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ne can visualize and compre-
hend a one-level constant out-
flow system, but in reality,

few systems like these exist.   A Cooling
Cup of Coffee: An Introduction to Con-
stant Outflow and Negative Feedback
illustrates that a cup of hot coffee does
not cool at a constant rate of outflow.  A
cooling cup of coffee system contains
negative feedback and tries to reach an
equilibrium.  The coffee cooling rate is
dependent on both the coffee tempera-
ture and the room temperature.  The
difference in temperatures causes the
heat from the coffee to flow into the
atmosphere, thus, cooling the coffee.
The following STELLA2 models and
simulations show that a one-level con-
stant outflow system is not a correct
representation of reality, while the re-
vised system containing negative feed-
back is more realistic.

Introduction
Imagine a hot cup of coffee

sitting on a kitchen table. After waiting
a few minutes, it cools enough for one
to drink it.  However,  many probably
cannot explain for certain how or why
cooling occurs.  Why does the coffee
cool?  Does it cool constantly, a little bit
each minute, or does the temperature
follow an asymptotic decreasing pat-
tern?

A Cooling Cup of Coffee: An
Introduction to Constant Outflow and
Negative Feedback explains what re-

O ally happens to this hot cup of coffee.
This coffee example introduces the ideas
of constant rates, negative feedback,
and stabilizing behavior to facilitate an
understanding of some of the funda-
mental concepts of system dynamics.

Misconceptions About Constant
Rates

Let’s examine what happens
to the cup of hot coffee while we wait
for it to cool.  Some people will auto-

matically answer, “Well, the coffee tem-
perature cools by a few degrees each
minute and then you drink it.”  This
answer is expressed in Figure #1.  People
are aware that the coffee is very hot, and
that the coffee temperature is much
higher than the room temperature. This
causes the coffee to cool a little each
minute until it reaches a drinkable tem-
perature.

Coffe continued on page 5

Figure#1  In this graph, a cup of coffee starts off at a very high temperature
and cools for 7.5 minutes.  At that point, the coffee is very cool and is consumed.

This graph of temperature is one way of thinking about the coffee system.
A better way, however, is to model in terms of heat.
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UP-DATES...
CC-STADUS- Cross Curricular Sys-
tems Thinking and Dynamics Using
STELLA

This project is recently funded
by the NSF.  Special impetus for this
project was created by Diana Fisher, a
math teacher in the Portland Oregon
schools.  She is ably joined by Ron
Zaraza, a physics teacher, Dr. Andrew
Jones and Steve Carlson in the initia-
tion of this ambitious project.  One of
the major goals is to train over three
years more than100 math, science and
social studies teachers to use computer
modeling techniques.  A more com-
plete description will be forthcoming in
later newsletters.

System Dynamics in Education
Project

Road Maps IV is finished af-
ter a summer’s worth of diligent work
by the students in the SPED at MIT
under the distinguished and able super-
vision of Jay Forrester and Nan Lux.
Road Maps IV is a dynamic and inter-
esting packet.  It incorporates the build-
ing of a model for the Fish Banks game
as well as a look at the Epidemics game.
It, as well as RM I-III, is available
through the Creative Learning Ex-
change.  If any of you have ideas about
helpful projects for these capable stu-

or two years the Waters Grant Project in Tucson has graciously hosted a conference where all of us interested in
systems education could learn, talk and become inspired. After all their hard work, they asked at the Networking
Conference if there were others willing to take on the work of a conference.  A group of us from the East Coast thought

there was enough manpower, enthusiasm and energy to try to hold it here.

Although much is still to be formulated, the date and place are now settled: The conference will be held at Concord
Academy, in Concord, Massachusetts, from June  27th through 29th, 1994.

Concord Academy is located right in the center of historic Concord.  The surrounding area is chock full of interest
for everyone, as well as having appealing accessibility to Boston.  One reason for going into a school setting is that the rooms
available come close to the cost of those in Tucson or other inexpensive portions of the country.  We will keep you all posted
of plans as we formulate them.

Anyone interested in helping with the conference in any capacity can get in touch with us here at the Creative
Learning Exchange, 1 Keefe Road, Acton, MA 01720; (508) 287-0070; fax: (508) 287-0080.

F
TUCSON CONFERENCE MOVES EAST

his edition of the Exchange has another description of how one school
system is introducing systems education. It is yet again a different
model from the ones which we have previously featured: Ridgewood,T

New Jersey and Catalina Foothills in Tucson, Arizona.  There are numerous
other ways that school systems are approaching the introduction.  Can you send
me a story?  How is it different in your school?

