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Abstract

During emergency responses, public health leaders frequently serve in incident management
roles that differ from their routine job functions. Leaders’ familiarity with incident management
principles and functions can influence response outcomes. Therefore, training and exercises in
incident management are often required for public health leaders. To describe existing methods
of incident management training and exercises in the literature, we queried 6 English language
databases and found 786 relevant articles. Five themes emerged: (1) experiential learning as an
established approach to foster engaging and interactive learning environments and optimize
training design; (2) technology-aided decision support tools are increasingly common for crisis
decision-making; (3) integration of leadership training in the education continuum is needed
for developing public health response leaders; (4) equal emphasis on competency and character
is needed for developing capable and adaptable leaders; and (5) consistent evaluation method-
ologies and metrics are needed to assess the effectiveness of educational interventions.

These findings offer important strategic and practical considerations for improving the
design and delivery of educational interventions to develop public health emergency response
leaders. This review and ongoing real-world events could facilitate further exploration of cur-
rent practices, emerging trends, and challenges for continuous improvements in developing
public health emergency response leaders.

Introduction

Background and Rationale

Real-world public health emergencies and exercises have shown that public health leaders fre-
quently fulfill critical incident management roles that differ from their routine job functions, a
departure from what they know and do routinely. Coupled with limited time and resources,
variable experience managing emergencies and inconsistent fluencies with incident manage-
ment and coordination roles among leaders may adversely impact the overall effectiveness
of public health emergency responses.

While training and exercise programs as educational interventions are commonly used
methods for fostering and transmitting the appropriate emergency management knowledge,
skills, abilities, and attitudes (KSAA) to the public health responder workforce, best practices
in these areas remain undetermined. To address this challenge, we conducted a scoping review
of existing literature to describe prevalent methods and opportunities to improve educational
interventions applicable to developing public health emergency response leaders.

This scoping review’s objectives aimed to (1) identify and summarize relevant peer-reviewed
and gray literature that describes existing approaches, systems, methods, techniques, and/or
modalities directly related to developing public health emergency response leaders; (2) identify
and summarize key themes in existing literature of non-public health disciplines (ie, education/
adult learning, military science, leadership studies, and crisis leadership/management) that can
be applied to inform the development of public health emergency response leaders; and
(3) describe emerging priorities and opportunities to improve the effectiveness of educational
interventions for developing public health emergency response leaders. Specific assumptions
regarding the focus and target audience of this review, as well as clarification of distinctions
among commonly used terms, are included in the Methods section.
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Methods

Assumptions and Definitions

Public health emergency response leaders, rather than personnel
engaged in emergency response activities (eg, emergency medical
technicians, first responders, health care professionals), are the
intended focus and target audience of this review. This review is
not intended to create, develop, or define leadership competencies
or the content that comprise leadership competencies. In addition,
we made the following distinctions in commonly used terms to
clarify the parameters of this review.

1. Leader vs Leadership
- Leader: individual(s) responsible for directing others and/or
making decisions.

- Leadership: specific competencies, skills, attributes, qualities,
and actions pertaining to making decisions or directing,
managing, or influencing others in the interest of achieving
tactical or strategic goals.

2. Training vs Exercises
- Training: imparting knowledge and skills to a target audience
using 1 or more modalities (eg, didactic, online, just-in-time)
for grasping and retaining imparted knowledge and skills.

- Exercises: 1 or more modalities (eg, tabletop, functional, full-
scale exercises) that provide participants with the opportunity
to translate into practice the knowledge, skills, and abilities
imparted/received during training.

3. Attitude: the acceptance and perception of effectiveness of
training and exercise modalities. Attitude is also reflected by
demonstrated receptiveness to participate in training and
exercise activities andmay be assessed (in part) by howwell par-
ticipants retain imparted knowledge, skills, and abilities, and
translate these into practice.

Literature Source, Search Strategy, and Eligibility

Working with an informationist, we developed search strategies
using consistent search terms and queried 6 English language bib-
liographic databases: Academic Search Complete, Education
Resources Information Center (ERIC), Embase, Ovid MEDLINE,
PubMed, and Web of Science. We also identified additional
articles by manually searching the Defense Technical Information
Center (DTIC).

Our search for relevant articles encompassed the following
fields: public health; disaster medicine; education/adult learning;
military science; leadership studies; and crisis leadership/manage-
ment. The articles identified for this review were published
between January 1990 andOctober 2017. Tailored search strategies
for each database are provided in the Online Supplement.

Inclusion and Exclusion Criteria

We established specific inclusion and exclusion criteria with cor-
responding codes for this review (Table 1). Each article included in
full-text review covered at least 1 topic related to existing practices
in developing public health emergency response leaders through
training (designated by inclusion codes T1-T4) and exercises (des-
ignated by inclusion codes E1-E4). As this may be viewed as an
emerging discipline, we did not apply exceedingly rigid exclusion
criteria to ensure that any evidence that could positively influence
current practices is captured.

Article Selection Process

The following process in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses Extension for
Scoping Reviews (PRISMA-ScR) guidelines was used to select
articles for review (Figure 1).1 Citations for all articles identified
in this review were documented and organized using EndNote®
(Philadelphia, PA, USA).

1. Identification – checked redundancy to maintain uniqueness
of each article identified in the literature search

2. Screening – screened the title and reviewed the abstract of
unique citations based on the inclusion and exclusion criteria
to determine eligibility for full-text review. Each citation was
catalogued by the article inclusion or exclusion criteria code(s)
(see Table 1) described previously

3. Eligibility review – reviewed full-text articles to determine final
inclusion or exclusion in the scoping review

Content Extraction

To identify key themes, 2 co-authors (YL and NNP) independently
reviewed and conducted structured content extraction from each
article captured for a full-text review, including a brief synopsis and
keywords. Keywords were manually documented and included
training and/or exercise approaches, systems, methods, techniques
or modalities, learning theories, evaluation methods and outcomes
(eg, pre-/post-educational intervention surveys on self-reported
gains), leadership characteristics or strategies, tools, guidance,

Table 1. Article inclusion and exclusion criteria with corresponding code

INCLUSION CRITERIA AND CODE

Training
1. (T1) Approaches, systems, methods, techniques, and/or modalities
that apply to training public health emergency response leaders.

2. (T2) Best or promising practices from non-public health disciplines (ie,
education/adult learning, military science, leadership studies, and cri-
sis leadership/management) that may inform the training of individ-
uals to serve as public health emergency response leaders.

3. (T3) Improvements and challenges for developing or delivering train-
ing geared toward leadership personnel competency development.

4. (T4) Novel methods, tools, and/or mechanisms for developing or
delivering training programs.

Exercises
1. (E1) Facilitation of response leaders’ and/or responders’ preparedness
through exercises.

2. (E2) Approaches, systems, methods, techniques, and/or modalities
that pertain to the effectiveness of exercises in facilitating (1) retention
of knowledge and (2) translation of imparted knowledge, skills, abil-
ities, and attitudes into practice.

3. (E3) Identification of gaps in knowledge, skills, abilities, and attitudes
among individuals preparing to serve as emergency response leaders
through exercises.

4. (E4) Development of leadership characteristics through exercises.
Includes metrics used to assess knowledge, skills, abilities, and atti-
tudes demonstrated through exercise participation.

EXCLUSION CRITERIA AND CODE

1. (R1) Not in English.
2. (R2) Conference proceedings, meeting abstracts, or no full article for
review.*

Note:
*In instances where conference proceedings or meeting abstracts serve
as examples or are supportive of key themes, such literatures were
cataloged in References.
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and needs in the context of – or potentially applicable to – devel-
oping leaders. The co-authors also examined the content extracted
to identify and discuss emergent themes and achieve consensus
surrounding representative articles for resultant themes.

Study Selection

Using the methodology described, we identified 14 015 citations
(excluding duplicates) in the title/abstract screening stage.
Subsequently, title/abstract screening enabled our review to nar-
row the list of articles to 1331 for a full-text review. Finally, 786
articles, predominantly descriptive and qualitative studies, met eli-
gibility criteria following a full-text review (see Figure 1; Table 2).

Results

General Study Characteristics

We identified articles as meeting 1 or more of the inclusion criteria
related to themajor categories of training or exercise. Many articles
fulfilled multiple eligibility criteria and frequently addressed both
training and exercises.

Of the 786 articles included in the scoping review, descriptive
and qualitative studies (n= 740, 94.1%) predominated. By con-
trast, quantitative studies (n= 46) represented 5.9% of the articles.

Across all databases, a significantly larger number of articles
addressed training as opposed to exercises. Specifically, 675 articles
pertaining to training met eligibility criteria (n= 675/786, 85.9%),
whereas 234 articles addressing exercise methods met eligibility
criteria (n= 234/786, 29.8%). In addition, 192 articles covered
multiple training criteria (n= 192/786, 24.4%), 87 articles dis-
cussed multiple exercise criteria (n= 87/786, 11.1%), and 64
articles addressed both training and exercises (n= 64/786, 8.1%).

Delineating articles further by inclusion criteria and corre-
sponding codes referring to specific topics in training (T1-T4)
and exercises (E1-E4) (see Table 1), 285 articles (n= 285/786,
36.3%) described approaches, systems, methods, techniques,
and/or modalities that may apply to training response leaders
(T1). Two hundred twenty articles (n= 220/786, 28.0%) described
best or promising practices from non-public health disciplines that
may inform the training of individuals to serve as public health
emergency response leaders (T2). One hundred forty-one articles
(n= 141/786, 17.9%) focused on improvements and challenges for
developing or delivering training geared toward the development
of leadership personnel competency (T3). Finally, 195 articles
(n= 195/786, 24.8%) highlighted novel methods, tools, and/or
mechanisms for developing or delivering training programs (T4)
(Table 3).

Among all articles included in this review, 87 (n= 87/786,
11.1%) reported on the facilitation of response leaders’ and/or
responders’ preparedness through exercises (E1). Ninety-eight
articles (n= 98/786, 12.5%) addressed approaches, systems, meth-
ods, techniques, and/or modalities that pertain to the effectiveness
of exercises (E2). Another 86 articles (n= 86/786, 10.9%) pertained
to identification of gaps in KSAA among individuals preparing to
serve as emergency response leaders through exercises (E3).
Finally, 48 articles (n= 48/786, 6.1%) focused on the development
of leadership characteristics through exercises (E4) (see Table 3).

Figure 1. Article selection process.

Table 2. Articles included in the scoping review

DATABASE
UNIQUE

CITATIONS

FULL
TEXT

REVIEW
FINAL

INCLUSION

Academic Search Complete 329 141 54

DTIC 20 20 19

Embase 2730 277 66

ERIC 3672 111 24

Ovid MEDLINE 5344 484 388

PubMed 216 25 12

Web of Science 1704 273 223

TOTAL 14 015 1331 786
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Thematic Findings

We assigned each article that met inclusion criteria 1 or more key-
words that encapsulated the main themes identified in the article.
These selected keywords formed subthemes; related subthemes
were combined. From these, the following 5 themes emerged:

Theme 1: Experiential Learning – Incorporating Realism into
Training and Exercises
Existing literature describes experiential learning as an established
approach for designing and delivering training and exercise activ-
ities, specifically in supporting interactive learning environments.
The objective of experiential learning is to provide learners with a
realistic context from which to gain knowledge and develop skills.
An important form of experiential learning is problem-based
learning (PBL). In contrast to didactic learning, which emphasizes
direct presentation of facts and concepts, PBL is a teaching method
that conveys concepts and principles in the context of complex
real-world challenges. Ideally, PBL encourages critical thinking,
logical reasoning, decision-making, and teamwork. PBL tools such
as scenario-based training, case studies, and serious/applied games
facilitate the acceptance, retention, and application of KSAA. In
addition, the growing utilization of modeling and simulation tools
as mechanisms to augment the design, delivery, and dissemination
of educational interventions and enhance realism in experiential
learning supports this goal. The literature also discussed blended
learning – the combination of traditional training methods and
modalities (eg, information-based didactic delivery and learning)
and experiential learning.

The theme of experiential learning is interwoven with numer-
ous studies that highlight interactivity, case studies, hands-on deci-
sion-making, and teamwork as principal methods of training.
Articles comprising this key theme focused on how to develop deci-
sion-making skills (n= 170)2–171 under either realistic or simulated

(n= 159)6–8,17–20,22–24,30,37,38,40–42,52,53,56,59–61,70,72,73,76–79,83–88,91,97,104,
118,133,138,147,149,153,156,157,159,163,169,170,172–281 conditions (eg, exercises,
virtual reality [VR] simulations). In accordance with experiential
learning, many studies explored, developed, or tested unique train-
ing design (n= 124)18,38,43,45,47,56,80,90,94,111,132,137,151,155,185,204,213,217,
221,236,239,246,249,254,270,271,282–379 or gaming (n= 20)5,51,90,159,187,197,206,
222,234,238,249,259,274,280,289,341,380–383 while incorporating teamwork
(n= 11),51,143,182,268,272,308,384–388 interactive (n= 11),111,115,143,
197,199,215,239,312,338,389,390 blended learning (n= 7),6,391–396 and PBL
(n= 7)155,328,362,397–400 formats (Table 4).

Representative of this theme, Cesta et al. (2011) outline the
necessity of fostering creative decision-making by developing
engaging and realistic scenarios in support of experiential
learning.32 The resulting system developed supports trainers in
incorporating exercises into 4- to 5-hour training sessions with
exercises for classes of decision makers to practice in joint deci-
sion-making under stress. Yang-Im et al. (2009) point out the
advantages of the experiential nature of large-scale exercises,
including building trust among individuals and their respective
organizations.277 In addition, Setliff et al. (2003) describe several
independent workforce initiatives (ie, the SustainableManagement
Development Program, the Management Academy for Public
Health, and the Leadership and Management Institute) at the
US Centers for Disease Control and Prevention (CDC) aimed pri-
marily at strengthening management and leadership capacity
through interactive adult learning, with emphasis on interaction,
decision-making, reflection, and application.143 Furthermore,
Stern (2014) speaks to the desire for well-designed training and
exercises tailored to the needs of strategic leaders in order to
develop and maintain critical problem-solving and communica-
tion skill sets.401 Last, Wilson et al. (2014) describe the historical
evolution of emergency training and elaborated on the advantages
of a blended learning format of a 3-day course in the United
Kingdom; the course used an immersive learning environment

Table 3. Article statistics associated with training and exercise inclusion criteria

TRAINING T1 T2 T3 T4 Multiple T TOTAL

285 (36.3%) 220 (28.0%) 141 (17.9%) 195 (24.8%) 192 (24.4%) 675 (85.9%)*

EXERCISE E1 E2 E3 E4 Multiple E TOTAL

87 (11.1%) 98 (12.5%) 86 (10.9%) 48 (6.1%) 87 (11.1%) 234 (29.8%)*

Notes:
*All percentages are calculated using the total number of articles (N= 786) as the denominator; articlesmay address training, exercise, or both and can pertain to 1 ormore subcategories within
training or exercise, thus total percentages exceed 100.

