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ABSTRACT 

We applied emerging evidence in simulation science to create a curriculum 
in emergency response for health science students and professionals. Our 
research project was designed to (1) test the effectiveness of specific immersive 
simulations, (2 ) create reliable assessment tools for emergency response and 
team communication skills, and (3) assess participants’ retention and transfer 
of skills over time. We collected both quantitative and qualitative data about 
individual and team knowledge, skills, and attitudes. Content experts designed 
and pilot-tested scaled quantitative tools. Qualitative evaluations adminis-
tered immediately after simulations and longitudinal surveys administered 
6–12 months later measured student participants’ individual perceptions of 
their confidence, readiness for emergency response, and transfer of skills to 
their day-to-day experience. Results from 312 participants enrolled in nine 
workshops during a 24-month period indicated that the 10-hour curriculum is 
efficient (compared with larger-scale or longer training programs) and effective 
in improving skills. The curriculum may be useful for public health practitioners 
interested in addressing public health emergency preparedness competencies 
and Institute of Medicine research priority areas.
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To date, public health, health-care, and academic 
institutions have created predominantly postgraduate 
training opportunities to enhance disaster prepared-
ness among practicing health professionals.1 These 
efforts have been largely limited to individual specialties 
or targeted professions.2 While many specialty accredi-
tation bodies have developed core disaster response 
competencies for health professionals,3 this body of 
knowledge is not introduced at the pre-graduate or 
pre-licensure levels, missing an important opportunity 
for integration and early application. Starting in 2008, 
we conducted a study called “Disaster 101: Effectiveness 
of Simulated Disaster Response Scenarios” (D101) at 
the University of Minnesota, which sought to meet the 
need for this kind of training by designing and testing 
an educational intervention based on best-evidence 
practices in immersive simulation (i.e., a simulation that 
produces a state of being deeply engaged, a suspension 
of disbelief, and active involvement).4

This project aimed to (1) test the effectiveness of 
specific immersive simulations, (2) create reliable 
assessment tools for emergency response and team 
communication skills, and (3) assess participants’ reten-
tion and transfer of skills over time. Most importantly, 
we were committed to creating and testing emergency 
preparedness training that had the potential to signifi-
cantly improve the readiness of the tens of thousands 
of new health-care providers graduated and licensed 
each year in the United States. As other studies have 
noted, academic organizations, accrediting bodies, 
and federal agencies have called for consistent and 
sustained training in emergency preparedness in the 
pre-licensure health-care curriculum.5,6 We sought to 
provide a replicable, sustainable model that addressed 
the Institute of Medicine (IOM) research priorities.7 
As the project evolved, it became clear that D101 
addressed the Public Health Preparedness and 
Response Core Competencies to improve the system 
readiness of the health-care workforce.8,9

PURPOSE

While our primary purpose was to assess the efficiency 
and effectiveness of this particular educational inter-
vention using best practices in immersive simulation, 
both the curriculum and the research design were 
intended to address limitations documented in the 
research literature in both emergency preparedness 
and interprofessional education (i.e., “learning about, 
from, and with two or more health-care professions”).10 
Both sets of literature repeatedly note the limited size 
of the datasets, the inconsistency of assessment tools, 
the short-term assessment of impact (i.e., limited almost 

exclusively to pre- or posttest methods immediately 
following the intervention), and an overemphasis on 
knowledge-based assessments that do not capture attitu-
dinal, skill, or behavioral outcomes.5,11 As Donahue and 
Tuohy note, “Our experience suggests that purported 
lessons learned are not really learned; many problems 
and mistakes are repeated in subsequent events…. 
Reports and lessons are often ignored, and even when 
they are not, lessons are too often isolated and perish-
able, rather than generalized and institutionalized.”12 
We intended to test evidence-based educational prac-
tices and their institutionalization to make this kind of 
training and its impact less “isolated and perishable.” 

In light of these observations, we sought to employ 
best-evidence practices in professional education and 
simulation by using diverse educational tools and 
instructional methods. These methods included repeti-
tive practice of specific skills; multiple opportunities 
for feedback; variability in task difficulty; simulations 
in a controlled, standardized environment; multiple 
learning strategies; and content integrated with existing 
curriculum.4 While a few other examples of educational 
interventions have been described in the literature 
since our research began,6,13,14 they do not apply the 
full range of strategies employed in our study, have 
limited numbers of subjects (ranging from six to 79 
participants), and do not include assessments of long-
term impact. 

