
ABSTRACT

Objective: Training in practical aspects of disaster medicine is
often impossible, and simulation may offer an educational
opportunity superior to traditional didactic methods. We
sought to determine whether exposure to an electronic simu-
lation tool would improve the ability of medical students to
manage a simulated disaster.
Methods: We stratified 22 students by year of education and
randomly assigned 50% from each category to form the inter-
vention group, with the remaining 50% forming the control
group. Both groups received the same didactic training ses-
sions. The intervention group received additional disaster
medicine training on a patient simulator (disastermed.ca),
and the control group spent equal time on the simulator in a
nondisaster setting. We compared markers of patient flow
during a simulated disaster, including mean differences in
time and number of patients to reach triage, bed assignment,
patient assessment and disposition. In addition, we compared
triage accuracy and scores on a structured command-and-
control instrument. We collected data on the students’ evalu-
ations of the course for secondary purposes.
Results: Participants in the intervention group triaged their
patients more quickly than participants in the control group
(mean difference 43 s, 99.5% confidence interval [CI] 12 to
75 s). The score of performance indicators on a standardized
scale was also significantly higher in the intervention group
(18/18) when compared with the control group (8/18) (p <
0.001). All students indicated that they preferred the simulation-
based curriculum to a lecture-based curriculum. When asked
to rate the exercise overall, both groups gave a median score
of 8 on a 10-point modified Likert scale.
Conclusion: Participation in an electronic disaster simulation
using the disastermed.ca software package appears to increase
the speed at which medical students triage simulated patients
and increase their score on a structured command-and-control
performance indicator instrument. Participants indicated that

the simulation-based curriculum in disaster medicine is prefer-
able to a lecture-based curriculum. Overall student satisfaction
with the simulation-based curriculum was high.

Keywords: disaster medicine, emergency medicine, disaster
planning, simulation 

RÉSUMÉ

Objectif : Il est souvent impossible de former les étudiants
aux volets pratiques de la médecine des catastrophes. Or, 
la simulation pourrait être une méthode d’enseignement
supérieure aux méthodes traditionnelles. Nous avons cher-
ché à déterminer si le recours à un outil de simulation élec-
tronique pourrait aider les étudiants en médecine à mieux
gérer une catastrophe simulée.
Méthodes : Nous avons stratifié un échantillon de 22 étudiants
selon l’année de formation et avons assigné de façon aléatoire
50 % de chaque catégorie au groupe d’intervention, et 50 % au
groupe témoin. Les deux groupes ont reçu les mêmes séances
de formation didactique. Le groupe d’intervention a reçu une
formation supplémentaire en médecine des catastrophes sur
un simulateur de patients (disastermed.ca), et le groupe témoin
a passé autant de temps sur le simulateur dans un cadre de
non-catastrophe. Nous avons comparé les marqueurs de
déplacement des patients pendant une catastrophe simulée, y
compris les différences moyennes en temps et en nombre de
patients relatifs à l’arrivée au triage, à l’attribution d’un lit, à
l’éva luation du patient et à leur prise en charge. Nous avons en
outre comparé l’exactitude du triage et les scores sur un outil
structuré de mesure des compétences de commandement et
de contrôle. Nous avons recueilli des données sur les évalua-
tions des étudiants du cours à des fins secondaires.
Résultats : Les participants du groupe d’intervention ont
procédé au triage de leurs patients plus rapidement que les
participants du groupe témoin (différence moyenne de 43 s;
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INTRODUCTION

The subspecialty of disaster medicine, although still in
its infancy, has become increasingly important, particu-
larly in emergency medicine. Unfortunately, training in
disaster medicine remains scant, or even nonexistent, in
many medical schools.1 Unlike most other areas of
medicine, the ability to practise disaster management
skills in a real setting is usually limited. Although didac-
tic teaching is worthwhile, simulation may offer an
opportunity for more training and practice in this area.

