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A B S T R A C T

The evaluation of emergency, disaster and crisis management exercises supports both individual and
organisational learning, facilitates the development of response capabilities, and helps to determine whether
the current level of preparedness is good enough. Nevertheless, despite its importance in the field of disaster
risk management, there is a lack of a comprehensive overview of research in the area. The aim of the paper is to
provide such an overview.

A scoping study identified the key contributions on the topic of disaster exercise evaluation, provides an
overview of research in the area, and analyses opportunities for future work. The purpose, function and form of
the evaluation provided the framework for the analysis, which was applied to the scoping study results.

The results indicate a lack of academic interest. Although exercises take place on a regular basis and are often
used for research purposes, their evaluations are seldom the focus of attention per se. Moreover, contributions
that do focus on evaluations are spread over several disciplines. Nevertheless, the results indicate that recent
contributions are becoming more coherent as they build on each other (or at least refer to each other), even if
they are produced within different disciplines.

Despite encouraging signs of a more cohesive scientific corpus on the evaluation of disaster exercises, there is
still room for improvement. The scientific discourse would benefit from greater clarity regarding: (1) the
purpose and context in which a specific evaluation method is designed to be used; (2) what the method needs to
do (or produce) in order for it to fulfil the purpose; and (3) how the method achieves its goal and thereby fulfils
its purpose. Moreover, in order to help researchers to build on each other's work and suggest improvements to
evaluation methods, it is urgent that the supporting evidence (for example, empirical data or logical reasoning)
for claims regarding the usefulness of a specific method is clearly presented. This is likely to lead to a more
vigorous scientific discourse, which will result in increasingly relevant and robust arguments related to how to
approach the problem of evaluating disaster exercises in practice.

1. Introduction

The data testifies to the high frequency of disasters, together with the
associated human impacts. Disasters are a global issue, with substantial
human and economic costs [1,2]. In preparing for such events societies
take various measures to limit the potential consequences and cope
more efficiently with the effects [3]. For example, they organize
professional teams, such as firefighters, medical personnel, or other
types of so-called first responders. Disaster management exercises, such
as table-top or field exercises, play an important role in preparing these
organisations to mitigate the effects of disasters. They can be used to test
equipment and responses i.e. plans, procedures, skills and knowledge

[4]. In other cases, they are used to facilitate learning by, for example,
developing and embedding routine skills and procedures.

Evaluation is an important aspect of these exercises. Whatever the
style or level of exercise, a well-constructed evaluation process is the
key to providing evidence-based feedback on performance. It supports
the direction of, and investment in, future learning and development.
However, there is little research that provides a comprehensive over-
view of the evaluation of disaster management exercises. The aim of the
present paper is to provide such an overview through the use of a
scoping study approach.

The following section provides some general, theoretical back-
ground on evaluation. This information serves as a basis for the
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framework that is used to analyse the results of the scoping study. The
third section describes the methods used to structure data collection
and the analysis of the literature. In the fourth section, we present the
results and analysis. These results are discussed in Section five. The
article ends with some conclusions regarding the current state of
research in the area of the evaluation of disaster exercises.

2. Background

The field of evaluation research is rich in concepts, standards,
principles, practical guidelines and approaches. One definition of “evalua-
tion”, provided in 1994 by the Joint Committee on Standards for
Educational Evaluations [5] is, “a systematic assessment of the worth or
merit of an object”, which serves as a point of departure for other, more
specific definitions. For example, the ‘object’ can be a specific type of
disaster exercise. As it is unfeasible to describe all of the concepts,
approaches and methods in the domain, some of the most relevant aspects
are described briefly in Table 1. This table is used to categorise the methods
and approaches for exercise evaluation found in the scoping study, and is
the point of departure for the analysis of the study's results (Section 4).

3. Method

In order to provide a comprehensive overview of the scientific
literature on the evaluation of emergency, disaster and crisis manage-
ment exercises, evidence was collected using a scoping method. The
study was conducted in July 2015 using the ‘six step framework’ [12,13]
as a guideline. This section describes the framework and its application.

3.1. Scoping study

Grant and Booth [14] identified fourteen types of literature reviews
and associated methodologies. They conclude that there is no inter-

nationally-agreed set of discrete, coherent and mutually-exclusive
types. Instead each researcher must use the purpose of his/her study
to judge whether a specific methodology is suitable or not. The aim of
our review is not to develop or test theory [15], but to provide an
overview of available research and suggest ways to improve it. Thus,
the aim of scoping studies “to map the literature on a particular topic
or research area and to provide an opportunity to identify key
concepts; gaps in the research; and types and sources of evidence to
inform practice, policymaking, and research” [16], fits our purpose.
Specifically, we followed the ‘six step framework’ presented by Arksey
and O’Malley [12]. The first four steps are described below, and final
two in the results and discussion section.

A scoping study does not usually analyse the quality of research in a
specific area. Nevertheless, as our ambition was to investigate oppor-
tunities for improvement, we also performed an in-depth assessment of
the study's results. The point of departure for the analysis was the
concepts and methods found in the field of evaluation research (see
previous section).