Again, please fill out the questionnaire if you have not done so. We
would like to continue sending you newsletters and information, but only if
you wish to receive them.  I am still looking for feedback.  What are you doing?
What works and what doesn’t?  I would love to hear from you.

Have an exciting and interesting school year.

Lees Stuntz, Editor

FROM THE EDITOR. . .

dents which key into their talents, please
let Nan know.  They are always inter-
ested in feedback about their materials
and suggestions for future work. Nan
Lux, MIT, SPED, E-40-294 Building,
Cambridge, MA  02139; (617)253-1574

June 1993Networking Conference in
Tucson

The second Tucson conference
had an emphasis on networking both
intra-school groups, with school dis-
tricts to bring along as many people as
possible, and between school districts,
with a wide dissemination of informa-

tion about what people are doing
throughout the country.

The three day conference
stimulated many interesting conversa-
tions and the information exchange was
incredible.  The participants left with a
sense of energy, camaraderie and pur-
pose, inspired by such speakers as
Donnella Meadows and Stephen Glen.

The Waters Grant Project, and
especially Mary Ann Baridon, are to be
thanked and commended for the in-
credible amount of time and love which
went into both years of the conferences.
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GLYNN INTEGRATION OF SYSTEMS THINKING (GIST)

Editor's Note: This article is  a compi-
lation of  descriptions of the project
sent by the members of GIST and their
administrative supervisor and advo-
cate- Pam Lewis, Assistant Superinten-
dent for Instruction

GIST  began in the Spring of
1992.  The project partici-
pants included the Glynn

County School System, Glynn County,
Georgia; Georgia-Pacific, Inc.(GP), a
pulp and paper company; and High
Performance Systems, Inc.(HPS), a
computer software company.  The goals
of the project are to:
• Build Systems Thinking skills

among 1st through 12th graders
• Increase the capability for using

these skills to accelerate learning
• Increase the capability of Georgia

Pacific employees to use Systems
Thinking skills in their jobs

• Create a capability within the com-
munity for applying Systems
Thinking to the issues affecting the
Glynn County populace.

Currently, the Glynn County
School System consists of two high
schools, three middle schools, and eight
elementary schools that service a total
of approximately 10,500 students.  It
has a diverse population, ranging from
those who live on resort islands to those
who live in government projects.  The
outlying areas of the county are rural.
With this kind of diversity, the teachers
are faced with a challenging array of
students every single day.

Glynn County Schools is an
enthusiastic school system that strives
to improve the quality of the education
for students.  The school system’s ef-
forts to decrease student under-achieve-
ment have been extensive and the teach-
ers have been exposed to many differ-
ent programs and projects.  From the
outset, there has been concern that GIST
not become just one more in a series of
projects.  The goal of GIST is to in-

volve the entire district in Systems
Thinking and remain viable for many
years.

In the first year, GIST in-
volved ten teachers from the three
middle schools.  Teachers had ten weeks
of release time during the 1992-93
school year to create learning environ-
ments in the classroom.  These core
teachers created three interdisciplinary,
systems thinking-based learning envi-
ronments (LEs) for use in middle
schools.  During the 1993-94 school
year, the teachers will begin using these
learning environments in the classroom.

During the summer of 1992
workshops were put on by High Perfor-
mance Systems for interested teachers
in the Glynn County system.  The ten
core teachers then took another, more
intensive, workshop.  Another innova-
tive feature of the project was the inclu-
sion of a process steward from outside
the district .  She was familiar with the
software, although she fielded any ques-
tions to the experts at HPS, who were
involved with the project throughout
the year.  The Steward’s job was to
make the project work, to help the teach-
ers focus, to give them support, and to
help resolve personnel issues which
arose during the year.  The teachers felt
she was a big help and a major reason
why the project was successful during
the first, learning phase, year.

Goals and Purpose
The goal of the project is to

help students recognize their individual
skills and abilities so that they may
reach their full potential as responsible
citizens, problem solvers, and clear com-
municators.

Traditionally education has
concentrated on building students’ skills
and abilities in individual subjects.  This
has enhanced their knowledge in spe-
cific subject areas and has allowed some
students to excel in specific disciplines.

We also need to give students the tools
necessary to visualize, understand, and
communicate how these subjects relate
to each other in order for them to be-
come effective problem solvers.