A recent review of simulation training in emergency
medicine by the Society of Academic Emergency Medi-
cine Technology in Medical Education Committee
found that simulation appears to be effective in teaching
specific skills or protocols such as intubation, adherence
to safety protocols, and surgical skills.2 This review also
noted there is “limited but growing evidence” that sim-
ulation training may translate to improved patient care.2

Although competences such as leadership, organiza-
tion and command-and-control are important for disas-
ter management, objective means to measure these are
scant; we could identify only 1 published report of an
objective measurement tool.3 The disastermed.ca (soft-
ware package developed by the principal author, J.F.L.)
website includes a collection of simulated patients who
have been involved in a large disaster, and includes a
simulated hospital tracking system. Participants manage
the care of patients on the simulator as they would in
real life, including making triage, investigation, proce-
dure and disposition decisions in real time. The simula-
tor has been used previously, and has been found to be
an effective method of simulating the emergency
department response to a major disaster.4 The software
allows analysis of numerous markers of patient flow. In
addition, the software has been used as a teaching tool
for the European Master in Disaster Medicine program
at the Università degli Studi del Piemonte Orientale
“Amedeo Avogadro” Novara, Italy.

The purpose of this study was to determine whether

exposure to the disastermed.ca simulation program
would improve the ability of medical students to man-
age a simulated disaster.

METHODS

Study design

This was a prospective observational cohort study.

Study setting and population

Students in their final 2 years of medical school who
were enrolled in an optional course in disaster medicine
at the Università degli Studi del Piemonte Orientale in
Novara, Italy, were invited to participate in the study.

Study protocol

The Faculty of Medicine at the Università degli Studi
del Piemonte Orientale approved the study protocol. As
the study was limited to an educational tool, the faculty
waived the requirement for ethics approval. Following
an explanation of the study, students provided written
consent. We matched students by year of study to
ensure that the student level of education was equal in
the intervention and control groups. We randomly
selected 50% of the students from each education cate-
gory to be the intervention group, and the remaining
50% of each group formed the control group.

Before the simulations, all participants were provided
a didactic curriculum that included 8 hours of lectures
on general aspects of disaster medicine, triage, command-
and-control and various specific disaster-related injuries
such as burns, crush injuries and blast injuries.

We performed training and evaluation using the 
disastermed.ca emergency department simulator. The
groups performed simulation exercises, with each of the
2 groups working as a team to manage the simulated
disaster. Command-and-control, job assignment and

intervalle de confiance [IC] à 99,5 % de 12 à 75 s). Le score
des indicateurs de performance, sur une échelle normalisée,
était aussi nettement plus élevé pour le groupe d’intervention
(18/18) que pour le groupe témoin (8/18) (p < 0,001). Tous les
étudiants ont indiqué qu’ils préféraient les méthodes d’en-
seignement basées sur la simulation aux cours magistraux.
Les deux groupes ont accordé une note moyenne de 8 sur 10,
sur une échelle Likert modifiée, lorsqu’on leur a demandé 
d’évaluer l’exercice dans son ensemble.

Conclusion : La participation à une simulation électronique de
catastrophe avec le progiciel de disastermed.ca semble
accélérer le triage des patients simulés par les étudiants en
médecine et donner un score plus élevé pour les indicateurs
de performance en matière de commandement et de con-
trôle. Les participants ont indiqué qu’ils préféraient les méth-
odes d’enseignement basées sur la simulation aux cours
magistraux. La satisfaction générale des étudiants relative à
la formation par simulation est élevée.
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organizational structure were left to the discretion of
the participants. During the simulations, disaster
patients arrived at the simulated hospital. We based the
distribution of patient acuity and time on the ergom -
etric work of de Boer and Debacker,5 which described
expected patient flow based on an analysis of a large
number of disasters. Students were asked to manage the
patients, including triage, physician assignment, labora-
tory testing, radiographic studies and disposition, as
they would during a true event. All patient management
manoeuvres took place in real time, with delay times for
procedures and investigations, which were determined
electronically by the disastermed.ca database to repre-
sent realistic real-time delays. All management, investi-
gations and procedures took place directly on the par-
ticipants’ computers. 

When required, students were able to request assis-
tance from management staff who used the written 
disastermed.ca protocols to guide students. These proto-
cols were based on previously published guidelines for
use in disaster exercises.6 Briefly, these guidelines divide
the management staff into higher, lower and flank con-
trol, and specifically address questions that may be
asked by the participants regarding the roles of other
resources in the emergency management team who
were not physically present during the simulation. The
guidelines help to standardize the management team’s
responses, and facilitate the scenario being carried to
completion. We obtained aggregate markers of emer-
gency department management, including mean time
for patients to achieve specific markers of flow (i.e.,
triage, bed assignment, physician assignment and dispo-
sition). In addition, we captured the number of patients
to reach each of the above care milestones. We also
evaluated accuracy of triage, but again only in aggregate
with no data collection regarding individual participant
performance.

