the
available systems-thinking frameworks, models and methods that could potentially be applied
to support the examination of safety leadership decisions, behaviours and actions across a

mining work system.
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A structured search of relevant databases, journals and the reference lists of
publications was undertaken to identify journal articles, conference papers, books and
chapters describing systems-thinking analysis approaches and their application within the
context of safety. Databases in which the top ergonomics and safety science publications are
held were searched and included: Science Direct and websites of publishers Taylor and
Francis, Sage and Springer link. Keywords used in the search included the following in
combination: ‘systems-thinking’, ‘methods’, ‘analysis’, specifically in the subject of ‘safety’, and
covered both title of the publication and the abstract. Two-hundred and fifty-eight items were
returned from the database search. Within the two-hundred and fifty-eight items, a total of
thirty-nine analysis approaches were identified as having been applied and included
frameworks, models and methods. The frameworks, models and methods were applied across

eighteen domains, with healthcare the most frequently referenced domain.

Each of the thirty-nine analysis approaches was evaluated against a set of criteria
developed to reflect the research questions to be answered within this thesis. The evaluation
criteria are outlined in Table 1. The evaluation criteria were developed and applied to
determine the suitability of each analysis approach with reference to; capturing data across a
work system, the ability of the approach to examine safety leadership in line with the definition
proposed in Chapter 2 and the extent to which the analysis approach was able to identify and

represent positive performance shaping factors across a work system.

Table 1. Criteria for evaluating systems-thinking approaches to align with stated research questions

CRITERIA DESCRIPTION

1 The ability of the framework, model or method to capture data and be able to represent
data across system levels in relation to influencing factors, relationships and
interactions between actors and performance characteristics.

2 The ability of the framework, model of method to examine safety leadership in line with
the definition applied for this research (Chapter 2), that is, in terms of the “emergent
decisions, behaviours and actions of actors across all levels within a work system,
which combine and interact to support achievement of the common goal of safe
performance”.

3 The ability of the framework, model or method to describe and represent factors across
a work system, which support and assist performance in a positive manner.

Each of the thirty-nine frameworks, models and methods were rated by the primary
analyst as either Low, Medium or High based on the number of evaluation criteria met in Table
1 (Low = 1 criteria, Medium = 2 criteria, High = All 3 criteria). An inter-reliability analysis was

conducted by a second analyst with experience in coding human factors and ergonomics
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(HFE) data, with a percentage agreement in rating of 82.37% achieved. Disagreements
regarding the number of criteria met were resolved through discussion between the analysts.
A total of thirteen 13 frameworks, models and methods were identified and agreed upon as

potentially suitable to examine safety leadership from a systems perspective.

Using an adapted approach to that taken by (Salmon et al.,, 2011) a table was
constructed to outline the thirteen frameworks, models and methods reviewed. Table 2
provides a summary description of the analysis approach, reference domains where it has
been applied, the type of approach, the relative strengths and weaknesses and number of

criteria met as per Table 1.

It is important to note that some known frameworks, models and methods considered
as systems-thinking analysis approaches are not presented in Table 2 . A number of methods
known to be applied to examine complex systems did not appear in the initial search of
relevant databases. For example, System Dynamics (Forrester, 1961), which is used to
understand non-linear behaviour in complex systems did not appear in the search. Similarly,
Hierarchical Task Analysis (Stanton, 2013), which is also utilised to study patterns of work and
processes within complex systems did not appear. An explanation is that these methods may
be associated with different keywords within the literature to the keywords applied in the
present search. Further, a number of analysis approaches for studying behaviour in complex
systems have emerged post review, for example NETworked Hazard Analysis and Risk
Management System (NET-HARMS), which is used to identify risks across work systems
(Dallat, Salmon, & Goode, 2017). As such, these methods have not been evaluated in the

current context to determine their utility to study safety leadership from a systems perspective.
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Table 2. Overview of systems-thinking frameworks, models and methods suitable for application to examine safety leadership

# METHOD AUTHOR/S DESCRIPTION PROMINENT TYPE OF STRENGTHS WEAKNESSES RESEARCH SUITABILITY
APPLICATION ANALYSIS CRITERIA FOR MINING
DOMAIN MET IN APPLICATION
TABLE 2
1 | AcciMap Rasmussen, An accident analysis methodology Aviation and Accident » Underpinned by a generic * Data capture intensive 1,2&3 High
Method (1997) used to graphically represent the Rail transport Analysis framework, which considers multiple + Considerable time required to
causal and contributory factors work system levels develop an AcciMap
involved in an incident. The technique * Supports identification of
enables development of a multi- relationships and links between
layered diagram, which spans factors
immediate causes, to remote causal * Does not use a taxonomy of errors,
and contributory factors (i.e., ata which enables flexibility in application
governmental or societal level). The to a range of contexts
method allows capture of » Technique can be learned with
preconditions and actions in the minimal training
causal or contributory chain of events.
2 | Cognitive Work  Vicente (1999) A framework and functional analysis Rail Transport System Design  * Underpinned by a framework, which < Data capture intensive 1,2&3 High
Analysis (CWA) method that defines the goals, and Analysis considers multiple system levels + Considerable time required develop
constraints and affordances in a * Supports identification of outputs
domain that constitutes a cognitive relationships and links between * Time required to train/ learn
problem space. CWA incudes 5 levels factors application of the method
of analysis; WDA, CTA, Strategies * Does not use a taxonomy of errors,
Analysis, Social Organisation and which enables flexibility in application
Cooperation Analysis and WCA, with to a range of contexts
each level focusing on different * Modest training required to become
constraints which affect performance. proficient
3 | Critical Klein, A semi-structured, retrospective Aviation, rail Analysis of + Useful for gathering data on the + Quality of data obtained is highly 1,2&3 High
Decision Calderwood, & interview technique, which uses a set  and road cognitive factors, which input to and influence dependent upon the skill of the
Method (CDM)  Macgregor of cognitive probes to examine transport, led processes decision-making during accident interviewer
(1989) incidents that require expert outdoor scenarios  Extent to which verbal interview
judgement or decision-making. A activities * Well established as a method in responses reflect exactly the cognitive
naturalistic decision-making application in complex socio-technical processes employed by decision
approach, it is used to elicit expert systems makers during task performance is
knowledge, strategies and cues » Demonstrates high reliability questionable
attended to inform decision-making. * Very time consuming to apply and
analyse data
4 | Event Analysis  Stanton, 2013 EAST provides an integrated suite of  Road Safety Accident » Very comprehensive and activities * Very time-consuming approach, 1,2&3 High
of Systemic HFE methods for analysing activity in Analysis are analysed from various when undertaken in full
Teamwork collaborative systems. The perspectives * High training time associated with
(EAST) underpinning the premise of EAST is * The analysis provides compelling the use of various methods
that collaborative activity can be views of collaborative activities + A high level of access to the domain,
meaningfully described via a ‘network * A number of HFE concepts are task and SMEs is required
of networks’ focusing on three examined, including situation
interlinked perspectives: task, social awareness, decision-making,
and propositional networks, which teamwork and communications
underlie collaborative activity.
5 | Functional Hollnagel, 2012 FRAM is a method to retrospectively, = Health care and System Design  « Provides a way to develop an overall + Very time-consuming to apply 1,2&3 High
Resonance or prospectively analyse how work patient safety and Analysis understanding of how complex socio- e Difficult to apply, particularly for
Analysis activities take place, in order to technical systems work analysts with familiarity in application

Method (FRAM)

produce a model or representation of
how work is done. FRAM is based on
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# METHOD AUTHOR/S DESCRIPTION PROMINENT TYPE OF STRENGTHS WEAKNESSES RESEARCH SUITABILITY
APPLICATION ANALYSIS CRITERIA FOR MINING
DOMAIN MET IN APPLICATION
TABLE 2
four principles to describe the individual components * Qualitative in nature
functions involved in work: the * Does not include a model of any * Requires imagination. The method
equivalence of failures and system guides the analyst and provides them
successes, the central role of * Does not include assumptions about  with clues on 'where to look', but not
approximate adjustments, the reality specific or typical cause and effect with the answers
of emergence and functional relationships
resonance as a complement to
causality. The output can be used for
specific types of analysis, whether to
determine how something went
wrong, to look for possible
bottlenecks or hazards, to check the
feasibility of proposed solutions or
interventions, or to simply understand
how an activity takes place.
6 | Human Factors Wiegmann & HFACS is an accident analysis Aviation, health  Accident * Provides taxonomies of failure * Developed for aviation, which limits 1 Low
Analysis and Shappell, (2003) model, developed with the intent to care and patient Analysis modes across multiple system levels  application of taxonomies for other
Classification provide a taxonomy of failure modes safety * Generic to be applied across a domains
System and unsafe acts within Reason’s range of domains for accident * Does not consider failures outside of
(HFACS) Swiss cheese model. It uses four analysis purposes the organisation involved
levels; unsafe acts; preconditions for « High reliability * Highly dependent on the quality of
unsafe acts; unsafe supervision; and » Sound underpinning theory data available
organisational influences. Each level
contains different categories of
failures, along with their own
taxonomy of failure modes.
7 | Human Factors Human Factors  The application of knowledge from a Aviation, health  System Design ¢ A broad range of principles and * Principles and concepts in isolation 1,2&3 High
Engineering Society (1957) range of disciplines such as care and patient and Analysis concepts, which can be applied in do not yield insight into the
principles psychology, engineering, safety conjunction with additional methods to interactions between elements
anthropometry. The discipline of HFE yield insight into behaviour * Highly time consuming in application
is concerned with the 'fit' between « Facilitates a comprehensive * High level of training and
people, equipment and their approach to understanding research competence required to apply
environment and accounts for human problem principles correctly in order to
capabilities and limitations in seeking optimise results or output
to ensure that tasks, functions,
information and the environment are
designed to support the end-user.
8 | Interviews Nil A common research technique Broad Trait/ Variable + Can capture a lot of information, on  « High level of training and 1,2&3 High
(existing whereby information is exchanged application analysis many variables competence assurance required to
method used to between two or more individuals in a across a range  Can be applied immediately, with get best results
examine safety question-answer style approach. of domains little preparation required * Potential issues with analyst bias,

leadership)

Interviews can be used to gain insight
into ‘'first person’ cognitive processes
associated with the variable or factors
of interest.
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requiring inter-rater reliability to be
performed to overcome



latent conditions and unsafe acts
made by human operators and their
contribution to accidents. The model
describes how latent conditions reside
across all levels of an organisational
system, rather than focusing on the
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accident analysis purposes

+ Considers contributory factors
across multiple levels

+ Considers both discrete and system-
wide factors involved in an incident

+ Can be applied with minimal training

* Considerable time required to
develop outputs

# METHOD AUTHOR/S DESCRIPTION PROMINENT TYPE OF STRENGTHS WEAKNESSES RESEARCH SUITABILITY
APPLICATION ANALYSIS CRITERIA FOR MINING
DOMAIN MET IN APPLICATION
TABLE 2
9 | Observation Nil A common research technique Broad Trait/ Variable * Trained assessor observations of + Observational data is often highly 1,2&3 High
(existing involving the active acquisition of application analysis cues can yield insight into multiple subjective
method used to information from a primary source. across a range factors and systems issues * High level of training and
examine safety Observations can be qualitative, or of domains competence assurance required for
leadership) quantitative in nature. validity in observations
* Potential issues with analyst bias,
requiring inter-rater reliability to be
performed to overcome
10 | Questionnaires  Various A research instrument consisting ofa  Broad Trait/ Variable + Can capture a lot of information, on  « Validity and reliability of constructsis 1,2 & 3 High
(existing (dependent on series of questions for the purpose of  application analysis many variables often questionable
method used to  content) gathering information from a target across a range » Easy to administer * In depth knowledge of statistical
examine safety group of respondents. Questionnaires  of domains analysis techniques to ensure
leadership) are commonly applied in a research accurate analysis of data
setting to gather information on
specific variables, themes or
demographics in order to identify and
analyse links, similarities or indeed,
differences between population
groups of interest.
11 | Rasmussen's Rasmussen, Rasmussen’s Risk Management Led outdoor Accident + Considers both discrete and system- « Very time-consuming to apply 1,2&3 High
Risk (1997) Framework is based on the premise  activities, sports  Analysis wide factors involved in an incident . The quality of the analysis produced
Management that accidents are shaped by the injury * Does not utilise a taxonomy of g enirely dependent upon the quality
Framework decisions, behaviours and actions of prevention failures L . of the input data
* The output is visual and easily o .
(RMF) actors across work systems. The interpreted * Potential issues with analyst
framework describes 6 levels; - Considers contributory factors across hindsight, requiring inter-rater
Government, Regulators, Company, multiple levels, including external reliability to be performed to
Management, Staff and Work factors overcome
involved in production and safety
management. According to the
framework, for systems to function
safely, ‘vertical integration’ is required
whereby decisions made at the higher
system levels should be promulgated
down and be reflected in the
decisions and actions occurring at the
lower levels (i.e. staff work levels) and
information at the lower levels
regarding the system’s status needs
to transfer up the hierarchy to inform
the decisions and actions occurring at
the higher levels.
12 | Swiss Cheese Reason (1990)  The Swiss Cheese model describes Aviation, Rail Accident » Generic framework, which can be * Focuses on latent conditions and 1&2 Medium
Model the interaction between system-wide transport Analysis applied across a range of domains for failures present within system



# METHOD AUTHOR/S DESCRIPTION PROMINENT TYPE OF STRENGTHS WEAKNESSES RESEARCH SUITABILITY
APPLICATION ANALYSIS CRITERIA FOR MINING
DOMAIN MET IN APPLICATION
TABLE 2
frontline or 'sharp end' in isolation. * A detailed taxonomy of failure
According to the model, each modes is provided for each level
organisational level has defences, within the model
which are designed to prevent the
occurrence of incidents. Weaknesses
in these defences, create ‘windows of
opportunity’ for accident trajectories to
breach the defences and cause an
accident.
13 | Systems Leveson (2004) The STAMP method is an accident Military, Rail Accident » Based on control theory « Limited guidance available to 1&2 Medium
Theoretical analysis method, which holds that that transport, Analysis * Considers loss of control across the  support analysts in conducting
Accident accidents are a control problem and Mining overall multiple levels within work STAMP analyses
Modelling and occur when component failures, systems » The method is complex to apply,
Processes external disturbances and/or + Can be applied for accident analysis  considering constraints, control
(STAMP) and inappropriate interactions between across a range of domains structure, structural and behavioural
associated systems components are not dynamics
methods controlled, which enables safety

constraints to be violated. The model
describes various forms of control,
including managerial, organisational,
physical, operational and
manufacturing-based controls.
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3.3 Selection of systems-thinking framework, model and methods for examining
safety leadership

Ten of the thirteen frameworks, models and methods presented in Table 2 were rated
as highly suitable to examine safety leadership from a systems perspective, that is; having
met all three criteria defined in Table 1. From these ten methods, four analysis approaches
were subsequently selected for actual application throughout this thesis. The four analysis
approaches selected were; Rasmussen’'s RMF, AcciMap Method, the CDM interview
technique and CWA. The justification for selection of each of the four approaches is outlined

below.

3.3.1 Rasmussen’s Risk Management Framework (RMF)

The methodology applied throughout this research required a consistent underpinning
theoretical framework. Rasmussen’s RMF was selected as this framework as it is generic and
does not use a taxonomy of failures as with some other frameworks. This makes it flexible in
application to identify and examine factors associated with both positive and negative
performance across work systems. The framework was confirmed as appropriate in the
literature review presented in Chapter 2 and was therefore deemed most suitable to apply as
a ‘first of type’ approach to underpin the examination of safety leadership across a mining

work system.

