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Background and Problem Statement

"System dynamics is a method for studying the world around us."
 That "world around us" consists of the various aspects of our home life, our work life, our school life, our community life, etc. System dynamics has proven its value for improving business performance
, and there is a significant and increasing body of evidence that system dynamics can significantly improve the learning that takes place in K-12 education
.   Further, many people believe that a society that is more 'systemic' in its thinking would be better able to address its environmental, social, and economic problems, whether they be home, community, county, state, national, or global.  

Despite these advantages, it has been difficult for both the typical businessperson and the typical K-12 teacher to take advantage of system dynamics.  I think this is primarily because becoming sufficiently fluent in system dynamics to use it effectively requires more time than most working adults can spare.   Many businesses and teachers end up doing what they can by exploring and applying 'systems thinking'.  Yet, Jay Forrester, the founder of the field of system dynamics in his paper, Learning through System Dynamics as Preparation for the 21st Century
 writes, 

"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 systems archetypes, and relating the experiences people have with systems. …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 no more than five percent of a systems education."   

Other business people and teachers simply maintain the status quo and do nothing.  If the problem is significant enough some businesses hire expensive system dynamics consultants on a problem by problem basis, or develop an internal system dynamics consulting organization.  

So, we have available to us system dynamics, this powerful way of thinking that is useful both for learning in K-12 education and for improving business performance.  Yet it is difficult for our communities to learn to apply this way of thinking due to the time constraints that business people and teachers face in their daily lives.  

Solution Overview

I think we have a potential solution to this dilemma staring us in the face.  Broadly, that solution resides in the K-12 students in our communities.  Specifically the ingredients for the solution are:

1)
at least one person dedicated to helping others master the use of system dynamics for learning and problem solving.  Let's call this role the Community System Dynamics Mentor (CSDM).  The CSDM may or may not be a teacher.

2)
the availability of high school students interested in taking a system dynamics course one semester, followed by a second semester applying what they've learned to address a sponsoring organization's problem.  The high school must be willing to offer this course and, must provide a teacher to co-teach the course with the CSDM.  The class will be split into teams of 3-5 students, each team to collaborate with their teammates from the sponsoring organization (see 4 below).  

3)
one teacher in a middle school and another teacher in an elementary school who would be interested in working with the CSDM to develop lesson plans that include systems thinking and dynamic modeling content.  Each school must provide one hour of teacher release time per day for work with the CSDM.

4)
several sponsoring organizations, preferably a mix of several business, government, and non-profit organizations in the community to fund the CSDM, system dynamics software, and any other materials required to support the program.  Each sponsoring organization will also provide at least one, but preferably a team of at least three or four people, to study system dynamics along with their high school teammates, and then to work collaboratively with them to apply system dynamics to a problem important to the sponsoring organization.

Solution Detail

CSDM Education and High School Curriculum

Prior to working with the students and sponsoring organizations the CSDM would have to sufficiently learn system dynamics.  One way to do this would be to participate in two programs.  The first is the 12-day CC-SUSTAIN
 summer teacher workshop in system dynamics taught in Portland, Oregon and in various other locations around the country.  The second program is the system dynamics Guided Study Program (GSP) taught over the internet by the System Dynamics in Education Project (SDEP) from the Massachusetts Institute of Technology (MIT)
.  The SDEP-GSP would require approximately half-time from September through July.  The CSDM would then spend a good portion of the rest of the summer selecting, learning and modifying the system dynamics curriculum she chooses.  I expect that the system dynamics curriculum will be similar to Diana Fisher's high school system dynamics course taught in Portland, Oregon
. Finally, during the school year, the CSDM would probably still require support that I believe could be made available over the internet from one or more of many sources.