During the training phase, both groups were given a
30-minute tutorial in the use of the software. The
2 groups of students then participated in a training ses-
sion using the disastermed.ca emergency department
simulation. Both groups used the same simulated hospi-
tal configuration and both groups were given copies of
the disaster plan for the Geyserville_2008 hospital from
the disastermed.ca software package. The disaster plan is
based on the generic Hospital Emergency Incident
Command System template, which includes a model of
command-and-control, detailed job descriptions for key
roles in the hospital disaster response team, and a collec-
tion of standardized forms.7 For this training phase the

simulation scenario was different between the 2 groups.
The control group received patient flow and patient pro-
files typical for a hospital of this size, meant to represent
normal “day-to-day” emergency department activity of
the hospital. This included a variety of patient presenta-
tions. In contrast, in the intervention group, the simula-
tion scenario was a disaster that clearly overwhelmed the
hospital’s resources. Again, students were asked to man-
age the department exactly as they would in real life. 
Use of the disaster plan, command-and-control and
triage were left to the discretion of the participants. Both
groups were given the same amount of time (120 min)
during the training scenarios.

Subsequently, each of the 2 groups participated 
in an evaluative simulation using the disastermed.ca 
emergency department simulation. Here both groups
received the same disaster scenario and patients. In this
case, the scenario and patient volume was sufficient to
overwhelm the hospital’s resources. The patient data set
and disaster scenario for the evaluative exercise was dif-
ferent from that given to either of the groups during the
training sessions.

Measurements

The primary outcome measures were difference in
patient flow parameters between the 2 groups, difference
in accuracy of triage between the 2 groups, and differ-
ence in score of performance indicators for command-
and-control between the 2 groups.

Since the evaluation simulation lasted less than 2 hours,
we included only triage code “red” (i.e., immediate) and
“yellow” (i.e., delayed) patients in the final analysis, as it is
reasonable to conclude that triage code “green” (i.e.,
ambulatory) patients do not require, nor would they
receive, any management in the first 2 hours. Patient flow
measurements included the number of patients who were
triaged, the number of patients who were assigned to
emergency department beds, the number of patients who
were seen by a physician and the number of patients who
were assigned a disposition. In addition, we compared the
difference in time to triage, time to bed assignment, time
to physician assessment and time to disposition. We
assessed triage accuracy for the 2 groups by comparison
with the standard codes from the disastermed.ca database,
which had been assigned using the Canadian Emergency
Department Triage and Acuity Score with translation to
the 4 START (Simple Triage and Rapid Treatment)
colours of black, red, yellow and green using the standard
START triage assignment algorithm.8 
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We also compared a previously studied command-
and-control performance indicator scoring system
between groups.3 Trained observers scored the partici-
pants’ performances using the observational tool of
Rüter and coworkers.3 The tool involves a set of stan-
dardized performance indicators that evaluate the skills
of command, coordination and control during incidents
and disasters. The indicators assess decision-making and
management skills, with some performance indicators
including a set time for performance of procedures. Par-
ticipants received 2 points for accomplishing the perfor-
mance indicator within the designated time, 1 point for
accomplishing the indicator after the designated time
and 0 points if the indicator was not accomplished.

We based secondary outcomes on participant evalua-
tion forms detailing the students’ opinions of the train-
ing exercise.

Data analysis

We performed statistical analysis using the “R” statistics
package (The R Foundation) for SUSE Linux (Novell).
We compared differences in time intervals between
groups using confidence intervals (CIs), which we cal-
culated at the 99.5% level to allow for an experiment-
wise error rate of 0.1% (Bonferroni correction with n =
10 contrasts). We assessed differences in proportions of
patients to reach care milestones, differences between
groups in triage accuracy and command-and-control
scoring using the χ2 test. We considered p < 0.01 signif-
icant for all statistical tests, again to allow for a 0.1%
experiment-wise error rate using the Bonferroni correc-
tion with n = 10 contrasts.

