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Imagine you’re called to an emer-
gency 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 an-
nounced. 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 Man-
agement Team (CMT) for your metro-
politan region of about 2.5 million
people. There has been a report of a pos-
sible case of smallpox from the local
University Hospital. The worst-case sce-
nario 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 them-
selves in the first weekend of spring
break. They accepted an invitation to
serve as part of the CMT for an unspeci-
fied 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 that the World Health Or-
ganization developed over a ten–year
period for dealing with smallpox out-
breaks.

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 dif-

ficulty level of curriculum materials and
the fact that the materials were designed
for a semester-long college course miti-
gated 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

SMALLPOX CRISIS MANAGEMENT SIMULATION
Ron Zaraza, Wilson High School, Portland, OR
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M r. Barcan, shhh.” Ryan, a fifth
grader at Murdoch Middle
School, where I served as the

Waters Foundation Mentor for System
Dynamics, silenced me as I began to ad-
dress the students leaving our activity. I
explained to him that I was going to tell
them not to share their solution with the
incoming group, but Ryan was a step
ahead of me. “We don’t need to,” he said.
“You can’t cheat at this.” Then, turning
towards the new group entering the room
and raising his voice to a level that con-
veyed calm control without anger or
force, he quieted the crowd of teenagers
and began explaining the rules to the new
group.

System Dynamics and Student Leadership
Dan Barcan, Murdoch Middle School, Chelmsford, MA

Ryan was leading the game as a
part of DynamiQueST, an annual meet-
ing for students and teachers from grades
five through twelve with an interest in
system dynamics. In its first two years it
has drawn students from Massachusetts,
Vermont, and Ottawa, Canada, who come
to display and explain posters showing
their insights from work with models,
causal loops, and behavior-over-time
graphs. Professionals who use system
dynamics in their daily work—writers
and publishers, consultants, professors—
provide expert coaching on each project
and then support the students as they ap-
ply SD tools to a new problem which is
presented to the students that day.

Leadership continued on page 10
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EDITORIAL

I n view of the events of September 11, the two articles in this
newsletter are particularly appropriate. Each article discusses students
using the skill set of system dynamics to deal with issues: one in the

world of school, as they know it, and one in a simulated disaster. This
month that simulation almost comes too close to home. Yet, it only points
up that all students should have experiences like those described in
Portland, Oregon and Chelmsford, Massachusetts.

It is our job, joy, and duty to prepare our students for the world in
which they will live. System dynamics helps to give them the tools,
emotionally and intellectually, to cope with the multitude of forces in the
world today. When hate and fear lurk around the corner—not only in
others, but in ourselves and our neighbors—tools to communicate our
mental models, to help understand others, and to help us see the
consequences of our actions on the systems in which we live become
invaluable.

For one take on our world situation, from the point of view of
Barry Richmond, go to the HPS website <http://www.hps-inc.com/
Terrorism_Story_Download.asp>  At the very least, it will make you
think. It is time for all of us to sit back and reflect on what we know about
the escalation archetype. It is now up to us to not allow hate and fear to
continue to create more and more hate and fear in the world.

On a brighter note, please write down of the dates of the up-
coming Systems Thinking and Dynamic Modeling Conference for K-12,
which will be held June 29-July 1, 2002. We are returning to the New
England Conference Center in Durham, New Hampshire, with their lovely
sylvan setting, comfortable accommodations, and wonderful food. We
hope you will join us for a learning experience that, if other conferences
are indications, will both stretch and enrich you. We are lucky enough to
have both Peter Senge and Barry Richmond as our Keynote speakers and
are expecting other contributors such as Jay Forrester, George Richardson,
and John Sterman to join us there. We look forward to seeing old friends
and putting faces with names of those we haven’t yet met.

Good luck to you all as the school year gets rolling with the joys
and challenges of newness and repetition.

Take care.

Lees Stuntz <stuntzln@clexchange.org>

A new book from Diana
Fisher, winner of the
Presidential Award for
Teaching Excellence in
Mathematics and Science

H igh School mathematics is tough
sledding for many. The
difficulty is that most students

fail to appreciate that mathematics is “just
a language.” It happens to be a very
rigorous language, one with very little
ambiguity associated with its symbols.
It’s also a very abstract one. And it’s
primarily the latter attribute, abstractness,
which causes many students to falter.
Diana Fisher’s Lessons in High School
Mathematics: A Dynamic Approach is
going to help a lot of these students.
Diana’s book offers loads of problems
that students will find both interesting and
fun. She then makes use of the STELLA
software’s icon-based, non-abstract
language to structure these problems in
ways that students can easily visualize.
Students then can make use of the
software’s simulation capabilities to
explore solutions to the problems.
Diana’s years of teaching have helped to
ensure that her lessons are right-out-of-
the-box-ready for you to use in your
classroom today.