Table 4. Frequency of keywords associated with each theme

KEYWORDS FOR EACH THEME (NUMBER OF ARTICLES INCLUDED)

Experiential Learning Technology Adaptation Educational Continuum Holistic Leadership Evaluation Methodologies

Decision-making
Skills (170)

Simulation (159)
Training Design (124)
Gaming (20)
Teamwork (11)
Interactive (11)
Blended Learning (7)
Problem-Based

Learning (7)

Decision Support (116)
Modeling (72)
Virtual Reality (10)
Augmented Reality (3)
Online Format (32)
Distance Learning
Format (14)

Just-In-Time (8)

Training Design (101)
Frameworks (76)
Competencies (71)
KSAA (55)
Curriculum Design and

Development (38)
Multi-/Interdisciplinary

Collaboration (65)
Academia (44)
Partnerships (8)

Leadership Strategies (42)
Guidance (42)
Behavior/Behavioral (34)
Critical Thinking/Judgment (22)
Adaptability/Flexibility (17)
Non-technical Skills (13)
Cognitive Skills (13)
Emotional Intelligence/
Psychological Factors (12)

Teamwork (11)
Attitude (7)

Evaluation (89)
Effectiveness (59)
Pre-/Post-intervention (22)
Self-reported Gains (18)
Cost-effectiveness (13)
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(ie, “Hydra” Simulated Operations) to provide incident command
training for civil emergencies.375

Theme 2: Technological Adaptation – Describing the Evolution
from Human-Driven Leadership to Technology-Assisted
Leadership
Technological adaptation has become increasingly common
among decision makers. In particular, there has been a distinct
evolution from exclusively human-driven leadership and decision-
making to increasing the incorporation of technology-based aids
and tools. In contrast to the previous theme in which modeling
and simulation tools support and enhance the experiential learning
environment, this theme describes technological solutions in
broader terms as capabilities that support decision-making among
emergency response leaders and the design, delivery, and dissemi-
nation of educational interventions.

Importantly, while existing literature demonstrated increasing
utilization and growing acceptance of technological tools, this
review notes the lack of definitive evidence on the accessibility, ease
of use, and cost-effectiveness that can be generalized to recom-
mend specific technological solutions for training, exercises, and
decision-making during emergency response. In other words, evi-
dence described in existing literature is primarily subjective based
on user experiences, and the positive impacts of technological tools
are still emerging. This observation underscores the need – also
noted subsequently in Theme 5 – to develop methodologies and
metrics that can be applied consistently across diverse learning
environments to evaluate the effectiveness of educational interven-
tions, including the impact of technological tools.

Descriptive studies, particularly from the engineering and com-
puter science literature, highlighted technology in development
and the utility of technological decision-support tools. Of note,
both technology-aided decision support (n= 116)2,7–12,17,26,29,
34,37,39,42,55,57,59,60,62,66,69,84,85,95,97,104,105,107,110,113,122,124,125,128,129,135,139–

141,144,158,160,165,166,170,191,194,195,199,207,218,228,235,238,247,253,281,379,398,402–458

and modeling (n= 72)17,22,23,25–27,46,48,53,54,57,62,70,72,73,76,86,88,91,116,
118,120,126,133,140,145,147,156,163,169,196,207–209,214,218–220,222,228,242,247,259,261,

288,406,408,411,414,415,418,428,431,453,458–475 represent a large proportion of
technological advancements. Although many articles discuss sim-
ulation with reference to exercises, simulation was less commonly
associated with technology-aided training. Further-
more, the definition of simulation in literature is not precise;
it is often used interchangeably with – and in differing contexts
ranging from – computer-based simulation to multiagency
exercises. For this reason, simulation is not exclusively tied to
technology. Nonetheless, a subset of articles shows clear link-
ages to technology, including those describing virtual reality
(VR; n = 10)229,236,246,260,278,287,307,315,319,475 and augmented real-
ity (n = 3)214,383,476 to support training design, delivery, and dis-
semination that make use of online (n = 32),4,15,54,85,132,181,199,
222,234,333,372,374,390,424,433,477–493 distance learning (n = 14),74,80,269,
394,466,481,484,486,490,493–497 and just-in-time (n = 8)99,269,324,453,
477,478,498,499 methods (see Table 4).

The following representative articles further illustrate the sub-
themes of technological adaptation. Hsu et al. (2013) present a
review of advents in technology-based approaches for disaster
response training using VR environments, including the rationale
and advantages of VR-based training.315 Little et al. (2015) describe
preliminary research to determine how emergency managers and
other officials use decision support systems for natural disaster
planning, response, and recovery.445 This study aims to identify
specific desirable system attributes and suggest areas for

improvement. In addition, Santella et al. (2009) describe the utility
of a modeling tool to aid decision-making for critical infrastructure
protection.140 This study presents capabilities of the Critical
Infrastructure Protection Decision Support System (CIPDSS)
model from the US Department of Homeland Security and
describes the developmental challenges of such a model. Finally,
Tena-Chollet et al. (2016) discuss the development of technol-
ogy-based learning approaches and teaching strategies and
describe a novel learning system that uses a semi-virtual training
environment for strategic crisis management and decision-
making.159

Existing literature also revealed a noteworthy trend in technol-
ogy-aided decision support. Over time, an increasing number
of articles highlighted the utilization of modeling, simulation,
and other technological tools to support decision-making.
Specifically, from 1993 to 2000, 10 articles pertaining to this topic
appeared in the literature; from 2001 to 2010, 108 articles were
published; and from 2011 to 2017, 145 were published on this topic
(Figure 2).3,4,8–10,12,13,15–19,22,23,25,26,30,34,36,37,40,41,43,52,53,56,57,59–64,66,69,
71–73,76–79,82–84,87,88,91,97,110,113,115,117,118,120,122,124,125,127–129,133,135,138–

140,145–147,149,153,156–161,163,166,170,180–182,185–187,189–201,203,204,206,207,209–

212,214,215,218,219,221–229,231–233,235,237–251,253,254,257–264,267–269,272–276,278,

279,281,287,305,307,315,319,344,364,369,379,381,383,391,399,403,404,406,408–415,418,

419,423,425,428–436,438,439,442–445,447–453,455–461,464,466,469,470,472,475,477,479,

483,484,488,491,494,496,500–532

Theme 3: Educational Continuum – Incorporating Leadership
Training in Public Health Academic and Professional
Development Curricula
The educational continuum encompasses learning beginning with
degree-granting programs and professional schools and progress-
ing through postgraduate and workforce development (ie, on-the-
job) training programs. Presently, public health leadership training
primarily focuses on postgraduate or job-related training and
varies widely in content and delivery. Integrating leadership train-
ing throughout the educational continuum will provide opportu-
nities for developing future leaders systematically. As such, there is
growing recognition that leadership training merits equal empha-
sis as traditionally accepted training priorities (eg, technical skills).
The literature underscores the importance of the following:

• Curriculum development and training design that promote rel-
evant learning and knowledge acceptance

• Multidisciplinary training that fosters an understanding of the
interdependencies of decision-making across disciplines

• Training that emphasizes the standardization of core competen-
cies in workforce development through existing frameworks or
guidance

• Evolving educational priorities that address concerns and issues
in the present academic and professional development
environment

Educational elements for structuring leadership training as part of a
systematic pipeline included training design (n= 101),18,38,43,45,
80,90,94,132,137,155,185,204,217,236,239,270,271,283,284,286–292,295–302,304–312,314–316,

318–321,323,327,331–335,337,338,340,341,343–350,352–354,356–359,361–363,365–374,376,

377,533–542 frameworks (n= 76)5,16,17,29,38,52,63,65,74,77,92,98,110,113,119,
153,159,168,171,177,179,197,200,220,292,296,299,334,357,363,387,388,404,415,436,443,466,521,

528,538,543–578 incorporating overarching principles or paradigms,
competencies (n= 71),79,94,201,251,252,272,274,283,289,304,311,312,314,335,340,348,
353,356,366,370,372,373,389,479,482,483,486,489,521,530,538,554,560,567,570,574,576,578–611

KSAA (n= 55),93,132,206,211,233,239,248,254,275,276,285,291,296,302,331,335,338,361,
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381,385–387,477,478,481,483,549,565,592,596,599,612–635 and curriculum design
and development (n= 38).6,74,93,217,252,270,286,308,312,370,386,387,389,391,521,
548,549,558,573,587,588,598,635–650 In this context, multiple studies also
addressed multidisciplinary or interdisciplinary collaboration
(n= 65),82,96,100,117,152,167,181,211,239,242,248,258,272,277,279,328,335,353,357,362,
459,480–482,485,507,508,513,514,521,546,551,579,588,597,613,622,628,635,636,650–674

academia (n= 44),4,89,100,139,143,206,217,242,300,302,309,331,332,390,428,480,481,
484,485,490,521,538,545,565,581,582,588,597,623,644,649,662,665–669,675–681 and other
partnerships (n= 8)206,485,581,628,667,671,682,683 (see Table 4).

Existing literature supported the importance of integrating
leadership training into the educational continuum. Specifically,
Deitchman (2013) proposes a number of attributes for crisis lead-
ership in public health, including competence in public health sci-
ence; flexibility and decisiveness; ability to maintain situational
awareness and provide situational assessment; ability to coordinate
diverse participants across multiple disciplines; communication
skills; and the ability to inspire trust.684 The author notes that,
among these attributes, only competence in public health science
is currently a goal of public health education. In addition, Gebbie
et al. (2013) describe implications of emergency preparedness and
response core competencies for managing public health emergen-
cies; and Walsh et al. (2012) discuss core competencies in disaster
medicine and public health emergencies that may be adapted to
inform the development of formal leadership training in the
field.624,685 Finally, Richmond et al. (2014) highlight the work of
then CDC-funded Preparedness and Emergency Response
Learning Centers (PERLCs) to enhance workforce readiness and
competencies through schools of public health accredited by the
Council on Education for Public Health.567 While not specifically
focused on leadership development, PERLC learning programs
through an integrated national learning network emphasized the
importance of linking academia with practice in public health
education.

Theme 4: Defining Leadership Holistically – Developing Leaders
through Competency and Character
Leadership competencies traditionally define the knowledge, skills,
and abilities that an individual needs in order to lead successfully.
In the context of developing future leaders, competencies provide
the basis of and inform the key needs for leadership training.

Articles from this review revealed an emerging perspective that,
in addition to technical competencies, the character or soft skills
of an individual are critical leadership qualities. In the context
of this study, leadership character serves as the attitude component
of the KSAA construct and addresses the non-technical, cognitive,
behavioral, and/or interpersonal skills of an individual. In other
words, how does a leader react, interact, or adapt in an environment
through logical reasoning, critical thinking, and decision-making?
Several articles suggested that psychometric questionnaires might
have value in predicting leadership styles among candidates who
may serve in public health emergency response leadership
roles.49,50,97,382,399,608,686–688

Studies under this key theme addressed leadership strategies
(n = 42),28,43,80,89,301,302,374,393,495,544,571,577,580,616,631,653,654,673–675,679,
684,689–708 guidance (n = 42),71,75,92,93,99,121,192,195,340,347,352,445,492,
494,543,545,551,563,580,624,639,642,659,667,709–726 and behavior/
behavioral (n= 34)38,43,47,49,60,95,116,121,162,197,202,211,233,260,275,276,285,296,301,
310,331,384,388,437,532,625–627,629,631,670,689,727,728 aspects of leadership as well
as critical thinking/judgment (n= 22).30,45,60,74,80,95,97,101,148,163,299,
314,404,440,530,636,686,729–733 A subset of articles also elaborated on
the adaptability/flexibility (n= 17),20,21,49,79,150,208,301,385,386,646,650,
660,730,734–737 non-technical skills (n= 13),43,50,80,101,190,233,295,374,380,
598,688,711,736 cognitive skills (n= 13),10,20,47,49,79,168,216,301,437,501,
609,688,738 emotional intelligence/psychological factors (n= 12),30,116,
162,206,437,452,455,592,616,690,707,739 teamwork (n= 11),51,143,182,268,272,
308,384–388 and attitude (n= 7)285,385,488,617,618,625,635 aspects of lead-
ership (see Table 4).

Representative of this key theme, Carone et al. (2013) identify
critical factors to support effective crisis management by joining
experiences in the field and knowledge of organizational models
for crisis management and executive empowerment with coaching
and behavioral analysis.296 The study examines the relationships
among human behavior, emotions, and fears, and how these cor-
related with decision-making. Hadley et al. (2011) use a novel
Crisis Leader Efficacy in Assessing and Deciding (C-LEAD)
Scale to measure leadership efficacy in order to assess information
and crisis decision-making.71 In addition, King et al. (2016) seek to
elucidate important characteristics of disaster response personnel,
including leaders.590 The authors suggest that these characteristics
are not limited to the knowledge and skills typically included in

Figure 2. Chronological trend of articles pertaining to technology-aided decision-making or decision support through modeling, simulation, or other tools.
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disaster training and that further research is needed on how best to
incorporate these attributes into competency models, processes,
and tools for developing an effective disaster response workforce.
Finally, Schmalzried et al. (2007) highlight that both experience
and continuity of leadership (eg, preservation of institutional
knowledge and other non-technical leadership attributes) are criti-
cal for managing public health crises.740 This study also notes that,
even though 43.7% of top executives reported planning to leave
their current position within 6 years, succession planning is not
a high priority among the majority of local health departments.

