[INTERNATIONAL FIRE SERVI

CE

JOURNAL OF LEADERSHII

AND M ANAGEMENT

D



Journal Team

Editor

Dr. Robert E. England

Fire Protection Publications
Oklahoma State University

Associate Editor, Subscriptions
& Permissions Coordinator
Mike Wieder

Fire Protection Publications
Oklahoma State University

Editorial Board

Managing Editor

Eric R. England

Fire Protection Publications
Oklahoma State University

Copy Editor

Cindy Brakhage

Fire Protection Publications
Oklahoma State University

Graphics Manager

Missy Hannan

Fire Protection Publications
Oklahoma State University

Design & Layout

Ben Brock

Fire Protection Publications
Oklahoma State University

Webmaster

Chad Crockett

Fire Protection Publications
Oklahoma State University

Consulting Methodologist

& Statistician

Dr. Marcus Hendershot

Assistant Professor of Political Science
Schreiner University (TX)

Dr. David N. Ammons

Professor of Public Administration &
Government

School of Government

University of North Carolina at
Chapel Hill

Ms. Meri-K Appy
President

Safe Kids USA
Washington, DC

Dr. Shawn Bayouth

Assistant Professor & Department
Chair

Disaster Preparedness & Emergency
Management

Arkansas State University

Roxanne V. Bercik

Los Angeles Fire Department

(ret. 2014) Deputy Chief

Bureau of Training & Support Services

Dr. David Billeaux (ret.)

Professor and Associate Vice-President
for Academic Affairs

Texas A&M University at

Corpus Christi

Dr. Anthony Brown
Professor Emeritus

of Political Science
Oklahoma State University

Dr. Jefferey L. Burgess, MD
Associate Dean for Research
and Professor

Mel and Enid Zuckerman College
of Public Health

University of Arizona

Dr. N. Joseph Cayer
Professor Emeritus
Arizona State University

Chief Bradd K. Clark
Program Manager/Instructor
Experiential Training Programs
Florida State Fire College
Ocala, Florida

Dr. Larry R. Collins (ret.)

Associate Dean

School of Safety, Security, &
Emergency Management

Eastern Kentucky University

and International Fire Service Training
Association Executive Board

Chief Dennis Compton
Chairman of the Board of Directors
National Fallen Firefighters Foundation

Chief I. David Daniels
Deputy Fire Chief/Chief Safety Officer
City of Richmond, Virginia

Dr. Jeff G. DeGraffenreid
Fire Chief
City of Olathe (KS) Fire Department

Dr. Edward T. Dickinson, MD
Professor and Director of

EMS Field Operations

Department of Emergency Medicine
Perelman School of Medicine
University of Pennsylvania

Dr. Anne Eyre

Independent Consultant, Trauma
Training, Coventry, United Kingdom
(UK)

Dr. Richard B. Gasaway
Executive Director, Center for the
Advancement of Situational
Awareness & Decision Making
Chief Scientist: Public Safety
Laboratory

Dr. John A. Granito

Professor and Vice-President

Emeritus

State University of New York
Binghamton and

Fire & Emergency Services Consultant

Dr.Thomas R. Hales, MD
Centers for Disease Control
National Institute for Occupational
Safety and Health

Denver, CO

Craig Hannan

Director

Fire Protection Publications
Oklahoma State University

Dr. Marcus E. Hendershot
Assistant Professor of Political Science
Schreiner University (TX)

Dr. Rowena Hill

Senior Lecturer in Psychology
Nottingham Trent University
United Kingdom (UK)

Dr. Gavin Horn

Director of Research

lllinois Fire Service Institute
Champaign, IL

Dr. Owen E. Hughes
Dean of Students
RMIT University
Melbourne, Australia

Dr. Sara A. Jahnke

Principal Investigator & Director
Center for Fire, Rescue, & EMS Health
Research

Institute for Biobehavioral Health
Research

National Development & Research
Institutes

Mark Jones

Director, Strategic Reform Agenda
Emergency Services Agency

ACT Government

Canberra, Australia

Dr. Timothy Krebs

Professor and Chair
Department of Political Science
University of New Mexico

Dr. Daniel Madrzykowski
Research Engineer
UL Firefighter Safety Research Institute

Dr. Bruce J. Moeller

Adjunct Faculty & Lecturer

Fire and Emergency Services Program
University of Florida

Dr. Lori Moore-Merrell
President & CEO

International Public Safety Data
Institute

Washington, DC

Dr. Haley Murphy

Assistant Professor and

Program Coordinator

Fire and Emergency Management
Administration

Oklahoma State University

Chief (ret.) Christopher Neal
Fire and Public Safety Consultant

Dr. Kathy A. Notarianni
Head, Department of

Fire Protection Engineering
Worcester Polytechnic Institute
Worcester, MA

Dr. John P. Pelissero
Professor

Department of Political Science
Loyola University Chicago

Dr. William Pessemier
CEO, Vulcan Safety Solutions
Port Orchard, WA

Dr. Richard L. Resurreccion
Consultant to Training Division
Long Beach Fire Department
Professor Emeritus
Occupational Studies
California State University
Long Beach, California

Dr. Peter Rudloff
Associate Professor
Political Science
Oklahoma State University

Chief Douglas R. Schrage
Fire Chief

University of Alaska (Fairbanks)
Fire Department

Dr.Terry Shevels

Chartered Psychologist (CPsychol.)
Course Leader MBA Programs
Newcastle College, MBA Centre
Sandyford, Newcastle

United Kingdom (UK)

Chief Ronald Jon Siarnicki
Executive Director

National Fallen Firefighters Foundation
Emmitsburg, Maryland

Dr. Denise Smith

Tisch Family Distinguished Professor
Department of Health and Human
Physiological Sciences

Director, First Responder Health

and Safety Laboratory

Skidmore College (NY)

and Research Scientist, University of
lllinois, Fire Service Institute
Champaign, IL

Dr. Qingsheng Wang
Associate Professor

Chemical Engineering
Texas A&M University

William M. Webb
Executive Director
Congressional Fire Services

Michael A. Wieder

Associate Editor, International Fire
Service Journal of Leadership and
Management

Associate Director, Fire Protection
Publications

Executive Director, International Fire
Service Training Association
Oklahoma State University

Dr. Hao-Che Wu
Assistant Professor of Political Science
Oklahoma State University



The International Fire Service Journal of Leadership and Management (IFSJLM)
is composed of peer-reviewed articles focusing exclusively on fire leadership and
management topics. To our knowledge, it is the only academic journal with this focus
in the world. /FSJLM is published by Fire Protection Publications (FPP) at Oklahoma
State University (OSU). FPP is part of the College of Engineering, Architecture, and
Technology at OSU and is the leading publisher in the world of fire-related education
and training materials.

IFSJLM would not be possible without the financial support of the College of Engineering,
Architecture, and Technology and FPP. This support represents a commitment to the
continued professionalization of the American fire service.

As a further indication of the support of FPP to the international fire community, all issues
of the IFSJLM, except the two most recent years, are available for reading free of cost
at the Journal’s website. Please go to http://www.ifsjlm.org/PastEditions.htm to read and/
or download previous issues of the Journal.

FIRE PROTECTION PUBLICATIONS







In this Issve

The Dr. Granito Award

Dr. John Granito Award for Excellence in Fire Leadership and Management Research . .. . ......................... 5
Message from Dr. Robert E. England ... .......... ... ... . 6
Keynote Address

Case Studies of Fire and Emergency Medical Services: Risk Management in
the European Union

DrJefferey L BURGeSs .................oommmmem 7
Peer-Reviewed Arficles
Antecedents of Trust in Leadership: A Multilevel Perspective in the Fire Service
David Huntsman, Ph.D. Student Dr. Alex Greer . .....................eeeeeieeeiiaeeiiiiaannn, 19

Fireground Cue Recognition: Effects on Firefighter Situational Awareness
When Facing High-Risk Situations in Virtual Reality

Dr. Shawn Bayouth, Dr. Nir Keren . . ......... ... ... . .. . . . 35

Journal and Subscription Information .......... ... ... 45



Recipients of the Dr. John Granito Award for
Excellence in Fire Leadership and Management Research

RESEARCH SYMPOSIUM 2008 (RS 08)
Dr. John Granito

Professor Emeritus and Retired Vice President Emeritus
for Public Service and External Affairs
State University of New York Binghamton,
and Public Safety Management Consultant

RESEARCH SYMPOSIUM 2009 (RS 09)

Dr. Denis Onieal
Deputy U.S. Fire Administrator

RESEARCH SYMPOSIUM 2010 (RS 10)

Dr. Lori Moore-Merrell

President & CEO
International Public Safety Data Institute

RESEARCH SYMPOSIUM 2011 (RS 11)
Dr. Edward T. Dickinson, MD

Professor of Emergency Medicine
Perelman School of Medicine, University of Pennsylvania

RESEARCH SYMPOSIUM 2012 (RS 12)
Dr. Daniel Madrzykowski

Research Engineer
UL Firefighter Safety Research Institute

RESEARCH SYMPOSIUM 2013 (RS 13)
Dr. Anne Eyre

Independent Consultant, Trauma Training,
Coventry, United Kingdom (UK)

RESEARCH SYMPOSIUM 2014 (RS 14)
Chief Dennis Compton

Chairman of the Board of Directors of the
National Fallen Firefighters Foundation

RESEARCH SYMPOSIUM 2015 (RS 15)
Dr. Denise Smith

Director of the First Responder Health and Safety Lab
Health and Human Physiological Sciences,
Skidmore College and University of lllinois

Fire Service Institute

RESEARCH SYMPOSIUM 2016 (RS 16)
Dr. Sara A. Jahnke

Director and Principal Investigator,
Center for Fire, Rescue & EMS Health Research,
Institute for Biobehavioral Health Research,
National Development and Research Institutes,
Leawood, Kansas

RESEARCH SYMPOSIUM 2017 (RS 17)
Chief Ronald J. Siarnicki

Executive Director
National Fallen Firefighters Foundation

RESEARCH SYMPOSIUM 2018 (RS 18)
Dr. Jefferey L. Burgess, MD

Associate Dean for Research and Professor
Mel and Enid Zuckerman College of Public Health
University of Arizona

RESEARCH SYMPOSIUM 2019 (RS 19)

Dr. Gavin Horn

Senior Research Scientist and Director of Research
Illinois Fire Service Institute



Volume 13

The Dr. Granito Award

Dr. John Granito Award for
Excellence in Fire Leadership and Management Research

The Dr. John Granito Award for Excellence in Fire Leadership and Management Research is presented at

the International Fire Service Journal of Leadership and Management (IFSJLM) Research Symposium held
annually in July at the International Fire Service Training Association (IFSTA) Validation Conference. The award
honors Dr. John Granito.

Until his retirement, John was one of the premier fire and public safety consultants in the United States. Just
a few of his many Fire, Rescue, and Emergency Services research projects include: Oklahoma State University-
Fire Protection Publications Line of Duty Death Reduction project (3 years); Centaur National Study (3 years);
Research Triangle Institute/National Fire Protection Association/International City/County Management
Association project (4 years); Fire Department Analysis Project (FireDAP) of the Urban Fire Forum (13 years);
Combination Department Leadership project, University of Maryland, Maryland Fire & Rescue Institute (4
years); Worcester Polytechnic/International Association of Fire Fighters/International Association of Fire Chiefs/
National Institute for Occupational Safety and Health Fire Ground Performance Study. John participated in more
than 400 fire department studies.

John also has strong ties to academia. He served in a number of academic positions for almost 30 years,
including 16 years at the State University of New York at Binghamton. He is Professor Emeritus and Retired
Vice President for Public Service and External Affairs at SUNY Binghamton, which is consistently ranked in the
top public universities by U.S. News and World Report.

John has published numerous articles, chapters, and technical papers, served as co-editor of the 2002
book published by the International City/County Management Association entitled, Managing Fire and Rescue
Service, and is a Section Editor of the NFPA® 2008 Fire Protection Handbook.

Dr. Granito was the first recipient of the award that honors him and his service to the fire service and to
academia. Each year the recipient of the Dr. Granito Award presents the Keynote Address at the annual IFSJLM
Research Symposium. The Keynote Address is subsequently published as the lead article in the following year’s
volume of the International Fire Service Journal of Leadership and Management.
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Message from Dr. Robert E. Englond

Founding Editor, International Fire Service Jour-
nal of Leadership and Management (IFSJLM),
Fire Protection Publications, Oklahoma State
University
Welcome to Volume 13 of the International Fire Service
Journal of Leadership and Management. Typically,

readers should expect to see the annual volume
released in late October or in November.
We hope you enjoy Volume 13 of the IFSJLM.
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Keynote Address

Eleventh Annual Dr. John Granito Award for Excellence in Fire Leadership and Management Keynote Address
presented at Research Symposium 2018 (RS 18) on July 21, 2018, by Dr. Jefferey L. Burgess. Contributing
authors were: Drs. Adrian Bevan, Stephane Bergzoll, Albane Perot, David Bui, and Alexis Descatha.

Case Studies of Fire and Emergency Medical Services:
Risk Management in the European Union

tices and outcomes.

Abstract

European Union (EU) legislation requires proactive risk management for all industry, including
the fire service and Emergency Medical Services (EMS). Information was collected from select
EU fire/EMS organizations to identify risk management practices to share at an international
level. Highlighted approaches included a national system for documenting and prioritizing risks,
identifying unique hazards for each fire brigade, embedding occupational medical programs
within fire brigades, planning for terrorist threats, and regional sharing of risk management prac-

Keywords: fire and emergency medical services, risk management, European Union

Introduction

Risk management is a proactive cyclical process
whereby departments review occupational hazards,
implement interventions to address high-priority risks
and hazards, and monitor and update interventions

to further mitigate risks. Risk management strategies
originated in a number of high-risk industries over 40
years ago (Joy & Griffiths, 2007), and the first national
risk-based regulations were introduced in the United
Kingdom (U.K.) in the same decade (Robens, 1972).
Risk management legislation was subsequently imple-
mented in the European Union (EU) via the European
Framework Directive on Safety and Health at Work
(Directive 89/391 EEC) in 1989. This legislation intro-
duced general principles for prevention of occupational
risks including making an assessment of the risks. The
EU risk management framework guarantees minimum
safety and health requirements while Member States
are allowed to maintain or establish more stringent
measures.

The Framework Directive contains basic obliga-
tions for employers and workers. However, it is the
employer’s obligation to ensure the safety and health
of workers in every aspect related to work; moreover,
financial costs may not be imposed on the worker to
achieve this aim. The general principles of prevention
listed in the Directive include:

* Avoiding risks.
» Evaluating the risks.
e Combating the risks at their source.

e Adapting the work to the individual.

* Adapting to technical progress.

Replacing the dangerous by the non- or the less
dangerous.

* Developing a coherent overall prevention policy.

Prioritizing collective protective measures (over
individual protective measures).

e Giving appropriate instructions to the workers.

International standards are used to inform the
risk management process. ISO 31000 describes the
broader issue of risk management in the organizational
context. Within this broad framework, organizations
generally use more specific standards including:

e SO 9001: Quality Management Systems.
* [SO 14001: Environmental Management Systems.

e SO 45001: 2018 Occupational Health and Safety
Management Systems — Requirements with Guid-
ance for Use (ISO 45001 replaced ISO 18001
Occupational Health and Safety Management in
2018).

The purpose of occupational health and safety man-
agement systems is to:

* Underpin the creation of safe and healthy work-
places.

* Prevent work-related injury and ill health.

e Strive to continually improve its occupational
health and safety performance.
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ISO 45001 adopts a risk management approach
founded on the universally applied Plan-Do-Check-Act
model, which provides a framework for organizations to
plan what they need to put in place in order to minimize
the risk of harm. The measures address concerns that
can lead to long-term health issues and absence from
work, as well as those that give rise to accidents.

Previous research has demonstrated the effective-
ness of risk management approaches. Introduction of
risk management legislation in Australia was associ-
ated with a marked reduction in lost-time injuries in the
mining industry as compared with the United States
(U.S.) that maintains a predominantly compliance-
based regulatory approach (Poplin et al., 2008).
Comparing among fire departments or fire brigades
in several countries, the fire brigade in the U.K. had
lower injury rates, and its distinguishing characteristic
was an advanced risk management system (Burgess
et al., 2014). Implementation research also shows that
risk management interventions are associated with
reduced injury rates and costs within a U.S. fire depart-
ment (Poplin et al., 2018) and that risk management
approaches can be successfully used to reduce fire
service vehicle crashes (Bui et al., 2018).

While existing EU legislation requires risk manage-
ment for all organizations in all countries, including the
fire service and EMS, it has not been implemented to
the same extent in all EU countries. The organizational
structure of the fire service and EMS varies by country,
and each country has success stories or best prac-
tices to share both within its own borders and across
nations. This sharing of information has the potential to
advance fire service and EMS health and safety within
the EU, U.S., and globally.