3.3.2 AcciMap Method

The AcciMap Method is directly associated with Rasmussen’s RMF and is also generic
in nature, making its application transferrable across multiple domains. The method is capable
of supporting identification and exploration of relationships and links between factors across
a work system, including contributory factors and influences external to an organisation (i.e.,
at the regulatory and governmental level). In addition to its use in accident analysis, it has
been used to analyse many other behaviours outside of accident scenarios, for example,
including distraction (Young & Salmon, 2015), improvisation (Trotter, Salmon, & Lenné, 2014)

and near misses (Thoroman, Goode, Salmon, & Wooley, 2019).

3.3.3 Critical Decision Method (CDM)

The CDM (Klein et al., 1989) interview technique was selected for application as it

facilitates gathering of specific information relating to the cognitive components of decision-
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making, and factors that influence decision-making. Although it is primarily used to explore
decision-making following an incident, the technique is flexible enough to be applied to a
normal performance scenario using the same interview questions and probes. Thus, the CDM
interview technique was capable of gathering information and inputs associated with decision-

making relevant to safety leadership in both normal and abnormal operational contexts.

3.3.4 Cognitive Work Analysis (CWA)

CWA (Vicente, 1999) is a systems analysis and design framework, with its primary
application being to analyse complex socio-technical systems to inform system design or
redesign activities (Cornelissen, Salmon, Stanton, & McClure, 2015; Jenkins, Stanton,
Salmon, Walker, et al., 2008; Read et al., 2015; Stanton & Bessell, 2014). It is capable of
modelling entire systems as well as the constraints that influence decision-making and
behaviours. It also specifically allocates behaviours to different actors across the systems,

which is important for safety leadership.

While the CWA framework itself comprises five phases of analysis (Vicente, 1999),
only three phases will be applied in the present research. Specifically, WDA, CTA and WCA
was applied. The remaining two phases (Strategies Analysis and Social Organisation and Co-
operation Analysis) will not be applied in the present research, as it was felt that the analysis
output from the three phases referenced will provide sufficient depth to achieve the study’s
intent regarding modelling safety leadership to support subsequent development of a safety
leadership competency framework. Detail regarding each of the three phases to be applied

are provided below.

3.3.4.1 Phase 1 — Work Domain Analysis (WDA)

WDA was applied to develop a model of safety leadership within a mining work system.
The aim of the WDA conducted in this research was to describe the purposes of the safety
leadership system and the constraints imposed on the actions of any actor performing
activities within the system (Vicente, 1999). This was achieved by describing the system at

the following five conceptual levels using the abstraction hierarchy method:

1. Functional purpose — The highest level describes the overall purposes of the safety
leadership system and the external constraints imposed on its functions;
2. Values and priority measures — This level describes the criteria that stakeholders

use for measuring progress towards the functional purposes of safety leadership;
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3. Purpose-related functions — This level describes the purpose-related functions of the
safety leadership system that are necessary for achieving the functional purposes;

4. Object-related processes — This level describes the functional capabilities and
limitations of objects within the system that enable the purpose-related functions; and

5. Physical objects — This level describes the physical objects within the system that

are used to undertake the purpose-related functions.

Within the abstraction hierarchy model, means-ends relationships are established to link
‘nodes’ across the five levels of abstraction. Every node in the abstraction hierarchy is the
‘end’ that is achieved by all of the linked nodes below it and also the ‘means’ by which all of

the linked nodes above it are achieved.

In recent years, elements of CWA including WDA have been applied at a high level to
examine mining operations and organisations (Demir et al., 2017; Li et al., 2019; Xiao et al.,
2015), however these studies did not include examination of, nor focus on, safety leadership.

Thus, application of this systems-thinking analysis technique in the current context is novel.

3.3.4.2 Phase 2 — Control Task Analysis (CTA) and Decision Ladder (DL)

The second phase of the CWA framework is used to facilitate identification and
decomposition of specific control tasks through the use of the Contextual Activity Template.
This phase provides a more context-specific description of the tasks that are undertaken within
the work domain. To conduct the CTA, a Contextual Activity Template (CAT) is populated
which maps the control tasks undertaken by individuals, teams, non-human agents and
organisations within the system against the functional purposes of the work system as
described in the WDA. Typically, the work or task situation is represented along a horizontal
axis, while the functions derived from the abstraction hierarchy of the WDA are shown along
the vertical axis. Mapping the control tasks in this way allows constraints associated with
recurring classes of tasks and events to be identified. An example of a generic CAT is provided

in Figure 2.
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Figure 2. Generic CAT

The work and task situations are shown in columns, with the circles and bars showing
the extent to which the function typically occurs within the situations identified. The dotted
boxes indicate all of the work situations in which a work function can occur, as opposed to
typically occur. In doing so, this captures the constraints of the system with respect to ensuring
specific tasks undertaken align with supporting achievement of the overall system functions

and purpose-related functions.

The control activities can be further analysed through the use of a Decision Ladder
(DL). A DL is most commonly used within CWA to describe decision-making activity and
represents the decision-making process of the combined work system (Rasmussen, 1994). It
is specifically focused on the entire decision-making activity, rather than the moment of
selection between two potential options. DL models are typically used to represent the
information requirements for making a decision triggered by information inputs and outputs to

achieve the functional purposes.

The DL itself contains two different types of nodes: rectangular boxes that represent
data-processing activities and circles that represent resultant states of knowledge. The left
side of the ladder represents the observation for the current system state, while the right side
represents the planning and execution of tasks and application of procedures to achieve a
target system state or function (Vicente, 1999). A generic example of a DL is provided in Figure
3.
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Figure 3. Generic DL showing process and knowledge state as well as ‘leaps’ or ‘shunts’

Novice users typically follow the DL in a linear fashion, progressing up the left-hand
side and down the right, whereas expert users typically take ‘leaps’ or ‘shunts’ through and
across the ladder based on prior experience (Vicente, 1999). A ‘leap’ is where two states of
knowledge are connected (circle to circle), while a ‘shunt’ is where information-processing

activities are connected to a resultant state of knowledge (box to a circle).

3.3.4.3 Phase 5 — Worker Competencies Analysis (WCA)

The purpose of a WCA is to identify the competencies required by actors within a work
system to effectively accomplish the controls tasks and linked functions identified. A WCA

inherits all of the constraints identified through the previous analytic phases of the CWA to
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result in a map of competencies required across the work system to support achievement of

the system functions identified.

There is no specific methodology referenced for completing the Worker Competencies
Analysis, however, Rasmussen’s SRK (Rasmussen, 1983) taxonomy forms the basis of this
final analytical phase to allow classification of the cognitive activities undertaken by actors
during performance of domain specific control tasks (Vicente, 1999). The taxonomy outlines
basic distinctions between three main psychological processes: Skill-Based Behaviour (SBB),
Rule-Based Behaviour (RBB) and Knowledge-Based Behaviour (KBB) and holds that control
tasks must allow for SBB and RBB wherever possible, whilst support KBB wherever necessary
(Vicente, 1999). Table 3 provides an overview of the different categorisations of behaviour
within the SRK taxonomy and the function and task situations that typically guide the

associated level of control.

Table 3. Rasmussen’s Skills, Rules and Knowledge taxonomy (Vicente, 1999)

LEVEL OF DESCRIPTION GOAL OR SITUATION
CONTROL FUNCTION OR TASK
Skill-Based Automated action performed without conscious Explicit Familiar

attention. Action is prospective meaning, actions

are anticipatory in nature, rather than waiting for

changes in the environment that then need to be

responded to. Actors typically can’t verbalise what

is happening at the time of the behaviour.

Rule-Based Procedural activities, developed through Explicit or Familiar
experience, instruction or previous problem- implicit, the
solving activities. Action is goal-oriented, but goals  situation

are implied in the structure of the rules. Workers suggests a
may know the goals that the rules can achieve, but particular
they are not thinking about those goals when they convention
are following the rules, they are merely using

familiar perceptual cues in the environment to

trigger actions.

Knowledge- Represents serial search based on explicit Explicit, Unfamiliar
Based representation of the goal and understanding of derived from
the functional properties of the environment. analysis of a
Knowledge based goals are considered explicitly. situation and
Knowledge-Based Behaviour is slow, serial and guiding
effortful because it requires focal attention. It is personal
frequently applied in unfamiliar situations where aims
previous experience isn’t able to be drawn upon.

An SRK analysis and output comprises a table describing specific behaviours that
individuals may engage in to complete the information-processing activities and actions
described in the DL. The analysis is thus used to generate profiles of competencies that actors
must possess to adequately perform the identified control tasks and system functions across

the three types of behaviours. In the current application, the WCA is applied specifically with
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reference to identifying competencies related to effective safety leadership to support the

control tasks examined (i.e., regular and non-routine task execution).

For completeness, a number of frameworks, models and methods were not selected for
application in the current research. An outline and justification for their exclusion is provided

in Appendix 1.

3.4 Conclusion

The aim of this chapter was to identify, review and analyse the strengths and
weaknesses of various systems-thinking frameworks, models and methods with a view to
recommending a suitable methodology for examining safety leadership across a mining work

system. It also provides an overview of the methods applied throughout this thesis.

A structured approach was used to determine a methodology for studying safety
leadership from a systems perspective. Four systems-thinking frameworks, models and
methods were selected for application. First, Rasmussen’s RMF was selected as the
underpinning framework for use throughout this research. Along with the framework, the
AcciMap Method was also selected for application. The CDM was also selected as the method
for capturing data relating to decision-making and through subsequent proposed adaptation,
corresponding safety leadership behaviours associated with regular and non-routine
operational contexts. Finally, three phases of CWA were selected for application to develop a
model of safety leadership whereby competencies can be identified to support control task

execution and achievement of system functions.

The following chapter introduces Study 1 in which Rasmussen’s RMF, AcciMap Method
and the CDM are applied to examine safety leadership during a critical incident scenario.
Following analysis of the incident, the methods are evaluated to determine their suitability for
examining safety leadership from a systems perspective and the extent to which they provide
deeper insights into safety leadership decisions, behaviours and actions across a work system

to support safe performance.
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4 Evaluating the suitability of Rasmussen’s Risk Management
Framework, AcciMap Method and the Critical Decision Method for
examining safety leadership

Donovan, S.-L., Salmon, P. M., Lenné, M. G., & Horberry, T. (2017) Safety leadership and
systems-thinking: application and evaluation of a Risk Management Framework in the mining
industry. Ergonomics, Vol 60(10): 1336-1350.

4.1 Introduction

With a candidate systems-thinking methodology selected, the aim of Chapter 4 is to
examine safety leadership from a systems perspective. This is achieved through a case study
analysis of the Bingham Canyon Highwall Failure incident, a large-scale mining incident with

a notable positive safety outcome in which no injuries or fatalities occurred.

Study 1 applied Rasmussen’s RMF, AcciMap Method and the CDM interview
technique to examine the factors across the work system that influenced safety leadership
during the critical incident scenario to contribute to the incidents safe outcome. In doing so,

Study 1 addresses the following research questions:

RQ 2: Can the application of a systems perspective expand understanding of safety

leadership within a complex socio-technical mining system?

RQ 3: What factors influence safety leadership within a complex socio-technical mining

system and how do these factors interact?
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Safety leadership is an important factor in supporting safety in high-risk industries. This article
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improved learning from incidents. A case study analysis was undertaken of a large-scale mining
landslide incident in which no injuries or fatalities were incurred. A multi-method approach was
adopted, in which the Critical Decision Method, Rasmussen’s Risk Management Framework and
Accimap method were applied to examine the safety leadership decisions and actions which enabled
the safe outcome. The approach enabled Rasmussen'’s predictions regarding safety and performance
to be examined in the safety leadership context, with findings demonstrating the distribution of
safety leadership across leader and system levels, and the presence of vertical integration as key to
supporting the successful safety outcome. In doing so, the findings also demonstrate the usefulness
of applying systems-thinking methods to examine and learn from incidents in terms of what ‘went
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Practitioner Summary: This paper presents a case study analysis, in which systems-thinking
methods are applied to the examination of safety leadership decisions and actions during a large-
scale mining landslide incident. The findings establish safety leadership as a systems phenomenon,
and furthermore, demonstrate the usefulness of applying systems-thinking methods to learn
from incidents in terms of what ‘went right’ Implications, including future research directions, are
discussed.

1. Introduction particularly in the construction and manufacturing indus-
tries (Hoffmeister et al. 2013; Hofmann and Morgeson

1.1. Safety leadership and systems-thinking 1999; Zohar 2002)

In recent years, safety leadership has emerged as an
important factor in supporting and maintaining safety
within high-risk industries (e.g. Clarke 2013; Griffin and
Hu 2013; Hofmann and Morgeson 1999; O'Dea and Flin
2001). Typically defined by a leaders’ ability to inspire and
motivate followers to achieve common goals (Burns 1978;
Chemers 1997), safety leadership is often examined in
terms of the influence of different styles of leadership (e.g.
Arnold et al. 2000; Burns 1978; Graen and Uhl-Bien 1995;
Walumbwa et al. 2008) on performance and outcomes.
Positive links have thus been established between vari-
ous forms of safety leadership, and a range of individual
and group performance and outcome variables, such as
workforce compliance and participation (Clarke and Ward
2006; Martinez-Corcoles, Gracia et al. 2012), and safety cli-
mate (Hystad, Bartone, and Eid 2013; Yagil and Luria 2010;
Zohar and Luria 2010). Furthermore, safety leadership
has been linked to a reduction in injuries and incidents,

While such findings are important, questions still remain
around the definition and constructs of safety leadership,
the frameworks and methods used to study it, and thus,
its ultimate contribution to safety. Indeed, a recent review
of the literature (Donovan, Salmon, and Lenné 2016)
highlighted several deficiencies with current conceptual
and methodological approaches used to examine safety
leadership, which limit advancement in understanding of
its true contribution. For example, existing research has
primarily focused on exploring the relationship between
the frontline worker and immediate supervisory level in
isolation (e.g. Conchie 2013; Hofmann and Morgeson 1999;
Kath, Marks, and Ranney 2010), with questionnaires and
surveys the favoured method of data capture. Within this,
applying the traditional definition of safety leadership has
generated a focus on examining leadership style alone,
with little consideration given to important complimentary
processes, such as decision-making, and its contribution
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to supporting safe performance. With decision-making
widely accepted as an integral part of leadership (Evans
and Ward 2007; Rogers and Blenko 2006), improved under-
standing of its impact in a safety context presents as a
valuable line of inquiry.

Perhaps most significantly, however, the review noted
a lack of systems-thinking-based approaches having been
applied to examine safety leadership (Donovan, Salmon,
and Lenné 2016). Thus, the extent to which safety lead-
ership has been examined across organisational systems
is negligible, which points to a considerable gap in the
current knowledge base. With systems-thinking (e.g.
Rasmussen 1997) now considered the leading approach
for examining and understanding the factors influencing
safety within safety critical systems (Salmon et al. 2016),
applying such frameworks and methods to examine
and understand safety leadership presents as an impor-
tant research endeavour. Indeed, Donovan, Salmon, and
Lenné (2016) proposed Rasmussen’s Risk Management
Framework (1997) as a suitable framework through which
to examine safety leadership from a systems perspective.
However, the appropriateness of this framework has yet
to be examined.

Current limitations notwithstanding, safety leadership
is an important and positive safety-related concept (Flin
and Yule 2004; Zohar 2002; Zohar and Luria 2010). To that
end, improved approaches to its examination offer some
valuable opportunities to enhance understanding of its
contribution. By moving beyond traditional methodo-
logical and conceptual approaches (Clarke 2013; Hystad,
Bartone, and Eid 2013; Kath, Marks, and Ranney 2010;
Lu and Yang 2010), improved insight can be gained into
crucial associated processes, including the impact of deci-
sion-making on safe performance. Moreover, exploring
safety leadership through a systems-thinking lens presents
an opportunity to advance knowledge regarding its role in
the prevention or minimisation of accidents (Kleiner et al.
2015). In short, to examine and understand performance
that ‘went right’ (Hollnagel 2014; Hollnagel et al. 2013).
Learning from incidents, particularly those with positive
safety outcomes (i.e. no injury or fatalities sustained), is of
critical focus for burgeoning areas of safety science, such as
resilience and Safety Il (Hollnagel 2014). As such, examin-
ing safety leadership in terms of the underlying decisions,
behaviours and actions that support successful safety out-
comes, offers a valuable opportunity to contribute to this
crucial area of interest.