Theme 5: Evaluation and Measures of Effectiveness in Training
and Exercises – Reflecting on Current Practices and
Opportunities for Progress
Generally, existing standards for evaluation of training and exer-
cises demonstrate ample room for growth as few articles pertaining
to evaluation and assessing the effectiveness of training and exer-
cises offer specific frameworks or tools. Even fewer evaluation tools
are consistent or generalizable. Currently, the majority of evalu-
ation instruments and measures of effectiveness consist of
pre- and post-intervention surveys or interviews that document
self-reported gains. The limited amount of measurable data
presents a challenge to assess or compare the relative effective-
ness or quality of educational interventions objectively and
meaningfully.

As noted, the preponderance of literature included mostly
descriptive and qualitative studies as well as narrative and infor-
mational articles with relatively few quantitative or data-driven
studies. The literature broadly discussed topics of evaluation
(n = 89)6,18,27,77,132,156,205,208,230,239,244,250,254,287,298,305,325,354,371,385,
389,455,475,479,488,489,500,514,539,547,558,565,569,579,584,588,599,601,612,613,622,623,625,

628,630,633,635,637,638,652,667,710,732,741–776 and effectiveness (n = 59),42,79,
132,137,150,151,156,185,186,189,190,193,211,224,230,231,237,250,273,275,277,284,290,

295,333,352,365,385,389,392,455,459,489,531,539,565,581,599,603,613,620,623,633,637,

649,658,701,715,732,749,761,772,777–783 with respect to educational inter-
ventions. Despite this, very few studies included quantitative
assessments. Most studies addressed evaluation and effective-
ness with respect to pre- and post-intervention (n = 22)181,287,
305,479,488,500,558,565,599,601,612,613,622,623,628,630,633,635,652,757,768,784 and self-
reported gains (n= 18).58,239,298,365,386,480,481,488,500,523,531,614,623,652,679,680,
768,785 Few studies addressed the topic of cost-effectiveness (n= 13)
18,179,190,237,259,271,274,390,480,493,652,786,787 (see Table 4).

A number of representative articles supported these observa-
tions. In an exploratory study on disaster exercise evaluation,
Beerens et al. (2016) indicate a general lack of academic interest
for standardized evaluation; the study pointed out that, while exer-
cises take place routinely and are often used for research purposes,
their evaluations are seldom the focus of attention.710 As an exten-
sion, Gebbie et al. (2006) emphasize that consensus-based and
public health-specific planning and assessment criteria are neces-
sary to facilitate measurable improvements.752

While scant, literature pertaining to evaluation andmeasures of
effectiveness in training and exercises includes a small selection of
notable articles that suggest steps for improvement. For example,
Biddinger et al. (2010) describe an evaluation of 38 public health
emergency preparedness exercises employing realistic scenarios
and reliable and accurate outcome measures.778 This study notes
a demonstrated utility of these exercises in clarifying public health
workers’ roles and responsibilities, facilitating knowledge transfer
among these individuals and organizations, and identifying
specific public health systems-level challenges. In addition, Hites
et al. (2010) identify what constitutes quality in public health

emergency preparedness training and proposed guidance to prac-
titioners in selecting training packages.661 This study describes the
development and selection of guidelines for suitable high-quality
courses.

In addition, Miller et al. (2007) describe a unique study that
attempted to link specific learning methods of a public health lead-
ership development program with participant outcomes.331 This
study finds that learning projects were strongly associated with
developing collaborations, whereas assessment tools and coaching
were most often associated with increased self-awareness. Potter
et al. (2010) examine the evidence base for preparedness training
effectiveness and consider whether past experience could help
guide future efforts to educate and train public health workers
in responding to emergencies and disasters.347 This study con-
cludes that reviews of progress in preparedness training for the
public health workforce should occur regularly and that govern-
mental investment in preparedness training should continue with
future evaluations based on measurable performance improve-
ment. However, Savoia et al. (2013) find limited analysis on what
makes an exercise an effective tool to assess preparedness.772 This
project aims to achieve consensus on (1) attributes that make an
exercise an effective tool to assess preparedness and (2) elements
that make an after action report an effective tool to guide prepar-
edness improvement efforts. In a separate article, Savoia et al.
(2014) determine that evaluation of simulated emergencies has
been historically inconsistent, and little research exists to describe
how data acquired from simulated emergencies actually support
conclusions about the quality of the public health emergency
response system.569 This article proposes a conceptual framework
to measure system performance during emergency preparedness
exercises.

Discussion

This discussion frames the 5 themes identified as subjects that hold
long-term strategic significance (ie, an educational continuum that
extends to a foundational educational framework and a holistic
perspective on leaders) and as areas that merit consideration for
practical implementation through formative training and exercise
programs.

Theme 1: Experiential Learning – Incorporating Realism into
Training and Exercises

Lessons learned from real-world events and exercises have fre-
quently served as the premise for establishing training priorities.
While traditional instructional design entails passive learning,
training design has evolved to incorporate active learning formats
that not only provide students with opportunities to apply individ-
ual competencies for translating KSAA into actions, but also reflect
on the outcomes of their actions to identify training needs and
priorities.

Experiential learning serves as a prominent example of active
learning for public health emergency response training. It allows
students – or leaders in the context of this review – not only to
apply leadership competencies to make incident management
decisions or react/adapt to fluid emergency conditions, but also
to evaluate the effectiveness of their decisions in minimizing
adverse outcomes of an incident within context (eg, austere envi-
ronments). In other words, the design and application of experi-
ential learning for developing incident management leaders can
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be particularly impactful given the low-probability but high-
consequence nature of public health emergencies and disasters.603

In the context of experiential learning to facilitate immersive
and context-specific learning environments, educational games
and simulation enhance training and exercise design and conduct
as well as the assessment of technical competencies and personnel
readiness in disaster medicine.19,249–251,289 For example, the
Uniform Services University of the Health Sciences developed a
military medicine training curriculum that consists of low-,
mid-, and high-fidelity simulations as experiential learning tools
to emulate combat field conditions.217 To standardize disaster
medical assistance team training, the Australian Medical
Assistance Team training incorporated extensive immersion train-
ing and exercise activities to assess personnel readiness.648 In addi-
tion, modeling and simulation tools augmented VR training for
Ebola virus disease management in health care settings, immersive
simulations for pandemic influenza preparedness training, and
incident management training for decision makers.131,159,259,349

In application, the effectiveness of experiential learning relies
upon the design (focusing on the learning environment) and deliv-
ery (focusing on the learner) of the educational intervention (ie,
training and exercises). Specifically, employing PBL as a learning
theory in training design provides a structured framework that
facilitates data-driven and context-specific (eg, case-based sce-
nario) analytical thinking to achieve learning objectives. With con-
tinuing advancements in and growing adaptation of technological
innovations for training delivery, modeling and simulation (eg,
disease propagationmodels, VR) add realism, context, and the per-
spective of austere environments to enhance the learner experi-
ence.155,217,362 In conjunction, application of structured learning
theories and technological tools extends experiential learning as
a meaningful practice for reinforcing KSAA among training and
exercise participants. For example, various disciplines have used
PBL to provide emergency manager training for decision-making
under stressful conditions, ranging from managing severe weather
events to responding to bioterrorist attacks.155,362

While there is tremendous value in experiential learning, this
discussion does not discount the merit of passive learning through
traditional instructional design (eg, classroom-based learning).
While it does not entail an active participatory role among stu-
dents, passive learning has established value in communicating
new and vast quantities of information to large audiences. In
the context of developing public health emergency response lead-
ers, this discussion also recognizes the combined benefits of expe-
riential learning (active learning) and traditional instructional
design (passive learning) as an extension of blended learning to
aid individuals in translating leadership competencies gained in
a classroom setting to practical actions through context-specific
or simulated environments. For example, in modernizing the mili-
tary’s pedagogical methods for specialized unit training, the US
Army adopts blended learning to integrate traditional instructional
design and technological solutions to provide context-specific
training.395

Implications for the Public Health Community
While there can be tremendous value in experiential learning for
public health departments and agencies across multiple levels of
government, the practicality of developing such educational pro-
grams is a function of its demand across the public health commu-
nity. Collaboration among federal, state, and local public sector
partners can reduce the resource burdens associated with inde-
pendently developing and implementing experiential learning

products and materials. Beyond collaborative efforts within the
public sector, interdisciplinary and external partnerships with aca-
demia may be considered to develop joint experiential learning
programs (eg, shadowing programs to observe emergency opera-
tions center [EOC] activities).

The overarching implications of experiential learning on the
public health community culminate with 2 key considerations.
First, the scalability of existing experiential learning programs will
dictate various public health departments’ or agencies’ ability to
adopt, scale, and tailor these concepts, approaches, or processes
for organizational or jurisdictional purposes. Second, as resource
commitments rise with increasing complexity, recognizing the
context of, need for, and resources accessible to develop, imple-
ment, and sustain experiential learning programs will be critical
to their success.

Theme 2: Technological Adaptation – Describing the
Evolution of Human-Driven Leadership to Technology-
Assisted Leadership

Fluid crisis conditions require flexible and informed decision-mak-
ing among emergency response leaders. The advent of and perpet-
ual advancements in technological innovations have transformed
crisis decision-making in recent years. While the emergency man-
agement community has increasingly embraced technological
tools (see Figure 2), the capabilities of such tools have also
expanded. For example, computer- or web-based tools that origi-
nated with information capture, presentation, and dissemination
for maintaining situational awareness (eg, WebEOC, geographic
information systems [GIS]) have evolved into complex decision
support systems that encompass modeling and simulation capabil-
ities to help decision makers plan for, respond to, and recover from
disasters. Existing literature described decision support systems as
a broad spectrum of technological innovation and tools, ranging
from spreadsheet-based tools to commercially available software
platforms. In the context of emergency response and crisis man-
agement, the recent transformation of crisis decision-making
through the expansion and advancements in technology-aided
decision support tools encompasses data integration platforms
as well as sophisticated modeling and simulation capabilities to
inform incident management decisions. For example, a seismic
damage estimation case study in Canada integrates GIS and a spe-
cialized seismic risk assessment tool to provide the basis for iden-
tifying vulnerable areas and supporting risk management
decisions.285 A diverse range of smartphone applications from
public and private sector entities provides emergency notification,
public information, and data visualization capabilities to support
disaster and emergency response.409 In addition, a policy infor-
matics system using a simulation-based model integrates informa-
tion from multiple data sources to support decision-making at the
strategic and policy levels.410

The growing adaptation of technology-based decision support
tools also includes simulation-based resource modeling for public
health preparedness and response, logistics support in humanitar-
ian assistance, GIS-based spatial decision support, situational
awareness for incident managers, and data mining and aggregation
through social media platforms.18,127,147,158,227,235,264,418,434,507,522,600

Reflecting on the growing trend in technological adaptation
that may be attributed to the emergence of technological innova-
tions and increasing output in literature over time, the evolution of
human-driven to technology-assisted leadership has considerable
implications on (1) research and development of technological
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tools for crisis management, (2) training on the proper and prac-
tical application of technological tools in crisis management, and
(3) technology-aided design and delivery of educational interven-
tions (ie, training and exercises), in general.

Decision support systems can inform decision-making in crisis
management. As decision makers react and adapt to changing cri-
sis conditions, decision support systems can provide these leaders
with modeling or real-time data to inform incident management
decisions. In addition, given the technical capability to simulate
incident management decisions, decision support systems can
allow decision makers to evaluate the outcome of those decisions
before implementing them. In this respect, the role of decision
makers or leaders is critical in the research and development
(eg, assess needs, identify capability requirements, develop/
improve user-interface), testing, revision, validation, acceptance,
and deployment of new or existing decision support systems.223,699

The growing prevalence of decision support systems, including
throughmodeling and simulation support, is a prominent example
of the technology-aided leadership approach. In parallel, technol-
ogy-aided training design and delivery play an important role for
developing public health emergency response leaders. Evident in
training and exercises across multiple disciplines, technology-
aided training design and delivery have a proven record in distance
learning, self-paced learning, and interactive learning through
web-based or mobile platforms, as well as in audio or video for-
mats, particularly in reaching larger audiences. Technology-
aided training programs are not only appropriate for customary
workforce development programs, but also valuable for just-in-
time-training during emergency responses. Notably, this review
showed that the incorporation of technology in training and
exercise activities in the context of developing public health
leaders is promising but comprised only a relatively small por-
tion of articles focused on the impact of technology. As such, the
evolution of human-driven leadership to technology-assisted
leadership centers on the increasing trend and ubiquity of tech-
nological tools to support decision-making. In other words,
while evidence of the positive impact of technology is emerging,
the preponderance of literature does not provide definitive and
generalizable evidence.

Recognizing the value of technology-based tools and technol-
ogy-aided training programs, the authors also acknowledge the
potential limitations of technological innovations. Decision mak-
ers or leaders should not rely solely on their modeling and simu-
lation capabilities to inform incident management decisions.
Rather, decision makers or leaders should concede the unpredict-
ability of real-world incidents and react or adapt incident manage-
ment decisions to fluid emergency conditions.

In the context of this study for developing public health
response leaders in incident management through educational
interventions, achieving the true potential of technological innova-
tions and adaptation requires the integration of pedagogy and
technology.

Implications for the Public Health Community
Ease of use, accessibility, and economies-of-scale of technology
in decision support and training may hold promising advan-
tages; but, to date, these potential benefits have not been
well-studied or described. As previously noted, existing litera-
ture does not provide definitive and generalizable evidence on
the positive impact of technological solutions but rather sug-
gests an increasing trend in their use and adaptation.
Comparable to appreciating the value and challenges of

embracing experiential learning, the limiting factors for techno-
logical adaptation in the public health community are limited
resources and technical capabilities.

Overall, although technological innovations and adaptations
may have considerable value for training leaders and supporting
informed incident management decisions, realizing their true
potential requires a conscious effort to evaluate their utility in
operational environments, which, as alluded to earlier, depends
on their end users’ experience and feedback for continuous
improvement. In addition, as current evidence on the positive
impact of technology is emerging and subjective based on user
experience and adaptation, further objective research and evalu-
ation on both the growing consumption and the effectiveness of
technological solutions are necessary to provide definitive recom-
mendations on technological implementation.