The main objectives of this study were to evaluate
risk management practices in the following select
British and French organizations and to collect, where
possible, the frequency and distribution of firefighter
and/or EMS injuries and illnesses:

* The London Fire Brigade (LFB).

* Le Service de Sante’ et de Secours Médicale
(SSSM) Haute-Corse du Service Départemental
d’Incendie et de Secours (SDIS-2B) in Corsica
(The Health and Medical Rescue Service of the
North Corsican Fire and Rescue Service Depart-
ment).

e The Paris West suburb division (Hauts-de-Seine
92) of the Service d’Aide Médicale Urgente/Ser-
vice Mobile d’Urgence et Reanimation (SAMU/
SMUR) (The Urgent Medical Assistance Service
and Mobile Emergency and Resuscitation Ser-
vice).

In addition, a convenience survey of fire service and
related organizations in other EU countries, such as
the Netherlands, Denmark, Belgium, Germany, and

Spain, was undertaken to assess specific safety and
health interventions that they implemented. The long-
term goal of the study was to develop a road map for
future EU and U.S. fire/EMS safety and health policy
and program development focused specifically on risk
management.

Methods

The research was focused on health and safety policy
research with EU fire and EMS service partners. Data
collection was completed from July through December
of 2016. The partner institutions included:

* The LFB.
* The SSSM/SDIS-2B.
* The SAMU/SMUR-92.

For the LFB and the SSSM/SDIS-2B, the study
involved evaluating the frequency and distribution of
firefighter injuries and ilinesses and assessing how
specific safety and health interventions that they
implemented had changed injury and illness patterns
and costs. For the SAMU/SMUR-92, the focus was
addressing terrorist threats to EMS personnel when
using a proactive risk management approach. At each
location, to gather additional information, further visits
were made to other fire and rescue service organiza-
tions within the region.

Finally, shorter visits were made to fire service part-
ners in the Netherlands, Denmark, Belgium, Germany,
and Spain. These visits included, but were limited to:

* Meetings on firefighter exposures and cancer
risks with The Instituut Fysieke Veiligheid IFV
(Institute for Safety in Zoetermeer, the Nether-
lands).

e Symposium organized by the BrandFolkenes
Cancerforening (The People’s Cancer Associa-
tion) in Copenhagen.

* Meeting with the Antwerp (Belgium) Fire and
Rescue Service.

* Risk management meetings with the Berliner
Feuerwehr (Berlin Fire Department) and the
Miinchen Feuerwehr (Munich Fire Department) in
Germany.

* Risk management meetings with the Bombers
de Barcelona (Barcelona Fire Service) and the
Bomberos Madrid (Madrid firefighters) in Spain.

Based on previous research and experiences work-
ing with fire departments and other organizations,
the best chance for making improvements is through
focusing on issues that are a high priority for the part-
ners, and these issues often change over time (Bui et
al., 2017). The focus of the work with the two primary
fire service partners and one primary EMS partner



was, therefore, based on their requests rather than a
need determined by the research team a priori.

Results
U.K./London Fire Brigade (LFB)

Lord Robens in 1970 led a review of health and safety
legislation in the U.K. that resulted in the unification of
multiple prescriptive health and safety statutes/regula-
tions. He also led the introduction of an approach that
was more self-regulatory (those that create the risks
are responsible for managing the risks) and goal-set-
ting in that it describes objectives to be met rather than
requirements for detailed measures to be taken. This
review led to the Health and Safety at Work Act (1974).
The general principles of this Act are to set health and
safety objectives for employers rather than to tell them
prescriptively how to manage certain risks, such as:

e Ensure the health, safety, and welfare of employ-
ees.

* Provide and maintain machinery and safe sys-
tems of work such that they present no risks to
health and safety.

* Provide information, instruction, training, and
supervision as necessary to ensure the health
and safety at work of employees.

As employers were no longer being prescriptively
told which risks to control and how to control them,
this led to employers taking more time to identify and
control a broader range of risks/hazards.

In the U.K., the EU Framework Directive resulted in
the creation of the Management of Health and Safety
at Work Regulations (1992), which requires all employ-
ers to make a suitable and sufficient assessment of
the risks to health and safety of their employees while
at work. The Health and Safety Executive produced
guidance, (Managing for Health and Safety (HSG65),
http://www.hse.gov.uk/pubns/books/hsg65.htm), to
accompany these regulations that describe how to put
in place an effective health and safety management
system. HSG65 is the most commonly used reference
for the management of health and safety at work by
employers in the U.K., including the fire and rescue
services. Also, in common usage in the U.K. for the
management of health and safety at work are British
and international standards for health and safety man-
agement. Unlike the Management of Health and Safety
at Work Regulations, these standards are not legally
enforceable. Instead, they are voluntary management
tools for use by organizations whose aim is to eliminate
or minimize the risk of harm and to demonstrate to their
staff and clients that they operate an effective health
and safety management system.

Although risk management legislation was estab-

lished in the 1970s in the U.K. for all employers,
including the fire service, it was not until the 1990s that
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the fire service began to implement risk management
in earnest. A major factor in this timing appears to be
the threat of criminal liability starting in the 1990s for
fire service supervisors not fully addressing the safety
and health of their employees. Separately, a general
characteristic of the U.K. fire service is the inclusion

of individuals, often civilians, with formal risk manage-
ment training in the health and safety component of the
fire brigades.

For this study, the LFB requested the following
research priorities: 1) review of risk management
interventions for slips, trips, and falls; 2) evaluation of
risk management interventions for training injuries and
fire service vehicle crashes; and 3) prospective focus
on operational injuries in regards to improved use of
safety officers and possible use of critical controls.

* The evaluations used statistics starting in 2008,
as that was the earliest year for which consistent
electronic event data were available.

* Interrupted time series analysis was used to
evaluate statistically significant changes in injury
and crash rates at LFB (Linden, 2015).

* Ordinary least squares regressions were used to
estimate changes in level and trend changes in
crash and injury rates.

* Newey-West standard errors were used to
account for residual autocorrelation and het-
eroscedasticity in time series data (Newey &
West, 1987).

* Denominator data for onsite slips, trips, and falls
came from staffing records while emergency calls
(i.e., incidents) were used as denominator data
for emergency vehicle crash rates.

London Fire Brigade’s Accidents Happen Here
Safety Campaign. In January 2014, a LFB safety
campaign called Accidents Happen Here was initiated.
This safety campaign focused on reducing slips, trips
and falls in fire stations. These accidents are classified
as on-site injuries. This campaign included:

* Auditing the slip, trip, and fall hazards in each fire
station.

» Evaluating how slippery each station floor was
using instrument measurements, followed by cor-
rective actions.

* Implementing a communication program to
increase awareness of the STF hazard in the sta-
tions.

For these on-site injuries, there was a decrease
from 2008 through the present, consistent with the
LFB’s overall risk management program (Figure 1).
The mean pre-intervention (2008-2013) slips, trips
and falls rate was 2.8 per 1,000 staff and mean post-
intervention (2014-2016) rate was 1.7. Overall, there
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was a reduction of about 3% per quarter between Q1
of 2008 and Q1 of 2016 (P<0.001), and no significant
change in slips, trips, and falls rate was observed post-
intervention (P=0.62).

The Accidents Happen Here safety campaign did
not markedly change the overall trend, with a simi-
lar rate of decline before and after January 2014. A
potential explanation for the long-term decline in injury
rates is the continuing development of a safety culture
associated with multiple risk management interventions
and increased awareness of and attention to risks. In
comparison, non-fire injury rates in the U.S. fire service
have trended lower since 1992, albeit slowly (Evarts &
Molis, 2018), suggesting that there could also poten-
tially be secular trends operating internationally. An
overall trend over time of reduced injuries not consis-
tently associated with particular interventions was also
seen in U.S. mines with proactive risk management
programs (Griffin et al., 2018). Over time, continued
injury reductions were seen in Australian coal mines
that were instituting risk management (Poplin et al.,
2008).

Figure 1: London Fire Brigade On-site Slip, Trip and
Fall (STF) Injuries

London Fire Brigade On-site Slips, Trips and Falls
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Evaluation of Risk Management Interventions for
Training Injuries and Fire Service Vehicle Crashes
in the London Fire Brigade. The LFB transitioned to
a private contractor for firefighter training in the sec-
ond quarter of 2012. This transition led to an interest
in evaluating training injury rates in association with
this change. There was a longitudinal decrease in
firefighter training injuries since 2008 (Figure 2). This
finding is consistent with the overall LFB’s risk man-
agement reduction program that put in place multiple
safety improvements over time. The quarterly injury
rate per 1,000 staff significantly declined by -0.16 per
quarter (P=0.003), starting from a mean of 6.1 train-
ing injuries per 1,000 in 2008. The move to a private
contractor was initially associated with a nonsignificant
(P = 0.86) increase in injuries, but the rate appeared to
be declining thereafter at about -0.02 per quarter. The
reasons for the initial increase in injuries are not clear,

10

but could potentially have involved a disruptive transi-
tion phase before the contractor became more familiar
with LFB protocols.

Figure 2: London Fire Brigade Training Injuries

London Fire Brigade Training Injuries
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The LFB has experienced a marked reduction in
the number of fire service vehicle crashes since 2009
(Figure 3). Because the number of vehicle responses
directly influences the number of vehicle crashes, the
vehicle crash rate per incident was also calculated
over the time interval for which the number of incidents
was immediately available. This rate also declined
over time. Prior to 2009, the quarterly crash rate was
increasing by about 2.7% per quarter (or 0.62 per
1,000 incidents) (P=0.02). Beginning in 2009, after the
implementation of a formal risk management process,
the LFB began to experience steady declines in their
quarterly crash rates of about 1.5% per quarter (or -0.3
crashes per 1,000) (P<0.01).

Figure 3: London Fire Brigade All Emergency Vehicle
Crash Rates

London Fire Brigade All Emergency Vehicle Crashes
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Since 2008,the following multiple risk management
interventions were put in place in the LFB:

* Policy changes to reduce emergency response
speeds.




* Revised backing policies.

* Increased driver and officer liability/discipline for
preventable incidents.

* New targeted driver training.
* New driver’s license database.

* One-way station entrances and exits with bay
doors to reduce the need for on-station backing.

As with slips, trips, and falls and training injuries,
there was not a single, most effective control identi-
fied regarding fire service vehicle crashes. Rather, the
reduction appears to be the result of the multiple over-
lapping interventions. Related to driver training, a civil-
ian fatality occurred in another U.K. fire brigade after a
pedestrian stepped out in front of a fire engine and was
struck. As a result, fire brigades throughout the U.K.,
including the LFB, were evaluating their driver training
programs both for new drivers and also refresher train-
ing for existing drivers.

Prospective Focus on Operational Injuries in
Regards to Improved Use of Safety Officers and
Possible Use of Critical Controls. One aspect of risk
management currently gaining traction, particularly in
the mining world, is the identification of critical controls,
whereby an organization focuses its efforts on ensur-
ing that the most essential controls function effectively
for preventing fatal or other catastrophic events. The
LFB was interested in identifying enhanced training
and on-site activities for its approximately 50 Senior
Accident Investigators (SAls) to increase their potential
to act proactively at incidents. Senior Accident Inves-
tigators have additional training in health and safety
and in accident investigation. Using a critical control
approach, they plan to identify the areas with the
biggest potential impact (through trend analysis, etc.)
and actively target those areas for intervention. Future
evaluation of the effectiveness of this intervention is
recommended.

In the U.K., health and safety personnel are formally
trained in risk management. For example, the LFB
requires the following of health and safety advisors:

* Have degree-level qualification in health and
safety management.

* Must be Chartered Safety Practitioners (i.e., char-
tered members of the Institute of Occupational
Safety and Health (IOSH). This involves demon-
strating professional development over a number
of years and includes an exam and interview to
demonstrate competence.

* Continue professional development, which must
be formally submitted to IOSH.

In addition to working with the LFB, meetings were
held with a number of individuals to identify opportuni-

1
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ties for collaborative work in the U.K. and additional
effective risk management processes in the U.K. fire
service. There is regional sharing of injury data among
fire brigades, which also provides an opportunity for
face-to-face sharing of effective risk management
processes.

The National Occupational Guidance (NOG) effort
was working to standardize standard operating pro-
cedures (SOPs) across the U.K., starting with around
8,000 documents with a goal of eventually narrowing
them down to 34 (http://www.ukfrs.com/). There are
also coroner’s cases related to a work-related death. In
these cases, a coroner has the power to issue a report
called a Prevention of Future Death when there are key
lessons to be learned by an organization in response
to the death. Any organization named in the report
must respond to the coroner saying how it will address
the issues/recommendations if it has not adequately
controlled them already. Based on these inquiries,
all fire brigade leaders in the U.K. generally imple-
ment reviews of their own operations and changes as
needed.

In summary, the U.K.’s best practices were identi-
fied as the following:

» Strong risk management regulations with signifi-
cant consequences for noncompliance.

* Extensive implementation of risk management in
the fire service.

* Formal training of health and safety professionals
in risk management.

* Regional sharing of information, including injury
rates and effective interventions, by safety and
health officers.

The reduced rate of injuries and crashes over time
clearly demonstrate the effectiveness of the LFB (and
more broadly the U.K.) risk management process.

France/Service de Santé et de Secours Médical du
Service Départemental d'Incendie et de Secours Haute-
Corse (SSSM/SDIS-2B) (The Health and Medical Rescue
Service of the North Corsican Fire and Rescue Service
Department)

In France, employers are legally responsible for the
health and safety of their employees (Frimat & Fantoni-
Quinton, 2014). The French fire service, in the roughly
100 regional departments nationally, has a medical
service (SSSM) supporting the fire service (SDIS). This
allows the SSSM physicians, nurses, and pharmacists
to dedicate their time to the health and safety of their
firefighters. The main work of the medical service
includes annual evaluations of each firefighter’s health
and work readiness. The evaluation, standardized by
the French government in 2000, includes a vision test,
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pulmonary function testing, urinalysis, an electrocardio-
gram, and a full physical exam (https://www.legifrance.
gouv.fr/affichTexte.do?cidTexte=JORFTEXT000000765
094&categorieLien=cid).

If a firefighter is unable to return to work, the SDIS is
required to find another job for the firefighter. For exam-
ple, some firefighters are sent for additional training or
assigned to vehicle management or pharmacy.

For risk management, the SDIS and all French com-
panies use The Document Unique (Unique Document),
following article L4121-1 du code du travail (labor
code). This document provides all aspects of organiza-
tion and work execution risks, which the fire service
evaluates and documents along with prevention and/or
mitigation plans. The reporting is shared with all SDIS
employees. As a result, new risk management actions
are frequently established, such as, but not limited to,
electrical risk in buildings, hygiene in stations, and driv-
ing and parking safety.

The Ecole Nationale Supérieure des Officiers de
Sapeurs-pompiers (ENSOSP) (National School for
Firefighter Officers) in Aix en Provence is a national
school for fire service officers (http://www.ensosp.fr/SP/
pages-ENSOSP/accueil-2018). Every year, new officers
are trained, and active French officers return to the
ENSOSP for continuing education. Furthermore, SDIS
directors and the medical chiefs of SSSM go twice
a year to the ENSOSP to meet. ENSOSP provides a
location where problems can be shared and solutions
provided by other officers or instructors with the goal
of spreading effective programs back to all fire depart-
ments.

Our research focus in France was on a sample
of the areas requested by SSSM/SDIS-2B, which
included:

* Back injuries.

* Driving (traffic) accidents.
* Operational injuries.

* Training injuries.

Table 1 summarizes the data collected from SSSM/
SDIS-2B. The overall rate of annual time-loss injuries,

The majority of time loss was due to iliness not
caused by work. For example, in the first eight months
of 2016, there was one low-back injury among SDIS-2B
staff (as compared to five during 2015), but there were
an additional nine outside of work. During the first eight
months of 2016, there were 787 lost workdays from
these lower back injuries. Since most SDIS-2B back
injuries occur outside work, specific interventions in the
workplace may not be as useful as exercise programs
to strengthen the back and thereby prevent injuries.

Most injuries occurred during medical responses
(15 total and 6 with time loss). Needle sticks (three)
and other blood exposures (five) occurred in eight
incidents, none with time loss. The research group
recommended to review needle use and disposal poli-
cies and follow-up with an evaluation of how well the
policies are implemented.

Four injuries occurred from lifting patients. It would
be useful to review current lifting policies and training,
and to determine how well they are followed. Use of
power-assist stretchers would likely reduce the number
of back injuries, but they may not help with removing
patients from their homes given the local construction
with narrow and steep stairwells.

During fire fighting, the following number of fire-
fighter injuries occurred:

» Seven injuries from wildland fire fighting
responses.

* Two injuries during structural fires.

¢ One injury from a dumpster fire.

Injuries may have been prevented if firefighters:

Avoided overextension. Most injuries were to the
lower extremities or back.

Wore safety glasses, which would have prevented
the two eye injuries.

Carried a light at night. One injury occurred at
night when a firefighter did not bring a light.