Thus, this article aims to examine safety leadership
through a systems-thinking lens by testing the appli-
cability of a popular systems analysis framework in the
safety leadership context. Using a case study analysis, data
derived from the Critical Decision Method (CDM) interview
technique (Klein, Calderwood, and MacGregor 1989) is

used to support the development of an Accimap descrip-
tion (Rasmussen 1997) of a large-scale mining landslide
incident where no injuries or fatalities were incurred. Such
scenarios have been identified as critical for research as
part of burgeoning safety concepts such as resilience
and safety Il (e.g. Hollnagel 2014). The resulting Accimap
presents the key safety leadership decisions and actions,
and corresponding influencing factors which contrib-
uted to the maintenance of safety throughout the inci-
dent. Following previous applications in which Accimap is
used in new areas (Cassano-Piche, Vicente, and Jamieson
2009; Jenkins et al. 2010; Salmon et al. 2010, 2014), the
findings are used to examine a set of predictions made
by Rasmussen’s Risk Management Framework (Rasmussen
1997) to determine the utility of applying a systems-based
approach to the examination of safety leadership. Findings
are discussed in terms of the usefulness of applying sys-
tems-thinking methods to examine safety leadership, and
to learn from incidents by examining positive elements
of system performance. Implications, including future
research directions, are discussed.

1.2. Rasmussen’s Risk Management Framework and
Accimap (Rasmussen 1997)

To advance the field of safety leadership research, a the-
oretical and conceptual shift in thinking is required. In
recent years, the adoption of systems-thinking has pro-
vided important contributions leading to new knowl-
edge regarding various safety related concepts, such as
improvisation (Trotter, Salmon, and Lenné 2013), situation
awareness (Salmon, Walker, and Stanton 2015) and under-
standing specific risks such as manual handling injuries
(Goode et al. 2013). This raises the real possibility that
systems-thinking can also be applied to enhance system-
ic-level understanding of safety leadership.

A range of systems-thinking-based accident analy-
sis methods exist, each capable of examining different
aspects of accident causation. Salmon et al. (2012) pro-
vide a comprehensive review of the advantages and dis-
advantages of each, and their suitability in application for
various areas of focus. For example, the Human Factors
Analysis and Classification System (HFACS; Wiegmann and
Shappell 2003) provides a taxonomy of failures that can be
applied to accident data to identify failures across system
levels. The method also supports statistical analysis of the
relationships that exist between failures, across various
levels. However, a drawback of this method is that it is
highly dependent on the quality of data available, mak-
ing it often difficult to identify failures at higher system
levels (Salmon et al. 2012). The Systems-Theoretic Accident
Model and Processes (STAMP) method uses a hierarchi-
cal control structure diagram to describe failures at each
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Figure 1. Rasmussen’s RMF and Accimap method.

level of control (Leveson 2004). The method allows model-
ling of non-linear interactions and relationships between
components; however, it is complex in application, which
has raised questions regarding its reliability (Salmon et al.
2012).

Both the HFACS and STAMP methods focus on iden-
tification of failures across work systems. In contrast, a
key feature of Rasmussen’s Risk Management Framework
and Accimap method is that they are generic in nature.
Neither the framework, nor method, use taxonomies of
failure modes, which supports their flexibility in appli-
cation (Salmon et al. 2010, 2016). It is for these reasons
Donovan, Salmon, and Lenné (2016) proposed the
framework, method and the CDM as suitable methods
through which to examine safety leadership from a sys-
tems perspective.

The framework describes work systems as comprised of
various levels (Figure 1), and is underpinned by the prem-
ise that safety is an emergent property which is impacted
by the decisions, behaviours and actions of actors across
all levels of a work system, not just by those of frontline
operators alone (Rasmussen 1997). In conjunction with the
framework, Rasmussen developed the Accimap method
(Rasmussen 1997), a generic approach for exploring and
understanding accidents. The method enables develop-
ment of a graphical representation of elements, actors
and related decisions and actions involved in an accident,
illustrating contributory factors and interrelationships that
existed across the system to allow an accident to occur.
Figure 1 shows Rasmussen’s RMF and corresponding
Accimap for describing work systems.

Both the framework and method have been used to
examine catastrophic accidents across a range of domains
(e.g. Branford 2011; Cassano-Piche, Vicente, and Jamieson
2009; Hopkins 2000; Newnam and Goode 2015; Salmon
etal. 2010, 2014; Stevens and Salmon 2016; Trotter, Salmon,
and Lenné 2013; Underwood and Waterson 2014; Vicente
and Christoffersen 2006; Woo and Vicente 2003). To date
however, and despite widespread demand (e.g. Dekker
2011; Hollnagel 2012, 2014), little focus has been placed on
their application to examine non-failure scenarios and pos-
itive aspects of system performance (e.g. Trotter, Salmon,
and Lenné 2014). Salmon et al. (2016) recently discussed
the importance of applying systems-thinking methods to
examine such events, as opposed to only using them to
examine events that had an adverse safety outcome.

1.3. Rasmussen’s predictions and safety leadership

Rasmussen’s RMF makes a series of predictions regarding
safety and performance in complex socio-technical sys-
tems (Rasmussen 1997). These predictions typically form
the basis for evaluating the applicability of the framework
to new contexts (e.g. Cassano-Piche, Vicente, and Jamieson
2009; Jenkins et al. 2010; Salmon et al. 2010, 2014). In their
original form, the predictions relate to understanding
factors within systems that have the potential to have an
adverse impact on safety (i.e. sub-optimal performance,
lack of vertical integration, the migration of work practices
across work systems, etc.). With this in mind, in the present
analysis, the predictions were required to be adapted to fit
the safety leadership context (Table 1). That is, rather than
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Table 1. Rasmussen’s (1997) predictions regarding accidents in complex socio-technical systems adapted to the safety leadership

context.

Rasmussen’s original prediction

Amended prediction in the safety leadership
context

Example of performance in the safety leadership
context

1. Performance is an emergent property of
a complex socio-technical system. It is
impacted by the decisions of all of the ac-
tors — politicians, managers, safety officers
and work planners — not just the front-line
workers alone

2. Sub-optimal performance is usually
caused by multiple contributing factors,
not just a single catastrophic decision or
action

3. Sub-optimal performance can result
from a lack of vertical integration (i.e.
mismatches) across levels of a complex
socio-technical system, not just from
deficiencies at any one level

4.The lack of vertical integration is caused,
in part, by a lack of feedback across levels
of a complex socio-technical system.
Actors at each level cannot see how their
decisions interact with those made by ac-
tors at other levels, so the threats to safety
are far from obvious before an accident

5. Work practices in a complex socio-techni-
cal system are not static. They will migrate
over time under the influence of a cost
gradient driven by financial pressures in
an aggressive competitive environment
and under the influence of an effort gradi-
ent driven by the psychological pressure
to follow the path of least resistance

6. The migration of work practices can occur
at multiple levels of a complex socio-tech-
nical system, not just one level alone

1. Safety Leadership is an emergent property of a
complex socio-technical system. It is impacted
by the decisions of all of the actors - politicians,
managers, safety officers and work planners — not
just front-line workers alone

2. Safety leadership involves multiple contributing
factors, not just a single decision or action

3. Safety leadership is dependent on the presence
of vertical integration across different levels of a
complex socio-technical system

4. Vertical integration is supported, in part, by the
presence of feedback across levels of a complex
socio-technical system, which in turn supports
optimal safety leadership

5. Work practices are not static and migrate over time
under the influence of many factors. One integral
factor is the form and level of safety leadership
present within an organisation. Appropriate safety
leadership decisions and actions can assist in the
migration away from safety boundaries. On the
other hand, inadequate or inappropriate safety
leadership decisions and actions can cause migra-
tion toward safety boundaries

6. Safety leadership assisting migration away from
safety boundaries can occur at multiple levels of a
complex socio-technical system, not just one level

A safety leadership decision to stop production does
not occur in isolation, rather it emerges as a result of
the sharing and integration of information, commu-
nications and interactions between multiple actors
within the system. This includes interactions between
frontline workers, supervisors, managers, safety team
members and directors

Multiple contributing factors inform safety leadership
decision-making, including communications between
multiple actors within the system, as well as consid-
eration of supporting system documentation (i.e.
Standard Operating Procedures, emergency response
plans) and data (i.e. safety and systems data)

Communication must occur across multiple levels with-
in an organisational system. This vertical integration
can occur both formally and informally, and can be
verbal, written or system data exchanges across and
between levels, actors and groups

A safety concern relating to operational risk may be
raised by front-line workers to a supervisor. The
supervisor provides the support and resources to ad-
dress the concern, and feedback to the workforce to
advise of actions taken. This demonstrates a two-way
dialogue between leaders and the workforce across
system levels

Integrating available information and considering all
interactions, a decision to stop production is enacted
to ensure a safe operational and working environ-
ment is maintained. This decision ensures migration
away from safety boundaries. In contrast, given the
same communications and access to information,

a decision to continue with production may cause
migration towards safety boundaries

In consultation with Subject Matter Expertise, system
data and their manager, a supervisor may execute a
decision to stop production in the interests of safety.

alone

7. Migration of work practices causes the
system’s defences to degrade and erode
gradually over time, not all at once.
Sub-optimal performance is released by
a combination of this migration in work
practices and a triggering event, not just
by an unusual action or an entirely new,
one-time threat to safety

7. Migration of work practices causes the system’s
defences to degrade and erode gradually over
time, not all at once. Sub-optimal performance
is released by a combination of this migration in
work practices and a triggering event. Appropriate
safety leadership practices and decision-making
can strengthen the system’s defences, with optimal
performance maintained by detecting and re-

Likewise, a manager may execute the same decision
in consultation with their leader, and subordinate
team to assist with migration away from safety
boundaries

Safety concerns raised and operational deviations com-
municated through the organisational system assist
with the detection of threats to safety (i.e. unstable
operations, hazard identification), which allow and
support appropriate safety leadership responses to
reduce or mitigate the risks to safety

sponding to potentially harmful triggering events

and threats to safety

focusing on identifying factors that negatively impact on
performance, the predictions were adapted to focus on
factors that support safe performance (i.e. optimal safety
leadership performance, the presence of vertical integra-
tion across work systems and safety leadership practices
and decision-making which assists in the migration away
from safety boundaries). The adapted predictions were
subsequently examined in light of the case study find-
ings to determine if applying a systems-based analysis
approach is appropriate for examining safety leadership,
and whether their application in the current context sup-
ports improved learning from incidents.

1.4. Case study - Bingham Canyon high-wall failure

The present case study relates to a significant landslide
event which occurred at an operational mine site in the
USA. The incident was selected for examination due to
its significance in both magnitude, and resulting positive
safety outcome; no injury or loss of life was incurred. In
addition, the system was quickly able to return to normal
functioning, which is a key characteristic of resilient safety
systems. A key finding in the incident investigation cited"...
early detection of the failure allowed the operation to effec-
tively plan, manage and respond to the event, and ensure
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the safety of all workers was maintained ...’ (Rio Tinto 2013).
As such, the incident provided an important and unique
opportunity to identify and explore the safety leadership
decisions and actions that supported the safe outcome.
Theincident occurred in 2013 when a significant high-
wall failure and landslide occurred, dislodging more than
150 million tons of earth. In the months preceding the inci-
dent, the organisation had identified increasing ground
movement on the high-wall, and had implemented meas-
ures to manage the safety risks associated with a potential
landslide. Ahead of the incident, multiple layers of protec-
tion were in place which provided considerable advanced
warning, to ensure operations were ceased well in advance
of the landslide. Figure 2 below provides an overview of
the incident timeline developed from the CDM interviews.

2. Methodology
2.1. Participants

Eight individuals from the mining company participated in
the study, and represented five leadership levels within the
organisation. The sample size is consistent with other litera-
ture having applied the CDM for incident analysis in mining
(Horberry and Cooke 2010). Due to the sample size, detail
regarding the specific leadership positions interviewed has
been withheld to protect anonymity. The average age of par-
ticipants was 46.1 years (SD = 8.57), with the average time in
role at the time of the incident 2.57 years (SD = 2.82).

2.2. Procedure

2.2.1. Data collection

CDM interviews were held with each participant. CDM is
a semi-structured interview approach that uses cognitive
probes to elicit information regarding cognition and deci-
sion-making during critical incidents (Klein, Calderwood,
and MacGregor 1989). The use of the CDM has previously
been demonstrated as a reliable and robust approach for

identifying factors influencing safety across organisational
systems (e.g. Goode et al. 2013; Plant and Stanton 2013).
Goode et al. (2013) demonstrated the use of the CDM tech-
nique to identify system-wide factors that contributed to
worker manual handling injuries, and then mapped the
factors into Rasmussen’s RMF. Further, the CDM has been
shown to be remarkably reliable and robust for data cap-
ture relating to incident recall (Plant and Stanton 2013). In
a test-retest study, Plant and Stanton (2013) demonstrated
minimal degradation in memory after a prolonged period
(approximately 3 years). This was attributed to the use of
the structured probes, which ensured the same questions
were asked, and therefore similar responses were elicited.
The CDM interviews in the current study were conducted
seventeen months after the incident, which fell within the
timeframe used for the Plant and Stanton (2013) study. As
such, the potential for memory degradation in the current
study was judged to be minimal.

The interviews were conducted by a Human Factors
researcher with experience applying CDM. Each partici-
pant providing written consent to be interviewed and voice
recorded. The standard set of CDM probes listed in Stanton
et al. (2013) were used to explore key decision points for
each participant, in conjunction with the following addi-
tional probe designed to elicit information on potential con-
tributory factors across various system levels (e.g. did you
feel like you were constrained/ supported by; standards/rules/
procedures, higher organisational influences, regulation?).

During each interview, participants constructed an
incident timeline outlining their involvement in the inci-
dent. Individual critical decisions were identified along the
timeline, and agreed for inclusion by both the participant
and Human Factors researcher, with each interview lasting
approximately 2 h.

2.2.2. Data analysis

The audio data from each interview was transcribed verba-
tim. Using the approach outlined by Stanton et al. (2013),
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responses were coded against their associated CDM probe
question for each participant. Corresponding elements,
activities and influencing factors were identified within
the responses for each CDM probe. An inter-rater cod-
ing reliability test was undertaken by a second analyst,
using the CDM data for two randomly selected partici-
pants. Disagreements in terms of the context of partic-
ipant responses, and corresponding elements, activities
and influencing factors present, were resolved through
discussion between the analysts. A reliability score was
calculated based on percentage agreement regarding the
context of participant’s responses to probes; that is the
number of agreements, divided by the number of times
coding was possible, multiplied by 100. This approach is
in accordance with the literature, which indicates this is
the most suitable way to calculate reliability scores with
data of this nature (Plant and Stanton 2013). A percentage
agreement of 78.3% was achieved, which is a substantial
level of agreement when compared to other studies in
high-risk domains (Read, Salmon, and Lenné 2015).

