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Imagine you’re called to an emergency meeting. You have no idea why it has
been called. When you walk into the room, there are about 20 other people. Half
you know, the others are strangers to you. The door is closed. Then the purpose
of the meeting is announced. You and the rest of the group have been called
together to deal with a major crisis. Because of the experience and special skills of
the group, you have been selected to serve as the Crisis Management Team
(CMT) for your metropolitan region of about 2.5 million people. There has been a
report of a possible case of smallpox from the local University Hospital. The
worst-case scenario is an epidemic that could have a death rate of 30% or higher.
The CMT’s task is to plan and implement a response that will minimize deaths.
Every second counts. A delay of even a day could have disastrous results.


This is a frightening scenario and a daunting task. Yet this is exactly the
situation that 23 students from three Portland area high schools found
themselves in the first weekend of spring break. They accepted an invitation to
serve as part of the CMT for an unspecified disaster simulation. They spent 30
hours at Wilson High School, beginning at 9:00 AM on Saturday, March 24, and
ending at 3:00 PM on Sunday. In that time they went from the introduction of the
problem to a fully developed and model-tested plan for dealing with the
outbreak, reducing deaths from a possible 750,000+ to fewer than 250. In the
process, they developed a control plan that used the same strategies the World
Health Organization developed over a ten–year period for dealing with smallpox
outbreaks.


The disaster simulation evolved out of the Plagues and People activities
developed by Jeff Potash and John Heinbokel, and initially used by them in their
classes at Trinity College in Burlington Vermont. Staff of the
CC–STADUS/CC–SUSTAIN projects had a number of conversations with Jeff
and John about adapting these materials to high school and middle school. The
difficulty level of curriculum materials and the fact that the materials were
designed for a semester-long college course mitigated against their easy transfer
to the K-12 environment. However, in the last 6 months of the CC–SUSTAIN
project, it became obvious that there was some money available for the
development of models and curriculum materials that could be used by
participants. After lengthy discussions, it was agreed that Jeff and John would
attempt to develop a series of modules focusing on the role of smallpox in
history. There would be five modules focusing on history and five focusing on
biology. The modules were to be composed of multiple 1-3 day lessons that
could be used individually without using other lessons. Thus, teachers would be
provided with a number of “plug-ins” that fit into existing curricula.


Over a three-month period, the first drafts of these materials were developed.
They were presented to a group of about thirty CC–SUSTAIN participants and
staff in a two–day workshop in January 2001. The presentation took the form of a
serious of activities based around a hypothetical bio-terrorist attack using
smallpox. Each of the activities was excerpted from the newly developed
materials. The teacher response was overwhelmingly positive.


This initial presentation of the materials made it obvious that a similar, but
more lengthy and intense, use of the materials in a simulation with students
would have great potential as a learning experience and as an exercise
illustrating what could be done with systems-based materials. After discussion
among the leadership group of the CC–SUSTAIN project, it was decided to
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attempt a 30 hour long simulation at the beginning of spring break, roughly six
weeks away.


The disaster simulation was intended as an experiment to see how useful the
materials would be when used with actual students. It was also intended as a
first attempt to use systems tools as a centerpiece for a simulation exercise
similar to Model UN or Harvard Model Congress. Students were recruited from
the three high schools in Portland with the longest established System Dynamics
programs: Franklin, Wilson, and La Salle. Twenty-three students signed up, each
paying $20.00 to cover food and drink.


The participants had a wide range of experience with systems, ranging from
two years of formal modeling instruction—plus an additional two years of
independent study work in advanced modeling—to students who had no formal
experience modeling but had taken courses in which models had been used to
explore problems and test policies. This mix of skills and experience gave the
group a broader skill-set and perspective than focusing on just modelers would
have. Five students came from La Salle, six from Franklin, and twelve from
Wilson, the host school.