3.1.1. Step 1: identifying the research question
The first step is to identify a broad and open research question.

Here, the question is: what is known in the scientific literature about
the evaluation of disaster management exercises? Before starting the
systematic search (step 2 and onward) for material we conducted a set
of quick-scan searches in academic journals in the field of disasters and
emergencies. The aim was to develop an understanding of the material,
where it might be found, and the terminology used to address the topic.
This information provided input for the subsequent steps.

3.1.2. Step 2: identifying relevant studies/papers
The second step is to identify relevant studies. Arksey and O’Malley

[12] recommend a broad search that is consistent with the overall
research question. In order to systematically identify relevant work, a

Table 1
Relevant concepts, approaches and methods from the evaluation literature.

Aspect of evaluation Methods, approaches or
classifications

Brief explanation of categories (including references)

The way evaluation is
performed

(1) Formal Formal evaluations are systematic and rigorous, while informal evaluations are more ad-hoc [6].
Although this is an important distinction for research purposes, as informal evaluation is
ongoing, the focus here is on formal evaluation.

(2) Informal

Data Collection Systematic and rigorous collection of
information

It is important that findings are based on appropriate, credible and reliable information to be able
to draw any conclusions about merit and worth [6]. The Joint Committee on Standards for
Educational Evaluation [7] defined a range of standards. It is important that evaluators make
selective use of both qualitative and quantitative data collection tools and strategies. It is
therefore interesting to identify what information is considered relevant for a specific method, in
what context and how its reliability and validity are guaranteed (e.g. what data collection methods
are used and how). The use of multiple information sources and techniques, and how they are
applied in the evaluation of disaster exercises is particularly important.

The functioning of the
evaluation

(1) Measuring Guba and Lincoln [8] use the term ‘generations’ to denote the focus of a specific type of
evaluation. The first generation of methods focus on measuring, the second on describing, the
third on judging, and the fourth on (constructivist) stakeholder involvement. Closely related to
the fourth generation is responsive or stakeholder-centred evaluation [9]

(2) Describing
(3) Judging
(4) Stakeholder centred

Why the evaluation is
performed

(1) Improvement Stufflebeam and Coryn [6] identify four main uses of evaluations: improvement, accountability,
dissemination and enlightenment. This is also partially supported by Hertting and Vedung [10](2) Accountability

(3) Dissemination
(4) Enlightenment

When the evaluation is
performed

(1) Formative Formative evaluations are used to provide information for developing a service, ensuring its
quality, or improving it. They are prospective, proactive and undertaken during the development
or operation of a program. Summative evaluations are retrospective assessments of completed
projects, established programs, finished products, or services rendered. They provide an overall
judgement of the effectiveness of the individual, team, organisation, or policy with respect to the
expected outcomes [11].

(2) Summative

Evaluating the evaluation Meta-evaluation it is important to ensure the overall integrity and credibility of various, single case, evaluations.
This can be achieved by applying a meta-evaluation, which is defined as “the process of evaluating
an evaluation” [6]. It involves isolating, obtaining, and applying descriptive and judgemental
information about an evaluation's utility, feasibility, propriety, accuracy, and accountability for
the purposes of guiding it and reporting its strengths and weaknesses [6]. Meta-evaluations can
serve various purposes, but are often needed to assess and identify the need to adjust or amend
the system.
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distinction was made between: ‘database selection’ (i.e. where to
search); and ‘search query identification’ (i.e. how to search).

3.1.2.1. Database selection. The Scopus, Academic Search and Web of
Science databases, owned by Elsevier, EBSCO and Thomson Reuters
were selected, as they are multi-disciplinary, cover a wide range of
research fields, and are owned by various publishers. A fourth,
PubMed, owned by the United States National Centre for
Biotechnology Information, was added because the quick-scan results
showed that some of the relevant literature is in the health and medical
sciences field. Because the focus was limited to peer-reviewed scientific

papers, no grey literature was searched.

3.1.2.2. Search query identification. The search string was based on a
Boolean approach. The three distinctive keywords in the research
question are: (a) disaster, (b) exercise and (c) evaluation. However,
these three keywords alone were insufficient, as these words have many
synonyms. Therefore, a list of synonyms was compiled by searching
thesauruses [17], combined with the function provided by various
databases (for example EBSCO) to identify related terms. The results of
this search are listed in Appendix A.

Fig. 1. Overview of search method (search date: 22 July 2015).

R.J.J. Beerens, H. Tehler International Journal of Disaster Risk Reduction 19 (2016) 413–446

415



Nine synonyms were found for the word “disaster” ten for “exercise”
and ten for “evaluation”. These terms were systematically combined,
resulting in multiple search queries each consisting of three words (e.g.
“disaster AND drill AND exercise”). Each combination was used to
search the Scopus database (title+abstract+keywords) and the number
of hits was noted for each query. The titles of the first 100 hits (most
recent publications) were analysed, and synonyms that appeared to
generate irrelevant hits were removed from the list. For example, if
including a specific synonym (e.g. “training”), generated irrelevant hits,
it was removed from the list. This reduced the number of synonyms to
the following:

Variable A: Disaster
Synonyms: Crisis, Emergency
Variable B: Exercise
Synonym: Drill
Variable C: Evaluation
Synonyms: Assessment, Analysis, Valuation, Review

In addition to keywords, this analysis also identified various
'excluding keywords', i.e. words that produced a large number of
irrelevant results. For example, the synonym ‘emergency’ identified
studies in the medical domain related to cardiology research into
fitness. Therefore, terms such as ‘heart’, ‘cardio’, ‘pain’, ‘surgery’,
‘syndrome’ and ‘fitness’ were introduced as excluding keywords.