The book will be available in
mid-October. The cost of the book will
be $99.00. This includes:

• A teacher’s guide

• Student lessons (with unlimited
copying rights)

• A CD containing models associated
with the teacher’s guide

• A run-time version of the STELLA
software

The book is available from High
Performance Systems. The URL on the
HPS website for Diana’s book is <http://
w w w . h p s - i n c . c o m / e d u c a t i o n /
HSMath.htm>.
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to be composed of multiple 1-3 day les-
sons that could be used individually with-
out 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 devel-
oped. They were presented to a group of
about thirty CC–SUSTAIN participants
and staff in a two–day workshop in Janu-
ary 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 ex-
cerpted from the newly developed mate-
rials. The teacher response was over-
whelmingly 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 illustrat-
ing what could be done with systems-
based materials. After discussion among
the leadership group of the CC–SUS-
TAIN project, it was decided to attempt
a 30 hour long simulation at the begin-
ning of spring break, roughly six weeks
away.

The disaster simulation was in-
tended as an experiment to see how use-
ful 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 Dynam-
ics 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, rang-
ing from two years of formal modeling
instruction—plus an additional two years
of independent study work in advanced
modeling—to students who had no for-

mal 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 perspec-
tive than focusing on just modelers would
have. Five students came from La Salle,
six from Franklin, and twelve from Wil-
son, 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 mem-
ber 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 excep-
tionally 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 mod-
els 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 per-
son 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 build-
ing 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 SMALL-
POX 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 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 or-
ganizations. Hospital officials refuse to
comment on the situation at this time…

The students immediately be-
gan 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 infor-
mation. They were, however, presented
with a next step. The problem they were
given was to plan a response for the Port-
land metropolitan area that would mini-
mize the loss of life. To begin develop-
ing 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 im-
prove 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 respond-
ing 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 po-
tential outbreak of smallpox in Portland.
Due to the “problems of doctor/patent
privilege, the confusion in defining ar-

Smallpox continued on next page

Smallpox Crisis Management Simulation continued from page 1
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eas of authority, and the establishment of
communications between involved
groups”, there was no official informa-
tion 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 re-
sources. 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 devel-
oped 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 assign-
ments 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 direc-
tion. The leadership group also developed
a chart on which groups listed key dis-
coveries and questions that emerged.

After four hours of work, the
large group reconvened to discuss find-
ings. A great deal of information on past
epidemics and treatments was uncovered
and some key questions were answered.
Smallpox could be spread by direct con-
tact 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 ap-
pearance of these symptoms. Within the
next week the victim either recovers, de-
veloping immunity, or dies. Unlike many
diseases, the vaccine, if administered in
the first 72 hours, is usually effective in
treating the disease, although administra-
tion 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 information was that
quarantine was regarded as an ineffec-
tive strategy for dealing with the disease.
This information came from a variety of
sources.

Smallpox Crisis Management Simulation continued from page 3

UNINFECTED INFECTEDNew Infections

number of contacts prob of infection

prob contact is susceptible

initial # infected

Documentation for these building blocks is 
provided on the cover page of the game in 
the Higher Level Mapping Layer.

When this information was pre-
sented, discussions and further questions
began to pour out of the students. Sev-
eral 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 neigh-
borhood 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 ur-
gency 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 trans-
mission, 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 mod-
els, the large group re–formed and de-
briefed. 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.