The simulation began at 9:00 AM Saturday, March 24th. As students came in
to Wilson, four students were greeted with the news that they had been selected
as the leadership group. Once the simulation got underway, they would be
responsible for managing it. One member of the leadership group was from
Franklin, one from La Salle, and two from Wilson. They were chosen for the
particular skills that would be helpful in managing the CMT. One was an
exceptionally strong modeler. Another was, in essence, a policy “wonk” who had
played the role of a member of the Joint Chiefs of Staff (Marine Corps
Commandant) in the Harvard Model Congress. Another had some modeling
experience, but had taken two classes in which dynamic models were used to
explore problems and policies. She was the expert in using, rather than building,
models. The fourth member of the group had substantial modeling experience
and expertise, but also significant skill at using models to explore problems. He
was the swing person who could communicate well with both modelers and
policy-focused people.


Five teachers were involved in planning and executing the simulation: Ron
Zaraza, Scott Guthrie, Barbara Culpepper, and Diana Fisher of Wilson High
School, and Tim Joy of La Salle High School. Although they introduced some
topics and led some debriefing in the early stages of the simulation, they played
no role in the actual model building or policy development. Their primary
function was as observers.


The simulation began with the introductions and the formation of
four–person working groups. These groups could have no more than 2
participants from a single school. Once these groups were formed, the basic
“problem” was presented. Participants were given a press release:


UNCONFIRMED CASE OF SMALLPOX IN PORTLAND
By William R. Johnson
©The Associated Press


PORTLAND, Ore. ––An unconfirmed case of smallpox has been reported in a
Portland hospital. While the disease was officially eradicated by the World
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Health Organization in the late 1970s, cases of the active virus are known to exist
in U.S. and Russian medical laboratories. These have long been targeted by
terrorist organizations. Hospital officials refuse to comment on the situation at
this time…


The students immediately began to ask questions about the possible victim,
where she was hospitalized, and what was known about the disease. They were,
of course, given no further information. They were, however, presented with a
next step. The problem they were given was to plan a response for the Portland
metropolitan area that would minimize the loss of life. To begin developing this
plan, it would be necessary to consider four questions:


1) What do we know at this moment in time?
2) What should we be thinking about as we look to the future?
3) What information do we need to improve our ability to understand the


future?
4) Where in the system could and should we be focusing to leverage the


system and guide it to some desired set of outcomes?


Each group was asked to spend a half hour thinking about and responding to
these four questions. The groups then shared their ideas in a debriefing run by
two of the teachers. This set the stage for beginning the research necessary to
attack the problem of dealing with a potential outbreak of smallpox in Portland.
Due to the “problems of doctor/patent privilege, the confusion in defining areas
of authority, and the establishment of communications between involved
groups”, there was no official information in response to question 1 other than
the press release. The other questions suggested a number of lines of research
and information gathering.


At this point it was assumed that the groups would begin to research the
identified questions using Internet resources. The leadership group decided to
take control at this point and modify the plan. They assigned areas of research to
each group, using the questions developed during the debriefing as a starting
point. In their assignments they made certain there was some overlap, but kept it
to a minimum to make the work more time-efficient. Built into their assignments
was an intermediate report phase. After slightly less than two hours of work,
each group met with the leadership group to share progress and receive new
direction. The leadership group also developed a chart on which groups listed
key discoveries and questions that emerged.


After four hours of work, the large group reconvened to discuss findings. A
great deal of information on past epidemics and treatments was uncovered and
some key questions were answered. Smallpox could be spread by direct contact
or inhaling the virus. Once infected, the disease shows no symptoms for the first
10-14 days. At that point, rash, skin eruptions, and a temperature appear. The
victim is only contagious upon the appearance of these symptoms. Within the
next week the victim either recovers, developing immunity, or dies. Unlike many
diseases, the vaccine, if administered in the first 72 hours, is usually effective in
treating the disease, although administration of the vaccine more than 24-48
hours but less than 72 hours after infection may result in a “low-grade” case of
smallpox that was very rarely fatal. One of the most surprising pieces of
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information was that quarantine was regarded as an ineffective strategy for
dealing with the disease. This information came from a variety of sources.