Wore adequate gloves to prevent burn injuries.
One burn occurred due to inadequate gloves; this
resulted in provision of improved gloves for all

given approximately 1,000 SDIS-2B employees, was firefighters.

lower (1.5-5%) than the French national average of

5.3%.

Table 1. SDIS-2B Injuries from 2012-2015
Year Operations Exercise In station Training Driving Total
2012 13 13 15 3 4 48
2013 12 2 7 3 3 27
2014 4 0 8 1 2 15
2015 23 12 11 4 4 54




Current campaigns were in place for exercise
(sports) and in-station and on-road injury prevention.
There was a marked reduction in exercise injuries for
2013 and 2014, but the opportunity was not present
to collect information on the interventions that led to
this decrease. No data were collected on in-station
incidents or programs to reduce their occurrence. Two
lower extremity injuries (one during operations and one
during training) resulted from stepping off a vehicle.
Workplace evaluations could help determine if the fire-
fighters are properly dismounting their vehicles.

In France, vehicle crashes are the leading cause of
death among firefighters. A recent national program
(Plan de Prévention du Risque Routier [PPRR] (Road
Hazard Prevention Plan) had been started, but at the
time of the study, station interventions were limited
to educational posters. In addition to implementing
campaigns for other types of injuries and illnesses, the
current risk management system could benefit from a
continuous review process to determine the effective-
ness of program interventions and regular reviews of
fatal and serious injuries from other SDIS departments
in France. SDIS-2B should adapt interventions to
current accidents and those most likely to cause fatal
events. It will also be important to track how interven-
tions are implemented and their impact.

SDIS-2B and other French fire departments have
also adopted select critical controls, which are
designed to prevent fatal or other catastrophic events.
Since 1996, French wildland fire trucks have an auto-
protection system that covers the vehicle with a water
spray allowing fire to pass over the truck for a few min-
utes. Firefighters are trained to get inside the vehicle
and initiate the autoprotection system. This system
both starts the water spray and fills the inside cabin
with high pressure air to prevent smoke from enter-
ing, without injury to firefighters seeking refuge inside.
The system is used every year in France in southern
departments and has reportedly saved lives. As part
of routine maintenance, it has to be checked daily. A
failure of the autoprotection system in a wildland fire
service truck caused a fatal burn injury in another SDIS
department. To prevent this from occurring, the auto-
protection system should be checked at the beginning
of each shift to demonstrate that the system functions.

Identified best practices in the French fire service
included the intrinsic structure of the SSSM pairing
with the SDIS. This allowed physicians, nurses and
pharmacists to dedicate their time to the health and
safety of their firefighters, including collecting informa-
tion on illnesses and injuries outside of work, which is
essential to addressing this primary cause of absentee-
ism. The autoprotection system was an example of an
effective critical control.

13

Volume 13

France/Service d'Aide Médicale Urgente (SAMU)/Service
Mobile d'Urgence et Reanimation (SMUR) (SAMU/
SMUR-92) (The Paris West suburb division of the Urgent
Medical Assistance Service and Mobile Emergency and
Resuscitation Service)

In France, the EMS system involves physicians,
nurses, and drivers responding to potentially high
acuity patient cases in their homes or in the general
community outside of hospitals. In the context of a
terrorist threat, first responders may be at significant
risk of injury or death, particularly from gunfire. France,
like many countries in the world, has faced terrorist
attacks, including the Paris attack of Friday, November
13, 2015, when mass shootings occurred at several
separate locations (Descatha et al., 2016); (Frattini et
al., 2016):

* Bataclan theatre massacre in Paris. The attack-
ers killed 90 people. Another 413 were injured,
almost 100 seriously.

» Stade de France in Saint-Denis during a football
match. Emergency teams treated over 60 victims
and faced the challenge of overseeing an orderly
evacuation of 72,000 spectators. During the night,
the emergency teams had to face 129 civilian
fatalities on site and more than 300 injuries. The
incident ended with a final assault against the ter-
rorists on Wednesday, November 18. Although no
first responders were injured, they were potential
targets for a secondary attack.

* Bastille Day, Nice, France. Another attack
occurred in Nice on July 14, 2016. During the fire-
works display, a man intentionally drove a truck
into the crowd leading to 86 casualties and the
injury of 458 others (Quatrehomme et al., 2019).
Although first responders were not injured, the
potential threat to their safety was evident.

As prehospital care staff have become potential
targets for terrorists, special attention to this threat and
consequences by occupational health professionals is
essential. In Garches, the SAMU/SMUR-92 wanted to
use a risk management approach to evaluate ways of
reducing hazards to their first responders during a ter-
rorist incident. The main types of attack are:

* Explosions.
* Shootings.
» Stabbings.

* Chemical, biological, radiological, and nuclear
(CBRN) attacks (Thompson, Rehn, Lossius, &
Lockey, 2014).
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Figure 4: Chronological Flow Diagram of SAMU/SMUR-92 EMS Response to a Potential Terrorist Incident
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After frequent planning meetings, a risk manage-
ment session with the SAMU/SMUR-92 team was
held to outline potential interventions to reduce risk.
Figures 4 and 5 illustrate their current risk manage-
ment concepts. One notable finding was the need for and Retour (feedback).

greater integration of EMS with police and fire during

protection basics when a terrorist attack is suspected.

A short acronym, COVER, was developed for the train-
ing. In French, COVER stands for Communication, Off
(be quiet), Vigilance (awareness), Equipe (team work),

Psychological consequences of terrorist attacks

emergency response training and preparedness exer-  ncluded post-traumatic stress disorder, anxiety, and
cises, which is a common challenge in many countries  mood disorders. In addition, sleep troubles can arise

(Saber, Strout, Caruso, Ingwell-Spolan, & Koplovsky, following any type of attack (Wilson, 2015; Benedek,
2017), as well as training for responders about self-

Fullerton, & Ursano, 2007). Mitigation strategies, to

Figure 5: Bowtie Analysis of EMS Response to a Terrorist Incident
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be implemented as early as possible, include regu-
lar follow-up with occupational or other appropriately
trained physicians.

Meetings were also held with the Brigade de
Sapeurs-Pompiers de Paris (BSPP) (Paris Fire Bri-
gade), to discuss its use of the risk management pro-
cess. One of the BSPP’s focus areas, through the help
of psychologists, was the prevention of post-traumatic
stress disorder (PTSD). The BSPP also had an active
program to reduce fire service vehicle crashes, with
a focus on motorcycles. Data showed 116 motorcycle
accidents in 2013; 75 in 2014; and 73 in 2015, including
accidents on the way to and returning home from work.
BSPP officials were also looking for effective programs
used in other French fire brigades.

Other Site Visits

Zoetermeer. A meeting was held with the Instituut
Fysieke Veiligheid (Institute for Safety) in Zoetermeer,
Netherlands. The meeting included representatives

of the Dutch fire service who were concerned about
risks to firefighter health. The representatives’ focus
was on cardiovascular risks and heat stroke as well as
research on reduction of exposure to occupational car-
cinogens such as from turnout gear contaminated by
soot. The Dutch have occupational medicine programs
within the fire service. Likewise, Dutch fire departments
had extensive risk management practices, but they did
not typically follow-up to determine the effectiveness of
their risk management interventions.

Copenhagen. A meeting on firefighter cancer was
held in Copenhagen, Denmark, with representatives
of the Danish fire service as well as members from the
international fire service. Health and safety experts
also attended the meeting. The objective of the meet-
ing was to collect information to formulate a statement
to be considered by the Federation of the European
Union Fire Officers Associations (FEU). The Hoved-
stadens Beredskab (Greater Copenhagen Fire and
Rescue) demonstrated its new portable shower decon-
tamination facility intended for hazmat use. For reduc-
tion of exposures to carcinogens at the fireground,
the firefighters have implemented a procedure that
requires the removal of turnout gear immediately after
each fire for cleaning and immediately receiving new
clean turnout gear. In the Danish fire service, firefight-
ers do not have their own personal turnout gear, allow-
ing a more limited number of extra sets of turnout gear
to be rotated among members when their previous set
is sent out for cleaning.

Anvers (Antwerp). Government inspectors in Bel-
gium require that fire brigades have risk management
processes in place. At a meeting with the Brandweer-
zone Antwerpen (Antwerp Fire and Rescue Service),
brigade officials described their own excellent risk
management policies and procedures, such as for
responding to pipeline incidents and for the reduction
of chemical exposures to firefighters. In addition, the
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fire brigade was actively working to reduce fire service
vehicle crashes.

At the time of the meeting, the Brandweerzone
Antwerpen was not actively tracking the effectiveness
of its safety and health interventions, partly because
its interventions typically focused on severe injuries
that were infrequent in nature. Also, historically, the
Belgian government has offered only limited national
health and safety standards for the fire service. More-
over, there are regional differences among government
investigators and rulings, which impedes standardiza-
tion in risk management processes.

At the time of our research, in the Flanders sec-
tion of Belgium, fire service leaders were organizing a
safety and health meeting on a regular basis for all fire
brigades. Fire service officials had also locally devel-
oped a Learning Arena that brought all first responder
partners (fire service, ambulance service, etc.) together
to evaluate major incidents and share best practices.

Berlin. Approximately 1.4 million firefighters are
within the German fire service. All cities with popula-
tions over 100,000 are required to have a career fire
brigade, and each village is also required to create
its own fire brigade. Industrial facilities of a certain
size are required to have a private fire brigade. Within
Germany there is a group of all chief fire officers who
cover occupational health and safety issues and share
information. A severe accident to a firefighter in one
fire brigade can lead to changes throughout all fire
brigades. The Berliner Feuerwehr (Berlin Fire Brigade)
also send their firefighters to other cities in Europe to
share and exchange knowledge.

The Berliner Feuerwehr includes EMS, which
accounted for roughly 80% of its calls, and all firefight-
ers were trained as emergency medical technicians
(EMTSs). Thirty-four of the brigade ambulances were
staffed by a physician. The fire brigade had an exten-
sive risk management system including hazard assess-
ment (using a risk assessment matrix), SOPs, intranet
training systems, and online injury/accident reporting.

Injury reduction efforts included the following:

* Self-rescue equipment that had been designed
into turnout gear. The equipment had been devel-
oped by a working group, including firefighters.

All injury reports were investigated by a special
group comprised of brigade members.

Firefighters separated contaminated gear in the
equipment bay and used an external company to
clean dirty gear for exposure reduction.

The brigade had a designated individual who was
responsible for the written health and safety plans.
Insurance companies helped the brigade determine
which health and safety initiatives should be under-
taken. The brigade had an independent team com-
prised of health and safety experts studying various
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health and safety issues for over 10 years. The team
met six times a year to evaluate departmental health
and safety data. The Berliner Feuerwehr had safety
managers for each shift at the station-level that were
sent to training school. For occupational health, they
had contracts with external physicians for annual medi-
cal surveillance examinations. The only risk manage-
ment gap noted was a general lack of follow-up with
data collection to see if risk management interventions
were effective.

Miinchen (Munich). Fire service leaders from
municipalities in the Munich region are required by
law to gather and list the potential risks to the safety
and health of firefighters. This activity was achieved
through the Feuerwehrbedarfsplan, (fire brigade
requirement plan), which included both risks and the
measures to be taken in order to minimize those risks.
As in Berlin, Munich maintained a career fire brigade
as well as a volunteer fire brigade. Issues of a certain
importance were discussed to ensure an exchange
of knowledge and a steady flow of information. In the
federal state of Bavaria, there was a platform for the
Bavarian Chief Fire Officers to discuss and share
experiences regarding prevention of fires and fire pro-
tection.

The Munich Fire Brigade used an external govern-
ment team instead of an internal occupational risk
assessment team to identify safety and health risks
to their firefighters. Similar to the Berlin Fire Brigade,
many of their injuries were from exercise/sports, and
they provided training to their firefighters for safe exer-
cise. At the time of the visit, firefighters who contracted
cancer believed to be related to occupational exposure
did not receive special payment, although reportedly
the family of a firefighter in Hamburg that had can-
cer had brought a complaint to that city. The Munich
Fire Brigade was cooperating with other fire brigades
in Germany on the issue of cancer risk as part of a
comprehensive study conducted by the Klinik Hamburg
Eppendorf (Hamburg Eppendorf Clinic).

Barcelona. For the period 2012 to 2015, the Bomb-
ers de Barcelona (The Fire Brigade of Barcelona) oper-
ational staff of approximately 600 people responded
to an average of around 17,000 incidents. Within this
period, there were approximately 85 firefighter injuries
or illnesses with medical leave and 95 without medical
leave. Of the accidents with medical leave, about 60%
occurred within the station, with the five leading causes
including:

Handling of material and stepping off their
vehicles.

Descending the fire pole (predominantly sprained
ankles).

Slipping down stairs in the apparatus bay or on
the training ground (due to the presence of water).

Training.

Physical exercise.

Preventive measures adopted to mitigate these
accidents included:
Specific protocol during driving training for getting
off a vehicle.

Ergonomics of new materials and design of
vehicles.

Installation of 24-hour illumination for the fire pole.
Improved mats.
Better signage.

Planned, specific training for lifting and transport
of materials.

Improvements in exercise equipment in the gym-
nasium.

Most cities in Spain, including Barcelona, have
separate ambulance services. However, Bombers
de Barcelona provides an initial response to medi-
cal emergencies. Of about 15,000 annual responses,
approximately 6,000 involve medical incidents. Before
the establishment of separate ambulance services, the
brigade responded to about 14,000 medical incidents
annually.

The Barcelona Fire Brigade used a risk matrix for
routine activities; brigade members identified the pro-
cedural risks and documented practices used.

* Annual medical evaluations were voluntary for
firefighters. At that time of the visit, 205 out of
about 600 firefighters and 30 drivers had received
an annual medical evaluation.

Firefighters washed their fire gear at least twice a
year.

Brigades conducted safety training for their fire-
fighters at the training division in Barcelona.

For advanced or specialized training, brigades sent
their officers to other countries, such as the U.K. or the
ENSOSP in France, or elsewhere in Spain — such as
the Centro de Seguridad Maritima Integral de Jovel-
lanos (Jovellanos Integral Maritime Security Center) in
Asturias.

Madrid. Madrid (Madrid Fire Brigade) had many
new fire service vehicles and used approximately six
shifts, all 24 hours in duration. When brigade mem-
bers responded to a fire incident, eight personnel (five
firefighters, the driver, and two officers) rode in the
pumper, as well as three more in a second vehicle.
Firefighters did not respond on EMS calls, as there was
a SAMU-like system used for those calls. However,
all brigade firefighters were trained to the basic level
of EMT. Many of the firefighters were also mountain
climbers; they had a climbing wall in their gym. Fire-
fighters were required to stay in shape and time was



provided during their shift for them to exercise. Fire
brigade officials had previously removed heavy weights
and added aerobic workout equipment.

The Bomberos Madrid had some occupational
safety and health inspections in the stations, but there
was no national legislation for fireground incidents. In
2010, the EU fined Spain for not adequately following
EU health and safety laws in regards to risk manage-
ment. In response, fire brigades started to do risk
assessment. However, there has not been follow-up
with data to determine the effectiveness of the resulting
interventions.

Spain did not have any national guidance for fire-
fighter risk management, nor any formal regional or
national sharing of firefighter injury data. A major issue
was the lack of data, including data from physician
evaluations such as is done in France. Brigade leaders
tried to work with insurance companies on this issue,
but had not been successful as of the time of the meet-
ing. Brigade officials started to work two to three years
previously with workers’ compensation/risk manage-
ment agencies in Madrid, but these agencies did not
have firefighter-specific expertise.

Conclusion

Each fire/EMS organization visited had successfully
developed risk management practices that would be
beneficial to share at an EU or international level. Risk
management legislation is most advanced in the U.K.
The French have embedded medical programs (SSSM)
within their fire brigades that yield multiple benefits,
including the ability to holistically address both occupa-
tional exposures and adverse lifestyle practices such
as, but not limited to, smoking among their firefighters.
The SAMU/SMUR system has dedicated drivers for
their ambulances. Embedded occupational medicine
programs within the fire service were also described in
the Netherlands. Regional sharing of risk management
best practices is being used in parts of the U.K. and
France, and national databases are established in both
countries. The U.K. is moving towards using national
comparison data to drive change. Examples of regional
and/or international sharing of information was also
observed or described during the site visits in Den-
mark, the Netherlands, Belgium, Germany, and Spain.

Other risk management best practices include but
are not limited to:

* Documenting and prioritizing risks, best epito-
mized by the French Document Unique for each
SDIS.

* Planning for EMS risks in terrorist situations, as
carried out by SAMU/SMUR-92, with training and
special follow-up by occupational health profes-
sionals.

» Evaluating the effectiveness of interventions, as
demonstrated by the LFB.
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* Providing risk management specific training for
their health and safety personnel in the U.K. and
Germany.

* Limiting safety and health personnel turnover
through including civilian staff with risk manage-
ment expertise, as is practiced at some British fire
brigades.