The accepted competencies and priorities from 
three significant sources—the public health emergency 
preparedness (PHEP) capabilities, the IOM priorities, 
and the Interprofessional Education Collaborative 
(IPEC) competencies—aligned neatly with the goals of 
D101.15 The skills taught and assessed by the research 
team and content experts in the University of Minne-
sota’s D101 curriculum specifically addressed several 
competencies from each of these sources, including the 
PHEP capability of Mass Care, the IPEC competency 
of Interprofessional Communication, and the IOM 
priority of Improving Communications. 

METHODS

We focused on designing and testing this emergency 
preparedness intervention for both effectiveness of 
learning and efficient use of participant time. As a 
result, the total time for student training was limited to 
10 hours: two hours for an introductory online module 
and eight hours for face-to-face workshops and simula-
tion. We used multiple strategies (i.e., multiple-choice 
question tests, performance checklists, and pre- and 
posttest attitudinal surveys) to assess knowledge, skill, 
attitudinal, and behavioral outcomes at multiple points 



Improving Emergency Readiness through Simulation and Education  131

Public Health Reports / 2014 Supplement 4 / Volume 129

throughout the training as well as 6–12 months after 
completing the curriculum, according to the National 
Institutes of Health Office of Behavioral and Social 
Sciences Research guidelines on mixed-methods 
research.16 Specifically, the training included:

• A two-hour online module designed to deliver 
foundational content on emergency preparedness 
and teamwork while providing an assessment of 
the learners’ knowledge and attitudes prior to 
the face-to-face workshop. Topics included the 
Incident Command System, the simple triage and 
rapid treatment (START) method, the emergency 
medical system (EMS), and potential roles for 
health-care professionals in emergency response. 

• Three 45-minute hands-on workshops at the Uni-
versity of Minnesota led by first-responder content 
experts in triage, scene safety and situational 
awareness, and interprofessional communication 
under response conditions. 

• Two immersive simulation scenarios—a bomb 
blast and a structural collapse—were the vehicles 
for training. These scenarios were of comparable 
complexity and employed realistic atmospheric 
effects, simulated victims with realistic moulage 
(i.e., mock) injuries, and mannequins with inju-
ries. Student teams experienced each scenario 
twice in succession, with half of the teams expe-
riencing the bomb blast as their first scenario 
and half of the teams experiencing the structural 
collapse first.

• Use of repetitive practice, providing teams with 
the opportunity to repeat responses in standard-
ized simulations following formative feedback 
from trained facilitators. 

• Use of advocacy-inquiry debriefing methodology 
in small and large group settings to maximize 
learning outcomes and transfer of skills. 

• Pilot-tested standardized assessment tools—
focused on leadership, teamwork, and emergency 
response skills—used by trained observers.

• Follow-up survey administered 6–12 months after 
completion of the one-day workshop to assess 
retention of knowledge, attitudes toward emer-
gency response, and individual reflections on how 
participants had actually applied the training.

Participants were assigned to interprofessional teams 
of 6–12 participants involving at least two health sci-
ence professions. Student registrants came from the 
disciplines of nursing (undergraduate and graduate), 
pharmacy, dentistry, medicine, veterinary medicine, 
and public health at the University of Minnesota 

Table 1. Student participants in the Disaster 101 
workshop, by professional school: University of 
Minnesota (Twin Cities campus), 2009–2012 

Workshop 
date

Total participants 
N

Disciplines represented 
(N)

October 2009 35 Dentistry (8)
Medicine (8)
Nursing (9)
Pharmacy (10)

March 2010 26 Dentistry (5)
Medicine (5)
Nursing (10)
Pharmacy (2)
Public Health (4)

February 2011 36 Nursing (18)
Pharmacy (18)

March 2011 51 Dentistry (1)
Nursing (19)
Pharmacy (29)
Public Health (2)

July 2011 23 Dentistry (8)
Nursing (13)
Public Health (2)

August 2011 27 Dentistry (21)
Nursing (3)
Public Health (3)

September 2011 27 Dentistry (18)
Nursing (9)

October 2011 32 Dentistry (14)
Medicine (3)
Nursing (9)
Pharmacy (1)
Public Health (2)
Veterinary Medicine (3)

February 2012 55 Dentistry (24)
Nursing (21)
Pharmacy (9)
Public Health (1)

Totals 312 Dentistry (99)
Medicine (16)
Nursing (111)
Pharmacy (69)
Public Health (14)
Veterinary Medicine (3)

(Table 1). Interprofessional teams of emergency pre-
paredness content experts recruited from the Twin 
Cities emergency response community guided stu-
dent teams and evaluated their communication and 
teamwork performance. Professions represented on 
facilitator teams included EMS, fire, police, emergency 
medicine, nursing, and public health. Student teams 
were not assigned roles based on their professional 
education programs. Unlike some other emergency 
preparedness training programs, the simulations were 
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specifically designed to emphasize skills and roles 
regardless of professional identity. 

