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ABSTRACT: There existsaview of how
nature operates—originating in classical
continuum physics—which conforms
completely to the core concepts of system
dynamics. Simply stated, in the
Continuum Physics Paradigm, physical
processes are pictured as the result of the
flow, the production, and the storage of
some fundamental and easily visualized
quantities—such as fluids, electricity,
heat, and motion. If we base our teaching
of physics on this paradigm, content
matter (physics) and methodology
(system dynamics modeling) form an
organic unit. Unlike with the
conventional mechanistic view of
physical processes—where system
dynamics must remain a method
artificially superimposed on a non-
systemic science—physics will itself
have a systemic structure, and in return
will help foster systems thinking in other
fields. Moreover, the Continuum Physics
Paradigm can be used for physics
instruction at virtually any level of
students’ maturity or formal
sophistication, ranging from primary
school to graduate school. Last but not
least, physics joins humankind's
endeavor of making sense of the natural,
technical, and social world on the basis
of aunified image.

I mages of change

Look at the natural world out
there. How does it operate? What makes
this great dynamic engine called the

universe, including our beautiful planet,
tick? Answering these questions will lead
usright to a systems structure of physical
sciences.

Everything flows... The most
directly accessible and visible processes
on our planet are those of the flow of
water and air. Together, these phenomena
create a good deal of what we see
happening around us. The atmosphere,
and the oceans and rivers, present uswith
the unique opportunity to witness how
nature operates a the deepest level. Water
and air flow to create some of the most
important and beautiful phenomena.

Indeed, we say that the phenomena are
the result of thisflow (Fig.1).

Other quantities flow as well,
adding to our list other important classes
of phenomena. Heat flows from the depth
of the Earth, or with the help of fluids
from point to point at the surface of our
planet, or from the Sun out into the solar
system. Electricity flows aswell, giving
rise to electric (and magnetic) processes.
Technical appliances add much to our
experience with electrical phenomena,
and we explain the processes again in
terms of the flow of electricity.

Physics continued on page 3

British Petroleum |s Not Jackson Middle
School: Different Best Modeling Practices

for Different Environments
by Ron Zaraza, Tim Joy, and Scott Guthrie

ducators attempting to bring the

E concepts of system dynamics
into the classroom have always

looked to the experiences of system
dynamicists for guidance. Until recently,
the only training in system dynamics fo-
cused on itstraditional policy and busi-
ness uses, so teachersfollowed the ideas
of the leadersin the field with great faith-
fulness. The importance and impact that
system dynamics pioneers have had in
the development of educational uses of
systemsis evident in the role people such

as Jay Forrester and George Richardson
have played at the K-12 Systems confer-
ences. Their participation in the K-12
systems in education listserve
(k12sd@sysdyn.mit.edu) is further evi-
dence of their interest and commitment
to the use of System Dynamicsin the K-
12 environment. Thus, it is only appro-
priate that a discussion they were in-
volved in on the list—serve provided the
motivation for this paper.

Best Modeling continued on page 9
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UPDATES. ..

STUDENTS TAKE A SYSTEMS
APPROACH TO DRINKING AND
DRIVING

Stephany Yerger, Classof ‘99, LaSalle
High School, Milwaukie, OR

Icohol kills five times more
A people than cocaine, heroin,

marijuana and all other illicit
drugs combined.

Everyday, people of al agesuse
or abuse alcohol. The social costs of

caring for abusers often prevail over the
cost of educating our youth on the issues
of drinking and driving, and each year
hundreds more become addicted, often
taking to the road while under the
influence. In conjunction with a
Religious Studies 111 Systemic
Transformation Action Plan and the 1998
SyM*Bowl competitor, Shanna Prevé,
Jon Barbur, and | set out to create a tool
for hands-on alcohol education using
STELLA.

The Waters Foundation’s
generous grant to La Salle High School
has enabled us, over the past year, to take
a System Dynamics class where we use
STELLA to study how things change
over time. As a part of the second
semester, we had the opportunity to study
and develop amodel for the SyM*Bowl.
Unlike the previous classroom tutorials
and guided model building, our
preparation, research and actual model
creation was done independently.
Because our Religious Studies group was
in the process of founding a Students
Against Destructive Decisions
(S.A.D.D.) chapter at La Salle, the idea
for an interactive, visual simulation
depicting how alcohol consumption
impairs adriver cameto mind. Wrongly
assuming that this would be a simple
task, we decided to pursue the idea for
our SyM*Bow! project.

Like the drug absorption/
elimination models that we had studied

EDITORIAL ...

H

after lights should be out.

Make your plans to attend now!

appy New Year! | hope all of you have started back to school with
new vigor after the holidays. The break is good for reflection and
perspective. Although | did not get to Tim Joy’ s holiday reading
(sent to the listserve), | am still hoping to pick it up as | sneak my 15 minutes

For those of you who have not yet joined the K-12 listserve, |
heartily recommend it. (To subscribe, send e-mail to k12sd@sysdyn.mit.edu)
We had two excellent discussions thisfall, one centered on beginning
concepts for system dynamicsin K-12, and one on transferability of
concepts. The summary of the discussion about the first question wasin last
month’s newsletter and the summary for the second will be in the next
newsletter. January’s question will be on line soon.

