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Introduction: We sought to develop and test a computer-based, interactive simulation of a
hypothetical pandemic influenza outbreak. Fidelity was enhanced with integrated video and
branching decision trees, built upon the 2007 federal planning assumptions. We conducted a
before-and-after study of the simulation effectiveness to assess the simulations’ ability to assess
participants’ beliefs regarding their own hospitals’ mass casualty incident preparedness.

Methods: Development: Using a Delphi process, we finalized a simulation that serves up a
minimum of over 50 key decisions to 6 role-players on networked laptops in a conference area.
The simulation played out an 8-week scenario, beginning with pre-incident decisions. Testing: Role-
players and trainees (N=155) were facilitated to make decisions during the pandemic. Because
decision responses vary, the simulation plays out differently, and a casualty counter quantifies
hypothetical losses. The facilitator reviews and critiques key factors for casualty control, including
effective communications, working with external organizations, development of internal policies and
procedures, maintaining supplies and services, technical infrastructure support, public relations and
training. Pre- and post-survey data were compared on trainees.

Results: Post-simulation trainees indicated a greater likelihood of needing to improve their
organization in terms of communications, mass casualty incident planning, public information and
training. Participants also recognized which key factors required immediate attention at their own
home facilities.

Conclusion: The use of a computer-simulation was effective in providing a facilitated environment
for determining the perception of preparedness, evaluating general preparedness concepts and
introduced participants to critical decisions involved in handling a regional pandemic influenza surge.
[West J Emerg Med. 2013;14(3):236—242.]

INTRODUCTION influenza, and HIN1, or Swine Flu, have been of more recent
The probability of a highly pathogenic influenza concern. First identified in Hong Kong in 1997, the outbreak
pandemic has been a topic of interest among healthcare of the HS5N1 flu strain ultimately resulted in 18 infections
providers, the public, and health policy personnel at and 6 deaths.” Since its original mutation, the HSN1 avian
regional, state, national and international levels. Since flu virus has spread to over 15 countries, infecting 552
the first influenza pandemic was described in 1580, over people and killing 322 as of April 2011, a mortality rate of
30 recognized influenza pandemics have occurred. Three, approximately 58%.° If the HSN1 strain had mutated and
occurring in the last century, varied in lethality from 1 developed the ability to transfer via human contact, the
million deaths worldwide in 1968 to 50 million deaths world could have been on the brink of a pandemic.* More

worldwide in 1918.! The Influenza A virus (H5N1), or Avian  currently, the HIN1 virus was declared a pandemic in 2009
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with an estimated amount of infected persons between 43 to
89 million, through April, 2010.°

The civilian population depends on the preparedness and
response of the medical community for significant illness
management and crisis mitigation, yet preparing for, and
handling any pandemic influenza outbreak is a difficult task.
Methods to enhance preparedness may include educational
sessions, as well as table-top and large-scale exercises.
Current literature has shown that computer-based high-
fidelity simulations may be effective as training tools.® A
computer-based simulation of an influenza outbreak provides
a repeatable approach to stimulate integrated decision-making,
and discuss thought processes.” Reports demonstrate that
their use may be an authentic, low-risk learning environment
that teaches teamwork competencies and promotes insightful
and systematic practice.® Higher-fidelity simulations (i.e.
those that produce a realistic experience for trainees through
use of multimedia inputs) have also been shown to receive
more positive feedback from participants than lower-fidelity
simulations (e.g. slower paced, pre-determined table-top
and paper-based exercises), suggesting that they are a more
effective method of training and education, stemming
from their authentic nature and real time decision-making
components.’ By definition, high-fidelity simulation more
closely resembles the actual event it is representing, such as
using realistic materials, equipment, story boards, sounds, and
visual aids. Since high-fidelity models represent scenarios
in a more realistic fashion, in theory, they are more likely to
produce results similar to real life.

We report briefly on the development and initial testing
of this computer-based simulation for a putative pandemic
influenza outbreak. We used a Delphi-method for initial
development and prioritization of learning principles. We
then tested the simulation on regional hospital participant
volunteers, in order to quantify the before-and-after simulation
knowledge about 7 key areas.

METHODS
Development

We used a Delphi-method, or structured communication
technique with content and regional experts and using
the federal assumptions of the 2007 National Incident
Management System (NIMS) for a pandemic outbreak, to
derive key categories and decisions to build into the computer
programming. Three to six rounds of subject and key role-
player expert scenarios were performed with subject matter
experts (SMEs) until the computer program was finalized
and placed into a run-mode. The final simulation intended to
produce documentable and reproducible actions that could
be performed during these trainings. These were not intended
to teach definitive care should an actual outbreak occur.
These practice decisions were intended to broaden trainees’
understanding of evolving crises, enhance insight into current
preparedness gaps, and allow them to test their own strategies

Table 1. Description of simulation student participants by self-
declared job category.