When this information was presented, discussions and further questions
began to pour out of the students. Several presented plans or parts of plans for
dealing with a potential outbreak. The first hard information on the potential
victim was released to the group. She was a 34 year-old woman who worked in a
day care facility in a blue-collar neighborhood in Southeast Portland. She was
admitted very early Saturday morning after experiencing gradually increasing
symptoms on Friday while at work. She was married and had two children. No
information was available about the health of her husband or children. This
information gave a greater sense of urgency to the participants. It was the cue to
begin the “education” segment of the simulation.


Most of the participants had not had previous exposure (no pun intended) to
disease or infection models. To equip them with basic understanding of how
disease spreads, the participants played the Epidemic Game (also known as the
Nerd Game, developed by Will Glass–Husain). This activity was debriefed in the
large group. The students then were sent back to the computers to build a simple
STELLA model of disease transmission, with a goal of understanding what were
the key factors that affected the transmission of disease. For those groups that
had difficulty developing a model, a simple epidemic model was available. After
working with the models, the large group re–formed and debriefed. All of their
work developed the idea that critical factors in the spread of disease were
probability of infection with a single contact, the number of contacts per day, and
the probability of a single contact being with a susceptible person. This led to a
larger discussion about how this model would have to be modified to fit
smallpox.


UNINFECTED INFECTEDNew Infections


number of contacts prob of infection


prob contact is susceptible


initial # infected


The Basic Infection Model


All student models, as well as the model we provided, were greatly
simplified, with only two stocks: Uninfected and Infected. Obviously, a model
for smallpox would have to include the incubation period, a period when a
person was symptomatic and contagious, and an outcome, either death or
immunity. The students went back to work in their groups to develop this
model. Once again, if they had difficulty, they had a pre-built model available.
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Student and pre-built models all used conventional stocks. This was something
of a surprise. We had anticipated that at least a few models would use
conveyors. After spending about an hour with smallpox models there was
another debriefing session. Some of the student models, as well as the pre-built
model, had long run-times. Discussion of the actual situation they were dealing
with led to a consensus that the period of concern would be a matter of weeks
and months rather than years. The participants did feel that they were beginning
to develop a real understanding of the problem and could begin to develop a
response plan. In fact, they were eager to begin that work.


During the period that students were building and running these two models,
they began to have to deal with the “media.” Early on, the leadership group
realized that public panic could be a major problem. However, they also realized
that it would be next to impossible to keep their activities and the potential
epidemic totally secret. One of the participants was recruited to serve as their
press officer, responsible for writing press releases with the appropriate mix of
facts and reassurance. In the late afternoon, “Diane Sawyer” (Diana Fisher)
wrangled a press conference that very nearly resulted in a proclamation that
there was a smallpox outbreak. Quick thinking by the press officer and two
members of the leadership group steered the briefing in a safe direction. The
incident made them more aware that they had to leak some information, but had
to be very careful.


About the time of the work with the second model, the leadership group
issued secure/secret bulletins to local hospitals alerting them to watch for
admissions exhibiting the symptoms of small pox. These messages discussed
symptoms, but never used the word smallpox. Shortly after this the leadership
group was told that the initial victim’s husband had been found unconscious in
their house in a middle-class neighborhood about 1.5 miles south of Downtown
Portland. It had been determined that he worked for Kaiser Permanente, driving
tissue samples and transplant organs from hospital to hospital in Portland. This
initially produced a frantic reaction. The fear was that through the samples and
organs he transported, the infection could have spread throughout the city.
However, one of the leadership group quickly pointed out that the materials he
was carrying would most certainly be sealed for their own protection and, in
spite of his contacts with people throughout the city, he could only have infected
those he came in contact with after he developed symptoms, no more than the
last day or two. Still disturbing was the fact that there was no word about the
children.