RESULTS

Twenty-two students agreed to participate in the study,
(2 groups of 11 students). All 22 participants were pre-
sent for both the training and evaluation simulations.

During the training simulations, the intervention
group activated the disaster plan and the control group
did not. The intervention group used the written disas-
ter plan to organize a command-and-control structure.
However, during the training phase we obtained no
markers of performance.

During the evaluation exercise, each group received
97 patients in 90 minutes. This included 16 “red,” 
16 “yellow” and 65 “green” patients categorized by the
START criteria.

There were significant differences in patient flow

between the 2 groups during the evaluation exercise.
The intervention group triaged patients more quickly
than the control group (mean difference 43 s, 99.5% CI
12 to 75 s). Nonsignificant improvements in rapidity of
assessment (mean difference 6.3 min, 99.5% CI –2.4 to
14.9 min), rapidity of room assignment (mean differ-
ence 2.9 min, 99.5% CI –10.7 to 16.5 min), and time to
disposition (mean difference 8.9 min, 99.5%CI –11.6 to
29.3 min) were found in the intervention group.

Table 1 shows a comparison of the number of patients
to reach each care milestone. There was no significant dif-
ference in triage accuracy between the 2 groups (p > 0.70). 

Table 2 presents the results for performance indica-
tors. The score for performance indicators was signifi-
cantly higher in the intervention group (p < 0.001).

Beyond our numeric findings, staff managing the dis-
aster exercise described subjective differences in the
groups’ approaches to patient management during the
evaluation exercise. For example, the intervention
group immediately elected an incident commander,
immediately consulted the hospital’s disaster plan,
quickly delegated duties and responsibilities to the
remaining staff and briefed each additional physician
resource on arrival. In contrast, the control group did
not elect an incident commander until 44 minutes into
the simulation. Furthermore, the control group did not
develop an obvious organizational structure, and did
not usually brief additional staff resources on arrival.

Following the evaluation exercise, 21 of 22 students
returned evaluation forms, although not all questions
were answered by each student. Of the 21 who re -
sponded, all stated that they preferred the simulation-
based curriculum to a lecture-based curriculum. Of
those who responded to the question, 11/20 (55%) felt
that the time spent on the simulations was appropriate,
and 9/20 (45%) stated that time spent on the simula-
tions was too short. All students who responded to the
question (20/20) felt the simulation was a valuable

Franc-Law et al.

Table 1. Comparison of the number of patients to reach 

each care milestone, by acuity category 

Acuity Milestone Control Intervention 

Red, n = 15 Triaged 15 15 
 Assigned to bed 14 11 
 Assigned to physician 14 10 
 Disposition decision 7 9 
Yellow, n = 16 Triaged 16 16 
 Assigned to bed 12 11 
 Assigned to physician 6 6 
 Disposition decision 5 10 



learning experience. When asked to rate the exercise
overall on a 10-point modified Likert scale, the median
score was 8 (range 6–9). There was no significant differ-
ence in the evaluation scores between the control and
intervention groups.

DISCUSSION

We found that time to triage and command-and-
control markers improved following exposure to a dis-
aster simulation, which suggests that exposure to a dis-
aster simulation using the disastermed.ca software
package improves the ability of medical students to
manage a simulated disaster. As both groups spent equal
time using the simulator during the training phase, dif-
ferences between groups because of skills using the soft-
ware were minimized.

Unlike other aspects of emergency medicine in which
exposure to real situations is the primary method of
teaching, disaster medicine does not allow for such
methods. Simulation may present a practical alternative.
Although it may be difficult to quantify such education,
our study suggests improvement in command-and-
control performance indicators following exposure to a

disaster simulation. Simulation appears to be a valuable
tool for teaching these competencies.

In our study, we found a correlation between scores on
the command-and-control competencies and patient
flow; that is, the intervention group scored higher on the
command-and-control markers with higher patient flow
markers. Aside from suggesting that the training simula-
tion had a beneficial effect on both of these indicators,
our findings are consistent with, although do not prove,
the intuitive notion that improvement in command-
and-control competencies correlates with an increase in
patient flow.