Students
Hospital providers 146
Emergency medical technician 1
Government health department
Indicated “other” or undeclared
Total students 155

for response, prior to an incident. The main objective was

to employ this simulation and assess participants’ beliefs
regarding their own hospitals’ mass casualty incident
preparedness, which was measured using pre- and post-event
surveys.

Participant Population

Employees of 7 hospitals within south central
Pennsylvania, not part of the development team, were
participants in testing this system. All participants were
volunteers who were invited to attend the educational session.
The study group totaled 155 personnel. The group was
comprised of hospital-based personnel (Table 1). Participating
hospitals ranged from a small community hospital of 125 beds
to much larger medical facilities located in micro-metropolitan
settings.

Simulation Workshop Session

The primary goal of this simulation testing experience
was to introduce personnel to the critical decisions involved
in handling a pandemic influenza surge with overwhelming
patient volume and assess their opinion of current
preparedness models at their home institution. Methods to
improve decision making or how to impact home institution
current models, was not part of this model of education.

The session represented an introductory exercise intended
to inform and raise awareness about organizational surge
preparedness gaps. Desired outcomes were that attendees: (1)
understand that mitigation is highly interdependent because
effects of decisions cascade to affect other responders in
the surge response; and (2) will stimulate potential ideas
for creating and implementing policies and procedures

for community mitigation strategies during an outbreak.
All simulations took place in conference rooms within the
hospitals where participants could sit at a desk in front of

a simulation computer. In instances where there were more
participants than leadership positions, participants were
encouraged to work in small groups and make decisions
together.

Training goals were identified, discussed, and deliberated
throughout the session, and further emphasized in the post-
simulation discussion. During this post-simulation discussion,
the death toll, surge percentage, and the 7 critical success
factors were discussed. Each participant was asked to
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Table 2. Sample survey data collection tool used in the simulation workshop sessions.

EMA EMT Hospital

Other (specify):

Healthcare Facilities Partnership of South Central Pennsylvania PanFlu Simulation
What type of organization do you work for? Circle one:

Government Health Department

Critical Success Factors

Importance Preparedness Recommendation

surge event (MCI/SE) with upwards of 500 or more casualties.

Working with external organizations. Clear policies and procedures for
working with external organizations during a mass casualty incident /

Internal policies and procedures. Clear policies and procedures for

would during normal times.

how your organization will operate differently during an MCI/SE than it

taining adequate and dependable sources of supplies and outside
services.

Maintaining supplies and services. Policies and procedures for main-

an MCI/SE.

Technical infrastructure. Dependable voice and data communications
equipment that works 24/7 both within and across organizations during

mental health of the staff, and providing means for them to meet the
needs of their families. Ability to integrate volunteers and temporary
personnel into the work flow and to make volunteers available else-
where.

Staff support. Policies and procedures for supporting the physical and

Public relations. Policies and procedures for keeping the public in-

followed during an MCI.

formed and for advising them of critical procedures which need to be

of the critical success factors described above.

Training. Courses and facilities that provide training and practice on all

EMA, emergency medicine agency; EMT, emergency medical technician

complete a pre- and post-simulation confidential questionnaire
that examined their perspective regarding influenza- response
importance and preparedness. A sample survey used in the
simulation workshop sessions can be found in Table 2. This
questionnaire also assessed the simulation influence on
participant awareness of cascading-effects of decision making,
and additionally gauged participants’ beliefs surrounding the

7 success factors. The participant provided a self-assessed
measure for each of the factors, ranging from low (1), to
essential (5). A recommendation section similarly asked
participants to rank how quickly they felt their organization
should take steps to correct gaps identified during the
simulation (within each key factor), ranked on a scale of 1
(deserves immediate attention) to 3 (does not need attention at
this time). This study was approved by the local institutional
review committee. We performed comparison of before and
after simulation perceptions, using a student’s t-test with
p<0.05 considered significant.