To evaluate performance, trained content experts 
(including some of the same professionals who led 
the workshops) completed quantitative assessments of 
student teams’ response skills and teamwork/communi-
cation skills after each iteration of a simulated disaster. 
The original tool evaluated both individual student 
and team performance using the Homeland Security 
Exercise and Evaluation Program Exercise Evaluation 
Guides, particularly Triage and Pre-Hospital Treatment, 
Medical Surge, Responder Safety, and Health. After 
field-testing the tools in our pilot workshop in fall 
2009, 16 trained evaluators (e.g., physicians, nurses, 
pharmacists, public health professionals, and first 
responders) met to revise the tools using a modified 
Delphi technique to improve usability. The revised 
assessment tools allowed us to document changes in 
skills during the course of the workshop, before and 
after students had received targeted feedback. 

Participants’ self-reported confidence in their 
knowledge and skills related to emergency response 
was measured both immediately before and after the 
workshop, and again 6–12 months after workshop 
completion. Participants completed detailed evalu-
ations of the workshop. These evaluations included 
open-ended questions in which they could discuss what 
they found most useful about the workshop and what 
could be improved for future participants. Finally, 6–12 
months after the workshop, participants were surveyed 
using an online survey format to assess the workshop’s 
impact on their knowledge and attitudes related to 
emergency preparedness and response. The survey 
also measured the workshop’s impact on participants’ 
involvement in additional emergency response educa-
tional experiences. The workshop was delivered nine 
times in 24 months, with a mix of different professions 
and programs represented each time. The number of 
participants varied by workshop, for a total of 312 par-
ticipants during the study period from October 2009 
through February 2012. Students were recruited by 
University of Minnesota faculty from relevant courses 
already offered in each professional school’s curricu-
lum or by peers from student interest groups. 

OUTCOMES

On knowledge items alone, students demonstrated 
a 31.9% improvement over pretest scores following 
completion of the online mini-course. When their 
knowledge level was measured again 6–12 months after 
course completion, the greatest decay was noted in the 
cohort with the longest lag time between intervention 

and longitudinal survey. However, none of the cohorts 
experienced a return to pre-intervention levels (data 
not shown). These findings are consistent with existing 
literature on decay of knowledge and skills following 
educational interventions.17

Students also experienced significant improvement 
in their observed team and emergency response skills 
(Table 2). To improve the statistical analysis, the 10 
communication and team assessment (CaTA) skills 
items assessed during the simulation were aggregated 
into four areas correlated with the PHEP capabilities 
and characteristic of high-performing teams: role 
definition, planning, adaptability, and safety aware-
ness. Specifically, the 10 team skills were: identified an 
effective leader, effectively assigned roles to all team 
members, made a clear plan and verbalized it so all 
team members were aware of it, developed a shared 
“mental model,” regularly conducted visual scans of 
the emergency area to reassess needs and/or hazards, 
proposed changes to their plan of action as the emer-
gency evolved, asked for assistance from team mem-
bers as needed, were receptive to recommendations 
and new ideas from other team members, responded 
effectively to support fellow team members as condi-
tions changed and/or worsened, and used closed-loop 
communication when specific actions were called for 
(e.g., calling 9-1-1).

Similarly, the 12 response skill items were aggre-
gated into three areas—victim triage and treatment, 
responder safety, and victim management—and 
included: conducted an initial scene assessment for 
safety; attempted to identify any additional threats (e.g., 
secondary devices or imminent structural collapse); 
called 9-1-1; identified an evacuation area for mobile 
victims and victims who could be moved safely; enlisted 
the help of mobile victims appropriately; used the 
START triage protocol (i.e., respiration, perfusion, and 
mental status); overall, categorized victims correctly; 
used triage tags correctly to categorize victims; provided 
appropriate treatment overall, given victims’ injuries; 
improvised medical supplies with onsite resources as 
needed; kept an accurate count of victims by level of 
severity; and shared relevant information with EMS.