Student interest, pre-requisites, teaching, and assessment

If, as is true with other high school system dynamics courses, this will be an elective course not applicable against the required credits for graduation, what will induce students to want to take the course?  Some students may be attracted by the opportunity to learn how to build computer simulations.  Others might be attracted to the opportunity to be a consultant to a real-life organization, to help the organization solve an important real-life problem in their business.  The students will probably be partially responsible for teaching their consulting method (system dynamics) to the client team (their teammates from the sponsoring organization). They will also work collaboratively as full partners with their client team, and often lead the team, to develop a solution to the client's problem. Hopefully these opportunities will attract students to the course.  Any student in the high school should be eligible to enroll in the class, however, it is important that at least one person on each team be proficient in basic algebra.  
The team members from the sponsoring organization may not always find the time to attend the first semester classes during the school day.  Therefore it is probable that the high school students will be responsible for teaching what was missed to their sponsoring business teammates in instructional sessions that the high school students would lead whenever required over the course of the first semester.  Having to teach what they've learned will solidify the high school students' knowledge and will also give the CSDM an opportunity to evaluate the high school students' learning.  Sometime during the first semester, once they have learned how to frame a problem statement, each team will begin work to select and refine a problem from the sponsoring organization for study in the second semester. During the second semester the entire team, both the high school students and their sponsoring organization teammates, will conduct interviews within the sponsoring organization to gather information to inform the system dynamics modeling effort.  However, due to assumed limits on manager time availability, it is expected that the students will be doing most of the system dynamics modeling work during the second semester.  Again, this will necessitate at least weekly model review meetings between the manager and student team members at which the students will have to present their work, again giving an opportunity for the CSDM to evaluate the students' learning.  At the end of the semester, each team will prepare a paper to communicate their work on the problem; the team will present the paper to the sponsoring company's management.  

K-12 Teacher Participation in the High School Course

The co-teacher of the high school class will also be learning the material, but will in addition be expected to assist the students with equation formulations and with finding and using research sources.   She will also assist the CSDM with teaching methods and child development considerations which may arise.  Additional teachers would be welcome to assist in teaching the course, to audit the course, or to take the course as a member of one of the high school student teams.  Or, perhaps several teachers would be interested in working together as a team on a sponsoring organization's problem. 

Elementary and Middle School Program

The first semester will probably be spent familiarizing the elementary and middle school teachers with system dynamics.  In fact, it probably will best if these teachers sit in on the high school class during the first semester.  Despite the fact that they are primarily learning about system dynamics during the first semester, it is very probable that the teachers will, on their own, shortly into the first semester, begin using systems thinking tools in their classrooms, especially behavior-over-time-graphs, causal loop diagrams, and stock-flow diagrams.   During the second semester, it is expected that the teacher and the CSDM will be developing significant systems thinking and dynamic modeling enhancements to existing lesson plans and units, incorporating new units from the Creative Learning Exchange
, or developing entirely new lesson plans and units.  The teachers may find themselves presenting in-services to their peer teachers, or presentations and seminars to their sponsoring organizations or to others in the community.   

Full-time role for the CSDM
This will be a full-time job for the CSDM for eleven months, including the month before and after the school year. Half of the CSDM's time each day will be shared between her high school classroom and time with the elementary and middle school teachers (except possibly during the first semester when the elementary and middle school teachers will be attending the high school class).  There will probably be some travel time involved each day since the high, middle, and elementary schools will probably not be on the same campus.  Further, there will be lots of planning involved, whether making lesson plans, ensuring that the sponsoring organization's teams are truly learning what they should be and that their projects are well defined and will meet some significant business need, grading, etc.  In addition, it is anticipated that the CSDM will continue studying and learning more about system dynamics; perhaps via the system dynamics applications course also taught over the internet by MIT's SDEP.  Finally, it is expected that the CSDM will give presentations and seminars for various community organizations such as the School Board, various groups from the sponsoring businesses, other teachers, the Chamber of Commerce, etc, who may desire to learn more about system dynamics and this program.