RESULTS

We surveyed 155 hospital personnel both before and
after the simulation training, and then compared and analyzed
their responses. Of the 42 possible questions, evaluation data

were only considered if at least 80% of the questions were
completed per survey; this included 133 (86%) participants,
and these subjects formed the sample population. Hospital
personnel comprised the majority of the people surveyed, at
124 out of 133 (93%). A comparison of the pre-simulation
and post-simulation preparedness data is presented in

terms of perceived own facility preparedness (Table 3) and
personal importance (Table 4) in 7 key categories/factors
(external organization, operations, supplies, communication,
mass casualty incident planning, public information, and
training). While preparedness ratings were stable and not
statistically different, there was a trend toward declined
preparedness perception in 2 of the 7 key factor areas—
supplies and communication, post training. Otherwise stated,
after the simulation, they felt their facility is less prepared
than originally thought (before the simulation). The authors
interpreted this to mean that the articipants realize that they
were less prepared to manage supplies and use voice and
data communication systems after they had completed the
simulation (Table 3). Similarly, pre-simulation and post-
simulation total scores for the “importance” subsection
(Table 4) revealed that there was a statistical increase in mean
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Table 3. Pre- and post-course preparedness ratings for 7 key factors in pandemic influenza training,using a Likert scale, 1-5.

Factor Pre-simulation Mean  Post-simulation Mean  Change score (post- Paired-t (p-value)
t (SD) t (SD) pre) Mean t
1. External Organization 3.34 (0.68) 3.36 (0.76) 0.02 0.304
2. Operations 3.48 (0.72) 3.35(0.78) -0.13 0.255
3. Supplies 3.31(0.77) 3.22 (0.77) -0.09 0.035
4. Communication 3.57 (0.81) 3.44 (0.81) -0.13 0.035
5. Mass Casualty Incident Planning 3.05(0.74) 3.02 (0.82) -0.03 0.369
6. Public Information 3.39 (0.71) 3.50 (0.77) 0.11 0.075
7. Training 3.22 (0.74) 3.27 (0.85) 0.05 0.338

SD, standard deviation

Table 4. Pre- and post-course importance ratings for 7 key factors in pandemic influenza training, using a Likert scale, 1-5.

Factor Pre-simulation Mean Post-simulation Mean  Change score (post- paired-t (p-value)
t (SD) t (SD) pre) Mean t
1. External Organization 4.65 (0.65) 4.81 (0.46) 0.16 0.000
2. Operations 4.56 (0.69) 4.72 (0.54) 0.16 0.003
3. Supplies 4.49 (0.67) 4.73 (0.54) 0.24 0.000
4. Communication 4.63 (0.64) 4.74 (0.53) 0.11 0.019
5. Mass Casualty Incident Planning 4.33 (0.80) 4.67 (0.53) 0.34 0.000
6. Public Information 4.12 (0.91) 4.42 (0.74) 0.30 0.000
7. Training 4.37 (0.78) 4.63 (0.62) 0.26 0.000

SD, standard deviation

Table 5. Pre- and post-course recommendation ratings for 7 key factors in pandemic influenza training, using a Likert scale, 1-5.

Factor Pre-simulation Mean t Post-simulation Mean  Change score (post-pre) paired-t (p-
(SD) t (SD) Mean t value)

1. External Organization 2.24 (0.67) 2.31(0.79) 0.07 0.136

2. Operations 2.25 (0.62) 2.34 (0.72) 0.09 0.076

3. Supplies 2.16 (0.67) 2.26 (0.82) 0.10 0.139

4. Communication 2.20 (0.78) 2.31(0.82) 0.11 0.030

5. Mass Casualty Incident Planning 2.06 (0.67) 2.23 (0.83) 0.17 0.004

6. Public Information 2.06 (0.60) 2.30 (0.68) 0.24 0.001

7. Training 2.09 (0.63) 2.26 (0.77) 0.17 0.011

SD, standard deviation

ratings in all key factors for successful management of a
pandemic influenza outbreak (all p-values <0.05). In the third
evaluation domain, recommendations ratings (by trainees),

4 of the 7 factors—communication, mass casualty incident
planning, public information, and training (Table 5) achieved
statistical significance. Finally, participants reported that their
perceptions increased for the critical need to enact changes in
each of these areas at their own facilities.

DISCUSSION

We describe the development and initial testing of a
computer-based simulation for training in key decision making
for a hypothetical pandemic influenza outbreak. We conducted
the simulation was conducted using a networked, computer-
based system, and developed it based on the premise that

instructional facilitators would be able to: (1) administer the
same pandemic influenza exercise at many institutions; (2)
use the simulation over an extended period of time; and (3)
experience different simulation outcomes based on the decisions
participants made in their respective training days. Emergency
physicians may find use of such training to be valuable in order
to ensure uniformity of training, capture the attention of staff
and administrative personnel on a challenging topic where
community engagement is required for success, and provide a
leadership opportunity for facilitators to improve public health
preparedness. Individual participants reported real-life feelings
of performance pressure and other emotional responses as a
result of the realistic visual and auditory inputs.