Each group of items was analyzed using a general-
ized linear mixed model with a cumulative logic link 
and an assumed multinomial distribution. Odds ratios 
were calculated to measure the association between the 
exposure to training (i.e., realistic simulated scenarios 
with focused feedback from interprofessional facilita-
tor teams) and improved team performance. Results 
indicate the following conclusions:

 1. Student teams scored significantly better with 
repeated performance (i.e., the second time 
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Table 2. Training impact on performance during successive simulation experiences in the  
Disaster 101 workshop: University of Minnesota (Twin Cities campus), 2009–2012 

Emergency response skills 
and knowledge

Comparison of performance between 
successive simulation episodes ORa (95% CI) P-value

Response skills items
 Safety 2b vs. 1c 9.00 (5.07, 16.00) ,0.001d

3e vs. 1 3.45 (2.12, 5.62) ,0.00d

4f vs. 1 15.75 (8.45, 29.34) ,0.001d

4 vs. 2 1.75 (0.90, 3.41) 0.010g

3 vs. 2 0.38 (0.22, 0.68) 0.001d

4 vs. 3 4.57 (2.48, 8.41) ,0.00d

 Victim treatment 2 vs. 1 13.67 (6.24, 29.96) ,0.001d

3 vs. 1 2.75 (1.24, 6.11) 0.013h

4 vs. 1 37.64 (10.66, 132.96) ,0.001d

4 vs. 2 2.75 (1.24, 6.11) 0.013h

3 vs. 2 0.20 (0.080, 0.52) ,0.001d

4 vs. 3 13.67 (6.24, 29.96) ,0.001d

 Victim management 2 vs. 1 9.03 (4.88, 16.71) ,0.001d

3 vs. 1 1.84 (1.06, 3.19) 0.030h

4 vs. 1 7.48 (3.81, 14.68) ,0.001d

4 vs. 2 0.83 (0.41, 1.70) 0.605
3 vs. 2 0.20 (0.10, 0.40) ,0.001d

4 vs. 3 4.06 (2.28, 7.24) ,0.001d

CaTA items
 Role definition 2 vs. 1 538.05 (49.10, 5,896.51) ,0.001d

3 vs. 1 77.52 (10.76, 558.52) ,0.001d

4 vs. 1 4,170.90 (829.83, 2,096.36) ,0.001d

4 vs. 2 77.52 (10.76, 558.52) ,0.001d

3 vs. 2 0.14 (0.02, 1.04) 0.055
4 vs. 3 538.05 (49.10, 5896.51) ,0.001d

 Planning 2 vs. 1 38.05 (16.22, 89.25) <0.00d

3 vs. 1 24.74 (11.25, 54.42) ,0.001d

4 vs. 1 941.18 (234.19, 3,782.53) ,0.001d

4 vs. 2 24.74 (11.25, 54.42) ,0.001d

3 vs. 2 0.65 (0.27, 1.56) 0.333
4 vs. 3 38.05 (16.22, 89.25) ,0.001d

 Safety 2 vs. 1 20.04 (8.98, 44.72) ,0.001d

3 vs. 1 7.76 (3.91, 15.39) ,0.001d

4 vs. 1 31.67 (12.84, 78.12) ,0.001d

4 vs. 2 1.58 (0.60, 4.18) 0.355
3 vs. 2 0.39 (0.18, 0.86) 0.020h

4 vs. 3 4.08 (1.67, 9.97) 0.002d

 Adaptability 2 vs. 1 24.58 (13.21, 45.72) ,0.001d

3 vs. 1 5.13 (3.17, 8.30) ,0.001d

4 vs. 1 126.14 (53.18, 299.22) ,0.001d

4 vs. 2 5.13 (3.17, 8.30) ,0.001d

3 vs. 2 0.21 (0.10, 0.42) ,0.001d

4 vs. 3 24.58 (13.21, 45.72) ,0.001d

aORs were calculated to measure the association between the exposure to training (i.e., realistic simulated scenarios with focused feedback from 
interprofessional facilitator teams) and improved team performance.
bFirst simulated disaster event, second trial
cFirst simulated disaster event, first trial
dSignificant at p,0.001
eSecond simulated disaster event, first trial
fSecond simulated disaster event, second trial
gSignificant at p,0.01
hSignificant at p,0.05

OR 5 odds ratio

CI 5 confidence interval

CaTA 5 communication and teamwork assessment
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through a scenario, after receiving focused 
feedback from trained facilitators). This trend 
continued through the second scenario (i.e., 
performance 2 v. performance 1, performance 
4 v. performance 3). 

