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Consider the Gypsy Moth: An Example of System Dynamics for Carlisle
by Debra Lyneis, September, 1994


As we begin to consider applying systems thinking and system dynamics in the
Carlisle schools, it might help us to understand and explain just how system dynamics
would ”look” in our curriculum if we had a concrete example of its application. One good
place to start using this tool might be in Jim Trierweiler’s current science curriculum, in
the insects unit in particular. Here is an example for you.


Consider the gypsy moth caterpillar! Everyone in Carlisle knows and cares a lot
about this pest, but we want to know more. For example, why is it that for many years we
see hardly any evidence of gypsy moth caterpillars, and then, in other years, we are hit
with such massive destruction of our oak trees? Once we are suddenly rid of them, why
do they come back again? And, is there anything we can do about them?


This problem lends itself very well to system dynamics modeling. It appears that
at least three important “levels” are involved. Levels describe the condition of the system
at any point in time; they are accumulations which rise and fall over time depending on
actions (called “rates”) which flow into and out of them. Levels and rates are the building
blocks of dynamic feedback systems. These levels and rates must be identified and then
quantified in equations using the STELLA software. You are forced to be very specific in
stating your assumptions about the relationships between the variables.


Our first level would be the gypsy moth population itself; we have all observed
that it increases and decreases over time. A rate flowing into the level of the gypsy moth
population would be gypsy moth births; flowing out would be deaths. Of course, this
does not tell the whole story because other factors also exert their influence on these
variables. Deaths could be due to various causes and at different points in their life cycle.


Another level would be food supply for the caterpillars, in this case oak leaves,
which can also rise and fall depending on its rates. For example, the more the caterpillars
eat, the less food remains; without enough food, more caterpillars die, eventually leaving
more food for the survivors who then eat more, and so on.


A third level would probably be the size of the predator population. In this case, I
am not sure what the predator is since gypsy moths are an introduced species. Maybe
disease and starvation play a more important role. We’d do some research to find out.
The dynamics of disease spread are somewhat different from predation, but they are both
limiting factors on the population growth.


All of these levels and rates are interdependent and class discussion would
certainly bring out that idea. Students would have to learn about gypsy moths, their
reproduction rates, life cycles, and predators in order to accurately build this model. They
could draw much of their information from their own observations and experience, but
they would also have to hunt for some pieces either through research or asking an expert.
It is a bit trial and error, but you can see how it would be an engaging activity for kids in
cooperative groups.


Once the model is built, it is simulated, or computed over small intervals of time,
to see how our system behaves over time. (“Dynamics” means changes over time.) Then,
to validate the model, we would fine tune it to make the simulation replicate the real
world behavior of the system that we see in Carlisle: gypsy moths seem to suddenly
disappear and always come back again!







Probably the following scenario would unfold in our finished model. (The results
are “read” as graphs showing how the variables change over time in relation to one
another.) At first there would be only a few caterpillars, so they would thrive with plenty
of food. They would reproduce at their normal rate, but because their initial population is
so small, we wouldn’t notice them or their consumption of oak leaves. However, even a
small population that grows at a constant rate exhibits exponential growth (a
characteristic curve that kids would soon recognize). For example, if you double a small
number, it is still relatively small; as the new number grows larger, doubling it makes a
big jump, then an even bigger jump. After a few years of not much noticeable growth, the
population would seem to blossom causing people to moan that the caterpillars have
returned.


Meanwhile, while the population has surged in the last two years, the other two
levels also have been changing. Initially, there was plenty of food. However, as the
growing population devours all the oak leaves in your yard, more and more caterpillars
go hungry. Many of the weaker oak trees do not survive the onslaught and die, further
reducing the food supply. In the final year of the population explosion, many caterpillars
die of starvation, while others die of illness from eating other foods like pine needles. To
add to the drama, the predators are gaining ground too. In the early phase of the cycle,
their numbers slowly grow as their food supply grows. At the peak of the caterpillar
growth, they have almost reached their peak; they can feast on the overabundance of food
and multiply.


The resulting impact of the decline in food and the increase in predators (both
initially spurred by the growth in the gypsy moth population) results in the dramatic
collapse in the gypsy moth population. They seem to be wiped out. The following year,
the continuing large population of predators almost finished the job, but it too declines
rapidly because it has little food left. And now we are right back where we started, ready
to go again. It is a natural cycle.


Once the model seems to run correctly, (that is, it accurately represents past
behavior of the system) you can begin to play with it. You can perform experiments on
the simulated system without the risks, expense, or uncertainties of experimenting on the
real thing. Does trying to kill the caterpillars on your trees as the population becomes a
nuisance really have any impact or does it just delay the inevitable by providing more
food for the rest? How about cutting down some or all of the oak trees? Is that a realistic
policy? What about the predators? What leverage can we apply to the system there? Are
the wild swings in gypsy moth population related to the fact that it is an introduced
species? We could simulate all of these conditions and see what happens. And there are,
of course, broader questions that arise. Can or should we try to tamper with natural
system cycles? What similarity does this system have with other systems in our
experience?


You can see that kids would find this engaging. It is a big puzzle that they
construct based on their own knowledge and experience. As they play with it, they are
learning a lot about insects, ecology, cycles, and systems all around us.


In our sixth grade, the students would not yet have the skill to build the model.
We would have to build it first and get it to run properly. But, we could lead them
through the process, so that it becomes their model to play with. (STELLA provides a
special authoring software which makes this easier.) In the long run, we might expect our
students to begin to conceive their own models. We would need a lot of preliminary
units, starting early, to get there.







This isn’t the only model we could do, nor do we have to do this one if Jim
Trierweiler thinks others would fit his curriculum better. It is just an example. The appeal
of this one is that it is familiar, very concrete, and part of the curriculum. Everyone in
Carlisle would resonate to it! (My kids hate standing in the slimy green droppings at the
bus stop, or finding caterpillars in the mailbox!)


This gypsy moth model is a relatively simple one, but that is not to say that
building it is easy. It is a challenge to begin to think in this way and to take a multi-
disciplinary approach to learning. It is a skill that takes practice. Working together, we’ll
all get there. (Not surprisingly, kids take to this naturally. Our compartmentalized, fact-
oriented education must have taught it out of us!)


Also, this model applies to the science curriculum, but we should try to broaden
our aim as soon as we are competent and confident with using system dynamics as a
curriculum tool. With the gypsy moths we can almost predict the behavior of the system,
because it is small and easily defined and observed. However, once you get into bigger
models of more complicated systems, you cannot predict the outcomes. Cause and effect
may be distant in time and space; our mental models cannot encompass them. This would
apply to systems like human population growth, the development and decay of a city, the
causes leading up to the Civil War or the American Revolution, our intervention in
Somalia or Haiti, and so on. The tools  for building these models would be the same as
those for the gypsy moth (and so would be the underlying system structures). However,
we would save the more abstract models, like social studies, for later, when our modeling
skills are more sophisticated and when we have gained more confidence in tackling
bigger ideas and controversies using the tool of system dynamics. This is the arena for
teaching the critical thinking skills so necessary for the future, as described by Jay
Forrester. It will be a growing process for us all.


I hope this makes sense. It is just a start. It will be exciting for us all to take it
further, one step at a time.
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ABSTRACT: If system dynamics is to fulfill its promise of fundamentally improving education in 
kindergarten through twelfth grade, then it must be fully integrated into the curriculum. This 
means not only developing effective lessons using the tools and perspective of system dynamics, 
but also finding the best ways to help teachers adopt them.  Both are very challenging.  Teachers 
and administrators at the Carlisle (Massachusetts) Public Schools have been working to infuse 
system dynamics into their K-8 curriculum since 1994.  This paper will describe the process of 
developing and implementing system dynamics lessons.  Using one lesson as an example, it will 
illustrate what the children do and what they learn.  It will also present the problems of 
imbedding the lesson and the systems approach into the curriculum.  
 
INTRODUCTION 
 
System dynamics can fundamentally improve education for students in kindergarten through 
twelfth grade (K-12).  Experience in the classroom has shown that system dynamics can help 
students develop critical thinking and problem-solving skills.  It can also enhance their 
understanding of the current curriculum by helping them to ask better questions and to recognize 
connections and patterns across subjects.  
 
The potential of system dynamics in education reaches beyond the subject learning of individual 
students, however.  It promises to transform the structure of education itself.  When students use 
the tools and perspective of system dynamics, education becomes more learner-centered.  
Teachers become guides helping students construct their own knowledge.  Instead of being 
passive receptacles of information dispensed by the teacher, students become engaged in 
working together to figure things out for themselves.   As teachers also begin to work together to 
build their own system dynamics skills and develop interdisciplinary lessons, the change 
permeates the school culture, fostering even further change. 
 
The curriculum is the driver in initiating and sustaining improvement in education through 
system dynamics.  The challenge is to find the best ways to improve current teaching using the 
tools and perspectives of system dynamics and then to embed them so deeply into the curriculum 
that they take hold and grow on their own.  Teachers at the Carlisle Public Schools in Carlisle, 
Massachusetts have been working to integrate system dynamics into their K-8 curriculum since 
1994.  This paper will describe the process of developing and implementing a curriculum using 
system dynamics.  Using one lesson, the In and Out Game, as an example, it will explain what 
the students learn. It will also illustrate the difficulties of getting a lesson to stand on its own. 
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SYSTEM DYNAMICS FOR EVERY STUDENT IN CARLISLE 
 
Carlisle is a small affluent town west of Boston, known for its excellent school system.  Carlisle 
has one school campus for students in kindergarten through eighth grade (K-8, ages 5 through 
13) with a total enrollment of 815 students.   It is a caring friendly place where everyone knows 
everyone else, in a community that holds very high expectations for its schools.  System 
dynamics was first introduced here when a few teachers and administrators attended the Creative 
Learning Exchange conference on system dynamics in education in 1994.  From a small 
beginning in two middle school science and math classes, system dynamics has very slowly 
spread to all other grade levels and subject areas in the school as more and more teachers have 
witnessed its benefits for their students.  Now, seven years later, every student in the school has 
some exposure to system dynamics every year.  With strong active support from the school board 
and the administration, system dynamics is gradually becoming part of the school culture. 
 
The growth of system dynamics in Carlisle has been led, nudged, and occasionally salvaged by a 
team of five people.  Rob Quaden, the original math teacher involved, and Alan Ticotsky, a 
former elementary classroom teacher and science coordinator, are Systems Mentors. Generously 
supported by the Waters Foundation since 1997, their role has been to develop lessons and help 
other teachers learn how to use the tools of system dynamics with their students.  Eileen Riley, 
the district business manager, has been interested in organizational learning as well as the 
smooth operation of the program. Davida Fox-Melanson, Carlisle School Superintendent, has led 
the school with a clear vision of improved education while also fostering progress in system 
dynamics through building community support, faculty collaboration and risk-taking, and 
professional development.  Debra Lyneis, former teacher, Carlisle parent and former Carlisle 
school board member, now works with Alan and Rob to develop and publish curriculum 
materials available free on-line through the Creative Learning Exchange (http://clexchange.org).  
In addition, Jim Lyneis, a professional system dynamicist at PA Consulting Group and Senior 
Lecturer at MIT in system dynamics, has been a valuable and steadfast resource for system 
dynamics expertise over the years.   This team has worked hard despite setbacks to infuse the 
principles and practice of system dynamics into our school.  We are pleased with our progress so 
far, but we realize that that progress still depends on our being here to nurture it along.  Our 
ultimate goal is to have system dynamics so tightly knit into the fabric of our school that it will 
thrive without us.    
 
SYSTEM DYNAMICS IN THE CURRICULUM 
 
In Carlisle, system dynamics is not taught as an end in itself; it is not a separate school “subject.”  
Instead, system dynamics offers a set of tools which teachers use to improve what they are 
already teaching about change over time.  These tools are: behavior over time graphs, stock/flow 
diagrams, causal loop diagrams, simulation games, and computer models.  They are used across 
disciplines and grade levels to help students gain a deeper understanding of whatever patterns of 
change they are studying.  For example, students use behavior over time graphs to examine 
changes in science experiments and literary plots.  They use causal loop diagrams to explore the 
unintended consequences of environmental policies.   They use games and models to learn about 
epidemics, over-fishing, and their own bank balances.  They use the tools to study common 
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patterns across different disciplines, such as exponential growth.  Throughout, they build their 
math reasoning, problem solving, collaboration and communication skills.  
 
When students are using these tools, their instruction becomes more learner-centered because 
system dynamics involves an engaging process of asking better questions, figuring things out and 
learning from mistakes. While improved pedagogy is one benefit, we also have a higher goal. 
We teach our students to use the tools of system dynamics because we want them to learn to 
think and act systemically.  We want to equip them with the skills and perspectives to deal 
effectively with the dynamically complex social, economic, and environmental problems that 
they will face. We would like them to recognize the effects of positive and negative feedback on 
accumulations over time. We would like them to understand that cause and effect can be distant 
in time and space, that policies involve tradeoffs and unintended consequences, that unlimited 
growth cannot last forever, and that what they do makes a difference.  We would like to give 
them the tools and the courage to address complex problems objectively with logical 
consistency.  These are very high expectations. 
 
Obviously, we are not there yet!  Our students have only rudimentary system dynamics skills.  
Our curriculum is new and evolving, and we still have not seen students move up through our 
entire K-8 sequence.  Meanwhile, our teachers are still learning too, all at different stages.  
Ultimately, we would like our graduating eighth graders to leave with the ability to build and 
interpret basic system dynamics models.  Again, model building would not be for its own sake 
but in service of the curriculum.  Furthermore, there are many preliminary skills that students 
must learn to prepare for and complement model building.  In Carlisle, developing a system 
dynamics curriculum is definitely a work in progress, with a long way to go. 
 
WHAT MAKES A GOOD SYSTEM DYNAMICS LESSON? 
 
As systems mentors Rob Quaden and Alan Ticotsky have worked with teachers to infuse system 
dynamics into the Carlisle curriculum, several criteria for successful lessons have emerged: 


• The lesson must enhance the current curriculum.  It must provide teachers with a way 
to teach what they are already teaching, only more effectively.  Teachers are already busy 
with a full curriculum. A good system dynamics lesson must demonstrate to teachers that 
it benefits their students without adding to the load.  Usually when teachers see how 
absorbed and insightful their students can be using the system dynamics approach, they 
are convinced of its merits.   


• The idea for a good lesson often comes from a classroom teacher who recognizes a 
possible systems application in a current lesson.  Often in Carlisle a classroom teacher 
will invite one of the mentors in to help develop a systems lesson around what begins as a 
vague idea. These lessons fill a perceived need in the curriculum and the teachers take 
ownership of them. 


• A good system dynamics lesson has a hands-on component that helps students reach 
from the concrete to the abstract.  Students learn by doing.  In an effective lesson for 
K-8 students, the use of system dynamics tools should flow directly from the concrete 
activity.  For example, students count and graph beans to learn about exponential growth, 
or they spread a “disease” by secret handshakes before they use a model of epidemics.  
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• A good lesson is learner-centered.  Students are engaged in figuring things out for 
themselves. 


• A lesson must be suited to the developmental level of the students.  Because K-12 
system dynamics is still in its infancy, developing a sequence of system dynamics skills 
and determining their age appropriateness is still a matter of trial and error.  In Carlisle, 
often a lesson is presented at one level and later moved to a younger or older grade to 
find where it fits best. 


• Lessons deliver two kinds of learning: curriculum content learning and system 
dynamics skill building. The primary aim is to help students think more deeply about 
science, social studies, literature, math, etc.; the tools of system dynamics aid that 
process.   However, students also need to sharpen their system dynamics skills if they are 
to use the tools most effectively.  The best system dynamics lessons do both. 


• A good system dynamics lesson stands on its own.  If the lesson meets the above 
criteria, classroom teachers are willing to adopt it and make the approach an integral part 
of their curriculum.  As teachers build their own systems skill and confidence, they are 
willing to conduct the lesson independently and develop more applications of their own.   


 
HOW DOES A LESSON GET INTO THE CURRICULUM? 
 
System dynamics was first introduced in Carlisle in eighth grade science and math classes.  As 
these two teachers conveyed their enthusiasm for the approach to colleagues, the use of the tools 
began to spread very slowly into other classes.  After Rob Quaden and Alan Ticotsky became 
systems mentors supported by the Waters Foundation, the spread accelerated down into 
elementary grades and across middle school subjects.  The mentors sought places in the 
curriculum where systems tools could improve instruction and worked with classroom teachers 
to develop and co-teach lessons.  Initially, they worked with the teachers who were most inclined 
to be interested and on applications that were most obvious, usually in math or science – in 
pioneering, new ideas get their best start in “fertile ground.”  Gradually, as the word has spread, 
the mentors have reached out to other teachers and disciplines.  The fifth grade team of teachers 
has been a wellspring of ideas and enthusiasm, now generating many of their own lessons with 
the support of the mentors.  Eighth grade has been another very active grade. There are now 
lessons at every grade level, K-8, taught in all sections of each grade. 
 
System dynamics is now becoming an expectation in our curriculum.  Improving our curriculum 
through system dynamics is an explicit system-wide goal presented by the superintendent to the 
school board and evaluated annually.  Furthermore, through collective bargaining several years 
ago, we established a financial incentive for teachers to build competencies related to the school 
system goals.   Teachers are compensated for participating in local system dynamics training and 
demonstrating their competency in the classroom.  Although there are still widely disparate 
levels of skill and interest among the staff, system dynamics is becoming more and more a part 
of “what we do here.”  
 
The mentors and the administrators are not the only forces behind the growing use of systems 
tools.  The students also play an important role – maybe the most important role. Recently, 
eighth graders were using behavior over time graphs and causal loop diagrams in science class to 
structure the research and writing of their interdisciplinary ecology term papers.  Each student 
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also worked with another teacher as an advisor.  For a long time, the system mentors had been 
trying unsuccessfully to find an entrée into the social studies curriculum.  The eighth grade 
teacher was willing, but system dynamics seemed too difficult and foreign.  However, after she 
saw her student advisees’ facility and depth of understanding with causal loops on his science 
project, she decided to let her social studies class loose with them too.  With a little support from 
Rob, the students drew perceptive causal loop diagrams of the causes of the rise of Nazism.   The 
teacher was impressed with the richness of the class discussion. Now she is ready for more.  
 
