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A B S T R A C T   

Introduction: Disaster medicine education is an important but often neglected part of Emergency Medicine (EM) 
specialty trainees' curriculum. It is especially neglected in limited resource environments (1), which, owing to 
poor infrastructure generally, are more likely to be affected by disasters than better resourced environments. 
Disaster medicine cannot be taught solely in a classroom and various methods are required to teach practical 
concepts. This study aims to look at Emergency specialty trainees' perception of high-fidelity simulation and their 
needs with regards to Disaster Medicine Education. 
Methods: This was a prospective cross-sectional cohort study involving 27 EM specialty trainees from the Uni
versity of the Witwatersrand, who, participated in a high-fidelity simulation and were given a questionnaire 
before and after the exercise. The questionnaire consisted of theory questions relating to disaster medicine as 
well as Emergency Specialty trainee's perception and needs towards disaster medicine education. 
Results: High fidelity simulation does not increase theoretical knowledge of Disaster Medicine but it does increase 
perceived confidence. EM specialty trainees seek yearly training, beginning in their first year and choose high 
fidelity simulation as their preferred method of training. 
Conclusion: High fidelity simulation is crucial to increasing the confidence of EM specialty trainees during their 
training. More research is needed to develop core competencies and methods of evaluating training.   

African relevance  

• Low-middle income countries are affected disproportionately with 
disasters 

• Disaster medicine education is an under researched field in devel
oping nations  

• Emergency medicine specialty trainees and specialists are likely to be 
at the front line of a disaster response 

Introduction 

Disaster medicine is an important subject for doctors, particularly 
Emergency Medicine (EM) specialists who will often be the forefront of 
disaster incidents [2]. It is also useful to develop other core compe
tencies required by the EM physician such as communication, collabo
ration and management skills [3]. Disaster medicine is an often- 
neglected area in the undergraduate and post graduate curricula of 
medical training [4–6]. It is difficult for educators to prioritise education 
on a “low probability” event and a challenge to find teaching methods 

that increase the above-mentioned competencies as well as other skills 
needed for disaster management. Disaster medicine is also a neglected 
area of research in resource limited environments. 

To the author's knowledge there are no studies relating to disaster 
medicine education in resource constrained environments. These envi
ronments are often hit hardest during disaster and are at great risk for 
future disasters. Climate change, urbanisation and over population are 
factors which are likely to lead to an increase in severity and frequency 
of disasters and these may affect the developing world disproportion
ately [7]. 

It has been shown that medical professionals who have received 
training in disaster medicine are more willing to respond to a mass ca
sualty incident [8]. Additionally, uncoordinated responses by in
dividuals who have not received training can hamper the response to a 
disaster [9]. In low income countries that already experience a low 
doctor to patient ratio it is imperative that all available medical staff are 
willing and trained to respond to a mass casualty or disaster incident. 
Regular and effective training is therefore imperative to ensure that 
when disaster strikes all available staff are prepared and willing to 
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respond appropriately. 
The various methods used for teaching disaster medicine are lec

tures, low fidelity simulations, so called “tabletop” exercises, compu
terised simulations, and high fidelity, in-field simulations. Lectures may 
be effective at imparting knowledge on theory but not necessarily 
practical skills that are useful in a disaster situation. There are studies 
proving that simulation-based learning is effective for teaching aspects 
of medical education [10], but few relating specifically to disaster 
medicine. It has been shown that although lectures are adequate at 
teaching theory, doctors feel more confident after simulations of di
sasters [11]. High fidelity simulations have been shown to improve a 
personal sense of preparedness [12]. Computerised simulations are an 
option but often the high development costs and limited technological 
reach make this approach impractical in poorly-resourced countries 
However, no studies have been done in a resource limited setting. 

High fidelity simulation is a costly and time-consuming exercise 
[13]. It therefore needs to be investigated as a method of disaster 
medicine training as to whether it improves confidence and EM specialty 
trainees' perceptions of their skills. It is very difficult to assess disaster 
medicine educational tools as no standardised method of evaluation 
exists [14]. However, the Kirkpatrick model [15] is a well validated 
model that can be used to assess training methods. The Kirkpatrick 
model uses 4 levels to assess the efficacy of the intervention [15] . The 
first level is Reaction- how useful do the participants think the training 
exercise is. The second level is Learning which can be assessed using a 
pre and post test. The third level is Behavior and this component assesses 
whether the trainees use what they have learned in their daily work. The 
fourth level is Results and this evaluates whether the behavior assessed 
in level three results in actual improved outcomes. As disasters are rare 
in everyday practice, it is difficult to ascertain whether training has 
improved the relevant skills. The needs of EM specialty trainees should 
also be investigated with regards to disaster medicine education so that 
the efforts into disaster training can be effective. 