* Providing protected time while on-shift for fire-
fighters to stay in shape, as is practiced in some
Spanish fire brigades.

* Immediate cleaning of contaminated turnout gear
after a fire response in Denmark.

The long-term goal of the study was the formation
of a road map for future EU and U.S. fire/EMS safety
and health policy and program development. This
goal will require creation of health and safety commit-
tees within EU multinational fire service organizations,
which would need to meet regularly and share effec-
tive risk management practices based on documented
reductions in their firefighter injury and illness rates.
Organizations with broad representation within the EU
include the European Fire Service Colleges’ Associa-
tion (EFSCA), the Comité technique international de
prévention et d’extinction du feu (CTIF) (International
Technical Committee for the Prevention and Extinction
of Fire, also known as the International Association of
Fire and Rescue Service), and the Federation of the
European Union Fire Officer Association (FEU). It may
be advantageous to start with a focus area of broad
interest to the EU fire service.
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Antecedents of Trust in Leadership:
A Multilevel Perspective in the Fire Service

Abstract

A number of studies have shown that trust in leadership improves the attitudes and behav-

iors of members and contributes to organizational effectiveness. Empirical research is lacking,
however, on what factors lead to trust in leadership within fire departments. Employing an
original survey instrument, this study explores the determinants of trust in leadership within a
west coast fire department across two leadership referents (direct versus senior leaders). Find-
ings emerging from this study show that fire departmental personnel trust leaders that (1) form
social exchange relationships with members based on emotional support, (2) they perceive as
competent, and (3) that demonstrate cooperative behaviors. These findings suggest that training
leaders on the importance of relationships can build higher trust levels in fire departments.

Keywords: trust in leadership, trust in the fire service, trust antecedents, character-based

leadership, relationship-based leadership

Introduction

While most existing literature suggests that frust in
leadership is essential in the fire service, few stud-

ies empirically explore this critical topic. Most existing
studies focus on leadership qualities and how such
qualities influence members’ perceptions of organiza-
tional commitment (Pillai & Williams, 2004), department
performance (Geier, 2016), and job satisfaction (Bar-
tolo & Furlonger, 2000).

When compared to many other types of orga-
nizations, one could argue that trust in leadership
is perhaps even more important in the fire service.
Firefighters are required to perform tasks in complex
and unpredictable scenarios where, at times, response
operations may involve hazardous, even life-threaten-
ing conditions (Colquitt, LePine, Zapata, & Wild, 2011).
In this environment, the direct and indirect decisions
leaders make influence the level of risk involved in
the work that firefighters do daily (Campbell, Hannah,
& Matthews, 2010). Given these interdependencies,
firefighters are likely to be especially attentive to the
behaviors and characteristics of their leaders.

In fact, previous studies have found that trust in
leadership does have a positive impact on the suc-
cess of response operations (e.g., Pillai & Williams,
2004; Geier, 2016). For example, in a survey exploring
changes in fire service leadership styles, Geier (2016)
found that when leaders are trusted more, members
perceive an increase in their unit’s performance. In
contrast, when fire service leaders lack the trust of
their members, they lose the ability to influence them,
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which degrades operational effectiveness in risk-laden
situations (Sweeney, 2010). Considering that members
look to leaders to centralize authority and to take action
during extreme events (Hannah, Uhl-Bien, Avolio, &
Cavarretta, 2009), losing trust in leadership may be
detrimental for both the department’s performance and
the community that depends on the lifesaving services
provided by fire departments.

While a number of studies have explored the rela-
tionship between leadership qualities and outcome
variables, such as trust in teams (Colquitt et al., 2011;
Arnold, Kelloway, & Barling, 2001) and trust in organi-
zations (Rezaei, Salehi, Shafiei, & Sabet, 2012; Win-
ston & Joseph, 2005), fewer studies address potential
associations between leadership qualities and the
development of trust in leaders (Pekerti & Sendjaya,
2010). Dirks and Ferrin (2002) did find, however, that
transformational leadership (a leadership style where
leaders work with members to determine needed
changes, inspire action, and involve members in mak-
ing those changes) was strongly associated with leader
trustworthiness. Studies also show trust developing for
leaders that engage in servant leadership (Pekerti &
Sendjaya, 2010) and cooperative conflict management
(Chan, Huang, & Ng, 2008).

The research presented here adds to the growing
empirical literature that examines factors that influence
trust in leadership in the fire service. Using character-
based and relationship-based theories, research
questions are tested that are logically associated
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with cognitive and affective dimensions of trust (Dirks
& Ferrin, 2002). Data were gathered using a survey
designed to measure organizational culture. Building
on existing theory, five factors (variables) that the litera-
ture suggests build trust in leaders (e.g., Lester, 2007;
Sweeney, 2010; Tremblay, 2010) are analyzed using
regression analysis. The five variables are: considerate
leadership behaviors, cooperative leadership behav-
iors, leadership competence, value congruence, and
perceived fairness.

The present study is organized into the following
four additional sections. The first section provides
an overview of the literature that focuses on trust
in leadership in high-risk organizations such as the
military; the theoretical framework used to study the
development of trust in fire service leadership; and the
literature that assesses trust in leadership by levels of
leadership — direct versus senior leaders. The second
section presents the data and methods used to empiri-
cally assess factors affecting trust in leadership in one
U.S. fire department. The third section outlines findings
emerging from the survey findings; offers a discus-
sion of these findings; and presents limitations of the
research effort. Section four provides a summary and
conclusion.

Trust in Leadership: A Review of the Literature

This section is divided into three subsections. First,
lessons learned from high-risk organizations, such

as the U.S. military, are reviewed as a foundation for
understanding factors that may help explain the devel-
opment of trust in fire service organizations. Second,
an integrated framework (based on previous research)
is offered for understanding trust in leadership in the
fire service. This framework includes a detailed review
of the cognitive/character-based theory of leader-

ship and the affective/relationship-based theory of
leadership. Third, the literature is reviewed in terms of
expected differences of the impact of leadership refer-
ents (direct versus senior leadership) on the develop-
ment of trust in leadership.

Building Trust in Leadership: Lessons Learned from High-
Risk Organizations

In studies of organizations outside of the fire service,
findings suggest that trust mediates the relation-

ship between leadership behaviors and a number of
important outcome variables relating to organizational
members’ attitudes and performance (Goodwin, Whit-
tington, Murray, & Nichols, 2011). For example, stud-
ies show that trust in leadership explains the impact
that transformational leaders have on organizational
members’ perceptions of job satisfaction, work stress,
stress symptoms (Liu, Siu, & Shi, 2010), psychologi-
cal well-being (Kelloway, Turner, Barling, & Loughlin,
2012), and increased performance (Schaubroeck, Lam,
& Peng, 2011).
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Research focusing on high-risk organizations also
provides insights about the determinants of trust in
leadership. As noted in the previous section of this
article, while empirical research is scant on the factors
explaining trust in fire service organizations, findings
emerging from studies of factors influencing trust in
leadership in other high-risk organizations is much
more abundant. Research on the military, for example,
has shown that both character-based (perceptions of
who the leader is) and relationship-based (how the
leader interacts with individuals) aspects of leadership
are important for the development of trust in military
leaders (Hyllengren et al., 2011).

When considering character-based aspects of lead-
ership, previous military-based studies have found that
the following factors influence trust development:

e Credibility (Sweeney, Thompson, & Blanton,
2009).

Confidence (Hyllengren et al., 2011).

Competence (Sweeney, 2010).

Emotional stability (Hyllengren et al., 2011).

Common interests (Sweeney et al., 2009).

Fairness (Tremblay, 2010) of military leaders.

In addition, relationship-based factors that influence
trust development include:

* How much leaders encourage involvement in
decision-making processes (Hyllengren et al.,
2011).

* The establishment of cooperative independence
(Sweeney et al., 2009).

e How much leaders foster creativity (Hyllengren et
al., 2011).

* Whether leaders emphasize individualized con-
sideration (Lester, 2007).

Sweeney et al. (2009) note that with higher levels
of trust in leadership, soldiers are more willing to risk
injury or death to contribute to organizational goals.
Firefighters often face similar vulnerabilities in their
work environment. Research emerging from studies
on building trust in military leaders is foundational to
the integrated framework for trust-building in the fire
service, which will be discussed next.

Building Trust in Leadership: Toward an Integrated
Framework for the Fire Service

According to Rousseau, Sitkin, Burt, and Camerer
(1998), “Trust is a psychological state comprising the
intention to accept vulnerability based on positive
expectations of the intentions or behavior of another”
(p. 395). Trust in leadership, then, is the willingness
of an organizational member to be vulnerable to the
actions and behaviors of his or her leader. These



actions and behaviors are beyond the subordinate’s
control (Mayer, Davis, & Schoorman, 1995).

Scholars, such as McAllister (1995), suggest that
interpersonal trust stems from two different dimen-
sions: cognitive and affective. The cognitive dimension,
often associated with character-based theories of trust
in leadership, emphasizes the vulnerability compo-
nent of the definition of trust provided by Rousseau
et al. (1998) and posits that individuals develop trust
by using a rational logic that assesses the degree to
which others may be relied and depended upon and
their ensuing willingness to accept vulnerability. The
model proposes that three broad factors, perceptions
of leader ability, integrity, and benevolence, account for
the majority of leader trustworthiness.

In comparison, the affective dimension, often
associated with relationship-based theories of trust in
leadership, suggests that individuals use an emotional
logic based on perceptions of care, concern, and good-
will to determine trustworthiness of leaders (McAllister,
1995; Colquitt et al., 2011). Focusing on just one of the
cognitive or affective perspectives or treating the two
perspectives as equivalents does little for the develop-
ment of theory (Dirks & Ferrin, 2002).

The next two subsections develop more fully the
theoretical foundations of first the cognitive/character-
based approach and the affective/relationship-based
approach to understanding trust in leadership.

Cognitive/Character-Based Approach to Under-
standing Trust in Leadership. Research argues that
how members appraise the ability of leaders influences
how much they trust leaders (Lapidot, Kark, & Shamir,
2007; Sweeney, 2010). Discussed in terms of its influ-
ence on organizational members’ willingness to accept
vulnerability, Mayer, Davis, and Schoorman (1995)
suggest that ability is the amount of influence a leader
has gained over some particular domain, specifically
certain skills and competencies.

Scholars, such as Schaubroeck et al. (2011), high-
light the importance of leadership ability in developing
trust among organizational members. In fact, these
scholars claim that leader competence (ability) is the
primary element of the cognitive approach to trust in
leadership. This perspective implies that members
rationally assess the competency of leadership based
on their previous behavior in order to create their per-
ception of leadership trustworthiness. If leaders lack
competency in some area, their inability to perform
related tasks may create concern among members and
may ultimately lead to the loss of trust in the leader.

Incompetent leaders may also be unable to ade-
quately allocate resources, provide work performance
expectations, or simply remain organized, which also
can lead to members seeing these leaders as ineffec-
tive and untrustworthy (Burke, Sims, Lazzara, & Salas,
2007). In either case, the lack of trust stems from
incompetent leaders making decisions that damage
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their reputation, which reduces the likelihood that indi-
viduals will be willing to accept risks in extreme con-
texts. Sweeney’s (2010) study on the U.S. Army found
that leader competence was the most important factor
in determining the trustworthiness of leaders.

In addition to ability/competency, previous studies
also suggest that perceptions of leader integrity have
an important influence on trust in leaders (Engelbrecht,
Mahembe, & Heine, 2015; Palanski & Yammarino,
2011). Integrity is defined, according to Mayer et al.
(1995), as “the trustor’s perception that the trustee
adheres to a set of principles that the trustor finds
acceptable” (p. 719). This definition suggests that the
extent to which members morally accept and follow a
leader’s set of principles are both important aspects
of integrity (Engelbrecht, Heine, & Mahembe, 2017).
Organizational members use their internal beliefs to
assess:

The behaviors of their leaders.

The consistency of their leaders’ words and
actions.

The leaders’ reputations to form a judgment
of integrity and corresponding trustworthiness
(Mayer et al., 1995).

In effect, members are less likely to trust leaders
who they believe lack integrity and are less willing to
put themselves in dangerous positions under their
command. The literature also suggests that value con-
gruence and perceptions of organizational fairness are
important concepts associated with leader integrity.

Value congruence is an important component of
integrity and, correspondingly, trust in leadership
(Moorman, Blakely, & Darnold, 2018; Mayer et al.,
1995). Value congruence is defined as the degree
to which there is commonality among organizational
members, particularly in terms of ethics, morals, and
how members view the relative importance of these
ideas (Lau, Liu, & Fu, 2007). Meglino, Ravlin, and
Adkins (1989) show that when personal values of
members are compatible with the values of leadership,
positive outcomes are seen via member satisfaction
and commitment. Thus, it is no surprise to see that the
extent of leader-member value congruence determines
the likelihood of leaders being seen as trustworthy
(Moorman et al., 2018; Gillespie & Mann, 2004; Jung &
Avolio, 2000), since such congruence results in fewer
concerns about the actions or decisions of leadership.

In addition to value congruence, researchers have
studied integrity by assessing perceptions of organiza-
tional fairness or justice, which has also been shown
to be important for the development of trust in leaders
(Dirks & Ferrin, 2002; Ambrose & Schminke, 2003).
Dirks and Ferrin (2002) note that perceived fairness
in the practices or decisions of an organization will
influence the level of trust in leadership since members
associate these practices with their leaders.
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Three components of organizational fairness or
justice — distributive, procedural, and interactional —
drive the perception of leader fairness among mem-
bers in slightly different ways.

» Distributive justice involves the fairness of out-
comes such as pay or promotion (Folger &
Konovsky, 1989).

Procedural justice refers to the consistent appli-
cation of policies and procedures (Konovsky &
Pugh, 1994).

Interactional justice captures how fairly mem-
bers are treated at an interpersonal level (Bies &
Moag, 1986).

Interactional and procedural justice, however, are
the dimensions most commonly associated with trust
in leaders (Dirks & Ferrin, 2002; DeConinck, 2010;
Stinglhamber, Cremer, & Mercken, 2006). On the one
hand, organizational justice may explain how fair a
leader is (character-based). On the other hand, it may
explain the degree to which leaders respect members
through an exchange (relationship-based). Following
DeConinck (2010), the expectation in this article is that
social exchange and the role of reciprocity best explain
the development of trust via fairness, especially due to
the emphasis on interactive relationships when consid-
ering interactional justice. This topic is developed more
fully in the relationship-based approach to under-
standing trust in leadership discussed in the following
subsection.

In summary, according to the cognitive/character-
based approach, trust operates through rational
concerns of vulnerability that are based on percep-
tions of a leaders’ ability and integrity. From the ability
perspective, the literature suggests that leader compe-
tence captures trust (Sweeney, 2010), while from the
integrity perspective, the same is true for value congru-
ence (Gillespie & Mann, 2004) and perceived fairness
(DeConinck, 2010). Therefore, the expectation is that
leaders who are perceived by survey respondents
to possess these characteristics and behaviors will
receive more trust. As such, three hypotheses of this
study associated with the cognitive/character-based
approach to understanding trust in leadership are:

Hypothesis 1: Leaders who are perceived
to be more competent will be
perceived as more trustworthy.

Hypothesis 2: The perception of higher
value congruence will result

in more trust in leadership.

Hypothesis 3: The perception of greater fairness

will result in more trust in leadership.

Affective/Relationship-based Approach to Under-
standing Trust in Leadership. The relationship-based
approach to understanding trust in leadership suggests
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that the development of trust operates through leaders
creating relationships with members that demonstrate
care and concern. First proposed by Blau (1964),
social exchange theory suggests that trust in leaders
develops through “the voluntary actions of individuals
that are motivated by the returns they are expected

to bring and typically do in fact bring from others” (p.
91). This theory is based on the norm of reciprocity, or
that an individual providing benefits to another trusts
the receiving party to reciprocate (DeConinck, 2010).
These reciprocal interactions build trust over time with
members developing positive future expectations,
which lead to more positive attitudes and behaviors
(Homans, 1958; DeConinck, 2010).

Social exchange theory details processes of benev-
olence — organizational members consider their rela-
tionships with leaders beyond the standard economic
contract and instead believe that both sides operate on
a basis of goodwill and the perception of mutual obliga-
tions (Blau, 1964). Dirks & Ferrin (2002) suggest this
benevolent treatment produces a high-quality relation-
ship where organizational members are more willing to
reciprocate considerate behavior.

Studies also show that leaders engaging in benevo-
lent behaviors influence the extent to which leaders
are trusted (Whitener, Brodt, Korsgaard, & Werner,
1998; Brower, Schoorman, & Tan, 2000). As defined by
Mayer et al. (1995), “benevolence is the extent to which
a trustee is believed to want to do good to the trustor”
(p. 718). Benevolence commonly refers to the degree
to which members consider a leader to demonstrate
genuine care and authentic concern (Burke et al.,
2007).