“Updates’ contains an article by high school students about using
modeling to get across the seriousness of drinking and driving. It is exciting
that students are starting to visibly use the toolsin real life situations.

Finally, look at the beginning information on the Systems Thinking

and Dynamic Modeling Conference in 2000. It will be held in alovely lodge
in the Columbia River Gorge, 45 minutes from the Portland, Oregon airport.

Keep in touch. The more we hear from you, the better we like it.

Lees Suntz (stuntzn@tiac.net)

earlier, we assumed that a format for
alcohol oxidation existed inthe STELLA
world. Indeed, we discovered a model
format, but it was based around false data
and a misunderstanding of the oxidation
process. So, from scratch, we summoned
up our model building skills and
collectively began a model that has
yielded us much more personal
satisfaction than we ever expected.

The thought process was
complicated, as we all had to agree on
one working idea. The hours of research
and time spent working together left us
with a new definition of the word
teamwork. We pulled together when it
counted, though, and after nearly amonth
of hard work, the final copy of the paper
and model “How Does Alcohol Affect a
Driver's Reflex Action Time?”
successfully printed.

The simplicity of the model
makes its hands-on use easy to

understand. Although there are many
factorsthat affect the reaction to drinking
alcohol each individual will have, we
narrowed it down to gender, body weight,
amount of pure alcohol consumed, and
time. After the level of intoxication for
the virtual person is calculated, we are
able to apply the physics portion of the
model, which displays how each drink
of alcohol slows one’s normal reflex-
action time of .75 seconds. Ultimately,
we will add how that, in turn, reduces
the car’ s capacity to stop in the event of
aproblem.

The day of the SyM*Bowl
competition came and went. We received
honorable mention for the social
significance of our project, but to our
disappointment, we did not place. Our
inability to make it to the final round of
judging stemmed from our relatively
small amount of STELLA experience
and our model’s lack of one key part: the

Students continued on page 8
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Teaching Physicsthe System Dynamics W ay continued from page 1

TRANSPORT PROCESSES

ELECTRICITY

ASHES
GAS

Figure 1: A large part of the phenomenawe know from every-day life can be explained in terms of the result of flow
processes. We transfer what we observe in the case of water and air to those fields which are beyond our direct sensory
experience, such asthe flow of heat or electricity.

These last two examples are
important in that they prepare usto talk
about the flow of invisible quantities as
if they were water and air. The
importance of this point cannot be
overstated. First, we learn how to deal
with “stuff” we do not see, we learn how
to create images for processes which are
governed by “imponderable”’ quantities.
Second, it is the source of a unified
description of natural processes. How
should we ever arrive at a unified view
of natural, technical, and social processes
if one of the great old subjects presents
itself as afleamarket of phenomenaand
concepts—where thermodynamics,
mechanics, electricity and magnetism,
and fluid dynamics each form a separate
world?

Let us take the unifying view
seriously and extend it to the motion of
bodies. Consider how a storm near New
Zealand can produce high surf at Oahu's
south shore—as reported in my favorite
headline of one of Hawali’ s newspapers
in the Summer of ‘95. The winds down
under have momentum, or, as Newton
might have said, they have an amount of
motion. By blowing over the ocean, they
impart part of their motion to the water.
Now, the water is not set in motion, it
does not flow to Hawaii. Rather,
momentum is transported through the
water al the way to distant shores where
it can be picked up by experienced—and
not so experienced—surfers. Note,
motion travels through bodies, just as
heat and electricity do.

...or is produced and
destroyed... Flow processes are only a
part of what is hidden behind the changes
observed in nature. The other great
source of change are the processes of
production or destruction of some of the
same quantities which can flow (Fig.2).

Physics continued on page 4
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Teaching Physicsthe System Dynamics W ay continued from page 3

PropoucTioN PROCESSES

CHEMICAL AND
BILOGICAL REACTION

PRODUCTION
OF LIGHT

PRODUCTION
OF VAPOR

®

RODUCTION
OF HEAT @

Figure 2: Processes may also be the result of production or destruction of some of the physical quantities.
In particular, amount of substance and heat are not conserved, and their production and destruction hasto be

Substances such as water and
air, CO2 and minerals, and the objects
made out of them, are subject to chemical
change—they undergo chemical
reactions. Some of the substances
disappear, and new ones arise. We even
can add light to the list of “substances”
which can be created and destroyed.

There is one more centrally
important case of production: heat is
produced in the multitude of irreversible
processes we know—fire, friction,
radioactive decay, the absorption and
emission of light, and the flow of
electricity, substances, and heat itself.
Since heat cannot be destroyed, the
amount of this quantity can only increase.

considered in physical processes.

...or is stored. The same
guantities we imagine flowing through
space, or being created and destroyed,
must occupy space. They are contained
in bodies or regions of space out of
which, and into which, they are flowing.
In other words, they can be stored.
Storage, flow, and production together
are the source of change in nature.