Fig. 1 shows the search string and the initial number of hits (6630)
from the various databases. The application of inclusion criteria 1 and
2 (see Fig. 1) reduced this to 5985 papers, and automated duplicate
removal left a total of 3956 papers. These were analysed in detail in the
next step.

3.1.3. Step 3: study selection
Many of the final sample of 3956 papers did not address the

evaluation of disaster exercises and had to be removed by assessing the
title against additional inclusion and exclusion criteria. These criteria
are presented in Appendix B. Only papers that were clearly irrelevant
were removed and borderline cases were retained for further analysis.
This led to the removal of 3123 papers. The abstracts of each of the
remaining 833 papers were then read and assessed against the
inclusion and exclusion criteria. Once again, borderline cases were
retained and the whole article was analysed. Around 508 papers were
removed at this point. The list was manually scanned in order to verify
whether there were any duplicates, which were removed. This left 325
papers for further analysis. The abstracts of 18 papers were not
available1 leaving 307.

3.1.4. Step 4: charting the data
The analysis was performed in two steps. An initial, overall analysis

focuses on broad trends and characteristics. This corresponds to the
fourth step in Arksey & O’Malley's framework. The second step
involved a more detailed analysis that focused on the role of evaluation.
This analysis used a template based on the key aspects found in the
evaluation literature (see Section 2). We call this the 'in-depth analysis'.

3.1.4.1. Overall analysis. Each of the 307 abstracts was read and
analysed in order to determine whether the topic was relevant. If this
was inconclusive, the whole article was read (n=147 papers). The aim
was to identify papers that explicitly addressed disaster exercise
evaluation per se. We therefore grouped papers based on their
overall focus; either (1) the exercise and its evaluation method, or (2)
other aspects of disaster exercises. Group 1 contained 43 papers and
Group 2 consisted of 264 articles. As the papers in Group 2 contained

interesting information regarding the context in which exercises are
performed and their evaluation, we included them in the overall
analysis, but excluded them from the in-depth analysis.

3.1.4.2. In-depth analysis. The 43 papers in Group 1 were analysed
based on the framework described in Section 2 (Appendix C).
Furthermore, we performed a network citation analysis using a
MATLAB algorithm and VosViewer software [18,19]. The aim was to
determine the most influential studies (in terms of citations) and
identify clusters of researchers who cited each other's work. Visualizing
bibliometric networks (also referred to as ‘science mapping’) is a
comprehensive approach to coding a specific research stream [20].
Complex bibliographic data can be analysed relatively easily by
visualizing the core aspects [19].

The data were analysed in MATLAB following an approach that
identifies group structures in networks [21]. The results were verified
using VosViewer software. According to Eck and Waltman [19]
bibliographic network visualizations are most useful when they are
carefully interpreted and used in combination with an expert evalua-
tion. Therefore, we also performed a manual analysis that aimed to
check the data from the citation analysis and extract information
related to the purpose, function and form of the evaluation.

Arksey and O’Malley's scoping study framework includes a sixth
step. In this step, outcomes are discussed in a consultation exercise
designed to validate the method, suggest additional references and
provide new insights. This step was performed with an expert group2 in
the Netherlands. Their feedback has been incorporated into the
discussion section.

4. Results and analysis

4.1. Overall analysis of all papers (groups 1 and 2)

Papers were categorised into general subject areas based on their
title and discipline (e.g. computer science, engineering and medicine3).
Table 2 presents an overview of this classification. Most papers were
published in the area of medicine, followed by the social sciences. Most
were journal articles, followed by conference proceedings ( Table 3).

Fig. 2 shows the number of papers published annually, which
suggests that there is a growing interest in research that focuses on
disaster exercises and their evaluation.

The categorization provided a structured overview. Most papers fell
into the category of ‘evaluation research’ [22] and used standard social
science data collection methods including self-evaluation surveys [23–
31], questionnaires [24,32–35], interviews [36–38] or literature reviews
[39–42]. In a few cases, Delphi techniques were used to determine the
importance of evaluation criteria [43], or the quality of a tool [44].
Several papers that discussed evaluation in an exercise context employed
trained evaluators to collect data through observations and registration
[31,43,45–56]. In a few cases these evaluators were experienced staff
members, but in most cases they were third-party or external experts
[57–62]. A few papers collected data using specific tools, such as video
or software [63–66]. In a few cases (notably medicine and health), data

1 These 18 papers could not be retrieved through interlibrary loan services (most were
published in conference proceedings or books).

2 The expert group consisted of seven persons from the Netherlands with a background
in research/academia in the social sciences (public administration, organisational
science) and medicine. Participants were familiar the key topics of this research (i.e.
disaster management and/or evaluation). Five had carried out incident and/or exercise
evaluations in the Netherlands. Two had carried out other types of evaluation (i.e. policy
evaluations or evaluative research). All participants had a relevant academic background.