Benevolence consists of three general actions: (1)
displaying consideration and sensitivity for members’
needs and interests; (2) acting to protect members’
interests; and (3) refraining from exploiting members
for the benefit of personal interests (Mayer et al., 1995;
Whitener et al., 1998). Benevolent leaders benefit
individuals around them with these genuine actions,
which members reciprocate over time, resulting in an
exchange or relationship-based perspective that devel-
ops trust.

Benevolent leaders engage in numerous behaviors,
such as support, assistance, and role modeling, that
resemble other leadership styles, particularly those
which influence the emotions of members through
increased consideration. For example, benevolent
leaders often engage in transformational behaviors
(Burke et al., 2007), which are also thought to build
higher levels of trust by capturing the emotional
involvement of members and raising their responsive-
ness to higher ideals and values (Jung & Avolio, 2000).

Transformational behaviors involve the use of cha-
risma, inspirational motivation, individualized consid-
eration, and intellectual stimulation to aid in the forma-
tion of trust (Bass, 1985). Using these mechanisms,



leaders are able to establish exchange relationships
that demonstrate their care and concern for members
to the extent that members are motivated to perform
beyond initial expectations (Dirks & Ferrin, 2002; Jung
& Avolio, 2000; Gillepsie & Mann, 2004). Leaders also
build trust, respect, and admiration by encouraging and
empowering members and by serving as role models
for appropriate behavior (Podsakoff, Mackenzie, Moor-
man, & Fetter, 1990; Bass & Avolio, 1990).

A meta-analysis by Dirks and Ferrin (2002) shows
that among numerous other antecedents, transforma-
tional leadership has the strongest relationship with
perceptions of trust in leadership. Dirks and Ferrin
(2002) state, however, that the exact causal mecha-
nism for this result is unclear. Overall, transformational
leadership has substantial overlap with considerate
leadership behaviors (Rowold & Borgmann, 2014).

Benevolent leaders also engage in cooperative
behaviors to demonstrate their care and concern. Such
leaders, for example, often use actions resembling
those of cooperative conflict managers, which research
shows to have an influence on the development of
trust in leadership (Chan et al., 2008). The cooperative
conflict management style also emphasizes goodwill in
relationships, but in contrast to transformational styles,
it focuses on how leaders address needs and resolve
differences (Chan et al., 2008). More specifically,
rather than emphasizing strategies of encouragement
and motivation, the cooperative conflict management
style refers to the idea that when there are numerous
concerns to satisfy for organizational members, the
use of integrating, obliging, and compromising conflict
resolution tactics are thought to best achieve posi-
tive outcomes for members. The cooperative conflict
management style places an emphasis on finding the
best solution for both parties (Rahim & Magner, 1995).
Other leadership styles and behaviors, such as con-
sultative leadership and participative decision-making,
follow a similar logic of cooperation and the norm of
reciprocity. Department members respond to lead-
ers that provide these socioeconomic benefits with an
increase in open communication and trust.

Taken together, the affective/relationship-based
approach to understanding trust in leadership implies
that trust operates through the norm of reciprocity,
where perceptions of interpersonal trust are based on
the emotional impact of benevolent actions. The litera-
ture shows numerous leadership styles and behaviors
that are logically associated with benevolent actions,
which research suggests leads to trust in leadership. In
line with Mayer et al’s (1995) description of benevolent
actions, the expectation in this study is that leaders
demonstrating more consideration and cooperative-
ness will be perceived as more trustworthy by survey
participants. As such, this review of the affective/
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relationship-based approach to understanding trust in
leadership resulted in two additional hypotheses:

Hypothesis 4: Leaders who are perceived
to demonstrate increased
consideration will be perceived
as more trustworthy.

Hypothesis 5: Leaders who are perceived
to demonstrate increased
cooperativeness will be perceived

as more trustworthy.

Leadership Referents (Direct Versus Senior Leaders)

As Dirks and Ferrin (2002) note, it is important to

take different leadership referents, direct (also called
supervisory in this article) versus senior leaders, into
account when determining trust in leadership. While
the research in this area is sparse, limited studies

do suggest that trust in leadership may have distinct
drivers across different levels of leadership because
leaders at different hierarchical levels perform differ-
ent tasks (Bass & Stogdill, 1990; Kannan-Narasimhan
& Lawrence, 2012). Senior leaders, for example, are
often tasked with strategic decision-making, while
direct leaders perform supervisory roles. In effect,
senior leadership develops rules, regulations, standard
operating procedures, policies, procedures, etc., which
in turn reflect and define organizational values. Super-
visory leaders are the primary judge of departmental
members’ behavior, providing praise, punishment, and
rewards (Mayer, Kuenzi, Greenbaum, Bardes, & Salva-
dor, 2009).

Given that direct leaders are often considered more
effective at influencing the day-to-day behavior of
organizational members (Mayer et al., 2009; Meglino
et al., 1989), cooperative leadership is likely associ-
ated with trust in direct leaders rather than in senior
leaders. Additionally, Dirks and Ferrin (2002) argue
that members attribute interactional justice behaviors
to the referent in control of interpersonal treatment
and to the referent implementing organizational pro-
cedures, which in both cases are direct leaders. Dirks
and Ferrin’s argument is supported by the findings of
DeConinck (2010); his research shows that interac-
tional and procedural justice are more associated with
trust in direct supervisors. Based on the observations
of Dirks and Ferrin (2002), the anticipation in this study
is that direct leaders will be trusted more than senior
leaders. As such, hypotheses 6 and 7 are:

Hypothesis 6: Cooperative leadership will be a
predictor of trust in direct leaders,
rather than senior leaders.

Hypothesis 7: Perceived fairness will be a
predictor of trust in direct leaders,
rather than senior leaders.
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Data and Methods

This section presents the data and methods used to
empirically determine factors associated with trust in
leadership in one U.S. fire department. The section is
comprised of four subsections — participants, survey
instrument, variables, and analysis.

Participants

The sample was drawn from a single fire depart-

ment located on the west coast of the U.S. Of the 500
members in the department, 333 (67%) completed the
survey. Table 1 provides an overview of the character-
istics of the sample.

Table 1. Background Characteristics

n %

Rank

Probationary Firefighters/Recruits 6 2

Single Role Paramedics 15 4

Administrative Staff 62 19

Firefighters 83 25

Engineers/A0/DO’s 59 18

Captains 94 28

Battalion Chiefs 11 3

Deputy/Assistant Chiefs 4 1
Age

<=35 years 109 35

>= 36 years 204 65
Gender

Women 44 14

Men 267 86
Education

High school graduate only 4 1

Some college/vocational school 106 34

College graduate 191 61

Graduate school 14 4
Years in Service

<=10years 108 34

>=11 years 208 66
Yearly Salary

<=$79,999 65 22

>= $80,000 237 78

4

As Table 1 shows, 90% (298) of the respondents
identified with the ranks of captain, firefighter, admin-
istrative staff, or engineer. Eighty-six percent of the
sample participants were men. Sixty-one percent of
the survey respondents were college graduates, and
another 34% had some college or vocational training.
About two-thirds (65%) of the sample were 36 years
of age or older. Similarly, 66% of the participants had
been in his or her position for 11 years or longer, and
78% of the sample earned $80,000 or more a year.

Survey Instrument

The survey questionnaire was developed by the
authors and administered online in March 2018. The
survey instrument was first sent to the fire chief of the
department as a link. The authors subsequently sent
the link in an email three different times to all depart-
ment members. All participants were informed that
their responses would remain anonymous and that
their participation in the survey was voluntary.

The survey incorporated indices, which the authors
created, from the Fire Industry Organizational Culture
Survey (FIOCS) to measure a number of important
organizational culture dimensions specifically found in
the fire service. The FIOCS was constructed primarily
from reliable and valid indices used in previous orga-
nizational research. Based on feedback from an initial
round of pilot testing in a different fire department,
survey items were modified to fit the context of the fire
service. A few original survey items were also created
to measure concepts not captured in existing stud-
ies. The validity of the survey’s indices was confirmed
using Exploratory and Confirmatory Factor Analysis.
Reliability was assessed using Cronbach’s alpha reli-
ability test. Coefficients of reliability ranged from .74 to
.95, showing that the instrument was reliable (Santos,
1999; Croasmun & Ostrom, 2011).

Given that this survey instrument and many of the
measures employed had never been used in a fire
department setting, an effort was made to ensure that
questions included in the survey captured the meaning
of the concept organizational culture from the perspec-
tive of the firefighters included in the study. To gather
survey respondents’ perspectives on this concern,
four in-person focus groups were conducted with fire
personnel who were separated into groups based on
departmental rank. Focus group findings and resulting
modifications made to the survey instrument supported
the FIOCS’s reliability and validity.

Variables Used in the Study

Independent Variables. Each index was computed by
using a Cronbach alpha test that generates the sum-
mative score (mean) from all items in the index (Gliem
& Gliem, 2003). Because the independent variables
are measured on different scales, all predictor



variables were standardized prior to analysis. This
standardization process provided greater interpreta-
tive ability of the coefficients (Kim & Ferree, 1981). As
noted in the last subsection, Cronbach’s alpha coef-
ficients for each index fall between acceptable levels of
.78 and .94 (Santos, 1999).

With the exception of the study’s fairness index,
each index is measured on the same 7-point Likert
scale ranging from completely disagree (1) to com-
pletely agree (7). The fairness index uses a 5-point
scale that asks the extent to which the statements
represent their department, ranging from to a very
small extent (1) to a very large extent (5). There were
no open-ended questions on the survey instrument.

Considerate leadership behaviors were measured
using three items originally from van der Post, Con-
ing, and Smit’s (1997) Management Style Index and
two items from the FIOCS. Study procedures required
the design of mirrors for each of these questions to
capture both leadership referents of supervisory and
senior management. So, in total there are ten items
that constitute the two leadership referent indices. An
example item reads, “Senior leadership sets a good
example for others to follow.” The mirror of the question
for the direct leadership referent reads, “My immediate
supervisor sets a good example for others to follow.”
To measure if competent leaders are seen as more
trustworthy, two items from the FIOCS’ Leadership
Competency Index and mirrors were used to capture
each referent. An example item reads, “The senior
leaders are competent” and its mirror question for the
direct leadership referent is, “My immediate supervisor
is competent.”

Cooperative leadership was measured using five
items that were originally from van der Post et al.’s
(1997) Conflict Resolution Index. An example item
reads, “Differences of opinion are welcomed in this
department.” Value Congruence was measured using
five items that originated from Culture Management,
another index created by van der Post et al. (1997).
An example item reads, “This department has strong
values, which are widely shared by its employees.”
Finally, to measure if fairness serves as an indicator for
trust in leadership, four items that originated from the
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Copenhagen Psychological Questionnaire’s (COP-
S0Q) Justice and Recognition indices were combined
with another three items that the authors created.
Example survey questions read, “I am treated fairly

at my workplace,” and “Promotional opportunities are
provided fairly.”

Dependent Variables. A single item that originated
from van der Post et al.’s (1997) Management Style
Index was extracted and used to measure trust in
leadership, which was also mirrored to capture differ-
ent leadership position referents. The items read, I
have a low level of trust with senior leadership,” and “|
have a low level of trust with immediate supervisors.”
Responses to these items were measured on a 7-point
Likert scale, ranging from completely disagree (1) to
completely agree (7).

Analysis Method

The ordinal nature of the study’s outcome variable best
fits the assumptions of an ordered logistic regression
model (Long & Freese, 2014), which is conducted for
all hypotheses.2 Regression models are also performed
separately for each leadership referent (direct versus
senior leader). The standard p < .05 approach for the
significance cutoff is utilized. The primary emphasis in
this study will be the significance and direction of the
predictor with the dependent variables.

Findings, Discussion, and Limitations

This section is divided into three sections. First, the
findings emerging from the data analysis are sum-
marized. Next, findings are discussed in terms of their
statistical and theoretical significance. Finally, the
limitations associated with the study are outlined.

Findings

Tables 2 and 3 show the correlation matrices for
each leadership referent (Table 2 for senior leaders
and Table 3 for direct leaders). The data in the

tables include all survey participants. Data show

that considerate (r = .79), and competent (r = .68)
leadership are both positively and strongly correlated
with trust in senior leadership, while value congruence
(r = .58), and fairness (r = .50) follow at lower levels.

Table 2. Correlation Matrix: Trust in Senior Leadership Is Dependent Variable

Variable Trust (SR) Competence Considerate Cooperative Values Fairness
Trust (SR) 1
Competence 0.6771 1
Considerate 0.7903 0.7887 1
Cooperative 0.3702 0.3295 0.4391 1
Values 0.5833 0.5769 0.7012 0.4175 1
Fairness 0.5046 0.5023 0.6016 0.5757 0.5607 1

Note: Correlations are from averages of all ranks combined. All correlations are significant at the p<.01 level.
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Table 3. Correlation Matrix: Trust in Direct Leaders Is Dependent Variable

Variable Trust (DCT) Competence Considerate Cooperative Values Fairness
Trust (DCT) 1
Competence 0.6007 1
Considerate 0.6861 0.8412 1
Cooperative 0.4858 0.4198 0.5299 1
Values 0.2620 0.2185 0.3126 0.4175 1
Fairness 0.4216 0.4295 0.5322 0.5757 0.5607 1

Note: Correlations are from averages of all ranks combined. All correlations are significant at the p<.01 level.

Cooperative leadership does not correlate with senior
leadership trustworthiness to any meaningful extent.

Table 3 shows that considerate (r = .69) and com-
petent (r = .60) leadership are also correlated with trust
in direct leaders, but slightly less so than their correla-
tions with senior leadership. Similar for senior leaders,
cooperative leadership again lacks a strong correla-
tion (r = .49) with trust in direct leaders, while fairness
(r = .42) and value congruence (r = .26) have even
weaker coefficients than seen in the previous matrix
for senior leaders. These data lead to the expectation
that competent and considerate leadership, even when
controlling for all variables simultaneously, may be
strong predictors of trust in leadership in the regression
models that follow for both leadership referents.

Tables 2 and 3 also show that some of the predic-
tors were correlated with each other, which suggests
the possibility of multicollinearity issues. Multicollinear-
ity is the existence of such a high degree of correla-
tion between supposedly independent variables being
used to estimate a dependent variable that the contri-
bution of each independent variable to variation in the
dependent variable cannot be determined. To assess
the extent of this potential statistical problem, the data
were furthered analyzed using the Variation Inflation
Factor (VIF) test. The VIF score for both models was
lower than 5.0, which suggests multicollinearity is not
an issue in the data (Hair, Ringle, & Sarstedt, 2011).
Attention now turns to the regression analyses.

Table 4 shows the results from the ordered logis-
tic regression analyses for all survey respondents by
leadership referent (direct and senior leaders) (x3(5) =
355.55, p < .01). The data in the left-hand side of the
table for senior leaders (Model 1) show that Hypothe-
ses 1 and 4 are supported. Hypothesis 1 and 4 stated:

Hypothesis 1: Leaders who are perceived
to be more competent will be
perceived as more trustworthy.

Hypothesis 4: Leaders who are perceived
to demonstrate increased
consideration will be perceived

as more trustworthy.
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As hypothesized, both competent and considerate
leadership have positive and significant (p < .01) rela-
tionships with trust in senior leadership. No support is
found, however, that cooperative, value congruence, or
fairness are significantly associated with trust in senior
leaders.

Table 4. Ordered Logistic Regression: Results from All
Survey Respondents by Leadership Referent

Model 1 Model 2
Variable Senior Leaders Direct Leaders
Competence .580 (.182)** .245 (1.98)
Considerate 2.32(.260)** 1.79 (.253)**
Cooperative .215 (.176) .556 (192)**
Values 185 (191) .053 (161)
Fairness .032 (.204) 011 (.212)
Obs 328 333
LR chi2(5) 355.5"* 244.29**
log likelihood -444.44412 -410.43896

Note: Trust in leadership is DV. Includes all survey participants. Standardized
regression coefficients (B) are in bold and standard errors are in parentheses.
(p<.05* p<.01 ).

In comparison, data in the right-hand side of Table
4 (Model 2) show the results for trust in direct (super-
visory) leaders (x3(5) = 244.29, p < .01). In Model 2,
unlike for senior leaders, leadership competence lacks
statistical significance. However, similar to senior
leaders, considerate leadership is again positively and
significantly p < .01 associated with trust for direct
leaders.

Table 4 also reveals that Hypotheses 5 and 6 are
supported by the ordered logistic regression analysis
for direct leaders. Hypotheses 5 and 6 said:

Hypothesis 5: Leaders who are perceived
to demonstrate increased
cooperativeness will be perceived
as more trustworthy.



Hypothesis 6: Cooperative leadership will be a
predictor of trust in direct leaders,
rather than senior leaders.

The cooperative leadership variable is positive and
significant p < .01. As compared to the regression
coefficient for considerate leadership in Model 2 (B =
1.79), the regression coefficient for cooperative leader-
ship (B = .556) is much smaller. While Hypothesis 6 is
supported, this finding also suggests that considerate
leadership is a stronger predictor of trust in direct lead-
ers, specifically. The leadership variables value con-
gruence and fairness again lack statistical significance.