Driving forces for change. Why
do processes of change occur? Again we
can derive a simple image from the case
of water and air. By itself, water flows
downhill. We need a difference of levels
for thisto happen. Air flows from points
where the pressure is high to those where
itislower. Pressure therefore serves as

the level quantity associated with the
flow of substances. [Note, that the word
“level” denotes a quantity altogether
different from what in many system
dynamicscirclesis called alevel. The
levels whose differences serve as driving
forces are not the same as accumulating
guantities for which we would introduce
stocks.]

Each class of phenomena hasits
own level and driving force: pressure for
fluid flow, electrical potential for
electricity, temperature for heat, speed for
motion, and the chemical potential for
chemical change.
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Energy. Energy is associated
with all the processes mentioned. It
accompanies al of them, which means
that it is not specific to any of them. There
isonly one quantity called energy—not
the myriad “types of energy” known from
classical physicsinstruction.

Energy is released when one of
the accumulating quantities (fluids,
electricity, heat, motion) flows from a
higher to alower level (thin horizonta
arrows labeled |—for current—in Fig.3),
and it is bound if the quantities are
“pumped uphill.” The fat vertical arrows
in Fig.3 labeled P—for power—denote
the rate at which energy isreleased or
bound. Energy can be transferred from
system to system (fat horizontal arrows
labeled IE in Fig.3), and it can be stored
in systems. Moreover, it cannot be
produced or destroyed. These are dl the
properties of energy needed to explain
what is happening in nature. Energy is
not used, nor is it generated, nor is it
transformed.

Thrkine and peneraor

Ehee Head e

T el i o s

Figure 3: Energy can flow into or out
of systems (IE). It can be released or
bound (P) if fluids, electricity, heat, or
motion flow either “downhill” or
“uphill.” And it can be stored in
systems. The thin vertical arrows
denote levels or potentials.

Note that none of the quantities
introduced to explain physical
processes—fluids, electricity, heat,
motion—is energy. Energy is altogether
different. When the fundamental
guantities flow, or are produced or
destroyed, energy accompanies the
process.

An Example: Theflow, the creation,
and the storage of heat

Fluids, electricity, heat, and
motion are introduced to account for
what happens in dynamical processesin
nature. Their flow, production, and
storage are held responsible for the
processes. Witness how easy it isto
create the image of the role of these
quantities.

Take the case of heat. We have
very vauable everyday knowledge of the
properties of heat. Heat is responsible for
making stones warm, or for letting ice
melt, and it is contained in these same
bodies. It flows into and out of them. It
can be created, but it cannot be destroyed.
Indeed, we need this latter property to
account for the irreversibility in physical
phenomena. Moreover, when flowing
from points of high temperature to points
of lower temperature, energy isreleased
which may be used to drive a heat engine.
Thisis Carnot’s image of how heat
engines work.

Now combine the fundamental
properties—heat can flow, it can be
produced, and it can be stored—into a
law of physics: laws of balance tell us
that the sum of al currents of heat and

of the rate of production of heat
determines how fast the amount of heat
in abody is changing. Put this statement
into the form of a system dynamics
diagram, i.e. the appropriate structure of
astock and some flows (Fig.4), or turn it
into an equation. What you have just
obtained is the most general form of the
second law of thermodynamics—the law
of balance of entropy.

The quantity | have called heat
is entropy. No fussing about a“ strange”
and “wonderful” quantity “ingeniously
invented” by a“most beautiful physical
theory” —thermodynamics. On the basis
of physical systems thinking, and
supported by system dynamicstools, kids
can cregte thisimage which isthe starting
point for an investigation of dynamical
thermal processes—reversible and
irreversible. If you wish to know more
about this story, have alook at my book,
The Dynamics of Heat (Springer, 1996).

A unified view of natural processes

Since all phenomena are
explained as resulting from the flow, the
production and the storage of certain
guantities, we can expect strong
similarities between different fields of

Physics continued on page 6

Heat

@‘T

flow of heat 1

&

rate of production of heat

flow of heat 2

Figure 4: The system dynamics representation of the law of balance of entropy—
the most general form of the second law of thermodynamics—ready for usein the
computation of dynamical thermal processes. Note that transfers (currents) and
rates of production are denoted by the same symbol (flows).
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Teaching Physicsthe System Dynamics W ay continued from page s

physics. The source of the structural analogies can be found in the existence of what may be called a“ substancelike” quantity
and an associated level for every fundamental type of physical process (Table 1).

Table 1: Comparison of quantitiesfor different fields

Class of phenomena Quantity which flowsand is stored “Level” quantity whose differenceis
responsible for flow

Hydraulics Volume or amount of substance Pressure or chemical potential

Chemistry Amount of substance Chemical potential

Electricity Electrical charge Electrical potential

Heat Heat (entropy) Hotness (temperature)

Gravity Gravitational mass Gravitational potential

Tranglation Quantity of motion (momentum) Veocity

Rotation Angular momentum Angular velocity

The table entries can motivate us to search for and to develop a simple unified theory of physical processes applicable
to physicsinstruction. For example, we find that in each field there exist elements having analogous functions (see Table 2).
Obviously, system dynamics structures of such systems must all look essentially the same.