Theme 3: Educational Continuum – Incorporating Leadership
Training in Public Health Academic and Professional
Development Curricula

The educational continuum represents the continuous process of
learning, which starts with degree-granting programs and profes-
sional schools and proceeds through continuing, on-the-job train-
ing. Currently, most leadership training leans toward postgraduate
or job-related training.116,309,490,662,678 Examples of job-related lead-
ership training include the Public Health Leadership Institute, a
program designed to expand and enhance the leadership skills
of senior public health officials,678 and a distance learning series
of current preparedness topics delivered via a synchronous web-
conferencing system by the Northwest Center for Public Health
Practice at the University of Washington. In contrast, fewer exam-
ples of leadership training take place earlier in the educational con-
tinuum during formal schooling.338,681

The process by which future leaders gain competencies must be
developed and reinforced throughout the educational continuum
in a systematic manner. Currently, training is often developed in
response to urgent needs rather than derived from established
competencies.269,324 Integration of leadership training throughout
the educational continuum would lead to increased standardiza-
tion, ensuring that future leaders acquire leadership skills system-
atically. Targeted leadership training should also be incorporated
at all levels. Completing training at leadership institutes (eg,
National Public Health Leadership Institute) promotes collabora-
tive leadership and building knowledge-sharing and problem-
solving networks.669

The literature also highlights the value of multidisciplinary
training.6,485,622,664,666,670 As public health emergency response
requires extensive cooperation and coordination, often involving
multiple disciplines and diverging perspectives, multidisciplinary
training can help identify coordination challenges and potential
solutions that a single discipline or area of focus may miss or nar-
rowly address. As such, understanding the interdependencies of
multidisciplinary decision-making is critical to the success of pub-
lic health emergency response leaders.670

Collaborative partnerships among governmental agencies, aca-
demia, and industry continue to emerge. These affiliations are a
driving force in developing future training to meet evolving lead-
ership needs (eg, develop a better understanding of the role of tech-
nology in leadership decision support and decision-making). For
example, CDC-sponsored PERLCs focused on the development,
delivery, and evaluation of targeted learning programs for enhanc-
ing workforce readiness.
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Those who serve in leadership positions bring considerably dif-
ferent levels of prior training and experience to the task. Newly des-
ignated leaders in the public health emergency response context
may lack critical KSAA to perform effectively. Similarly, these indi-
viduals may lack the relevant KSAA to manage numerous individ-
uals and large organizations effectively during a response.

While leadership training is an essential element of public
health workforce development, systematic efforts to interweave
leadership training specifically geared for public health emergency
response vis-a-vis traditional training or educational curricula
have not widely occurred. Public health leaders put to the test dur-
ing crises have shown that subject matter expertise alone does not
necessarily correlate with effective leadership. Accordingly, public
health practitioners who may fulfill leadership roles or positions in
public health emergency response should engage in leadership
education and training throughout their entire educational con-
tinuum, starting with public health academic degree programs.

Establishing a blueprint (eg, beginning with foundational disas-
ter preparedness and management concepts and culminating in
advanced methods to manage complex and multidisciplinary
responses) for developing future leaders in public health emer-
gency response increases uniformity of training practices and con-
sistent translation of KSAA into decision-making practices. Such
an educational framework can aim at (1) building and refining
comprehensive curricula suited for leaders from the earliest stages
of career development, (2) incorporating the curricula into formal
academic programs, and (3) integrating the curricula with specific
job-related training for public health emergency response leaders.

Implications for the Public Health Community
Leadership training among workforce development programs
varies widely across the public health community. To address this
challenge, the public health community generally recognizes the
need for incorporating leadership training at all phases of the edu-
cation continuum, especially public health leadership geared
toward disasters and emergency response. Initiatives such as
PERLCs located within accredited schools of public health serve
as examples of how leadership training supported by government
and academic partnerships can suitably leverage opportunities for
learning. These centers incorporated leadership training into edu-
cational curricula as they prepared the next generation of leaders to
face current and emerging public health threats. Public health
departments and agencies across state and local governments often
express significant interest in leadership training and stand to ben-
efit considerably from such initiatives. However, competing prior-
ities and resource constraints in developing or implementing new
or revised workforce development programs present important
barriers. Therefore, engaging academic partners to leverage
existing leadership training for integration throughout workforce
development programs may be 1 approach to overcome such
barriers.

Theme 4: Defining Leadership Holistically – Developing
Leaders through Competency and Character

Technical competencies among responders are an implicit require-
ment of public health emergency response. At the same time, the
fluidity and/or austerity of emergency conditions often demand
leaders to work outside of their comfort zone, thus requiring adapt-
ability and flexibility to make incident management decisions that
correspond to the present operational environment.386

Traditionally, technical competencies achieved primarily
through specialized education and levels of experiences have
encompassed leadership. Recognizing this established approach,
the authors also believed that existing literature presented an
emerging perspective on leadership traits that places equal empha-
sis on the character or soft skills of an individual.47,49,50,359,738

Increasingly prevalent in military strategies and emerging lead-
ership studies, existing literature suggests that character encom-
passes personality (eg, resiliency under stress), cognitive abilities
(eg, analytical thinking, problem solving, decision-making), and
interpersonal skills (eg, communication, receptiveness of diverging
views).47,382,399,608,646,736 In the broad context of crisis management
and emergency response, these traits comprise the emotional intel-
ligence of leaders and enable them to apply technical competencies
and adapt to external environments.116,570

Recognition of competency and character as the defining traits
of leaders stands in contrast to the traditional emphasis on tech-
nical competencies for leaders. Application of established educa-
tional models or approaches is valuable for developing the
competency and character of public health emergency response
leaders in incident management.

As discussed in Theme 1, experiential learning, particularly
with the aid of modeling and simulation tools, may also allow stu-
dents to develop character collaboratively by applying personal
qualities and exercising cognitive and interpersonal skills, as well
as identifying potential individual deficiencies among these traits.

In addition, to serve as public health emergency response lead-
ers in incident management, position descriptions specify the
required technical or domain-specific competencies (eg, epidemi-
ology, infectious disease). However, there is limited evidence to
support standardized instruments specific to measuring leadership
character traits in public health emergency response.

This discussion extends to the challenge in selecting leader-
ship candidates, specifically based on the need for specific char-
acter traits. In the context of military leadership studies, existing
literature discusses the potential utility of structured psycho-
metric assessments (eg, Myers-Briggs Type Indicator®
[MBTI®]).382,603,687,688 Although there is value in such tools
for recognizing personality types, this review infers that the suit-
ability (eg, costs, potential bias for or against certain personality
types) of using such assessments as indicators of leadership
character traits, predictors of performance, and selection criteria
for leaders warrants further examination. For public health
emergency response, a framework for character traits among
incident management leaders may be considered. Specifically,
this leadership character framework may describe the relevant
traits as a career maturity process through which individuals
can develop these traits from a combination of domain-specific
education tailored to and experiences from serving as incident
management leaders.

Implications for the Public Health Community
The competency and character of incidentmanagement leaders are
critical to the success of public health emergency response, espe-
cially at the local level where all responses originate. In addition
to recognizing the importance of character as a leadership trait,
public health departments and agencies across multiple levels of
government may collaboratively identify and reach consensus
on the elements that constitute leadership character specific to
public health emergency response.

Such collaboration can establish a baseline reference by
describing possible dimensions or exhibitive behaviors that are
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appropriate for identifying or gauging leadership character; this
baseline may be expanded through continuing partnerships across
multiple levels of government and with other public health com-
munity partners and stakeholders with incident management
roles. To aid in the identification of individuals to serve in leader-
ship positions, consensus on the appropriate instruments, tools, or
processes for assessing or gauging character is also vital to devel-
oping a leadership character framework.

Theme 5: Evaluation and Measures of Effectiveness in
Training and Exercises – Reflecting on Current Practices and
Opportunities for Progress

A critical finding from this scoping review is the relative weak-
nesses in evaluation and measures of effectiveness of training
and exercises. Although many articles broadly touched upon the
topics of evaluation and effectiveness, relatively few incorporated
actual evaluations; even fewer still incorporated formal measures of
effectiveness.500 Except for a few notable articles, there was limited
discussion of adaptable frameworks, specific instruments, or proc-
esses that may be applicable to consistently evaluate and measure
effectiveness of training public health emergency response leaders.
In particular, a glaring absence was the lack of discussion on cost-
effectiveness, as only a handful of studies referenced distance tech-
nology, computer simulation, and gaming technology as poten-
tially cost-effective training options.237,274,480

In addition, the majority of literature from this review included
mostly descriptive and qualitative studies, narratives, and informa-
tional articles; and the predominant form of evaluation included
self-reported gains and pre- and post-intervention sur-
veys.256,298,592,612,613,622,630,750,768 There were relatively few quantita-
tive or data-driven studies.37,479 Moreover, very few articles
reported directly on real-world responses as many of the informa-
tional articles on this topic, by nature, did not involve study design
but were included by the reviewers as a reflection of the emerging
nature of this key theme. While not to detract from the clear value
of this body of work, it does demonstrate the tremendous degree of
difficulty in performing, documenting, and disseminating the
results of meaningful evaluation, especially those taken from
real-world events, in a manner that can objectively inform future
training and exercises.

The heterogeneity of training and exercise designs further limits
the ability to generalize conclusions regarding effectiveness. In
other words, when training or exercises activities are not developed
systematically or structured from well-established competencies
with clearly defined learning objectives and success criteria, efforts
at evaluation prove difficult. Without formal evaluation processes,
assessing the effectiveness of training and exercises is challenging
at best and limited in scope. While qualitative evaluation may
inform the prospective design of training or exercises, these assess-
ments are highly subjective in nature, especially in the absence of
metrics. For example, discrepancies in the implementation of the
current exercise evaluation process (ie, Homeland Security
Exercise and Evaluation Program) call for consistent and system-
atic evaluation metrics to assess leadership performance in this
context.

The sparse number of studies involving quantitative analysis of
real-world response highlights the complexities of performing
meaningful evaluation or developing measures of effectiveness.
To address this challenge, automated information collection and
pre-positioned methods for data capture coupled with dedicated
resources for post-event analysis may yield critical insights for

future responses and training. In addition, comparative studies
of cost-benefit analyses for various types of training and exercises
may also be an important area for further exploration.

Implications for the Public Health Community
The lack of consistent evaluation and measures of effectiveness in
training and exercise has significant impacts on the broader public
health community. For example, descriptive articles identified in
this scoping review have suggested that technology-aided exercises
may bemore cost-effective than full-scale exercises.While this may
be true on a jurisdictional or organizational basis for practical exer-
cise planning, execution, and evaluation, there is no evidence
derived from true cost-benefit analyses to demonstrate the effec-
tiveness of technology-aided exercises in comparison to full-scale
exercises. The lack of quantifiable metrics to demonstrate the effec-
tiveness of training and exercises, in general, leads to uncertainty as
to the appropriate training programs to implement for developing
public health emergency response leaders. Additionally, the
absence of consistently-used metrics and limited evidence pertaining
to training and exercise effectiveness largely precludes conclusive rec-
ommendations on best practice methods for implementation.

Strengths and Limitations

This scoping review describes the landscape of educational inter-
ventions that applies to developing public health emergency
response leaders in incident management. Strengths of this review
include analyses of relevant articles not only in public health prac-
tice, but also in additional disciplines (see Methods) to glean appli-
cable content that may benefit the development of public health
emergency response leaders through educational interventions.
To recognize trends in relevant professional development oppor-
tunities, this review considered a broad range in publication dates
between January 1990 and October 2017.

Reflecting on the broad time parameter and diverse disciplines
that comprised this review, 1 limitation relates to existing literature
encompassing the broad and liberal use of the term best practice to
describe educational practices that may be successful, effective,
preferred, or promising. As such, the precise meaning and objec-
tive measures to classify educational best practice warrant further
exploration. In addition, relevant articles published since the origi-
nal time-parameter used in this review were not considered.
Finally, articles included in this review were focused primarily
(85%) on the United States, so insights gathered from this review
may not apply fully in international contexts, particularly in
nations where public health preparedness and response systems
and capabilities are not structured comparably as those in the
United States.

Conclusion

Readiness among leaders, especially those who may be required to
fulfill incident management roles that differ significantly from
their routine job functions, is critical to the success of public health
emergency response missions. This review aimed to understand
the landscape for developing public health emergency response
leaders in incident management. Specifically, we intended to elu-
cidate existing and desired practices as well as opportunities to
improve training and exercises as vital educational interventions.
Key themes synthesized through this review highlighted preferred
educational models and approaches, a growing trend in technol-
ogy-assisted leadership as well as the need to develop a
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foundational education framework, to define leadership holisti-
cally with equal emphasis on competency and character, and to
develop consistent and systematically apply assessment methodol-
ogies and metrics to measure training and exercise effectiveness.

Since developing and sharing incident management KSAA spe-
cific to public health emergency response leaders is an emerging
discipline, it is important to note that not all existing practices have
necessarily been published or widely disseminated. Therefore, fur-
ther exploration of prevalent professional development opportuni-
ties should be considered to augment the findings of this review,
specifically to identify other innovative or novel approaches in
training and exercises, emerging trends or patterns across the pub-
lic health community, and challenges faced by public health emer-
gency response leaders and practitioners.

Building upon identified key themes, leadership experiences
from recent real-world events or incidents may also be considered
for future research, particularly those that have occurred or have
been published since the time parameter of this review. In particu-
lar, the ongoing coronavirus disease (COVID-19) pandemic, an
unprecedented and significant public health emergency with
severe and adverse global health and economic impacts, may pro-
vide valuable insights on critical needs for successful public health
emergency response, as well as requirements for capable leaders to
manage public health emergency response effectively and effi-
ciently. As the novel COVID-19 pandemic continues to evolve,
the public health community’s fluid, prolonged, and multidiscipli-
nary response may highlight and inform the prioritization of criti-
cal competencies (eg, crisis risk communication, disaster mental
health), character needs (eg, stress management, decision-mak-
ing), and practical educational approaches (eg, pedagogical design
and delivery methods) that may enrich the development of
capable and adaptable leaders for managing future public health
emergencies.