 
ONE LESSON: THE IN AND OUT GAME 
 
The In and Out Game is an example of a lesson using system dynamics tools in math.  In the first 
and second grades, very young students use the game to learn about graphing and the concept of 
stocks and flows.  Later, students revisit the lesson in the fifth and eighth grades to reinforce and 
extend their learning.  This lesson is a good example because it shows that although the lesson 
benefits students, integrating it into the regular curriculum is not assured.  It is a dilemma that 
currently puzzles us.  
 
Alan Ticotsky created the game for young students; Rob Quaden adapted it for older students.  
The complete lesson, “The In and Out Game: A Preliminary System Dynamics Modeling 
Lesson” by A. Ticotsky, R. Quaden, and D. Lyneis, 1999, is available free on-line from the 
Creative Learning Exchange at http://clexchange.org under the List of Materials, #SE1999-09. 
 
The First Grade Lesson 
Six year olds physically act out and graph an accumulation.  Mentor Alan Ticotsky delineates a 
place in the classroom that will hold the “players in the game.”  There is also a path “in” and a 
path “out.”  First, the class discusses the “rules of the game,” starting with “two in and one out.”  
Each round, two students walk into the designated area and one student walks out.  Meanwhile, 
the teacher “keeps score” on a large table recording the flows in and out as well as the total 
number of players at the end of each round.  The teacher also plots the number of players on a 
large line graph. The class discusses the emerging pattern on the graph.  They also notice that 
while the flows in and out remain constant, the number of players in the game increases. 


Figure 1.  Table and graph of “Two in and one out.” 
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From the In and Out Game, first grade students learn that the line graph is a representation of the 
information they have gathered. They learn that the vertical axis stands for the number of players 
in the game, and that the horizontal axis records time, or rounds in the game. As they play the 
game, they see that the line on the graph shows how the number of players is changing over time 
– if the number of players is increasing the corresponding line on the graph goes up. They are 
learning the concept of stocks and flows in a concrete way without using these terms yet. 
Reinforcing their regular math instruction, students practice addition, subtraction, and estimation 
each round. 
 
It takes about 45 minutes to explain and physically play four or five rounds of the game with 
these young children.  The students love everything about it: following the rules, counting, and 
thinking about graphs.  They soak it all up. 
 
The Second Grade Lesson 
We know that students have absorbed the lesson because when Alan returns to play the game 
with them a year later in second grade they remember the details and are eager to play again.  
Needing only a brief review, second grade students are able to play and graph more rounds of the 
game.  They can also change the “rules.”  After playing “two in and one out” for a few rounds, 
they can try “one in and two out,” “one in and one out,” or “three in and one out” and observe 
and graph the difference as a class.   
 
At the second grade level, students are introduced in a concrete way to the concept of slope.  A 
“steeper” line means faster growth in the number of players; a “flatter” line means slower 
growth, or no change if the inflow and the outflow are the same.  This year they are also 
introduced to a basic stock/flow diagram as another way to represent the game. They observe 
that the change in the stock depends on the flows in and out in the game as well as in the 
diagram, the graph and the table.  
 


Number of Players in Game


Players Going In Each Round Players Going Out Each Round


 
Figure 2. Stock/Flow diagram of the In and Out Game 


 
Playing the game continues to reinforce the students’ regular math instruction; students practice 
their more advanced skills of adding, subtracting, predicting, and graphing.  In 45 minutes these 
second graders are able to do much more than the first graders could.  The first grade lesson laid 
the groundwork. 
 
The Fourth/Fifth Grade Lesson 
In the upper elementary grades, the In and Out Game serves as a review of the concept of stocks 
and flows and as an introduction to computer modeling with STELLA. The lesson was first used 
in fifth grade because the teachers were very receptive and because the game tied in with other 
system dynamics lessons there.  The mentors are now considering moving part of it to fourth 
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grade because the younger students appear ready for it and because this preparation would allow 
students to “hit the ground running” in the fifth grade. 
 
By age 10, fifth grade students no longer need to walk into and out of the game to understand the 
concept of stocks and flows.  They still need some reminder of the concrete activity to solidify 
their grasp of the abstract concept, however.  For those students who played the game in second 
grade, a brief recall of the game is enough.  Another option is to describe the game to students as 
“little kids” would play it and play an abbreviated version.  Instead of moving around the room, 
students going “in” or “out” just stand and sit at their places while the teacher records the 
progress of the game on a large graph.  It only takes a few rounds before the students are ready to 
manipulate the ideas without the actions.  Students can try different rules, discuss the slopes, and 
predict accumulations 20 or 30 rounds out.   They briefly review a stock/flow diagram of the 
game, noting that the graph and the diagram describe how the accumulation changes over time as 
a result of the flows in and out. 
 
This year, fifth grade students went on to build STELLA models of the game.  Originally, 
modeling was an eighth grade lesson, but younger students have taken to it easily and it has 
prepared them well for other fifth grade system dynamics lessons. (An introduction to model 
building through the In and Out Game may also appropriate at the fourth grade level, but 
probably not younger than that.)  The mentors and, increasingly, the fifth grade classroom 
teachers lead the students through the mechanics of STELLA using a computer with a projection 
device. The teachers very briefly explain how to drag down and label stocks and flows of the 
players in the game.  They show students how to set up a graph and run the model. (Students are 
always impressed when the model generates the same table and graph that their classroom game 
did!) The explanation takes about 10 minutes. Then, students go to their own computers in teams 
and build the same model. As a challenge, they try other rules for the game, predicting the graphs 
before running them. They love doing this.  
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Figure 3. STELLA graph of “Two in and one out” 
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At the upper elementary level, the In and Out Game helps students gain a deeper understanding 
of stocks and flows.  They learn more about slope and rates of flow. Finally, they are introduced 
to the concept of a computer model as another way to represent and examine change over time.  
 
The Eighth Grade Lesson 
Thirteen year olds no longer need to play the concrete game.  However, a quick review of it does 
refresh their memories of the concept of stocks and flows.  When Rob Quaden conducts this 
lesson in his eighth grade Algebra I class, he spends 10 minutes at the board going over the rules 
of the game, the graph of a few rounds, and the stock flow diagram. Students spend the 
remainder of the period in teams at the computers building their own models of the game.  They 
use their models to answer questions like these: 
 


• Can you get the line on the graph to be less steep? (Less slope, smaller net in-flow.) 
• Can you make it steeper? (Greater slope, larger net in-flow.) 
• Can you start the line at a different level.  (More initial players.) 
• Can you make the line slant the opposite way? (Out-flow >in-flow.) 
• Can you make it horizontal?  (Out-flow = in-flow.) 
• Can you make it horizontal starting at a different level? 
• What does it mean when the line crosses zero?   
• For any graph, can you predict the value after 20 or 30 rounds? (Change the length of 


simulation.) 
• What happens to the line if the flow changes during the game? (Step functions.) 
   


At the eighth grade level, the In and Out Game further develops students’ system dynamics 
reasoning and modeling skills.  It also ties in to the math curriculum as another way to express y 
= mx + b, where m is the slope and b is the y-intercept.  Modeling gives students another way to 
visualize and understand the equation. 
 
The In and Out Game is still a preliminary system dynamics lesson because the game and model 
do not include feedback.  Also, especially at the youngest ages, the game focuses on discrete 
rather than continuous change.  These more advanced steps come later in other lessons.  The In 
and Out Game is an attempt to present sophisticated system dynamics concepts in manageable 
concrete pieces for young children. 
 
SO, WHAT’S WRONG WITH THE IN AND OUT GAME? 
 
In Carlisle, we have been very pleased with this elegant little lesson, and we hear that mentors in 
other school districts have found it useful too.  The students gain an understanding of the concept 
of stocks and flows based on their own concrete experience.  They learn to construct and analyze 
behavior over time graphs. They sharpen their math reasoning and computation skills. They 
build nice little models on the computer. And, best of all, the students love doing all of this.  
They are engaged in learning by doing.  
 
The problem we are encountering now is getting the lesson to stand on its own in the lower 
grades, however.  In the upper elementary grades and in middle school, the classroom teachers 
are beginning to adopt the lesson and conduct it themselves, without the assistance of the 
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mentors.  They see its benefits to their students and a need for it in their curriculum.  The In and 
Out Game helps them more effectively use the tools of system dynamics in teaching other social 
studies, science, literature, and math lessons. It is taking root. 
 
The first and second grade teachers do not see a similar need, however.  Alan Ticotsky has 
conducted the lesson in their classes and they have always participated, but instead of adopting 
the lesson, this year they have suggested that their students do not need the graphing lesson at all.  
They are feeling pressured for time and concerned about diverting any from their primary goals.  
In first and second grade, the teachers have a strong, almost single-minded, focus on early 
literacy, with good reason.  Students who are not proficient readers by the end of second grade 
fall behind in school from the very beginning and never catch up. Primary teachers devote most 
of their attention to helping students develop essential reading skill.  Furthermore, because 
primary teachers’ interests and training have focused on literacy and early childhood 
development, they have not studied as much advanced math or science.   They are not inclined to 
see how a system dynamics graphing lesson fits into their curriculum or into the larger picture.  
The choice is up to them. 
 
While it is easy to point to the teachers as the reason for our stall in system dynamics progress in 
the primary grades, perhaps we should look at the lesson itself.  In Carlisle, the primary grade 
teachers are conscientious and skilled; they work hard to educate their students well.  If they 
thought the In and Out Game could benefit them and their students, they would adopt it. It may 
help to take another look at the criteria for a good lesson presented earlier: 
 


• The lesson enhances the current curriculum.  While the In and Out Game at the 
primary level does reinforce arithmetic skills, it does not grow directly out of the current 
math curriculum.  It also does not address reading skills. In the older grades, the lesson 
does blend with the curriculum offering math problem solving skills, computer literacy, 
and groundwork for other system dynamics lessons.  


• The lesson comes from the classroom teacher.   The primary teachers did not come up 
with the idea for this lesson.  Instead, Alan Ticotsky presented it to them and they 
allowed him to teach it because they respect him and because they were curious about the 
systems initiative in Carlisle.  The primary teachers do not own the lesson.  In the upper 
grades, teachers have adapted the lesson to their needs. 


• There is a hands-on component.  Yes, the In and Out Game meets this criteria well, 
especially in the primary grades.  The students learn by doing. 


• The lesson is learner-centered.  Again, the In and Out Game succeeds.  The students 
love to play this game in the primary grades as well as in older grades.  They are 
absorbed in the activity, and the sophistication of their understanding is impressive. The 
knowledge they construct stays with them and prepares them for subsequent learning.   


• It is developmentally appropriate.  Because this lesson has been moved around and 
adapted for different ages, we think that it has found its developmentally appropriate 
spot…for now.  It will take time for a complete and consistent system dynamics 
curriculum sequence to evolve fully.   
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• The lesson embodies both curriculum content learning and system dynamics skill 
building.  Maybe this is our biggest problem.  The In and Out Game is fundamentally a 
system dynamics lesson.  It is designed to teach students about behavior over time 
graphs, stocks and flows, and computer modeling.  It does build other skills and touch on 
other curriculum topics, but the balance tips toward system dynamics.  In the later grades, 
there are many Carlisle lessons that use systems tools to teach a broader curriculum 
subject; the content learning is the objective of those lessons.  However, students also 
need to learn system dynamics skills if they are to make the best use of them.  The In and 
Out Game fills this need.  In the older grades, the teachers recognize this need, but in the 
primary grades the need is not so apparent.  


• The lesson stands on its own.  In the older grades, the In and Out Game is beginning to 
happen without the support of the mentors.  In the primary grades it is losing ground 
because the teachers do not see its need.  If we cannot engage the teachers, we have no 
hope of engaging the students.  If lessons cannot stand without our support, they will not 
last or spread. 


 
WHAT CAN WE DO? 
 
System dynamics debuted in Carlisle in the middle school curriculum.  As we have worked at 
that level, we have always felt that students could benefit if we could help them become systems 
thinkers at a much earlier age.  The In and Out Game has shown us that young students can 
indeed begin to build and use system dynamics skills.  Integrating the lesson into the curriculum 
is proving to be a challenge, however.  What can we do? 
 


• If the K-2 curriculum focuses on early literacy, and if the systems approach enables 
students to become engaged in constructing their own knowledge, then we need to find a 
way to infuse the systems approach into the teaching of reading. As with older students, 
young children can also benefit from asking better questions and learning by doing (in 
fact, this is their natural inclination—they do it all the time.)  The goal is not just to find a 
way to fit system dynamics into the curriculum; instead the aim is to use the tools to 
teach children more effectively in a departure from the way we do things now.  At the 
primary teachers’ suggestion, Alan Ticotsky will be working with them to use behavior 
over time graphs in literature.  Students will draw graphs to trace and discuss changes in 
stories and think more deeply about what they read.  Alan is gracious and tireless in his 
efforts to find a way to improve instruction using systems tools; now teaching reading has 
become his target. 


• Alan has developed another primary grade graphing lesson based on the Friendship Game 
(also available on-line from the Creative Learning Exchange.) This lesson complements 
the current social competency curriculum.  Students play and graph a classroom game 
that shows how friendly behavior can spread in a class; they discuss the implications for 
their own class.  Since primary teachers are very interested in early childhood 
development and socialization, we should observe how well this lesson is accepted.  
(Alan also has a similar kindergarten lesson and game about planting and harvesting trees 
that ties into the current rainforest unit.   We need to observe and learn from this lesson 
too.) Perhaps the graphing can be useful in a different context than the In and Out Game. 
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• We need to pay attention to our own criteria for good lessons.  Through the In and Out 
Game, we have learned at least that the criteria are valid because when we violated them 
the process did not work!  


• We may need to rethink or delay the introduction of system dynamics graphing in the 
primary grades.  Of course, we are reluctant to do so because the students seem to 
understand, but we also know that we cannot push these ideas onto teachers.  They may 
be right. It might be better to save the graphing for an older grade when students can 
learn it more quickly just when they need it.   For now, maybe it is enough to use the 
tools in a more general way. We need an open mind to achieve the best long-term results. 


• Meanwhile, we need to explain the goals and benefits of system dynamics to all teachers, 
including primary grade teachers.  Because they are busy with their own curricula, many 
teachers do not often get a chance to see what is going on in the rest of the school.  It 
might help primary grade teachers to see older students engaged in an exciting system 
dynamics lesson in science, math, social studies, literature, or health. System dynamics is 
new in K-12 education.   If it were already integrated into the curriculum, all teachers 
would see it as one of the life-long skills that we help students acquire as they progress 
through the grades.  For now, the challenge is getting that reinforcing cycle started. 


 
CONCLUSION 
 
The In and Out Game has been a good lesson for us in Carlisle.  We are pleased that it is such a 
successful system dynamics lesson for our students, and the systems team has learned a great 
deal from the process.  It is a concern that the lesson does not stand on its own, but it serves to 
give us insight into what we don’t know – which is the first step in finding a solution.  
 
We suspect that finding ways to integrate system dynamics lessons and perspectives into K-12 
education is a challenge that extends beyond Carlisle’s experience with the In and Out Game.  
Most teachers are pressed for time and already very busy “covering” their current curriculum in 
the ways that they have been taught.  For a few of these teachers, the systems approach suits their 
curriculum and their own way of thinking – they are natural systems thinkers already looking for 
a change.  These are the pioneers and initiating change with them is easy.  Carlisle’s fifth grade 
team is a good example. 
 
The bigger challenge is to move beyond these early adopters into the larger group of teachers for 
whom the curriculum applications or teaching approach are not so obvious.  It can happen at any 
level in a school.  In Carlisle, the issue has arisen in the primary grades, but we suspect that it 
would also be the case in high schools where the philosophy and structure of the school make 
teachers even more inclined and pressured to cover their own separate subjects in the traditional 
way.   In Carlisle, we have found that some teachers who were not early adopters have given 
system dynamics lessons a try and found them very effective and useful; they now develop 
applications of their own.  Each has approached the idea in a different way and at a different 
pace.  We need patience and creativity to find a good path “In” for the K-2 teachers too. 
 
Developing good systems lessons is a challenge, but finding ways to integrate them into the 
current curriculum requires equal attention if K-12 system dynamics is to flourish.  
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BRINGING SYSTEM DYNAMICS TO A SCHOOL
NEAR YOU


Suggestions for Introducing and Sustaining System
Dynamics in K-12 Education


Debra A. Lyneis


ABSTRACT:
The key to system dynamics in kindergarten through twelfth grade  (K-12) education lies
in the classroom—in the interactions between teachers and students. Experience has


shown that when systems instruction succeeds at this level, the education process is
greatly enhanced for both students and teachers. Education becomes more learner-
centered, engaging, interdisciplinary and relevant for students of all ability levels, across


all grade levels and subject areas. Experience has also shown, however, that it can be
very difficult for one teacher to achieve this success all alone. Such a fundamental
change in education needs the support and cooperation of many other people from both


within the school and without. A supportive school administration is essential. But,
parents, system dynamicists, academics, businesspeople, and taxpayers also play vital
roles.


Systems education has begun to flourish in several pioneering schools across the
United States, thanks to the skills of enthusiastic teachers and the help of others.


However, the continued growth of this change in education will rely on the contributions,
both large and small, material and intangible, of a wider circle of supporters. This paper
will explain how system dynamics is introduced and sustained in schools. It will outline


some of the many generous contributions that have made the early growth of K-12 system
dynamics possible. Finally, it will give readers many resources and practical suggestions
for how they can participate too.


INTRODUCTION


Over the last decade, system dynamics and systems thinking have begun to make 
their way into kindergarten through twelfth grade (K-12) education in the United States. 
In several pioneering schools across the country, system dynamics is becoming an 
integral part of the curriculum, and systems thinking is permeating the culture and 
management of the school. Teachers using the approach have found that it enhances their 
current curriculum by making it more learner-centered, interdisciplinary, and relevant. 
Using behavior-over-time graphs, causal loop diagrams, stock/flow diagrams and system
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dynamics models, students become engaged in working together to understand the causes


of problems across disciplines. Teachers are often amazed by what their students can
do—they ask better questions, seek their own answers, and gain deeper insights than they
did before. As other teachers have observed these benefits for students, they have also


tried the approach in their classes. Now the ideas of systems education are appearing
more frequently in education publications and at conferences, and many other teachers
and administrators are giving them a try.