In Table 4, regression analyses show that Models 1
and Model 2 fail to reject the null Hypotheses 2, 3, 7.
These Hypothesis stated:

Hypothesis 2: The perception of higher
value congruence will result
in more trust in leadership.

Hypothesis 3: The perception of greater fairness
will result in more trust in leadership.

Hypothesis 7: Perceived fairness will be a
predictor of trust in direct leaders,
rather than senior leaders.

In other words, higher value congruence and
perceived greater fairness were NOT significantly
associated with all survey participants’ attitudes about
variables that enhance trust in leadership. Similarly,
greater perceived fairness among all survey respon-
dents was not a statistically significant predictor of trust
in direct/supervisory leaders.

In order to make the analysis more robust, additional
regressions were performed based on respondents’
rank in the department. The two regression models (1
and 2) tested in Table 4 included ALL survey partici-
pants. Perhaps respondent’s view the importance of
factors that affect trust in leadership differently based
on their rank or hierarchical level in the department. If
s0, perhaps the findings based on all survey partici-
pants shown in Table 4 were spurious. Senior leader-
ship, for example, might engage in more exchange
relationships with middle-level ranks since senior lead-
ers interact more often with middle-level officers than
they do with lower ranks.

To test the impact of departmental rank on respon-
dents’ attitudes toward what factors increase trust in
leadership in this fire department, the participants were
split into three hierarchical groups:

e “Support Staff (Group A)” (82 members), which
consisted of Administrative Staff, Single Role
Paramedics, Probationary Firefighters, and
Recruits.

» “Firefighters and Engineers (Group B)” (142 mem-
bers), which included Firefighters and Engineers/
AO/DO’s.
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* “Middle-to Upper-Leadership (Group C)” (104
members), comprised of Captains, Battalion
Chiefs, Assistant Chiefs, and Deputy Chiefs (AC/
DC’s).

Tables 5, 6, and 7 display the ordered logistic
regression results for the three levels in the depart-
ment’s rank hierarchy.®

Table 5, Model 3 (x3(5) = 121.88, p < .01) and Model
4 (x?(5) = 94.92, p < .01) show the results for Support
Staff (Group A). Considerate leadership is the only
significant (p < .01) predictor; support staff survey par-
ticipants perceive leaders who demonstrate increased
consideration as more trustworthy. This finding applies
to support staff attitudes toward BOTH direct and
senior leaders. Competence, cooperative leadership,
value congruence, and fairness are not significant pre-
dictors of trust in leadership.

Table 5. Ordered Logistic Regression: Results from Support
Staff Only (Group A) by Leadership Referent

Model 3 Model 4
Variable Senior Leaders Direct Leaders
Competence .285 (.410) .036 (.439)
Considerate 3.48 (.667)** 2.92(.639)*
Cooperative .239 (.374) .556 (.385)
Values 195 (467) .282 (.406)
Fairness .054 (.511) 031 (.546)
Obs 82 82
LR chi2(5) 121.88** 94.92**
log likelihood -90.803347 -82.220473

Note: Trust in leadership is DV. Support Staff (Group A) consists of Administrative
Staff, Single Role Paramedics, Probationary Firefighters, and Recruits. Standardized
regression coefficients (B) are in bold and standard errors are in parentheses.
(p<.05 % p<.01 ).

Table 6 displays results for only those survey
respondents that are Firefighters and Engineers
(Group B). Model 5 (x3(5) = 107.00, p < .01) shows that
for this group of departmental members, consider-
ate leadership (p < .01) produces a strong and posi-
tive relationship with trust in senior leadership. The
remaining four variables — competence, cooperative,
value congruence, and fairness — are not significantly
related to trust in leadership for senior leaders among
firefighters and engineers.

Model 6 (x3(5) = 61.62, p < .01) in Table 6, on the
other hand, shows that both considerate and coopera-
tive leadership are positive and significant predictors
of trust in direct leaders at the p < .01 level. Addition-
ally, fairness becomes significant at the p < .05 level,
although fairness is negatively associated with trust
in direct leaders. This finding runs counterintuitive to
Hypothesis 7 that held:
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Hypothesis 7: Perceived fairness will be a
predictor of trust in direct leaders,
rather than senior leaders.

This anomaly will be discussed more fully later in
this study.

Table 6. Ordered Logistic Regression: Results for Firefighters
and Engineers Only (Group B) by Leadership Referent

Model 5 Model 6
Variable Senior Leaders Direct Leaders
Competence 524 (.284) .049 (.253)
Considerate 1.39 (.366)** 1.18 (.325)*
Cooperative 077 (:274) 1.00 (.318)**
Values 446 (.293) 127 (.246)
Fairness 148 (.305) -.641 (211)
Obs 142 142
LR chi2(5) 107.00** 61.62**
log likelihood -196.4307 -175.08893

Note: Trust in leadership is DV. Firefighters and Engineers (Group B) consists only of
Firefighters and Engineers/A0/DQ’s. Standardized regression coefficients (B) are in
bold and standard errors are in parentheses. (p< .05 *, p< .01 **).

Table 7 displays the results for the perceptions on
leadership from Middle- to Upper-Leadership (Group
C) in the fire department. Model 7 (x?(5) = 120.62 p <
.01) shows that competent and considerate leadership
are positive and significant predictors of trust in senior
leaders at the p < .01 level. The remaining four vari-
ables in the model are not significant predictors of trust
in senior leadership among fire department members
who hold middle- to upper-ranks in the department.

Table 7. Ordered Logistic Regression: Results from Middle- to
Upper-Leadership (Group C) by Leadership Referent

Model 7 Model 8
Variable (7) Senior Leaders (8) Direct Leaders
Competence 822 (309)** 172 (372)
Considerate 2.66 (.463)** 2.25 (485)*
Cooperative 489 (.325) 160 (.339)
Values -.333 (.319) -.581 (.289)
Fairness 189 (.388) 1.15 (435)**
Obs 104 104
LR chi2(5) 120.62** 99.36**
log likelihood -133.23813 -133.47489

Note: Trust in leadership is DV. Middle—to Upper—Leadership (Group C) consists
of Captains, Battalion Chiefs, Assistant Chiefs, and Deputy Chiefs. Standardized
regression coefficients (B) are in bold and standard errors are in parentheses.
(p<.05* p<.01**).
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Model 8 (x3(5) = 99.36, p < .01) shows that while
competence lacks significance, considerate leadership,
similar to senior leaders in Model 7, also predicts trust
in direct leaders (p < .01) among those survey respon-
dents who hold middle- to upper-leadership positions
in the department. Perceived fairness also shows a
positive and significant relationship at the p < .01 level.
Finally, value congruence is significant at the p < .05
level. But, instead of positively related to increased
trust in direct leaders as posited in Hypothesis 6, value
congruence is inversely related to greater trust in direct
leaders among middle- to upper-leaders in the survey.
This is an unexpected finding; and it is discussed fur-
ther in the next subsection.

Discussion

Based on the existing literature, Figure 1 provides a
schematic representation of how trust in leadership
was conceptualized. Data findings presented in this
study support previous studies, with some notable
departures and some added nuance in regards to lead-
ership referents.

Based on the analysis of all survey respondents,
results suggest that fire department members, regard-
less of the rank they hold, primarily assess both senior
and direct leaders’ trustworthiness based on their
consideration for others. This finding reinforces simi-
lar results presented in the literature that come from
studies of other types of organizations (Dirks & Ferrin,
2002; Whitener et al., 1998; Brower et al., 2000). Addi-
tionally, more competent senior leaders also appear
to be trusted more, a finding similar to that found by
Sweeney (2010). Data analyses also show that direct
leaders are also judged by how cooperative their
behaviors are, which lends support to findings by Chan
et al. (2008). The relationship is likely seen with direct
leaders since they possess the most authority in han-
dling day-to-day conflicts and concerns (see Mayer et
al., 2009) and are thus seen as the leaders operating
in an exchange-based relationship where cooperative
styles are employed. Overall, findings posited in this
research find more support for the relationship-based
perspective for direct leaders, but members do seem
to assess leadership trustworthiness based on the
character of senior leaders as well.

The results from the ordered logistic regression for
Support Staff (Group A) were the only survey respon-
dents (see Table 5) who align with findings from the
similar analysis of all survey participants’ percep-
tions. Considerate leaders are perceived to be the
most trustworthy. Among support staff respondents,
value congruence and fairness were not found to be
significant predictors of trust in leadership. Perhaps
these predictors are not important since most of the
members in this rank (62 out of 75%) are administrative
staff and not firefighters per se. As such, they might not
share the same value system or adhere to the same
organizational culture as firefighters do. Similarly, 15 of
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the 82 members in this group are single-role paramed-
ics and not firefighters. Finally, the remaining six survey
respondents in this group are probationary firefighters/
recruits and are not fully acculturated into the norms
and values of the department.

Findings from Firefighters and Engineers (Group B)
reinforce the positive trend of considerate leadership
being strongly associated with trust for both direct and
senior leadership referents. That said, cooperative
leadership only positively and significantly influences
trust in direct leaders. Regression Model 6 shown in
Table 6 also shows that fairness as a leadership trait
was significant and negatively associated with trust in
direct leaders. This finding was unexpected and runs
counter to Hypothesis 7 that states:

Hypothesis 7: Perceived fairness will be a
predictor of trust in direct leaders,
rather than senior leaders.

Some research has shown that higher perceptions
of procedural fairness can result in negative outcomes,
but typically leaders are not poorly judged when pro-
cedures are fair. For example, those in inferior posi-
tions may envy the success of others, but if outcomes
were achieved via fair procedures, blame is likely to be
attributed internally instead of externally (Khan, Qura-
tulain, & Bell, 2013). It is possible that the unexpected
finding is a product of the organizational justice mea-
sure combining all aspects of distributive, procedural,
and interactional justice. For example, each justice
dimension has been found to produce different effects
on trust in leadership (DeConinck, 2010). In addition,
some research shows that members may not attribute
their perceptions of injustice to lower-power authorities
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such as direct leaders (Van Dijke, De Cremer, & Mayer,
2010). This would not apply to the Middle— to Upper-
Leadership (Group C), however, which is comprised of
high-authority ranks. This significant (p < .05) finding,
nonetheless, suggest further research is in order.

Models 7 and 8 in Table 7 illustrate that middle- to
upper-level departmental ranks, such as captains,
battalion chiefs, assistant chiefs, and deputy chiefs,
also follow the trend of assessing the trustworthi-
ness of both direct and senior leaders based on their
considerate behaviors. For senior leaders, trust in
leadership also increased positively and significantly
for those leaders who were judged as competent.
Additionally, Group C members look to perceptions of
fairness to determine how trustworthy direct leaders
are. DeConinck (2010) also finds that interactional and
procedural justice are associated with trust in direct
leaders.

Cooperative leadership fails to produce a signifi-
cant relationship with trust in either leader referent, an
unsurprising result considering that cooperative lead-
ership is likely not as relevant to Group C members.
Many individuals in these ranks are those who, in fact,
manage conflict.

Finally, Model 8 in Table 7 surprisingly shows a
negative and significant relationship between value
congruence and trust in direct leaders. This finding
contradicts previous findings in the literature (e.g., Gil-
lespie & Mann, 2004; Jung & Avolio, 2000). This anom-
aly may be explained by theories of social distance;
Group C members are closer in social distance to their
leaders in terms of status and authority. Decreased
social distance can actually diminish the influence
and respect of leaders, as the weaknesses of a leader
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become more visible to those who are socially similar
(Antonakis & Atwater, 2002). In other words, the per-
sonal and psychological familiarity among individuals
in the upper ranks in the fire department may actually
result in too much information about leaders and their
shortcomings. Clearly, once again, further research
about building trust in fire departments as organiza-
tions is needed.

Limitations

Research presented here is limited in several important
ways. First, the sample came from a single fire depart-
ment. In contrast, the U.S. fire service is huge, with
more than 30,000 fire departments and over 1 mil-

lion firefighters. Perceptions about trust in leadership
are likely to vary along several dimensions, including
the type (volunteer, career, or combination), size, and
region of a department. In short, this study is explor-
atory in nature. Findings cannot be generalized beyond
this single survey study.

Second, while great care was taken to establish the
validity and reliability of the survey instrument used in
the study, additional experience with the survey will
allow the authors to fine tune both the questionnaire
and construct measures.

Third, as compared to what is commonly seen in the
literature, this study took a slightly different approach
in how variables were measured. For example, ante-
cedents to trust in leadership are often discussed via
transformational leadership, transactional leadership,
and other leadership styles that are commonly mea-
sured with particular indices (e.g., Podsakoff et al.,
1990; Podsakoff, MacKenzie, & Bommer, 1996). Our
instrument was designed to capture more general fac-
ets of organizational culture in the fire service, which,
in turn, only allowed us to capture leadership concepts
that reside at the core of styles that are a product of
social exchange relationships. Similarly, fairness is
often explored through specific facets of procedural,
distributive, and interactional justice, which are often
studied as individual concepts that may vary in how
individuals predict trust in leadership (DeConinck,
2010). The fairness measure used in this study com-
bined aspects from all three components. Finally, this
study only explored some of the possible antecedents
to trust in leadership in the fire service.

Despite these limitations and the exploratory nature
of research presented here, the study contributes to
the trust literature by testing alternative measures and
mapping a path for future research on trust in leader-
ship in the fire service.

Conclusion

This study tested five leadership-related factors to
determine how members in one west coast fire depart-
ment perceived leadership trustworthiness at both

the direct (supervisory) and senior leader levels. The
research was grounded in two theoretical perspectives.
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The first theory suggests that trust develops as a prod-
uct of the willingness to accept risk under the character
of leaders and the decisions they make, which can
often put firefighters at risk. This theory is referred to
as the cognitive or character-based approach to lead-
ership. The second theory maintains that leadership
occurs at an emotional level as a product of quality
relationships. Under this theory, considerate leaders
see their goodwill reciprocated in the form of care and
support. This approach is often called the affective or
relationship-based approach to leadership.

Based on the cognitive/character-based approach to
leadership theory, three hypotheses were formulated
around the ability and integrity of leaders. The hypoth-
eses predicted that leaders who were perceived by
fire department personnel to possess certain qualities,
such as being competent, having principles, and being
fair-minded, would receive more trust.

Using the affective/relationship-based approach to
leadership theory, two hypotheses were formulated
around the benevolence of leaders. These hypotheses
predicted that more considerate and cooperative lead-
ers would be trusted more by fire department survey
respondents. Finally, two hypotheses were given to
explore trust in distinct leadership referents — direct
(supervisory) and senior leaders. Using new measures
from an original survey instrument designed to capture
organizational culture in the fire service, these seven
hypotheses were tested using ordered logistic regres-
sion with data garnered from a single west coast fire
department.

Taken together, findings presented here suggest
that leaders who engage in considerate behaviors,
executed by forming social exchange relationships with
members based on emotional support, assistance, role
modeling, and goodwill, produce the most trust among
both direct and senior leaders in the fire department.
Considerate leadership was the most significant pre-
dictor of trust in leadership, but findings also show that
senior leaders are trusted more when survey respon-
dents perceive them as competent decision-makers.

In contrast, direct leaders demonstrating cooperative
behaviors receive more trust.

These findings about the importance of consider-
ate and cooperative leadership factors as predictors
of trust in leadership persisted across nearly all model
specifications, regardless of whether the analysis was
for all survey participants or for perceptions emerging
for specific ranks — Support Staff (Group A), Firefight-
ers and Engineers (Group B), or Middle— and Upper—
Leaders (Group C). This finding runs contrary to exist-
ing research on leader distance. For example, Shamir
(1995) found that leaders who are close in proximity
with members are thought to provide more opportuni-
ties to show care, concern, and support for their mem-
bers. Physically close leaders are also more approach-
able to members and are more capable of engaging
in effective role model behaviors (Yagil, 1998). Thus,



leaders of closer proximity to members might be better
equipped to build quality social exchange relation-
ships, whereas senior leaders with less contact with
members would have more challenges building these
relationships.

Perhaps the nature of the rank hierarchy of fire
departments impacts the usefulness of the leader
distance theory offered in the general literature since
each fire service rank interacts both directly and fre-
quently with both supervisory and senior leadership.
For example, Battalion Chiefs are considered to be
senior leadership, and they are in close proximity to
captains, firefighters, and other lower ranks. Assistant/
deputy chiefs and the fire chief are in close proximity
to battalion chiefs. Each rank should be able to gather
enough information about the expertise of both leader-
ship referents and engage in exchange-based relation-
ships.

Value congruence as a leadership factor was sig-
nificantly related to trust in senior leadership among
middle-and upper-ranks, although the negative correla-
tion contradicted existing literature. This finding may be
attributed to decreased social distance among these
ranks, as weaknesses become more visible to those
of similar status and authority. Lastly, fairness was sig-
nificantly associated with trust in direct leaders in two
models. The relationship was positive, as predicted,
with middle-to upper-leadership ranks of captains, bat-
talion chiefs, and assistant and deputy chiefs. Fairness
was negative associated, however, with firefighters and
engineers. This significant relationship was not in the
hypothesized direction.