We contracted with Crisis Simulations International
(Portland, Oregon USA) to design and develop a computer-
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Table 6. Examples of key decisions made by hospital chief executive officer (CEO).

Example 1

Example 2

Message

From: State Hospital Managing Director: The hospital
has notified our clinic that they have cases of an

From: State Hospitals Managing.

aggressive influenza, and are in communications

with the CDC regarding the situation.
Question

need to move on this.
Decision 1

Decision 2 Refer all suspect cases to our state hospital

Decision 3
as needed

Close clinic
Refer to MH Chief Med Officer

Decision 4
Decision 5

From: Chief financial officer of State Hospitals: Our
small clinic isn’t really able to effectively isolate
patients with possible aggressive influenza, are
they? How will we avoid infection of other patients
and staff? I’'m worried about liability and think we

Get status update from clinic general manager

Have physician assistant call all patients and refer

Some suspect influenza cases have been transported
here from the Local Community Hospital. Infection Control
is monitoring closely, and stocking up on N95 masks.

We might want to consider our inventories system-wide,
anticipating dispensing masks to patients and families of
patients.

From: State Hospitals CEO Administrative Assistant.

| received a call from Purchasing. Per your standing
requests, they are notifying us that our hospitals are dra-
matically requesting an increase in stocks of N95 masks,
exam gloves, and other controls for airborne infection.
Purchasing can’t understand why. This is more than a little
bump. What do you want me to do?

Restrict purchases to standard inventory levels

Allow purchases to proceed
Ask for more information from purchasing

CDC, Centers for Disease Control and Prevention; MH, medical hospital

based simulation using their proprietary DXMA™
architecture. In computer-based simulation training, 2 core
principles of simulation design differentiate it from others.
Just as in real life, decisions do not happen in isolation. Within
the simulation, a trainee may be faced with a decision that is
triggered by an event occurring in the scenario or by decisions
made by other roles/trainees earlier in simulation time. This
is referred to as interdependency between roles. A decision
made by role 1 leads to downstream effects that then triggers a
decision to be made by role 2. This 2-decision series is called
a cascading decision, which is used throughout the pandemic
influenza simulation.

Based on a response system organized along the
National Incident Management System (NIMS) footprint, we
incorporated specified 2007 federal planning assumptions
relating to highly pathogenic avian influenza into the computer
program. Two educational consultants transformed the design
document constructed by the SMEs into an educational
assessment tool. Personalized facilitation provided with
the exercise was designed by educational specialists, using
knowledge gained from SME:s in the fields of emergency
medicine, emergency preparedness, emergency medical
service, hospital administration and infectious disease. This
facilitator discussed key points and topics before, during and
after this simulation to help mediate discussion and learning
objectives.

To increase accuracy of the simulation experience,
the SMEs determined 7 critical success factors: (1) Have
clear policies and procedures for working with external
organizations; (2) have clear internal policies and procedures

for operation; (3) maintain adequate and dependable resources
and supplies and outside services; (4) have dependable voice
and data communication both within and across organizations;
(5) support healthcare staff physically and psychologically;
and (6) have policies and procedures for keeping the public
informed.

Leadership positions that would be involved in such a
crisis were designated. The positions were a hospital chief
executive officer (CEO), an emergency medical service
representative, an emergency management agency worker, an
employee of the state health department, a hospital incident
commander, and a hospital operations chief. Throughout the
simulation duration, each leadership position participant was
presented with messages, questions and decision options that
would be expected in a real-life response scenario. Table 6
exhibits 2 decisions served up to_the CEO.

The simulation provided decisions in a time-based
sequence that simulated the first 8 weeks of the influenza
outbreak within one community. The DXMA™ architecture
that was used was unique in that it was designed to used the
interdependent and cascading decisions made by participants
in a collapsed timeframe. Thus, consequences of choices made
by each leadership role affected the leader themselves, the
overall outcome of the exercise, and fellow participants. These
consequences were not necessarily linear; second- and third-
order consequences resulted from decisions as well.