Next, using the approach outlined in Hopkins (2009),
the interview data were coded into influencing fac-
tors consistent with the six levels of Rasmussen’s RMF
(Rasmussen 1997). For example, radar data being used to
monitor ground movement (IBIS radar data) was coded as
an influencing factor that alerted Subject Matter Experts
(SMEs) to the moving slope gradient, and was placed at
the equipment and surroundings level on the framework
as it was provided by a piece of technology. Alternatively,
the engagement of internal and external SME support
was influencing factors in forming a technical analysis
team, which was placed at the‘Physical Process and Actor
Activity'level. Influencing factors and elements identified
were reviewed by the co-authors, in relation to the work
system level at which they resided, with disagreements
resolved through discussion.

Following this, CDM decisions for each participant were
extracted and placed onto the framework per the level at
which they were executed in the organisational system.
For example, decisions enacted by the mine leadership
team were placed at the’'Management’level. Relationships
and links between critical decisions and influencing fac-
tors and elements were identified based on the text within
the transcripts, and mapped onto the framework. Where
an explicit link was mentioned by a participant between
a critical decision and influencing factor or element, a
connection was made to indicate the direction of influ-
ence. An Accimap was constructed from the coded data
using the approach also outlined in Hopkins (2009). This
included the key safety leadership decisions and actions
extracted from the CDM data analysis to describe and map
the contribution of safety leadership over the course of
the incident.

To ensure accuracy and validity of the overall approach,
the coding and resulting Accimap was reviewed by the
second and third authors who have significant experience
in the application of accident analysis methods (Goode
et al. 2013; Lenné et al. 2012; Salmon et al. 2010). The
Accimap was further reviewed by three SMEs familiar
with the incident, with discrepancies resolved through
discussion between the researchers and the SMEs until
consensus was reached.

3. Results
3.1. Safety leadership decisions and actions

Fifteen safety leadership decisions and actions related to
the safe outcome were identified and examined in the
CDM interviews. All fifteen decisions were identified by
the participants, and agreed by the analyst and individual
participants for inclusion.

Figure 3 provides an overview of the safety leadership
decisions and actions identified and explored which sup-
ported the safe outcome, as mapped onto Rasmussen’s
RMF. The decisions were mapped onto the framework
based on which actors were responsible for them, and at
what Level (L) they resided within the work system.

The 15 decisions and actions explored represent the
positive contribution of safety leadership in supporting
the safe outcome of the incident. Over half of the deci-
sions explored (n = 8) related to Communications and
Engagement-based activities (CE), for example, L3.1 rep-
resented a decision to notify upward of the increasing
slope movement, while L3.8 related to engagement of
the workforce by senior operational leadership regarding
the developing situation.

Four decisions were linked to Organisational Processes
(OP), for example, L3.3 related to execution of the organi-
sation’s internal’‘Management of Change’process to evac-
uate buildings in the identified failure zone, while L3.9
the decision to ‘Move to Orange’ represented execution
of the critical decision to shut down operations and evac-
uate the mine, in line with the Trigger Action Response
Plan (TARP). These decisions were identified as impor-
tant for inclusion as they demonstrated execution in line
with existing organisational processes, the importance of
ensuring adherence and not‘opting out’which was noted
as supporting the ultimately safe outcome.

The remaining decisions and actions relate to spe-
cific Planning (P) activities that were informed by subse-
quent developments in the evolution of the incident. For
example, L3.4 represented the need to bring together a
key group of personnel to form an operational planning
team to modify mine operations in light of the developing
situation, while L3.6 related to a ‘mindset shift’ in which
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Figure 3. Safety leadership decisions and actions identified within CDM interviews.

activities became solely about ‘Planning for Failure’ and
ceasing exploration of options aimed at prevention.

3.2. Accimap

The Accimap for the incident is presented in Figure 4.
Derived from the CDM data, the Accimap analysis pre-
sents the safety leadership decisions and actions, and
corresponding influencing factors and elements which
contributed to the maintenance of safety throughout the
incident. The grey oval elements represent the 15 safety
leadership decisions and actions explored.

The CDM data and resulting Accimap analysis provide
the evidence to support examination of Rasmussen’s pre-
dictions in the safety leadership context. Examination of
the predictions is presented in Section 3.3.

3.3. Examining Rasmussen’s predictions in the
safety leadership context

3.3.1. Safety leadership is an emergent property,
which is impacted by the decisions of actors across
multiple levels of the system

The findings of the analysis provide partial support
for Prediction 1, that safety leadership is an emergent

property of complex socio-technical systems. The CDM
data revealed 15 safety leadership decisions and actions
identified (Figure 3) were undertaken by multiple actors,
across multiple system levels. Specifically, they covered five
leadership levels residing over four system levels; Physical
Processes and Actor Activities, Management, Company, and
Regulatory Bodies and External Stakeholders. Prediction
1 was only considered partially supported, as the analysis
did not identify any specific safety leadership elements as
residing at the highest system level (Government) within
Rasmussen’s RMF.

The analysis supports the component of prediction 1
that safety leadership is impacted by decisions of multi-
ple actors across the system. For each decision examined,
participants were reliant on information being provided by
both lower and higher system levels to aid decision-mak-
ing, from both human and non-human actors (such as
physical systems and documentation). Important cues
emerged regarding the reliability and credibility of sys-
tem information and verbal communications being pro-
vided, the integration of information and ability to execute
decisions in line with ensuring the safety of all personnel
was maintained. For example, had the initial notifica-
tion (L3.1) not occurred, or had it occurred later than it
did, the execution of subsequent decisions and actions
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(L3.2,L3.3,L4.1 and L4.2) would have likely been delayed,
thus having the potential to negatively impact on the out-
come of the incident.

Figure 5 outlines the CDM cues that underpinned exe-
cution of the initial sequence of safety leadership decisions
and actions, across multiple system levels.

3.3.2. Safety leadership involves multiple
contributing factors, not just a single decision or
action

Prediction 2 was supported, with all 15 of safety lead-
ership decisions demonstrating links with at least one
other decision across the incident timeline. Furthermore,
multiple contributing factors (associated with both
human and non-human actors) were identified as ena-
bling or supporting decision-making. For example, the
decision to escalate notification (L3.2) was linked to the
subsequent decision to advise the senior leadership
team of the situation, and to forming a dedicated tech-
nical team to explore options aimed at preventing the
failure from occurring, in concurrence with modelling
run out scenarios and the volume of potential failure
should a landslide occur. The escalated notification (L3.2)

was also linked to the decisions to form an operational
planning team (L3.4), and to develop and execute an
operational response (L3.5) and mine redesign plan
(L2.2). These early decisions were key to ensuring the
ongoing safety of the overall system, and demonstrate
maintaining safe performance was linked to multiple
contributing factors.

3.3.3. Safety leadership is dependent on the presence
of vertical integration across different system levels

The analysis indicates the flow, accuracy and importance
of information propagating up from lower system levels
to inform decisions and actions at higher levels, thus
supporting the third of Rasmussen’s predictions. For
example, the provision of technical system data from
the ‘Equipment and Surroundings’ system level, trig-
gered the initial notification and escalation to senior
Mine leadership, which precipitated further escalation
to leaders at the ‘Company’ level. In advising Company
leaders, a number of communications-based decisions
and actions were enacted to inform and seek support
both upwards and outwards within the wider organi-
sation (L4.3) and to inform external stakeholders who
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would be impacted when the event occurred. Regular
two-way communications were subsequently estab-
lished to enable ongoing internal and external inform-
ing. Information was coordinated and communicated
both upward and downward from various system levels,
which was viewed as important for ensuring the con-
sistency of information being shared by the leadership
team as a whole.

3.3.4. Vertical integration is supported by feedback
across multiple levels

Communication and feedback played a key role in sup-
porting safety leadership decisions and actions, with both
formal and informal communication and feedback loops
identified and recognised by participants as contributing
to the safe outcome. Feedback is evident with the iden-
tification and escalation of concerns to the leadership
team regarding the formation of a crack in the haul road
on the day prior to the incident occurring (Figure 6). This
escalation was promptly responded to with the closure
of the haul road, and precipitated the decision to ‘Move
to Orange’ (executing the next TARP level) which saw
operations ceased and the mine evacuated, ensuring
the safety of all personnel. This sequence is described in
Figure 6.

3.3.5. Safety leadership assisted in the migration
away from safety boundaries

Safety leadership decisions and actions were shown to
assist in the migration away from safety boundaries. Five
of the study participants reported a re-distribution of
authority regarding decision-making throughout the inci-
dent to lower levels within the organisational system. This
was viewed as important in providing a level of empower-
ment and authority to leaders that resided at lower system
levels, permitting execution of decisions and actions at
those levels to support performance and ‘migration away
from safety boundaries' This empowerment provided for a
level of efficiency in that decisions were timely and weren't
‘waited upon;, which would apply pressure to any delayed
decision.

An example relates to the decision to ‘Hold off blast-
ing’ (L2.1). In being notified of the initial identification of
accelerated slope response, a decision was made to mod-
ify planned operations and hold off blasting a potentially
affected area of the Mine (L2.1) while further analysis was
conducted to understand the significance of the situation.
This decision resided at the technical specialist level (see
Figure 4) and afforded additional time for the analysis of
technical information to inform subsequent safety, oper-
ational planning and response activities, thus supporting
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migration away from safety boundaries and enabling
safety performance to be maintained.

3.3.6. Safety leadership assisting migration away
from safety boundaries occurs across multiple system
levels

Safety leadership decisions and actions were evident
across multiple levels of the organisational system,
which assisted in migration away from safety bounda-
ries. An important example is evident when it became
clear that response activities were not going to prevent
the landslide from ultimately occurring. Five participants
reported that a ‘conscious and deliberate’ mindset shift
was enacted by the leadership team to move from focus-
ing on activities aimed at prevention, to actively‘Planning
for Failure’ (L3.6). This shift in safety leadership practices
was acknowledged as both ‘critical and essential;, and
underpinned the subsequent decisions to communi-
cate the developing situation to the workforce (L3.7),
and schedule the series of ‘Town Hall communications
sessions’(L3.8), which were executed across multiple lev-
els within the system.

3.3.7. Safety leadership strengthens systems
defences, through detecting and appropriately
responding to potentially harmful events and threats
to safety

The analysis supports the tenet that safety leadership
strengthened the systems defences, thus supporting
prediction 7. The emergence of decisions and actions
was evident over the course of the incident, with each of
the fifteen decisions and actions demonstrating a level of
flexibility and adaptiveness in responding to the changing
situation.

An example relates to the engagement of the work-
force in the management of the incident. The importance
of their involvement was recognised in terms of ‘giving
the workforce something they could control;, which man-
ifested as the’800+ sets of trained eyes'layer of protection.
The workforce was encouraged to‘speak up’and raise any
safety concerns to their leaders regarding unusual occur-
rences they may see in the course of their daily work. This
ultimately led to the crack in the haul road being identified
by a frontline member of the workforce. The discovery was
communicated and escalated through the line leadership,
which precipitated the closure of the haul road and impor-
tantly, the critical final decision to‘Move to Orange’(L3.9).
In ceasing operations and evacuating the Mine, this deci-
sion underpinned the positive safety outcome by remov-
ing the possibility of harm, injury or fatality occurring to
any personnel.

3.4. Summary of findings

Table 2 provides an overview of the predictions examined,
and examples of the supporting evidence present in the
case study analysis.

4, Discussion

The aim of this article was to apply a systems-thinking
approach to the examination of safety leadership, and in
doing so, support improved learning from incidents. The
CDM was used to gather information to support the devel-
opment of an Accimap description of a large mining land-
slide incident where importantly, no injuries or fatalities
were incurred. Rasmussen’s predictions were examined in
the safety leadership context, with the analysis demon-
strating the utility of applying systems-thinking methods,
to examine characteristics of positive system performance,
such as safety leadership. Safety leadership is established
as a systems phenomenon, with the distribution of deci-
sions and actions evident across leader, and system levels.
The presence of vertical integration was also identified as
key to supporting the successful safety outcome. Further,
the approach supported improved learning from incidents
in terms of what‘went right; which is a key requirement of
contemporary safety and resilience models.

4.1. Examining safety leadership - applying
systems-thinking vs. existing methods?

A key outcome of the present study relates to the demon-
strated advancement in methodological approach to
examining safety leadership. The merits of adopting sys-
tems-thinking methods are clear, with the methods used
offering several advantages over existing, traditional
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Table 2. Examples of safety leadership decisions and actions consistent with Rasmussen’s predictions.

Prediction

Evidence

1. Safety Leadership is an emergent property of a complex socio-technical
system. It is impacted by the decisions of all of the actors — politicians, man-
agers, safety officers and work planners — not just frontline workers alone

2. Safety leadership involves multiple contributing factors, not just a single
decision or action

3. Safety leadership is dependent on the presence of vertical integration across
different levels of a complex socio-technical system

4. Vertical integration is supported, in part, by the presence of feedback across
levels of a complex socio-technical system, which in turn supports optimal
safety leadership

5. Work practices are not static and migrate over time under the influence of
many factors. One integral factor is the form and level of safety leadership
present within an organisation. Appropriate safety leadership decisions and
actions can assist in the migration away from safety boundaries. On the oth-
er hand, inadequate or inappropriate safety leadership decisions and actions
can cause migration toward safety boundaries

6. Safety leadership assisting migration away from safety boundaries can occur
at multiple levels of a complex socio-technical system, not just one level
alone

7. Migration of work practices causes the system’s defences to degrade and
erode gradually over time, not all at once. Sub-optimal performance is re-
leased by a combination of this migration in work practices and a triggering
event. Appropriate safety leadership practices and decision-making can
strengthen the system’s defences, with optimal performance maintained
by detecting and responding to potentially harmful triggering events and
threats to safety

Emergent safety leadership decisions and actions were evident across five
levels of Rasmussen’s RMF (Figure 3), with relationships between decisions
and actions demonstrated both within and across different levels of the
work system (Figure 4)

Multiple contributing factors were identified as enabling or supporting safety
leadership decision-making across the work system (Figure 4). None of
the decisions identified can be considered independently responsible, in
isolation, for the overall safe outcome of the incident

The Accimap (Figure 4) demonstrates the open flow and exchange of infor-
mation in both an upward and downward direction, across multiple system
levels, which aided safety leadership decision-making

Feedback is evident with the identification and escalation of concerns regard-
ing the formation of a crack in the haul road (Figure 6). This was promptly
responded to with the closure of the haul road, and precipitated the
decision to‘Move to Orange, which saw operations ceased and the mine
evacuated, ensuring the safety of all personnel

Safety leadership decision-making was shown to assist in the migration
away from safety boundaries. An example relates to the decision to‘hold
off blasting’ a potentially affected area of the mine (L2.1) while further
analysis was conducted to understand the significance of the situation. This
decision demonstrated the commitment to safety, and thus migration away
from safety boundaries

The Accimap (Figure 4) demonstrates safety leadership assisting migration
away from safety boundaries occurred across multiple levels within the
work system. An example relates to the decision to ‘Plan for Failure’ (L3.6),
which occurred at the management system level

A key example relates to the engagement of the workforce in the manage-
ment of the incident. Through multiple communication channels, the
workforce was encouraged to raise any safety concerns to their leaders
regarding unusual occurrences they may see in the course of their daily
work. This ultimately led to the crack in the haul road being identified by a
front-line member of the workforce. The discovery lead to the subsequent
closure of the haul road and importantly, the critical final safety leadership
decision to‘Move to Orange’(L3.9)

approaches. First, the use of the CDM provides a consid-
erable advance in knowledge as it generates new and
unique insights into the ways decision-making manifests
in real-world incidents. The findings confirm the impor-
tance of examining decision-making as a key component
of leadership (Evans and Ward 2007; Rogers and Blenko
2006), as opposed to purely focusing on follower rated
perceptions of safety leadership (e.g. Clarke and Ward
2006; de Koster, Stam, and Balk 2011; Neilsen et al. 2013).
Interviewing leaders across multiple levels allowed insight
to be directly gained into the types of safety leadership
decisions made during an incident, and important situa-
tional factors and elements that assisted decision-making.
This level of insight could not have been gained had tra-
ditional approaches been used.