Acknowledgments. The authors gratefully acknowledge Ms Jaime F. Blanck
(Johns Hopkins UniversityWelchMedical Library) for formulating syntax-spe-
cific search strategies to query bibliographic databases; Dr Dale A. Rose (CDC)
andMsMeredith L. Pinto (CDC) for providing technical inputs for initial scop-
ing of this review; and Ms Angie L. De Groot (CNA) for reviewing the prelimi-
nary draft of this manuscript.

The findings and conclusions in this report are those of the authors and do
not necessarily represent the official position of the US Centers for Disease
Control and Prevention (CDC).

Funding Statement. This scoping review and manuscript were conducted/
developed with funding from the US Centers for Disease Control and
Prevention (CDC) under contract 200-2016-92428.

Conflict(s) of Interest. The authors declared no potential conflicts of interest
with respect to the research, authorship, and/or publication of this paper.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/dmp.2021.164

References

1. Tricco AC, Lillie E, Zarin W, et al. PRISMA extension for scoping
reviews (PRISMA-ScR): checklist and explanation. Ann Intern Med.
2018;169(7):467-473. doi: 10.7326/M18-0850.

2. Abed FH,Hongxia Z, Hongyan Z, et al.Open source web-basedGIS and
database tools for emergency response. 2008 IEEE International
Conference on Automation and Logistics. 2008:2972-2976. doi: 10.1109/
ical.2008.4636686.

3. Abu-Elkheir M, Hassanein HS, Oteafy SMA, et al. Enhancing
emergency response systems through leveraging crowdsensing and

heterogeneous data analytics. 2016 International Wireless Communications
and Mobile Computing Conference. 2016;epub:188-193.

4. Acquaviva KD, Posey L, Dawson EM, et al. Using algorithmic practice
maps to teach emergency preparedness skills to nurses. J Contin Educ
Nurs. 2012;43(1):19-28.

5. Adida E, DeLaurentis PCC, LawleyMA.Hospital stockpiling for disaster
planning. IIE Trans. 2011;43(5):348-362. doi: 10.1080/0740817x.2010.
540639.

6. Adini B, Goldberg A, Cohen R, et al. Evidence-based support for the all-
hazards approach to emergency preparedness. Isr J Health Policy Res.
2012;1(1):40. doi: 10.1186/2045-4015-1-40.

7. Adla A, Zarate P. A cooperative intelligent decision support system.
Paper presented at the 2006 International Conference on Service
Systems and Service Management. 2006.

8. Akbar M, Aliabadi S, Patel R, et al. A fully automated and integrated
multi-scale forecasting scheme for emergency preparedness. Environ
Model Softw. 2013;39:24-38. doi: 10.1016/j.envsoft.2011.12.006.

9. Akgun I. Likelihood estimation of intentional events in risk manage-
ment: evidence-based intelligent morphological analysis approach. In:
Kahraman C, Onar SC, eds. Intelligent Techniques in Engineering
Management: Theory and Applications. Cham: Springer; 2015:45-75.

10. Akgun I, Kandakoglu A, Ozok AF. Fuzzy integrated vulnerability assess-
ment model for critical facilities in combating the terrorism. Expert Syst
Appl. 2010;37(5):3561-3573. doi: 10.1016/j.eswa.2009.10.035.

11. Al-Qurashi F. New vision of emergency response planning. Process Saf
Prog. 2004;23(1):56-61. doi: 10.1002/prs.10005.

12. DuzgunHSB, YucemenMS, Kalaycioglu HS, et al. An integrated earth-
quake vulnerability assessment framework for urban areas. Nat Hazards.
2011;59:917. doi: 10.1007/s11069-011-9808-6.

13. Albano R, Sole A, Adamowski J, et al. A GIS-based model to estimate
flood consequences and the degree of accessibility and operability of stra-
tegic emergency response structures in urban areas. Nat Hazards Earth
Syst Sci. 2014;14(11):2847-2865. doi: 10.5194/nhess-14-2847-2014.

14. Alison L, Power N, van den Heuvel C, et al. Decision inertia: deciding
between least worst outcomes in emergency responses to disasters. J Occup
Organ Psychol. 2015;88(2):295-321. doi: 10.1111/joop.12108.

15. Anonymous. New tools to anticipate disasters, epidemics, flu outbreaks.
ED Manag. 2014;26(4):40-43.

16. Arain F. Knowledge-based approach for sustainable disaster manage-
ment: empowering emergency response management team. Procedia
Engineering. 2015;118:232-239.

17. Araz OM. Integrating complex system dynamics of pandemic influenza
with a multi-criteria decision making model for evaluating public health
strategies. J Syst Sci Syst Eng. 2013;22(3):319-339. doi: 10.1007/s11518-
013-5220-y.

18. Araz OM, Jehn M. Improving public health emergency preparedness
through enhanced decision-making environments: a simulation and sur-
vey based evaluation. Technol Forecast Soc Change. 2013;80(9):1775-1781.
doi: 10.1016/j.techfore.2012.09.018.

19. Araz OM, Jehn M, Lant T, et al. A new method of exercising pandemic
preparedness through an interactive simulation and visualization. J Med
Syst. 2012;36(3):1475-1483.

20. Ayala D. The effects of cognitive readiness in a surface warfare simulation.
Online submission: University of Southern California; 2008.

21. Baker MS. Creating order from chaos: part I: triage, initial care, and tac-
tical considerations in mass casualty and disaster response. Mil Med.
2007;172(3):232-236.

22. Barrett CL, Eubank SG, Smith JP. If smallpox strikes Portland. Sci Am.
2005;292(3):54-61.

23. Beloglazov A, Almashor M, Abebe E, et al. Simulation of wildfire evac-
uation with dynamic factors and model composition. Simul Model Pract
Theory. 2016;60:144-159. doi: 10.1016/j.simpat.2015.10.002.

24. Berariu R, Fikar C, Gronalt M, et al. Training decision-makers in flood
response with system dynamics. Disaster Prev Manag. 2016;25(2):118-
136. doi: 10.1108/DPM-06-2015-0140.

25. Bertsch V, Geldermann J. Preference elicitation and sensitivity analysis
in multicriteria group decision support for industrial risk and emergency

2160 Y Li et al.

https://doi.org/10.1017/dmp.2021.164 Published online by Cambridge University Press

https://doi.org/10.1017/dmp.2021.164
https://doi.org/10.7326/M18-0850
https://doi.org/10.1109/ical.2008.4636686
https://doi.org/10.1109/ical.2008.4636686
https://doi.org/10.1080/0740817x.2010.540639
https://doi.org/10.1080/0740817x.2010.540639
https://doi.org/10.1186/2045-4015-1-40
https://doi.org/10.1016/j.envsoft.2011.12.006
https://doi.org/10.1016/j.eswa.2009.10.035
https://doi.org/10.1002/prs.10005
https://doi.org/10.1007/s11069-011-9808-6
https://doi.org/10.5194/nhess-14-2847-2014
https://doi.org/10.1111/joop.12108
https://doi.org/10.1007/s11518-013-5220-y
https://doi.org/10.1007/s11518-013-5220-y
https://doi.org/10.1016/j.techfore.2012.09.018
https://doi.org/10.1016/j.simpat.2015.10.002
https://doi.org/10.1108/DPM-06-2015-0140
https://doi.org/10.1017/dmp.2021.164


management. Int J Emerg Manag. 2008;5(1-2):7-24. doi: 10.1504/IJEM.
2008.019905.

26. Bertsch V, Geldermann J, Rentz O, et al.Multi-criteria decision support
and stakeholder involvement in emergency management. Int J Emerg
Manag. 2006;3(2-3):114-130. doi: 10.1504/IJEM.2006.011163.

27. Bingzhen S, Weimin M. An approach to evaluation of emergency plans
for unconventional emergency events based on soft fuzzy rough set.
Kybernetes. 2016;45(3):461-473. doi: 10.1108/K-03-2014-0055.

28. Boin A, Hart PT. Public leadership in times of crisis: mission impossible?
Public Adm Rev. 2003;63(5):544-553. doi: 10.1111/1540-6210.00318.

29. Bravata DM,McDonald KM, Szeto H, et al.A conceptual framework for
evaluating information technologies and decision support systems for bio-
terrorism preparedness and response. Med Decis Making. 2004;24(2):
192-206.

30. Bruni-Bossio V, Willness C. The “Kobayashi Maru”meeting: high-fidel-
ity experiential learning. J Manag Educ. 2016;40(5):619-647.

31. Cattermole VT,Horberry T,HassallM.Using naturalistic decisionmak-
ing to identify support requirements in the traffic incident management
work environment. J Cogn Eng Decis Mak. 2016;10(3):309-324. doi: 10.
1177/1555343416655509.

32. Cesta A, Cortellessa G, De Benedictis R, et al. Using planning to train
crisis decision makers. In: Pirrone R, Sorbello F, eds. Ai(Star)Ia 2011:
ArtificialIntelligence around Man and Beyond. Berlin, Heidelberg:
Springer; Vol. 6934; 2011: 336.

33. Chandler T, Abramson DM, Panigrahi B, et al. Crisis decision-making
during Hurricane Sandy: an analysis of established and emergent disaster
response behaviors in the New York metro area. Disaster Med Public
Health Prep. 2016;10(3):436-442. doi: 10.1017/dmp.2016.68.

34. Chang MS, Tseng YL, Chen JW. A scenario planning approach for the
flood emergency logistics preparation problem under uncertainty. Transp
Res E Logist Transp Rev. 2007;43(6):737-754. doi: 10.1016/j.tre.2006.10.
013.

35. Chang SE, Taylor JE, Elwood KJ, et al. Urban disaster recovery in
Christchurch: the central business district cordon and other critical
decisions. Earthq Spectra. 2014;30(1):513-532. doi: 10.1193/022413
eqs050m.

36. Chen AY, Huang T. Toward BIM-enabled decision making for in-build-
ing response missions. IEEE Trans Intell Transp. 2015;16(5):2765-2773.
doi: 10.1109/tits.2015.2422138.

37. Chen AY, Pena-Mora F. Decentralized approach considering spatial
attributes for equipment utilization in civil engineering disaster response.
J Comput Civ Eng. 2011;25(6):457-470. doi: 10.1061/(asce)cp.1943-5487.
0000100.

38. ChenD,Wang L, Zomaya AY, et al. Parallel simulation of complex evac-
uation scenarios with adaptive agent models. IEEE Trans Parallel Distrib
Syst. 2015;26(3):847-857. doi: 10.1109/TPDS.2014.2311805.

39. Chen XZ, Lu QC, Pang ZR, et al. Analysis of transportation network
vulnerability under flooding disasters. Transp Res Rec. 2015;2532:37-44.
doi: 10.3141/2532-05.

40. Chen YS, Kuo YS, Lai WC, et al. Reflection of Typhoon Morakot – the
challenge of compound disaster simulation. J Mt Sci. 2011;8(4):571-581.
doi: 10.1007/s11629-011-2132-5.

41. Cheng R. Supporting time-critical decision making with real time simu-
lations. 2013 Winter Simulation Conference. 2013:229-240.

42. Chou JS, Tsai CF, Chen ZY, et al. Biological-based genetic algorithms for
optimized disaster response resource allocation. Comput Ind Eng. 2014;
74:52-67. doi: 10.1016/j.cie.2014.05.001.

43. Cohen-Hatton SR, Honey RC. Goal-oriented training affects decision-
making processes in virtual and simulated fire and rescue environments.
J Exp Psychol Appl. 2015;21(4):395-406. doi: 10.1037/xap0000061.

44. Coleman CN, Blumenthal DJ, Casto CA, et al. Recovery and resilience
after a nuclear power plant disaster: a medical decision model for man-
aging an effective, timely, and balanced response. Disaster Med Public
Health Prep. 2013;7(2):136-145.

45. Coleman K, Ishisoko N, Trounce M.Hitting a moving target: a strategic
tool for analyzing terrorist threats. Health Secur. 2016;14(6):409-418.
doi: 10.1089/hs.2016.0062.

46. Coles J, Zhang J, Zhuang J. Experiments on partnership and decision
making in a disaster environment. Int J Disaster Risk Reduct. 2016;
18:181-196. doi: 10.1016/j.ijdrr.2016.06.009.

47. Cools E, Van Den Broeck H. Cognitive styles and managerial behaviour:
a qualitative study. Educ Train. 2008;50(2):103-114.

48. Coombs WT. The value of communication during a crisis: insights from
strategic communication research. Bus Horiz. 2015;58(2):141-148. doi: 10.
1016/j.bushor.2014.10.003.

49. Cooper W. What does the military need to do to ensure that our opera-
tional leaders are prepared to meet the challenges of the 21st century.
Naval War College Joint Military Operations Department; 2009.

50. Crichton MT, Flin R. Identifying and training non-technical skills of
nuclear emergency response teams. Ann Nucl Energy. 2004;31(12):
1317-1330. doi: 10.1016/j.anucene.2004.03.011.

51. Crichton M, Flin R. Training for emergency management: tactical deci-
sion games. J Hazard Mater. 2001;88(2-3):255-266.

52. Das TK, Savachkin AA, Zhu Y. A large-scale simulation model of pan-
demic influenza outbreaks for development of dynamic mitigation strat-
egies. IIE Trans. 2008;40(9):893-905. doi: 10.1080/07408170802165856.

53. Daughton AR, Generous N, Priedhorsky R, et al. An approach to and
web-based tool for infectious disease outbreak intervention analysis. Sci
Rep. 2017;7:46076. doi: 10.1038/srep46076.

54. De Groeve T, Annunziato A, Kugler Z, et al. Near real-time global dis-
aster impact analysis. Inf Syst Emerg Manag. 2010;15:302-326.

55. Dillon RL, Liebe RM, Bestafka T. Risk-based decision making for terror-
ism applications. Risk Anal. 2009;29(3):321-335. doi: 10.1111/j.1539-
6924.2008.01196.x.

56. Dorn MS. The power of mental simulation. School Plan Manag. 2014;
53(6):12.

57. Drake SP, Favreau KR, Mangum NW, et al. Modeling the effectiveness
of hurricane preparedness damage mitigation strategies in Southeastern
Virginia. 2007 IEEE Systems and Information Engineering Design
Symposium; 2007:234-239.