System dynamics modeling in physics

You al know system dynamics, so | can be brief with my remarks about how to apply system dynamics modeling
within the structure of physics which | have created here. Obvioudy, we start with thinking about how nature works by formulating
the laws of balance of the appropriate quantities which flow, are produced, and are stored. The laws of balance are represented
by structures of stocks and flows. Hardly anywhere else do we get such a clear image of the importance and the meaning of
stocks and flows as we do in physics—if we are prepared to ook at nature through the eyes of a“continuum physicist.”

Table 2: Simple system properties

Class of phenomena] Capacitors Resistors Inductors

Hydraulics Containers and pressure | Fluids and pipes are Fluids in pipes have hydraulic
vessels have hydraulic systems with hydraulic inductance
capacitance resistance

Electricity Electric capacitorshave | Resistors have resistance Inductors have inductance
capacitance

Heat Entropy capacity Entropy transfer resistance

Trandation Inertial massisthe Friction leads to resistance Springs have inductance
momentum capacitance

Rotation Moment of inertiais Friction leads to resistance Rods have inductance
the angular momentum
capacitance

Once we have the stocks and flows, i.e., the laws of balance, we have to determine the flows. Physicists and
mathematicians spesk of the need for formulating special laws, material laws, or constitutive relations. Children equipped with
STELLA know intuitively that iswhat is required. We ask which other important quantities the flows and the rates of production
depend upon, and we slowly create the structure of (feedback) relations resulting in afinished model of a physical process.

Systems and process thinking in physics
Can physics enhance systems thinking? Obvioudly, it can only do so if it isasystems science itself. If it is presented as

such it can indeed increase our understanding of system dynamics structures and of the process of modeling according to the
system dynamics methodology.
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In physical systems thinking,
feedback |oops arise naturally as aresult
of the modeling process. We may start
our thinking by first asking about the
existence of such loops, but the practice
of modeling in physics suggests that there
are large areas of applications where
thinking in terms of the flow, the
production, and the storage of the
fundamental quantities should precede
these questions. In other words, thinking
about processes complements systems
thinking.

Also, the phenomenon of
induction and the geometrical relations
known from kinematics teach us that
there are special laws which specify the
time rate of change of a physical quantity
rather than the quantity itself. To get the
quantity, we have to integrate its rate of
change. This mathematical operation is
not alaw of balance—and therefore
should not be represented by structures
of stocks and flows. Although thereisno
difference between alaw of balance and
the process of integrating arate of change
on a purely mathematical level—the
resulting equations have the same
structure—there is a fundamental
difference between these two classes of
laws which we should never forget.
Physics points out this fact, and a dose
of physical systems and process thinking
may even help usin streamlining our
thinking when it comes to applications
in non-physical and non-technical fields.
Finally, this suggests that creators of
system dynamics tools may wish to think
about making a distinction between
structures of stocks and flows, and simple
integrators of rates of change, i.e.
structures of “states and rates.” [Note that
| do not use the term “levels and rates”,
since levels are different quantitiesin
physics.]

System dynamics in physics and
beyond

At Technikum Winterthur,
Werner Maurer and | have been
designing introductory college physics
courses based on the Continuum Physics
Paradigm for the last 15 years. In 1987

we discovered STELLA and the system
dynamics methodology and realized that
we had been working on a system
dynamics structure of physicsall along.
Step by step we integrated system
dynamics modeling in our courses, and
we now use it in a combined modeling
and experimental |ab—an integrated
learning environment—to accompany
the basic course on the physics of
dynamical systems (thefirst of two years
of physicsinstruction in the engineering
departments of our school). In addition,
system dynamics diagrams are used
frequently in discussions of physical
processes in lectures and recitation.

We have been involved in
teaching college preparatory physics
courses, and we have trained upper
secondary school teachers who teach
prospective engineering students. The
enthusiasm with which they have applied
system dynamics modeling in the
integrated learning environments has
been positively refreshing. Currently we
are working on atextbook for high school
physics which makes use of the gpproach
described here.

Shortly after Werner Maurer
and | started on our project, Martin
Simon joined us, and he and | have been
busy designing solar energy courses
which make heavy use of modeling of
dynamical systems. Studentstrained in
the physics of dynamical systems take
very easily to a methodology whichis
becoming more and more important in
engineering work, and they have been
using Stellaand other modeling software
in novel ways in their diplomathesis
work.

Lately, we have been able to
build up a graduate course on general
system dynamics modeling bringing
together students from different fields—
so far mostly from engineering, the
sciences, business and management.
Martin Simon is particularly interested
in applying what we have learned to
business process modeling. In short, our
early involvement with aform of systems

physicsis beginning to pay off in many
other fields as well.