Follow-up to the First Year of the Program

During the first year of the program, many teachers will see what is happening in the system dynamics class, and in the classrooms of the elementary and middle school teachers who participate in the program, and will be interested in learning how to use system dynamics in their classrooms.  The program needs to provide some way for these teachers to pursue this new interest.  The best ways for these teachers to pursue their interest include:

1)
attending a CC-SUSTAIN summer workshop (see footnote 5).

2)
attending the K-12 System Dynamics in K-12 Education conference that is held every other year in the US.  

Once the interested teachers have attended either or both of these, they may be interested in taking MIT's SDEP GSP (see footnote 6).   Given this background, interested teachers will be able to begin to use system dynamics as another 'way of learning' in their classrooms.   Therefore, the program should provide funding for these activities.

How long will the CSDM be required after the first year?   In the second year, it is hoped that the co-teacher of the 1st year course will be able to lead the high school course, perhaps with assistance from the CSDM.  This should be no problem if the co-teacher has taken the MIT SDEP GSP (see footnote 6) and has attended the CC-SUSTAIN (see footnote 5) workshop.  The role of the CSDM probably should shift from one of actively teaching to truly being a system dynamics mentor to the teachers who are using system dynamics in their classrooms.   Also, depending on the wishes of the school system, the CSDM may begin shifting to spending more time in the elementary and middle schools than in the high school.  The long term objective is that students will be quite proficient in systems thinking and dynamic modeling by the end of middle school, so that in high school, they can really be assets to their community because of their ability to apply system dynamics to community problems.   Perhaps in 3 to 5 years, there may no longer be a need for a CSDM.  Or, the CSDM's role may have shifted to one of helping new teachers learn to use system dynamics, as well as to helping the high school students in their work on particularly thorny community problems.  

Solution Benefits
1)
Each of the sponsoring organizations will have addressed a significant business problem at a fraction of the cost of hiring a professional system dynamics consultant.  

2)
Managers from the sponsoring organizations will have had a significant time and dosage exposure to system dynamics on a business problem important to them.  If they apply themselves, they should be able to independently use system dynamics on other business problems.  

3)
The participating teachers and students at all three levels, elementary, middle, and high school, will be sufficiently exposed to system dynamics to start using it in their classrooms.  

4)
Having witnessed positive results, other teachers, schools, managers, and businesses will be inspired to explore the use of system dynamics for learning and problem solving, perhaps through extending or improving the program.  

5)
The participating students will learn a lot about many things, including the real world of the sponsoring organization, teamwork, communication, leadership, research, making presentations, and, of course, system dynamics.  They will feel more valued by their communities.  

6)
The community will learn that its students are probably one of the best resources for helping the community solve its problems. The community will appreciate the capabilities of its students to:

a)
apply system dynamics to a wide range of community problems, economic, environmental, and social,

b)
present their findings to the community in an understandable fashion, and

c)
facilitate constructive community dialogue on the problems they are studying.

7)
The community will learn to value system dynamics itself as a way to address diverse community problems, whether economic, social, or environmental.

Potential concerns

I have chosen to address three concerns that communities might have about this approach.  First is the question of whether our students are really capable enough to do this.  Second is the question of whether one class in one semester is really adequate to prepare the students for helping the sponsoring organization.  And, third, is the question of whether system dynamics can really help improve the performance of businesses and other organizations. 
Capability of Students 

Some communities may have doubts that their high school students are capable of this level of achievement.  Yet, most teachers, schools, and school districts in various parts of the country who have been using system dynamics in the classroom continue to be amazed at what kids can do.  The following is a quote from a participant
 in the '1998 System Dynamics in K-12 Education" conference.  

" I have never before attended a conference with such a high level of excitement, confidence, sense of past accomplishment, and hope for the future.  About 270 people attended, mostly teachers, with a scattering of administrators and people with a professional background in system dynamics.