System dynamics in K-12 education took root in schools in the late 1980’s when
Gordon S. Brown, an interested citizen and retired MIT Dean of Engineering, introduced


STELLA software to one middle school teacher, Frank Draper, and his principal, Mary
Scheetz, in Tucson, Arizona. (More than a decade earlier, Professor Nancy Roberts at
Lesley College had pioneered the idea of introducing the concepts of system dynamics to


young students, but it was not until system dynamics software had a user-friendly graphic
interface that the practice of system dynamics could become more accessible to K-12
students.) Encouraged by the early achievement of the Tucson students, several other


people outside of schools joined the effort to infuse and sustain positive change in
education through system dynamics on a national scale. Jay W. Forrester, founder of the
field of system dynamics, Jim and Faith Waters, and John Bemis have provided visionary


guidance, generous funding and information so that teachers and administrators in diverse
schools across the country could work together to improve their own schools.


As system dynamics has spread to several other schools across the country,
countless other volunteers have become involved. While the key to system dynamics in
education lies with the classroom teacher and his/her students, experience has shown that


it is difficult for a single teacher to sustain the effort alone. Most of the pioneering
schools that are succeeding have benefited from the outside support of parents, taxpayers,
local businesses, local colleges, professional system dynamicists, and foundation grants.


Contributions have been large and small, material (computer equipment, money) and
intangible (coaching, encouragement, recognition). Every contribution has been valuable.
In this still early stage of K-12 systems education, many other schools will also need


outside support for impetus and assistance to improve through system dynamics.


The goal of this paper is to provide specific recommendations based on
experience to those who would like to help implement change in their own schools. The


first section will describe how system dynamics fits into the K-12 curriculum, followed
by two sections explaining the process by which system dynamics takes root and grows
in schools. The remaining sections give examples and advice on how to get involved.


One section reviews the contributions of early leaders and another cautions against a
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common pitfall. The final half of the paper is a catalog of specific activities and resources


to help implement system dynamics, systems thinking, and learner-centered-learning in
schools. These recommendations are based on conversations and correspondence with
many teachers, administrators, and their supporters at schools across the country. They


are also based on my own experience in the Carlisle Public Schools in Carlisle,
Massachusetts.


WHAT IS SYSTEM DYNAMICS IN K-12 EDUCATION, AND WHY?


In K-12 education, system dynamics is not taught as a separate subject for its own
sake. Rather, it is a tool to make current instruction more effective for students. Teachers
view the systems approach as a way to do what they are already doing, only better. For


example, students use behavior over time graphs to find patterns in historical trends, in
literary plot developments, or in science experiment results. They use causal loop
diagrams to focus discussions on unintended consequences in environmental studies or


patterns of escalation in social conflicts ranging from playground squabbles to the
American Revolution. They use stock/flow diagrams to understand population dynamics
in various contexts: the extinction of mammoths in social studies, the growth of yeast


cells in a test tube in science, the concept of exponential growth in math. Finally, they tie
all of these skills together and use system dynamics models, or build their own, to gain an
even deeper understanding of whatever they are studying.


Teachers find that, in the process of using these tools, students’ learning becomes
more learner-centered and cooperative. In the traditional approach, teachers stand at the


front of the class and dispense information about separate subjects to students who are
passive receptacles. In contrast, the systems approach sparks inquiry and enables students
to take charge of their own learning, something they are naturally driven to do. System


dynamics encourages students to figure things out, put puzzle pieces together, look for
similar patterns, and work together to ask questions and find answers across disciplines.
These goals are not new. Teachers are always looking for ways to invest students in


learning, and cooperative learning and interdisciplinary lessons are accepted ideals. With
system dynamics, however, they all fall together naturally, to the great benefit of
children. In elementary and middle school, the work is genuinely interdisciplinary. At the


high school level, because of the rigidly compartmentalized structure of the curriculum,
system dynamics is more often confined to individual subject areas, or even taught as a
separate elective. At all levels, students do not do system dynamics all the time in every
class—they still cover “the basics.” But, the systems approach does seem to make


education more fun for students and teachers alike.
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Making education more engaging is a worthy goal in itself, but system dynamics 
in education offers more than that. It equips students with the skills and perspective they 
will need to effectively address the dynamically complex social, economic, technological 
and environmental problems facing them in the future. These are real-life needs. 
Education that was “good enough” for us in the past may not be good enough for the 
challenges facing tomorrow’s world citizens.


HOW DOES SYSTEMS EDUCATION BEGIN IN A SCHOOL?


The successful spread of systems education follows the infection model. It starts
with one or two teachers in a school who are looking for ways to improve their


curriculum for their students. They try using one of the systems tools in a lesson and
often get “hooked” when they see how eagerly and insightfully their students participate.
On their own, these teachers try to learn more about the approach and find other


applications to their curriculum. If that goes well, they invariably tell their colleagues
about it. Then, other teachers try the ideas with their students. System dynamics spreads
very slowly from the grassroots as teachers recognize its benefits for their own students.


This process can work in any kind of school. Systems education has taken root in
such diverse places as the middle schools of rural coastal Georgia, the public high


schools and a parochial high school in Portland, Oregon, a private elementary day-school
in Toledo, Ohio, an inner-city New York school, a charter school in Chelmsford,
Massachusetts, rural schools in northern Vermont, and suburban schools in Carlisle and


Harvard, Massachusetts. Some people believe that the middle school level is a good place
to begin because of the developmental level of the students and the flexibility of the
middle school structure, but success has come in elementary schools and high schools as


well.


The only requirement for any school seems to be openness to innovation and


improvement. A tightly tradition-bound school or a complacent school is less likely to
have the willingness or creative tension to reach for a better way to serve kids. Even in
these schools, there may be fine innovative teachers willing to try system dynamics on


their own. However, in an innovative school, led by a supportive administration, systems
education will more easily spread to other teachers and to the culture of the school itself.
A supportive administrator can provide leadership by allocating resources, adjusting
schedules, encouraging participation, facilitating collaboration, securing professional


development, cutting red tape, dealing with the public, and holding the line on other
competing initiatives. These are all important.
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In some cases, systems education has entered a school through an administrator


who used systems thinking in the organization and management of the school. An
administrator who espouses the principles of systems thinking and values continuous
improvement, teamwork, and working toward a shared vision is likely to support the


same approach in the curriculum. If that administrator introduces system dynamics tools
to a teacher and the teacher finds merit in them for students, then the infection process
takes hold in the curriculum. There is great synergy when teachers are working from the


curriculum up and administrators are working from the top down to improve education
with the systems approach.


ONCE BEGUN, HOW IS SYSTEMS EDUCATION SUSTAINED?


The infection model describes how system dynamics begins to grow in a school:


It starts with one teacher trying one lesson and eventually spreads to other interested
teachers. This early stage requires patience because the process seems very slow—like
any exponential growth, initial growth appears flat for a long time until more people are


involved.


However, once a few teachers become interested in the approach and begin using


it more often with their students, maintaining the infection process in a school becomes
much more complicated. New growth is still driven by enthusiastic teachers who observe
the benefits for students and try it for themselves. However, sustaining the efforts of the


first teachers and managing the further spread of system dynamics and systems thinking
throughout the curriculum and culture of the school require much greater support and
patience. Although the process takes a different course in each school, the basic needs are


similar:


• Training.  Teachers need organized training to learn about system dynamics and how
it applies to their curriculum. After the training, they need follow-up support and


coaching. System dynamics is not easy to learn. Unlike grammar and arithmetic,
teachers did not learn the basic principles of systems in school, so everyone is starting
at the beginning. Teachers who do not get early training and support when they need it


can get discouraged. They also may use systems tools inaccurately. Training and
follow-up support are an ongoing need.


• Time to accept the ideas.  The ideas of system dynamics and systems thinking are
new to most people and not immediately obvious. Teachers and administrators need


the time and respect to digest and assess them at their own pace. The first few adopters
may embrace them quickly, others will take more time, and some may not be
interested at all.  These new ideas cannot be forced onto others.
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• Time for collaboration.  Teachers need time to work together to develop their skills,


design interdisciplinary lessons, and share successes and frustrations. (It is also very
helpful if teachers and administrators can network with colleagues in other schools.)


• Transferability.  Schools need to facilitate the transfer of the use of systems tools


across disciplines and across grade levels in order to unify the curriculum and intensify
the power of system dynamics for learning. Teachers and students need to see that
system dynamics is not just a science “thing,” for example. The tools and structures


are generic. This takes planning.
• Organizational learning.  Similarly, schools need to consciously apply the principles


of systems which they have learned in the curriculum to the functioning of the school.


This is a leap for most people, but enlightening if they can make it. It takes time.
• Equipment.  Schools need computers and system dynamics software.
• Administrative support.  This is essential to all of the above. Teachers need a


supportive administrator who “owns the process” and facilitates the growth of systems
education throughout a school in many ways.


• Community support.  Schools need the support of parents and other taxpayers as they


propose to change and improve education using the systems approach. Schools need to
keep their communities informed and listen to their concerns.


• Patience, trust and vision.  These are also essential. Instituting change in education is


not easy. Education is under tremendous pressure to improve to meet the demands of
an increasingly complex and rapidly changing society. However, it is an institution
which changes very slowly—it has a finely tuned “immune system” that maintains


stability and resists any pressure to change abruptly. Teachers, administrators, and
supporters need patience to accept that real change grown from the grass roots requires
time and creative perseverance in the face of obstacles. They need trust to work


effectively together. And, they need a shared vision that education must and can
improve. These can all be engendered and renewed by observing kids engaged in good
systems lessons.


• Money.  Patience, trust and vision are all free, but schools need to find money for
training, teacher time and equipment, all at a time when school budgets are very tight.


WHAT CAN YOU DO TO AID THE PROCESS?


The rest of this paper will give you ideas and resources for getting involved. It
will give examples of contributions that others have made to schools across the country
as well as advice based on their experience on how to proceed. There are many ways,
large and small, to help schools meet their needs. You should read over the suggestions


and choose an approach that fits best for you and your school. A few people have
invested enormous amounts of time and money, while countless others have made small
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but equally important contributions. Whatever you give will be a worthwhile contribution


to the improvement of education.


Remember that system dynamics in education is still in its infancy, and there are


no complete how-to guides. Only a decade ago, teachers and administrators in the few
schools trying this approach were truly pioneers. They experimented as they went along,
sustained only by the conviction that education had to improve and that system dynamics


and learner-centered-learning offered a very promising alternative. Their success with
students has led others to follow. Now, other schools can learn from the growing
experience of those who are using the systems approach. Yet, this is still very new and


still involves a great deal of experimenting, explaining, searching, collaborating, and
tolerating the uncertainty that accompanies change. There is still pioneering to do. Every
tiny bit of progress paves the way for others to follow.


EARLY LEADERS SET THE STAGE


Several outside supporters have made very large contributions to launch and
maintain system dynamics in K-12 education. As you look for ways to serve your school,


it is important to learn a bit about their efforts because, over the years, they have
established a framework and resources for others to use. Also, this is an opportunity to
acknowledge their generosity and visionary guidance.


Jay W. Forrester


First among advisors to K-12 system dynamics, has been Jay W. Forrester, MIT
Professor Emeritus and founder of the field of system dynamics. Probably the first to


understand that transforming education through system dynamics would have to be a
grassroots effort, he has personally enlisted the involvement of system dynamicists and
other backers to support the work being done by teachers in classrooms. He has


continually urged teachers to extend systems education into younger and younger grades
so that growth and change can flow upward with those children. He has insisted on
quality and more system dynamics training for teachers, reminding us that unfortunately


“there is no easy way to get beyond the beginning steps.” Yet, he has also encouraged us
to learn from mistakes, of which there have been plenty, because mistakes are our best
teacher. He has constantly challenged everyone to consider why current K-12 education


is not relevant to today’s kids and tomorrow’s problems, lighting a fire under those who
believe it can and must be better.  Finally, he has provided the long view. Change takes
time. And, although many may feel that this change in education is progressing too
slowly, Forrester believes that the pace is just about right for long term sustainability.
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[For more on Forrester’s views on K-12 system dynamics, visit the Creative
Learning Exchange (CLE) website (http://www.clexchange.org). Under the annotated list
of Systems Education Materials, read Forrester’s Learning Through System 
Dynamics as Preparation for the 21st Century. Also, under the list of System Dynamics 
Materials, read Designing the Future. The MIT System Dynamics in Education Project 
(SDEP) website hosted by the CLE at http://web.mit.edu/sysdyn/index.html provides an 
introduction to the field of system dynamics and links to many related publications and 
sites. It provides a wealth of information worth the time to explore.]


Gordon Stanley Brown


Another pioneer in improving education through system dynamics is the late
Gordon Stanley Brown, former Dean of Engineering at MIT. In fact, he first got the ball


rolling in schools. In retirement, Brown was living in Tucson, Arizona in the late 1980’s
when he attended a neighborhood school bond vote meeting. There he spoke to the
superintendent of schools about system dynamics and was referred to science teacher


Frank Draper at the Orange Grove Middle School. Draper saw system dynamics and
STELLA modeling software as just what he had always needed in his curriculum. He
used it extensively, encouraged by the breadth and depth of understanding his students


eagerly displayed with this approach. As other teachers in the school also became
interested, their work was strongly supported by the principal, Mary Scheetz, who also
had a gift for applying the principles of systems thinking to the organization and


management of the school.


Meanwhile, Brown became Orange Grove’s “citizen champion.” He marshaled 
resources for computers and STELLA training, lobbied school board members, ran 
interference in every direction in a low-key but persistent manner, and encouraged Mary 
and Frank to keep going.  In Mary’s words, “Gordon was a visionary—seeing the 
possibilities both in the classroom and in the organization. He gave us the motivation and 
courage to stick to our ideas about becoming systems thinkers and also using dynamic 
modeling.” This was not easy, and early progress was very slow, but now, twelve years 
later, systems thinking is an integral part of the Orange Grove Middle School and its 
Catalina Foothills School District. And, just as that school has become an example for 
other schools to follow, so is Gordon Brown an example of what the support of a citizen 
champion can achieve. [For more from Brown’s point of view, read his System Dynamics 
Review article, Improving education in the public schools: innovative teachers to the
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rescue, on-line at the CLE website, http://www.clexchange.org/ftp/
documents/whyk12sd/y_1993-01improvingeducation.pdf]


Jim and Faith Waters


Two other dedicated citizens, Jim and Faith Waters, have contributed generously


to the continued success at the Orange Grove Middle School and to many other schools
across the country. Jim is a successful entrepreneur with a long commitment to public
education, having served on his local school board in Framingham, Massachusetts. Faith


is a retired public school teacher. Together, they believe that education can and must
improve, soon. They began slowly by funding systems mentors in the Tucson school—a
couple of teachers whose job it became to help other teachers apply systems tools in their


curriculum. Jim and Faith also funded systems training for the mentors and the time for
them to meet and work together.


The Waters Foundation supported systems education in about a dozen school
districts across the country, helping to further the work that these schools had already 
begun on their own. The foundation funded the salaries of teams of systems mentors
in these schools. In addition, grants purchased computer equipment, sponsored 
continuing system dynamics training for mentors and workshops for teachers, and 
hosted annual national gatherings of all mentors to aid the cross-fertilization of 
curriculum ideas. Most importantly, Jim and Faith offered their guidance, trust, and 
patience to teachers and administrators involved in this exciting but sometimes daunting 
endeavor. The Waters Foundation is now administered by Tracy Benson. Under Jim’s 
and Faith’s direction, the foundation focused on solidifying the best teaching practices 
and teaching teachers to use systems education. Their schools have been laboratories to 
get things started. The Waters website is http://www.watersfoundation.org.


John Bemis
Finally, one other quiet contributor has helped bring teachers and systems


curriculum ideas together. In 1991, John R. Bemis of Concord, Massachusetts generously
established the Creative Learning Exchange, a non-profit organization to promote and
support the use of systems education and learner-centered-learning in kindergarten


through twelfth grade. Under the direction of Lees Stuntz, the CLE gathers and
distributes systems curriculum materials developed by teachers for other teachers. The
CLE also publishes a free newsletter, The Creative Learning Exchange, and it hosts a
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well-attended summer conference for teachers each even-numbered year. For more
information on the CLE, visit their website at http://www.clexchange.org to down-
load articles and curriculum materials for free. This is a good way to get a better idea 
of just what systems education looks like in the classroom.


ONE PITFALL: DON’T PUSH TOO HARD!


The advice most often repeated by those involved in systems education is “Be 
patient—don’t push too hard.” If you want to facilitate lasting change in education, your 
long-term results will depend to a large extent on your approach to the school and the 
process of change. The school needs to be open to new ideas, but more importantly, you 
have to be willing to work within the structure of that school to make a difference. 
Davida Fox-Melanson, former Superintendent of the Carlisle Public Schools, 
recommends that you approach the school with the intention of understanding, 
supporting, and strengthening education there. Get an idea of what goes on in your 
school and listen to what kids are learning. See if you can find out what teachers need in 
their curriculum and look for places where systems tools can help fill those needs. As 
enthusiastic as you may be about systems education, it is a mistake to go barreling into a 
school as an expert with all the answers. Instead, build a collaborative relationship 
based on trust. If one or two teachers are interested, give them information and support, 
and build patiently from there.


You cannot force the process of change. Good teachers in a supportive
environment are always seeking better ways to help children learn, but they are also


already extremely busy and under intense pressure to produce results. They need to be
engaged but not threatened by these new methods. To succeed, your intervention must be
careful and respectful, trusting teachers to approach it in their own time, whether you are


dealing with just one person or with a whole school.


Unfortunately, the infection process takes time, and this can be very frustrating.


The slower it seems, the more likely you will be tempted to push. However, your pushing
too hard will slow progress even more. It is only natural to want education to improve
quickly. However, if you push too hard in your eagerness, you will have to learn this


lesson the hard way: The system pushes back. Nan Gill, former school principal in Ann
Arbor, Michigan and now a Waters Foundation regional coordinator says, “Be aware of
the potential positive feedback relationship between outsiders’ pushing and insiders’
resistance, particularly given the current climate of school criticism that pervades our


society.”  The harder you push, the greater the resistance. Outsiders can help, but real







12


progress can only come when you work within the system helping the school staff “own


the process” itself.


If you barge into a school with all “the answers” and expect immediate change,


you will not make any progress. If you are openly critical of the current system, you will
offend teachers and administrators who work very hard for their students, and they will
not listen to you. If you approach the school more positively but you do not build trust


first, teachers and administrators may listen, but they will not adopt your ideas. If you do
not demonstrate to teachers how this approach can help them teach what they are already
teaching, only more effectively, they will not abandon their own methods—they have


managed for many years without systems thinking, so why would they need it now,
especially if it involves a lot of extra work? If you expect teachers to learn system
dynamics too quickly, they will become frustrated and overwhelmed and give up entirely.


It is a delicate balancing act. You want to advocate for education reform, yet you need to
be aware that your own actions in pushing too hard will cause your best intentions to
backfire.