Background material

An in-depth study of the
dynamicd structure of thermal processes,
including adiscussion of the unified view
of physical processes described here, can
be found in H.U. Fuchs, The Dynamics
of Heat (Springer-Verlag, New Y ork,
1996). Recently, | have finished three
reports which detail the approach
devel oped by Werner Maurer and myself
(The Continuum Physics Paradigm 11,
Technikum Winterthur, Winterthur,
Switzerland).

System dynamics tools have
been used for modeling dynamical
physical processes before. Unfortunately,
most examples do not do much justice
to physics or system dynamics (B.
Hannon and M. Ruth, Dynamic
Modeling, Springer-Verlag, New Y ork,
1994, Chapter 30). Much too often, it is
declared that physicsis “different” in that
the differential equations governing the
processes are already known, and we
therefore can (ab)use system dynamics
tools to simply solve these equations.
However, lately, some serious attempts
have been made to include system
dynamics modeling in physics
instruction and thus rejuvenate the
learning and teaching of this science
(H.P. Schecker, Modeling physics:
System Dynamics in physics education,
The Crestive Learning Exchange 5(2),1—
8, Spring 1996; H.P. Schecker, Physik —
Modellieren, Ernst Klett Verlag,
Stuttgart, 1998; CC-STADUS Project,
http://www.tel eport.com/~sguthrie/cc-
stadus.html). Still, to my knowledge, the
projects do not make use of a general
systems view of physical processes, and
thus forgo much of the power of system
dynamicsin physics education.

Hans U. Fuchs

Dept of Physics, Technikum Winterthur
8401 Winterthur, Switzerland
hans.fuchs@twi.ch

Note: Thisarticleiscalled PHYSICHF
on the website and List of Materials.
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Students Take Systems Approach to Drinking & Driving cont from page2

feedback loop. The accuracy of the data
produced by the model, however, was
never in question. Looking back, we now
understand some of our model building
problems and we understand how to
change alot of them.

Over the summer, the Oregon
Partnership, a non-profit drug and
acohol prevention organization, and the
Oregon Department of Transportation,
have awarded the three of usagrant to
develop the model so that it addresses a
few other key factors: mixed drinks
versus pure alcohol; persons who weigh
under 100 Ibs; driving a motorcycle,
riding abike, or walking; the effect of
minute amounts of alcohol; and various
sizes and types of vehicles. We plan to
keep the modd fairly simple because we
will be using it to educate high school
health classes, as well as younger

children; consequently, it needsto be at
alevel of understanding that doesn’t
require a STELLA interpreter. Our
turnaround time for these adaptationsis
six months.

During this next semester, we
have been asked to use the model to
present at meetings before the
Governor’s Council on Drugs and
Alcohol, to lobby for legislation that
supports alegal limit lower than .08
blood alcohol concentration, and to
continue its use in health classes in our
school. Our first experience with
presentations of the model to our peers
was very recent aswe hel ped to introduce
an extended unit on Drugs and Alcohol
to the Sophomore Health classes.

Thethree of usaso have thejob
of recruiting up to four new students from

our school who are familiar with the
program and whom we believe will

honestly be able to implement our ideas.
The new students will follow in our

footsteps next year when we move on to
college, using the grant money to take
the new and improved version of the
model into local elementary, middle and
high schools to help educate kids on the
very real dangers of drinking and driving.
It is likely these new modelers will

further adapt the moddl, if not build other
models, such as the long-term effects of
alcohol useon aliver.

The opportunities provided to
us have been enormous, and we intend
to continue our endeavorsto help educate
our peers on the dangers of drinking and
driving. The knowledge that we have the
power to make a difference has allowed
us to taste the sweetest of all successes.

F

How Does Alcohol Affect Reflex-Action Time?

Number of Drinks

Reaction Time Graph

ALCOHOL IN BODY

Oxidation

O

Impairment of Reflex Action

Alcohol Level Graph

Reflex Action Time
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Best Modeling Practices for Different Environments continued from page 1

The question of “best,” “pre-
ferred,” or “most probably successful”
practice for model construction became
the focus of adiscussion. Thiswas are-
sult of a question about the possibility of
modeling a high school as a system.
George Richardson observed that “ Since
the early days of system dynamicsit has
generally been agreed that one can not
build a model of a system (like ahigh
school), but instead one must take a prob-
lem or interrelated set of problems asthe
focus of the model.”! He suggested that
modeling the system, rather than awell
defined problem within the system,
would be difficult, if not impossible. This
response provoked a series of exchanges
lasting about aweek, in which some par-
ticipants asserted that the need to focus
on problems, rather than a general sys-
tem, was unnecessary, while most sup-
ported Richardson. An interesting insight
came from Jay Forrester, who, while sup-
porting Richardson, noted that changing
George' s assertion to “it has generally
been true’2 might well resolve the issue,
sinceit is aless absolute statement. The
issue, however, was not one that partici-
pants were willing to drop.