Methods 

Survey 

A sample population of 27 EM specialty trainees from the University 
of Witwatersrand (Wits) took part in a disaster medicine simulation as 
part of their academic program. The specialty trainees were given pre- 
reading (selected articles chosen by the educators) as well as a ques
tionnaire to complete pre simulation. The questionnaire was designed by 
the researchers using the Kirkpatrick model as a framework. 

Part A of the questionnaire (see Appendix B data supplement) 
included basic demographic information, Likert scale questions 
regarding attitude and perceptions of a mass casualty incident and a 
theoretical component with questions pertaining to disaster medicine 
curriculum. This questionnaire was answered in Google Forms in the 
week prior to the simulation. This part of the questionnaire assessed 
level 2 (Learning) of the Kirkpatrick model. Part A was administered pre 
and post simulation. Part B of the questionnaire was only answered post 
high-fidelity simulation and contained specifics regarding the simula
tion and also the needs of the specialty trainees with regards to a disaster 
medicine curriculum. This part of the questionnaire assessed level 1 
(reaction) of the Kirkpatrick model. In addition to using the Kirkpatrick 
model to develop the questionnaire, questions were included that 
assessed the specialty trainees perceived needs pertaining to disaster 
medicine education which would aid in building a disaster medicine 
curriculum. 

The specialty trainees then participated in a high-fidelity simulation 
exercise in conjunction with the University of Johannesburg Department 
of Emergency Medical Care. A structural collapse scenario was simu
lated with actors playing the role of patients. The simulation costs were 
reduced by using a number of strategies. Firstly, emergency care stu
dents were used as volunteers for moulage. Secondly, through inter- 

facility collaboration with UJ, who provided rescue equipment and 
personal protective equipment, and WITS, who assisted with planning 
and provided catering. UJ also has a long standing relationship with City 
of Johannesburg Emergency Management Services (COJEMS), who own 
the site where the simulation took place. 

The specialty trainees were assigned to roles (command and control, 
rescuer, triage, and treatment). These roles did however change during 
the exercise to reflect the dynamic environment of a disaster. The 
simulation lasted approximately 3 h. After the simulation, a debriefing 
was held. Six months after the exercise the specialty trainees were given 
Part A and B of the questionnaire. This questionnaire was answered on 
hard copy to ensure maximum response rate. 

Data analysis 

Statistical analyses were conducted in R software (version 4.00; 
www.R-project.org). Test for data normality were done using the Sha
piro–Wilk test and examining Q-Q plots. All data in this study were non- 
normal and appropriate non-parametric analyses were conducted, 
including Wilcoxon matched pairs for data collected pre- and post- 
simulation, chi-squared contingency table analyses and Pearson's chi- 
squared analyses. Tests were two-tailed, and model significance set at 
0.05. 

Results 

A total of 27 Emergency Medicine specialty trainees took part in this 
study, 26 of whom completed the questionnaire pre-simulation and post- 
simulation and one who participated in the pre-simulation only, indi
cating a response rate of 98%. 

Theory 

Specialty trainees scored a median of 22 (out of a total of 25) in both 
the pre- and post-simulation MCQ questions, which did not differ 
significantly from chance (Wilcoxon test, p = 0.898). Thus level 2 
(learning) of the Kirkpatrick model was not significantly influenced by 
high fidelity simulation. 

Improving skills 

Specialty trainees were asked about their confidence in managing a 
structural collapse scenario in five areas. Pre simulation, the most 
common response was “not confident” for the role of command and 
control, “not confident” for rescuer, “slightly confident” for triage and 
“slightly confident” for safety. Post simulation, the most common 
response was “slightly confident” for command and control, “confident” 
for rescuer, “confident” for triage and “mostly confident” for safety. 
Therefore, the specialty trainees felt a subjective improvement in their 
confidence and thus a positive impression of the training exercise 
(Kirkpatrick level 1, Reaction). See Fig. 1. 

Educational needs 

Importance of training for specialty trainees 
Significantly more specialty trainees agreed that the simulation 

training increased their knowledge (p < 0.001) and confidence (p <
0.001). Thus, the specialty trainees showed a positive reaction (Kirk
patrick level 1) to the high-fidelity simulation. Significantly more spe
cialty trainees strongly agreed that simulation training was important in 
their curriculum (p < 0.001) and mentioned that insufficient time was 
spent in disaster training (p < 0.001). 

Most (58%) of EM specialty trainees think that Disaster medicine 
training should begin in the first year, with 23% believing it should start 
in second year. The majority (68%) prefer yearly training, and 19% 
believe it should be done every 6 months. Only 12% believe it should be 
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done every two years. See Figs. 2 and 3. 