One School’s Experience: Pushing Too Hard


We experienced this in Carlisle, Massachusetts when we were just starting out. In
1994, when I was serving on the school board, Carlisle seemed to be “fertile ground” for


systems education with two interested teachers, a supportive school board and a
superintendent who had just read Senge’s The Fifth Discipline and agreed with it
completely. We also had Jim Lyneis, a professional system dynamicist and management


consultant at Pugh-Roberts Associates/PA Consulting, as a knowledgeable system
dynamics resource. We had a fine school, but we all believed that we could do better.
System dynamics looked like a perfect fit to me. How could we miss?


In my enthusiasm, however, I pushed too hard at first. We set up after-school
modeling sessions with Jim, but it became just too much. Everyone started with the best


intentions, but once the teachers realized that modeling was more difficult than it first
appeared, they felt discouraged by the amount of time and work required. Meanwhile,
Jim and I were discouraged because progress was so slow for our time and work required.


In the end, sessions were delayed or cancelled until the whole plan fell apart.
Fortunately, Davida Fox-Melanson, our superintendent, stepped in to remind us all that,
while system dynamics still might have potential for us, we would have to take it more
slowly. In other words, “Back off for now.” It was a lesson learned the hard way for me


and a very long time before I could convince the teachers, or Jim, to give it another try
when we were more ready. You cannot push these ideas onto people. For lasting change,
people need to perceive their own need and proceed at their own pace in their own time.
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Fortunately, the teachers continued to experiment with systems lessons in their
classes—their reinforcement came from the students themselves. Luckily, we also
continued to share trust, respect, and a conviction that education could be better. Progress
was very slow for several years and hampered by setbacks, but somehow system
dynamics grew on its own merits, fueled by the enthusiasm and achievement of students.
The infection finally caught on and the results were promising. Two teachers, Rob 
Quaden and Alan Ticotsky, were systems mentors supported by the Waters 
Foundation. Working with classroom teachers for many years, they  introduced 
behavior-over-time graphs, causal loops, stock/flow diagrams, and computer modeling 
throughout the school’s curriculum, in kindergarten through eighth grade. Also, under 
Davida’s leadership and with the help of business manager Eileen Reilly, systems
thinking  slowly seeped into the school culture. As beginners, we made  frequent
mistakes, but every little success reinforces growth. My pushing too hard nearly spoiled 
it.


Others can tell similar stories. It is natural to want change to come fast to an
education system that sorely needs it. However, you can actually delay change by
fighting against education’s immune system. Realize that everybody gets frustrated with


the slow pace of change at times. You can think big, but you have to be satisfied with
slow tiny steps if you want to succeed in the long run.


PRACTICAL SUGGESTIONS:
SCHOOL NEEDS AND HOW TO HELP MEET THEM


The caution to have patience and proceed slowly is not meant to discourage
participation in schools, however. In fact, there are a great many ways to contribute, large
and small, material and intangible. Also, many people can play a role: parents, system


dynamicists, taxpayers, academics, businesses, and foundations. The following catalog of
suggestions and resources is based on experience in schools so far and the contributions
of many generous supporters. You can help with information, system dynamics


demonstrations and expertise, training, equipment, public relations, business support, and
encouragement. This is not an exhaustive list, but rather a guide to give you ideas. Just
choose one activity for a start and have fun with it.


Information about Systems Thinking and System Dynamics
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Offer to introduce these ideas to teachers or administrators. If there is a teacher in


the school who is already using systems tools, work with the teacher to explain the ideas
to others.


• Give the school several copies of the Creative Learning Exchange newsletter, The 
Creative Learning Exchange, and arrange free subscriptions through the website 
http://www.clexchange.org or by calling the CLE at 1-978-635-9797.


• Review, download and print articles or curriculum materials that might be useful to


your school from the Creative Learning Exchange website to give to teachers and
administrators.


•Introduce teachers to the Creative Learning Exchange website


http://www.clexchange.org and tell them about other related sites:


•


Maryland Virtual High School http://mvhs1.mbhs.edu•


• Waters Foundation http://www.watersfoundation.org including WebEd, an on-line
training course in Systems Training and Systems Dynamics


• Offer to set up a little professional library of systems books and materials. (See
Appendix A for a suggested list.) The idea is not to hand your school a stack of books
that will collect dust on a shelf. Instead, ask teachers and administrators what they need


and try to meet the need with whatever seems appropriate.


• Find or donate the money to send a team of teachers and administrators to the CLE


summer conference (registration plus travel funds). This is a wonderful way to
introduce your school to the ideas and practices of systems education and to build a
team. (This is how Carlisle got started. We begged for a grant to attend the CLE


conference in Concord, Massachusetts in 1994.) The conference is always well-
attended by teachers eager to learn and share ideas. Many of the leading professional
system dynamicists are also there to share their expertise.  This is a great way to get


started and an excellent investment.


System Dynamics Demonstrations


CIESD - Downloadable Demo Dozen (http://www.ciesd.org/influence/
demo_dozen.shtml)
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• Offer to demonstrate to a class how system dynamics tools apply to a particular lesson.


Do not show off the tools themselves; apply them to an issue that students are studying.
Work closely with the classroom teacher.


• Offer to conduct the Fish Banks, Ltd. game with a science class. (Meadows,


http://forio.com/simulate/mit/fishbanks/simulation/login.html) Students as young as 8th


grade can play, and they love it. Work closely with a teacher on logistics for kids.


• The absolute best ambassadors for systems education are the students themselves.


Whenever you can, let them do the talking about what they have learned using this
approach. According to Tim Joy, a teacher at LaSalle High School in Portland, Oregon,
“ I have yet to witness any public event with students in which adults were not swayed.


The authentic power of their deep understanding exudes a salutary effect.” Students
voluntarily spread the word when they carry their ideas home or into other classes. If
you have students using systems tools already, do whatever you can to support them.


Systems education is much easier to show in action than to explain in words; the
students, after all, are the whole point.


• Let your own children lead the way. If your child is working on a project that could be


explained with a behavior over time graph, a causal loop diagram, or even a simple
model, teach these skills to your child and let him explain it to the class. We did this


with our kids. When Peter was in the 8th grade, he did a project exploring why Spain


and Canada were sparring over North Atlantic fishing rights. Jim helped him build a
one-stock model of the tragedy of the commons. Peter’s teacher, Jim Trierweiler, was
astounded to see how involved Peter’s classmates were in his presentation, asking good


questions like, “If we keep up like this, when will the fish be all gone?” The teacher
realized he did not have to wait to learn system dynamics before teaching it; he could
learn along with the kids. You may not always get such an enthusiastic response, but


every little bit helps, and the real benefit is sharing these skills with your own children.


System Dynamics Training


This is a crucial need. Because system dynamics is new to everyone, everyone
needs training. The quality of their training determines how well and how long teachers


will continue to learn and teach using the systems tools.  It also determines how this
change in education will be perceived by the broader public, especially if the quality of
the instruction is diluted by inadequate training. Teachers who have begun using systems
tools are always looking for more training and support, and school funds are always tight.


System dynamicists and academics can get involved in training, while others can
contribute funds for professional development.
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The mental model on training has changed over the years. At first the push was to
teach everybody how to build computer models right away and to do so in intensive one-
week workshops. This was pushing too hard, and the system pushed back. Although the


“blitz” approach, with its emphasis on model-building, suited a few teachers, most found
it confusing and overwhelming. It was difficult for teachers to continue on their own back
at school, so they didn’t.


System dynamics, a very big idea, is not quick and easy to learn. It takes time, 
patience, good instruction and follow-up support. Systems education also involves much 
more than model-building. Faith Waters believes that training should begin with 
behavior-over-time graphs, causal loops, and stock/flow diagrams. Teachers should 
learn how to use these tools in their curriculum before moving to models. Jeff 
Potash and John Heinbokel at the Waters Center for System Dynamics at Trinity 
College of Vermont in Burlington add that before actually building models, teachers 
should see how models apply to the curriculum, play with little models, and learn 
about generic structures and transferability. George Richardson of the Rockefeller 
College of Public Affairs and Policy at the University at Albany, New York cautions 
that teachers can get discouraged and feel inadequate or incompetent if they think that 
they are supposed to be able to build models right away.


Although all agree that the most powerful learning comes from building and using


your own models, for teachers and students alike, it is not realistic to expect that
everyone will get to that level, and certainly not immediately. We certainly need teachers
with good modeling skills, but at this very early stage in systems education, pushing too


hard at first will turn many fine teachers away. Supporting them at their own pace lets
them proceed further (or choose not to). In other words, there is a big gap between the
level of system dynamics skills we need and the current level. This applies to individual


teachers as well as to the education system as a whole. As we aim for the higher goal, we
need to remember that the accumulation of skills takes time.


Training also involves more that just learning the basics of system dynamics. The
other essential piece is pedagogy: How do you actually teach these skills and perspectives
to children? Teachers are the experts in this realm. Mary Scheetz adds, “Just like the
basics of math or reading, it takes a great deal of skill to teach the basic concepts of


anything, to begin to build the infrastructure that it will take to acquire higher level
skills.” Teachers need time and support to work together to develop their own best
teaching strategies for their students. They also need time to determine how to present


systems skills in a progression that is developmentally appropriate for students. Finally,
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they need to devise assessment techniques. Teachers learn these things from one another,


with time to work together.


There are several possibilities for training. Teachers benefit most from training if


they work in teams so that they can support one another’s learning during the training and
later in the classroom.


• The Waters Foundation has supported the development of several training
opportunities by Jeff Potash and John Heinbokel of the Waters Center for System
Dynamics. Jeff and John structure their training to help students progress on their own


learning curves through increasing levels of authorship and curriculum integration.
Their advice, based on experience, is not to rush the process. Their programs include:


• “Modeling Systems Self-Taught” (MSST), a self-paced tutorial, part of which is


available free.


• isee systems regularly presents STELLA training sessions across the country. An


Introduction to Systems Thinking, which accompanies the software, is an excellent
introduction to the broad ideas of systems thinking as well as the mechanics of
system dynamics. STELLA also includes a tutorial. Visit their website at
iseesystems.com


• The National Science Foundation (NSF) funded a very large teacher training program
in Portland, Oregon, Cross-Curricular Systems Thinking and Dynamics Using
STELLA (CC-STADUS), from 1993 to 1997. The investigators were Diana Fisher, Ed
Gallaher and Ron Zaraza. A smaller grant was extended until 2000. Teachers worked
in interdisciplinary teams to learn modeling and develop lessons. They had follow-up
guidance during the year to implement their lessons. Many teachers and students
benefited from this program. Although the training is no longer available, it serves as a
model for others. Diana has written about the training in Mistakes Made in the Early


Years Teaching Students and Teachers to Create System Models. It is available
on the CLE list of materials (http://www.clexchange.org). There are many other
excellent articles and materials from CC-STADUS on the CLE lists. Diana
Fisher's website is http://www.ccmodelingsystems.com/
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• The System Dynamics in Education Project at MIT, under the supervision of Jay
Forrester, has produced Road Maps, a guided self-study of system dynamics, available
free from the website, http://sysdyn.mit.edu. This is a very good series of lessons on
the theory and practice of system dynamics. You could work through Road Maps with
a group of teachers, if you have teachers who are ready to step beyond the beginning
level of system dynamics. Road Maps is time-consuming and challenging. It is also not
directly related to K-12 curriculum applications, so teachers may not see its relevance
at first. For teachers who have reached the need to advance their own skills, however, it
is excellent. A slow sustainable pace is better than a rapid start that falters (a lesson
learned the hard way in Carlisle.) Time is always an issue. A donation of funds for a
teacher’s release time—paying for a substitute teacher’s time—or a summer stipend to
work on this would be very helpful.


• A step beyond a Road Maps study group is the MIT SDEP Guided Study Program, a 
distance learning program conducted via e-mail (at http://sysdyn.mit.edu). The 
program runs from September to June and covers Road Maps with additional readings 
and weekly assignments. Each participant works with an MIT student tutor supervised 
by Jay Forrester. This program requires a commitment of at least fifteen hours a week. 
If your school has an advanced teacher ready for this, find a way to support part of that 
teacher’s salary for a year to make time for this professional development. That teacher 
would then become a skilled resource for the school.


           
            WPI also offers an online
system dynamics course (http://cpe.wpi.edu/online/sys-dyn.html)


• Because K-12 systems education is still very new, there are not many organized
training opportunities for teachers. System dynamics is taught in some business, public
policy and engineering schools. The Waters Foundation has systems training
modules called WebEd on its website started for teachers.


• Probably the single most effective training arrangement is the use of systems mentors
in schools. Rob Quaden and Alan Ticotsky were Carlisle’s mentors supported 


by the Waters Foundation. For their own training they attended Waters and NSF 
sessions and they worked through Road Maps.  Their job was to help other teachers


find ways to enhance their current curriculum using behavior-over-time graphs, 
causal loops,







19


stock/flow diagrams, modeling, and games. At first they might actually teach the
systems lesson in another teacher’s class until that teacher is ready to go solo, however
long that takes. They also gave in-service workshops and presentations to the public. 
Business was slow at first, but soon they were in heavier demand as more teachers
saw successful lessons and wanted to try them with their students. Rob taught
system dynamics in his math classes for several years before becoming a mentor. He 
saw the mentoring program as a very high-leverage way to involve more teachers.


• Will Glass-Husain, an MIT SDEP graduate, was an early mentor in Tucson. His
paper, Lessons for System Dynamics Mentors in Schools, explains “how” and “why.”
(The paper is available at http://www.clexchange.org, on the list of Systems
Education materials)


• Mentors are expensive. Schools need support for the cost of a teacher salary—or
two, because mentors work best in teams. However, this is a very high-leverage


contribution to spread and sustain systems education.


System Dynamics Expertise


Professional system dynamicists have a vital role to play in quality control; it is so


important that what teachers are learning and teaching is correct. However, George
Richardson, who has been advising and training systems mentors, cautions outsiders,
particularly professional system dynamicists who are not used to teaching teachers about


“…how to behave in helping teachers. The first pitfall is presuming to know what they
need and telling them. The proper initial behavior is listening—observing teachers and
their kids, if possible—listening for a long time. This period serves two crucial purposes;


building trust and building understanding.”


• Offer to review lessons and models to help teachers teach correct system dynamics.
Teachers recognize this need, but be tactful in your approach.


• Offer to coach students who are working on independent system dynamics projects.


• Offer to work with a teacher to develop a model that is relevant to the curriculum. Gary
Hirsch, a professional system dynamicist and management consultant from Wayland,


Massachusetts offered his services to the Chelmsford Public Charter School, which has
system dynamics written into its charter. At first he taught system dynamics to students
directly, but it proved a better use of his time and expertise to work with two teachers


to build a management flight simulator for a current journalism unit. Together, they
built a model on which students could realistically run their own newspaper businesses.
Dan Barcan and Leah Zuckerman learned model-building from an expert and produced
a sophisticated model to use with their students. (“Create and Run Your Own
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Newspaper,” will be posted on the CLE website.) Gary and Dan advise others to work


out the best way to efficiently combine the teacher’s classroom expertise with the
modeler’s system dynamics expertise.


• Use a model. Gary Hirsch built another very interesting model. Working with Jay
Forrester, education reformer Ted Sizer, and others, Gary built a model exploring how
innovation begins and grows in schools. He used the model to test various strategies.
Trust between the school and the community appears to be an important variable, as
are teacher motivation, professional development, and competing initiatives. The
feedback system is complex. Results suggest careful planning for innovation and
replacing the traditional curriculum with new material and methods rather than piling
on extra work. The model also shows the potential value of using system dynamics to
examine school problems. The model is on-line at the CLE website, “Innovation
in Schools: A Model to Help Structure the Discussion and Guide the Search for
Strategies.”


• Offer to be a system dynamics resource for your school. Jim Lyneis has been a big help
in Carlisle. Jim helps teachers build models and explains issues as they come up. He


does not need to be at school often, but it reassures mentors to know that, when they
have a question, they can get a straight, accurate answer from Jim. Many schools could
benefit from the quality control of an expert system dynamicist.


Equipment


This is an urgent need that is essentially uncomplicated: Teachers need up-to-date
working computers and software to teach model-building to their students. With tight


budgets in schools everywhere, few schools have the resources to purchase, maintain, and
replace enough computers to do the job right. Teachers in the field say they have to divert
too much teaching time to scrounging, moving, and fixing computers. Any contributions


are deeply appreciated.


• Donate however many computers you can. If possible find enough computers for one
class. The ideal set-up is to have two students work together building models because


they can learn from one another and each get a turn at the keyboard.  One suggestion is
to have the computers mounted on carts so that they can be wheeled to other
classrooms. Another is to also make computers available for teachers to take home,


since there is little time during the school day for them to build their own skills and
develop lessons.


• Donate a computer projection device. Often a teacher can teach modeling to a whole
class using one computer with a projection device. A donated Proxima is in constant
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use in Carlisle. The mentors use it to explain a model before letting students build their


own, or they use it to build or use a model as a class.


• Donate used equipment—but only if it is current and working. Schools do not have the
skills or resources to make use of broken or obsolete equipment. If possible, set up the


donated computers to be sure they are complete and functioning properly.


• Donate system dynamics software. Most schools use STELLA by isee systems 
(http://www.hps-inc.com). Vensim, by Ventana Systems, is also used in some schools 
(http://www.vensim.com). A site license allows the school much wider use and 
flexibility.


• Offer technical assistance. This would be a godsend for most schools. One business


loaned a computer employee to a school for one afternoon a week to work on software
and hardware glitches.


• Remember that computers wear out with heavy use by kids and need to be regularly


replaced—a big budgetary problem for most schools.


• While good computers will not insure systems education in a school, systems
education cannot proceed very far without them.


Community Education


Anyone can participate in this. Very early on in Carlisle we got wise counsel from
Jim Waters: “Don’t get too far ahead of your taxpayers on this.” Gordon Brown wrote in
the System Dynamics Review, “The patrons of public education are the taxpayers, and
they must be kept informed.”(CLE website, ImprovingEducation) They are right, of 
course, but it is easy to forget this when you are absorbed within a school. The systems 
approach is a big change in education. It is prudent to keep community members
informed so that they can learn from you while you also learn from them. There are many
ways to do this.


• Write articles for the local newspaper, explaining what students are doing using this
approach. Use photos and quotes from kids. Do this often.


• Support the school whenever it presents the topic at a parents’ meeting, school board


meeting, back-to-school night, etc. Attend these functions, ask questions, and say nice
things. This may seem trivial, but it is actually very influential.