Many students lack motiva-
tion for learning academic skills.  If
they can extend the effort to master any
skill they want to learn ( sports and
hobbies), then educators must create an
environment which gives them the same
reason to learn an academic skill they
think is too difficult or has little mean-
ing for them.

Systems Thinking and
STELLA II give us a was to achieve
both of these purposes.  Systems Think-
ing gives students the language to com-
municate the relationships between sub-
jects.  STELLA II is the tool which
allows teachers to create environments
which give students a reason to learn
skills in which they might previously
have lacked an interest.

Systems Thinking helps stu-
dents address the increasingly interde-
pendent issues with which people must
cope in their personal lives, their jobs,
and in their communities.  The technol-
ogy, STELLA II, allows for the com-
pression of space and times so that
people can “experience” the full conse-
quences of their decisions over distance
and time.

Learning Environment Development
The project plan includes de-

veloping a critical mass of materials to
be used for instruction.  These Learning
Environments include a combination
of models and curricula.

1992-1993-  The following Learning
Environments were created.  They will
be field tested during the 1993-1994
school year.  After refinement they will
be ready for use in Glynn County and
marketing elsewhere.

Fall 1993
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• Eat or Die Island- A four-week
interdisciplinary unit.

• Predator and Prey -A one-week
interdisciplinary unit.

• Financial Dreams or Budget
Nightmares - A four-week inter-
disciplinary unit.

• A Matter of Balance - A four-
week interdisciplinary unit.

• Slope - A one-day Algebra lesson.
• Fever - A one-day Science lesson.,
• Body temperature Maintenance

- A one-day Science lesson.
• High Wire Balance Act - A one-

day Science lesson.
• Immigration - A one-week Social

Studies unit.
• Ozone Layer - A one-day Science

model.
• Wiz Kid Mission - A Math prob-

lem-solving game.
• Perimeter, Area and Volume - A

one-day Math unit.
• Part to whole - A one-day Social

Studies lesson.
• Landfill - A one-week Science and

Social Studies unit.

1993-1994 -Plan for creating Learning
Environments.  The program emphasis
for this year is to field test existing LEs
and develop and teach courses for other
teachers in the county. Because of these
demands on time and limited financial
support, no major interdisciplinary LEs
will be created this year. The concen-
tration will be on creating single disci-
pline LEs. Listed below are the LE titles
and planned release time for teachers
for development and writing.
• Health and Weakness - two

weeks, two teachers.
• Salt Marsh (its use and protec-

tion) - two weeks, two teachers.
• Communication - two weeks, two

teachers.
• Acceleration of Change (revolu-

tion) - two weeks, two teachers.
• Graphs and Relationships - one

week, two teachers.
• Hurricane  - two weeks, two teach-

ers.
• Plot and Character Development

- two weeks, two teachers.

Fall 1993
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Staff Development
From the very beginning in

this project there has been an acknowl-
edgment that it is critical to train teach-
ers and give them the resources, includ-
ing time, for them to learn. To the extent
that it has been possible, GIST has
accomplished just that.  Three teachers
from GIST attended the Networking
Conference this summer in Tucson and
later in the summer three went to an
HPS workshop at HPS headquarters in
New Hampshire. One of the major goals
for this year at GIST is the dissemina-
tion of the knowledge the core group
gained last year out to the other staff  in
the Glynn County Schools.

They are offering three courses
for the staff this year:
• Introduction to Systems Think-

ing- 5 sessions. In this introduc-
tory course, participants will in-
vestigate the principles and tools
of systems thinking, including a
definition of a system, how feed-
back loops work in systems, how
our mental models of systems in-
fluence our behavior, and how sys-
tems can be manipulated.  Partici-
pants will develop maps of sys-
tems, an introductory activity for
the modeling skills to be taught in
the second systems thinking course.

• Simulating Systems - 5 sessions.
Participants will be introduced to
stocks, flows, converters and con-
nectors and how they are used to
represent elements and relation-
ships of systems. The modeling
will create simulations of systems
and provide a tool for challenging
our mental models of these sys-
tems.

• Developing Systems Curricula-
A summer course- Participants will
develop their own curriculum ma-
terials using the principles and tools
of systems thinking that they have
learned in the previous courses.
They may work individually or
within teams to develop material.
These materials may be content
specific or interdisciplinary and
may cover whatever topics the par-
ticipants wish.

As the project enters its sec-
ond year, there is excitement and enthu-
siasm for what has gone on in the past
year and what is to come.  As with any
project of this sort, funding has been
and will be an issue.  Georgia Pacific
has provided most of the funding for the
first two years of the project.  The goal
is for GIST to become self-supporting
as the program expands.  As the pro-
gram reaches beyond the middle
schools, the need to broaden the base of
financial support becomes crucial for
the survival of the project.