3 As the papers were drawn from various databases they were manually categorized by
one of the authors using automated Scopus subject areas as a starting point. The title (of
the journal, proceedings, etc.) was read and used to categorize the article into a subject
area.
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is mainly based on statistics and quantifiable indicators such as time or
number of victims [46,55,67–71].

There was similar variety in terms of focus. Some studies looked at
certain types of equipment or tools [72–78] (e.g. robots, sensors, victim
cards), more comprehensive systems [79–86] (e.g. decision support,
simulation, information or communication systems), or general skills
[87–95] (e.g. information management, decision-making, improvisation
or collaboration). Another distinction is research that uses evaluation
related to a specific process, such as triage [96–98], decontamination
[69,99,100], points of dispensing [46,101] and evacuation [102,103]. In
some cases, models are tested for assessment [104], decision- and sense-
making [105–107] types of management such as emergency manage-
ment, command and control or resource management and awareness
[108–112]. There is also research that focuses on artificial environments
i.e. virtual environments [113–115] or behavioural aspects such as
learning [45,60,116] and risk perception [117].

Most papers were descriptive, i.e. they described the design of an
exercise, the scenario that was employed, the lessons that were learned
and the method that was used. However, a few prescriptive papers
described how an exercise should be set up [118].

Papers were also classified in terms of how they described and
identified lessons to be learned. In particular, Borodzicz & van
Haperen [40] discuss processes of individual and group learning in
crisis simulations. Lessons are mainly derived from observations or
collected after debriefings [119–121]. These papers rarely provide
details of what information was collected or how it was obtained,
simply making use of the judgement of observers or participants
[122,123]. In various cases, lessons learned were combined with a
description of the exercise and scenario [54,124–127]. A few papers

addressed learning processes [128,129]. In most cases, conclusions
were based on a pre- and post-exercise survey that assessed partici-
pants’ impressions and viewpoints.

Several articles addressed the design of exercises [64,130–133]. In
these papers, evaluation is often seen as an element or step in the process;
rather than provide details of how it should be done, they focus on its
purpose. Scenario development and description often play an important
role. Typically, these papers discuss various types of exercises, such as
table-top and field exercises, and their execution. A specific group of
papers relates to the United States ‘Homeland Security Exercise and
Evaluation Program (HSEEP) Guidelines’ [29,41,42,48,54,118,134,135].
This policy document is often used as a reference for setting up an exercise
and its evaluation. Although it is mainly cited in North American papers,
there is one example from another country [132].

A final category was papers that focused on the testing of a plan or
procedure [68]. Most of these addressed preparedness
[43,49,136,137]. Exercises are used in the context of preparedness
programs and in this case, it is not the exercise itself that is evaluated.
Instead, it is combined with other aspects such as training and the
formulation of guidelines.

Papers that focused on longer-term responses, such as develop-
mental or educational disaster preparedness programs, were excluded
from the search (see Section 3), as were papers that collected data over
a longer period of time from several exercises for benchmarking
purposes [138].

4.2. In-depth analysis

Following the overall analysis, we conducted an in-depth analysis of
the 43 papers in Group 1, which focused on the evaluation of disaster
exercises. Like Group 2, most of this research is published in medical
and social sciences journals (see Tables 2, 3), mainly published in North
America and Europe. In the section below, we present the results of the
citation analysis and the application of the framework (Section 2).

4.2.1. Citation analysis
The citation analysis was performed using MATLAB and data was

verified using VosViewer software. This showed that 28 out of the 43
papers referred to others in the group (see Fig. 3). Analysis of the nodes
(papers) helped to identify the most influential work in terms of
citations. Although citations can be seen as an indication of the
importance of a work, it should be noted that recently-published
papers are less likely to be cited than older papers. The analysis found
that the paper by Biddinger et al. [41] was referred to most often by the
other authors in the group (eight citations). It was closely followed by
Savoia et al. [27,29] (both five citations), [139] (cited eight other
papers in the group), while Agboola et al. [61] and Ingrassia et al. [140]
were all citing seven other papers.

A MATLAB analysis identified three clusters (Fig. 3). Within these
clusters, nodes (papers) are more highly connected to each other than
to the rest of the network (i.e. papers within a cluster refer more
extensively to each other than to other papers). A fourth group was
identified based on a content analysis and a visual inspection of the
network. The fact that two authors have written papers that are
connected through citations does not necessarily mean that they
collaborated or built upon each other's work. Thus, belonging to the
same cluster does not imply actual collaboration as it may merely be a
consequence of the way in which the authors refer to each other's work.

The first cluster is most active, both in terms of the number of
papers published and references to other papers in the sample. It
contains work by researchers including Biddinger, Savoia and Agboola
[27,29,30,41,61,135,139,141,142]. This main focus of this cluster is
developing a framework for performance evaluation in the area of
public health. The research focuses on all aspects of evaluation—from
measurement criteria and tool development, to post-action review
analysis and lessons learned.

Table 2
Documents by subject area.