It quickly became clear that the
underlying problem was understanding
model conceptualization. What are the
necessary (or at least useful or most prob-
ably successful) steps or componentsin
conceptualizing and constructing a
model? As the discussion developed,
Richardson shared the components of
model conceptualization he uses with his
students:

Problem focus*
Problem Dynamics*
Context*

Audience*

Model Purpose*
Model Boundaries

—temporal

—conceptual

—causal

Aggregation

Reference Modes

Initial Policy Options

Model Sectors

Important processes in each sector

Important levels and associated rates
in each process and sector
Apparently important feedback
loops
Next steps3
The components identified with an as-
terisk (*) are considered to be the most
crucia to the modeling process.

Richardson’ s components focus
attention on a problem, not on a system.
Listserv comments from other partici-
pants who are actively involved in the
modeling of dynamic systems tended to
support the emphasis on problem identi-
fication and delimitation as primary fac-
torsin successful model building. This
approach to model conceptudization has
also seen wide-spread use in educational
applications of system dynamics. Itisthe
ability of system dynamicsto addressin-
teresting and exciting problems outside
the reach of conventiond tools and meth-
odology that often first attracts teachers.
Among members of the CC-STADUY/
CC-SUSTAIN coreteam, most initially
saw system dynamics as a better way to
teach and solve problems in mathemat-
ics, physics, history, biology, and other
disciplines. Thisfocusis consistent with
the “best” or “common” practice of fo-
cusing development of a model on a
clearly defined problem. Itis also an en-
tirely appropriate use of system dynam-
icsin education.

The educational materials de-
veloped at the K-12 level usually follow
this approach. The materials are designed
to address a clearly defined problem, de-
velop amodel to illustrate it, then use
the model to obtain actual numerical re-
sults. Severa curriculum packages avail-
able from the Creative Learning Ex-
change provide excellent examples of
this approach to using systems dynam-
ics. The Radioactive Decay package con-
sigtsof preliminary text and models about
linear and exponential growth and decay,
simple models and questions about ra-
dioactive decay, and finaly, exploration
of radioactive decay sequences using
both a model and questions. The entire
curriculum package is defined by focus-

ing on the problem of radioactive decay.
Activities devel op both the concepts and
models, providing an alternative to tra-
ditional approaches. Thefina activity, in
which students construct a 3—element
radioactive decay sequence, includes a
model that yields numerica resultswhich
cannot be obtained with the mathemat-
ics normally available to K-12 students.
Thus, the models are used to solve in-
creasingly complex variations of the ba-
sic problem.

A variety of predator—prey re-
lationships are also examples of the
problem—focused use of modeling. Be-
cause the interrelationships are impos-
sible to describe quantitatively without
very advanced mathematics, they have
frequently been subjects of dynamic
models used by teachers. They provide
the only vehicle which is able to explore
the problem of how species interact and
yield numericd results. They are also ex-
cellent examples of the problem—focused
modeling activities that constitute the
vast mgjority of models and curriculum
currently in pre—college use.

Since content—specific ideas are
an important part of the curriculum in
every discipline, the use of system dy-
namics as a problem solving tool is an
appropriate and powerful use. However,
it isimportant to guard against system
dynamics remaining only atool. For sys-
tem dynamics to have its maximum im-
pact on student learning, it is necessary
to look at the real potential of systems
concepts. Teachers repeatedly justify the
use of models and system dynamicsas a
way of “getting students to ask better
guestions.” The specific—problem ori-
ented models do develop this ability to
some degree. However, the real power
of system dynamics isits potential to
equip students with the ability to look at
real-world systems and begin to ask
questions that will build an in depth un-
derstanding of the system. Learning
through system dynamics can develop
the critical thinking and analytical skills
that will allow students to make intelli-

Best Modeling continued on page 10
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gent evaluations about the complex prab-
lems and systems they will encounter. In
order to maximize the possibility for this
type of intellectual growth, modeling and
systems concepts must not focus only on
narrowly defined problems. Much
broader and ambiguous problems can and
should be used as a starting point, since
thisis the pattern students encounter in
their daily lives.

Models that develop the ques-
tioning skills are often not problem—spe-
cific, that is, they do not look at well de-
fined and delimited problems. Instead,
they tend to be models painted with a
“broader brush,” lacking in well defined
boundaries or details. Looking to the
“best” practice of system dynamicists,
teachers often reject such models because
they are not “accurate” enough, because
they don’t allow students to draw defi-
nite conclusions about clearly defined
questions, because they don't give
enough “facts.” The models are often
described as “ambiguous.” These types
of models often trigger criticism of the
model and even the idea of modeling.

An experience that a number of
Portland (Oregon) area teachers have had
illustrates this type of situation. Global
studies is a freshman (9th grade) course
taught in many local schools. One of the
unifying ideas that teachers often use in
this class is the role popul ation growth
plays in the difficulties experienced by
developing nations. To explorethis, they
use a simple population model with a
single stock, population, abirths inflow
and a deaths outflow. The model pro-
duces simple exponential growth. When
run for aperiod of a hundred years, the
results are dramatic and frightening. Na-
tionslike Malawi show agrowth in popu-
lation of 2200% or more.