Teaching perceptions of specialty trainees 

For improving knowledge, significantly more specialty trainees 
maintained that pre-reading (p < 0.001), briefing (p < 0.001), simula
tion (p < 0.001) and debriefing (p < 0.001) were all very useful. A pre- 
test was regarded by most to be somewhat useful (p < 0.001). None of 
the specialty trainees mentioned that any training aspect was completely 
useless. 

For improving confidence, significantly more specialty trainees 
maintained pre-reading (p < 0.001) was useful. Briefing (p < 0.001), 
simulation (p < 0.001) and debriefing (p < 0.001) were all considered 
very useful. 

Specialty trainees were asked about their preference for combination 
of methods for simulation. Most preferred High-fidelity simulation and 
Exercises in simulation laboratory, although their preference did not 
differ significantly by chance (p = 0.76). See Table 1. 

Discussion 

Disaster medicine education is not well studied in resource limited 
environments [1] as most research on this topic is done in the United 
States and Europe [16]. Disaster medicine curricula lack robust 
research, standardised evaluation and competency driven goals [17]. 
There are also very few studies that evaluate high fidelity simulation for 
disaster medicine education. 

The above study shows that high fidelity simulation, while a costly 
and resource intense effort, improves the self-reported knowledge and 
confidence of EM specialty trainees in a resource limited setting. It also 
shows that high fidelity simulation can be undertaken in low resource 
environments, with collaboration with other departments and use of 
existing training facilities which helps to keep within budget. However, 
a simulation does not increase theoretical knowledge of disaster 

medicine and thus didactic lectures/pre reading must be used to 
improve theoretical knowledge. 

The perceived confidence of the specialty trainees improved post 
simulation. The simulation was very useful in improving their perceived 
skill sets in the different areas of disaster management (command and 
control, triage etc). This is important as even though the specialty 
trainees did not participate in every role in the simulation, they all felt 
an increase in skill across the various roles. A similar study of medical 
interns by Ngo et al. [18], studying high fidelity simulation produced 
comparable results. 

All improvement of skills and knowledge by participants are self- 
reported and were not objectively measured by monitoring of perfor
mance or marking. This is a common finding with disaster medicine 
research [16,18] and may be an important measure of improvement for 
future studies on high fidelity simulations in disaster medicine 
education. 

Studies have also used the Kirkpatrick model to assess disaster 
medicine education [16]. Using the Kirkpatrick model, we can see that 
the study evaluates level 1 and level 2. Reaction (level 1) was assessed 
and it was found to be perceived as very useful for the specialty trainees. 
Level two is learning and there was no difference in the theory 
component however the participants did perceive an improvement in 
skills. A more robust way to assess level 2 would be to record or observe 
the participants and develop a mark sheet or rubric for basic skill 
competencies. This study did not evaluate level 3 (Transfer), which is 
similar to other disaster medicine studies [16] and level 4 (Results) can 
only be assessed during a disaster event. 

The specifics of the simulation were also examined in this study. 
Interestingly, the participants found that the briefing, simulation, and 
debriefings were all useful. This is important information for the 
development of a disaster curriculum for South African specialty 
trainees. 

The study also shows that most specialty trainees feel that too little 
time is spent on disaster medicine education, which is in line with other 
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studies [19,20]. Similar to studies in Europe, participants favoured road 
traffic accidents as the scenario for future simulations [21]. The EM 
specialty trainees feel that teaching should occur annually and most 
picked high-fidelity simulation as the most useful teaching method. This 
can assist those involved with EM specialty training to develop a cur
riculum that meets the needs of the specialty trainees. 

The limitations of this study are that it includes a small number of 
specialty trainees from a single training centre. The second question
naire was administered 6 months after the event and the duration be
tween the exercise and the questionnaire might affect the answers. The 
specialty trainees were not evaluated during their performance and thus 
only report a subjective improvement. The simulation was only done on 
a single scenario. The high-fidelity nature of the simulation made it 
difficult for observers to evaluate the specialty trainees performance. 

Conclusion 

High fidelity simulation is a valuable tool for disaster medicine ed
ucation in a resource limited setting. It is a neglected part of the cur
riculum of EM specialty trainees and standardised curricula need to be 
developed. This study has assessed the needs of EM specialty trainees 
and thus can aid developing future training for them. 

Dissemination of results 

Results from this study were shared with the specialty trainees who 
participated as well as the educators involved with developing the ac
ademic curriculum for the specialty trainees. 

CRediT authorship contribution statement 

Authors contributed as follow to the conception or design of the 
work; the acquisition, analysis, or interpretation of data for the work; 
and drafting the work or revising it critically for important intellectual 
content: LC contributed 70%, KS 20% and AG 10%. All authors 
approved the version to be published and agreed to be accountable for 
all aspects of the work. 