58. Dreisinger M, Leet TL, Baker EA, et al. Improving the public health
workforce: evaluation of a training course to enhance evidence-based
decision making. J Public Health Manag Pract. 2008;14(2):138-143. doi:
10.1097/01.phh.0000311891.73078.50.

59. Drury JL, Klein G, Pfaff MS, et al. Dynamic decision support for emer-
gency responders. 2009 IEEE Conference on Technologies for Homeland
Security; 2009:529.

60. Eaglin T, Wang XY, RibarskyW, et al. Ensemble visual analysis architec-
ture with highmobility for large-scale critical infrastructure simulations. In:
Kao DL, Hao MC, Livingston MA, Wischgoll T, eds. Visualization and
Data Analysis. 2015;9397. https://doi.org/10.1117/12.2185609.

61. Ergu D, Zhang MS, Guo ZL, et al. Consistency simulation and optimi-
zation forHPIBMmodel in emergency decisionmaking. In: Shi Y, Lepskiy
A, Aleskerov F, eds. 2nd International Conference on Information
Technology and Quantitative Management. 2013;31:558-566.

62. Esmaelian M, Tavana M, Arteaga FJS, et al. A multicriteria spatial deci-
sion support system for solving emergency service station location prob-
lems. Int J Geogr Inf Sci. 2015;29(7):1187-1213. doi: 10.1080/13658816.
2015.1025790.

63. FruhlingA, Petter S.Developing amethod to evaluate emergency response
medical information systems. In: Gupta A, Patel VL, Greenes RA, eds.
Advances in Healthcare Informatics and Analytics. 2016;19:187-215.

64. Fuse A, Okumura T, Hagiwara J, et al. New information technology
tools for a medical command system for mass decontamination.
Prehosp Disaster Med. 2013;28(3):298-300.

65. Gambhir M, Bozio C, O’Hagan JJ, et al. Infectious disease modeling
methods as tools for informing response to novel influenza viruses of
unknown pandemic potential. Clin Infect Dis. 2015;60(Suppl 1):S11-19.

66. GaynorM, SeltzerM,Moulton S, et al.A dynamic, data-driven, decision
support system for emergency medical services. In: Sunderam VS,
VanAlbada GD, Sloot PMA, Dongarra JJ, eds. Computational Science –
ICCS. 2005;2(3515):703-711.

67. Gin JL, Chan EW, Brewster P, et al. Using exercises to identify Veterans
Health Administration priorities for disaster response: findings from the

Disaster Medicine and Public Health Preparedness 2161

https://doi.org/10.1017/dmp.2021.164 Published online by Cambridge University Press

https://doi.org/10.1504/IJEM.2008.019905
https://doi.org/10.1504/IJEM.2008.019905
https://doi.org/10.1504/IJEM.2006.011163
https://doi.org/10.1108/K-03-2014-0055
https://doi.org/10.1111/1540-6210.00318
https://doi.org/10.1177/1555343416655509
https://doi.org/10.1177/1555343416655509
https://doi.org/10.1017/dmp.2016.68
https://doi.org/10.1016/j.tre.2006.10.013
https://doi.org/10.1016/j.tre.2006.10.013
https://doi.org/10.1193/022413eqs050m
https://doi.org/10.1193/022413eqs050m
https://doi.org/10.1109/tits.2015.2422138
https://doi.org/10.1061/(asce)cp.1943-5487.0000100
https://doi.org/10.1061/(asce)cp.1943-5487.0000100
https://doi.org/10.1109/TPDS.2014.2311805
https://doi.org/10.3141/2532-05
https://doi.org/10.1007/s11629-011-2132-5
https://doi.org/10.1016/j.cie.2014.05.001
https://doi.org/10.1037/xap0000061
https://doi.org/10.1089/hs.2016.0062
https://doi.org/10.1016/j.ijdrr.2016.06.009
https://doi.org/10.1016/j.bushor.2014.10.003
https://doi.org/10.1016/j.bushor.2014.10.003
https://doi.org/10.1016/j.anucene.2004.03.011
https://doi.org/10.1080/07408170802165856
https://doi.org/10.1038/srep46076
https://doi.org/10.1111/j.1539-6924.2008.01196.x
https://doi.org/10.1111/j.1539-6924.2008.01196.x
https://doi.org/10.1097/01.phh.0000311891.73078.50
https://doi.org/10.1117/12.2185609
https://doi.org/10.1080/13658816.2015.1025790
https://doi.org/10.1080/13658816.2015.1025790
https://doi.org/10.1017/dmp.2021.164


New Madrid Earthquake training exercise. J Public Health Manag Pract.
2013;19(2):126-132.

68. Glick JA, Barbara JA. Moving from situational awareness to decisions
during disaster response: transition to decision making. J Emerg
Manag. 2013;11(6):423-432.

69. Good K, Winkel D, VonNiederhausern M, et al. Medical mitigation
model: quantifying the benefits of the public health response to a chemical
terrorism attack. J Med Toxicol. 2013;9(2):125-132.

70. Goolsby C, Vest R, Goodwin T. New Wide Area Virtual Environment
(WAVE) Med Educ. Mil Med. 2014;179(1):38-41. doi: 10.7205/
MILMED-D-13-00310.

71. Hadley CN, Pittinsky TL, Sommer SA, et al. Measuring the efficacy of
leaders to assess information and make decisions in a crisis: the C-LEAD
scale. Leadersh Q. 2011;22(4):633-648. doi: 10.1016/j.leaqua.2011.05.005.

72. Han MH, Kim EH, Suh KS, et al. Development of radiological dose
assessment systems to support a radiological emergency preparedness
in Korea. Ann Nucl Energy. 2012;43:187-191. doi: 10.1016/j.anucene.
2011.12.014.

73. Hasan S, Mesa-Arango R, Ukkusuri S, et al. Transferability of hurricane
evacuation choicemodel: joint model estimation combiningmultiple data
sources. J Transp Eng. 2012;138(5):548-556. doi: 10.1061/(ASCE)TE.
1943-5436.0000365.

74. Hassad RA. Training for effective decision-making in bioterrorism pre-
paredness and response. Ann Epidemiol. 2004;14(8):606. doi: 10.1016/j.
annepidem.2004.07.039.

75. Higgins G, Freedman J. Improving decision making in crisis. J Bus
Contin Emer Plan. 2013;7(1):65-76.

76. Holm G, Moradi F, Svan P, et al. A platform for simulation of crises in
urban environments. AMS 2007: First Asia International Conference on
Modelling & Simulation Asia Modelling Symposium, Conference
Proceedings; 2007:320.

77. Huang Y,Wang J, Jiang R, et al. Simulation and evaluation for the emer-
gencymanagement under the situation of fatal disaster. Paper presented at
the 2010 International Conference on Multimedia Communications;
2010.

78. Huggins TJ, Hill SR, Peace R, et al. Assessing displays for supporting
strategic emergency management. Disaster Prev Manag. 2015;24(5):
635-650. doi: 10.1108/DPM-05-2015-0100.

79. Hunsaker LP. Using social simulations to assess and train potential lead-
ers to make effective decisions in turbulent environments. Career Dev Int.
2007;12(4):341-360.

80. Ibrahim AK, Tanglang N. Proposed training module on goal setting and
decision-making skills for distant learners. J Educ Train Stud. 2015;3(6):
185-190.

81. Inglesby TV, Grossman R, O’Toole T. A plague on your city: observa-
tions from TOPOFF. Clin Infect Dis. 2001;32(3):436-445.

82. Ireson N, Burel G. Knowledge sharing in Ecollaboration. In: Wimmer
MA, Chappelet JL, Janssen M, Scholl HJ, eds. Electronic Government.
2010:351-362.

83. Izida A, Tedrus TD, Marietto MDB, et al. Emergency care in situations
of natural disaster: a multi-agent approach. 2012 International Conference
for Internet Technology and Secured Transactions. 2012:237-242.

84. JehnM, Lant T. Improving public health preparedness through enhanced
decision-making environments. Am J Epidemiol. 2011;173:S284.

85. Jeng-Chung Chen T, Ni-Bin C, Yang-Chi Chang T, et al.Mitigating the
environmental impacts of combined sewer overflow by web-based share-
vision modelling. Civ Eng Environ Syst. 2003;20(4):213. doi: 10.1080/
1028660031000094866.

86. Ji-Quan Z, Jing-Dan L, Xing-Peng L, et al. GIS-based risk assessment of
ecological disasters in Jilin Province, northeast China. Hum Ecol Risk
Assess. 2009;15(4):727-745. doi: 10.1080/10807030903050962.

87. Jia L, Xie KF. Preparation and scheduling system of emergency supplies
in disasters. Kybernetes. 2015;44(3):423-439. doi: 10.1108/k-11-2014-
0248.

88. Jining Y, LizheW, Lajiao C, et al.A dynamic remote sensing data-driven
approach for oil spill simulation in the sea. Remote Sens. 2015;7(6):7105-
7125. doi: 10.3390/rs70607105.

89. Johansson A, Harenstam M. Knowledge communication: a key to suc-
cessful crisis management. Biosecur Bioterror. 2013;11(Suppl 1):S260-
263. doi: 10.1089/bsp.2013.0052.

90. Kaczmarczyk J, Davidson R, Bryden D, et al. Learning decision making
through serious games. Clin Teach. 2016;13(4):277-282. doi: 10.1111/tct.
12426.

91. Kanno T, Shimizu T, Furuta K. Modeling and simulation of residents’
response in nuclear disaster. Cogn Technol Work. 2006;8(2):124-136. doi:
10.1007/s10111-006-0027-y.

92. KaymanH, Logar T.A framework for training public health practitioners
in crisis decision-making. Disaster Med Public Health Prep. 2016;10(1):
165-173. doi: 10.1017/dmp.2015.149.

93. Khorram-ManeshA, AshkenaziM,Djalali A, et al. Education in disaster
management and emergencies: defining a new European course. Disaster
Med Public Health Prep. 2015;9(3):245-255.

94. Khorram-Manesh A, Berlin J, Carlstrom E. Two validated ways of
improving the ability of decision-making in emergencies; results from a
literature review. Bull Emerg Trauma. 2016;4(4):186-196.

95. Kim M, Sharman R, Cook-Cottone CP, et al. Assessing roles of people,
technology and structure in emergency management systems: a public
sector perspective. Behav Inf Technol. 2012;31(12):1147-1160. doi: 10.
1080/0144929X.2010.510209.

96. Kim SS, OhDW, Jo HJ, et al. Introduction of the Republic of Korea – the
United States of America’s Joint Exercise Against Biothreats in 2013: Able
Response 13.Osong Public Health Res Perspect. 2013;4(5):285-290. doi: 10.
1016/j.phrp.2013.09.009.

97. Kirk MA, Fiumefreddo A, Reynard P, et al. Enhancing first responder
preparedness for hazardous chemical incidents: training that combines
high fidelity medical simulation with clinical decision-support tools.
Clin Toxicol. 2012;50(7):625. doi: 10.3109/15563650.2012.700015.

98. Knebel AR, Sharpe VA, Danis M, et al. Informing the gestalt: an ethical
framework for allocating scarce federal public health and medical resour-
ces to states during disasters. Disaster Med Public Health Prep. 2014;
8(1):79-88.

99. Koerner JF, Coleman CN, Murrain-Hill P, et al. The medical decision
model and decision maker tools for management of radiological and
nuclear incidents. Health Phys. 2014;106(6):645-651.

100. Kohn S, Semon N, Hedlin HK, et al. Public health-specific personal dis-
aster preparedness training: an academic-practice collaboration. J Emerg
Manag. 2014;12(1):55-73.

101. Kowalski-Trakofler KM, Vaught C, Scharf T. Judgment and decision
making under stress: an overview for emergency managers. Int J Emerg
Manag. 2003;1(3):278-289. doi: 10.1504/IJEM.2003.003297.

102. Landucci G, Tugnoli A, Busini V, et al. The Viareggio LPG accident:
lessons learnt. J Loss Prev Process Ind. 2011;24(4):466-476. doi: 10.
1016/j.jlp.2011.04.001.

103. Larson RC, Metzger MD, CahnMF. Responding to emergencies: lessons
learned and the need for analysis. Interfaces. 2006;36(6):486-501. doi: 10.
1287/inte.1060.0250.

104. Lee EK, Maheshwary S, Mason J, et al. Large-scale dispensing for emer-
gency response to bioterrorism and infectious-disease outbreak.
Interfaces. 2006;36(6):591-607. doi: 10.1287/inte.1060.0257.

105. Li ML, Wang HW, Qi C, et al. Handling temporal constraints with pref-
erences in HTN planning for emergency decision-making. J Intell Fuzzy
Syst. 2016;30(4):1881-1891. doi: 10.3233/ifs-151899.

106. Li N, Sun MH, Bi ZM, et al. A new methodology to support group deci-
sion-making for IoT-based emergency response systems. Inf Syst Front.
2014;16(5):953-977. doi: 10.1007/s10796-013-9407-z.

107. Liapis A, Kostaridis A, Ramfos A, et al. A position paper on improving
preparedness and response of health services inmajor crises. In: BenSaoud
NB, AdamC, Hanachi C, eds. Information Systems for Crisis Response and
Management in Mediterranean Countries. 2015;233:205-216.

108. Lipsitch M, Finelli L, Heffernan RT, et al. Improving the evidence base
for decision making during a pandemic: the example of 2009 influenza A/
H1N1. Biosecur Bioterror. 2011;9(2):89-115. doi: 10.1089/bsp.2011.0007.

109. Lis R, Sakata V, Lien O. How to choose? Using the Delphi method to
develop consensus triggers and indicators for disaster response.
Disaster Med Public Health Prep. 2017;11(4):467-472.