It was now approaching 8:00 PM. The students were beginning to feel a little
more hopeful. They had been working for 11 hours, with short breaks for lunch
and dinner (Subway sandwiches and pizza). It was time for them to discover that
the problem was potentially worse than they thought. Epidemiologists refer to
certain types of disease outbreaks as “Virgin Soil Epidemics.” In a population
with no prior exposure to the disease, and therefore little or no immunity in the
population, the disease can hit much harder. Probability of infection for a single
contact can be higher. The disease spreads faster. This may lead to a situation
where the ill and infected may outnumber the healthy. As a result, it may be
impossible to provide basic care for the ill. Victims of the disease die not of the
disease itself, but of dehydration or effects of high fevers. In a disease such as
smallpox, this can raise the death rate to as high as 90%. There is substantial
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historical evidence of such epidemics among the indigenous populations of the
Americas.


In their research the students had discovered that smallpox had officially
been declared eradicated in 1979. No cases in the “wild” had been reported since
1977. Thus, vaccination against the disease had ceased in many countries,
including the United States. It could be generally assumed that any Portland
resident under age thirty was probably not vaccinated. This group constituted a
population very similar to those in the virgin soil epidemics. Further, those sixty
or older had probably not had booster vaccinations, so their level of immunity
would also make them a population at greater risk. Thus, probably 50% or more
of the Portland population fit the profile of a virgin soil epidemic.


The participants were told about this situation after debriefing their smallpox
models. At this point they had been working for eleven hours. Their response to
the new information was a mixture of frustration and confidence. While some
felt the problem was simply getting too complex, others thought it could be
reasonably easily dealt with by modifying their models. There was, however, an
underlying sense of frustration because they still did not know if the patients
actually had smallpox.


The students were given two models based on historical virgin soil epidemics
and told to “exercise” them, that is, try various combinations of parameters and
see how they affected the spread of smallpox. The goal was to have students see
samples of how to build a model that took into account the special circumstances
of virgin soil epidemics, as well as exploring leverage points in such a system.
For the first time, the students’ reactions were mixed. They were tired.
Participants who thought of themselves primarily as modelers wanted to get
started building their models and stop looking at other people’s models. Those
most interested in policy problems wanted to start developing a plan for dealing
with the situation. Nonetheless, most began to work with the models, though
with less enthusiasm than before.


While the participants were building and exploring the basic infection, basic
smallpox, and virgin soil models, the leadership group was observing and
talking to them, collecting ideas and information that would allow a
comprehensive plan and model to be developed. While they did not actually
build the models, by moving from group to group they developed the most
complete “picture” of what could happen.


During the time that the virgin soil models were being run, it was announced
that the first case had been confirmed as smallpox. This was the only really
unrealistic element in the scenario. Only the Centers For Disease Control have
the capability of a definitive identification of smallpox. Such identification would
take at least 72 hours, and according to some sources, as much as 10-14 days. For
the sake of a rapidly developing simulation a confirmation was issued at this
point. In a real situation, at most, the presence of some sort of virulent pox could
have been established by this time. This could reasonably be expected to trigger a
strong response from authorities.


It was also announced that the police who had found the husband had not
worn protective clothing. They and the husband were all quarantined at the
same hospital the first case had been confined. The children were found in their
rooms, non-symptomatic. They too were quarantined.
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Participants at this point were achieving little. Some were still working with
the virgin soils models. Others were researching parts of the problem, but talking
to no one about what they found. A few just sort of faded out of participation.
Frustration and a sense of urgency began growing rapidly. About 10:00 PM, one
member of the leadership group simply took over, after discussion with her
colleagues about what to do. She got everyone’s attention, then announced that
the previously formed groups should be disbanded. Participants were to divide
themselves into three groups: a modeling group developing both short and
longer term models, a policy planning group, and a group which essentially
served as a research group for each of the other groups. One member of the
leadership group monitored/assisted/directed the work of each group. At this
point substantive work on the real problem began.