Almost inevitably, the students
react to the model by talking about the
horrible situation that the people will find
themselves in. Often the teacher gives
them a deceptively simple assignment:
develop apolicy that can be implemented

to prevent disaster. Theresult isunreal-
istic, and not satisfying. Policies show
little understanding of the system, be-
cause the system hasn’t been explored.
Thislack of realism may motivate teach-
ersto step away from the use of models.
The problem is not with the model, but
with the educational use of the model.
Much greater benefits can be gained if
the simple model is seen as the “door-
way” to the system. Stopping at the door
yields little knowledge. Going through
it and exploring isriskier, but can yield
great benefits. Thisriskier path isalso
followed by some teachers.

In most classes, one or more
students react negatively to the model
results. They say that the situation will
not develop as modeled. The criticisms
they express vary, but frequently include:

The birth rate won't stay that high.
(for avariety of reasons)

The death rate will increase. (for a
variety of reasons)

There will be massive starvation.
They will add more farmland.
They will practice birth control.
They will emigrate.

They will import food.

They will impose family planning.
They’re not that stupid!

These comments can present a
teacher with an opportunity to explore
the system in greater detail, to step fully
through the door. This exploration begins
with questions about the comments.
What are you assuming? What do you
know? What do you think? What other
information do you need? Where can you
find the information? (Note the similar-
ity to Richardson’s components!)

These questions lead to a vari-
ety of activities. Students can do indi-
vidual research about important factors
that are reveded by both teacher and stu-
dent questions. They can explore
interconnectedness of the topics and
guestions. Further modeling is a possi-
bility, either by students, the teacher, or
a cooperative effort. Of course, each of

these activities can initiate the cycle all
over again. The choiceis up to thein-
structor. The result, however, is an ap-
preciation for the inherent complexity of
most problemswe encounter. Rather than
being surrounded by simple cause—effect
relationships, students are faced with in-
creasingly complex situations in which
small actions can have large reactions.
This pattern leads to in depth learning,
aswell asinitial experiencesin explor-
ing a system. The understanding of sys-
tem dynamics grows more dramatically
than in problem—focused activities. Sys-
tem dynamics concepts become an im-
plicit part of the syllabus, rather than a
tool for learning content.

This approach to using system
dynamicsis both riskier and more time
intensive, but has the potential of greater
gain. When the progress of the course is
defined by the questions students ask,
where the class is going is uncertain.
Following the student’ s interest may in-
crease student involvement, but it can
also expand the time spent in asingle
area. What makes the approach even
more difficult is development and selec-
tion of suitable “initial” models. There
are few examples of such modelsto get
teachers started. Systems suitable for
exploration exist, but emphasis has been
in the direction of more clearly defined
problems. It is clear that major efforts
must be made to identify systems and
additional questions that lend themselves
to this approach before this alternative
use of systems can grow beyond a few
practitioners. Once the number of such
simple models and curriculum materials
grows, more teachers can begin to pur-
sue systems—focused model use as well
as problem—focused modeling.

Clearly in education there will
ultimately betwo distinct “best” practices
in modeling. One, following the widely
accepted practices of traditional systems
modeling, focuses on well defined prob-
lems, developing models that build a
detailed understanding of the problem.
The other appearsto be almost diametri-
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cally opposed. It looks at systemsin the
broadest sense as an initial step, build-
ing understanding of the system over
time. Thereis no well defined problem.
The exploration of the intercon-
nectedness among and within systems
itself isthe “problem.” These two dif-
ferent practices reflect the fact that the
use of systemsin education addresses
different needs than in traditional sys-
tem dynamics. While solving and ex-
plaining defined problems is important
in both education and traditional uses of
system dynamics, education has alarger
and more vital task—development of
thinking skills. System modelsthat gen-
erate more questions than they initially
answer may well be the most powerful
“tool” for developing this most impor-
tant of skills. The transition to use of
systems conceptsin daily lifeis quick
and obvious. Even system dynamics
novices find it difficult to watch the
evening news or read a newspaper with-
out wondering how businesses/govern-
ments/individual s can propose and
implement simple solutions to what are
obviously problems arising in complex
systems. Experiencing that same kind of
situation in classes will build that real-
ization in students.

The two “best” modeling prac-
tices actually complement each other.
Systems—focused models are inherently
simplein structure, serving as “triggers’
for the questioning process. Their pur-
pose is not to address problems, but
rather to expose their presencein asys-
tem. Problem—focused models are de-
signed to answer well defined problems.
Frequently, the system—focused models
allow students to generate more specific
problems that can be the focus of mod-
els. Even if models are not used, system
concepts are focused on the questions
and problems revealed by discussion of
the systems models. Extensive work is
being done in this area by Scott Guthrie
and Megs Patton of Wilson High School
(Portland, OR), who are teaching a Sci-
ence-Technology-Society/World issues
course using system dynamics. They re-
port remarkable development of insights

2000 ST& DM
CONFERENCE

T he next Systems Thinking and
Dynamic Modeling Confer-
ence will be held June 25-27,
2000, at Skamania Lodge in Steven-

son, WA, just 45 minutes east of the
Portland, OR International Airport.

into complex issues by high school jun-
iors and seniors.