2162 Y Li et al.

https://doi.org/10.1017/dmp.2021.164 Published online by Cambridge University Press

https://doi.org/10.7205/MILMED-D-13-00310
https://doi.org/10.7205/MILMED-D-13-00310
https://doi.org/10.1016/j.leaqua.2011.05.005
https://doi.org/10.1016/j.anucene.2011.12.014
https://doi.org/10.1016/j.anucene.2011.12.014
https://doi.org/10.1061/(ASCE)TE.1943-5436.0000365
https://doi.org/10.1061/(ASCE)TE.1943-5436.0000365
https://doi.org/10.1016/j.annepidem.2004.07.039
https://doi.org/10.1016/j.annepidem.2004.07.039
https://doi.org/10.1108/DPM-05-2015-0100
https://doi.org/10.1080/1028660031000094866
https://doi.org/10.1080/1028660031000094866
https://doi.org/10.1080/10807030903050962
https://doi.org/10.1108/k-11-2014-0248
https://doi.org/10.1108/k-11-2014-0248
https://doi.org/10.3390/rs70607105
https://doi.org/10.1089/bsp.2013.0052
https://doi.org/10.1111/tct.12426
https://doi.org/10.1111/tct.12426
https://doi.org/10.1007/s10111-006-0027-y
https://doi.org/10.1017/dmp.2015.149
https://doi.org/10.1080/0144929X.2010.510209
https://doi.org/10.1080/0144929X.2010.510209
https://doi.org/10.1016/j.phrp.2013.09.009
https://doi.org/10.1016/j.phrp.2013.09.009
https://doi.org/10.3109/15563650.2012.700015
https://doi.org/10.1504/IJEM.2003.003297
https://doi.org/10.1016/j.jlp.2011.04.001
https://doi.org/10.1016/j.jlp.2011.04.001
https://doi.org/10.1287/inte.1060.0250
https://doi.org/10.1287/inte.1060.0250
https://doi.org/10.1287/inte.1060.0257
https://doi.org/10.3233/ifs-151899
https://doi.org/10.1007/s10796-013-9407-z
https://doi.org/10.1089/bsp.2011.0007
https://doi.org/10.1017/dmp.2021.164


110. Liu J, Guo L, Jiang J, et al. Evaluation and selection of emergency treat-
ment technology based on dynamic fuzzy GRAmethod for chemical con-
tingency spills. J Hazard Mater. 2015;299:306-315.

111. Loos JR, Rogers SH. Understanding stakeholder preferences for flood
adaptation alternatives with natural capital implications. Ecol Soc.
2016;21(3). doi: 10.5751/es-08680-210332.

112. Lopez-Carresi A. Emergency medical management at the Madrid train
bombings. In: Alexander D, Masini E, Mugnai L, eds. Integrated
Emergency Management for Mass Casualty Emergencies. 2013;113:
61-73.

113. Lowe R, Coelho CAS, Barcellos C, et al. Evaluating probabilistic dengue
risk forecasts from a prototype early warning system for Brazil. eLife.
2016;5:e11285. doi: 10.7554/eLife.11285.

114. LyonsWH, Burkle FM Jr, Diggs A, et al.An influenza exercise in amajor
urban setting: development of a health emergency operations center.Am J
Disaster Med. 2010;5(4):247-255.

115. Maciejewski R, Kim S, King-Smith D, et al. Situational awareness and
visual analytics for emergency response and training. 2008 IEEE
Conference on Technologies for Homeland Security. 2008;1-2:252-256.
doi: 10.1109/ths.2008.4534459.

116. Mackinnon L, Bacon L, Cortellessa G, et al.Using emotional intelligence
in training crisis managers: the Pandora approach. Int J Distance Educ
Technol. 2013;11(2):66-95.

117. Mansourian A, Rajabifard A, Zoej MJV, et al.Using SDI and web-based
system to facilitate disaster management. Comput Geosci. 2006;32(3):303-
315. doi: 10.1016/j.cageo.2005.06.017.

118. McGregor P, Kaczmarek R, Mosley W, et al. National security/emer-
gency preparedness and the next-generation network. IEEE Commun
Mag. 2006;44(5):133-143.

119. Mitton C, Patten S. Evidence-based priority-setting: what do the deci-
sion-makers think? J Health Serv Res Policy. 2004;9(3):146-152.

120. Monu K, Woo C. Conceptual modeling in disaster planning using agent
constructs. In: Laender AHF, Castano S, Dayal U, et al., eds. Conceptual
Modeling – ER 2009, Proceedings. 2009;5829:374-386.

121. Mukherjee S, Overman L, Leviton L, et al. Evaluation of worker safety
and health training. Am J Ind Med. 2000:38(2):155-163.

122. Neville K, O’Riordan S, Pope A, et al. Towards the development of a
decision support system for multi-agency decision-making during
cross-border emergencies. J Decis Syst. 2016;25:381-396. doi: 10.1080/
12460125.2016.1187393.

123. Niculae C, French S, Carter E. Emergency management: does it have a
sufficiently comprehensive understanding of decision-making, process
and context? Radiat Prot Dosimetry. 2004;109(1-2):97-100.

124. Park WJ, Nam KW, Jang SY, et al. Development of a Korean decision
making support system for a nuclear emergency. Radiat Prot Dosimetry.
1997;73(1-4):103-106.

125. Parks AL, Walker B, PetteyW, et al. Interactive agent based modeling of
public health decision-making. AMIA, Annual Symposium Proceedings/
AMIA Symposium. 2009:504-508.

126. Pauwels N, Van deWalle B, Hardeman F, et al. The implications of irre-
versibility in emergency response decisions. Theory Decis. 2000;49(1):
25-51. doi: 10.1023/a:1005155426945.

127. Peng Y, Zhang Y, Tang Y, et al. An incident information management
framework based on data integration, data mining, and multi-criteria
decision making. Decis Support Syst. 2011;51(2):316-327. doi: 10.1016/j.
dss.2010.11.025.

128. Perry NC, Wiggins MW, Childs M, et al. Can reduced processing deci-
sion support interfaces improve the decision-making of less-experienced
incident commanders? Decis Support Syst. 2012;52(2):497-504. doi: 10.
1016/j.dss.2011.10.010.

129. Perry NC, Wiggins MW, Childs M, et al. The application of reduced-
processing decision support systems to facilitate the acquisition of deci-
sion-making skills. Hum Factors. 2013;55(3):535-544. doi: 10.1177/
0018720812467367.

130. Rake EL, Nja O. Perceptions and performances of experienced
incident commanders. J Risk Res. 2009;12(5):665-685. doi: 10.1080/13669
870802604281.

131. Rega PP, Fink BN. Immersive simulation education: a novel approach to
pandemic preparedness and response. Public Health Nurs. 2014;31(2):
167-174.

132. Renger R, Granillo B. Lessons learned in testing the feasibility of evalu-
ating transfer of training to an operations setting. J Public Health Manag
Pract. 2014;20(Suppl 5):S30-36. doi: 10.1097/phh.0000000000000059.

133. Rice DO. Improving emergency responder situational awareness for
Incident Command Systems (ICS) using critical information manage-
ment, simulation, and analysis. Conference Proceeding at 2009 IEEE
Conference on Technologies for Homeland Security. 2009:640-646.

134. Richter A, Khan S. Pilot model: judging alternate modes of dispensing
prophylaxis in Los Angeles County. Interfaces. 2009;39(3):228-240. doi:
10.1287/inte.1080.0427.

135. Rojas-Palma C,MadsenH, Gering F, et al.Data assimilation in the deci-
sion support system RODOS. Radiat Prot Dosimetry. 2003;104(1):31-40.

136. Ronzi E, Sarvay C, Kilgore L, et al. Improving effectiveness of emergency
preparedness exercises by utilizing mock blood products. Transfusion.
2014;54:258A. doi: 10.1111/trf.12845.

137. Rose C, Seater R, Norige A, et al. Analysis of decision making skills for
large scale disaster response. Proceedings of the Fifth IEEE Global
Humanitarian Technology Conference (GHTC) 2015. 2015:240-247.

138. Rosenthal PH, Sheiniuk G. Business resumption planning – exercising
the disaster management team. J Syst Manag. 1993;44(6):12-16, 38-40.

139. Salt CA, Dunsmore MC. Development of a spatial decision support sys-
tem for post-emergency management of radioactively contaminated land.
J Environ Manage. 2001;58(3):169-178. doi: 10.1006/jema.2000.0324.

140. Santella N, Steinberg LJ, Parks K. Decision making for extreme events:
modeling critical infrastructure interdependencies to aid mitigation and
response planning. Rev Policy Res. 2009;26(4):409-422. doi: 10.1111/j.
1541-1338.2009.00392.x.

141. Schneider J, Romanowski CJ, Stein K, et al.Decision making to support
local emergency preparation, response, and recovery. Conference
Proceeding at 2013 IEEE International Conference on Technologies for
Homeland Security. 2013:498-503.

142. Schoch-Spana M, Franco C, Nuzzo JB, et al. Community engagement:
leadership tool for catastrophic health events. Biosecur Bioterror.
2007;5(1):8-25. doi: 10.1089/bsp.2006.0036.

143. Setliff R, Porter JE, Malison M, et al. Strengthening the public health
workforce: three CDC programs that prepare managers and leaders for
the challenges of the 21st century. J Public Health Manag Pract. 2003;
9(2):91-102.

144. Shahparvari S, Chhetri P, Abbasi B, et al. Enhancing emergency evac-
uation response of late evacuees: revisiting the case of Australian Black
Saturday bushfire. Transp Res E Logist Transp Rev. 2016;93:148-176.
doi: 10.1016/j.tre.2016.05.010.

145. Shan SQ, Wang L, Li L, et al. An emergency response decision support
system framework for application in e-government. Inf Technol Manag.
2012;13(4):411-427. doi: 10.1007/s10799-012-0130-0.

146. Shan S, Wang L, Li L.Modeling of emergency response decision-making
process using stochastic Petri net: an e-service perspective. Inf Technol
Manag. 2012;13(4):363-376. doi: 10.1007/s10799-012-0128-7.

147. Sharma S. AvatarSim: a multi-agent system for emergency evacuation simu-
lation. J ComputMethods Sci Eng. 2009;9:13-22. doi: 10.3233/JCM-2009-0232.

148. Shen HZ, HuangWW, Zhao JD, et al.A sequential group decision proc-
ess for emergency response. 2008 IEEE International Conference on
Systems, Man and Cybernetics. 2008: 866.

149. Siegel DA, Young JK. Simulating terrorism: credible commitment, costly
signaling, and strategic behavior. PS Polit Sci Polit. 2009;42(4):765-771.
doi: 10.1017/s1049096509990151.

150. Smith PW, Boulter KC, Hewlett AL, et al. Planning and response to
Ebola virus disease: an integrated approach. Am J Infect Control.
2015;43(5):441-446. doi: 10.1016/j.ajic.2015.01.019.

151. Smith WWR. Integration of tactical ems in the national park service.
Wilderness Environ Med. 2017;28:S146-S153. doi: 10.1016/j.wem.2017.
03.002.

152. Sommer M, Nja O. Dominant learning processes in emergency response
organizations: a case study of a joint rescue coordination centre.

Disaster Medicine and Public Health Preparedness 2163

https://doi.org/10.1017/dmp.2021.164 Published online by Cambridge University Press

https://doi.org/10.5751/es-08680-210332
https://doi.org/10.7554/eLife.11285
https://doi.org/10.1109/ths.2008.4534459
https://doi.org/10.1016/j.cageo.2005.06.017
https://doi.org/10.1080/12460125.2016.1187393
https://doi.org/10.1080/12460125.2016.1187393
https://doi.org/10.1023/a:1005155426945
https://doi.org/10.1016/j.dss.2010.11.025
https://doi.org/10.1016/j.dss.2010.11.025
https://doi.org/10.1016/j.dss.2011.10.010
https://doi.org/10.1016/j.dss.2011.10.010
https://doi.org/10.1177/0018720812467367
https://doi.org/10.1177/0018720812467367
https://doi.org/10.1080/13669870802604281
https://doi.org/10.1080/13669870802604281
https://doi.org/10.1097/phh.0000000000000059
https://doi.org/10.1287/inte.1080.0427
https://doi.org/10.1111/trf.12845
https://doi.org/10.1006/jema.2000.0324
https://doi.org/10.1111/j.1541-1338.2009.00392.x
https://doi.org/10.1111/j.1541-1338.2009.00392.x
https://doi.org/10.1089/bsp.2006.0036
https://doi.org/10.1016/j.tre.2016.05.010
https://doi.org/10.1007/s10799-012-0130-0
https://doi.org/10.1007/s10799-012-0128-7
https://doi.org/10.3233/JCM-2009-0232
https://doi.org/10.1017/s1049096509990151
https://doi.org/10.1016/j.ajic.2015.01.019
https://doi.org/10.1016/j.wem.2017.03.002
https://doi.org/10.1016/j.wem.2017.03.002
https://doi.org/10.1017/dmp.2021.164


J Contingencies Crisis Manag. 2012;20(4):219-230. doi: 10.1111/1468-
5973.12003.

153. Song Y, Gong J, Li Y, et al.Crowd evacuation simulation for bioterrorism
inmicro-spatial environments based on virtual geographic environments.
Saf Sci. 2013;53:105-113. doi: 10.1016/j.ssci.2012.08.011.

154. Sorensen JH, Shumpert BL, Vogt BM. Planning for protective action
decision making: evacuate or shelter-in-place. J Hazard Mater.
2003;109(1-3):1-11.

155. Stalker SL, Cullen TA, Kloesel K. Using PBL to prepare educators and
emergency managers to plan for severe weather. Interdiscip J Probl Based
Learn. 2015;9(2).

156. Stewart AC, Williams J, Smith-Gratto K, et al. Examining the impact of
pedagogy on student application of learning: acquiring, sharing, and using
knowledge for organizational decision making. Decis Sci J Innov Educ.
2011;9(1):3-26.

157. Tang A, Wen A. An intelligent simulation system for earthquake disaster
assessment. Comput Geosci. 2009;35(5):871-879. doi: 10.1016/j.cageo.
2008.03.003.

158. Taniguchi E, Ferreira F, Nicholson A. A conceptual road network emer-
gency model to aid emergency preparedness and response decision-mak-
ing in the context of humanitarian logistics. In: Taniguchi E, Thompson
RG, eds. Seventh International Conference on City Logistics. 2012;39:
307-320.

159. Tena-Chollet F, Tixier J, Dandrieux A, et al. Training decision-makers:
existing strategies for natural and technological crisis management and
specifications of an improved simulation-based tool. Saf Sci. 2016;97:
144-153. doi: 10.1016/j.ssci.2016.03.025.