Documents by subject area Total (n=307) Group 1 (n=43)

Computer science 32 10.4% 1 2.3%
Earth and planetary sciences 4 1.3% 0 0.0%
Energy 1 0.3% 0 0.0%
Engineering 48 15.6% 4 9.3%
Environmental 25 8.1% 5 11.6%
Health 40 13.0% 6 14.0%
Medicine 87 28.3% 20 46.5%
Nursing 5 1.6% 0 0.0%
Social sciences 65 21.2% 7 16.3%
Total 307 100% 43 100%

Table 3
Publication type overview.

Publication type Total (n=307) Group 1 (n=43)

Book 16 5.2% 2 4.7%
Book chapter 2 0.7% 1 2.3%
Journal article 230 74.9% 36 83.7%
Conference paper 59 19.2% 4 9.3%
Total 307 100% 43 100%

Fig. 2. Number of publications by year.
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The second cluster includes work by researchers such as Rådestad
and Rüter [55,70,143,144]. This group focuses on developing and
implementing performance indicators for the evaluation of medical
responses and, in particular, hospital preparedness. The smaller, third
cluster [38,56,140,145] contains papers that address the evaluation of
medical management during mass casualty incidents. These articles
focus on data collection by developing tools for observation, or training
observers in medical management evaluation.

Finally the fourth cluster includes researchers such as Sinclair,
Latiers and Wybo [146–150] who approach the subject from a broader,
methodological perspective. They present overviews based on other
literature and research, for example accident investigation, in order to
understand and assess disaster exercises in general and thus be able to
evaluate them.

In addition to the automated citation analysis of Group 1 papers, we
performed a manual snowballing analysis in order to check whether the
references in the papers in Group 1 contained any other relevant
information. No other references were identified that met the inclusion
and exclusion criteria (Appendix B (Table B1)).

4.2.2. Form of the evaluation (see appendix C, column A)
Forty-two papers took a formal approach. There was one exception

[141], where it was not possible to determine the form of the evaluation
as the paper focused on how post-action reviews should be structured,
completed, and aggregated in order to improve quality. This paper
discussed evaluation in general, rather than a particular method, unlike
the other papers in the group.

4.2.3. Method (see appendix C, column B)
In 15 papers, observation was the only data collection method. In

another nine papers, observations were combined with questionnaires.
In five, they were combined with debriefings, and in three others with
interviews. Only one paper [27] used questionnaires as the primary
data collection method. In this paper, the questionnaire was validated
as a self-assessment performance measurement tool, and was filled out

by both participants and external experts. In all other cases a
combination of methods was used. Nineteen papers took a qualitative
approach to information collection. In 15 papers, there was a combina-
tion of quantitative and qualitative methods and four employed
quantitative methods using scored indicators and measurements of
time in order to evaluate medical performance [55,70,140,143]. In four
papers it was not possible to determine the data collection method.

Twenty-eight papers described a method and identified the informa-
tion to be collected. These papers presented general methods or process
descriptions (such as the official HSEEP guidelines). The earliest paper
(Crankshaw and Fenton [151]) introduced general evaluation criteria to
be used for measuring performance. They also proposed a weighted
method for calculating and comparing the results. Later papers devel-
oped a particular evaluation method. For example Lonka and Wybo
[150] and Wybo [152] introduce the ‘REXAO’ method, which aims to
develop organisational learning from accidents and crises, while
Cranmer [38] use a competency-based tool. Kaji et al. [24] and Kaji
and Lewis [142] introduce the module-based AHRQ tool, which can be
used to evaluate processes during a hospital disaster drill. Duarte et al.
[153] describe the ‘ASC Process Model’, which describes the evaluation
process, while Savoia et al. [139] present a framework for performance
measurement. Finally, Heumüller et al. [154] propose an action-based
research framework for exercise development and evaluation.

The reason for using a particular method varied—from using a
standardized method to be able to compare and share data—to more
specific, contextual justifications (see Appendix C, column C).
Examples apply to, for example, oil spill processes [155], hospital
management [24,29,55] and exercises at schools [134]. In most cases,
the chosen method aimed to improve validity and reliability. In some
cases, methods were related to the clusters; for example [55,112] use a
similar method to measure performance in hospital management.
However, it was not always clear whether the method could be applied
outside the specific context.

In six papers no specific method was implemented or developed.
Steward and Wan [156] linked exercise evaluation to simulation

Fig. 3. MATLAB Citation Analysis Network overview.
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modelling. However, it was not possible to determine which method for
evaluation that was employed. A further eight papers could not be
classified as the information was lacking. This may be related to the
nature of the work, which did not aim to use or develop a particular
method or framework, instead it might be focused on, for example,
identify criteria [157] or provide lessons learned [158].

4.2.4. Context (see appendix C, column D)
Twenty-one papers used a technological scenario (i.e. a human-

made disaster), seven a natural disaster scenario, and one paper used
both types. The remainder either did not explicitly mention a scenario,
or a scenario was not applicable. Most papers discussed a mass casualty
incident (MCI). In particular, Johnston et al. [159] used a school
environment and Green et al. [160] described exercises in developing
countries. Twenty-four papers focused on the local, regional or state
level. In two cases these levels were combined with the national level,
and in three cases the scenario is at a national level. In the remainder,
it was not possible to determine the level, or no information about the
scale of the exercise was provided. More than 50% of papers did not
refer to previous exercises or incidents, implying that they discuss
individual cases.