Student satisfaction with the exercise was very high,
with all students stating that the exercise was a valuable
experience and preferable to a lecture-based curriculum.
Furthermore, because the disaster medicine curriculum
for medical students is optional at the study university,
providing an experience that is highly rated by students
may lead to greater participation in the program.

In the future, further evaluation of the same scenario
and simulations with other participants may be valuable.
This may allow development of objective benchmarks
of patient flow, by mean time to reach care milestones,
or by the number of patients to reach each care mile-
stone. If validated, such an initiative may provide a
more objective method to measure the success of train-
ing programs in disaster medicine.

Limitations

Several design limitations should be considered when
interpreting our results. Unfortunately, staff managing
the disaster exercise were not blinded to the 2 groups.
Ideally, 2 separate management groups would have been
preferable for the training and evaluative phase, so that
management staff could be blinded to which students had
had previous disaster training on the simulator. Practi-
cally, however, since blinding of the participants would be
impossible, we felt it would not be possible to guarantee
that blinding the management groups would be success-
ful; any discussion among the students with regard to
their previous experience overheard by any of the man-
agement staff would effectively lead to unblinding.

Because of a limited number of management volun-
teers, a single reviewer assessed command-and-control
indicators. It would be preferable to have multiple
reviewers and to assess interrater agreement.

The number of participants was modest, as there were
only 22 volunteer students. This led to small sample
sizes in each group and relatively wide CIs. In addition,
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Table 2. Comparison of command-and-control marker 

scores, by activity 

Score; group 

Activity 
Goal, 
min Control Intervention 

1. Declare a major incident. 1 1 2 
2. Decide on level of 

preparedness for strategic 
management. 

3 1 2 

3. Decide what additional 
resources will be needed. 

3 1 2 

4. Decide which areas should 
receive patients from the 
incident. 

5 1 2 

5. Establish contact with scene 
(either directly or through 
EMS agency). 

5 0 2 

6. Decide on guidelines for 
designating patients to 
appropriate area. 

10 2 2 

7. Notify guidelines to areas 
designated to receive patients. 

10 2 2 

8. Formulate general guidelines 
for the medical response. 

15 0 2 

9. Inform the media, either 
directly or through the media 
representative. 

15 0 2 

Total score  8/18 18/18 

EMS = emergency medical services. 
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both student groups had requested additional personnel
for the simulation beyond the number of students avail-
able. Had additional personnel been available to both
groups, the outcome of the simulations may have
changed.

Because of the busy student curriculum, only 90 min-
utes of simulation time was available for the evaluation
simulations. This limited the number of patients for the
simulations, and could have undermined our ability to
find statistical differences between some variables.

Although we found increases in patient flow in the
intervention group, the validity of the disastermed.ca
evaluative instrument has not been assessed. Although it
may be reasonable to suppose that increases in patient
flow during the simulation would indicate an overall
improvement in management, the answer to whether
this would translate to “real-world” differences in
patient management is unknown. Validation of the sim-
ulator as an evaluative tool is likely to be very difficult.
Comparison to a true disaster is effectively impossible,
and we are not aware of any other publications describ-
ing validated instruments. Repeatedly using the same
tool under similar circumstances is likely to be the only
method of validation.

We found minimal published literature regarding
assessment tools for command-and-control compe-
tency. Furthermore, no studies have proven that com-
mand-and-control competencies translate to improved
patient outcomes. Further research is clearly necessary
to develop a standardized tool for these competencies.

Although student satisfaction was very high, all stu-
dents in the study were volunteers. Other studies that
were performed using the same simulation software
showed comparable levels of participant satisfaction
(J.F.L., unpublished data, 2007–2009). However, in all
cases, study participation was voluntary. Whether simi-
lar satisfaction would occur with mandatory simulation
training is not known.

CONCLUSION

Participation in an electronic disaster simulation using
the disastermed.ca software package appears to increase

the speed at which medical students triage simulated
patients and their score on a structured command-and-
control performance indicator instrument. Participants
indicated that the simulation-based curriculum in disas-
ter medicine is preferable to a lecture-based curriculum.
Overall student satisfaction with the simulation-based
curriculum was high.

Competing interests: The disastermed.ca simulation program
used in this study was developed by Dr. Franc-Law and is not
commercially available.
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