160. Thompson S, Altay N, Green WG III. Improving disaster response
efforts with decision support systems. Int J Emerg Manag. 2006;3(4):
250-263.

161. Tsai MK, Yau NJ. Enhancing usability of augmented-reality-based
mobile escape guidelines for radioactive accidents. J Environ Radioact.
2013;118:15-20. doi: 10.1016/j.jenvrad.2012.11.001.

162. Wang L, Zhang ZX, Wang YM. A prospect theory-based interval
dynamic reference point method for emergency decision making.
Expert Syst Appl. 2015;42(23):9379-9388. doi: 10.1016/j.eswa.2015.07.056.

163. Warner TT, Bowers JF, Swerdlin SP, et al. A rapidly deployable opera-
tional mesoscale modeling system for emergency-response applications.
Bull Am Meteorol Soc. 2004;85(5):709-716.

164. Westphal RG, Jewell S, Skawinski E. Development of an on-line bioter-
rorism preparedness course. J Public Health Manag Pract. 2005;Suppl:
S132-134.

165. Wilkins K, Nsubuga P, Mendlein J, et al. The data for decision making
project: assessment of surveillance systems in developing countries to improve
access to public health information. Public Health. 2008;122(9):914-922.

166. Wilson JMT, Polyak MG, Blake JW, et al. A heuristic indication and
warning staging model for detection and assessment of biological events.
J Am Med Inform Assoc. 2008;15(2):158-171.

167. Wilson R, Wood N, Kong L, et al. A protocol for coordinating post-tsu-
nami field reconnaissance efforts in the USA. Nat Hazards.
2015;75(3):2153-2165. doi: 10.1007/s11069-014-1418-7.

168. Worm A. Evaluating tactical real-time interaction in multi-agent,
dynamic, hazardous, high-stake operations. Proceedings of the Human
Factors and Ergonomics Society 43rd Annual Meeting. 1999;1(2):199-203.

169. Xu J, Nyerges TL, Nie G. Modeling and representation for earthquake
emergency response knowledge: perspective for working with geo-ontol-
ogy. Int J Geogr Inf Sci. 2014;28(1):185-205. doi: 10.1080/13658816.2013.
845893.

170. Yu J, Wen JH, Jiang Y. Agent-based evacuation simulation for spatial
allocation assessment of urban shelters. In: Zhou G, Kang C, eds.
International Conference on Intelligent Earth Observing and Applications;
2015:9808.

171. Zografos KG, Douligeris C, Tsoumpas P. An integrated framework for
managing emergency-response logistics: the case of the electric utility
companies. IEEE T Eng Manage. 1998;45(2):115-126. doi: 10.1109/17.
669744.

172. ‘t Hart P. Preparing policy makers for crisis management: the role of sim-
ulations. J Contingencies Crisis Manag. 1997;5(4):207.

173. Ablah E, Scanlon E, Konda K, et al. A large-scale points-of-dispensing
exercise for first responders and first receivers in Nassau County, New
York. Biosecur Bioterror. 2010;8(1):25-35.

174. Agocs M, Fitzgerald S, Alles S, et al. Field testing a head-of-household
method to dispense antibiotics.Biosecur Bioterror. 2007;5(3):255-267. doi:
10.1089/bsp.2006.0022.

175. Andress K. A postevent smallpox mass vaccination clinic exercise.
Disaster Manag Response. 2003;1(2):54-58.

176. Andrews M. Operation Windshield and the simplification of emergency
management. J Bus Contin Emer Plan. 2016;9(3):251-261.

177. Antoniou Z, Panayides AS, PattichisMS, et al.Adaptive emergency sce-
nery video communications using HEVC for responsive decision support
in disaster incidents. Conference Proceedings of the IEEE Engineering in
Medicine and Biology Society. 2015:173-176. doi: 10.1109/embc.
2015.7318328.

178. Araz OM, Lant T, Fowler JW, et al. Simulation modeling for pandemic
decision making: a case study with bi-criteria analysis on school closures.
Decis Support Syst. 2013;55(2):564-575.

179. Asllani A, Dileepan P, Ettkin L. A methodology for using simulation to
optimize emergency mass vaccination parameters. J Med Syst. 2007;
31(6):453-459.

180. Asproth V, Amcoff Nyström C. Preparing for emergency situations. AIP
Conf Proc. 2010;1303(1):179-188. doi: 10.1063/1.3527153.

181. Atack L, Bull E, Dryden T, et al. An evaluation of learner perception of
competency and satisfaction with three models of an interdisciplinary
surge capacity course. J Allied Health. 2012;41(3):106-112.

182. Baliga SB, Rolland LB, Bright JL. Impact of simulation training on emer-
gency medicine residents’ crisis resource management skills in emergency
department resuscitations.Acad EmergMed. 2012;19:S252. doi: 10.1111/j.
1553-2712.2012.01332.x.

183. Banner G. The Rhode Island Medical Emergency Distribution System
(MEDS). Disaster Manag Response. 2004;2(2):53-57.

184. Berlin JM, CarlströmED.The three-level collaboration exercise – impact
of learning and usefulness. J Contingencies Crisis Manag. 2015;23(4):257-
265. doi: 10.1111/1468-5973.12070.

185. Bernardes SMF, Rebelo F, Vilar E, et al.Methodological approaches for
use virtual reality to develop emergency evacuation simulations for train-
ing, in emergency situations. Procedia Manuf. 2015;3:6313-6320. doi:
http://doi.org/10.1016/j.promfg.2015.07.946.

186. Beroggi GEG, Waisel L, Wallace WA. Employing virtual reality to sup-
port decision making in emergency management. Saf Sci. 1995;20(1):79-
88. doi: 10.1016/0925-7535(94)00068-E.

187. Bharosa N, Janssen M, Meijer S, et al. Designing and evaluating dash-
boards for multi-agency crisis preparation: a living lab. In: Wimmer MA,
Chappelet JL, Manssen M, eds. Electronic Government. 2010;6228:180.

188. Bisenius JC. First responders get realistic training. Army Reserve
Magazine. 2000;46(2):26.

189. Boet S, Bould MD, Fung L, et al. Transfer of learning and patient out-
come in simulated crisis resource management: a systematic review. Can J
Anaesth. 2014;61(6):571-582.

190. Boet S, Everett T, Gale M, et al. Learning crisis management: practicing
versus observing. Can J Anaesth. 2013;60(1):S117. doi: 10.1007/s12630-
013-0063-z.

191. Bowles DS, Aboelata M. Evacuation and life-loss estimation model for
natural and dam break floods. In: Vasiliev OF, VanGelder P, Plate EJ,
Bolgov MV, eds. Extreme Hydrological Events: New Concepts for Security.
2007;78:363.

192. Brandeau ML, McCoy JH, Hupert N, et al. Recommendations for mod-
eling disaster responses in public health and medicine: a position paper of
the society for medical decision making. Med Decis Making.
2009;29(4):438-460. doi: http://doi.org/10.1177/0272989X09340346.

193. Burden AR, Pukenas EW, Deal ER, et al. Using simulation education
with deliberate practice to teach leadership and resource management
skills to senior resident code leaders. J GradMed Educ. 2014;6(3):463-469.

194. Campbell BD, Mete HO, Furness T, et al. Emergency response planning
and training through interactive simulation and visualization with deci-
sion support. Paper presented at the 2008 IEEE Conference on
Technologies for Homeland Security, Volumes 1 and 2; 2008.

2164 Y Li et al.

https://doi.org/10.1017/dmp.2021.164 Published online by Cambridge University Press

https://doi.org/10.1111/1468-5973.12003
https://doi.org/10.1111/1468-5973.12003
https://doi.org/10.1016/j.ssci.2012.08.011
https://doi.org/10.1016/j.cageo.2008.03.003
https://doi.org/10.1016/j.cageo.2008.03.003
https://doi.org/10.1016/j.ssci.2016.03.025
https://doi.org/10.1016/j.jenvrad.2012.11.001
https://doi.org/10.1016/j.eswa.2015.07.056
https://doi.org/10.1007/s11069-014-1418-7
https://doi.org/10.1080/13658816.2013.845893
https://doi.org/10.1080/13658816.2013.845893
https://doi.org/10.1109/17.669744
https://doi.org/10.1109/17.669744
https://doi.org/10.1089/bsp.2006.0022
https://doi.org/10.1063/1.3527153
https://doi.org/10.1111/j.1553-2712.2012.01332.x
https://doi.org/10.1111/j.1553-2712.2012.01332.x
https://doi.org/10.1111/1468-5973.12070
http://doi.org/10.1016/j.promfg.2015.07.946
https://doi.org/10.1016/0925-7535(94)00068-E
https://doi.org/10.1007/s12630-013-0063-z
https://doi.org/10.1007/s12630-013-0063-z
http://doi.org/10.1177/0272989X09340346
https://doi.org/10.1017/dmp.2021.164


195. Carr BG,Walsh L,Williams JC, et al.A geographic simulationmodel for
the treatment of trauma patients in disasters. Prehosp Disaster Med.
2016;31(4):413-421.

196. Chaturvedi A, Armstrong B, Chaturvedi R. Securing the food supply
chain: understanding complex interdependence through agent-based
simulation. Health Technol (Berl). 2014;4(2):159-169. doi: 10.1007/
s12553-014-0086-7.

197. Chen YM, Wu D, Wu CK. A game theory approach for evaluating ter-
rorist threats and deploying response agents in urban environments.
J Homel Secur Emerg Manag. 2009;6(1).

198. Christie PM, Levary RR. The use of simulation in planning the transpor-
tation of patients to hospitals following a disaster. J Med Syst. 1998;
22(5):289-300.

199. Chu TQ, Drogoul A, Boucher A, et al. Interactive learning of indepen-
dent experts’ criteria for rescue simulations. J Univers Comput Sci.
2009;15(13):2701-2725.

200. Corley CD, Mikler AR. A computational framework to study public
health epidemiology. 2009 International Joint Conference on
Bioinformatics, Systems Biology and Intelligent Computing, Proceedings.
2009:360-363. doi: 10.1109/ijcbs.2009.83.

201. Cranmer H, Johnson K. Pathway to professionalization: a competency-
based evaluation of humanitarian aid workforce personnel during a
humanitarian crisis simulation exercise. Ann Glob Health. 2014;80(3):
157-158.

202. Cuvelier L, Falzon P. The collective construction of safety: a trade-off
between “understanding” and “doing” in managing dynamic situations.
Appl Ergon. 2015;47:117-126.

203. Davis M, Proctor M, Shageer B. A systems-of-systems conceptual
model and live virtual constructive simulation framework for improved
nuclear disaster emergency preparedness, response, and mitigation.
J Homel Secur Emerg Manag. 2016;13(3):367-393. doi: 10.1515/jhsem-
2015-0051.

204. Delaney HM, Lucero PF, Maves RC, et al. Ebola virus disease simulation
case series: patient with Ebola virus disease in the prodromal phase of ill-
ness (scenario 1): the “wet” gastrointestinal phase of illness (scenario 2):
and the late, critically ill phase of disease (scenario 3). Simul Healthc.
2016;11(2):106-116.

205. Dieckmann P, Molin Friis S, Lippert A, et al. The art and science of
debriefing in simulation: ideal and practice. Med Teach. 2009;31(7):
e287-294.

206. Djordjevich DD, Xavier PG, Bernard ML, et al. Preparing for the after-
math: using emotional agents in game-based training for disaster
response. 2008 IEEE Symposium on Computational Intelligence and
Games. 2008:266. doi: 10.1109/cig.2008.5035649.

207. DvorzhakA, Puras C,MonteroM, et al. Spanish experience onmodeling
of environmental radioactive contamination due to Fukushima Daiichi
Nuclear Power Plant accident using JRODOS. Environ Sci Technol.
2012;46(21):11887-11895. doi: 10.1021/es301687t.

208. Engel CC, Locke S, Reissman DB, et al. Terrorism, trauma, and mass
casualty triage: how might we solve the latest mind-body problem?
Biosecur Bioterror. 2007;5(2):155-163. doi: 10.1089/bsp.2007.0004.

209. Ferreira TM, Vicente R, RaimundoMendes da Silva JA.Urban fire risk:
evaluation and emergency planning. Cult Herit. 2016;20:739-745. doi: 10.
1016/j.culher.2016.01.011.

210. FitzGerald DJ, Sztajnkrycer MD, Crocco TJ. Chemical weapon func-
tional exercise–Cincinnati: observations and lessons learned from a
“typical medium-sized” city’s response to simulated terrorism utiliz-
ing weapons of mass destruction. Public Health Rep. 2003;118(3):
205-214.

211. Fung L, Boet S, Bould MD, et al. Impact of crisis resource management
simulation-based training for interprofessional and interdisciplinary
teams: a systematic review. J Interprof Care. 2015;29(5):433-444.

212. Fung L, Boet S, Qosa H, et al. The impact of simulation-based crisis
resource management training: a systematic review. Can J Anaesth.
2013;60(1):S121. doi: 10.1007/s12630-013-0063-z.

213. Gagnon S, Vough HC, Nickerson R. Learning to lead, unscripted: devel-
oping affiliative leadership through improvisational theatre. Hum Resour
Dev Rev. 2012;11(3):299-325.

214. Gan HS, Richter KF, Shi M, et al. Integration of simulation and optimi-
zation for evacuation planning. Simul Model Pract Theory. 2016;67:59-73.
doi: 10.1016/j.simpat.2016.07.001.

215. Gemmell AMD, Finlayson IG,Marston PG. First steps towards an inter-
active real-time hazard management simulation. J Geogr High Educ.
2010;34(1):39-51. doi: 10.1080/03098260902982419.

216. Gomes JO, BorgesMR,Huber GJ, et al.Analysis of the resilience of team
performance during a nuclear emergency response exercise. Appl Ergon.
2014;45(3):780-788.

217. GoolsbyC,Deering S.Hybrid simulation duringmilitarymedical student
field training – a novel curriculum.MilMed. 2013;178(7):742-745. doi: 10.
7205/milmed-d-12-00541.

218. Hale RE. Real-time modelling of HFIR accident releases. Radiat Prot
Dosimetry. 1997;73(1-4):155-157.
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