It was quickly decided that it was most important to administer vaccine to
those who definitely had contact with the one confirmed and one assumed case.
Identifying these individuals had been initiated earlier in anticipation of the
need. Working from estimates of contacts for each, it was quickly determined
that the number of contacts was probably under 400. The problem was the
availability of the vaccine. Various sources found earlier indicated that
somewhere between 6,000,000 and 15,000,000 doses were available nationwide,
most in a facility in Pennsylvania. These doses would apparently take some time
to be prepared for shipping and use. At best, they could begin arriving in 2-3
days. That would have been too late to treat those already exposed.


The research group went looking for other possible resources. They
discovered that active-duty military sent overseas were frequently vaccinated,
and bases that were likely sources of units had some vaccine on hand. Fort
Lewis, Washington, was one such base, only 120 miles north of Portland. The
lone remaining teacher determined that 1500 doses would be available. This
number was based on the size of units that had “shipped out” from Ft. Lewis in
the last five years. The policy team immediately requested the vaccine. The
leadership group and the policy team began outlining how the doses would be
delivered and how further spread would be discouraged. Knowing that those
who had seen active military service overseas had been vaccinated, and having
been given authorization to request any necessary resources from civil
authorities, the national guard, and reserve units located in Oregon and southern
Washington, the group requested that all vaccinated National Guard troops and
reservists be mobilized immediately. They also requested that the airport be
closed due to “power failure” in the tower.


Upon arrival of the vaccine in Portland, already vaccinated military doctors
and corpsmen would be given vaccine to distribute to those already exposed.
This administration would begin between 8:00 and 10:00 AM on Sunday
morning. In addition, doctors and nurses on duty in area hospitals would be
vaccinated, allowing them to be involved in later distribution of vaccine.


This plan would provide a quick response to those identified as having
contact with the two cases. The possibility remained that there might be other
cases. It was also possible, even likely, that some of the contacts might be missed.
This was when the research group told the policy and leadership group that
there was one model that had progressed to the point that it would be useful as a
policy-testing tool.
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The model builders had progressed more slowly than the policy and research
groups. Four different models had been begun. However, only one of the model
builders had spent significant time looking at and testing the virgin soil models.
From that experience he was able to build a model loosely based on those
models, but with significant differences that customized the model for the
Portland metropolitan area. By 1:00 AM he had a well defined, functioning
model that was the tool the other groups used to test policy. He was able to get a
few hours sleep before refining his model in the early morning. By contrast, the
other three modeling groups built models with significantly different structures.
They also built most of each model without testing it, resulting in extensive
troubleshooting problems. Each of these models ultimately was completed and
all models produced similar results. However, the other three groups essentially
had at least one person working on each model throughout the night.


The first runs of the initial model looked at how critical the number of doses
given per day was in slowing the spread of smallpox. At the same time, the
researchers were determining that the maximum number of doses that could be
prepared and shipped per day would probably be on the order of 40,000. Once
that was put into the model, other considerations were explored. Of significant
concern was whether or not 40,000 doses could actually be administered per day.
The research group used the yellow pages to determine a rough figure for
doctors in the metropolitan area. Assuming that no more than half would be
available or willing to work administering vaccines, they determined that a very
reasonable rate of 50 inoculations per physician per day would allow the vaccine
to be fully distributed each day. After exploring other variables, they returned to
the question of contacts per day. The earlier research indicated that quarantine of
populations was not regarded as an effective way of containing outbreaks. The
model runs, however, told a different story. Reducing the contacts per person,
equivalent to a quarantine, could dramatically reduce the spread of the disease.


The policy and research groups tried to reconcile the difference between the
information they found on the Internet and the results of the model. In a
relatively short time they concluded that what was different about the model and
the Portland situation was the very small number of initially infected, the small
number of initial “vectors.” The more general information referred to epidemics
in which the number of infected was larger, and the disease could not be as
easily traced to a few individuals. They concluded that the model was correct
and that minimizing contacts was as critical as, if not more critical than, the
vaccine. This moved the policy and research groups into final design of a plan.
The modelers continued to refine their models.