GIST has many elements to
help it meet its goal of being a project
which makes a difference in Glynn
County Schools over a multi-year pe-
riod.  It has strong administrative sup-
port, a core of committed and enthusi-
astic teachers, and support from main
industry in the community which has a
vested interest in high-quality educa-
tion.

The CLE has more detailed descriptions of
the three interdisciplinary units created by
GIST.  For more information about the
project itself, contact Pam Lewis, Assistant
Superintendent of Instruction, Instructional
Services, Glynn County Schools, 2400
Reynolds Street, Brunswick, GA  31520,
(912) 267-4220.
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ay Forrester has a copy of a
German text for high school
physics which usesJ

STELLA, and has permission to
translate it into English.  It would
be a great help to find someone
who is able to translate the entire
book, but even a translation of the
text of the models involved would
be a boon to teachers.  If you
could help, please contact Nan
Lux, MIT, SPED, E-40-294
Building, Cambridge, MA
02139; (617)253-1574

DO YOU KNOW
BOTH GERMAN
AND PHYSICS?



Fall 1993 Page 5

Although many tend to think
of the “hotness” of coffee in terms of
temperature as in the graph above, the
correct way to measure “hotness” is
actually in terms of heat.  Temperature
is a measure  of heat, and also the size
and physical nature of the body con-
taining the heat.  However, the coffee
loses heat, not temperature, because
heat can flow from a body of high
temperature to a body of low tempera-

ture.3  Temperature can not physically
flow.  Figure #2  represents the model of
our cooling cup of coffee in terms of
heat.

What would happen to a cup
of coffee, cooling at a constant rate, if
you left it on the table and forgot about
it for a few hours?  Figure #3 represents
this constant rate cooling cup of coffee
system.

Heat of Coffee

Heat Loss Rate

Figure #2  This STELLA II model represents a cooling cup of coffee that loses a constant
amount of heat each minute.  The coffee loses heat and not temperature because heat can
physically flow while temperature cannot.  Temperature depends on the amount of heat

and the nature of the body containing the heat.

Constant Heat Loss

1.  Heat of Coffee (units: calories)      2: Heat Loss Rate  (units:  calories/minute)
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Figure #3  In this graph,  the number one line represents the amount of heat in the coffee.
The coffee loses a constant number of calories a minute.

The heat outflow is a constant rate represented by the number two line.

Because the oversimplified
model shown above contains a constant
Heat Loss Rate, without anything to
discontinue the cooling,  the Heat of
the Coffee will continue to lose heat
even after it has reached room tempera-
ture. See Figure #3.  In this model,  there
is no connector between Heat of Cof-
fee and Heat Loss Rate.  Therefore,
when the heat in the coffee is equal to
the heat at room temperature, there is
nothing in the model to tell the Heat
Loss Rate to stop.  It is intuitive that a
cooling cup of coffee does reach an
equilibrium at room temperature. Thus,
the previous model is lacking some-
thing.  The difference in the coffee and
room temperatures must affect the rate,
and these factors are missing from the
model.  The model shown in Figure #2
may seem correct, but it is not.

We know that the previous
model is not complete, not only be-
cause it does not make sense intuitively,
but also because it defies laws of ther-
modynamics.  If we allow the model to
continue running,  it would continue to
remove heat from the coffee even after
it reaches the freezing point of water.
From personal experience,  we know
that leaving a hot cup of coffee in room
temperature cannot result in a frozen
cup.  Furthermore, as the model contin-
ues to run, the coffee would reach a
point called absolute zero.  Absolute
zero may be more commonly known as
zero degrees Kelvin, or -273 degrees
Celsius. Temperatures cannot fall be-
low this point,  because this is when all
heat has been removed.

These problems arise because
the coffee cup model with constant heat
loss is not a complete representation of
what actually occurs.   In reality, the
difference between the coffee tempera-
ture and room temperature causes heat
to flow from the coffee to the atmo-
sphere.  Thus,  we must create a new
model that includes these factors.