Furthermore, the approach demonstrates the impor-
tance of examining and understanding safety leader-
ship across multiple leader and work system levels (e.g.
Supervisors, Managers and Managing Directors), rather
than focusing on the frontline-supervisory relationship
level alone (e.g. Conchie 2013; Hystad, Bartone, and Eid
2013; Martinez-Corcoles, Schobel et al. 2012; Zohar and
Tenne-Gazit 2008). The approach enabled exploration of
the network of links between each decision and action,
and influencing factors and elements across the system,
which helped shape performance.

4.2. Safety leadership as a systems phenomenon

An additional key outcome of the methodological
approach applied, relates to the establishment of safety
leadership as a systems phenomenon. Support was pro-
vided through examining Rasmussen’s predictions in the
safety leadership context, with the analysis demonstrating
support for all seven predictions.

Confirming Rasmussen’s predictions in the safety lead-
ership context provides two key contributions. First, the
results demonstrate safety leadership decisions and actions
are characteristic of complex socio-technical system per-
formance, and that the safe performance of such systems
isimpacted by various actors, decisions and actions, across
various system levels (Rasmussen 1997). This result indi-
cates the ‘control’ of safety in terms of decision-making
and action was distributed across the system rather than
being centralised, or contained to one leader or system
level. Distributed control is recognised as a key feature in
supporting safety within complex socio-technical systems
(Flach et al. 2015; Reiman et al. 2014), with the present
study confirming this is also true within the safety lead-
ership context. The distribution across the organisational
system supported the emergence of adaptive and respon-
sive decisions and actions (Flach et al. 2015; Hoffmeister
etal.2013), confirming safety leadership decision-making
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as animportant‘source of safety’during the incident exam-
ined (Karwowski, Jacobs, and Soares 2012).

Second, the analysis demonstrates the importance of
establishing and promoting vertical integration as a key
system characteristic to support safety leadership. The flow
and exchange of information across multiple system levels
was key to informing the execution of the safety leader-
ship decisions and actions identified. The sharing of critical
safety-related information was strong across various sys-
tem and leadership levels, with feedback further strength-
ening the interactions and connections identified. The
importance of information sharing across and between
actors (both human and non-human) in complex systems
has been well emphasised as vital for supporting safety
(Anderson and McDaniel 2000; Flach et al. 2015; Goldstein
1994; Knowles 2001; McMillan 2008; Nonaka 1988). The
present study provides further support to this in terms
of promoting vertical integration across work systems.
Interactions, and the open sharing of information between
actors, is crucial for work systems to be able to function
in a structured way, and also to demonstrate necessary
flexibility and responsiveness when needed, particularly
during times of operational deviation (Goldstein, Hazy, and
Lichtenstein 2010; McDaniel and Driebe 2001). As such, the
distribution of safety leadership, and presence of vertical
integration were crucial to supporting the ultimately suc-
cessful safety outcome of the incident.

4.3. Learning from incidents - what ‘went right’?

A unique contribution lies in the application of sys-
tems-based analysis methods to examine and learn
from incidents in terms of what went right. The need to
understand factors that support positive performance, as
opposed to only examining scenarios with adverse safety
outcomes (Hollnagel et al. 2013) is a key requirement
within emerging areas of safety science, such as resilience
engineering and Safety Il (Hollnagel 2014). Examining nor-
mal behaviours within an accident scenario (Dekker 2011;
Leveson 2004; Rasmussen 1997), such as safety leadership
decision-making, provides a powerful opportunity to con-
tribute in this regard.

The present study builds on existing research whereby
systems-thinking methods have been applied to examine
and understand positive system performance character-
istics (Trotter, Salmon, and Lenné 2014). In doing so, the
analysis demonstrates the approach used, specifically the
CDM, RMF and Accimap, were appropriate for the present
analysis. The methods demonstrated sufficiently flexibil-
ity in application to examine a non-catastrophic accident
scenario to explore the contribution of safety leadership
decisions and actions to maintaining safety. Thus, the
approach provides support for applying these methods

to explore and understand incidents in terms of elements
that support safe performance (Dekker 2011; Hollnagel
2012; Salmon et al. 2016).

By way of comparison, a notable limitation of other pop-
ular accident analysis methods such as Systems-Theoretic
Accident Model and Processes (STAMP; Leveson 2004)
and Human Factors Analysis and Classification System
(HFACS; Wiegmann and Shappell 2003) is that they rely
on the application of error taxonomies and failure modes,
which force identification of failures (Salmon et al. 2016).
An undesirable outcome of this is that normal, and indeed,
positive behaviours may not be identified during accident
analysis efforts. An even more concerning outcome is that
organisation’s applying such methods may not develop
a sufficient understanding of accidents to prevent future
recurrence (Salmon et al. 2016). Therefore, extending
and applying generic accident analysis methods such as
Rasmussen’s Risk Management Framework and Accimap
method to examine normal behaviours facilitates learning
from incidents in a positive sense.

While it is acknowledged safety leadership decisions
and actions are only one small piece of the positive system
performance puzzle, the current study demonstrates the
merit of investing effort in further extending and applying
systems-thinking methods to support improved learning
from incidents.

4.4. Apositive lead - the way forward?

The findings confirm safety leadership should be consid-
ered central to the work of leaders across all levels; not
just those who engage with, and supervise workers at the
frontline alone (Rasmussen 1997). Opportunities therefore
exist to invest time and effort in examining and developing
safety leadership capabilities across multiple leader lev-
els within work systems. Understanding job roles, and the
associated decisions and actions that are likely to emerge
at different leader and system levels (i.e. communication
based decisions, execution of organisational processes,
etc.) is key to developing and promoting supportive capa-
bilities in this area.

Second, the importance of establishing and promot-
ing vertical integration should not be overlooked as a key
element to support safety leadership. The open flow and
exchange of information across system levels is vital to
support the effectiveness of decision-making. This is of par-
ticular importance during times of crisis (Knowles 2002),
with an established ‘culture’ of vertical integration required
prior to the emergence of negative events (Reiman et al.
2014). Understanding how safety critical information is
sought and exchanged across systems will assist organ-
isations with setting up effective formal, and informal,
communication channels. Furthermore, with constructs
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such as trust and encouraging upward safety communi-
cations (Conchie, Taylor, and Donald 2012; Hofmann and
Morgeson 1999) recognised as important within a safety
leadership context, understanding effective leadership
attributes and behaviours which promote the open flow
and exchange of information is essential to this process
(Donovan, Salmon, and Lenné 2016).

Lastly, future efforts to examine safety leadership
should be underpinned by systems-theory based analysis
approaches. This would enable new insights to be gener-
ated into how safety leadership evolves across different
work systems and contexts. In addition, key systems-think-
ing concepts, such as vertical integration and distribu-
tion of control, should feature as essential areas of focus.
Moreover, examination of these concepts should occur in
a normal operational setting, which may yield important
insight into how resilient systems develop, respond and
adapt to times of pressure or operational deviation. It may
also assist to expand the insights gathered from this sin-
gle case study to determine their relevance across other
events and contexts.

It should be noted that the application of the CDMyielded
arich source of data about the incident. While the use of ret-
rospective interview techniques can be questioned (Klein,
Calderwood, and MacGregor 1989; Stanton et al. 2013), the
findings of this case study demonstrate the CDM was useful
to gain insight into safety leadership decision-making and
action. Participants were capable of reflecting on individual
decisions made throughout the course of the incident, and
through this were able to communicate valuable insight
into key factors that supported effective safety leadership.
Moreover, the focus of the CDM interviews was understand-
ing the systemic and contextual factors that supported
safety leadership decision-making, not the actual step by
step process of decision-making. Potential limitations of ret-
rospective interviews and single case study samples could be
addressed in future research through examination of safety
leadership decisions and actions within a normal operational
context. These may be supported by observations, as well
as for example, verbal protocol analysis (Stanton et al. 2013)
during specific task execution.

5. Conclusion

This paper applied a systems-thinking approach to exam-
ine safety leadership decisions and actions during a sig-
nificant mining landslide incident where importantly,
no injuries or fatalities were sustained. The approach
tested the applicability of Rasmussen’s RMF and
Accimap method, using the Accimap output to examine
Rasmussen’s (1997) predictions in the safety leadership
context. The analysis established safety leadership as a
systems phenomenon, and demonstrated the utility in
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applying systems-thinking methods to examine safety
leadership as a characteristic of positive system perfor-
mance. This is a key requirement of contemporary safety
and resilience models.

In conclusion, future safety leadership research endeav-
ours should be underpinned by systems-thinking-based
methodological and conceptual approaches. Such
approaches should focus on key systems-thinking con-
cepts including the promotion of vertical integration and
distribution of safety leadership as key to supporting safe
performance. Moreover, examination of these concepts
should occur in a normal operational setting, rather than
a failure context, to yield insight into how resilient sys-
tems develop, respond and adapt under times of pressure
or operational deviation. This would further expand the
insights gathered from this case study to determine their
relevance across events and contexts.
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4.2 Discussion

The aim of this study was to examine safety leadership from a systems perspective,
applying Rasmussen’s RMF, AcciMap Method and the CDM to identify the factors that
influenced safety leadership to contribute to the safe outcome of the critical incident examined.

A full representation of the AcciMap presented in this chapter is contained in Appendix 2.

Chapter 2 defined a systems-based definition of safety leadership to better reflect the
role safety leadership plays in supporting safe system functioning. This set the requirement
for the methodology applied in Study 1 to adopt an integrated approach to explore safety
leadership in terms of decision-making, behaviours and actions across the work system. In
application, the methodology achieved the study aims, and in doing so facilitated improved
understanding of safety leadership within complex socio-technical systems both in terms of
the concept of safety leadership itself, and its existence as an emergent systems

phenomenon. The key findings are now discussed.

The applied methodology highlighted important insight into the factors that supported
and influenced safety leadership during the incident examined. The use of the CDM facilitated
identification of factors that influenced safety leadership across the work system by allowing
examination of decisions in terms of their cognitive basis, and with reference to the factors
across the work system that informed them to support the incidents safe outcome. Moreover,
the use of the CDM generated new insight by demonstrating the importance of decision-
making as a key component of the safety leadership concept. This confirmed safety leadership
is much broader and more complex than its representations in the existing literature (Clarke,
2013; Conchie, 2013; de Souza Costa Neves Cavazotte et al., 2013; Hofmann, Morgeson, &
Gerras, 2003; Martinez-Cércoles, Gracia, Tomas, & Peird, 2011) and confirmed the utility of

the systems-based definition of safety leadership outlined in Chapter 2.

Further improved understanding was achieved through the application of Rasmussen’s
RMF and corresponding AcciMap Method, which permitted mapping of the interactions and
interconnections between factors across the work system. In doing so, Rasmussen’s adapted
predictions regarding safety were able to be tested in the safety leadership context. The
findings demonstrated that multiple contributing factors enabled or supported safety
leadership decision-making across the work system. This supports recent research
demonstrating the role of multiple contributory factors in preventing an incident from
progressing to an adverse safety outcome (Thoroman et al., 2019; Thoroman, Salmon, &
Goode, 2020). Safety leadership was distributed and occurred across four leader and work

system levels, with the migration of work practices evident across three system levels. In
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conjunction with this, Vertical Integration (VI) was evident across five system levels and was
identified as having the greatest influence on supporting and enabling effective safety
leadership during the course of the incident. Communications and information sharing
between actors (both human and non-human) was strong across five system levels, with
feedback further strengthening the interactions and interconnections between the factors
identified and leadership decisions, behaviours and actions. The approach showed all seven
of Rasmussen’s adapted predictions were supported, which established safety leadership as
a systems phenomenon. This is a key finding, as it demonstrates the importance of examining
and understanding safety leadership from a systems perspective in order to optimise its

effectiveness.

4.3 Conclusion

The present findings demonstrate the utility of applying Rasmussen’s RMF, AcciMap
Method and the CDM interview technique for examining safety leadership from a systems
perspective. Safety leadership was established as a systems phenomenon, through evidence-
based assessment of the study findings against Rasmussen’s adapted predictions regarding
safety in complex socio-technical systems. Safety leadership was found to be influenced by a
range of factors across the work system, with Vertical Integration (communications and
feedback) having the greatest impact in terms of supporting and enabling effective safety

leadership.

The findings have implications for the future direction of safety leadership research. In
addressing shortcomings identified within the existing literature, Study 1 goes beyond existing
favoured approaches used to examine safety leadership to demonstrate the need to consider

safety leadership from a systems perspective.

With the utility of the methodological approach now established, a necessary next stage
of investigation is to further examine safety leadership across the mining work system.
Chapter 5 will provide a further in-depth analysis of the Bingham Canyon Highwall Failure
incident in terms of examining the types of decisions that occurred across the work system,
the inputs that informed them and the corresponding safety leadership behaviours and

practices that underpinned their successful execution.
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5 Examining safety leadership decisions, behaviours and actions
during a critical incident scenario

Donovan, S.-L., Salmon, P. M., Horberry, T., & Lenné, M. G. (2018) Ending on a positive:
Examining the role of safety leadership decisions, behaviours and actions in a critical incident

scenario. Applied Ergonomics, 66, 139-150.

5.1 Introduction

Building on the approach and findings presented in the previous chapter, Chapter 5
provides a further in-depth examination of the Bingham Canyon Highwall Failure incident. The
present analysis goes considerably beyond that described in the previous chapter by exploring
in depth the types of decisions that occurred across the work system, the specific decision
elements linked to supporting Vertical Integration and the corresponding effective safety
leadership behaviours that occurred to support safety, as linked to decision execution across

the system.

To achieve this, Rasmussen’s RMF, AcciMap Method and CDM are again applied, this
time in conjunction with a self-reporting approach to identify the effective safety leadership
behaviours that occurred across the system over the course of the incident. Through
incorporation of the self-report method, an integrated perspective of safety leadership was

obtained in line with the definition stated in Chapter 2.

The study described in this chapter provides deeper insight and evidence to address

the following research questions:
RQ 2: Can the application of a systems perspective expand understanding of safety
leadership within a complex socio-technical mining system?

RQ 3: What factors influence safety leadership within a complex socio-technical mining

system and how do these factors interact?
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1. Introduction

Over the past two decades, a body of research has emerged
examining the role of safety leadership in supporting improved
performance and outcomes, with important links established be-
tween a range of practices, and performance and outcome mea-
sures (Clarke, 2013; Yagil and Luria, 2010; Zohar and Luria, 2010).

Traditionally defined, safety leadership refers to the ability of
leaders to inspire and motivate followers to achieve common goals
(Burns, 1978; Chemers, 1997), with research to date suggesting an
overall positive influence on performance and outcomes. However,
findings are considered by no means definitive in explaining the
relationship. Indeed, a recent review of the literature discussed
several deficiencies associated with existing research, particularly
in relation to the ability of current conceptual and methodological
approaches to effectively describe and examine the influence of
safety leadership on performance and outcomes (Donovan et al.,
2016). For example, research to date has tended to focus on the
overall effectiveness of individual leadership styles in influencing

* Corresponding author.
E-mail address: sarah-louise.donovan@monash.edu (S.-L. Donovan).

http://dx.doi.org/10.1016/j.apergo.2017.08.006
0003-6870/© 2017 Elsevier Ltd. All rights reserved.

performance (Clarke and Ward, 2006; Hofmann and Morgeson,
1999; Martinez-Corcoles, Schobel, Gracia, Tomds and Peir6, 2012;
Nielsen et al.,, 2013). In contrast, few studies have examined the
underlying attributes of different leadership styles at the individual
level, and their respective links to supporting improved perfor-
mance (Hoffmeister et al., 2013). As a result, little consensus exists
regarding what leadership styles, and indeed underlying behav-
iours, are the most effective in supporting and promoting safe
performance (Donovan et al., 2016).