All student models, as well as
the model we provided, were greatly sim-
plified, with only two stocks: Uninfected
and Infected. Obviously, a model for
smallpox would have to include the in-
cubation 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. Student and pre-built
models all used conventional stocks. This
was something of a surprise. We had an-
ticipated that at least a few models would
use conveyors. After spending about an
hour with smallpox models there was an-
other debriefing session. Some of the stu-
dent 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

The basic infection model
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concern would be a matter of weeks and
months rather than years. The participants
did feel that they were beginning to de-
velop a real understanding of the prob-
lem and could begin to develop a re-
sponse 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 re-
alized that it would be next to impossible
to keep their activities and the potential
epidemic totally secret. One of the par-
ticipants 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 re-
sulted 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 ad-
missions 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 neighborhood about 1.5
miles south of Downtown Portland. It had
been determined that he worked for Kai-
ser Permanente, driving tissue samples
and transplant organs from hospital to
hospital in Portland. This initially pro-
duced a frantic reaction. The fear was that
through the samples and organs he trans-
ported, 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 protec-
tion 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
earlier than the last day or two. Still dis-
turbing 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

generally assumed that any Portland resi-
dent 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 small-

and pizza). It was time for them to dis-
cover that the problem was potentially
worse than they thought. Epidemiologists
refer to certain types of disease outbreaks
as “Virgin Soil Epidemics.” In a popula-
tion with no prior exposure to the dis-
ease, and therefore little or no immunity,
the disease can hit much harder. Probabil-
ity 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 dis-
ease 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 historical evidence of such
epidemics among the indigenous popu-
lations of the Americas.

In their research the students
had discovered that smallpox had offi-
cially 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

pox 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 rea-
sonably easily dealt with by modifying
their models. There was, however, an un-
derlying 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 epi-
demics and told to “exercise” them, that
is, to try various combinations of param-
eters and see how they affected the spread
of smallpox. The goal was to have stu-
dents see samples of how to build a model
that took into account the special circum-
stances of virgin soil epidemics, as well
as exploring leverage points in such a sys-
tem. For the first time, the students’ re-
actions 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

After debriefing of their smallpox models, the partici-
pants were told that the problem was potentially worse
than they thought. At this point they had been working
for eleven hours. Their response to the new informa-
tion was a mixture of frustration and confidence.

Smallpox continued on next page
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most interested in policy problems
wanted to start developing a plan for deal-
ing 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 infec-
tion, basic smallpox, and virgin soil mod-
els, the leadership group was observing
and talking to them, collecting ideas and
information that would allow a compre-
hensive 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 “pic-
ture” of what could happen.

During the time that the virgin
soil models were being run, it was an-
nounced that the first case had been con-
firmed as smallpox. This was the only
really unrealistic element in the scenario.
Only the Centers For Disease Control
have the capability of a definitive identi-
fication of smallpox. Such identification
would take at least 72 hours, and accord-
ing to some sources, as much as 10-14
days. For the sake of a rapidly develop-
ing 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 trig-
ger 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 con-
fined. The children were found in their
rooms, non-symptomatic. They too were
quarantined.

Participants at this point were
achieving little. Some were still working
with the virgin soils models. Others were
researching parts of the problem, but talk-
ing to no one about what they found. A
few just sort of faded out of participa-
tion. Frustration and a sense of urgency
began growing rapidly. About 10:00 PM,

one member of the leadership group sim-
ply 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 model-
ing 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/di-
rected the work of each group. At this
point substantive work on the real prob-
lem 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 un-
der 400. The problem was the availabil-
ity 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 ap-
parently 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 look-
ing for other possible resources. They dis-
covered that active-duty military sent
overseas were frequently vaccinated, and
bases that were likely sources of units had
some vaccine on hand. Fort Lewis, Wash-
ington, 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 outlin-

ing how the doses would be delivered and
how further spread would be discour-
aged. Knowing that those who had seen
active military service overseas had been
vaccinated, and having been given autho-
rization to request any necessary re-
sources from civil authorities, the na-
tional guard, and reserve units located in
Oregon and southern Washington, the
group requested that all vaccinated Na-
tional Guard troops and reservists be mo-
bilized 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 ex-
posed. 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 vacci-
nated, 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 possibil-
ity 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.