4.2.5. Function (see appendix C, column E)
In 17 papers, the function of the evaluation was explicitly related to

measurement. Of these, most used evaluation to measure performance.
Three papers focused on an evaluation method aimed at describing, and
two on the process of judging. However, there is a thin line between
measurement and judging, because in some cases measurement is a
form of judging. In the remaining papers it was not possible to
determine the function of the evaluation. In eight papers, stakeholders
were involved in the setup and preparation of the evaluation, while in the
remainder this was either not the case or it was not possible to know.

4.2.6. Purpose (see appendix C, column F)
Nine papers make an explicit link with learning/development (also

referred to as ‘evaluand’). In six, the evaluation is used for accountability
purposes, while in seven others it is a combination of both learning and
accountability. Seven had a specific research purpose (e.g. they validated
an evaluation method). Nine papers took a holistic approach, focused on
the systems’ level. Eight papers evaluated parts of a crisis response
system, while the focus could not be determined in the remaining cases.

4.2.7. Timing (see appendix C, column G)
In most cases it was difficult to determine the timing of the

evaluation. In seven papers the focus was on summative evaluations,
in three it was on formative evaluations and two papers used both types
of evaluations.

5. Discussion

5.1. Methodological concerns in evaluation design

Methodological concerns such as threats to reliability and validity
are a traditional aspect of research. Many of the reviewed papers
contain general discussions of both reliability and validity with respect
to a particular data collection method, e.g. semi-structured interviews.
Although such discussions are valuable and necessary, here we are
more interested in investigating whether the papers present motiva-
tions for why the suggested evaluation method is suitable in the
context in which it is supposed to be used. Such discussions, however,
are far more uncommon. This is surprising, as when suggesting a new
method (or combination of methods), or the development of an existing
one, the key point is value or utility, i.e. does the method work (or work
better than existing methods)?

One possible explanation for this might be that it is a perspective that
is not traditionally found in the natural and social sciences. Instead, the

focus is on describing, understanding and explaining the external world,
including its social components. The utility of an artefact (e.g. a method
for evaluating disaster exercises) is, on the other hand, the main focus of
evaluation research (see Section 2) or more broadly design science
[161,162]—the “sciences of the artificial”, as Herbert Simon put it [163].
These differences in perspective might explain why the reviewed papers
pay relatively little attention to the utility of their methods. Nevertheless,
we believe that an important step towards a more cohesive and active
scientific discourse in the present area lies in using ideas and concepts
from evaluation research and design science.

5.2. Design aspects of disaster exercise evaluation

Although there is much to say about how to conduct research that
aims to provide solutions to real-world problems (see for example the
references in Section 2, and [164–168]), here we focus on a few aspects
that are important when reporting such research.

First of all, the purpose of the method, and the context in which it is
going to be used needs to be clearly described. The purpose of a method
relates to the question “why does it exist, or why should it be built, used
or implemented?”. As our results show, there are several possible
purposes, including learning, development and accountability. Unless
the purpose is clearly described, other researchers will not be able to
judge whether a proposed method is an improvement over other
methods. In addition, methods that are used for learning purposes
might not be useful for accountability purposes (and vice versa) as they
have different aims and thus produce different results.

Secondly, there needs to be a description of its function; in other
words, what the method does in order to achieve its purpose. Functions
are related to the question “what does the method do, when used in
context, to achieve its purpose?”We call this the output of the method. It
describes the mechanism(s) by which a method produces the outcome,
and achieves its purpose. For example, if the purpose of an evaluation is
to learn how to improve performance, it may need to produce an account
of how successful the exercise was (i.e. was the outcome good or bad
with respect to the scenario and the available resources). It might also
need to provide advice on how to improve performance. Output can then
be used by participants when thinking about how to improve.

Thirdly, it is important to describe the form, or how the method
produces the necessary output and how that in turn fulfils its purpose.
Form is related to the question “how does the method produce the output
necessary to achieve its purpose?”. The results of the scoping study
indicate that papers often include descriptions of how the evaluation
method should be used (which is useful), but they seldom provide
arguments that support why the suggested method produces outputs that
are better at achieving the overall purpose than other methods.

Purpose, function and form thus represent different levels of
abstraction that can describe a method (see for example [169,170]).
The important point here is that in order for other researchers to judge
the usefulness of a new method (i.e. the extent to which it fulfils a
specific purpose), they need to see arguments that link form, function
and purpose. Many of the 43 core papers identified here include
descriptions of form; several of them also discuss purpose; but most
lack descriptions of what the method does to achieve its purpose (i.e.
functions). Moreover, they also lack a holistic description that clearly
links purpose, function and form. For example, claims that a specific
method should be used in a specific context (e.g. type of exercise) need
to be supported by arguments that show what the application of the
method (form) in the context does (function) so that the purpose is
fulfilled. Such a description would greatly enhance the ability of other
researchers to build upon the results.