" Especially notable was the progress reported by teachers in primary schools and in middle schools.  In one place, kindergarten students identify stocks and flows in their environment.  In at least one first-grade class the students draw behavior-over-time graphs of changes they identify in stories that are read to them (dynamics before they are doing their own reading).

"My favorite sound bite from the conference was from a high school teacher who said, "High school teachers who know what is going on are terrified. They can see the day coming when the primary and middle schools will be delivering little monsters that can THINK!!!"

"Several teachers have said in various ways that they had no idea the children could do so much.  As the primary and middle school teachers reported on what they are doing, various people, including the experienced system dynamics people, said they would never have thought that such learning could occur at so young an age."

It seems that, over time, as a community's elementary and middle schools increase their use of systems thinking and dynamic modeling, at some point, students entering high school will be very knowledgeable of system dynamics.  This paper presents a way that these students can solidify their knowledge of system dynamics in the context of helping their community by working on its real-life business, environmental, and social problems. 

The program I have described is obviously just the first step toward achieving this vision.  It is hoped that the CSDM's working for one year with one elementary and one middle school teacher will be the spark that ignites the use of systems thinking and dynamic modeling in the community's elementary and middle schools.  And, it is hoped that the CSDM's working for one year with the high school students and their sponsoring organizations will not only benefit the high school students, but, through the sponsoring organization, will also increase community awareness of the tremendous resource that high school student system dynamicists can be to the community. 

Adequacy of One Course

But, one might ask: our high school students did not learn system dynamics in elementary and middle school; how can we expect them to, in one year, learn enough to effectively address the sponsoring organization's problem?  Will the sponsoring organizations get their money's worth?  

I think the answer to this question is embedded within an answer to another question that was asked last year on the 'System Dynamics in K-12 Education' internet email list.  The question was:

"Does anyone have evidence that kids and teachers in schools where Stella (or other system dynamics tools) is used exhibit systems thinking outside of classroom problems?  In other words, are systems ideas and methods internalized by kids and teachers and used to think outside of school?"

Diana Fisher, a Portland, Oregon high school math teacher who has been using system dynamics in her classroom for years, gave a long, but very interesting, answer to this question.
  In her answer she discusses:

1)
the non-credit system dynamics course she teaches to students who had never previously never been exposed to system dynamics, 

2)
many examples of the system dynamics work that high school students (& teachers!) have done for outside organizations.

3)
the interest in system dynamics by the teacher education schools at two universities.

Diana Fisher responds to the question:

"Not only is there evidence, the evidence continues to be so exciting that I have not lost my enthusiasm for teaching high school students to create systems models. On the contrary, I believe it should start in the middle school when students learn first year algebra. 

"I teach math, programming, and a system dynamics modeling course at Franklin High School in Portland, Oregon. I have used system dynamics in my math classes since 1991 and have taught the modeling class since 1992. The modeling class is a math elective not applicable against the required credits in math for graduation. In spite of this the course has grown from 11 the first year to 40 students this year. 

"Students in the modeling course begin by completing exercises that build their skill in using STELLA
, designing simple models, analyzing models they create via tutorials, and explaining what they understand in all processes. In the second semester they create more sophisticated original models for which they must collect data, work with an expert who understands the problem they are trying to model, and write a 10 to 12 page technical paper explaining their model and the results.  Students have gone on to teach college professors what they learned in the class. I have had professors express admiration for the models the students have designed, some exclaiming that they have graduate students who could not do as well.

" One group of students designed a model of a pronghorn population near central Oregon, with spreadsheet data faxed to them by a wildlife biologist who had just modeled the same population. The biologist also faxed the observed population data and the results of his model. The high school juniors created a model with less error, compared to the observed data, than the professional biologist's model displayed. Other students have been requested to create models for administrators and teachers in the school. The Oregon Land Management Office hired two of my students to do a wetland model for them one summer. Currently we have two student groups working on models related to the school funding problems we are having in Oregon, requested by an administrator in the central district office. I have had a student tell me that, having taken the modeling class his senior year in high school helped him (significantly) understand Calculus his freshman year at Reed College. Another modeling student created a STELLA model for an economics paper he did in college, only to have the professor grade him down, claiming he was using the model as a page-filler. The student went in and explained the model to the professor, who subsequently gave him full credit for his paper. I have had other modeling students tell teachers at Franklin that some of their environmental science classes were easier to understand because of their exposure to some of the complex issues that arise in environmental management situations.