The model builders had pro-
gressed 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 Port-
land 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

Smallpox Crisis Management Simulation continued from page 5
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early morning. By contrast, the other
three modeling groups built models with
significantly different structures. They

ever, the other three groups essentially
had at least one person working on each
model throughout the night.

politan 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 inocula-
tions 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 re-
garded 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 rela-
tively short time they concluded that what

also built most of each model without
testing it, resulting in extensive trouble-
shooting problems. Each of these mod-
els ultimately was completed and all
models produced similar results. How-

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 deter-
mining 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

The earlier research indicated
that quarantine of populations
was not regarded as an effec-
tive way of containing out-
breaks. The model runs, how-
ever, told a different story. Re-
ducing the contacts per person,
equivalent to a quarantine, could
dramatically reduce the spread
of the disease.

explored. Of significant concern was
whether or not 40,000 doses could actu-
ally be administered per day. The research
group used the yellow pages to determine
a rough figure for doctors in the metro-

Smallpox continued on next page
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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 epidem-
ics in which the number of infected was
larger, and the disease could not be as eas-
ily traced to a few individuals. They con-
cluded that the model was correct and that
minimizing contacts was as critical, 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 pos-
sible until Monday evening or Tuesday
morning, as much as 72 hours after the
original case presented herself at the hos-
pital. In the forty-eight hours before the
inoculations could begin, already inocu-

lated guardsmen and reservists would be
used to seal off the major access routes
to Portland and Vancouver. This would
be accompanied by public announce-
ments 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 ap-
pear for 10-14 days after the first victims
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 symp-
tomatic and contagious. Residents were

Control 
Panel

Introduction

Instructions

advised to remain in their homes. In the
event they ran short of food and other
necessities, a system of supply using na-
tional guard and army units from Fort
Lewis was to be established. To encour-
age residents to remain at home, all busi-
nesses 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 neigh-
borhoods the first cases lived and worked
in. The areas would gradually move out-
ward until the entire city was covered.
Only those under 30 and those over 60
would be vaccinated. Given that 40,000

Smallpox Crisis Management Simulation continued from page 7

The Built Smallpox Model
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vaccines would arrive and be adminis-
tered 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 de-
veloped. 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 sched-
ule would be revised to focus on the new
cases.

In the event that new cases were
detected in the first few days of the vac-
cination 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 com-
plete 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 responsibil-
ity 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 partici-
pants 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 ab-
sorbed 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 simu-
lation. 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 iso-
lation and large scale vaccination cen-
tered on identified cases (“nuking the
area”, as one student called it) is exactly
the policy the World Health Organization
evolved over a number of years to deal
with smallpox outbreaks. The internet
provided many of the basic pieces of in-
formation 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 deal-
ing 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 prob-
lems, and allowed them to test their so-
lution. Furthermore, the systems think-
ing they had learned provided an overall
framework for their efforts.

Three of the students presented
the simulation at the International Sys-
tem 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.

This article, with the STELLA models, is
available from the CLE and the Web site
<clexchange.org>, catalogued under
Cross Curricular as CC2001-
09SmallpoxCrisis.

Those of you who have had
the delightful experience of
learning with John

Heinbokel and Jeff Potash at Trinity
College in Burlington, VT and in
their many workshops throughout
the country will be interested in
their current activities.

When Trinity College
closed its doors, Jeff and John
worked hard to construct their lives
so that they would continue to use
system dynamics in K-12
education. They are now affiliated
part time with the Vermont
Commons School, a middle and
high school in Burlington, VT.
They have started the year teaching
a 9th grade “Human Geography”
course (beginning with a systems

introduction using Easter Island)
and developing a “hunter gatherer”
unit for the 7th-8th grade Vermont
history course.

Other work on their plate
includes working with school
administrators to build a model of
the relationship between resource
allocation and student achievement
, doing a workshop in fostering
innovation in Muncie, IN, working
with the Essex, VT schools, and
continuing to work with Will
Costello on his initiatives in
Williston, VT.

Their new e-mails are:
heinbokel@vtcommonsschool.org
and
jeffpotash@vtcommonsschool.org.

News from the Frozen North
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Developed by Russ Reid,
Ryan’s Challenge teacher (Challenge is
Murdoch Middle School’s take on what
is traditionally called “gym class,”), the
game helps students understand the con-
cepts of feedback and unanticipated con-
sequences by trying to get a team from
one end of a room to the other on a “boat”
made of a few wooden planks. Most
groups find out in a variety of hard ways
what happens when part of a team moves
before the whole group is ready, or when
we try to break systems into small parts
and optimize those parts without consid-
ering the whole system. All spend about
two-thirds of their time trying to “cross
the ocean,” and the rest debriefing.
Though Ryan had his name on the agenda
next to the game’s title, Russ and I still
thought we were the ones in charge.
Luckily, we have learned that, when we
get a hunch that the kids know more about
what’s going on in one of these activities
than we do, we ought to keep our mouths
closed.