Despite this general lack of focus on the links between purpose, function
and form, some meta-evaluations came close to such discussions (for
example [41]). Improving descriptions and arguments about links would
not only improve the ability of other researchers to build on the results, but
also motivate practitioners to use a specific evaluation method.
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5.3. Impact of disaster exercise evaluation

Few studies discussed in any detail the value of exercises for first
responders, or the organisation being prepared for a disaster response.
This is surprising, as a very important reason for conducting a disaster
exercise in the first place is to strengthen the preparedness of an
organisation. A known example of a direct, but accidental, link between
exercises (preparedness) and disasters is between ‘exercise hurricane
Pam’ and the real hurricane Katrina. However, it is difficult, if not
impossible to establish such direct links since disasters are rare events,
and there is even less data gathered on disaster response performance
linked to exercises. Our results confirm that little is known about the
impact of a disaster exercise on operational preparedness, and how this
can best be evaluated. The rare examples we found relate to learning
[40], in particular the impact of exercises on participants, but not on
the organisation [128,129]. Of course there are many examples of
exercises that test and develop new artefacts or methods, but there is
no overall method, framework or standard that can express the general
outcome of an exercise and its contribution to improving preparedness.
Furthermore, the researchers and professionals involved in disaster
exercises may consider it obvious that its evaluation, including lessons
learnt, always contributes to increased preparedness. This assumption
has, however, not received much attention in the literature we reviewed
and it would be interesting to see a more thorough investigation of it.

Most of the papers included in the in-depth analysis focussed on
rather narrow contexts (e.g. mass casualty incidents and public health).
This is understandable, since the context in which the method is
developed (and intended to be used) is likely to coincide with the
authors’ expertise. Nevertheless, it would be useful for the scientific
community, and professionals who evaluate disaster exercises to test
such methods in a broader context. This would be in line with the
argument given above, i.e. to focus on the general, context-independent
purpose of disaster evaluation, and try to produce knowledge about
how to achieve such purposes in different contexts. This is likely to
improve the ability of researchers and professionals to utilize knowl-
edge from different fields. It would probably also help the scientific
community to produce actionable knowledge [165,171].

Such knowledge is found in so-called design propositions, which take
the form “If you want to achieve A [purpose] in context B, then do
something like C [form]” [166,172]. Propositions regarding the form of
the evaluation (C) could be tested in different contexts (B) to investigate
whether they are valid, i.e. whether the action actually achieves the
purpose (A). The accumulation of empirical evidence would help to
establish the scope of the context (B) in which the proposition is valid,
which could gradually be refined and expanded. This is likely to increase
the relevance of research, and possibly exercises per se. Critics of
exercise evaluations often argue that they are only for show and that
they have little benefit beyond a symbolic action. However, if researchers
focused more on the relationship between purpose and form (as
suggested above) more robust arguments regarding, for example, the
effect of exercises on preparedness, might be developed. This is likely to
reinforce the value of exercises in disaster preparedness activities.

5.4. Limitations

Our focus on exercise evaluation represents a significant limitation.
Besides exercises that take place in the preparedness phase, substantial
research efforts are being made to carry out post-incident and disaster
evaluations, and during the response phase. The focus on exercises
excluded some key papers relevant to evaluating disaster response
exercises; for example, papers related to planning such as Lindell &
Perry [173] or Alexander [174]. In addition, other papers have a broader
scope and do not focus on exercises, but do provide criteria for evaluating
disaster management; these include Quarantelli [175], Borell and
Eriksson [176], Abrahamsson et al. [177], Ritchie and MacDonald
[178] or Alexander [179]. Also excluded were general studies of evaluating

preparedness (such as Nelson et al. [180]) or meta-analyses of real
incidents following action reviews [181]. This type of research could
potentially be very useful when developing disaster exercise evaluation
practices. The choice to exclude these papers was based on the need to
reduce the amount of information and provide a more thorough and in-
depth analysis of research that explicitly focuses on exercise evaluation. In
addition, the decision to exclude grey literature represents a significant
limitation as many substantial contributions to the field take the form of
informal documents such as reports and articles.

Categorizing and coding the literature (steps 3 and 4 of the scoping
study) required judgements to be made, and specific criteria were
applied to select the literature and chart the results. This process could
impact the study's reliability and validity. Threats to reliability were
managed by documenting the procedure, and inclusion and exclusion
criteria together with other important choices in the search protocol.
The method is described in detail and the study can be easily replicated.
Judgements about inclusion and exclusion criteria and the categoriza-
tion of the results could threaten reliability as interpretations might
vary. In order to manage this, a selection of articles was reviewed by
another researcher using the same criteria. Any differences were
discussed and the final result was agreed between them. In addition,
the use of software tools such as Mendeley, MATLAB and VosViewer
supported the mapping of the research field and minimized biases
associated with manual analysis (such as duplicate removal or quali-
tative identification of relevant papers). The snowballing method,
which is based on reference lists, and peer consultations with librarians
in the selection of the search-string, helped to manage threats to
reliability. Finally, the scoping study and the results were discussed
with a group of experts who provided feedback. Although it is highly
unlikely that another researcher repeating our study would end up with
exactly the same results (i.e. exactly the same papers assigned to the
two groups), we believe that the overall conclusions would be similar.