 
"Our main problem is (lack of) exposure regarding what the students are doing. Those adults who take the time to see what the students actually create are, without exception, very impressed by the quality of work, the thought, the understanding of the complexity of the issues they are modeling, and the models they create. (Franklin is an inner city high school serving primarily a blue collar population.)

"And Franklin High School is not the only place this is occuring. Wilson High School in Portland also has a modeling class whose students do excellent work. One of their students gained early admittance to Harvard University using a STELLA model he created in the modeling class at Wilson. Scott Guthrie teaches the modeling class at Wilson. Ron Zaraza, my partner in our NSF CC-STADUS grant uses STELLA throughout his physics classes at Wilson as well. Ron has been instrumental in developing systems study at Wilson. He has brought most of the social studies teachers on board by teaching lessons in their classes, so they can see how it would be useful to them. Both of these teachers could offer more examples of student application of systems ideas outside the classroom. 

"La Salle High School is also making great strides. They do not have a modeling class yet but they have been the most successful in getting systems thinking to permeate multiple departments. The students build or work with models in English, science, religion, social studies, health, and math classes. They have made systems a strand in their school and continue to expand its use. Tim Joy, an English teacher, is the director of this effort. He could tell you more about student experiences at La Salle. 

"At Franklin I have used system dynamics via STELLA and the motion detector in every math class I have taught since 1991. It is such a natural method for understanding the functions that are traditionally taught in Algebra through Calculus classes that I cannot understand why math teachers are not jumping at the chance to use it in their classes. (Of course, I should not be surprised, since we have found from our summer SD training of high school math, science, and social science teachers that math teachers are the most resistant to change. I think this is because our training has included so little experience with applications. This needs to change!!!) The use of system dynamics has significantly altered the way I look at the mathematics I teach and the way I now teach math. I require my students to create simple models of some of the problems we study during the year.

"One year I tried to collect some statistics regarding the use of systems versus a traditional approach to teaching second year algebra. I collected information on the number of students who successfully completed the first year of pre-calculus from my Algebra II classes and those of two other Algebra II teachers. I know this is statistically flawed, but for what it's worth the difference was a success rate of 78.9% for the systems students verses a 60.6% success rate for the other students. 

"The evidence of what students can accomplish via systems studies using STELLA and other software has prompted the Portland Public School District (the largest in the Pacific Northwest) to allow both Franklin High School and Wilson High School to offer System Dynamics "Magnet" Programs starting next year. Franklin will require Systems students to take 4 years of math and 4 years of science and two system dynamics modeling classes. Each year students will be required to create models that coordinate their current math and science classes. 

"Wilson's project focuses on science and social studies. They have created a special "Science, Society, and Technology" course team-taught by the modeling teacher and a social studies teacher. Their Systems students will also be required to take 4 years of math and 4 years of science, and the special new SST class they have created. 

"Franklin and Wilson will share their developing curricula over the next few years to expand each program. Additionally Ron Zaraza and I will direct our second NSF grant to train high school math, science, and social science teachers to create cross-discipline system models using STELLA for three more years. 

"We are also working with Portland State University and University of Portland, as both have become interested in incorporating systems training in their teacher education programs. (BTW, we have had multiple teachers, trained in our summer program, requested by organizations such as Bonneville Power to create systems models for some problem they want to study.) Another participant, a social studies teacher in Tillamook, Oregon was discussing the political ramifications of a ballot measure to build a new building in Tillamook. Three of his students modeled the problem and, much to the consternation of the principal and some local businessmen, publicized their findings ultimately defeating the measure. We have had other participants work with science professionals around the state creating system models. Our experience with students and teachers has been that we have seen barely the tip of the iceberg in the growth of system dynamics use in and outside of education in the Portland area. We have a critical mass of trained teachers, students, and other interested professionals and expect the growth to continue exponentially. I hope this helps answer your question."