• Help students use their skills on a local problem. Larry Weathers’ high school students 
from Harvard, Massachusetts, met with town selectmen and finance board members to 
build a small model of the town budgeting process and how the level of trust affects the 
outcome: You actually need just a little bit of distrust on both sides to get the best 
results!
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• Facilitate ways to help kids celebrate and showcase their work to both acknowledge
them and raise public awareness in your community. In Portland, Oregon high school
students participate in SyMBowl, an annual regional exposition of their system
dynamics work. Ed Gallaher, who uses system dynamics in his work as a professor of
pharmacology and behavioral neuroscience at Oregon Health Sciences University in
Portland, started SyMBowl in 1996. Participation grew steadily; the Oregon
Museum of Science and Industry hosted SyMBowl in their new building. The
student projects were impressive! Read a few for inspiration (found under student
work on the CLE site). A similar exposition called DynamiQuest ran in the
Northeast for a number of years.


• Help recruit local experts to advise students on their projects. Students build models of
real world problems, but they cannot always find the precise information they need. It
is wonderful if they can consult people who are actually involved in the field.


Townspeople are always impressed with the depth of the students’ questions.


• Help teachers write-up their curriculum ideas for publication. This helps teachers refine 
their ideas and chronicles their progress. It also shares their work with the community 
and other teachers. I have had the privilege of doing this through the Gordon Brown 
Fund. It is fun. See the CLE website for examples of these lessons, as well as a series of 
articles on “what it’s like to be a pioneer.”


• Endorse any way at all to increase the communication between your school and your 
community. Keep taxpayers informed and involved; listen to their concerns and advice. 
In Carlisle, Davida Fox-Melanson began the Carlisle Education Forum, an annual 
Saturday morning town event, where townspeople are invited to hear a speaker and 
share their ideas with neighbors and school staff about education for the future. 
Townspeople said they appreciated the chance to learn about education and have 
their say. Meanwhile, the school benefitted from their feedback. Years ago, Peter 
Senge and Jay Forrester were our honored guests. In breakout discussions, 
townspeople agreed that education needed to improve, but they were leery of rash 
changes. Their advice on system dynamics: “Go for it, but keep us informed and don’t 
ignore the basics.”


• Welcome citizen involvement, especially among folks who do not have children in
school. After one forum, Carlisle resident Neils Larsen stepped forward. Neils was a
retired executive who had studied system dynamics years ago. He quietly observed


classes and was impressed watching students use a model in a science experiment.
Neils helped the school board by facilitating the articulation of our vision and goals.
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He also lined up our next forum speaker. His quiet encouragement, at a time when we


felt we were getting nowhere, was invaluable.


Lobbying, Political Support, Encouragement


If the best gifts are free, this is a good example. Anyone can offer this support. It


is priceless and essential.


• If your child’s teacher uses systems tools, give that teacher some positive feedback.


Tell the teacher what your child has learned. Teachers need your encouragement. One
Carlisle teacher was so pleased to hear that her first grader had drawn a behavior over
time graph for his dad on a restaurant napkin!


• Tell teachers if you use systems tools in your job. Teachers like to know that what they
are teaching will be useful to their students in the future.


• Lobby school building and district administrators. Commend a teacher’s good work.


Tell administrators you’d like to see more systems education and offer to help. It
means a great deal to teachers and administrators when you notice and commend good
work. This is very influential.


• School boards are important to lobby too. Everyone knows that a few vocal, negative
parents can get school board attention, but a few positive, supportive parents with a
convincing position can be even more powerful. As elected officials, school board


members are interested in your views, and most of them run for office because they
have a commitment to improving their schools. School boards cannot/should not
micromanage their schools, but they do set policy and budgets. Lobby them; better yet,


run for office yourself!


• Help address political opposition. Any change in education will have its opponents,
and this is no exception. Gordon Brown met tirelessly and respectfully with vocal


parents opposed to change in Tucson. Some parents fear any departure from their own
familiar education. Others suspect that learner-centered-learning means lazy teaching.
(See “Politics and the Lazy Teacher” on the CLE website, SE1999-04Pioneer2-


LazyTeach.) While some reluctant parents can be assuaged and convinced, the rest, in
Jay Forrester’s words, “we will just have to outlive.”  (This also applies to teachers. A
few will be eager pioneers, many will be open to the idea of change to varying degrees,


and some will be wholly resistant to change. Focus your positive energies on the first
two groups, without antagonizing the third.)


• Work together as parents. In Chelmsford, Massachusetts a group of parents organized
to start their own charter school when previous lobbying attempts to change the


structure of their traditional junior high school did not succeed. They founded the
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Murdoch Middle School, Public Charter School of Chelmsford, MA and wrote system 
dynamics into its charter. This is now Innovation Academy Charter School.


• Request systems training programs at local colleges. Ask local businesses to help out
with computers. Talk to your neighbors. Without becoming an overbearing pest, or a


preacher for a cause, put in a judicious good word whenever the opportunity arises.


Business Involvement


When businesses get involved in education, they improve their reputation in the


community while also providing better-educated employees. Involvement is good for
business and good for schools.
• A fine example is the active participation of Portland General Electric in introducing 


system dynamics in the Portland, Oregon schools. Richard Turnock was hired by PGE 
to support education services outreach for technology initiatives in schools. He became 
interested in systems thinking when he took a PGE sponsored “Change Tools for 
Educators,” based on the Fifth Discipline. He also attended SyMBowl and a Portland
NSF summer training session. He was “hooked.” PGE had an extensive program at
one point, in support of system dynamics in Portland’s schools. It offered two
continuing education courses for graduate credit through Portland State University, it
supported SyMBowl, it donated computer equipment and STELLA site licenses to
schools, and it encouraged PGE employees to volunteer in schools.


• Another example is the involvement of Georgia Pacific in the early introduction of
system dynamics to the Glynn County School System in rural coastal Georgia. As
recounted by mentor Jan Mons, Georgia Pacific wanted to give the county an
innovative science/math program “to teach students to think.” After much research,
they chose system dynamics, which in 1991 was very new to K-12 education. They
purchased computers, outfitted computer labs, and hired Barry Richmond of High
Performance Systems, now isee systems, to train nine teachers and nine of their own
engineers, with the goal of applying system dynamics to the schools, the workplace,
and the community. Unfortunately, what started out as a five-year commitment was
cut short when the business climate changed and the manager was transferred.
Although this was a difficult transition for the teachers, somehow some of the
system dynamics stuck.


• Georgia Pacific got involved for all the right reasons;
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• It would be better not to have an exclusive group of “chosen” teachers given release


time to develop lessons, because this can create resentment;
• It would be better to help teachers develop and accept their own curriculum changes
rather than to impose them from the top through the select teachers;


• It would be better to approach teachers asking them what they need rather than
treating system dynamics as a “great product to sell;”
• The folks in Georgia have worked hard to learn from early mistakes and succeed.


• Jay Forrester sees a golden opportunity for corporate participation in systems
education. Big corporations make large donations to education, usually supporting
programs which are already in place, in effect, inadvertently doing more of what is


already causing problems within the current education system. Instead, corporations
could direct their resources to fundamental change in education. Forrester sees this as a
job for a recently retired, energetic, knowledgeable, and effective executive who wants


to do something important. This would be a person with the time and inclination to
learn about system dynamics in education and network with other corporate executives
to slowly build their support. It would take some freewheeling, quiet persistence and an


understanding based on business experience that success does not follow a straight
easy path. Patience would be the biggest challenge because, even backed with lots of
money, systems education will not take root if it is imposed from the top as the “latest


thing” and pushed with “yesterday” deadlines. However, this is a great opportunity for
someone to get involved and make a very meaningful contribution to a worthy and
exciting cause.


“Education investors” Jim and Faith Waters set just the right example for how to
change schools in the long run, on a large scale. Jim calls it “successive
approximation”—taking small steps toward a goal, evaluating each step along the way,


and planning the next move, all with lots of patience. It is a recursive process; long-
term improvements take time. Faith calls it “benign neglect, with
responsibility”—allowing teachers to experiment while providing careful oversight and


high expectations. They would advise granting money only to schools that have
demonstrated prior commitment to a process that is a great deal of work. (One
principal approached them saying, ”I don’t care what it is, as long as it has funding,


we’ll do it!” Not likely a good investment!) Mary Scheetz believes the Waters’ biggest
contribution has been their trust—trust that teachers are trying to do “the good and
right thing,” but that they need to experiment and learn from mistakes in order to
continue to improve.
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Time


How much time will it take? Jim and Faith Waters think that it takes at least 7 to
10 years for the systems approach to become embedded in a school’s curriculum, culture
and management. Jay Forrester adds that we will not begin to see real change until young


students in today’s pioneering schools become teachers themselves. Educators involved
in the process believe that this change is inexorable as schools adapt to the changing
needs of a dynamically complex global economy. However, although widespread change


may be distant, every small contribution today begins to benefit some students right
away.


WHAT DO YOU GET IN RETURN?


Much of this paper has focused on how to get involved, with less emphasis on 
why. Many people have made these contributions and will continue to do so. They invite 
you to join them. Besides the enjoyment of working with a network of wonderful 
dedicated people, what are the returns?


• First, you improve education for children by reinforcing every child’s natural drive to
learn, rather than stultifying it. Children love to dig in and learn for themselves.


Systems education offers them that opportunity and there is great joy in being a part of
it. It is like teaching children to ride a bike. You can provide the bikes and run beside
them, but they have to learn on their own. No matter how much they fall, they


persevere until they get it. Then, they are off! Education could be like that.


• Second, when you become involved in your community’s school, you gain a deeper
appreciation of the challenges in education and the commitment of the many fine


educators who work hard to meet them. Seeing the strengths of the current system, you
also get a more realistic view of how to work together to address its weaknesses.
Everyone benefits when the school and the community work together to improve


education.


• Finally, system dynamics and systems thinking give students the skills and
perspectives they will need to understand and effectively deal with dynamic


complexity. Systems education can teach them to:


• Recognize feedback systems around them: flows, accumulations, delays,
interdependency, and change.


• Know that cause is often removed from effect in time and space.
• Understand the difference between long and short-term consequences, and the


inevitability of trade-offs.
• Understand that addressing symptoms does not solve problems.
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Appendix
A suggested list of titles for a school systems library: (See CLE Resource List in the 
introductory packet)


•


• The Fifth Discipline, The Art and Practice of the Learning Organization by Peter
Senge. Doubleday/Currency, NY 1990.  This classic makes the principles of systems
thinking and learning organizations accessible to many.


• Schools That Learn: A fieldbook for teachers, administrators, parents, and everyone


who cares about education, by Peter Senge, Nelda Cambron-McCabe, Timothy
Lucas, Bryan Smith, Jains Dutton, Art Kleiner. Doubleday, NY, 2000. This collection
of stories, and exercise is based on experiences in schools across the country.


• The Systems Thinking Playbook, Vol. I & II. by Linda Booth Sweeney and Dennis
Meadows, 1996. These hands-on exercises are a good introduction for many people.
http://www.unh.edu/ipssr/Lab/playbook.html.


• Lessons for a First Course in System Dynamics Modeling, by Diana Fisher, Summer
Creek Press, Inc., 1999 at iseesystems.com.  Diana developed this system
dynamics course for high school students in Portland, OR.


• Structuring Schools for Success, a View from Inside, by Mary Scheetz and Tracy
Benson, Corwin Press, Inc., A Sage Publication Company, Thousand Oaks, CA,
1994. This is practical guide to building a learning organization by administrators at
the Orange Grove Middle School in Tucson.


•


•


Introduction to Computer Simulation, A System Dynamics Modeling Approach, by 
Nancy Roberts, David Andersen, Ralph Deal, Michael Garet, and William Schaeffer. 
This pioneering text was written at Lesley College for teachers in 1983. 


Urban Dynamics, 1969, and World Dynamics, 1971, both by Jay W. Forrester. These 
seminal works show the power of system dynamics to address complex social 
problems.  


• Beyond the Limits, by Donella Meadows, Dennis Meadows, Jorgen Randers. Chelsea


Green, VT, 1992. This is a compelling application of system dynamics that may


Use system dynamics to clarify mental models, communicate ideas 
clearly, and make more informed decisions about a wide range of issues.
Accept with responsibility and courage that what they do makes 
a difference.


These are big returns on any investment of time, energy, money, and support. 


•


•







29


interest science and social studies teachers.  Consider also any other books which also


show applications of systems thinking or system dynamics.
• System Dynamics Review, Summer 1993.  This entire issue was devoted to systems


thinking in education. Available from the System Dynamics Society at


http://www.albany.edu/cpr/sds.
• Introduction to Systems Thinking, by Barry Richmond and Steve Peterson.  This book


accompanies STELLA software by isee systems.


Systems I, An Introduction to Systems Thinking, by Draper Kauffman, Jr., S. A. 
Carlton, Publisher, Minneapolis, MN 1980. (612-920-0060). This very readable, 
brief introduction has disarming illustrations and everyday examples of positive and 
negative feedback loops.


•
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Systems Thinking
Four Key Questions


Systems Thinking, A Systems Approach, System Dynamics, Systems Theory, and just plain 'ol
"Systems" are but a few of the many names commonly attached to a field of endeavor that most
people have heard something about, many seem to feel a need for, and few really understand. This
paper is an attempt to provide concise answers to four key questions about "systems". Each answer
really could be developed in a great deal more detail. What I've tried to do is provide a starting
point—what I hope is a good springboard.


As I prefer the term "Systems Thinking",  I’ll use it throughout as the single descriptor for this field of
endeavor. The questions that I will seek to answer about Systems Thinking are: What is it? Why is it
needed? What works against its being adopted on a broader scale? And, finally: What can we do to
increase both the speed and breadth of its adoption? I am hopeful that the answers which I provide
will help to fill something of an information void as to what this "systems stuff" really is all about. They
also should help to focus and leverage the efforts of both those seeking to develop proficiency in the
field, as well as those who are working to encourage a broader adoption of the approach.


What is Systems Thinking?


Systems Thinking, in practice, is a continuum of activities which range from the conceptual to the
technical:


At the conceptual end of the spectrum is adoption of a systems perspective or viewpoint. You are
adopting a systems viewpoint when you are standing back far enough — in both space and time —
to be able to see the underlying web of ongoing, reciprocal relationships which are cycling to
produce the patterns of behavior that a system is exhibiting. You're employing a systems perspective







Systems Thinking: Four Key Questions • 3
©1991 High Performance Systems, Inc.


3 3


3


when you can see the forest (of relationships), for the trees. You are not employing a systems
perspective when you get "trapped in an event". Anyone who has gazed out at the lights from high
above a city, or gazed down upon a river valley from a mountain top, has a good sense of what
"standing back far enough" means. Details fade. Patterns of relationships emerge. And, time seems to
slow. Conversely, anyone who's been caught in the frenzy of rush hour traffic on a multi-lane freeway
knows what being "trapped in an event" really means. The former is inherently awesome, empowering
and expansive. The latter is inherently mundane, consuming and constraining.


Moving rightward along the continuum, activities become more concerned with implementation of the
viewpoint. As they do, they also become progressively more disciplined and analytical. You might
typically begin implementation by developing an influence diagram — a simple map of the reciprocal
relationships which you believe to be principally responsible for producing the behavior patterns that
a system is exhibiting. These maps basically show what's hooked up to what. Next, you might
construct a structural diagram. This is a more disciplined map. It attempts to show what really makes a
system tick. At this stage of the process, you're laying out the mechanisms you think the system is
using to control itself. Finally, you might take the step of translating the structural diagram into a set of
equations. The equations characterize the nature of the relationships that you laid out in your
structural diagram. This activity also includes assigning numerical values to define the direction and
strength of these relationships. Completing this step enables you to simulate the system's behavior on
a computer. Being able to do this often is very important because it permits you to "close the loop" on
your thinking. You can answer the question: Can the set of reciprocal relationships that I've pieced
together in fact generate the behavior patterns that are being produced by the actual system?


Few practitioners of Systems Thinking are equally proficient at all activities along the continuum. And
few applications of Systems Thinking involve all activities. It is clear, however, that to be good at any
of the implementation activities, it is essential to have a firm grasp on the perspective. There are many
talented equation writers. There are few people who can construct good Systems Thinking
simulations models.


Why is Systems Thinking Needed?


The easiest problems to solve are "local" in both space and time. If you tip over a glass of milk, there
really is no need to cry. The spill will confine itself to a relatively small area. And, spilled milk doesn't
stain. So, you simply fetch something absorbent, plop it down, soak up and then discard the errant
booty. No traces. No remorse. No problem.


Now consider spilling either radioactive waste, "the beans", or "your heart out". Each of these "spills"
will have far broader and longer-lasting consequences than spilled milk. And, in each case, the
consequences ramify far from their point of origin in both space and time. They affect not just the
"spiller" and the immediate area. The impact no longer is "local". Indeed, applying local solutions to
far-reaching spills usually only serves to make things worse both locally and distally.


As our personal relationships, technologies, jobs, institutions and communities continue to grow
increasingly complex and interdependent, the occurrence of "spills" will increase. At the same time, the
chances of any spill remaining "local" diminish. Almost any "fix" that we implement reverberates
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through a web of interconnections, producing a wave of counter-reactions that are widely distributed
in both space and time. Only by increasing our appreciation for the growing "systemicness" of our
reality, can we begin to function as responsible web-mates, and can our social institutions (from
families, to corporations to governments) achieve some modicum of effectiveness and stability. As
interdependency increases, we must learn to learn in a new way. It's not good enough simply to get
smarter and smarter about our particular "piece of the rock". We must have a common language and
framework for sharing our specialized knowledge, expertise and experience with "local experts" from
other parts of the web. We need a systems Esperanto. Only then will we be equipped to act
responsibly. In short, interdependency demands systems thinking. Without it, the evolutionary
trajectory that we've been following since we emerged from the primordial soup will become
increasingly less viable.


What works against the adoption of Systems Thinking?


So, if -- as it would appear -- the case for developing increasing proficiency in Systems Thinking is so
compelling, why then has its adoption been so slow? I believe that there are seven major impediments
to the rapid and wide-scale assimilation of Systems Thinking. I have divided the seven into two
classes, although the compartments are far from hermetically separated. I have classed three of the
impediments as "situational". By this I mean that we, ourselves, largely create these impediments. This
implies that we, ourselves, can directly do something about them. By altering our behavior, the form of
our institutions, the way we "do business", we can do much to eliminate the impediments in this class.