It was a good thing we did, too.
After we shut up, we got to watch Ryan
line up the group on the “boat,” spin a
story about why they needed to cross the
“water,” and redirect them whenever they
edged towards a violation of the rules in
letter or spirit. In one instance, a six-foot
tall high school junior asked if his group
could take the boat apart, making it into
more of a walkway. It was the sort of
judgment call that teachers make a thou-
sand times each day. Sometimes we make
good decisions and sometimes they re-
turn to haunt us, but it takes time to learn
how to choose well without agonizing so
long that we disrupt a classroom’s flow.
As I thought of how to answer this stu-
dent—his idea was a new one—Ryan
launched into a poised restating of the
rules, explaining that, “even though we
say it’s a boat, you’re really supposed to
be learning about your actions and their
consequences, so you can decide if that
idea would be legal.” Keep quiet, I re-
minded myself.

While I had been spending my
year planning with and mentoring Russ

and visiting classes each week to observe
systems lessons, Ryan had seen his own
class internalize some of the lessons we
were teaching at DynamiQueST  and
knew, he just knew, that he could help
other students to learn those lessons as
well. From observations at school I had
seen him as a polite participant in group
activities, but not someone who took over
and led other kids. Another student at
DynamiQueST, Carisa, acted similarly to
Ryan at school. Carisa at DynamiQueST,
though, would end the day by challeng-
ing the conclusions of one of the
coaches—one of the most respected
thinkers in the field of system dynam-
ics—in a polite, well-argued group dis-
cussion. How many of the adults present
would have had the confidence to do that?
And, more interestingly, how did these
normally reserved students become lead-
ers for a day?

One obvious answer is that most
of Ryan’s and Carisa’s days are not spent
using system dynamics. By preparing for
DynamiQueST, all these kids had already
demonstrated some interest in and acu-
men for this discipline. Certainly their
comfort and expertise with the material
encouraged them to take a more active
role. But they are “experts” in other sub-
jects at school—writing, math, Capture
the Flag—and yet do not demonstrate
such tendencies. Perhaps, then, it is work
with system dynamics, rather than mas-
tery of it, that encourages new leaders to
emerge. System dynamics has a variety
of qualities that seem to allow different
leaders to emerge than those we normally
see in the school day:

System dynamics activities de-
emphasize competition. When Ryan told
me not to worry about students cheating,
he had ample evidence for his claim.
According to Ryan and Russ, each of the
groups they saw that day came up with a
different answer. When a group heard
about how an earlier group had crossed
the ocean, they would consider parts of
the solution and integrate or reject them.
None saw the challenge as one with a
single answer to be found as quickly as

possible. Instead, teams strove to solve
the problem in divergent, elegant ways.
Unfortunately, there are too few oppor-
tunities for this sort of challenge in most
regular school days, for a variety of rea-
sons. Kids who fear doing something
wrong won’t step up to lead under those
circumstances. But when problems truly
do not have a “best answer,” these stu-
dents may feel more confident to lead the
way to one of many solutions. Teaching
system dynamics encourages divergent
thinking and forces us to plan curricular
challenges that are open-ended. Less
cheating and decreased concern about
“getting it right” improve student behav-
ior, which in turn invites new leaders who
might shy away from policing their peers.

System dynamics tools appeal
to students who tend to find debriefing
too abstract.   Plenty of activities, from
character education to literature groups
to science labs, involve some sort of de-
briefing, in which the class talks to re-
flect upon the activity just completed.
Anyone who has incorporated this valu-
able tool into a class knows that, while
some students benefit from this oral re-
flection, others tune out or become dis-
ruptive during this time. Having students
lead activities, including debriefing, can
put kids in the tough position of attempt-
ing to discipline or make accommoda-
tions for their peers. But the tools of sys-
tem dynamics—loops, models, graphs—
provide a visual language within which
more students can access what tends to
be an entirely spoken activity, with no
graphical record. Students who might
consider any participation in a debrief-
ing session mystifying—let alone lead-
ing that debrief!—may find these tools a
point of entry that makes the debrief
something they can help others through.