Benefit to Businesses and Other Community Organizations

One final concern is that the sponsoring organizations, and especially businesses for profit, might really wonder whether system dynamics is indeed capable of improving business performance.  Jay Forrester in his paper, System Dynamics and the Lessons of 35 Years
 states:


"In our early system dynamics work we found we could go into a troubled company and uncover the reasons for its problems.  The difficulty might be falling market share (Forrester, 1968)
, or fluctuations in production with employment varying from working overtime one year to having half the work force laid off two years later (Forrester, 1961)
, or a lower profitability than other companies in the industry…


"…Such an analysis draws on knowledge about how structure and policy relate to behavior.  Information comes primarily from interviewing people in the company about how they make decisions at their individual operating points…These interviews are extensive and penetrating… The discussions range widely from normal operations, to what was done in various kinds of past crises, what is in the self interest of the individual, where are the influential power centers in the organization, what would be done in various hypothetical situations that have never happened, and what is being done to help in solving the serious problem facing the company…


"…After obtaining a description of the important policies, information flows, and interconnections in a company (ed: the ones that relate to the problem under consideration), the next step is to translate that description into a computer simulation model.  A simulation model does not involve complicated mathematics…Such a model allows the computer to act out the roles of each decision point in the model and feed the results to other connected decision points to become the basis for the next round of decisions.  In other words, a laboratory replica of the company then exists in the computer where one can observe the behavioral consequences of the policies that had been described in the interviews - policies that are intended to solve the company's problem. 


"To the surprise of those unfamiliar with the devious nature of such dynamic systems, the computer model, based on policies known to people in the company, will usually generate the very difficulties that the company had been experiencing.  In short, the policies that were believed to solve the problem are, instead, the cause of the problem.  Such a situation creates a serious trap and often a downward spiral.  If the policies being followed are believed to alleviate the problem, but in hidden ways, are causing the problem, then, as the problem gets worse, pressures increase to apply still more strongly the very policies that are causing the problem."

The computer simulation can then be used to experiment with various policy changes in the company to identify that combination of policy changes that will alleviate the problem under study.   If the problem scope or difficulty is such that the students and the managers do not complete their work in the one semester allotted, then the managers will be able to continue the work, or the company may choose to hire the students to continue the work over the summer.  At the very least, the work will enable the managers to "better understand the problem and the underlying system that is causing the problem, and to increase their awareness of factors contributing to the problem that may be outside their usual viewpoint."
  

Potential business sponsors might also read the magazine article, "Dress Rehearsal" by Mark Henricks, published in Entrepreneur Magazine, April 1998.
  Some quotations from this article that might be of interest here are:

"Many other businesspeople are also learning that computerized simulations of their companies can provide a safe, inexpensive way to test theories, grasp the workings of complex systems, and reveal problems in communication and management…

"Firms such as AT&T, Xerox and Sprint have spent hundreds of thousands of dollars creating complex simulations of their business environments.  Smaller firms like Biach Industries (ed: 26 people) are making use of inexpensive simulation programs that run on standard desktop computers.

" Computer simulators are now commonly used in business schools, where they're often called management flight simulators, and are becoming more widely used in practical business as well. The main reason is the same one that makes flight simulators so useful for training pilots: They provide safe ways for people to test their wings without the danger of crashing.