 2. Students usually regress significantly during the 
first attempt of the second scenario of the work-
shop (i.e., performance 3 v. performance  2). 
However, we found in our study that the first 
time through the second scenario, students 
performed consistently better than the first time 
through the first scenario. The fourth perfor-
mance (performance 4 v. performance 1) was 
always statistically significant. These findings 
underscore the value of repetition in anchoring 
specific behaviors in simulation. 

Additional data gathered in the longitudinal sur-
vey administered 6–12 months following workshop 
completion provided compelling evidence of the D101 
intervention’s effectiveness. All respondents indicated 
that their skills had improved in at least one of eight 
target skill areas relevant to the IOM priorities, PHEP 
capabilities, and IPEC competencies. Specifically, stu-
dents were prompted, “Please indicate the skills you 
feel were improved as a result of your participation in 
Disaster 101 (check all that apply).” In all, 79%–92% 
of respondents indicated improved confidence in 
five areas: crisis communication (91.7%), situational 
awareness (85.7%), maintaining safety in an emer-
gency (85.2%), triage (85.2%), and crisis leadership 
(79.2%). For the three remaining skill areas—working 
within an incident command framework (64.9%), ad 
hoc teamwork (53.6%), and hand-off to another team 
(25.6%)—#65% of respondents indicated improved 
confidence (data not shown). 

LESSONS LEARNED

Outcomes were consistent with other published 
research using a range of active learning training 
strategies.18 However, our longitudinal data highlight 
the value of well-designed, well-executed operational 
simulations for maximizing retention and transfer of 
skills to participants’ day-to-day practice. These findings 
are consistent with multiple studies in aviation and the 
military19 as well as models of experiential learning. 
Students were not expected to attain or practice skills 
at the level of a professional first responder. However, 
the training was designed to improve understanding 
of incident command and emergency response in a 
way that would allow learners to induce, generalize, 
deduce, and apply team and response skills in their 
ongoing clinical education.20 As results emerged, D101 

was also offered as a continuing education experience, 
through the University of Minnesota’s Public Health 
Institute and through a multi-week course on provid-
ing health care in underresourced systems globally. 
(Results from these experiences were not included in 
the analysis reported in this article.) These iterations 
of the workshop included practicing professionals in 
emergency response, public health, medicine, nurs-
ing, dentistry, and veterinary medicine. Outcomes 
immediately following workshop completion were 
comparable with outcomes from the student version 
of D101. These results demonstrated the flexibility 
of the delivery platform and the effectiveness of the 
simulation strategies—particularly repetitive practice 
and formative feedback—described in the literature.4 

Perhaps even more importantly, the results of our 
research on D101 indicate the value of the training 
for a wide range of health-care professionals at dif-
ferent points in their professional development. The 
structure of the training as a whole and the dynamism 
of the simulations in particular allowed participants to 
learn and practice skills at a professionally appropri-
ate level, and to notice different levels of complexity 
based on their preparation and experience. Established 
professionals indicated that they were surprised by 
both the realism and applicability of the simulations 
as they experienced them. Students—who had little 
previous experience with crisis management, either 
inside or outside of clinical settings—demonstrated 
that they could quickly attain emergency response 
and team skills. 

Limitations
While this study was built on existing literature in 
emergency preparedness simulation, the flexibility 
required for implementation created inconsistencies 
in the intervention. Specifically, participants were 
recruited in multiple ways, the number of participants 
varied from 26 to 55, and the health-care professions 
represented changed with each workshop. This varia-
tion created challenges for the comparability of results 
across cohorts. Also, the wide range of performances 
sometimes produced large confidence intervals (Table 
2). While some of these instances were very highly 
significant, the wide range calls into question the preci-
sion (though not the accuracy) of particular measures.

CONCLUSIONS

D101 efficiently and effectively addresses several 
needs in emergency preparedness training—address-
ing all four IOM research priorities, meeting PHEP 
capabilities and IPEC competencies, and addressing 
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 shortcomings identified in systematic reviews. As Wil-
liams et al. noted, knowing whether or not an interven-
tion is effective for more than one group, being able 
to reproduce it, using common evaluation criteria, 
and incorporating multiple types of health-care provid-
ers into training are all important aspects of disaster 
preparedness research and system readiness.5 As both 
health-care and emergency response systems continue 
to face challenges in meeting normal operational 
needs, much less disaster-related demands, programs 
such as D101 can provide an important resource in 
expanding the capabilities of emerging and current 
health-care providers to improve system readiness.
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