Furthermore, examining and defining safety leadership purely
in terms of a leaders' ability to inspire and motivate followers, has
precipitated a dominant focus on exploring leadership style in
isolation. This is compounded by the use of questionnaires and
surveys as the principal method of data capture (Michael et al.,
2006; Nielsen et al., 2013; Zohar and Tenne-Gazit, 2008), which
seek to elicit insight into follower perceptions of safety leadership,
rather than to explore safety leadership itself from a ‘first person’
perspective. As such, understanding of processes considered inte-
gral to leadership, such as decision making (Collins, 2001; Lipshitz
and Mann, 2005; Rogers and Blenko, 2006; Vroom, 1973), remains
limited, which points to a considerable gap in the current knowl-
edge base. Therefore, improved understanding of the relationship
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between decision making, and behaviour and action in the safety
leadership context, presents as an important research endeavour
(Donovan et al., 2017).

Perhaps the most notable shortcoming of existing research
however, relates to the lack of exploration, and understanding of
safety leadership across work systems (Donovan et al., 2016). The
majority of existing research examines the relationship between
the frontline worker and immediate supervisory level alone
(Conchie, 2013; Hofmann and Morgeson, 1999; Kath et al., 2010a,b).
While some research is evident which examines the relationship
between leadership and performance at higher organisational
levels (Fruhen et al., 2014; Noruzy et al., 2013; Zohar, 2002b), the
prevailing focus remains constrained to examining relationship
dyads within one work system level (e.g., supervisor-manager
relationship (Hofmann and Morgeson, 1999; Zohar, 2002a)). This
neglects consideration of factors that exist and interact outside of
such dyads, and across multiple work system levels to positively
influence safety. Thus, the extent to which safety leadership has
been examined across work systems remains largely unexplored
(Donovan et al., 2016).

Despite apparent conceptual and methodological limitations,
safety leadership is unquestionably an important safety-related
concept (Flin and Yule, 2004). To that end, improved approaches
to its examination offer the ability to enhance understanding of its
role in supporting safe performance within complex socio-
technical systems (Walker et al, 2008). The application of
systems-thinking methods and concepts present as a valuable op-
portunity to contribute in this regard (Donovan et al., 2016).
Systems-thinking (Leveson, 2004; Rasmussen, 1997) is widely
acknowledged as the dominant paradigm for examining and un-
derstanding safety and performance across work systems (Goode
et al.,, 2014; Leveson, 2011; Salmon et al., 2017). Indeed, an under-
pinning premise of systems-thinking relates to understanding the
decisions, behaviours and actions of actors across all levels within
work systems, which interact to influence performance
(Rasmussen, 1997). As such, examining safety leadership through a
systems-thinking lens presents as a worthy line of inquiry. In
moving beyond conventional conceptual and methodological ap-
proaches (Martinez-Cércoles, Gracia, Tomas, Peiré and Schobel,
2012; Nielsen et al, 2013; Zohar and Tenne-Gazit, 2008),
improved insight can be gained into how safety leadership de-
cisions, behaviours and actions manifest across work systems to
ultimately support safe performance.

1.1. Safety leadership and systems thinking - Rasmussen's Risk
Management Framework

Rasmussen's Risk Management Framework (Rasmussen, 1997)
has been previously established as an appropriate systems-based
theoretical framework through which to examine safety leader-
ship (Donovan et al., 2017). The framework describes work systems
as comprised of six levels; government; regulatory bodies and as-
sociations; company management; technical and operational
management; staff; and work, and is underpinned by the premise
that safety is impacted by the decisions, behaviours and actions of
actors across all levels the work system, not just by those of
frontline operators alone (Rasmussen, 1997). Decisions at higher
work system levels (i.e. Company, Regulatory, Government) should
shape actions at lower levels, while information about the current
state of the system (i.e. from workers, technical systems and data,
etc.) should propagate upwards to inform and aid decision making
at higher levels. This process is known as vertical integration
(Rasmussen, 1997), and is recognised as critical to supporting safety
within high-risk environments.

The flexibility of the framework in application (Salmon et al.,

2014) provides a means by which to examine safety leadership as
a positive aspect of system performance, in terms of emergent
decisions, behaviours and actions across a work system that assist
in the maintenance of safety. Further, the ability to represent the
open flow and exchange of information in a safety leadership
context is critical to understanding the relationships that exist
between safety leadership decisions, behaviours and action, and
their ultimate contribution to safety (Donovan et al., 2017).

The aim of the current study was to examine the role of safety
leadership decisions, behaviours and actions during a significant
mining landslide incident, the Bingham Canyon Mine high-wall
failure (Tinto, 2013), using Rasmussen's framework. The incident
occurred on April 10th, 2013, when the Mine experienced a sig-
nificant slide along a geotechnical fault line of its north-eastern
wall. In the weeks leading up to the incident, increasing ground
movement had been detected, and pre-emptive measures had been
put in place where workers, facilities and infrastructure were
relocated prior to the slide. At the time of the incident, all opera-
tions had been ceased, with all employees safe and accounted for.
The incident was selected for examination due to its significance in
both magnitude, and the positive safety outcome in which no in-
juries or fatalities were incurred. The incident provided an impor-
tant and unique opportunity to examine the safety leadership
decisions, behaviours and actions that played a significant role in
achieving the positive safety outcome.

Recognising the limitations of previous research (Donovan et al.,
2016), a multi-method approach was adopted which included the
Critical Decision Method (Klein et al., 1989), and a self-reporting
approach to examine the safety leadership decisions, behaviours
and actions that contributed to the incidents' safe outcome. Ras-
mussen's Risk Management Framework (Rasmussen, 1997) was
applied to the analysis to demonstrate where the identified safety
leadership decisions and actions resided within the work system,
the behaviours that supported and aided their execution, and the
role of vertical integration in supporting the safe outcome.

2. Methodology
2.1. Participants

Eight individuals from within the mining organisation involved
in the incident participated in the study. The participant cohort
represented five leadership levels within the organisation. To pro-
tect anonymity, the specific leadership levels and roles are not
disclosed. The average age of participants was 46.1 years
(SD = 8.57), with the average time in role at the time of the incident
2.57 years (SD = 2.82). Formal ethics approval for the study was
granted by the Monash University Human Ethics Research
Committee.

2.2. Procedure

2.2.1. Data collection

The Critical Decision Method (CDM) (Klein et al., 1989) was used
to examine the safety leadership decisions and actions executed
across the work system that contributed to the safe outcome. The
CDM is a semi-structured interview technique that uses cognitive
probes to extract information regarding cognition and decision
making during critical incidents (Klein et al., 1989). The CDM has
been used extensively to examine decision making and behaviour
in different safety critical contexts (Mulvihill et al., 2016; Read et al.,
2016; Righi and Saurin, 2015; Wachs et al., 2016). Notably, recent
applications have involved examining system wide influences on
behaviour by mapping CDM data onto Rasmussen's Risk Manage-
ment Framework (Goode et al., 2014).
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CDM interviews were held with all eight participants, and were
conducted by a Human Factors researcher with experience in
conducting safety-related interviews, and the use of the CDM
interview technique. The interviews were held in a private room at
the participants’ workplaces, with each participant providing
written consent to be interviewed and audio voice recorded.

Interviews were held in two parts, with part one consisting of a
standard CDM interview incorporating development of an incident
timeline, followed by a standard set of CDM questions (Stanton,
2013) to explore key decisions points along the timeline for each
participant. Additional items were included to gather information
on potential contributory factors at higher system levels (e.g., did
you feel like you were constrained/supported by; standards/rules/
procedures, higher organisational influences, regulation?).

During each interview, participants were asked to reconstruct a
timeline outlining their involvement in the incident. Critical de-
cisions were identified for each participant along the timeline, and
agreed for inclusion in the analysis by both the participant and the
researcher. The CDM decision elements which aided and supported
decision making were explored for each decision, with each inter-
view lasting approximately two hours.

The set of CDM decision elements and associated probe ques-
tions used is presented in Table 1.

The second part of the interview focused specifically on the
safety leadership styles, attributes and behaviours associated with
each of the critical decisions on the incident timeline. Following
identification and discussion of individual critical decisions in part
one, participants were provided with a randomised list of leader-
ship attributes and behavioural examples associated with five

Table 1
CDM decision elements and probe questions.

leadership styles. The leadership attributes and behaviours were
extracted from five prominent leadership questionnaires used
extensively within the safety leadership literature (Donovan et al.,
2016), and related to the following leadership styles; Trans-
formational, Transactional, Leader-Member Exchange, Empower-
ing, and Authentic leadership (Arnold et al., 2000; Burns, 1978;
Graen and Uhl-Bien, 1995; Walumbwa et al., 2008).

Table 2 outlines the safety leadership styles, attributes and be-
haviours presented for the five individual leadership styles. Of
importance, participants were not provided with the specific name
of the leadership styles presented, rather, just a randomised list of
the leadership attributes and behavioural examples. This was done
to prevent potential for bias in selection of recognisable, or known
leadership styles.

Each individual critical decision was revisited during part two of
the interview, and data were collected in relation to the associated
leadership attributes and behaviours displayed. Participants were
asked to self-identify from the list provided which safety leadership
attributes they engaged in for each critical decision by describing
the example behaviour they engaged in at the time.

2.2.2. Data analysis

2.2.2.1. Critical Decision Method data analysis. The audio data from
each interview were transcribed verbatim. Using the approach
outlined by Stanton (2013), participant responses were coded
against their associated CDM probe question for each participant.
An inter-rater coding reliability test was undertaken by a second
analyst with experience in the use of the CDM (Read et al., 2016).
Data were coded for two randomly selected participants, with a

CDM Decision Element Probe Question
Element D

Goal Specification GS1
Cue Identification ca

What were your specific goals and objectives at the time?
What features were you looking for when you formulated your decision?

CI2 How did you know that you needed to make the decision?

ci3

How did you know when to make the decision?

Was there any stage during the decision making process in which you found it difficult to process and integrate the information

Do you think that you could develop a rule, based on your experience, which could assist another person to make the same decision

At the time, were you reminded of previous experience in which a similar decision was made? How about a different decision?

What specific training or experience was necessary or helpful in making this decision? What training/knowledge or information might

Did you at any time feel like the decisions and actions you were making were constrained by higher organisational influences?

Cl4 Were there others involved in making the decision?
Expectancy EXT1 Were you expecting to make this sort of decision during the course of the event?
Conceptual C1 Are there any situations in which your decision would have turned out differently?
Cc2 What would have changed the outcome of your decision?
Influence of U1 At any stage, were you uncertain about the reliability or the relevance of the information you had available?
uncertainty
Information m What was the most important piece of information you used to formulate the decision?
integration
Situation Awareness SAW1 What information did you have available to you at the time of the decision?
SAW2 What information did you use in making this decision and how was it obtained?
SAW3 Where was information was being sourced? How timely and by what means it was being shared?
Situation Assessment SAS1 Did you use all of the information available to you when formulating the decision?
SAS2 Was there any additional information that you might have used to assist in the formulation of the decision?
SAS3 Did you consult with others whilst you were assessing the situation?
Options 01 Were there any other alternatives available to you other than the decision you made?
02 What other courses of action were considered or were available?
Decision making DM1 How much time pressure was involved in making this decision? How long did it take to actually make this decision?
Decision blocking/ ~ DB1
stress available?
Basis of choice BOC1 How was this option selected/other options rejected? What rule was being followed?
BOC2
successfully?
Analogy/ AG1
Generalisation
Standard scenario SS1 Doe this case fit a standard or typical scenario? Does it fit a scenario you were trained to deal with?
Mental modelling MM1 Did you imagine the possible consequences of this decision? Did you imagine the events that would unfold?
Experience EXR1
have helped?
External influences  EI1 Did you at any time feel like the decisions and actions you were making were constrained by standards/rules/procedures?
EI2
EI3 Did you at any time feel like the decisions and actions you were making were constrained by Regulation (OSHA/MSHA)?
El4 Did you at any time feel like the decisions and actions you were making were constrained by Government considerations?
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Table 2
Safety leadership styles, attributes and behaviours presented.

Style Leadership Attribute

Example Behaviour

Idealised Influence
Inspirational Motivation
Intellectual Stimulation
Individualised Consideration
Contingent reward
Management by exception

Transformational

Transactional

Displays commitment to safety, determined to maintain a safe working environment
Talks about own values and beliefs of importance of safety

Encourages others to express opinions about safety at work

Listens to concerns about safety

Rewards people for achieving safety targets

Intervene when others do not follow rules/procedures

Sets high standards and good example by behaviour

Encourages workgroup suggestions and ideas and uses to aid decision making
Provides help to workgroup members

Explains company decisions and goals, explains own decisions and actions

Shows concerns and interacts with team Shows concerns for workgroup members, makes time to discuss concerns

Empowering Leading by Example
Participative Decision Making
Coaching
Informing

Authentic Self-Awareness

Relational Transparency

Internalised Moral Perspective

Balanced Processing
Leader-Member Exchange Respect

Obligation

Seeks feedback to improve interactions with others

Says exactly what he/she means, is willing to admit mistakes

Makes decisions based on core beliefs, demonstrates actions consistent with beliefs

Listens carefully to different views before making conclusions, solicits views that challenge own
Team members know where they stand with me

Understands teams job problems and needs

Trust Team would ‘back me up/my decisions’ in my absence

percentage agreement of 78.33% achieved. Disagreements in coding
regarding the context of participant responses, were resolved
through discussion between the analysts.

Data were mapped in terms of each critical decision, and the
associated CDM elements engaged in to support each decision (i.e.,
Cue Identification, Situation Awareness, Experience, etc.). Each
critical decision, and supporting CDM elements were then classi-
fied and mapped onto Rasmussen's Risk Management Framework
(Rasmussen, 1997) in relation to the work system level at which
they occurred (i.e., worker level, managerial level, etc.). Decision
classification was reviewed and agreed upon by the co-authors. The
resulting matrix allowed analysis of how and where safety lead-
ership decisions and actions emerged across the work system, the
underlying CDM decision cues and elements that supported them,
and the relationships that existed between them.

2.2.2.2. Safety leadership data analysis. To support the analysis of
safety leadership styles, attributes and behaviours, the interview
data were analysed using KH Coder (Higuchi, 2014), a content
analysis software that enables both quantitative and qualitative
analysis. KH Coder (Higuchi, 2014) was used to analyse the safety
leadership styles, attributes and behaviours engaged in across
multiple system levels, as associated with each of the critical de-
cisions explored. KH Coder supports in depth analysis of textual
content, making it suitable for examining and analysing large
amounts of transcribed interview content. The software enables
identification of themes and concepts (Ryan and Bernard, 2003)
within textual content through word frequency analysis, co-
location and co-occurrence analysis for strings of words. KH
Coder has been used to support quantitative and qualitative con-
tent analysis in over thirteen-hundred published research papers
(http://khc.sourceforge.net/en/).

First, the interview transcripts for each participant were run
through the software to identify data to be cleansed. A word fre-
quency list was generated, and a list of six-hundred and twelve
‘stop words’ was identified for exclusion from the analysis (e.g., ‘a’,
as’, ‘was’). Next, a leadership coding scheme was applied based on
the safety leadership styles, attributes and associated behaviours
explored. The coding scheme was developed from the items of the
five prominent safety leadership measurement scales used during
the interviews (Arnold et al., 2000; Burns, 1978; Graen and Uhl-
Bien, 1995; Walumbwa et al., 2008). The software was then run
to identify example behaviours by single words, or prominent
strings of words. For example, the coding for Transformational

leadership included searching for text strings including ‘safe
working environment’ and ‘commitment to safety’, while the
coding for Leader-Member Exchange (LMX) attributes included
‘trust’, ‘trusting relationship’, and ‘respect’. The coding scheme
applied is provided in Table 3.