"With a business simulator developed by Richmond with his company's ithink simulation program, business owners see long-term results of moves such as changing prices, adding workers, borrowing money and increasing their own salaries. Entrepreneurs commonly have to run through numerous scenarios before the simulated business will survive for more than a few months without running out of money. In the real world, that would be a disaster. In a simulation, it's just another learning experience…

" Using simulations also helps businesspeople understand the long-range effects of decisions, Biach says. And, by exposing the assumptions underlying the models people carry in their heads, playing around with a simulation can help communication between groups such as marketing and design…

" Simulators work best to build understanding and communication when they're used by groups, says Biach. Richmond says many of his clients use them to debug complicated processes such as order administration, while Ritchie-Dunham recommends them for persistent problems that seem to have many possible causes.

"While they can help you check out the probable results of a particular strategy, they are not for making predictions, adds Richmond. "There are always going to be a number of things that are left out of the model because you don't know everything that could happen," he says.

 
"Simulations are only as good as the assumptions used in their models, says Richmond. A formula in a simulation may assume it will take three months to train workers, when actually it may take six months. "If you get cocky about the assumptions and don't subject them to the light of day," Richmond warns, "you can massively fool yourself."

"For all their faults, simulations are useful tools. Desktop PC simulation programs can be purchased for a few hundred dollars, and results come in weeks, not months, says Ritchie-Dunham. Entrepreneurs who have difficulty mastering them can find consultants or training firms to help, or attend training seminars sponsored by software companies.

"Business is often compared to a game, but simulations take that comparison to a new level. Those who have tried them say they'd no sooner make a major business decision without a simulation than they'd seal a deal without a handshake. "The ability to write a simulation," says Mandelker, "is something I'm always going to rely on."

Opportunity

This appears to be a win-win-win opportunity.

The more obvious opportunity is that the sponsoring organizations will get help to solve a significant business problem while helping their managers, students and teachers learn to use system dynamics, a way of thinking and acting that:

1)
improves managers' ability to solve business problems,

2)
improves students' ability to think and learn, and

3)
improves teachers' ability to help students learn to learn and to think.

Vision

The less obvious, longer term, and more important opportunity, the vision if you will, is:

1)
students who feel truly valued by their community because the students know the value the community places on the students' role in helping the community solve its problems.  Is this not making the community more of a community?   

2)
students who value other people, their community, the sharing of meaning among people, and their community's history.  The act of building a system dynamics simulation model of a problem develops these traits by requiring thoughtful questioning and learning from other people to determine how things really came to be the way they are, that is, how the problem under consideration arose. 

3)
improved thinking, learning, and problem solving by all of the community's high school graduates, thus providing a better workforce and better community citizens.  This assumes that systems thinking and dynamic modeling are properly used throughout elementary, middle, and high schools.  

4)
a community that is more economically, environmentally, and socially sustainable.  This partially results from the community's adopting system dynamics, a proven method for identifying, understanding, and solving community problems.  This assumes proper application of system dynamics by the community. 

Finally, Jay Forrester has written an excellent paper entitled "Learning through System Dynamics as Preparation for the 21st Century"
 which describes in detail what he sees as the "objectives of a system dynamics education".  In general, he states that a system dynamics education "should give students a more effective way of interpreting the world around them.  They should gain a greater and well-founded confidence for managing their lives and the situations they encounter."  He goes on to describe the personal skills, outlook, and personality that he believes will be developed through a system dynamics education.  I strongly recommend the paper as it presents a compelling vision for what a community that successfully applies system dynamics in its schools can accomplish. 
� See  http://sysdyn.mit.edu/ on MIT's web site on the internet.


� See the later sub-section in this paper entitled, "Benefit to Businesses and Other Community Organizations"  Also, feel free to contact Paul Newton, the author of this paper, to obtain references to papers describing specific instances of system dynamics benefiting business.


� See the later sub-sections in this paper entitled, "Capability of students" and "Adequacy of one course." Also, feel free to contact Paul Newton, the author of this paper, to obtain references to papers describing specific instances of system dynamics use in K-12 education.


� Learning through System Dynamics as Preparation for the 21st Century is downloadable from http://sysdyn.mit.edu/papers-index.html. 