Declaration of competing interest 

The authors declared no conflicts of interest. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.afjem.2021.05.001. 

References 

[1] Lee ACK, Booth A, Challen K, Gardois P, Goodacre S. Disaster management in low- 
and middle-income countries: scoping review of the evidence base. Emerg Med J 
2014;31(e1):e78–83. 

[2] Kaji AH, Waeckerle JF. Disaster medicine and the emergency medicine resident. 
vol. 41, Annals of Emergency Medicine. Mosby Inc.; 2003. p. 865–70. 

[3] Alexander AJ, Bandiera GW, Mazurik L. A multiphase disaster training exercise for 
emergency medicine residents: opportunity knocks. Acad Emerg Med 2005;12(5): 
404–9. 

[4] Jasper E, Berg K, Reid M, Gomella P, Weber D, Schaeffer A, et al. Disaster 
preparedness: what training do our interns receive during medical school? Am J 
Med (Aitken & Leggat, 2012)Quality [Internet]. 2013 Jan 22;28(5):407–13. 
Available from: https://doi.org/10.1177/1062860612471843. 

[5] Aitken P, Leggat P. Considerations in mass casualty and disaster management. 
Emerg Med 2012. https://doi.org/10.5772/37361. 

[6] Wanner GK, Jasper E. EMS physician training and drills in disaster response. 
[Updated 2020 Sep 7]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls 
Publishing; 2021 Jan. 

[7] Aalst MK van. The impacts of climate change on the risk of natural disasters. 
Disasters 2006;30(1):5–18. 

[8] Stevens G, Jones A, Smith G, Nelson J, Agho K, Taylor M, et al. Determinants of 
paramedic response readiness for CBRNE threats. Biosecur Bioterror 2010 Jun 1;8 
(2):193–202. 

[9] Kirsch T, Sauer L, Sapir DG. Analysis of the international and us response to the 
Haiti earthquake: recommendations for change. vol. 6, Disaster medicine and 
public health preparedness. 2012. p. 200–8. 

[10] Okuda Y, Bryson EO, DeMaria SJ, Jacobson L, Quinones J, Shen B, et al. The utility 
of simulation in medical education: what is the evidence? Mt Sinai J Med 2009 
Aug;76(4):330–43. 

[11] Behar S, Upperman JS, Ramirez M, Dorey F, Nager A. Training medical staff for 
pediatric disaster victims: a comparison of different teaching methods. Am J 
Disaster Med [Internet]. 2008;3(4):189—199. Available from: http://europepmc. 
org/abstract/MED/18822838. 

[12] Bartley BH, Stella JB, Walsh LD. What a disaster? Assessing utility of simulated 
disaster exercise and educational process for improving hospital preparedness. 
Prehosp Disaster Med 2006;21(4):249–55. 

[13] Livingston LL, West CA, Livingston JL, Landry KA, Watzak BC, Graham LL. 
Simulated disaster day: benefit from lessons learned through years of 
transformation from silos to interprofessional education. Simul Healthc [Internet]. 
2016 Aug;11(4):293–8. Available from: https://www.ncbi.nlm.nih.gov/pubmed 
/27388864. 

[14] Hsu EB, Jenckes MW, Catlett CL, Robinson KA, Feuerstein C, Cosgrove SE, et al. 
Effectiveness of hospital staff mass-casualty incident training methods: a 
systematic literature review. Prehosp Disaster Med [Internet]. 2012/06/28. 2004; 
19(3):191–9. Available from: https://www.cambridge.org/core/article/effective 
ness-of-hospital-staff-masscasualty-incident-training-methods-a-systematic-literat 
ure-review/32F412071B0A618DB77188A2D683790D. 

[15] Kurt S. "Kirkpatrick Model: Four Levels of Learning Evaluation," in Educational 
Technology, October 24, 2016. Retrieved from. 2016. https://educationaltechnolo 
gy.net/kirkpatrick-model-four-levels-learning-evaluation/. 

21

1 1

5

1
3 2 3

16

10

6

15

3 21

9

5

1

8

1

8

2 1

13

0

5

10

15

20

25

High fidelity sim Lectures Table top exercises Exercises in
simula�on lab

Reading material

N
um

be
r o

f r
es

po
ns

es

Training methods

1

2

3

4

5

Fig. 3. Ranked preferential teaching methods with 1 being most important and 5 being least.  

Table 1 
Specialty trainees' preference for combination of methods for simulation.  

Methods Number of 
responses 

High fidelity simulation and exercises in simulation 
laboratory  

11 

High fidelity simulation and lectures  10 
High fidelity simulation and tabletop exercises  3 
Lectures and exercises in the simulation laboratory  2  
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