Audiovisual news reports were displayed as “live” video
feeds triggered by participant decisions. The video streams
added a sense of realism to the simulation and were broadcast
at regular intervals. After the 1-hour simulation session, a
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community influenza infection monitor, a case mortality
estimate, and an infection percentage estimate provided
participants further insight into the effects of their decisions.
The data for these estimates was taken from 2 influenza

surge programs created by the Centers for Disease Control and
Prevention (CDC)—FIuAid 2.0 and FluSurge 2.0. as determined
by the SMEs. These federal flu preparedness models aim to provide
hospital administrators and public health officials an estimate of the
surge in demand for hospital-based services during a hypothetical
influenza pandemic. They take into account the population

of a respective location, as well as the number of emergency
departments and intensive care unit (ICU) beds. Based on this data
input, the number of infected patients requiring hospitalization

is estimated, as is the associated mortality estimate.!® As part of

the “realistic features” of the simulator, it presents environmental
disturbances systematically. During the central point of the
simulation, participants received messages, questions, “live” video
feeds and infection monitor updates at a pre-determined rate. This
added to the fidelity and interactive nature of the simulation.

This simulation was intended to model a complex system,
give participants the understanding of the inter-relationship
repercussions of decisions undertaken, and give participants
perspective to analyze their own facilitiess’ preparedness.

This simulation exercise found that the various types of
responses needed to effectively manage a pandemic influenza
outbreak were made evident to participants. This simulation
workshop session revealed specific observations related to
disaster preparedness medicine, such as, participants were

less prepared than they originally thought prior to participating
in the simulation. Foremost, however, is the fact that all 7 key
success factors showed a significant increase in their importance
ratings, leading to the conclusion that this simulation increased
awareness of these issues. Further work is needed to translate
knowledge into action, however, if sustainable changes in
pandemic influenza readiness are to be realized. Subsequent to
completing the simulation training, participants will presumably
illustrate an improved comprehension of the means necessary

to prepare for a pandemic influenza outbreak, yet this was not
the main outcome. A useful training environment would provide
the ability for personal growth and understanding to anticipate
further organization and practice to decrease the effects of a
potentially devastating viral illness. These include many key
factors mentioned in the corresponding survey, such as increasing
communications between public and crisis management,
implementing/modifying triage protocols, and other modalities
encountered within the simulation.

The purpose of the simulation workshop experience was
to expose hospital personnel to an interactive platform that
stimulated critical decision making and increased awareness to
the vast amount of responsibilities personnel need, in preparation
for, and in response to a pandemic influenza outbreak. Objectives
were not to evaluate participant decisions as right or wrong, but
rather to discuss the options, and observe how each decision has
its own significant outcome on the final result of the surge. In the

same respect, this was not a session in which participants were
educated, or trained on mass casualty incident response.

LIMITATIONS

We rated each of the 7 factors at baseline and at the
completion of the simulation, but no long-term follow-up
data has been collected to evaluate sustainability. A secondary
contact is needed to address this next step. The participation
in a real event is the best way to achieve the greatest amount
of experience when compiling information on any educational
assessment. As with any other training method, time frames
of the educational exposure are reduced to have a realistic and
obtainable educational experience. This simulation breaks
down an influenza outbreak from weeks to hours; this of
course is not ideal, but an accepted practical approach to the
time constraints of personnel. Another major limitation in this
study stems from the fact that participants’ occupations were
not taken into account (whether they were nurses, physicians,
unit managers, or administrators) when “playing” each role
during the simulation. In future simulations, each participant
should perhaps play a function that reflects their respective
emergency response position. However, several trainees
commented on the positive value of assuming other roles than
they would ordinarily occupy, as it contributed to their overall
knowledge of mass casualty management. Additionally,
although the results of the death toll and surge capacity created
were discussed in the facilitation portion of the training
day, there is no mathematical model to provide participants
scientifically valid feedback as to the consequences accrued
from their decisions. While a test of regional personnel may
be unsatisfactory in some respects, beta versions of this
simulation were played with SMEs, including those outside
the development group. We have found that educational
translation is perceived by many as better when the SME is
asked to play a role within the simulation outside their normal
domain. Many have indicated it provided them insight into
what others are/may be doing which could be in conflict with
decisions they are making during an incident.

CONCLUSION

Development and testing of a computer-based, high-
fidelity simulation trainer for a pandemic influenza outbreak
can provide a platform for improved perceptions, importance,
and recommendations for progress. Reproducibility and the
inter-connectedness of decisions can be highlighted within the
simulation training, which produces a full-scale weeks-long
incident in a few hours. For emergency providers and trainers,
this simulation is highly reproducible and can be facilitated to
small and larger audiences.
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