Data were then analysed in relation to the presence of safety
leadership attributes and example behaviours, as linked to indi-
vidual critical decisions, across leader and work system level.

3. Results

The results are presented in terms of the critical decisions and
actions identified, and the underlying safety leadership styles, at-
tributes and behaviours associated with them.

3.1. Critical decisions and actions

Fifteen critical decisions and actions were identified by partic-
ipants during part one of the CDM interviews. Fig. 1 presents the
identified decisions mapped onto Rasmussen's Risk Management
Framework.

Fig. 1 shows the critical decisions which supported the in-
cidents' safe outcome were executed at multiple levels within the
work system. Sixty percent (n = 9) of the decisions explored
occurred at the ‘Management’ work system level, indicating
considerable direct involvement from this work system level in the
overall management and response to the incident. These decisions
related to communication and engagement based activities (L3.1,
L3.2, 13.7, L3.8), ensuring important systems and processes
continued to be followed to support decision making (L3.3, L3.5,
L3.9), and planning tasks and activities (L3.4, L3.6) related to
ensuring safe management of the incident as it developed.

Of the remaining decisions and actions, those that occurred at
higher work system levels were related to communications and
engagement based activities (L4.1, L4.2, L4.3, L5.1), while those at
lower levels within the work system related to the execution (L2.2),
and also, deliberate non-execution (i.e., Hold off Blasting (L2.1)) of
specific tasks.

3.2. CDM decision elements by work system level

Fig. 2 illustrates the CDM decision elements engaged in for each
critical decision examined. Higher numbers of reported engage-
ment between CDM decision elements (right hand side of diagram)
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Transformational Transactional

LMX

Empowering Authentic

Idealised Influence

Management by Exception

Inspirational Motivation Rewards safety targets

Intellectual Stimulation Intervenes to correct
behaviours
Individualised

Ensures rules and procedures

Respect/Respecting/Respectful Leading by Example

Self-awareness

Trust/Trusts/Trusted/Trusting Participative Decision Making Relational Transparency

relationship
Obligation

Team members know where Informs and explains

Coaching/Coaches/Coach Internalised Moral Perspective

Balanced Processing

Consideration are followed they stand
Commitment to safety Understands job problems Shows concern Says exactly what he/she means
Safe working Team members would back  Interacts with team Admits mistakes
environment me up
Values and beliefs Discusses concerns Seeks feedback to improve interactions
Importance of safety Sets high standards Makes decisions and demonstrates actions
based on core beliefs
Encourages expressions Treats team members as Solicits views that challenge own
of opinion equals
Listens to concerns Makes suggestions on how to
work safely
Government Level 6
Laws .
Regulatory bodies Notification to regulatory body of slope movement and potential for
and external Level 5 failure (L5.1)
agencies
R I s Engagement of internal stakeholder support (L4.3)
egulations Company Level 4 Notification to operational leader (L4.2)
l ' Notification to organizational leader (L4.1)
Move to ‘Orange’ level response (L3.9)
Company Workforce ‘Town Hall’ communications sessions (L3.8)
Policy Communications to workforce (L3.7)
M t Planning for failure (L3.6)
anagemen Level 3 Operations and mine planning response (L3.5)
Operations planning team selected and formed (L3.4)
Evacuate buildings in failure zone (L3.3)
Notification of accelerated slope response escalated (L3.2)
I F Notification of accelerated slope response (L3.1)
Plans Physical processes Level 2 Development of contingency plans and redesign (L2.2)
and actor activity Hold off blasting (L2.1)
f Equipment and
Action .
surroundings Level 1

\ Hazardous process

J

Fig. 1. Safety leadership critical decisions identified.

and individual decisions (left hand side of diagram) indicates
increased dependence on these cues to support and aid decision
making.

Eighty percent of all decisions explored (n = 12) were under-
pinned by a block of nine elements alone, those being Goal Speci-
fication (GS1), Cue Identification (CI1-Cl4), Situation Awareness
(SAW1-3), Information Integration (I11), Decision Making (time crit-
icality/pressure) (DM1), Situation Assessment (SAS3), External In-
fluences (EXT1), Basis of Choice (BOC1) and Influence of Uncertainty

(IU1). These results indicate a stronger reliance on a smaller sub-set
of decision elements to aid and support safety leadership decision
making. Participants across all leader levels articulated clear and
unambiguous goals that underpinned each decision, as well as
evidence of looking for specific features to assist and support de-
cision making. For example, for the ‘Notification of accelerated
slope response (L3.2), ‘Goal Specification’ was articulated as
needing ‘to understand the information that was being provided,
and the potential impact this would have on safety’. Cue
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Government

Regulators and
external agencies

" Decision elements
engaged in for 80% of
decisions

Physical Processes Lz/

and Actor Activities |/
Equipment and

N\ surroundings /

Company
formatiom Integration
~ Basis of Choice
Expesetancy
Management

Influence ofUncertainty
Analogy Generalisation
~_DecisionsBlocking

Externalinfluences
Expesience
Coneeptual

Mental Modelling

Options

Fig. 2. CDM decision element engagement by individual decisions.

Identification to support this decision was reliant on ‘technical in-
formation [system data] to support what was being communicated
[by Subject Matter Experts] to determine the need to raise the
situation to senior leadership’. Further, decision element engage-
ment was shown to be distributed across leader and work system
levels, with neither appearing to influence selection or
engagement.

The analysis also indicated a range of elements informed de-
cisions in less than 20% of cases, specifically; Situation Assessment
(SAS2), Basis of Choice (BOC2), Options (02), Standard Situation (SS1)
and External Influences (EI3 & El4). These results are not unex-
pected, as they suggest access to information was considered suf-
ficient, the situation was fluid and required adaptive and flexible
responses, clear courses of action were able to be determined due
to the information being shared, and that external influences did
not hinder decisions and actions. As such, these elements were
relied on less to aid decision making.

3.3. CDM decision elements to support vertical integration

Given the importance of communication in safety systems, Fig. 3
provides an overview of the CDM decision elements linked to
supporting communication and information exchange, outlining
the source (i.e., verbal or written communications, technical system
data), and the target audience and recipients (i.e.,, upward and
downward communications) across the work system.

Fig. 3 shows vertical integration was present across the work
system, and played an important role in supporting safety leader-
ship decision making. Information was reported as being
exchanged openly from a range of sources, and in multiple

directions (upwards, downwards, and outwards) across multiple
system levels. The associated decision elements indicated infor-
mation required to aid decision making was readily available, and
reliably sourced. Consultation with others to inform decisions
featured as a key activity in the majority of decisions, and the
subsequent ability to execute decisions was independent of po-
tential constraints presented by external influences (i.e., higher
organisational or regulatory constraints).

Fig. 3 demonstrates the downward dissemination, and two-way
exchange of information was greatest at the ‘Management’ level.
Evidence of this is present in decisions L3.7 ‘Communication to
workforce’, and L3.8 ‘Workforce “Town Hall” Communications
sessions’, which further confirms the considerable direct involve-
ment from this level in the overall management and response to the
incident. At the ‘Company’ and ‘Regulatory’ level, information flow
was focused in an upward and outward direction to advise stake-
holders of the situation, and keep them appraised as it developed.
At the ‘Physical Process and Actor Activity’ level, information flow
was primarily focused in a downward direction, which represented
the dissemination of information being provided from the ‘Man-
agement’ system level to inform and update the workforce of the
incident situation as it evolved.

3.4. Safety leadership styles, attributes and behaviours by critical
decision

A range of leadership styles were reported as engaged in, with
Fig. 4 demonstrating the relationship between critical decisions,
and the associated leadership attributes and behaviours that
underpinned them.
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Fig. 3. Decision elements to vertical integration.

The analysis shows leadership style varied across critical de-
cisions. For example, the decision to ‘hold off blasting’ (L2.1), which
related to non-execution of a routine task, involved a range of
leadership styles including Transformational leadership behav-
iours, whereas the decision to focus on ‘planning for failure’ (L3.6)
included Transactional leadership behaviours. This decision was
one of the few that reported ‘Management by Exception’ was
necessary to ensure timely execution of required tasks to ensure
continued safe management of the situation.

For communication and engagement based decisions and ac-
tions, such as ‘Notification of accelerated slope response (L3.1)’ and
‘Communicate situation to the workforce (L3.7)", Transformational
and LMX leadership practices were reported more frequently.
Associated behaviours were linked to listening to concerns
regarding safety (Individualised Consideration), communicating
personal values regarding the importance of safety (Inspirational
Motivation), and demonstrating Trust (LMX) in individuals and
teams regarding the sharing of information related to the safety of
the situation as it developed.

Of note, the analysis showed individual decisions were linked to
numerous leadership styles and underlying behaviours. This indi-
cated selection of leadership style and behaviour was dynamic and
flexible, and was dependent on the decision being executed at the
time.

3.5. Safety leadership styles, attributes and behaviours by work
system level

Safety leadership styles, attributes and behaviours also varied by
work system level over the course of the incident. Fig. 5 shows the
overall average number of times each leadership style was reported
as being engaged in, by work system level.

At the ‘Company’ work system level, Authentic,

Transformational and Empowering leadership practices were re-
ported as the most frequently engaged in. Relational Transparency
and Coaching were closely related, with leaders at this system level
providing assistance to subordinate teams through the sharing of
experience. Inspirational Motivation was demonstrated by
continuing to communicate the value and importance of safety,
both within the organisation, and to external stakeholders. Table 4
provides a number of behavioural examples associated with the
highly reported leadership attributes for the ‘Company’ system
level.

As shown in Fig. 5, leaders residing at the ‘Management’ work
system level reported engaging in overall higher numbers of
associated behaviours across all five leadership styles. Leaders at
the ‘Management’ work system level reported engaging most
frequently in Transformational, LMX and Authentic leadership
practices, with Individualised Consideration, Inspirational Motivation
and Idealised Influence the most frequently reported Trans-
formational leadership attributes.

The highest LMX practices were related to ‘Trust’ relationships
between individuals and teams across the work system, as well as
trust in relation to system data and technical information that was
being provided. The presence of trust between teams and in-
dividuals was viewed as important to support information flow and
exchange. Participants indicated high levels of trust were present
among the leadership team, and also, with leaders higher up within
the organisation and importantly, with teams of subordinates.

The Authentic leadership practice of ‘Relational Transparency’
also featured at the ‘Management’ system level, and related to
being clear and unwavering in the decisions that were being made
at the time, and were based on the credibility and trust in infor-
mation being provided. Table 5 provides a number of behavioural
examples associated with the highly reported leadership attributes
for the ‘Management’ system level.
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Fig. 4. Leadership styles associated with critical decisions.

Leaders at the ‘Physical Process and Actor Activity’ work system
level reported engaging most frequently in Transformational
leadership practices. Inspirational Motivation and Individualised
Consideration behavioural practices were the most frequently re-
ported attributes, with participants emphasising the importance of
listening to concerns raised about safety. Table 6 provides a number
of behavioural examples associated with the highly reported
leadership attributes for the “Physical Process and Actor Activities'
system level.

Transactional leadership, and behaviours focused on promoting
participative involvement in decision making (attribute of
Empowering leadership) were reported the least. This is not un-
expected, as time was of critical importance in this incident,
therefore seeking participative involvement had the potential to

delay important decision making and action. Further, Transactional
interactions were minimally required to ensure adequate man-
agement of the developing situation.

4. Discussion

The aim of this research was to examine safety leadership de-
cisions, behaviours and actions within the context of a critical
incident scenario: the Bingham Canyon Mine high-wall failure
(Tinto, 2013). The Critical Decision Method (Klein et al., 1989) was
used in conjunction with a self-reporting approach to identifying
leadership behaviours, to shed new light on the components of
safety leadership across the work system that contributed to the
incidents' safe outcome. Using Rasmussen's Risk Management
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Table 4
Leadership behavioural examples at company system level.

Decision Leadership Style Leadership Behavioural example

attribute
Notification to Operational Authentic Relational ‘... I was very open and shared with my subordinate that I'm going to have conversations with indirect
Leader (L4.2) Transparency subordinates and teams. I'm going to make sure that with all my years of experience ..., that they get the
benefit of that insight [to help manage the situation] ...’
Notification to Organisational Empowering Coaching ‘... I recognised that I needed to take on a coaching role [to subordinates] ...’

leader (L4.1)
Engagement of internal
stakeholder support (L4.3)

Transformational Inspirational
Motivation

‘... I made sure we communicated [to stakeholder support teams] the importance of making sure what we
were doing [contingency planning and operations] was safe ...

Table 5
Leadership behavioural examples at management system level.

Decision Leadership Style Leadership

attribute

Behavioural example

Notification of Accelerated ~ Transformational Individualised
Slope Response (L3.1) Consideration
Move to Orange level Transformational Inspirational

response (L3.9) Motivation
Move to Orange level Transformational Idealised
response (L3.9) influence
Communications to Leader-Member Trust
Workforce (L3.7) Exchange
Planning for Failure (L3.6)  Authentic Relational

Transparency

“receiving information on the situation [related to potential safety concerns] and immediately needing to
make [my leader] aware of it'.
‘... it was important to remind people that production is never more important than safety ..."”

“... that decision was really easy because the team were all in alignment, and this decision showed we were
all committed to safety ...”

‘... we saw very quickly that it was important to communicate the situation to the workforce, to gain their
trust in how we were managing the situation ..."

‘... with this decision, I wanted to be very clear; we needed to start planning for failure. If | was wrong [if no
failure occurred], fine, I accept that, and I'll wear that, but this is where we are at, and this is the decision I've
made [Plan for Failure] ... "

Table 6

Leadership behavioural examples at physical process and actor activities system level.

Decision Leadership Style Leadership Behavioural example
attribute
Hold off Transformational Inspirational ‘... when [the SME] came to me with concerns [about safety], I made sure to listen to them and address them. I got the
blasting motivation experts in the room, and we sat down and talked about the potential
(L2.1) outcomes, and how could we keep people safe ... "
Hold off Transformational Individualised ‘... My personal value and belief system is safety first. | am committed to keeping you safe ..."
blasting consideration
(12.1)

Framework (Rasmussen, 1997), the analysis demonstrates clear
links between safety leadership decision making, and subsequent
behaviours and actions across the work system. A core sub-set of
nine CDM decision elements underpinned eighty percent of de-
cisions explored, demonstrating consistent reliance on these ele-
ments as key to informing decisions in the safety leadership

context. A further sub-set of CDM decision elements were identi-
fied as linked to vertical integration, underpinning the open flow
and exchange of information across the work system, which was
critical to supporting the safe outcome.

The results also demonstrate a range of safety leadership styles,
attributes and behaviours were engaged in, which varied across
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individual decisions, and work system levels. Communication and
engagement based decisions featured most prominently, and were
linked to Transformational (Individualised Consideration and Inspi-
rational Motivation), LMX (Trust) and Authentic (Relational Trans-
parency) leadership practices. In line with this, decisions at the
‘Company’ level were linked most frequently to Authentic (Rela-
tional Transparency), Transformational (Inspirational Motivation)
and Empowering (Coaching) leadership practices. At the ‘Manage-
ment’ system level, decisions were linked to Transformational
(Inspirational Motivation, Idealised Influence, and Individualised
Consideration), Leader-Member Exchange (Trust) and Authentic
(Relational Transparency) leadership practices most frequently. At
the ‘Physical Process and Actor Activity’ system level, Trans-
formational leadership practices associated with Inspirational
Motivation and Individualised Consideration emerged as the most
frequent behaviours.