I have labeled the second class of impediments "fundamental". Impediments in this class arise more out
of "the way things are"; i.e., the nature of "objective reality", and the legacy of our biological heritage.
To the extent that things really are the way you perceive them to be, and that intentionality can exert
some influence over biology, we have some power to lessen these more "fundamental" impediments as
well. Personally, I am optimistic. I feel there is much that we can do to remove the barriers to
wide-scale adoption of Systems Thinking.


Fundamental  The first of the "fundamental impediments" to the adoption of Systems
Impediment Thinking is that we're prisoners of our frame of reference. Ever have the
Number 1 experience of visiting another continent? Somewhere where people speak


a different language, and have adopted a different set of customs?
Invariably, after you're there for awhile, you begin to see things about
your homeland that previously had been invisible. You couldn't see them
at home because you'd been living and breathing them since birth. They
had become part of your "givens", your stock of taken-for-granted
assumptions. This unconscious bedrock is the source of a fundamental
impediment to the adoption of Systems Thinking. Because of it, it's
difficult to "stand back far enough" to really see what's what.


Few of us live on the upper floors of skyscrapers or atop mountain crests.
And, even those of us who do, can ill afford to spend much time gazing
out. Most of our waking hours are spent "in the fray". We're down there
in that traffic flow. We're participating in that meeting in the Conference
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Room. We're writing that memo, or doing that analysis. We spend most
of our time right up against the reality, interacting locally in particular parts of the
web. In short, when you're part of the action, it's very difficult to simultaneously
"stand back far enough". The fray thus becomes your unconscious bedrock. To
take an extreme example, few people practice Systems Thinking on slow-moving,
crowded elevators! The attachment to the here and now simply is too complete.


It is possible to develop the ability to "sense the whole while you're
playing a part". Yogis, consultants, teachers, jazz musicians, and
consummate team players all have it to varying degrees. However, it does
take time to develop. And, without a sustained effort to hone this skill
you'll remain solidly manacled to the fray.


Fundamental The second "fundamental impediment" to adoption of Systems Thinking
Impediment really is an artifact of the first. Because we live in fray, we've
Number 2 accumulated a storehouse of fray-conditioned experiences. These


experiences, in turn, color the way we view and interpret subsequent
experiences. The prevailing interpretation, combined with the weight of
evidence in the storehouse, make it difficult to adopt a Systems perspective.


Nearly all of our everyday experiences, as they unfold, appear to be "open-
loop". That is, they do not appear to be the product of ongoing
reciprocal processes — as a Systems perspective would have you believe.
Instead, they look and feel like one-way occurrences. For example: we get
hungry; we eat; hunger is gone. Or, we're late; we step on the accelerator;
we make it on time. Such sequences, as experienced, are much like those
that you'd have in a carnival shooting gallery. A target pops up...BLAM...
you blow it away. Next target, please. The sense, that one derives from
the flow of such experiences is that of facing an oncoming stream of
"to do's" which pop up, and which then must be "dealt with." Individuals
have little sense of their role in creating the stream. They're simply the
"shooters". Working folk. Someone else is controlling what's coming down
the pike. Living is responding.


One important reason why the flow of experience seems like a shooting gallery is
that there's frequently a significant asymmetry in the elapsed time associated with
the two links which make up a reciprocal relationship. Specifically, it takes much
less time for an action to produce a result, than it does for the result to return to
initiate another action. As a consequence, it's easy to conclude that your role is
only to "fix it" when something pops up, and not that your "fixes" are part of a
circular process which ensures that the something will pop up again! Take the
hunger example. You sense hunger. It then usually takes 15-20 minutes of
concerted effort to "fix it". Once hunger disappears, it stays gone for 3-4 hours.
There are usually lots of non-hunger-related things to occupy your attention
during this intervening period — a period in which you're undoing what you just
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fixed (i.e., storing and burning up the calories that you just took in). And
then...bingo! Up pops the target again.


The pattern is the same for most of our everyday experiences. We're awake for 18
hours. We then "fix" the resulting fatigue by assuming a horizontal position,
shutting our eyes, and letting go. Before we know it (because we've lost
conscious track of time), bingo! We're back, ready to tire ourselves out again.
Although it's always a circular process, we tend to see only one of the two links
in the causal chain because the "un-fix" link takes so much longer to complete
than the "fix" link. We are therefore led to conclude that our relationships in fact
are one-way rather than circular. This, in turn, encourages us to view ourselves as
"responders to" rather than "creators of." Such viewpoints are antithetical to a
systems perspective, and hence mitigate against its adoption.


Fundamental The third of the "fundamental" blocks to the adoption of Systems
Impediment Thinking has to do with what you see when you open your eyes. No
Number 3 matter whether your gaze is from afar, or "up close and personal", when


you look with your eyes, you see "stuff". You see material things like
people, cars and buildings. You have to squint (with your mind) to see
relationships. But the very essence of Systems Thinking is being able to
perceive relationships, not objects! This means that those who choose to
adopt this view are doomed to a life of squinting. Squinting takes effort,
more effort than simply opening your eyes and letting the appropriate
chemical receptors be simulated. And, although with time, squinting gets
easier, it still takes more energy than just opening your eyes. This extra
energy requirement, particularly in the start-up phase, serves as the third
impediment to the adoption of Systems Thinking.


Fundamental The final "fundamental" impediment to the assimilation of Systems
Impediment Thinking is an artifact of our biology. It has to do with our survival
Number 4 instincts. Long ago, we acquired the baggage which enables us to react.


We're here today, as a species, because when something went bump in the
night in the primeval forest, we reacted! In today's more ritualized jungle,
saber toothed tigers have ceased to be a concern. Now, with the lights on,
we must instead deal with snakes in the grass in the conference room and
foreign predators. And, when confronted with these ritualized threats to
our survival, our biology still reacts in essentially the same way. Our
instinct is to lash out with a knee-jerk reaction. Survival instincts triumph
over intuition and reflection. Ready, fire, aim.


Reactions work fine, when they're local. However, in a web, they can wreak
havoc! Most people know this. But oftentimes, especially in the heat of the
moment, knowledge is no match for hormones. When it's the fourth quarter of a
critical year, and you've got two weeks left to "make your numbers," you're not
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going to find high enrollments in Systems Thinking seminars! The problem is that
— for too many people, in too many organizations — it's always Q4 of a critical
year, and there always are just two weeks left. Because of our evolutionary
baggage, and because of the "perpetual fire fight" which exists in many
organizations, Systems Thinking remains only a curiosity—something to explore
sometime soon. The irony here is that to the extent that reactionary fixes serve as
kindling for the next blaze, "sometime soon" will never arrive.


Fire-fighting really is a situational impediment. It can be managed. It's the
existence of a great capacity for generating knee jerks that's fundamental. The
existence of the capacity predisposes creation of a fire-fighting environment. The
developing environment then provides ample opportunities for nourishing and
sustaining the capacity. This vicious cycle, operating in many organizations,
constitutes a formidable barrier to the adoption of Systems Thinking.


Situational The first situational impediment to the assimilation of Systems Thinking is
Impediment lack of technical expertise. People sniff the air surrounding this "systems
Number 1 stuff", smell computers, and then promptly proceed to have nightmares


about high school algebra problems that they were never able to solve (and
the final is tomorrow.) Although advances in technology are making
technical impediments less of an issue, for some people, technology itself
is frightening, de-humanizing, or otherwise dastardly. To fully implement
Systems Thinking, it's likely that you'll need to rely on a computer and an
equation or two somewhere along the line. The human mind simply is not
capable of juggling all the actions and counter-actions in a complex web
of relationships. In point of fact, only addition, subtraction, multiplication
and division are needed. Until we let go of our "math anxiety" and
technology phobias, Systems Thinking will largely remain on the shelf.


Situational The second situational impediment really is a "resistance." People resist
Impediment Systems Thinking because it can be threatening. It can be threatening in
Number 2 several ways.


People who rely on information monopolies, specific technical expertise, or
sharply-demarcated turf boundaries, in order to sustain their sense of personal
power, will find Systems Thinking inherently threatening. Pursuing a problem
with Systems Thinking tends to carry you across disciplinary, cultural, and
functional boundaries. The search is for how the web of interdependencies is
creating the problem. Answers to the "how" usually do not lie within a single
fiefdom, or within a particular part. Rather, they involve altering the relationships
between fiefdoms, changing the way the parts play together, working at the
interfaces. Such pursuits threaten local power bases. They can create "turf issues".
They can (and usually do!) reveal gaps in knowledge bases. Scary stuff, this!


For all of these reasons, Systems Thinking does not tend to root very well in
organizations which operate via traditional top-down, hierarchies. Organizations
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where the people at the top always "know the answer", and the people below
merely pull the triggers when the targets pop up, are not places where Systems
Thinking will flourish. In organizations where power is delegated, individual
development and autonomy are celebrated, and competitive advantage is
perceived to depend on everyone getting smarter together, Systems Thinking can
blossom!


Situational The third, and final, impediment that I’ll mention is the analogue of
Impediment situational impediment number 2 at the level of the individual. For a
Number 3 person to be willing to adopt a Systems perspective she or he must feel


empowered. It takes courage and strength to believe that you can make a
difference in the way a system works. You obviously can not control the
whole system, as you could a local piece. Hence, the commitment to
influencing something that you know you can't "control" really is an
admission of some lack of power. But there's a paradox here. To make
such an admission, you must feel empowered. It takes strength to own up
to weakness. The owning up is what enables you to operate from a
position of strength.


Individuals who lack a sense of personal power, or who sustain this sense
by trying to remain "in complete control" (via any one of a multitude of
strategies), will resist Systems Thinking. Just as a skyscraper can be
terrifying to someone who fears heights, Systems Thinking will spook
individuals who lack a true sense of empowerment. In embracing this
approach, you must give up control in exchange for gaining influence.
You must trade knowing for continual learning. You must accept trust in
exchange for dominance. It's difficult for disempowered individuals to
accept any of these exchanges.


What Can Be Done to Facilitate the Adoption
of Systems Thinking?


The seven impediments which I have identified, in effect, constitute an agenda of things which can be
done to increase the rate of assimilation of Systems Thinking. This agenda does not include seeking to
alter the fundamental conditions of our existence. It is likely therefore, at least for the foreseeable
future, that we'll continue to see material objects (and not relationships) when we open our eyes. And,
it's also likely, that in our day-to-day activities we'll be "right up against" those objects — rather than
three steps back from the fray. The "fundamentals" won't change. However, we can take steps to
expand and sensitize our perceptual filters. We can systematically confront our unconscious bedrock.
And, we can develop our intuition for web dynamics. One tool which offers tremendous potential in
all of these pursuits is the personal computer.


As pc's grow more powerful and more widely available, they'll also grow in their capacity for
underwriting simulated "stand far enough back” experiences. As links to video disks become more
common, and graphics-generation becomes ever more powerful, we’ll become less and less tied to
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actual experience as the primary medium for producing awe, empowerment and heightened perceptual
sensitivities. Increasingly, we’ll be able to use personal computers to create active, visceral learning
environments where both individuals and groups can engage in Systems Thinking. Simulations can be
used to compress space and time. In this more intense mindscape, the full systemic ramifications of
many alternative courses of action can be "experienced" rather than merely conceived of. The
potential for creating new ways of learning — for both individuals and groups — that is inherent in
the nexus of the evolving technologies of personal computers, sophisticated sound systems, and
interactive video disks, is enormous.


A second arena in which we can advance the cause of Systems Thinking is in formal education. We
need offerings (at all levels) which address what's similar between disciplines, rather than courses that
celebrate what's different. Part of the reason why we so easily become "trapped in the specifics" is that
we are conditioned via formal education to analyze, to decompose, and to attend to the details of each
part. Too little effort is spent in developing peoples' ability to see what's generic, what persists across
disciplinary boundaries. Not enough time is devoted to exercising peoples' "intuition for the whole".
As a result, when survival instincts are stimulated, it's knee-jerk reaction that gets the call.


The third arena in which significant improvements which favor the adoption of Systems Thinking can
be made, lies within our social institutions — our families, social groups, corporations and public
institutions. Any organization which operates in a "power flows from the top down" manner will resist
adoption of Systems Thinking. At the same time, individuals operating within such organizations will
feel little need, and lack a sufficient sense of empowerment, to adopt this framework. Only in
institutions where individuals really can, and feel that they really can, make a difference, is it possible
for Systems Thinking to take root. These organizations need to be sought out. Efforts to implement
Systems Thinking need to be focused here. Too much of the limited time and effort of Systems
professionals now is being spent on organizations who hold little promise of flattening their
hierarchies and giving individuals real power. Let success in the individual-empowered organizations
speak for itself. Power-centralizing organizations then will either adapt or perish.


If the arrow of evolution — coursing toward ever-increasing interdependency — is to remain aloft, it
is essential that Systems Thinking be more widely embraced. Webs are exciting but fragile
environments. Ours, at all levels, are showing signs of wear. The time is now.
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Systems Thinking "in 25 Words or Less"


Debra Lyneis
Carlisle, Massachusetts


When we were first exploring the idea of systems thinking in our school district, a fellow
school board member drew me aside and asked me to tell him "in 25 words or less" just what
systems thinking was and what it had to do with educating children. I was stumped! Many months
later, and somewhat further along, another school board member tactfully cautioned that we should
not mention systems thinking in our upcoming public hearings because "people's eyes glass over"
if it seems too deep!


For such a good idea, why is systems thinking in education so difficult to explain at first?
People with some understanding of systems thinking (from those who have just caught glimpses
of it, to those who use system dynamics modeling in their classrooms) are all very good at
conveying their enthusiasm about it. Explaining it succinctly to people without that background is
not so easy, however. Partly, this is because systems thinking is a big idea which applies to
education at several different levels, from specific curriculum tools to the broader purpose,
management and philosophy of education. Also, because a systems viewpoint seems foreign to
some people, explaining it has to relate to their own experience to make sense, and that takes time
too. Here is one try, with a few more than "25 words or less."


"Systems Thinking" is a term that is gaining wider use and acceptance, but it is not widely
understood. Although it sounds like a great idea, it is still quite confusing. Systems thinking does
present a different way of thinking, but there is nothing mysterious, incomprehensible, or foreign
about it. It is easiest to approach it as another form of common sense, only from a different
perspective. At first, to get a good understanding, you need to suspend your own previous
assumptions for a while and try to look at familiar things from a new angle.


Here is an example arising from the educational experiences we have all shared. In school,
we have been taught that social studies, math, language arts, science, and art are all separate
disciplines, or bodies of knowledge. This stems back to the early days of modern science when the
idea of reductionism took hold: the idea that you can best understand something by taking it apart
and studying all of its pieces. Consequently, we have made great strides in the advancement of
knowledge as experts have become more and more specialized. In education, students have
followed this same model, with their instruction becoming more and more compartmentalized as
they proceed through school. Our high schools have become collections of separate departments,
each with their own facts to teach. Although we know that in the "real world" we seldom deal with
each subject in isolation, we leave it to our students to synthesize all this information on their
own...if they can.
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From a systems thinking point of view, this synthesis is the most important part. Systems
thinking encourages you to step back and see the whole picture, rather than focusing on just its
parts. It is an attempt to see the "forest" as well as the "trees." Systems thinking explores the
interdependencies among the elements of a system, looking for patterns rather than memorizing
isolated facts. It focuses on the feedback loop structure of a system because that structure
determines the system's behavior over time.


With a little bit of practice, you will see these patterns emerge. Furthermore, the patterns
are strikingly similar across disciplines. Once you can begin to spot the similarities, it becomes
much easier to understand each discipline itself, along with the big picture. For example,
exponential growth is one very common basic pattern in systems. Starting with mathematics,
exponential growth is what develops if you take a very small number and, for example, double it.
Next you take your answer and double that; keep doubling your answer again and again. In this
example, 1 doubled becomes 2, then 4, 8, 16, 32, 64, 128, 256, 512, 1024, and so on. At first,
your results are still small numbers, but as you keep doubling the answer, the results start to make
much bigger and bigger jumps. Squaring a number takes even more dramatic leaps! Whatever the
multiplier, the growth builds upon, or reinforces, itself.


If you stop to think about it, you can see that this pattern is ubiquitous. It applies to
unchecked population growth, whether of bacteria in a petrie dish, gypsy moth caterpillars in your
backyard, or human population. Just think of a family reunion or family tree where one elderly
couple might have three children, nine grandchildren, and twenty-seven great-grandchildren: a very
large family from just one couple! In social systems, you see the same pattern in the spread of a
rumor, or the spread of an epidemic. Only a few people may be involved at first, but it spreads
more rapidly as more people do the spreading!


In economic systems, a bank balance left to accumulate interest grows exponentially; a
small amount of money at first grows to a large sum as the interest rate applies to a larger and
larger principal. Spiraling wage and price inflation also behave this way. Every chain letter or
pyramid buying scheme appeals to our basic understanding of exponential growth to lure
participation. In fact, anything that you would already call a "band wagon," "snowball effect," or
"virtuous cycle" probably fits the pattern of exponential growth.


Once you can recognize the patterns in these systems, you gain a deeper understanding of
them. If you can grasp it in one example, you gain recognition and understanding of the rest.
Furthermore, you begin to see how these structures determine the behavior of the systems in
remarkably similar ways, and you can think in broader terms about their implications. For
example, you learn that exponential growth cannot go on forever; there are almost always limits
which are also part of the system. Sometimes you can even see your role as part of some
systems--part of the problem and part of the solution. In effect, you come to see the "forest" as
well as the "trees" because you can see the interrelationships among the elements of the system.







Back to education, young children are intuitively good systems thinkers, probably because
their learning has not become so fractured yet. In their eagerness to learn, they bring all that they
know to their learning. Everything is related and relevant. We do a pretty good job at supporting
this in kindergarten. When the children study the ocean, for example, they read and write ocean
stories, count and sort sea shells, study and taste fish, and tie it all together with art projects. They
might even discuss beach erosion and pollution in this interdisciplinary endeavor. They know that
"everything is connected to everything else." What's more, they love it! In their interdisciplinary,
learner-centered approach, they are pretty good budding "systems thinkers." Perhaps we would all
be too, if our thinking had not become so compartmentalized as we progressed through school.


It is fun to explore the ideas of systems thinking because their applications are all around
us. In education, we cannot expect to overhaul our current system, at least not all at once, but we
can encourage our students to build on their early systems thinking tendencies, so that they are
better equipped to deal with the much more complex systems they will face. They will need these
decision-making skills.