6. Conclusions and future work

Although evaluation in the context of disaster exercises has con-
siderable practical importance, the results presented here demonstrate
that there is a lack of literature that focuses specifically on this topic.
Although the field has received increasing attention from researchers in
recent times, most contributions seem to focus on individual cases from
various (research) perspectives, and there appears to be a lack of interest
in building a solid knowledge base. A first step in this direction would be
to conduct empirical research that, for example, identifies and compares
current exercise evaluation programs or meta-evaluations of particular
programs. Despite the overall lack of coherence, there are exceptions
that demonstrate a more systematic effort to build on existing work.

The scoping approach used here resulted in the identification of 43
papers that specifically deal with the evaluation of disaster exercises.
Although they are published in several subject areas and scientific
disciplines, most take a medical perspective. A citation analysis and
closer investigation of the content of these publications found three
sub-groups of papers in the contexts of public health, hospital
preparedness and medical management. A small, fourth group that
considered evaluation from a methodological perspective in a disaster
context was also identified. These results indicate that contributions
are starting to build on each other (or at least refer to each other), even
though they are the product of different disciplines.

There are signs of the creation of a more cohesive corpus of scientific
information on the evaluation of disaster exercises. However, the results
presented here also show that there is room for improvement. Greater
clarity, in terms of how specific evaluation methods are linked to their
overall purpose is needed. More precisely, attention should be paid to: (a)
The purpose(s) and context in which a specific evaluation method is
designed to be used; (b) What the method needs to achieve (or produce)
in order for it to fulfil its purpose(s); and (c) How the method achieves this
and thereby fulfils its purpose. If researchers are to be able to build on
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each other's work, it is important to explicitly describe the connections
between these three aspects. Moreover, there needs to be a clear
description of the available evidence, for example in terms of empirical
data or logical reasoning, in support of claims regarding the usefulness of
a specific method. Improvements in these areas are likely to lead to a
livelier scientific debate and more relevant, robust arguments regarding
the evaluation of disaster exercises in practice. In addition, it would be
interesting to monitor how research influences the practical design of
exercise evaluations that are implemented by emergency responders and
other stakeholders.

Given that significant financial and material resources are dedicated

to disaster exercises, developing the scientific foundations for their
evaluation is clearly important. Researchers should be able to provide
advice that is grounded in scientific knowledge, and which has been

tested in the field and found to be effective. Such a contribution may
help to justify investments, by explaining why it is useful to conduct
exercises in the first place. Only then will it become more obvious that
disaster exercises are not only for show, and that their evaluation is not

simply an exercise in paper pushing.
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Table B1
Inclusion and exclusion criteria and their rationale.

Rational/Comments

Inclusion criteria
I1 Full text publication available in English. In order to be understood and analysed the full article should be available in English.
I2 Journal is peer-reviewed. Only articles published in peer-reviewed journals were included. No technical

reports, Master's theses, policy documents or other grey literature.
I3 The paper should contain all three elements of the research question i.e. it

addresses (operational) exercises in a disaster context/scenario that are evaluated
or used as the basis for a response evaluation.

If the article only contains one or two of the main elements it does not provide a full
picture; therefore, articles should address all three aspects (or synonyms).

I4 Papers that propose a tool/framework that can be applied during exercises to
evaluate the disaster response.

If a paper proposes a tool/framework or something similar that is designed to be used
for evaluation (without referring to a particular exercise) it was included.

I5 Papers that discuss lessons learned (in combination with evaluation). To provide insight into how lessons learned are collected. It is expected that this
includes some form of evaluation.

Exclusion criteria
E1 Answer is no to I1, I2, I3
E2 The document should not solely focus on an incident or preparedness program but

specifically deal with a simulated 'real-life' exercise environment.
Some articles focus on the evaluation of incidents and disasters; however, here the
focus is on responses in a controlled environment (exercises). The evaluation of
preparedness is acceptable if it is based on an exercise evaluation (i.e. excluding
preparedness surveys including exercises)

E3 The article should not solely address evaluation as a task, role or function within a
response.

Evaluation is not a part (function/task) of the exercise e.g. assessment of victims.

E4 The evaluation of an exercise should not only be mentioned as a task (under
exercise design or preparedness approaches) but should be described in detail or
applied e.g. gathering lessons learned from processes.

The focus of the research is on disaster exercise evaluation, and in particular how it is
performed. It was insufficient for evaluation to simply be mentioned as a task to be
executed within the exercise design process. The paper had to provide further details
about its execution.

E5 The focus should be on short-term disaster management response exercises rather
than long-term development/training or education/preparedness programs,
courses, plans or projects. Exercises can be evaluated as part of a program;
nevertheless, the focus should be on the exercise and not on the program, course,
project or training.

The context of the paper was operational exercises that addressed preparations for
the acute disaster response phase. Although recovery follows this phase, this is a
longer-term issue that is not usually dealt with by first responders, and therefore
outside the scope of this research. It is understood that exercises are used to evaluate
preparedness; however, the article was only included if it dealt with the evaluation
process rather than preparedness.

Table A1
Synonyms.

Synonym A Synonym B Synonym C

Disaster Exercise Evaluation
Crisis Drill Assessment
Emergency Training Analysis
Incident Operation Valuation
Catastrophe Performance Review
Accident Lesson Judgement
Contingency Test Estimation
Intervention Activity Examination
Safety Learning Audit
Hazard Practice Appraisal

Simulation Rating
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