When teachers work as guides,
not experts or police officers, different
students can see themselves playing our
role. When we teach about dividing frac-
tions, or analyzing symbolism in litera-
ture, or Manifest Destiny, we usually
know more about those subjects than any-
one in the room. Even in a student-cen-

System Dynamics and Student Leadership continued from page 1
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tered classroom, where kids are led to
create their own meaning, teachers still
play the role of expert, answering ques-
tions and assessing work as needed. Per-
haps this role is too intimidating for some
kids to take on. But when leading a sys-
tem dynamics game, we are no longer
experts in anything except the rules of
the game. Participants ask us questions
not because they don’t know answers and
we do, but as part of a collaborative prob-
lem-solving strategy or to help them in-
terpret rules. And no one asks about our
assessment, since it is clear to all when a
team’s process worked and when it did
not. For many teachers and students, the
latter role is a more natural and fun role
to play than the former.

Finally, system dynamics is a
low-pressure part of the school day. No
one teaches system dynamics because it
is on a high-stakes test. It’s not a curricu-
lum teachers are forced to “get through.”
Though some schools or districts may
mandate that all teachers learn to use its
tools and understand its tenets, it does not
lend itself to suddenly appearing in fac-
ulty mailboxes in the form of a new book
or unit. In addition, most of us would
consider ourselves novices at this disci-
pline, and so perhaps it seems more ap-
propriate for a student to lead. As opposed
to “core” classes, where we may be more
likely to have convinced ourselves—and
conveyed to the students—that we know
the best way to teach our material, we

can be open about the fact that we are all
still experimenting with system dynam-
ics. In this environment, we can provide
nurturing and un-anxious expectation
more readily than we can when we work
with the sense that there is little margin
for error; and through these expectations
we can make it clear that leadership and
good, rigorous questioning must be the
norm for everyone, not just the teacher
or the boldest students. In other words,
perhaps these kids lead because we fi-
nally let them.

This article is available from the CLE and
the Web site <clexchange.org>, cata-
logued under Systems Education as
SE2001-09SDStudentleadrship.

2002 Systems Thinking and Dynamic Modeling Conference
June 29 - July 1, 2002

New England Conference Center
University of New Hampshire, Durham, NH

Keynote Speakers:

Barry Richmond
Peter Senge

The ST/DM conference in June 2002 promises to be an exciting one. Not only will we have
two world-renowned keynote speakers, but we will also have an outstanding coterie of teachers and
practitioners who will relate their experiences in teaching K-12 utilizing the powerful tools of
system dynamics. There will be sessions on

• assessment in the classroom
• practical lessons in all subject areas using systems tools to enhance and expand learning
• how to teach the use of system dynamics tools
• overviews on what is going on in this rapidly growing area of K-12 education

In addition to keynote speakers Peter Senge and Barry Richmond, we will have other
internationally known system dynamicists, including Jay Forrester, George Richardson, and John
Sterman, attending the conference and presenting parallel sessions. Put the dates on your calendars
and send in your registration when you get the brochure in the mail.

We look forward to seeing you there.
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SE2001-09SDStudentLeadrship System Dynamics and Student Leadership.
Dan Barcan

A discussion of one of the activities at DynamiQueST 2001, how it worked and
how systems dynamics affected the students involved. [Systems Education,
Cross Curricular, Middle School, High School, K-Adult] ($1.00)

SE2001-09InfusingSDIntoK-8 The Challenges of Infusing System Dynam-
ics into a K-8 Curriculum. Debra Lyneis & Davida Fox-Melanson

Presented to the 2001 International System Dynamics Society Conference in
Atlanta, Georgia. This paper describes the process of developing and implement-
ing system dynamics lessons in the Carlisle, MA Public Schools. Using one
lesson as an example, it will illustrate what the children do and what they learn. It
also presents the problems of imbedding the lesson and the systems approach
into the curriculum. [Systems Education, Implementation, Cross Curricular,
Elementary School, Middle School, K-Adult] ($2.00)

CC2001-09SmallpoxCrisis Smallpox Crisis Management Simulation.
Ron Zaraza

Twenty-three students from three Portland area high schools accepted an
invitation to serve as part of the CMT for an unspecified disaster simulation. In 30
hours at Wilson High School, they went from the introduction of the problem to a
fully developed and model-tested plan for dealing with a smallpox outbreak,
reducing deaths from a possible 750,000+ to fewer than 250. 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. [Cross
Curricular, Dynamic Modeling, Social Studies, Science, Systems Education,
System Dynamics, Simulation, High School, K-Adult] ($1.00 paper only; $6.00
paper + models on disk)

New Materials Available from the CLE
and/or our Website clexchange.org