Systems thinking is the broad concept we have discussed so far. The curriculum tool for
building this skill is "system dynamics," a specific computer simulation technique. Students learn
to specify and quantify the relationships and structures of a system and then simulate them to
observe the behavior of the system over time under varying assumptions. They build a computer
model of the system based on their experience and research and then experiment on it. For
example, in a model of the gypsy moth caterpillar population, students would have to specify
exactly what factors cause the population to grow exponentially. As the simulation unfolds, they
would see that these same factors also play a role in the population's exponential decline.


System dynamics is the cornerstone of systems thinking. Learning system dynamics makes
accurate, confident systems thinkers. Although systems thinking by itself yields fascinating and
valuable insights, system dynamics gives you the tools to go further into critical thinking and
problem solving. At the curriculum level, it makes education engaging, learner-centered, and
relevant. By understanding the underlying system structure of the subject at hand, students gain
not only a deeper understanding of that subject, but that insight also transfers to a deeper
understanding of other subjects as well. Also, system dynamics modeling is interdisciplinary
because students must bring all of their knowledge and experience to the task. For example, to
model an epidemic, students would start with the biology of the infection, but political, economic,
and social factors are also very important. System dynamics ties education together, and math
becomes a natural part of all subjects. This synthesis offers students the confidence and problem
solving skills they will need as they face increasingly complex social, environmental, and political
systems.


Systems thinking may seem foreign, even frustrating, at first. Because it is a different
approach than we have been taught, it sometimes takes a while to "sink in." There are also different
levels of pursuit from just being aware of systems to building system dynamics models. At the
beginning, just try to look for examples that apply to you and think of systems thinking as adding
another dimension to your good common sense. Then, keep going, because it is exciting and
important!
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Learning through System Dynamics  
as Preparation for the 21st Century 


 
by 


Jay W. Forrester 
 
 What should system dynamics accomplish in kindergarten through twelfth 
grade schools?  We do not expect most students to spend their lives in front of a 
computer building system dynamics models.  What then should be the outcome of 
a systems education? 
 
 I believe we should give students a more effective way of interpreting the 
world around them.  They should gain a well-founded confidence for managing 
their lives and the situations they encounter.   
 
 The objectives of a system dynamics education might be grouped under five 
headings: 
 


1.  Developing personal skills, 
2.  Learning about economic behavior, 
2.  Shaping an outlook and personality to fit the 21st century, 
3.  Understanding the nature of systems in which we work and live,  
4.  Achieving the benefits of a systems education. 


 


1. DEVELOPING PERSONAL SKILLS 
 


 A system dynamics education should:  
1. Sharpen clarity of thought and provide a basis for improved 


communication,  
2. Build courage for holding unconventional opinions,  
3. Instill a personal philosophy that is consistent with the complex world 


in which we live, 
4. Reveal the interrelatedness of physical and social systems, and 
5. Unify knowledge and allow mobility among human activities. 
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1.1. Basis for Clear Thought and Communication 
 


 The ordinary spoken and written language allows a person to hide behind 
ambiguous, incomplete, and even illogical statements.  Language, within itself, 
does not impose a discipline for clarity and consistency.  By contrast, computer 
modeling requires clear, rigorous statements. 
 
 In ordinary discussion, a general statement like, “How people respond 
depends on the situation,” might be accepted.  But, if this were to become an input 
for a model, one would be forced to specify which people, what response, 
dependence on what specific aspect of the situation, and what precise action would 
be taken under various conditions. 
 
 Students must struggle to achieve the precision of expression required to go 
from ordinary language to explicit statements in a simulation model.  Even a 
process as simple as filling a bathtub with water, or describing the cooling of a cup 
of coffee, can be surprisingly demanding.  Such clarity is not achieved after only a 
few exercises.  Learning precision in thinking requires years of reinforcement. 
 
 Translating from descriptive language to model language is only half of the 
story.  One can then make the reverse translation.  From a simulation model,  
reverse translation to descriptive language yields clear statements that embody the 
precision that came from building and using the model.   
 
 I experienced the power of reverse translation from a system dynamics 
model after publication of my Urban Dynamics book dealing with the growth and 
stagnation of cities (Forrester, 1969).  The book achieved such visibility that I 
would often be invited to conferences on urban problems held anywhere in the 
world.  At such meetings, I had a unique power and influence derived from being 
able to talk for 20 minutes without contradicting myself.  Not contradicting oneself 
might seem an ordinary competence.  But others could not hope for comparable 
clarity because of incompleteness and inconsistency in their thinking about 
complex situations.  Furthermore, they could not draw the correct dynamic 
consequences for the future implied by the assumptions they were making.  To 
know the behavior that follows from assumptions about parts of a system can be 
achieved only through modeling and computer simulation. 
 
 In my situation at conferences on cities, I knew the assumptions that went 
into the Urban Dynamics model.  I knew the behavior that resulted from those 
assumptions.  Also, I knew how the behavior would change if one adopted 
different political policies for guiding the evolution of a city.  Within the 
framework of the model, I could be entirely consistent in everything that I said.  Of 
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course, one can be internally consistent and still be wrong compared to the real 
world.  So, beyond consistency, it was necessary that the model also overlay and 
connects with the issues of interest to others. 
 
 Students should come out of a systems education convinced that a much 
better understanding is possible in the present puzzling behavior of personal, 
social, economic, and business situations.  They should realize that any debate 
about policies for the future can be clarified and made more meaningful if someone 
will make the underlying assumptions explicit and show which assumptions lead to 
behavior that best fits the knowledge we have of the real world. 
 
 Students in K-12 should have the repeated experience of using modeling to 
resolve debates, misunderstandings, and differences of opinion.  One discovers that 
the most intense disagreements usually arise, not because of differences about 
underlying assumptions, but from different and incorrect intuitive solutions for the 
behavior implied by those assumptions.  In building a system dynamics model, one 
starts from the structure and the decision-making rules in a system.  Usually there 
is little debate about structure and the major considerations in decisions.  When a 
model has been constructed from the accepted structure and policies, the behavior 
will often be unexpected.  As the reasons for that behavior become understood, I 
have often seen extreme differences of opinion converge into agreement.   
 
 Students should see modeling and an understanding of systems as a way to 
reduce social and political conflict.  
 


1.2. Building Courage 
 


 A strong background in modeling should show students that conventionally 
accepted opinions about social and economic policies are often actually the causes 
of our most serious problems.  If they realize that popular opinions are not 
necessarily correct, they should develop courage to think more deeply, look 
beyond the immediate situation, and stand against majority opinion that is ill 
founded and short sighted. 
 
 Working with models should not only enhance skill in making precise 
statements, but also bolster the courage to do so.  Very often people take refuge in 
statements that are so general, so incomplete, and so superficial that they cannot be 
proved wrong.  On the other hand, such vague statements cannot be effective. 
 
 Making precise statements opens one to being wrong.  By a precise 
statement I mean one that is unambiguous.  A precise statement has a unique 
meaning; it is clear.  However, a precise statement is not necessarily accurate or 
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correct.  Precise statements are necessary for clear communication.  If such 
statements are wrong, that will be more quickly discovered if communication is 
clear.  In model building, students will many times have the experience of making 
assertions that model simulations then demonstrate to be incorrect.  Students 
should develop the courage to be precise, even if wrong, in the process of learning 
and improving understanding. 
 


1.3. Personal Philosophy 
 


 Experience in computer simulation should change the way students respond 
to the world around them.   
 
 From simulation models, students should appreciate the complexity of social 
and economic systems, whether those systems are at the level of families, 
communities, corporations, nations, or international relationships.  They should 
have seen many times the counterintuitive nature of such systems.  They should 
understand that “obvious” solutions to problems are not always correct, and that 
apparently correct actions are often the causes of the very problems that are being 
addressed.   
 
 The Urban Dynamics book illustrates how well-meaning actions can worsen 
conditions that the actions are intended to alleviate.  The book shows how most 
popular governmental policies all lay somewhere between neutral and highly 
detrimental, either from the viewpoint of the city as an institution, or from the 
viewpoint of unemployed low-income residents.  The most powerful influence on a 
city is shown to be the policy governing building of low-income housing.  The 
United States through the 1960s and 1970s followed a policy that made urban 
poverty worse.  As a city ages, it becomes imbalanced.  As industrial structures 
grow older, they are used in ways that employ fewer people.  However, as housing 
ages, it drifts to lower rents and higher population densities.  Building low-income 
housing accelerates the rate of decay.  The “obvious” policy of building low-cost 
housing, in the hope of alleviating poverty, occupies land that could have been 
used for job-creating business structures while at the same time the housing attracts 
still more people who need jobs.  The apparently humanitarian policy of building 
more housing actually creates poverty by pulling people into areas of declining 
economic opportunity.   
 
 We can hope that students will develop caution about jumping to premature 
conclusions and will search for a wider range of alternatives.   
 
 Even if individual students do not construct models in later life, they should 
expect that those who are proposing changes in economic and social policies 
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would construct system dynamics models.  Moreover, in the 21st century, citizens 
should expect that such models will be made available for public inspection.  From 
their K through 12th grade experiences they will know that they can read, 
understand, and evaluate such models.  More and more, computer models will be 
used as the basis for determining social and economic policies.  In order to 
participate, the public will need to know the nature of such models, to evaluate the 
assumptions in models, and to feel comfortable in pushing the proponents of policy 
models to reveal their assumptions and to justify their conclusions. 
 


1.4. Seeing Interrelatedness 
 


 Interrelationships in systems are far more interesting and important than 
separate details.  The interrelationships reveal how the feedback loops that produce 
behavior are organized.  Students with a strong background in systems modeling 
should be sensitized to the importance of how the world is organized.  They should 
want to search for interconnecting structure that gives meaning to the parts. 
 
 One sees the significance of modeling in a discussion I had with a student 
who had graduated from MIT several years before.  I asked him what his system 
dynamics study had done for him.  His answer:  “It gives me an entirely different 
way of reading the newspapers.”  He meant that he sees the relationships between 
different things that are happening today, he understands the relationships between 
today’s news and what happened last week and last year, and he reads between the 
lines to know what must have been part of the story but was not reported. 
 


1.5. Unifying Knowledge and Mobility, Return to the 
“Renaissance Man” 
 


 The 21st century will exhibit rapid changes in societies.  We see turmoil in 
many countries.  In the past century, change came from new technologies.  In the 
next century I believe change will be driven mostly by population growth, 
crowding, environmental degradation, pollution, and shortages of food, water, and 
resources.  In other words, societies will be continually reshaped and, as a 
consequence, the roles of individuals will continually change.  Today’s students 
should be prepared for major changes.   
 
 Education must reverse the trends of the last century toward more and more 
specialization.  A specialization interest can start early in life and lead to a 
professional training in college that will often become obsolete within an 
individual’s working career.  Education should provide a foundation that gives a 
student mobility to shift with changing demands and opportunities.  
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 System dynamics provides a foundation underlying almost all subjects.  
When that foundation is understood, an individual will have mobility to move from 
field to field.  An MIT undergraduate in electrical engineering demonstrated such 
mobility.  He studied system dynamics during his junior and senior years.  When 
he continued for a Master of Science degree in electrical engineering, he did his 
thesis on the way the body handles insulin and glucose in various aspects of 
diabetes.  That may not sound like electrical engineering, but about 10% of such 
students move to careers in medicine.  He immediately developed a working-
colleague relationship with doctors in Boston’s research clinic for diabetes 
because, for the first time, they were able to put together their fragments of 
medical knowledge into a meaningful system (Foster, 1970).  But he did not intend 
to go into medicine.  He next worked with me in extending the Urban Dynamics 
model.  For a year, he led discussions with a group from Boston’s black 
community to incorporate many aspects of education into the model.  Later he 
went to work with a corporation.  He could move from one setting to another 
because his fundamental understanding of systems allowed him to provide a 
dynamic organizing framework to any activity. 
 
 A person with an understanding of systems sees the common elements in 
diverse settings rather than focusing on differences.  For example, communities 
may have identical basic structures but behave quite differently because of 
different policies that are followed at crucial places.  Systems with the same 
structure in very different settings show the same range of behaviors.  For example, 
a simple two-level model for a swinging pendulum can be relabeled and it becomes 
oscillating employment and inventories at the core of economic business cycles.   
 
 Transferability of structure and behavior should create a bridge between 
science and the humanities.  Feedback-loop structures are common to both.  An 
understanding of systems creates a common language.  Science, economics, and 
human behavior rest on the same kinds of dynamic structures.   
 
 I see a reversal of the trend toward specialization.  As the underlying unity 
between fields becomes teachable, we can move back toward that concept of the 
“Renaissance Man,” who has broad intellectual interests and is accomplished in 
areas of both the arts and the sciences. 
 


2. UNDERSTANDING ECONOMIC BEHAVIOR 
 


Pre-college education has been repeatedly criticized for inadequate teaching of 
economic behavior.  The weakness arises because traditional academic 
economics has been taught as small deviations from equilibrium conditions.  
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However, to understand economic behavior is to understand the forces that 
cause major economic change. 
 
 The professionals in system dynamics have made many excursions into 
dynamic economics.  Much work is still to be done but the path is clear for 
teaching in K-12 a wide range of economic issues.  Economic behavior can be 
taught throughout the range from personal to national issues, for example: 


1.  The way borrowing on credit cards, with payment of interest, 
reduces ones future standard of living, 


2.  The driving forces for short-term business cycles, 
3.  How social attitudes, monetary authority policies, debt, and excess 


construction of housing and capital plant all interact to produce 
major depressions at intervals of 50 to 80 years. 


3. OUTLOOK AND PERSONALITY 
 


 A systems education should give students confidence that they can shape 
their own futures.  A systems education should help mold personalities that look 
for causes and solutions.  A student should understand that decisions are based on 
mental models derived from observation and experience and should realize the 
faults common to such mental models.  Working with systems should reveal the 
strengths and weaknesses of mental models and show how mental models and 
computer models can reinforce one another. 
 


3.1. Confidence in Creating the Future 
 


 Many of the stresses in modern life arise because people feel buffeted by 
forces they neither understand nor know how to control.  Such sense of 
helplessness can be traced to not understanding the systems of which we are a part.  
Events that seem capricious when viewed locally are often understandable when 
seen from a broader systems perspective.   
 
 I hope that a system dynamics thread in K-12 education would leave 
individuals willing and able to appreciate the nature of complexity.  They should 
want to look beyond their immediate setting in search of the fundamental causes of 
problems.  They should develop optimism about understanding those problems of 
society that earlier generations have found so baffling.  Inflation, wars, unfavorable 
balance of trade, economic stresses, and destruction of the environment have 
persisted for hundreds of years without public understanding of the causes.  Such 
problems are too serious to be left to the self-appointed experts; the public must 
acquire the insights that permit participation in debates of such importance. 
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 Such better understanding comes in small steps.  I am reminded of the story 
told by a television producer who was taking video pictures in a group of parents, 
teachers, and students at a school where the systems approach was making 
excellent progress.  The producer turned to a junior high school boy and asked, 
“What have these systems studies meant to you?”  His immediate answer:  “I am 
much better able to deal with my mother.” 
 
 Such ability to deal better with one’s environment starts with even very 
simple systems.  One of our MIT doctoral students in system dynamics went to 
work for the Department of Energy.  Two years later he told me he was amazed 
and appalled by the amount of influence he could have on governmental thinking 
with a simple two-level simulation model.  Even such an elementary system is 
often beyond what people in important policy positions are taking into account. 
 


3.2. Authoritarian vs. Innovative Personality 
 


 A systems education should mold the personality of students by enhancing 
innovative tendencies in children and counteracting the forces in society that 
convert an innovative personality into an authoritarian one.  I am here using 
authoritarian and innovative personalities in the sense described by Everett Hagen 
in his book, On the Theory of Social Change (Hagen, 1962).  Hagen contrasts two 
opposite extremes of personality.   
 
 The authoritarian personality fits into a rigid hierarchy.  Life is capricious.  
One does as ordered by those of higher status.  There are no reasons for such 
orders.  Capricious orders fit the old army saying borrowed from Tennyson, 
“Yours not to reason why, yours but to do and die.”  The reward for yielding to 
higher authority comes from the individual having authority over someone of 
lower rank.  The pure authoritarian personality expects no reasons for why things 
happen and has no will to search for reasons. 
 
 By contrast, the innovative personality believes there are reasons for why 
things happen.  Even if the reasons are unknown, there is still the assumption that 
reasons exist.  Also, it is worth looking for the reasons because, if one understands, 
then one can probably change and improve what is happening.  The innovative 
personality looks for causes and works toward beneficial advances. 
 
 I believe that babies are born as innovative personalities.  They want to 
explore, to understand, and to see how things work and how to master their 
environments.  But our social processes work to stamp out exploration and 
questioning.  The child is continually confronted with, “Do as you are told,” or 
“Stop asking questions and just mind me,” or “Study this because it is good for 
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you.”  Repeated restraint of innovative inclinations gradually forces personalities 
into the authoritarian mold. 
 
 A system dynamics modeling curriculum, by letting students formulate the 
structure and policies causing behavior under study, will help preserve and rebuild 
the innovative outlook.  Simulation emphasizes reasons for consequences.  To be 
innovative, one must be willing to make mistakes while searching for reasons and 
improvement.  Computer simulation modeling is a repeating process of trial and 
error.  One learns that progress is made through exploration and by learning from 
mistakes.  An authoritarian personality fears mistakes and does not try the 
unknown.  An innovative personality knows that mistakes are stepping stones to 
better understanding.   
 


3.3. Mental Models and Computer Models 
 


 Students should learn that all decisions are made on the basis of models.  
Most models are in our heads.  Mental models are not true and accurate images of 
our surroundings, but are only sets of assumptions and observations gained from 
experience. 
 
 Mental models control nearly all social and economic activities.  Mental 
models have great strengths, but also serious weaknesses.  From a systems 
education, students should learn how mental models can be useful and when they 
are unreliable.  Furthermore, they should appreciate how computer simulation 
models can compensate for weaknesses in mental models.   
 
 Mental models contain a vast wealth of information that is available 
nowhere else.  Mental models contain information about the structure and policies 
in systems.  By structure I mean the elements in a system and the connections 
between the elements—who has what information, who is connected to whom, 
and, what decisions are made and where.  By policies I mean the rules that govern 
decision making—what factors influence decisions, what is a particular decision 
point trying to accomplish, and what goals are sought.  At this detailed level of 
structure and policies, mental models are rich and reasonably reliable sources of 
information. 
 