� The CC-SUSTAIN summer program is described at http://www.teleport.com/~sguthrie/cc-stadus.html.


� Information about MIT's SDEP GSP can be found at � HYPERLINK http://sysdyn.mit.edu/DistanceLearning/ ��http://sysdyn.mit.edu/DistanceLearning/�.  This page features:


o A paper about the GSP for the System Dynamics Society Quebec City Conference in July 1998


o Quotes from past participants in the GSP


o A sample assignment


o A sample solution


� Diana Fisher, a high school teacher in Portland Oregon, has written a teacher's manual, as well as student handouts, for her two-semester course in system dynamics.  Information about these materials can be found at: http://www.teleport.com/~sguthrie/book_order.html.


� The Creative Learning Exchange (CLE) freely distributes systems thinking and dynamic modeling units developed by K-12 educators.  The CLE's web site is http://sysdyn.mit.edu/cle/home.html.


� Jay W. Forrester, Germeshausen Professor Emeritus and Senior Lecturer at the Sloan School of Management at the Massachusetts Institute of Technology.  Professor Forrester is the founder of the field of system dynamics.  His first paper on the subject was published in the Harvard Business Review in 1958 and the first book on system dynamics, "Industrial Dynamics", was published in 1961 and is still in print.  At that time system dynamics was called 'industrial dynamics' because its principles were discovered in the context of working with business.  It was later, after doing work on urban and global dynamics that the more universal nature of the work was realized, at which point the name of the field was changed to 'system dynamics'.


� Forrester, Jay.  Email note to the 'System dynamics in K-12 education Mailing List' on the internet, Date: Sunday, July 5 1998, Subject Line: "QUERY System dynamics in K-12 education (SD1529)."  The note will shortly be available for viewing in the July, 1998 section of the 'System Dynamics in K-12 Mailing List Archive Page' located at URL http://sysdyn.mit.edu/k-12sd-email-list/archive/home.html.


� Fisher, Diana.  Email note to the 'System dynamics in K-12 education Mailing List' on the internet, Date: Sunday, Wed, 26 Mar 1997, Subject Line: " Re: Systems Thinking outside classroom."  This note can be viewed by selecting the March, 1997 archive on the System Dynamics in K-12 Mailing List Archive Page


located at � HYPERLINK http://sysdyn.mit.edu/k-12sd-email-list/archive/home.html ��http://sysdyn.mit.edu/k-12sd-email-list/archive/home.html� 


� STELLA is the name of the system dynamics software package that is most commonly used in K-12 education.  There are several system dynamics software vendors, most of which have programs to minimize the costs of the software for K-12 education.  


� System Dynamics and the Lessons of 35 Years is downloadable from


 http://sysdyn.mit.edu/papers-index.html.


� "1968. "Market Growth as Influenced by Capital Investment." Industrial Management Review (MIT), Vol. 9, No. 2, pp. 83-105. Also appears as Chapter 7, pages 111-132, in the author's Collected Papers 1975; and as Chapter 12, pp. 205-226, in Edward B. Roberts, ed., Managerial Applications of System Dynamics, 1978, both from Portland, OR: Productivity Press"  Productivity Press' phone number is 800-394-6868. 


� "1961. Industrial Dynamics. Portland, OR: Productivity Press. 464 pp." Productivity Press' phone number is 800-394-6868.


� Loosely quoted from an email posted to the 'System Dynamics in K-12 Education" internet email list by Dr. Ed Gallaher, Assoc. Prof. Pharmacology and Behavioral Neuroscience, Oregon Health Sciences University, Portland, OR.  


� "Dress Rehearsal" is also online at http://www.entrepreneurmag.com/page.hts?N=6172&Ad=S 


� Learning through System Dynamics as Preparation for the 21st Century is downloadable from http://sysdyn.mit.edu/papers-index.html.





Paul Newton
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