With the realization that the
purposes of system dynamics in educa-
tion are more varied than in traditional
system applications, it is possible to won-
der whether or not it is possible to define
the components of model con-
ceptualization for educational uses as
George Richardson has for general sys-
temswork. Returning to his components,
it isclear that he has already done the
task for educators. His components for
general systems work are identical in
problem—focused educational modeling.
Even for those very different system—fo-
cused models, his components work
quite well. What remains is a matter of
definitions or clarifications. Looking at
developing systems and thinking skills
in students, Richardson’s “problem fo-
cus’ becomes a broad rather than a spe-

Skamania L odge opened in
February of 1993 as a destination re-
sort with first rate conference and
meeting space which is connected to
the guest room lodge. It islocated in
the beautiful Columbia River Gorge
National Scenic Area. The rooms are
lovely with lots of extra amenities, in-
cluding telephones with a data port.
Thelodge is surrounded by an 18-hole
golf course designed as an Audubon
sanctuary, with hiking trails.

We're thrilled to offer this
opportunity. Make plans now to at-

Best Modeling continued on page 12 tend.

Gordon Stanley Brown Fund

To support preparation for distribution of
materials for using system dynamicsin K through 12 education

dynamics and an understanding of dynamic behavior in feedback systemsin

kindergarten through 12th grade schools. The Fund will focus on making
teaching experiences available to others. Small and medium sized proposals are en-
couraged.

T he Gordon Stanley Brown Fund has been established to promote system

The Gordon Brown Fund can support teachers for:

» Released time or summer time used to put into transmittable and usable
form materials and methods that have aready been used in schools and that
could be of help to others,

« Communicating experiences that did not meet expectations so that others
can be forewarned.

Work supported by the Fund is to be available for distribution through the Cre-
ative Learning Exchange and any other channels that the author arranges.

The Fund honors Gordon Brown, who pioneered the theory and practice of
feedback dynamics and engineering control systemsat MIT in the 1940s. Brown
went on to be head of the Electrical Engineering Department and Dean of Engineer-
ing a MIT. During retirement, he devoted energy and skillful leadership to bringing
system dynamics into the Catalina Foothills school system in Tucson, Arizona.

Address applications, with an outline of the proposed project, to:
Lees N. Stuntz, Crestive Learning Exchange, 1 Keefe Road, Acton, MA 01720
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N aNSI elter cific problem. Exposing and exploring lation in Support of Systems Think-
SU b : t : the interconnectedness of a specific sys- ing (International Library of Man-
ri p 10N tem rather than one problem in the sys- agement). Dartmouth Pub. Co., 1996
I tem becomes the focus of the model.
I nfor ma‘tl on “Model purpose” becomes an emphasis Ron Zaraza
] ) on raising questions rather than answer- CC-SUSTAIN Project, Co-Director
he Creative L earning Ex- ing them. All other componentstransfer ~ Wilson HS
change Newsletter isavail- to the different approach with littlesig- 1151 SW Vermont
ablein three different for- nificant change. The components of  Portland OR 97219
mats: conceptualization truly are generic, with  (503) 235-2745
only the context changing. They serveas  rzaraza@pps.k12.or.us
*  Ontheweb page at auseful guide for both “best” practices i joy
http://sysdyn.mit.edu/cle/ in education. CC-SUSTAIN Project
* Asan attached fileto an
. Core Team member
e-mail < mail 1George Richardson in amessagetothe | 5 sgle HS
* Inpaper viaUS mai K—12 listserv dated 12/31/97
($15.00 outside the USA) 11999 SE Fuller Ave

Since we vastly prefer
electronic distribution to paper be-
cause it so much less expensive,
please e-mail us at any time when
you would like to have an elec-
tronic subscription.

<milleras@cle.tiac.net>

2Jay Forrester in a message to the K-12
listserv dated 12/31/97

3George Richardson in a message to the
K-12 listserv dated 1/2/98
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INTERESTED IN INVESTING?

change, your contribution would be appreciated. Y ou may donate any amount

you wish; perhaps $50.00 is a reasonable amount for ayear. All contribu-

tions are tax-deductible.
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Thank you!

The Creative Learning Exchange, 1 Keefe Road, Acton, MA 01720

Milwaukie OR 97222
(503) 6594155
|asalled@northwest.com

Scott Guthrie
CC-SUSTAIN Project
Core Team Mmember
Wilson HS

1151 SW Vermont
Portland OR 97219
(503) 916-5280
sguthrie@tel eport.com
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The Creative Learning Exchange
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Phone 978-287-0070
Fax 978-287-0080
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Jay W. Forrester
George P. Richardson
Stephen C. Stuntz

Executive Director
Lees N. Stuntz
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http://sysdyn.mit.edu/cle/

The Creative Learning Exchangeis
atrust devoted to encouraging ex-
changes to help people to learn
through discovery. It is a non-profit
educational institution and all con-
tributions to it are tax deductible.
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