Negative Feedback Loops
Nothing in life increases or

decreases at the same rate forever; most

COOLING CUP OF COFFE
 continued from page 1

Coffee continued on page 6
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things tend to move toward an equilib-
rium.  Negative feedback loops gener-
ate this stabilizing or goal-seeking be-
havior.  In the previous example shown
in Figure #2,  the Heat of Coffee was
lowered by the Heat Loss Rate, yet the
rate remained constant.  This relation-
ship contains no feedback.  The Stella
causal diagram in Figure #4 below

shows the interconnections between the
level and the rate.  As the Heat of
Coffee goes down, the Heat Loss Rate
also goes down.  This is represented by
the plus sign, showing that both move
in the same direction.  As the rate goes
down,  the Heat of Coffee lowers, but
to a lesser degree.  In other words, the
slope of the Heat of Coffee gets flatter.

       

Heat of Coffee

Heat Loss Rate

-
+(   )-

Figure  #4  This is a STELLA causal loop diagram.   This figure represents the structure
that produces the stabilizing behavior that works towards equilibrium.  The rate is

dependent on the Heat of Coffee.  Now,  the Heat of Coffee cannot
fall below the equilibrium point.

The model in Figure #2 was
very simple, with one stock and one
outflow.  However,  we saw that the
constant rate model was too simplistic,
and thus it was incorrect.  Most things
and actions in this world are affected or
depend on other factors.  Figure #4
shows Heat of Coffee affecting Heat

Loss Rate, and vice versa.  While Fig-
ure #4 is a better representation of real-
ity than the constant outflow model,  it
does little to show exactly how Heat of
Coffee affects the Heat Loss Rate.       A
more complete model is shown in Fig-
ure #5.

A More Realistic Model

Figure #5  This is a revised and more realistic STELLA model which displays the negative feedback which is present in the real
system.  The Heat of Coffee and the Heat Loss Rate are the level and rate respectively.  The Temperature Gap is the discrepancy in the
model that drives the rate. The Coffee Temperature converts the heat units to temperature units.  The Mass of Coffee, and Specific Heat

of Coffee are converters that help translate the absolute measure of the Heat stock into its relative measure of Temperature.  The
Ability of Coffee Cup to Release Heat is another convertor.

                 

Specific Heat of Coffee

Mass of Coffee

Heat of Coffee

Heat Loss Rate

Coffee Temperature

Room Temperature

Temperature Gap

Ability of Coffee Cup to Release Hea

Although this model is more complete,
it still has only one level, Heat of the
Coffee. This level is the number of
calories in the coffee above those at
zero degrees Celsius.  In this model, the
heat is initially at 10,000 calories.  If
there are 10,000 calories of heat in an
enormous tank of coffee, the coffee
would be rather cool.  However, if the
same number of calories were in a small
coffee cup,  the coffee would be much
hotter.  This is a hot cup of coffee.

The Specific Heat of the cof-
fee is known as the amount of energy it
takes to heat up one gram of water by
one degree.  In this case, the specific
heat is equal to one.4  The Mass has also
been set equal to 100 grams.

In this model,  the stock and
flow are not independent of each other.
The outflow, Heat Loss Rate, is driven
by the discrepancy between the Room
Temperature and the Coffee Tem-
perature. The Temperature Gap
causes the heat to flow from the coffee
to the atmosphere, because heat tends
to flow from high temperature to low
temperature.  In other words, the Heat
Loss Rate, dependent on the Tem-
perature Gap, lowers the Heat of the

COOLING CUP OF COFFEE
continued from page 3
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Coffee and therefore the Coffee Tem-
perature.  This causes the Tempera-
ture Gap to decrease because the cof-
fee is now cooler, but not as cool as the
room temperature.  Although the heat
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Figure#6A  In this graph,  the temperature drops asymptotically until it
reaches equilibrium at room temperature.
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     Figure #6B  In this graph,  the heat loss rate also drops asymptotically until the Heat of
Coffee is in equilibrium with the heat in the atmosphere.  The units calories / minute

represent the number of calories lost each minute.

Because the Temperature
Gap is the driving force of the Heat
Loss Rate, the gap affects the rate the
most when the Coffee Temperature is
at its initial one hundred degrees Cel-
sius.  See Figure #6A.  As shown in
Figure #6B, the Heat Loss Rate is also
the greatest initially.