It was assumed that large scale availability of vaccine would not be possible
until Monday evening or Tuesday morning, as much as 72 hours after the
original case presented herself at the hospital. In the forty-eight hours before the
inoculations could begin, already inoculated guardsmen and reservists would be
used to seal off the major access routes to Portland and Vancouver. This would
be accompanied by public announcements explaining what was being done and
why. These announcements were to be detailed explanations of the reality of the
situation, emphasizing that, unless more cases turned up, there was no way for
any others to become ill immediately. As was shown by the infection models,
another pulse of infected would not appear for 10-14 days after the first victims
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showed symptoms. If the rapid response vaccinations (the first 1500 doses) did
not reach all the exposed, some new cases might appear at that time.


The possibility did remain that there were others in the population who had
the disease but were not yet symptomatic and contagious. Residents were
advised to remain in their homes. In the event they ran short of food and other
necessities, a system of supply using national guard and army units from Fort
Lewis was to be established. To encourage residents to remain at home, all
businesses were ordered temporarily closed.


Eighty-four inoculation sites were identified around the Portland/Vancouver
area. These were usually schools with gyms and athletic fields or large parking
lots, which would allow the vaccine to be administered regardless of the
weather. A detailed press released was prepared that explained that the vaccine
would be distributed first in the neighborhoods the first cases lived and worked
in. The areas would gradually move outward until the entire city was covered.
Only those under 30 and those over 60 would be vaccinated. Given that 40,000
vaccines would arrive and be administered per day, that meant that between
400,000 and 480,000 people would be vaccinated by the time any new cases
derived from the first infected group developed. This would be nearly half of
those susceptible. If such cases appeared, the number of new contacts would be
minimized by the low number of contacts possible. The vaccine distribution
schedule would be revised to focus on the new cases.


In the event that new cases were detected in the first few days of the
vaccination program, the quarantine would minimize exposure, and the vaccine
schedule would also be adjusted. The best-case scenario, no missed cases, all
contacts vaccinated, could result in complete control of the outbreak within two
weeks. In the worst case, all potential susceptible people would be vaccinated
within 6 weeks. Even the revelation, about 10:00 AM Sunday morning, that there
were two new cases, both living near the original two, and a press release from
bio-terrorists claiming responsibility and threatening further releases of the
disease, turned out to be easily handled by the plan. The rest was just ironing out
the details and debriefing


The student performance in this simulation was striking for a number of
reasons. First is the fact that they stayed in role, in character for the entire time.
Although a few “pulled back” from the simulation for short periods of time, even
in actual crisis situations response team members need to take time to reduce
pressure in order to function. All participants ultimately moved back into the
simulation and most never took any real break other than sleeping. In fact, from
late Saturday on most became so absorbed into their characters that the level of
emotional intensity and involvement was scarcely less than a real crisis would
have produced. In several situations, the teacher/observers considered
reminding the participants that this was only a simulation. In the debriefing
many said that they lost track of the fact that it was a “game,” becoming
absorbed and driven by their responsibilities.


Perhaps more astounding is what the students actually accomplished. The
solution they developed flew in the face of the “expert knowledge” of the
Internet reports. In fact, the policy of isolation and large scale vaccination
centered on identified cases (“nuking the area,” as one student called it) is
exactly the policy the World Health Organization evolved over a number of
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years to deal with smallpox outbreaks. The Internet provided many of the basic
pieces of information they needed, but their ability to build and use dynamic
models allowed them understand the problem in enough detail to plan and test
policies for dealing with the outbreak. The models gave them a tool not usually
possessed by real-world crisis teams. The models guided their learning about the
problem, helped them identify key questions and problems, and allowed them to
test their solution. Furthermore, the systems thinking they had learned provided
an overall framework for their efforts.


Three of the students presented the simulation at the International System
Dynamics Conference in Atlanta in July. Their session was attended by more
than 60 people. In it, they talked about the progression of the simulation and
their own feelings and thoughts as the simulation developed. They received the
only standing ovation of any session at the conference.
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The Aztec Smallpox Model
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