Future studies examining trust in leadership in the
fire service should further explore the causal logic of
considerate, competent, and cooperative leaders to
better understand how trust develops. This research
could include, for example, determining which aspects
of competence, such as technical and resourceful, are
most important to members. Future studies should also
distinguish among forms of fairness — distributive,
procedural, and interactional.

Research presented here shows that considerate,
competent, and cooperative leaders are trusted more
in the west coast fire department that served as the
sample of this exploratory study. While results are not
generalizable to all fire departments based on this
single survey study, evidence suggests, at least for the
fire department studied, that training leaders on the
importance of relationships based on goodwill, techni-
cal aspects of the job, and being receptive to members
(e.g., allowing input, satisfying all parties when possi-
ble) can build higher trust levels in leaders and conse-
quently more positive outcomes (performance, com-
mitment, satisfaction etc.). Because firefighters already
perform highly stressful jobs, it is important to avoid
leader-member disconnects that may easily exacer-
bate effects from stress-related issues in departments
(Reichel, 1996). While research here does not aim to
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generalize to all fire departments, the information may
serve as a useful starting point for departments seek-
ing to build trust in their leaders.
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Endnotes

"This is in comparison with other leadership styles,
such as transactional leadership, which is less asso-
ciated with trust in leadership (Dirks & Ferrin, 2002)
and focuses more on an economic exchange with
members based on rewards and punishments (Jung
& Avolio, 2000). Also, consultative leadership style is
another approach that is thought to develop trust in
leaders. Consultative leaders build trust by consider-
ing the input of members for important decisions and
by showing members that their opinions are used in
the organization and valued (Podsakoff et al., 1990).
Since members have more influence in organizations
led by consultative leaders, their perceptions of risk
and vulnerability decline — which leads to greater trust
in leadership (Gillespie & Mann, 2004). Consultative
leadership, however, is often combined with transfor-
mational leadership (Burke et. al, 2007).

Volume 13

2QOrdered logistic regression is a specified regression
model designed for ordinal dependent variables (DVs)
such as Likert scales. The model works similarly to
multiple regression, which is a statistical technique
used to analyze the impact that several independent
variables (IVs) have on the DV, or outcome variable.
Put differently, multiple regression predicts the value
of an outcome variable based on the values of the IVs.
With multiple regression, the independent impact of
each IV on the DV can be determined. Thus, multiple
regression tests the ability of the Vs to explain, or pre-
dict a change in the outcome variable.

SLike the analyses performed to test for multicollinerity
for the correlation matrices shown in Table 3 and Table
4 that included all survey respondents, correlation
matrices for survey respondents for each rank ((i.e.,
Support Staff (Group A); Firefighters and Engineers
(Group B); and Middle- to Upper-Leadership (Group
C)), were examined. Results suggested the possibil-
ity of multicollinearity. Matrices were then investigated
using the Variation Inflation Factor (VIF) test. VIFs
never exceeded the 5.0 threshold level. Thus, the
assumption was that multicollinearity was not affecting
data groupings (Hair et al., 2011).
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Fireground Cue Recognition: Effects on Firefighter Situational Awareness
When Facing High-Risk Situations in Virtual Reality

Abstract

While there is significant information linking cue recognition to enhanced situational awareness
on the fireground, most studies focusing on this topic are qualitative in nature. Few studies
have attempted quantitative research to determine how cue recognition impacts awareness of
fire behavior. In this study, 62 firefighters were immersed in a virtual reality environment that
simulated a high-risk fire fighting scenario. Logistic regression analysis results showed that cue
recognition is significantly related to firefighters’ ability to predict structure occupancy and that
previous exposure to similar fire conditions is significantly related to the inability of firefighters

to identify critical fire behavior scenarios. This enhanced situational awareness found in a virtual
reality environment has potential to reduce real risk for firefighters and victims on the fireground.

Keywords: fireground cue recognition, firefighter situational awareness, firefighter virtual reality train-

ing, high-risk decision-making

Introduction

Each year, the fire service in the United States typically
experiences between 80 to 100 fatalities and 55,000 to
85,000 injuries, proving that fire fighting is an inherently
dangerous occupation (NFPA, 2018). Poor decision-
making is frequently cited as a major contributing factor
to firefighter injuries and fatalities (NIST, 1998; NFFA,
2005; City of Charleston, 2008; NIOSH, 2009). Study-
ing emergency responders’ decision-making process is
challenging because firefighters are often engaged in
internal cognitive struggles that are highly complex and
difficult to measure and quantify.

Researchers from both the National Institute of Stan-
dards and Technology (NIST, 1998) and the National
Fallen Firefighters Foundation (NFFF, 2005) suggest
that firefighters can keep themselves out of harm’s way
by making good decisions. Moreover, research also sug-
gests that “suboptimal decisions by fire leaders” may be
contributing to negative outcomes for people (Useem,
Cook, & Sutton, 2005, p. 462).

While the circumstances surrounding firefighter inju-
ries are sometimes beyond human control, a study by
the Federal Emergency Management Agency (FEMA,
2002) found that many fatalities “are the result of a chain
of events, which, if detected early, has the potential to be
broken and prevent many, or even most, fatalities”

(p. 3). In short, given the life and death consequences
both for themselves and the citizens they serve, it is criti-
cal to understand how and why firefighters, specifically
Incident Commanders, make decisions.

This study, using quantitative methods (binary
logistic regression analysis), examines the experiences
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of 62 firefighters who were immersed in a virtual real-
ity environment that simulated a high-risk fire fighting
scenario. The purpose of this research is to determine if
situational awareness achieved via cue recognition and
prior exposure to similar fireground conditions reduce
the potential risk for firefighters and victims in high-risk
environments.

The study is organized into five additional sections.
The first section provides a review of the literature exam-
ining the key concepts underlying the study:

(1) high-risk decision making, (2) cue recognition, (3)
situational awareness, and (4) virtual reality training.
Section two outlines the research questions and hypoth-
eses. Section three reviews the study methodology.
Section four presents the results of the virtual reality
experiences of the 62 study participants. The conclud-
ing section presents a summary of key findings emerg-
ing from the research.

High-Risk Decision-Making, Cue Recognition,
Situational Awareness, and Virtual Reality
Training: A Review of the Literature

High-Risk Decision-Making

To make crucial decisions in high-risk environments,
Incident Commanders are expected to understand and
grasp the components of severe fire behavior, such as
when encountering pre-backdraft (prior to the occur-
rence of a backdraft) conditions. However, decision-
making research in real-time and unsafe environments
has been challenging, specifically in high-risk scenarios,
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such as fire fighting, where individuals enter a situation
and must cognitively process information quite quickly
(Okoli, Watt, & Weller, 2016).

Since the 1980s, when the Naturalistic Decision
Making (NDM) field of study emerged, the goal of deci-
sion study theorists has been to identify factors that
predict accurate outcomes in the most efficient man-
ner (Klein, 2008). Studies within the NDM framework
have typically examined how experts make complex
decisions in real (naturalistic) settings, rather than in
laboratory or controlled environments (Zsambok, 1997;
Wong, 2000). These studies are also more concerned
with how people make decisions using their experience
and domain knowledge, as opposed to how decisions
should be made. The NDM theory has now afforded
researchers the ability to better explain decision-mak-
ing in uncertain, dynamic, ill-structured, and time-
pressured environments (Orasanu & Connolly, 1993).

Early studies reported how decision-making might
occur under changing conditions in certain occupa-
tional fields (e.g., airline pilots, see Orasanu & Con-
nelly, 1993). Shortly thereafter, Klein (1993) conducted
research on fireground decision-making and used
verbal protocol to analyze and identify decision strat-
egy. In their qualitative study on firefighter decision-
making, Okoli et al. (2016) showed that the information
gathering process for Incident Commanders may occur
“sometimes amidst incomplete, confusing and conflict-
ing information, (e.g., a decision to employ offensive
or direct fire fighting in a workshop garage contain-
ing combustible acetylene cylinders, even when the
standard operational procedure required adopting a
more defensive strategy)” (p.98). While instructive, this
method of retroactive qualitative research was limited
in its application. Moreover, the models developed in
many of these studies did little to help explain how
decision makers could comprehend, integrate, and
implement the vast amounts of information with which
they were inundated.

Where there are multiple courses of action that
may help an individual with decision choice, humans
typically select strategies associated with the least
cognitive effort (Johnson & Payne, 1985; Kool, W.,
McGuire, J., Rosen, Z., & Botvinick, M., 2010). Shepard
(1964) suggested that when facing a decision task
where alternatives have both advantages and disad-
vantages, the immediate subgoal becomes reducing
the emotional discomfort associated with the state
of the conflict induced by the decision problem. Ari-
ely (2009) pointed out that when the decision task is
difficult, decision-makers may resort to default deci-
sions. Keeney & Raiffa (1993) described the concept of
tradeoffs in decision-making as “a problem of trading
off the achievement of one objective against another
objective” (p. 66). Hogarth (1987) proposed that
decision-makers tend to avoid strategies that explicitly
require difficult tradeoffs, yet firefighters may often find
themselves engaged in decision tasks with extremely
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difficult tradeoffs — decision dilemmas where there are
limited safe alternatives. There is still a great need to
provide useful information on how these cognitive strat-
egies could potentially assist firefighters who routinely
operate in high-risk environments.

Cue Recognition

Wong (2004) defines cue as any stimuli with impli-
cations for action. Okali et al. (2016) elaborate on

the concept and regard cues as features of the task
environment. Cues are a process by which knowl-
edge and experience enable an individual to recall
something back from memory. Even today, research

is divided over whether cues increase cognitive efforts
(Okoli et al., 2016) or reduce the demands on cogni-
tive resources (Brouwers, Wiggins, Helton, O’'Hare, &
Griffin, 2016). What is agreed upon is that cues play a
crucial role with decision-making by activating pattern
recognition processes. Research has also shown that
a greater level of cue utilization resulted in consistent
decision strategies. The primary goal of the Naturalistic
Decision Making field of study (Kahneman and Klein,
2009) is to maintain accuracy and identify the cues that
experts use to make their judgments.

Identifying relevant cues can lead to extremely
expedient decision-making (Warwick, Mcllwaine, Hut-
ton, & McDemott, 2001). In environments where it is
essential to rapidly and accurately extract meaning-
ful information, cue recognition has been found to be
essential for developing accurate mental models of
cognitively demanding tasks (Bellenkes, Wickens, &
Kramer, 1997). Likewise, research of sports with quick
ball movements, such as cricket and tennis (Mller et
al., 2006; Jackson and Mogan, 2007), has found that
the utilization of cues is fundamental to reactionary
responses. In these instances, individuals who have a
relatively higher capacity for cue utilization are able to
more quickly identify important features of task perfor-
mance, which, in turn, reduces cognitive load (Wiggins,
2015).

Firefighters are trained to be highly cognizant in
searching for external cues and are tasked with sourc-
ing through vast amounts of incoming information at
fire scenes (Okoli et al., 2016). In their research, Okoli
et al. (2016) attempted to create a model conceptualiz-
ing how experienced firefighters scan through multiple
information sources to select the most relevant cues.
Incident Commanders are required to identify vital
cues, either through information received or from fea-
tures of the environment, both of which can drastically
affect fireground performance. Even amidst rapidly
evolving conditions, cues are important precursors to
successful, accurate, and workable action plans (Mor-
rison et al., 2013; Okoli et al., 2016). These cues might
come in the form of information derived when observ-
ing the following:

Fireground environment relative to the color,
texture, and movement of smoke.



Existence or absence of flames.

Size or location of the fire.

Presence of items located around the fire struc-
ture.

The ability to read cues can be affected by situational
awareness; and thus, situational awareness plays a
key role in the decision-making process.

Situational Awareness

Endsley (1997) suggests that it is necessary to com-
prehend the construct of situational awareness to fully
understand its impact on decision-making. Situational
awareness is not a new concept for the fire service.
More than two decades ago it was determined that fire-
fighters relied on situational awareness to make their
decisions. In 1995, Endsley found that higher levels of
situational awareness enable decision makers to func-
tion in a timely and efficient manner. She concluded
that firefighters “must ascertain the critical features in
widely varying situations to determine the best course
of action” (p. 32).

In the last 25 years, interest in modeling situational
awareness as a critical component of complex, dynamic
decision-making has dramatically increased (e.g.,
Fracker, 1991; Artman, 1999; Durso & Sethumadhavan,
2008). Bomhof (2017) suggests that situational aware-
ness involves a gathering of information to build a good
understanding of the situation. Applying this definition
directly to fireground commanders, Okali et al. (2016)
proposes that situational awareness is “information
obtained through observation and size-up” (p.100). As
an example, firefighters scan the environment to help
them ascertain distinguishing environmental character-
istics such as “smoke escaping from under the eaves,
melting rubber between clip-lock walls, cracks on the
walls, the colour, texture and density of smoke, victims’
physical and psychological state” (Okali et al., 2016,
p.100).

Studies have shown that firefighters are often faced
with the challenge of “making sense of the unfolding
events [upon] immediately arriving at the scene of an
incident” (Okoli et al., 2016, p. 98). Making optimal
fireground decisions can be a “decision-making burden
on fire leaders,” but is nonetheless vital for successful
front-line fire suppression (Useem, et al, 2005, p. 467).
Failure to maintain an appropriate level of situational
awareness can have devastating results. Previous
research suggests that inaccurate or incomplete situ-
ational awareness on the fireground can lead to the
disorientation of firefighters, potentially resulting in
injuries or even death (Endsley, 1995; Brennan, n.d.).
To avoid such a horrific event, firefighters must main-
tain situational awareness on the fireground (Brennan,
n.d.).
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Virtual Reality Training

Virtual reality “is an advanced form of human-computer
interface that allows the user to interact with and
become immersed in a computer-generated environ-
ment in a naturalistic fashion” (Eichenberg, 2012, p. 3).
Over the last decade, virtual reality has been repeat-
edly shown to be an effective training tool in diverse
fields such as surgery, combat, and the treatment of
various psychological conditions (Shin & Kim, 2015;
Gallagher, et al, 2013). Recent technological develop-
ments have allowed the utilization of human-computer
interactions through virtual reality technology in
conjunction with decision-tracing technology to exam-
ine firefighters’ decision-making through simulations
(e.g., Bayouth, 2011; Bayouth, Keren, Franke, & Godby,
2013; Keren, Bayouth, Godby, & Franke, 2013; Keren,
Franke, Bayouth, Godby, & Harvey, 2013).

Virtual reality has the capability to bring dangerous
situations to life for firefighters without putting them
at any physical risk. As such, virtual reality expands
opportunities for fire departments to access cost-effec-
tive and safe ways to evaluate the decision-making
and psychological readiness of firefighters. Virtual
reality safely and relatively inexpensively immerses
firefighters in real-world experiences, thus expand-
ing the breadth and depth of scenarios to which they
are exposed. The use of virtual reality training allows
for realistic and reproducible environments that can
be manipulated to meet the needs of the experiment.
Virtual reality also has the distinct advantage over
retroactive interviews by isolating and enabling a focus
on firefighter judgment, decision-making, and other
responses in real time.

Virtual reality technology in the present study was
utilized to assess decision-making and evaluate fire-
fighters’ ability to identify cue recognition and acquire
the appropriate level of situational awareness and
cognitive readiness in high-risk fire situations.

Research Question and Hypotheses

As noted previously, typically scholars have used quali-
tative research to describe how firefighters are able to
obtain enhanced situational awareness — to process a
wide range of informational cues on the fireground and
make optimal decisions (Okoli et al., 2016). In contrast,
this study seeks to quantitatively answer the question:
Can aspects of cue recognition and prior risk exposure
lead to enhanced situational awareness within a virtual
reality environment? To answer that question, the fol-
lowing two hypotheses have been tested in two virtual
reality exercises.

H1: Within a virtual reality environment,
firefighter cue recognition is related
to situational awareness.

H2: Within a virtual reality environment,

firefighters’ previous risk exposure to backdraft
is related to situational awareness.
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Methodology

This section is divided into three subsections. First, the
study participants are identified. Second, the virtual
reality training environment is discussed. Third, the
testing procedure is outlined.

Participants

A convenience sample of 62 full-time career firefight-
ers (61 males, 1 female) ranging in age between 21-60
years old (Mean = 39.3, SD = 10.0) were recruited
from fire departments throughout central lowa. While
instructive, this study is limited in terms of the quantita-
tive generalizability of findings. The research is based
on the experiences of only 62 firefighters from a limited
number of fire departments. The small sample size
was due in part to the multistep, complex, and time-
consuming process.