The Coffee Temperature can
be calculated through a simple conver-
sion from heat to temperature.  To de-
rive temperature from Heat of Coffee,
a conversion of units from calories to
degrees is necessary.  The equation in
which temperature can be calculated is:

Temperature = Heat/ (Specific
Heat*Mass)5

The units of the different factors in this
equation are as follows:

Temperature :  Celsius degrees
Heat:  calories
Mass: grams

Specific Heat=Calorie/
(grams*Celsius degrees)

Since checking dimensional consistency
is a method of confirming an equation,
the units work out as shown below:

Celsius degrees =   Calorie/(calorie/
(gram* Celsius degrees )) * gram

Celsius degrees  =  Celsius degrees

Another factor that affects the
cooling rate of the coffee is the coffee
cup itself.  Some materials tend to retain
more heat than others causing the coffee
to cool slower.  In addition, more heat
will escape if the coffee cup has a large
surface area exposed to the air, com-
pared to the volume of the coffee.  For
example, two 100 gram cups of coffee
are placed in the same room.  Both cups
are made of the same ceramic material.
The first remains in the cup while the
second is poured onto a plate.  The
second would cool faster, since more

Coffee continued on page 8

still continues to drop, it does so at a
lower rate.  See Figure #6.  The coffee
temperature falls by a lesser amount
each time period until it  reaches equi-
librium at room temperature.
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The Creative Learning Exchange is
set up as an arm of Trust in Diversity,
a trust devoted to encouraging ex-
changes to help people to learn
through discovery.   Trust in Diver-
sity  is a non-profit educational insti-
tution and all contributions to it are
tax-deductible.

INTERESTED IN INVESTING?

 All of us are interested in promoting the use of systems education in our
schools.  A number of you have asked if there is a charge for the services of the
Creative Learning Exchange, or what you can send to help defray the costs of
printing and mailing to you.

The Creative Learning Exchange will continue to send out materials free
of charge to all those on the mailing list,  regardless of their desire to invest at this
time.  However, if you would like to invest in our effort here at the Creative
Learning Exchange, your contribution would be appreciated.  You may donate
any amount you wish; perhaps $25 is a reasonable amount for a year. All
contributions are tax-deductible.

I am sending ________  to Trust in Diversity to help invest in the future
of systems education .

Name_________________________________________________________

Address_______________________________________________________

Thank you!!

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

coffee is in direct contact with the cooler
air.  In this model,  these factors are
simplified into the converter called Abil-
ity of Coffee Cup to Release Heat.
This coffee cup factor directly influ-
ences the rate of cooling.  If this con-
verter is equal to one, then the coffee
cup releases the heat in the coffee very,
very quickly.  If the convertor is set
equal to zero, no heat is released.

Conclusion
When considering a hot cup of

coffee in a room at normal temperature,
it is easy to believe that the coffee will
cool.  However, it is not quite as easy to
discern how or why this behavior hap-
pens.  Many tend to believe that the
coffee temperature will drop at a con-
stant rate by a few degrees each minute.
Or in other words, they believe that the
heat of the coffee has a constant out-
flow.  This is incorrect, not only be-
cause the one-level constant outflow
model goes into negative heat, which is

an impossibility, but also because intu-
itively, most things in the world contain
negative feedback loops that seek an
equilibrium.  In the revised model,  the
heat in the coffee escapes at a rate that
is dependent on the difference between
the room and coffee temperatures.  The
negative feedback loop in this model
caused the coffee temperature to reach
its equilibrium at room temperature.

Supplementary Ideas
This negative feedback loop

and the resulting behavior does not ap-
ply only to a cooling cup of coffee.  A
draining bathtub and the half-life of
radioactive elements have the same
underlying structure.  One possible ex-
ercise to teach this concept would be to
experiment by heating a tea kettle, and
then letting it cool while measuring the
temperature every few minutes.  By
plotting the recorded temperatures,  the
student can see the behavior of the
cooling for himself.

COOLING CUP OF COFFEE
continued from page 7

1   Celeste Chung is participating in the
System Dynamics in Education Project,
under the supervision of Professor Jay W.
Forrester.  She is presently a sophomore at
MIT, studying management science.

2  STELLA (Systems Thinking, Experien-
tial Learning Laboratory, with Animation)
is a registered trademark of High Perfor-
mance Systems, Inc.
45 Lyme Road,  Hanover, NH  03755.  1-
800-332-1202.

3    Michael Shayne Gary.  “D-4272-7
Mistakes and Misunderstandings:  Examin-
ing Dimensional Inconsistency.”  1992.
System Dynamics in Education Project.
MIT.  1 Amherst St. Cambridge, MA.

4  Because coffee, is very close to water,  the
specific heat of the coffee is set equal to the
specific heat of water.   The specific heat of
water is one.

5  Watkins, Emiliani, Chiaverina, Harper,
LaHart.   General Science.   Harcourt Brace
Jovanovich.  Orlando, Florida.  1989.  p.
223-5.