The findings of the present study provide a number of important
and unique contributions to the safety leadership literature. First,
they demonstrate the emergence, and subsequent importance of
engaging in specific Transformational, LMX and Authentic leader-
ship behaviours across different levels within an organisational
system to support safe outcomes. In doing so, the current study
provides some alignment with Fruhen et al (Fruhen et al., 2014).
regarding the need for senior and executive leaders to demonstrate
Transformational and Authentic leadership behaviours to positively
influence safety. While the current study specifically examined
safety leadership during a critical incident scenario, the concur-
rence in findings with Fruhen et al. (2014) suggest the effectiveness
of these leadership behaviours is independent of operational
context (i.e., normal vs. abnormal operations). This is important, as
it provides the first step towards determining the most effective
leadership practices, and underlying attributes and behaviours to
support and promote safe performance (Donovan et al., 2016).

Further, in moving beyond examination of leadership style alone
(Clarke and Ward, 2006; Hoffmeister et al., 2013; Martinez-
Corcoles et al., 2012a,b), the methodology applied facilitated
improved insight into the specific components of safety leadership
that contributed to the incidents’ safe outcome. By examining the
relationships that existed between safety leadership decisions,
behaviours and actions across the work system, the present study
demonstrates leadership style is not independent of decision
making. Further, the decisions, behaviours and actions examined
resided across multiple levels within the work system. In line with
Donovan et al. (2016), this suggests an integrated approach,
underpinned by systems-thinking, is key to gaining improved
insight into the emergent nature of safety leadership across work
systems (Donovan et al., 2016).

A range of safety leadership styles and behaviours were engaged
in across different leader, and work system levels over the course of
the incident. This is significant as it provides important insight into
the patterns of leadership behaviour that emerged across different
levels within a work system. At higher the ‘Management’ system
level, the emergence of behaviours and practices focused more on
the quality of interpersonal relationships, and interactions with
teams and individuals. In line with this, actively listening to con-
cerns about safety (Individualised Consideration), and communi-
cating personal values regarding the importance of safety, helped
establish Trust, which was central to support communications
based activities. This indicates the quality of relationships was key
to support vertical integration and facilitate the open sharing, flow
and exchange of information. These findings are in agreement with
previous research relating to the promotion of open safety com-
munications (Hofmann and Morgeson, 1999; Kath et al.,, 2010a,b;
Martinez-Cércoles et al., 2012a,b; Michael et al., 2006) and the
importance of two-way trust in leader-subordinate relationships

(Conchie and Donald, 2009; Conchie et al., 2012; Hofmann and
Morgeson, 1999). The present study provides new meaning to
these findings by demonstrating vertical integration is funda-
mental to supporting the different leadership styles and behaviours
required to safely manage an incident of this magnitude.

The variability in leadership style evident shows the safety
leadership behaviours engaged in were adaptive and responsive to
situational change, with the elements that underpinned critical
decisions acting to provide input into selection of both style and
behaviour. This supports the ‘system realism perspective’ put for-
ward by Conklin (2012), and the systemic accident model described
by Dekker (2006). In systems, actors adapt their performance to
match conditions and demands, and are capable of detecting and
correcting actions and approaches to prevent things from ‘going
wrong’ (Reiman et al., 2014). Thus, understanding actors as flexible
and adaptive with regard to enacting safety leadership decisions,
behaviours and actions is critical to ensuring ongoing system safety,
particularly during critical incident scenarios (Lintern, 2011).

Further, Authentic leadership practices also underpinned the
critical evaluation of information, indicating openness and trans-
parency in interactions across levels, which assisted individuals and
teams in managing the incident. These results also provide support
to existing research regarding the importance of interactions and
information sharing between individuals and teams in complex
socio-technical systems (Goldstein, 1994; McDaniel and Driebe,
2001; McMillan, 2008; Nonaka, 1988). Communication and inter-
action between actors is needed for a system to perform in an
organised way, and also to enable flexibility to respond and adapt
when needed (Reiman et al., 2014). Within this, trust is considered
a key element that supports such interactions, and communications
between individuals and teams (Conchie et al., 2012; Hofmann and
Morgeson, 1999). When actors trust and respect each other's skills
and knowledge, an environment of open communications, and
willingness to share information is achieved (McDaniel and Driebe,
2001). As such, the results show the key role of communications,
and the flow and exchange of information across system levels in
supporting safe performance (Kath et al, 2010a,b; Martinez-
Corcoles et al., 2012a,b; Michael et al., 2006). They also highlight
the significance of interpersonal interactions, and the quality of
these relationships with respect to trust, openness and
transparency.

In line with the above, the theoretical implications of the pre-
sent research clearly demonstrate the importance of establishing
vertical integration (Rasmussen, 1997) as key to supporting safety
leadership decisions, behaviours and actions. The methodological
approach enabled a deeper understanding of the types of decisions
made across the work system to support the safe outcome (e.g.,
communications and engagement based decisions), and the CDM
decision elements that underpinned them. The analysis demon-
strates the CDM decision elements of Cue Identification, Influence of
Uncertainty, Information Integration, Situation Awareness, Situation
Assessment and External Influences enabled vertical integration by
facilitating the flow and exchange of information across the work
system. This finding provides important insight into the mecha-
nisms by which critical information was received and shared over
the course of the incident, and the corresponding decisions, be-
haviours and actions that emerged as a result.

The findings from the present study offer a number of practical
implications to consider for organisations in high-risk industries
wishing to develop safety leadership capability. The findings pro-
vide insight into the specific safety leadership characteristics
required to develop effective safety leaders. As such, the findings
presented can have relevance in the development of scenario-
based training programs which focus on the types of decisions
made at different work system levels, and the corresponding

92



S.-L. Donovan et al. / Applied Ergonomics 66 (2018) 139—150 149

supportive leadership behaviours that will be most effective in
application to support safety. Such programs could be tailored for
different leader levels, and focus on capability development in
terms of responding to emergency or abnormal operational cir-
cumstances. Development of such an approach should be explored
in further work, across different safety-critical domains to ensure
applicability.

A number of limitations should be acknowledged. While the
findings provide agreement with those of Fruhen et al. (2014), the
sample size in the current study was restricted to one organisation
only, within the context of responding to a critical incident sce-
nario. As such, caution is urged when generalising findings to other
domains. Future research endeavours should seek to understand
safety leadership decisions, behaviours and actions within the
context of a normal operational setting, and across multiple do-
mains. In addition, future studies should also seek to capture a
wider sample size across multiple domains to support generalisa-
tion of results. Second, the present study focused on the decisions,
behaviours and actions present within the organisational system
examined. While this approach yielded important understanding at
an organisational level, it was unable to do so for decisions, be-
haviours and actions present at higher system levels (i.e., govern-
ment) which may subsequently influence safety performance and
outcomes. Further, decisions at the lowest system level, ‘Equipment
and Surroundings’ (i.e., triggers and responses by technical systems
and environmental cues), were not assessed as they were not
executed by human actors within the system, therefore, the com-
ponents of safety leadership could not be identified.

As such, future endeavours should seek to incorporate data
capture and analysis from all levels within the work system,
including participants at the government level, to help better un-
derstand additional influencing factors and interactions across
system levels which may be present. Last, an acknowledged limi-
tation of the CDM technique relates to the inability to enable direct
capture and analysis of safety leadership styles and behaviours. The
technique has been used in the present study to demonstrate the
link between decision making and safety leadership behaviours
and actions. However, further development and extension of the
technique itself could enable capture of such data directly.

5. Conclusion

In conclusion, the findings of the present study provide impor-
tant new insight into the safety leadership decisions, behaviours
and actions required to maintain safety during a critical incident
scenario, specifically the Bingham Canyon Mine high-wall failure
(Tinto, 2013). The methodology used successfully demonstrates the
importance of applying a systems-thinking approach to examine
safety leadership. Mapping the CDM data and self-reporting safety
leadership behavioural data onto Rasmussen's Risk Management
Framework (Rasmussen, 1997), the findings provide important
insight into the links that exist between safety leadership decisions,
and emergent behaviours and actions across the work system.
Moreover, the approach enabled specific insight into the types of
decisions made across the work system, and the leadership prac-
tices that underpinned their successful execution. Vertical inte-
gration, and the open flow and exchange of information across the
system was fundamental to supporting decision making and the
associated leadership behaviours.

The findings have practical implications for the development of
safety leadership capability, and improvement of safety across work
systems in complex, high-risk work domains. The present research
approach should be replicated in a normal operational context to
determine generalisability, and the fundamental safety leadership
decisions and behavioural attributes required of leaders to support

safety across safety-critical work systems.
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5.2 Discussion

This study examined the role of, and relationship between, safety leadership decision-
making, behaviours and actions during a critical incident scenario; the Bingham Canyon Mine
Highwall Failure incident. The key findings are now discussed with reference to the research

questions outlined in section 5.1.

First, and in line with the key findings presented in Chapter 4, VI was again recognised
as fundamental to supporting safety leadership and effective incident response. The analysis
highlights new mechanisms by which critical information was received and shared across the
work system to support the safe outcome. The flow and exchange of information across the
system took many forms over the course of the incident and included upward, downward and
two-way verbal and written communications. Technical system data and input from Subject
Matter Experts (SMEs) was also recognised as influencing safety leadership decision-making
and subsequent behaviours. In addition, the analysis demonstrated that some decisions were

indeed directly influenced by other, prior decisions.

Figure 4 provides an overview of how VI supported and influenced safety leadership
and how ‘other decisions’ also influenced safety leadership, with specific regard to
communication and engagement-based decisions. Further, Figure 4 also draws out an
important feature in which the Leader-Member Exchange (LMX) attribute of ‘Trust was
identified as a key factor that supported individual and team interactions across the work
system. The presence of ‘Trust is well acknowledged as a factor that creates an environment
where open communications and sharing of information is accomplished (Conchie, Taylor, &
Donald, 2012; Hofmann & Morgeson, 1999; McDaniel & Driebe, 2001). The analysis highlights
the significance of ‘Trust’ in interpersonal interactions and the quality of these relationships

with respect to promoting VI to support, influence and enhance safety leadership.
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Figure 4. Factors that influence safety leadership associated with communication and engagement-based

decisions

Second, communications and engagement-based decisions featured most frequently
over the course of the incident, occurring across three levels of the work system. In terms of
decision-making, ‘Goal Specification’, ‘Cue Identification’, ‘Situation Awareness’ and ‘Basis of
Choice’ were salient factors in decision-making for all communications and engagement-
based decisions. This suggests that the selection and execution of such decisions is reliant
on adequate availability of contextual information (Cue Identification and Situation Awareness)
to inform selection of an appropriate decision (Basis of Choice) and to ensure alignment with

individual and espoused goals (Goal Specification).

In terms of behaviour, Transformational Leadership (TRFL) and Authentic Leadership
(AL) practices featured prominently in association with the communications and engagement-
based decisions explored. Trust was further recognised as central to supporting individual and
team interactions, indicating the quality of relationships is a crucial factor underpinning such
decisions, particularly within the context of a critical incident scenario. Table 4 below outlines
the salient decision-making elements and leadership behaviours associated with the

communication and engagement-based decisions explored.
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Table 4. Decision element, leadership style and attribute alignment with communication and engagement-based decisions

SYSTEM CRITICAL DECISION DECISION-MAKING TRANSFORMATIONAL AUTHENTIC LEADERSHIP LEADER
LEVEL ELEMENT LEADERSHIP MEMBER
EXCHANGE
REGULATORY Notification to regulatory Goal Specification Idealised Influence Internalised Moral Trust
body of slope movement and Cue Identification Inspirational Motivation Perspective
potential for failure Situation Awareness Relational Transparency
Basis of Choice
COMPANY Engagement of internal Goal Specification Inspirational Motivation Balanced Processing Trust
stakeholder support Cue Identification Individualised Concern Relational Transparency
Situation Awareness
Basis of Choice
Notification to operational Goal Specification Inspirational Motivation Internalised Moral Trust
leader Cue Identification Perspective
Situation Awareness Self-awareness
Basis of Choice Relational Transparency
Notification to organisational =~ Goal Specification Idealised Influence Internalised Moral Respect
leader Cue Identification Inspirational Motivation Perspective
Situation Awareness Individualised Concern
Basis of Choice
MANAGEMENT Workforce 'Town Hall' Goal Specification Individualised Concern Respect
communications sessions Cue Identification Trust
Situation Awareness
Basis of Choice
Communications to Goal Specification Idealised Influence Balanced Processing Trust
workforce Cue Identification Inspirational Motivation Relational Transparency
Situation Awareness Individualised Concern
Basis of Choice
Notification of accelerated Goal Specification Individualised Concern Self-awareness Trust
slope response escalated Cue Identification Relational Transparency
Situation Awareness
Basis of Choice
Notification of accelerated Goal Specification Inspirational Motivation Internalised Moral Respect
slope response Cue Identification Intellectual Stimulation Perspective Trust

Situation Awareness
Basis of Choice

Individualised Concern
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A third key finding relates to improved understanding of the relationship between
decision-making and leadership behaviour in the safety context, particularly with regard to
communications and engagement-based decisions. The agreement evident between the
CDM prompts that inform decision-making and the behavioural attributes associated with the
leadership practices reported further demonstrate that leader decision-making and behaviour
are integrally linked in the safety context. For example, in the decision relating to
‘Communicating to the workforce’, ‘Goal Specification’ related to having specific safety goals
and objectives at the time of the decision, while the corresponding TRFL behaviour of
‘Idealised Influence’ related to determination to maintain a safe workplace, which represents
the behavioural component of Goal Specification. A further example of alignment relates to
the decision to ‘Notify the organisational leader, whereby ‘Cue Identification’ aligned with the
AL practice of ‘Internalised Moral Perspective’. This was such that the decision was made
based on core beliefs regarding the importance of safety and recognising individual
responsibilities for executing the decision in line with that. These findings provide further
strong alignment with the definition of safety leadership proposed in Chapter 2 of this thesis,
particularly with regard to the important connection between establishing clear and common

goals regarding safety.

5.3 Conclusion

The findings from this study provided new insight into the relationship between safety
leadership decision-making and behaviour across a mining work system, particularly with
regard to communications and engagement-based decisions enacted during the critical
incident scenario examined. Vertical Integration was again recognised as a key influencing
factor, with ‘other decisions’ also recognised as having input to, or being the resulting output
of, some decisions explored. A notable finding relates to the important relationship between
VI, the LMX attribute of ‘Trust and their reciprocal value in terms of supporting and enabling
effective safety leadership. The findings further validated the utility of applying a systems-
based methodology and offer confidence towards efforts to optimise the capacity of safety

leadership to support safe performance.

A limitation is acknowledged regarding the methodological approach used to extract
insight into the behavioural component of safety leadership. To remedy this, an extension to
the CDM interview technique was proposed to support an integrated approach to capture
leadership behaviours as linked to decision-making. Development of this extension is outlined
in Chapter 6.
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6 Developing a methodological extension of the Critical Decision
Method to support improved identification of effective safety
leadership behaviours

6.1 Introduction

The previous chapter highlighted a need to extend the CDM to improve its capacity to
gather data on the factors influencing safety leadership. The present chapter describes the
development of a methodological extension to support the use of the CDM for examining
safety leadership in line with the systems-based definition applied throughout this research.
The methodological extension was developed for integration into the standard CDM interview
technique (Klein, Calderwood, & Macgregor, 1989). It was designed to improve elicitation of
the behavioural component of safety leadership associated with decisions that occur across
a work system, to further understanding of the relationship between decision-making,

behaviour and performance in the safety leadership context.
6.2 Background

In Chapters 4 and 5, the CDM was applied in its original form to examine decision-
making associated with safety leadership during a critical incident scenario. This facilitated
exploration of the decision-making component of safety leadership; however, the CDM itself
was not able to adequately capture the corresponding leadership behaviours associated with
decision-making to support safe system functioning. As such, in order to capture d