 However, mental models have serious shortcomings.  Partly, the weaknesses 
in mental models arise from incompleteness, and internal contradictions.  But more 
serious is our mental inability to draw correct dynamic conclusions from the 
structural and policy information in our mental models.   
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 System dynamics computer simulation goes a long way toward 
compensating for deficiencies in mental models.  In model building, one must 
remedy incompleteness and internal contradictions before the system dynamics 
software will even allow simulation.  After a logically complete model has been 
created, one can be certain that the computer is correctly simulating the system 
based on the assumptions that were incorporated in the model.  It is in simulation, 
or determining consequences of the structural and policy assumptions, that mental 
models are unreliable, but computer models are completely dependable.   
 
 Students should also realize that there is no possible proof of the validity of 
any model, whether they are mental or computer models.  Models are to be judged 
by their comparative usefulness.  Assumptions about structure and policies should 
be compared with any available information.  Computer simulation results should 
be compared with behavior in the real system being represented.  Discrepancies 
lead to improving both mental and computer models.  
 
 A two-way street runs between mental models and computer models.  
Mental models contribute much of the input for computer models.  Creating a 
computer model requires that the mental models be clarified, unified, and 
extended.  From the computer simulations come new insights about behavior that 
give new meaning to mental models.  Mental models will continue to be the basis 
for most decisions, but those mental models can be made more relevant and more 
useful by interacting with computer models.   
 


4. UNDERSTANDING THE NATURE OF SYSTEMS 
 


 Complex systems behave in ways entirely different from our expectations 
derived from experience with simple systems.  Because intuition is based on 
simple systems, people are misled when making decisions about complex systems.   
 
 We live in a network of complex systems.  Yet few people realize the extent 
to which those systems control human actions.  In fact, people seldom realize the 
extent to which complex systems actively mislead people into making 
counterproductive decisions. Learning ever since childhood teaches lessons that 
cause people to misjudge and mismanage complex systems.  Students, after a 12-
year encounter with systems, should be on guard against the deceptive nature of 
systems that surround them.  Six examples show the dangers in judging real-life 
systems based on a lifetime of conditioning from simple systems: 
 







D-4895-1  15 


4.1. Cause and Effect Not Closely Related in Time or Space 
 


 Most understandable experiences teach us that cause and effect are closely 
related in time and space.  However, the idea that the cause of a symptom must lie 
nearby and must have occurred shortly before the symptom is true only in simple 
systems.  In the more realistic complex systems, causes may be far removed in 
both timing and location from their observed effects. 
 
 From earliest childhood we learn that cause and effect are closely associated.  
If one touches a hot stove, the hand is burned here and now.  When one stumbles 
over a threshold, the cause is immediately seen as not picking the foot high 
enough, and the resulting fall is immediate.  All simple feedback processes that we 
fully understand reinforce the same lesson of close association of cause and effect.  
However, those lessons are aggressively misleading in more complex systems. 
 
 In systems composed of many interacting feedback loops and long time 
delays, causes of an observed symptom may come from an entirely different part 
of the system and lie far back in time.   
 
 To make matters even more misleading, such systems present the kind of 
evidence that one has been conditioned by simple systems to expect.  There will be 
apparent causes that meet the test of being closely associated in time and in 
location.  However, those apparent causes are usually coincident symptoms arising 
from a distant cause.  People are thereby drawn to actions that are not relevant to 
the problem at hand.   
 
 Comments such as I have just made about cause and effect carry little 
conviction from being stated in a text.  Only after a student has repeatedly worked 
with models that demonstrate such behavior, and has had time to observe the same 
kinds of behavior in real life, will the idea be internalized and become part of 
normal thinking. 
 


4.2. Low-Leverage Policies:  Ineffective Actions 
 


 Complex systems differ from simple systems in another way.  In simple 
systems, the policies to yield better results are obvious and they work.  To avoid 
burning your fingers on a hot stove, you keep away from the stove.  But in 
complex systems, the apparently influential policies often have very little effect. 
 
 When I talk to a group of business executives I ask how many have ever had 
the experience of facing a serious problem, devising policies to correct the 
situation, and five years later find there has been no improvement.  Most will hold 
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up their hands.  Perhaps you have experienced the same in education.  The quality 
of education has been severely criticized, many educators have tried remedies, and 
often there is little change.   
 
 In complex systems, there are many interconnecting feedback loops.  A new 
policy, which is intended to solve a problem, causes reactions in other parts of the 
system that counteract the new policy.  In education that reaction may come from 
administrators, from school boards, from parents who do not want new 
experimental ideas tried on their children, or from budget pressures.   
 
 I believe that a very high percentage, say 98%, of the policies in a system 
have very little leverage to create change.  They do not matter.  However, most of 
the heated debates in communities, companies, and governments are about policies 
that are not influential.  Such debates are a waste of time and energy.  Debates 
about low-leverage policies divert attention from the few policies that could lead to 
improvement. 
 
 Students must have experience working with models of complex systems to 
appreciate how often proposed policies fail to produce results. 
 


4.3. High Leverage Policies:  Often Wrongly Applied 
 


 In simple systems, the direction of action to achieve a goal is obvious.  
Diligent work and longer hours will increase income.  In complex systems, even 
when a rare high-leverage policy has been chosen, the desirable direction to change 
that policy is often unclear, or worse, may usually be misjudged and the policy 
moved in the wrong direction.  It is only through comprehensive modeling of 
complex systems that we can hope to overcome the policy errors that arise from a 
lifetime of learning the wrong lessons from simple systems. 
 
 Fortunately, a few high-leverage policies can usually be found that can alter 
the behavior of a system.  However, high-leverage policies lay another trap for the 
unwary.  One occasionally finds a person who is working with a high-leverage 
policy.  However, I estimate that more than 90% of the time that person is pushing 
the high-leverage policy in the opposite direction relative to what that person wants 
to accomplish.  In complicated systems, intuition provides no reliable guide even 
to the direction that a high-leverage policy should be changed.   
 
 I have several times had the experience of going into a company with a 
serious difficulty where intended policies were causing the problem.  We are 
talking here of highly visible problems.  A situation might be low profitability, or 
falling market share, or severe instability with the company working overtime one 
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year and having half the people laid off two years later.  One carries on extensive 
interviews to determine the policies (decision-making rules) that people are using 
in different positions in the company.  People justify their policies as intended to 
solve the major problem.  One then puts the expressed policies into a system 
dynamics simulation model and finds that the model generates the same difficulty 
that the company is experiencing.  In other words, the policies that people know 
they are following are the cause of their trouble.  Local interpretation of symptoms 
leads to local actions that combine to produce detrimental results.   This is a 
treacherous situation.  If people believe their actions will reduce the problem, but 
do not know those actions are making it worse, then as matters become worse there 
is growing incentive to take the presumed corrections that are actually causing 
further decline. 
 
 One sees this spiral of system deterioration at all levels in society.  
Individuals in a family in serious psychiatric difficulty know they are in trouble, 
each wants to do something to help, yet everything that everyone does makes 
matters worse.  In the Urban Dynamics model, we saw that governmental policies 
for building low-cost housing do not improve cities but cause more decay.  In the 
same way, we might suspect that our national foreign trade policies lead to 
importing goods made by low-skilled labor while our own low-skilled population 
loses the jobs that could provide an employment and training ladder to higher 
skills. 
 
 I do not know of any way to determine which are high-leverage policies and 
which direction to apply them except to do a system dynamics simulation of the 
situation.  Students should have many experiences working with models that reveal 
the multitude of policies having little effect, that allow them to search for high-
leverage policies, and that show them the danger of intuitively judging even the 
direction of effect of high-leverage policies.  Students should come out of a 
systems education with an appreciation for how mental models alone can lead one 
astray in multiple-loop systems.  They should demand that important issues be 
modeled, and that the models be made available to the public.  They should have 
confidence that they can read and evaluate such models.  Models then become a 
powerful and explicit means of communication. 
 


4.4. We Cause Our Own Problems 
 


In simple systems, the cause of a failure is clear.  One trips over a rock 
because the foot was not raised high enough; it is obvious that the fault was our 
own.  In complex systems, causes are more obscure; it is not evident that we have 
caused our own crises, so, there is a strong tendency to blame others.  However, 
the practice of blaming others diverts attention from the real cause of trouble, 
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which usually arises from our own actions.  By looking to others as the culprits, we 
take attention off the more embarrassing, but more productive, need to change our 
own actions.  A management will blame the competition, or bankers, or its 
employees for low profits or falling market share, even though other companies in 
the same business, that deal with the same customers and bankers, are successful.  
The difference must lie in the policies of the failing company.  The United States 
has a problem of illegal drugs; so drug-supplying countries are blamed, rather than 
asking why our country is the largest market for drugs.  There would be no 
suppliers if there were no users.  In simple systems, the source of a problem is 
evident and lies in our own actions. In complex systems, causes are hidden and 
blame can be attributed to scapegoats through which correction is not possible. 
 
 The often-quoted line from the comic strips, “We have met the enemy, and 
he is us,” has more than a grain of truth.  Usually, problems exhibited by a social 
system are caused by the people in that system.  However, people naturally tend to 
blame others.  When Detroit was losing market share to Japanese automobiles, 
executives of American companies blamed Japan for dumping at low prices, when 
the real cause was Detroit’s own declining quality.  Parents blame schools for low 
competence of students, when perhaps the deficiency arises more from preschool 
home life and failure in parental guidance.  A company is more inclined to blame 
falling sales on unfair competition or fickle consumers than on its own poor 
products and service.   
 
 In preparation for the 21st century, a systems education should condition 
students to look for the source of their troubles first in their own actions before 
blaming others. 
 


4.5. Drift to Low Performance, Collapse of Goals 
 


In simple systems, goals are reinforced and maintained.  The goal of staying 
in the proper highway lane is sustained by the threat of an accident.  In less 
obvious systems, goals can gradually erode.  One’s goal of maintaining a sound 
financial condition can yield to pressure to borrow for a vacation or to purchase a 
fancier automobile.  The goal can gradually decline from a safe financial condition, 
to wanting to fall no farther into debt, to striving to meet debt payments, to hoping 
to avoid foreclosure on one’s house. 
 
 One component of any feedback loop is the goal toward which the feedback 
process is striving.  In simple models, goals are usually given as constants; for 
example, the goal of a pendulum is to seek the vertical as it swings from one side 
to the other.  The goal of an inventory manager may be to maintain a given level of 
inventory.  The goal that determines the amount of sleep we get is to maintain a 
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certain degree of restfulness.  But in a more complete representation of systems, 
the goals themselves are properly shown as variables.  We may be striving toward 
a certain goal, but, failing to reach the goal, we may readjust our goal to something 
that seems more achievable.   
 
 There is a strong tendency for goals of all kinds—personal, community, 
corporate, or national—to drift downward.  Pressures tend to cause performance to 
fall short of goals.  But failing to meet goals is uncomfortable.  The response is 
often to let the goals adjust downward toward the actual performance.  As goals 
fall, the incentives for high achievement decline.  Performance continues to fall 
short of the new lower goals and the downward spiral continues.   
 
 Falling goals will in time lead to crisis, but by then recovery may be 
impossible.  One sees erosion of goals in attitudes toward the national deficit.  
Thirty years ago, the present size of the national deficit would have been 
unthinkable.  But as the deficit rose, people came to accept each new rise and 
adjusted to the higher deficit.  Eventually such goal erosion can lead to disaster.  
Successful people, successful corporations, and successful countries have 
leadership or deeply held beliefs that stop such goal erosion.   
 
 Students should be exposed to the dynamics of goal collapse in models and 
have an opportunity to relate the process to their own lives.  Goal collapse, that is, 
becoming accustomed to and accepting falling standards, may be the greatest threat 
to the future of individuals and countries. 
 


4.6. Long-Term vs. Short-Term Tradeoffs 
 


In a simple system, a goal can be accomplished and a task finished.  When the 
water glass is full we turn off the water, the objective has been met, and there are 
probably no indirect unpleasant consequences.  However, in complex systems 
there is nearly always a tradeoff.  If the short-term goal is maximized, the result is 
a longer-term undesirable consequence.  A child takes a toy from a playmate, the 
goal of having another toy is achieved, but a fight is likely to ensue. 
 
 A fundamental conflict exists between short-term and long-term goals.  
Students should observe this conflict between the present and the future in system 
dynamics models and then relate the lessons to their own lives.  Actions that yield 
immediate rewards almost always exact punishment in the long run, and vice 
versa.  Quick gratification is the enemy of future wellbeing.  It is hard to find 
exceptions where actions with an immediate reward do not extract a price in the 
more distant future.   
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 A person who steals may benefit immediately, but usually suffers later.  A 
person who works all night to finish an important task pays by being inefficient for 
the next several days.  Taking mind-altering drugs may give an immediate sense of 
well being at the expense of future ill health or poverty.  Borrowing on credit cards 
allows an immediate increase in standard of living but the consequence in the 
longer term is a lower standard of living while paying back the loan and interest.  
Under pressure from voters, the U.S. Congress is borrowing money to provide 
ever-increasing goodies to constituents, with the probable future consequence that 
government becomes insolvent and may not be able to provide basic public 
services.  Over a much longer time horizon, improved public health and modern 
agriculture raised the standard of living and reduced death rates, resulting now in 
the threat of an unsustainable population explosion. 
 
 Conversely, accepting a short-term disadvantage can often yield rewards in 
the longer-term.  For example, saving now, rather than spending all one’s income, 
can increase the future standard of living.  A company that foregoes higher 
dividends and increased executive salaries can invest in research on new products 
and increase future income.  
 
 The conflict between short-term and long-term goals bears directly on what 
should be considered ethical and humanitarian.  Humanitarian impulses are usually 
based on short-term considerations but often lead to worsening the situation in the 
more distant future.  Food aid to starving populations seems humanitarian in the 
short run, but may well encourage population growth and greater starvation of even 
more people in the future.   
 
 Students should study the fundamental conflicts between short-term and 
long-term goals in the context of system dynamics models and have the 
opportunity to relate the lessons to their families, communities, and nation. 
 


5. ACHIEVING THE BENEFITS OF A SYSTEMS EDUCATION 
 


 A systems modeling curriculum will not automatically yield the lifetime 
insights and personal guidance that I have been discussing.  A student might easily 
go through the motions of working with models without gaining the understanding 
that is potentially available.   
 


5.1. Experience and Participation 
 


 Students will not internalize their understanding of systems merely from 
being told.  Nor will discussion and debate be effective.  Coming to an 
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understanding of systems must be a participative activity.  Learning about systems 
in not a spectator sport; such learning comes from active involvement.  One does 
not learn to ride a bicycle or play basketball from lectures alone; one must practice.  
A person learns from experience.  Computer modeling allows an accelerated 
vicarious experience.   
 


5.2. The Deeper Lessons 
 


 A student can work with computer simulation models without realizing the 
deeper lessons that should be absorbed.  Students can miss most learning for the 
21st century that I have discussed unless the right guidance is provided.  Students 
must create their own models and learn from trial and error.  They must be led 
toward models that can teach the lessons that I have been discussing.  Even with 
models that contain the lessons, students can miss the most important implications, 
so they should be encouraged to see the deeper consequences of what they are 
doing.  They should relate what they are learning to systems they already know in 
families, community, and school. 
 


5.3. Systems Thinking vs. System Dynamics 
 


 K-12 conferences on systems are often advertised as “Systems Thinking and 
Dynamic Modeling.”  Consider those two activities in the context of learning for 
the 21st century.  I understand and define the two terms, systems thinking, and 
dynamic modeling, to mean quite different activities.   
 
 Systems thinking appears to be thinking about systems, talking about the 
characteristics of systems, acknowledging that systems are important, discussing 
some of the insights from system archetypes, and relating the experiences people 
have with systems.  Systems thinking is lecturing about systems, as I am doing in 
this paper.  Systems thinking can be a door opener and a source of incentive to go 
deeper into the study of systems.  But I believe that systems thinking has almost no 
chance of instilling the lessons that I have described.   Systems thinking will 
change very few of the mental models that students will use in their future decision 
making.  Systems thinking is not more than five percent of a systems education. 
 
 On the other hand, system dynamics modeling is learning by doing.  It is 
learning through being surprised by the mistakes one makes.  System dynamics 
modeling is a participative activity in which one learns by trial and error and 
practice.  I believe that immersion in such active learning can change mental 
models.   
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5.4. Revision of Road Maps 
 


 Many of you are already familiar with the Road Maps series that was written 
by undergraduate students at MIT with my guidance.  Road Maps are documents 
intended as a self-study guide to learning about systems.  Chapters are now 
available through the Creative Learning Exchange.1   
 
 However, in creating lessons for students, it became clear that, even though 
students worked with computer simulations, intended insights about systems could 
be missed.  While working with systems, the implications must be stressed.  Road 
Maps should be extended to be more explicit about fundamental principals of 
systems and to call attention to the general characteristics of systems that should be 
observed.  
 


5.5. On Teaching Systems 
 


 I believe that confining student learning to systems thinking and to 
discussion about systems will convey very little understanding of the nature and 
behavior of the systems within which we live.   
 
 To appreciate the nature of systems, students must have extensive personal 
experience in working with systems.  This means creating system dynamics 
models on a computer, simulating their behavior, exploring how the models 
respond to changes in structure and policies, and comparing model behavior to the 
real systems being represented.  Such active modeling should extend at least 
throughout the several years of middle school and high school.  As early as 
possible, schools should move away from canned models that have been 
previously prepared for student use.  Instead, students should create models, 
examine their shortcomings, and learn from discovering improvements. 
 
 Students should gain experience in modeling systems in which they have a 
personal interest.  Such systems can be drawn from family and community 
situations.  Items from the newspapers should be converted to formal models to 
reveal student understanding of current events, to detect omissions and 
contradictions in the news items, and to provide practice in moving in both 
directions between mental and computer models.  History and literature likewise 
provide material that can be made more explicit and understandable through 
modeling.   
 
                                           
1  Creative Learning Exchange, Lees Stuntz, Executive director, 27 Central Street, Acton, MA, 


01720, tel: 978-635-9797, fax: 978-635-3737, URL:  clexchange.org. 
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 Throughout student work with models, more should be learned than just the 
details of the models themselves.  Beneath such models are the underlying 
principles of systems (Forrester, 1968).  Beyond such models are the kinds of 
learning discussed in this talk.  Students probably will not see such general and 
transferable insights merely from exposure to models.  The larger and more 
enduring lessons must be pointed out.  Such active use of the insights will thereby 
become part of their thinking and the way they look at the world around them. 
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