No participants were excluded from the study, nor
did any receive compensation in return for their partici-
pation. Participants’ years of experience ranged from
less than a year (n = 2) to 35 years (n = 1), with the
mode being five years and a mean of 13.8 years (SD =
8.4). Participants’ rank included 16 chief officers (i.e.,
fire chief, deputy chief, battalion chief, assistant chief,
and captain), eight company officers (i.e., lieutenants),
and 38 firefighters.

Virtual Reality Training Environment

The research study was conducted in a full-scale
virtual reality environment providing a naturalistic-like
setting, while at the same time preserving the quality
of a controlled laboratory setting and a safe environ-
ment. Located on the campus of lowa State University,
the virtual reality simulations utilized the C6, which
consists of a 10- by 10- by 10-foot virtual reality room
where all four walls, the ceiling, and the floor are pro-
jection screens (Figure 1). The screens respond in real
time to the movements of the user, thereby providing a
real-world experience.

The authors developed a simulation engine, titled
VirtuTrace, which was used to render the stereoscopic,

Figure 1: The C6 Uses Six Banks of Four Projectors: One
Bank for Each Wall, Ceiling, and Floor.

3-D fire scene scenario projected onto the screens.
This scene generated a visually immersive environ-
ment with resolution at the limit of human eyes. A 3-D
eight-channel surround sound system reinforced the
immersive experience. A position-to-velocity system
was programmed for the C6 where subject movement
in a certain direction would result in the virtual reality
environment moving toward the subject. Thus, partici-
pants could explore the entire virtual reality environ-
ment in much the same way as they would in real life.

Testing Procedure

Following approval by the lowa State University Insti-
tutional Review Board, participants were recruited and
tested individually in approximately 60- to 90-minute
sessions. Prior to moving onto the actual experimental
protocol, participants acknowledged they understood
how to move through the virtual reality environment
and how to interact with the decision matrices. For the
purposes of this research, each participant started in
a blank-walled C6 virtual reality environment. Partici-
pants were subsequently informed, via the C6 speaker
system, that they should assume the role of an Incident
Commander after the scenario begins. This protocol
parallels dispatcher radio traffic commonly received en
route to an incident scene.

Participants then progressed to the fire fighting
pre-backdraft scenario. Backdraft has been defined
as an explosion of greater or lesser degree in which
inflowing air into a burning structure may ignite a mix of
unburned combustible gases, which result in a fireball
and explosion with extreme hazardous potential (see
Gorbett & Hopkins, 2007; Quintere & Karlsson, 1999).
For example, backdraft catches or traps as many as
45% of the firefighters killed by smoke inhalation or
secondary burns received from structure fires (Foley,
2003).

Participants began their scenario in the front yard
of a single-family residential house with cues, such as
an airtight structure, smoke-stained windows, smoke
escaping from gaps around windows or doors, and the
absence of flame, which are indicative of pre-backdraft
conditions (Figure 2).

Figure 2: Puffing Smoke and Smoke-Stained Windows.




After arriving on scene for the typical fireground inci-
dent, firefighters are taught to do a 360-degree walk-
around the house, commonly referred to as a 360°.
The firefighter performs a 360° to obtain knowledge
that facilitates understanding and comprehension of
the situation; s/he acquires cues that suggest the type
and progression of fire and the potential for rescuable
victims (Figure 3). This process helps to ensure opti-
mal situational awareness of the overall incident.

Figure 3: Cues Regarding Occupancy and Potential
Victim(s) Included an Empty Driveway, Overflowing Mail-
box, Garbage in Yard, and Newspapers Piled by the Front
Door.

In the simulation, participants could move through
the scene as if they were actually on the fireground
to assess the situation both visually and audibly.
In lieu of interacting with other firefighters to obtain
more information relevant to the situation, participants
could acquire desired data through interaction with a
decision matrix of information bins (Figure 4). The bins
in the matrix provided information audibly, mimicking
radio communication with the participant’s dispatcher,
the fire chief, or the engine operator. Participants could
review as much, or as little, of the information in the
information bins as they desired. After reviewing this
data, each participant (i.e., firefighter) made a decision
as to how he/she would respond to the situation.

Figure 4: Participant Interacting with the Decision Matrix in
the Virtual Reality Environment.
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Firefighters in the virtual reality environment made
decision choices that were later analyzed using binary
logistic regression analysis.’

Upon completion, participants were provided with
a short paper questionnaire regarding the experiment
and their ability to analyze the situation (i.e., scenario,
risk, and cue identification). Participants were then
given a 26-question online survey consisting of several
demographic questions. This survey also included
scenario-specific questions, evaluated on a five-point
Likert scale, with respect to their experiences in the
virtual reality simulations. The participant’s virtual real-
ity scenario measured his/her response to that specific
scenario only. This virtual reality scenario cannot be
generalized to other situations and circumstances
encountered in the fire service.

Results

This section shows the results of the firefighters’ deci-
sions in the virtual reality environment for the research
question underlying this study.

Scenario 1 — Cue Recognition

To answer the research question involving assessment
of situational awareness in virtual reality environments,
the first hypothesis regarding cue recognition was eval-
uated. In this scenario, situational awareness is defined
as correctly predicting the occupancy of the structure.
To help evaluate the concept of situational awareness,
visual cues, such as toys in the yard, a vehicle in the
driveway, and an empty mailbox, were presented in the
virtual reality environment prognosticating the likeli-
hood that individuals (potential victims) were inside

a burning building. Correctly perceiving this scenario
required the need for firefighters to enter the structure
to perform search and rescue. Conversely, cues, such
as an overflowing mailbox, a pile of newspapers on

the front porch, lack of vehicles in the driveway, and an
empty pool in the backyard, suggested that no occu-
pants were inside the residence on fire; thus, eliminat-
ing the need for firefighters to enter a vacant residence
fire. Participants identifying relevant cues as to the
occupancy of the structure should be able to develop
the best workable action plans (Okoli et al., 2016), lead-
ing to the correct identification of structure occupancy
and potential victim risk.

The independent variable for this study is whether
a participant identified one or more of the cues associ-
ated with the actual occupancy outcome. To offer a
quantitative-based test of the hypothesis associated
with the research question, cue recognition was coded
1 (one) if the firefighter participant was successfully
able to identify one or more of the provided cues, such
as newspapers, vehicles, mail in mailbox, etc., relat-
ing to occupancy. Cue recognition was coded 0 (zero)
if the participant was unable to identify any of the
provided cues, such as newspapers, mail in mailbox,
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etc., relating to occupancy. Structure occupancy was
given the code 1 when a participant in the virtual reality
environment correctly assessed the corresponding
cues associated with the likelihood or unlikelihood that
victims in need of rescue were inside the residence on
fire. Structure Occupancy was given the code 0 when
a participant incorrectly assessed the likelihood/unlike-
lihood that victims in need of rescue were inside the
residence on fire.

A Chi-square Test of Independence was conducted
to examine whether cue recognition and structure
occupancy were independent of each other. The
results of the Chi-square test were significant, x3(1) =
12.08, p < .001, meaning that we are able to reject the
null hypothesis that the two variables are unrelated.
Instead, we find support for the alternative hypoth-
esis that cue recognition and structure occupancy
are related. However, the chi-square test results may
be unreliable due to cell counts less than 5, so a
Fisher exact test was also performed (Table 1). The
results of the Fisher exact test were also significantly
different, p = .001, reinforcing that cue recognition
and structure occupancy are related to one another.
Because the Fisher’s exact test was conducted for a 2
by 2 contingency table, the odds ratio was calculated,
OR = 8.18. This statistic indicates that the odds of
observing the 0-0 and 1-1 categories is 8.18 times as
likely as observing the 0-1 and 1-0 categories.

Further, a binary logistic regression (Table 2) was
conducted to examine whether cue recognition had a
significant effect on accurately identifying the likelihood
of structure occupancy. The regression coefficient for
cue recognition (1) was significant, B = 2.15,
p=.001, suggesting that cue recognition had a sig-
nificant effect on the likelihood of correctly observing
structure occupancy. The associated odds ratio (OR)
was 8.57. For respondents able to recognize at least
one cue, the odds of accurately observing structure
occupancy would increase by approximately 757%.
The overall model was significant, x3(1) = 11.06, p <
.001. McFadden’s R-squared was calculated to exam-
ine the model fit, where values greater than 0.20 are
indicative of models with excellent fit (Louviere, Hen-
sher, & Swait, 2000). The McFadden R-squared value

Table 1: Cross Tabulation of Cue Recognition and Occupancy

calculated for this model was 0.16, showing measures
of robustness.

The research results presented here show that cue
recognition within the virtual reality environment can
lead to situational awareness. When faced with a high-
risk pre-backdraft virtual reality environment, Incident
Commanders in this study were able to successfully
extrapolate enough relevant cues to accurately identify
potential victim(s) at risk. The outcomes of this study
may have some similarities with findings reported by
Weiss and Shanteau (2003). They found that Incident
Commanders are able to successfully discriminate
relevant from less relevant cues.

Scenario 2 — Previous Risk Exposure

To further evaluate the research question about cre-
ation of situational awareness within a virtual reality
environment, we tested the second hypothesis regard-
ing backdraft events. In this test, situational aware-
ness is defined as correctly identifying the scenario
presented as pre-backdraft or backdraft conditions.
The independent variable for this test is whether a
participant had previous experience with pre-backdraft
or backdraft conditions.

To test the hypothesis associated with the research
question, a participant was coded as a 1 (one) when
indicating she or he had Previous Exposure to Back-
draft conditions. Conversely, a participant was coded
as a 0 (zero) when indicating she or he had no Previ-
ous Exposure to Backdraft conditions. Scenario was
coded as a 1 when a participant correctly identified
the scenario presented as pre-backdraft or backdraft
conditions. Scenario was coded as a 0 when a par-
ticipant incorrectly identified the scenario presented
as any conditions, such as incipient fire, pre-flashover,
flashover, and post-flashover, other than pre-backdraft
or backdraft.

A Chi-square Test of Independence (Table 3) was
conducted to examine whether Previous Exposure to
Backdraft and Scenario recognition were independent.
The results of the Chi-square test were significant, x3(1)
= 3.85, p = .05, suggesting that Previous Exposure to
Backdraft and Scenario were related to one another at
the 95% confidence interval.

Occupancy
Cue Incorrect Occupancy Correct Occupancy OR p
No Cue 9 7 8.18 .001
At Least One 6 40
Table 2: Logistic Regression of the Likelihood of Predicting Occupancy

Variable B SE 95% CI X2 p OR

(Intercept) -0.25 0.50 [-1.24,0.74] 0.25 62
Cue (1) 215 0.67 [0.84, 3.46] 10.36 .001 8.57

Note. x(1) = 11.06, p < .001, McFadden R? = 0.16.
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Table 3: Cross Tabulation of Previous Exposure to Backdraft and Scenario Identification

Scenario
PI’EViOBUaSC%E;C?UFE 1 Incorrect Scenario Correct Scenario X? af p
No 24 28 3.85 1 .05
Yes 8 2
Table 4: Logistic Regression of the Likelihood of Predicting Backdraft
Variable B SE 95% Cl X2 p OR
(Intercept) 0.47 0.29 [-0.09, 1.03] 2.2 10
Previous Exposure } aEn L
to Backdraft (1 1.86 0.84 [-3.50,-0.21] 4.88 .03 0.16

Note. x2(1) = 6.07, p = .014, McFadden R* = 0.07.

Further, a binary logistic regression (Table 4) was
conducted to examine whether Previous Exposure
to Backdraft had a significant effect on the likelihood
of identifying the backdraft situation (i.e., Scenario
= 1). The regression coefficient was significant, B =
-1.86, p = 0.03, indicating that participants with previ-
ous exposure to backdrafts were significantly less
likely to identify the potential threat in the virtual reality
environment. The odds ratio (OR) of 0.16 suggests
that the odds of observing the correct Scenario would
decrease by approximately 84% with past exposure
to one of these events. The overall model was signifi-
cant, (1) = 6.07, p = .014. McFadden’s R-squared
was calculated to examine the model fit, where values
greater than 0.2 are indicative of models with excellent
fit (Louviere et al., 2000). The McFadden R-squared
value calculated for this model was 0.07.

This finding carries significant implications for the
health and safety of firefighters. Previous research by
Wickens and Hollands (2000) found that cue selection
involves the activation of some association from past
memories, found both in the cue of some environ-
mental feature, and some concept stored in memory.
Similarly, Wiggins (2015) found that the develop-
ment of cue-based associations in memory is largely
dependent on the accumulation of experience in an
environment, while Warwick et al. (2001) proposed that
situation recognition can come from either prior knowl-
edge or expertise. However, the results herein are
inconsistent with the past research, in that participants
with previous experience in similar fire conditions did
not necessarily translate to a better ability to identify
high-risk environments. Participants were unable to
translate their cue-based associations in memory into
correct scenario identification.

The inability to accurately predict backdraft sce-
narios could be critical given that some in the fire
fighting occupation may believe that experience is
the best teacher. Likewise, the severe consequences
associated with the potentially catastrophic event of a
backdraft make it imperative that firefighters cognitively

recognize and correctly interpret the indicative cues
implying a pre-backdraft condition (Gorbett & Hopkins,
2007; Norman, 1991). Cues, such as the presence (or
absence) of smoke-stained windows, puffing smoke
through small openings in the house, and the non-
presence of flames, can inform the firefighter as to
whether the fire scene is consistent with pre-backdraft.
When encountering pre-backdraft conditions such as
these, choosing the wrong line of action has the poten-
tial to kill firefighters.

Conclusion

The goal of this study was to answer the question: Can
aspects of cue recognition and prior risk exposure lead
to situational awareness within a virtual reality environ-
ment? To answer that question, experiments were con-
ducted in a fully immersive virtual reality environment
with 62 firefighters. Based on the statistical analyses
reported in Tables 1 and 2, the null hypothesis for Sce-
nario 1 is rejected: Cue recognition gained in a virtual
reality simulation is related to the enhanced situational
awareness of firefighters by significantly predicting

(p < .001) the likelihood that study participants could
tell a potential victim was inside a burning house.
Because results confirmed that cue recognition does
lead to enhanced fireground situational awareness,
the ability for firefighters to ascertain the potential for
victim rescue was increased.

Based on the statistical analyses reported in Tables
3 and 4, the null hypothesis for Scenario 2 is rejected:
Previous Exposure to a Backdraft experience is signifi-
cantly related to situational awareness, though it did
not improve firefighters’ ability to predict the correct
Scenario in virtual reality as a pre-backdraft situation.
Participants that had previously been exposed to back-
drafts were more likely to incorrectly identify that fire
scenario in the virtual reality environment.

Research shows that prior knowledge of an event
or situation enhances situational awareness (Warwick,
et al, 2001). As such, prior experience with backdraft
situations could significantly affect how firefighters
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process information at a fire scene (or in a virtual real-
ity environment) (see Alba & Hutchinson, 1987; Shan-
teau, 1988). As Payne, Bettman, and Johnson (1993)
remind us, prior knowledge “obtained either through
experience or training [emphasis added] will determine
which strategies are available to a decision maker in
his or her memory” (p. 4). Regardless of the scenario,
the results potentially suggest that cues play a crucial
role in decision-making by activating pattern recogni-
tion processes, which can result in more consistent
decision strategies (Okoli et al., 2016; Brouwers et al.,
2016).

This study suggests that virtual reality environments,
such as that used in this study, can be a highly
effective tool to assess high-risk scenarios. Post-study
debriefings of the firefighter participants indicated
that they were all suitably immersed in the fire fighting
scenario. Training in virtual environments is safer
than live fire environments; they also allow for the
assessment of subtle differences in decision-making
processes.

Future research should explore further the utility of
virtual reality simulations in the training of firefighters,
as well as those in occupations who are exposed to
high-risk, potentially dangerous situations. For exam-
ple, volunteer firefighters are more likely to be injured
on the fireground than are career firefighters despite
having typically fewer callouts (Karter, 2012). Hav-
ing less fireground experience may be the underlying
cause for these injuries. As such, virtual reality training
holds the promise of increasing cue recognition that,
in turn, leads to greater situational awareness for ALL
firefighters. Enhanced decision-making gained through
greater situational awareness, in turn, can lead to fewer
firefighter injuries and help ensure that everyone goes
home.
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Endnote

To test both research questions, a binary logistic
regression was conducted. The binary logistic regres-
sion is an appropriate statistical analysis when the
purpose of research is to assess if a set of nominal,
ordinal, or interval/ratio predictor variables predict a
dichotomous dependent variable (Stevens, 2009). This
analysis permits the evaluation of the odds of member-
ship in one of the two outcome groups based on the
combination of predictor variable values.

Binary logistic regression analysis, by design, over-
comes many of the restrictive assumptions of linear
regression. For example, normality and homoscedas-
ticity of the residuals are not assumed. The overall
model significance for the binary logistic regression
was examined using the x2omnibus test of model coef-
ficients. McFadden’s R? was examined to estimate the
percent of variance accounted for by the independent
variables. Predicted probabilities of an event occurring
were determined by Exp(B), also known as the odds
ratio.
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