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Contents of this booklet: 
 

1. CLE brochure- These are useful to hand out to interested 
educators and citizen champions.  It incorporates explanations of 
how ST/SD address the Common Core State Standards as well as 
the STEM process standards, both preeminent concerns of 
educators currently. 

2. Introduction 
3. List of resources including resources, books and articles from the 

Creative Learning Exchange and other places. 
4. List of CLE products 
5. Characteristics of Complex Systems introduction page 
6. Habits page – An illustrated list of the Habits of a Systems 

Thinker from the Waters Foundation 
7. Indicators of readiness for schools and districts put together by 

the experienced mentors from the Systems Thinking in Schools 
Project of the Waters Foundation. 

 
Suggested Creative Learning Exchange Materials for your own 
perusal and to give to teachers and schools: 

• Shape of Change including Stocks and Flows 
• Dollars and Sense: Stay in the Black, Spending and Saving 
• Critical Thinking Using Systems Thinking and Dynamic 

Modeling 
• CD containing all of the materials available on the 

Creative Learning Exchange website. 
 

These materials can be bought from the CLE as a bundle for $50.00 
(a $72.50 value) 



Lees N. Stuntz, Executive Director 

Creative Learning Exchange 

27 Central Street

Acton, MA 01720 

System Dynamics Tools for Deeper Understanding
Allow students to express and communicate their mental models through graphic tools.

Explore patterns and structures rather than events.
Show connection between parts of a system.

Delineate basic differences in how parts of a system work together.
Examine the elements of change over time.
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Publications Available from 
the Creative Learning Exchange
The lessons in Dollars and Sense challenge students to use systems 
thinking and mathematical tools to develop a realistic and personal 
understanding of the dynamics of the economic system in which 
we live. 

Healthy Chickens, Healthy Pastures is a game that has been 
created to help students think deliberately about living systems 
in a farm setting and give them a mental framework to take 
home and apply in other contexts. 

Tracing Connections collects the experiences and thoughts of 
practitioners from education, business, public policy, and research  
to present the powerful applicability of systems thinking.

Critical Thinking Using Systems Thinking & Dynamic Modeling 
correlates critical thinking skills with the use of systems thinking 
and dynamic modeling. After creating a definition of critical 
thinking, it expands upon how to use the tools of systems thinking 
and dynamic modeling to improve this important trait in students. 
The why and the how of using systems thinking and dynamic 
modeling in education are the fundamental topics covered in  
this introductory text.

The Shape of Change, Including Stocks and Flows contains 
lessons with a variety of systems thinking tools that engage 
students in classroom activities that help them understand  
not only what but why things change over time. 

…that School in Tucson is a longitudinal study of systems 
thinking in K-12 education. Thirteen years ago, middle school 
students and their faculty in Tucson, AZ, pioneered a revolutionary  
new approach to learning—using systems thinking tools to engage  
in collaborative, real-world problem solving that honed their critical 
thinking skills.

Characteristics of Complex Systems—Oscillating Systems  
is a new series of lessons from the CLE that allows students and 
adults to play (using online simulations) with oscillating systems. 
  Many situations in a variety of contexts display up-and-down 
oscillatory behavior. By asking “what if ” questions as part of an 

exploration, students discover that the structure of a system creates the variations.

About The Creative Learning Exchange
Our Mission
To develop Systems Citizens in K-12 education who use systems thinking, system 
dynamics, and an active, learner-centered approach to meet the interconnected 
challenges that face them at personal, community, and global levels.

The Creative Learning Exchange (CLE)
The Creative Learning Exchange was founded as a non-profit 
in 1991 to encourage an active, learner-centered process of 
discovery for 5–19 year old students that engages in 
meaningful, real-world problem solving through the mastery 
of systems thinking and system dynamics modeling. 
 Since its inception, the CLE has worked to encourage 
teachers and educators to use systems thinking and system 
dynamics in classrooms and schools throughout the 
United States as well as internationally. 

 The CLE has done this through its website that offers free curriculum, its products 
that include books and games that promote systems thinking, and a biennial confer-
ence to help educators and students learn and utilize systems thinking and system 
dynamics in the classroom and the school organization. 

How to be part of the CLE network:
•	 Register with the CLE online at www.clexchange.org.  
 You will start to get our quarterly newsletter, The Exchange, as well as email 

notifications of new curricula and upcoming events. These materials are available 
for download from the web.

•	 Browse and download our free materials. 
 All of the curricula and other materials are in Adobe PDF format and the models 

are in STELLA®. A run-time version of STELLA is available from isee systems: 
www.iseesystems.com. Our newer curricula also has simulations which can be run 
directly from the CLE website. 

•	 Join the CLE K-12SD listserve from the CLE website to make connections, find 
resources, and ask questions of experienced teachers and world-class system 
dynamics experts.

Working together
to create

Systems
Citizens

Educators
Students

SD Experts

Systems Thinking and Dynamic Modeling Conference
The CLE hosts a biennial conference on systems thinking 
and dynamic modeling. Speakers and presenters are 
teachers, administrators, and experts in system dynamics. 
For more information, go to www.clexchange.org or 
e-mail info@clexchange.org.
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•	 Behavior-over-Time Graphs 
Show behavior of one or more elements  
of a system over a period of time, using  
line graphs. 

•	 Feedback Diagrams 
Use words and arrows to map how  
elements of a system interact and  
affect each other.

•	 Stock and Flow Diagrams  
Draw stocks (accumulations of quantities)  
and flows (factors that change the stocks)  
to show the structure of a system.

•	 Computer Models  
Use equations and functions to simulate  
or replicate behaviors in a system.

— System Dynamics Tools —
The most effective use of these tools is to utilize more than one in each application.
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e-mail: info@clexchange.org
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COMMON CORE STANDARDS SYSTEM DYNAMICS (SD)

READING—develop staircase of increasing complexity to build compre-
hension in a diverse array of content.

DEALING WITH COMPLEXITY—SD helps students understand behavior systemically,  
seeing the big picture, with graphic tools for representing behavior.

WRITING—express logical arguments and opinions, using research skills 
frequently.

CLARITY—SD diagrams and models create visual examples that can be easily understood  
by readers.

SPEAKING AND LISTENING—employ a mix of one-on-one, small group, 
and whole class structures, emphasizing collaboration and problem solving.

LEARNER-CENTERED LEARNING—students using SD tools effectively work in teams to 
solve problems that arise from their studies.

LANGUAGE—build a precise and varied repertoire of vocabulary. PRECISION OF LANGUAGE—describing systems requires concise and accurate wording.  
The use of SD visual tools helps students clarify and communicate their thinking.

SCIENCE, HISTORY AND SOCIAL STUDIES—apply English language arts 
skills across the curriculum to promote content area literacy.

INTERDISCIPLINARY LEARNING—students learn to recognize generic structures that occur 
across their curriculum. Understanding feedback provides insight into social issues and policies.

MEDIA AND TECHNOLOGY—integrate 21st Century skills throughout  
the curriculum, and use modern applications for varying assumptions, 
exploring consequences, and comparing predictions with data.

COMPUTER MODELING—from upper elementary grades through high school, students  
can use software to build simulations of situations in many content areas. SD tools and models 
give students the ability to change assumptions, compare predictions and explore consequences 
in powerful ways. 

COMMON CORE STANDARDS SYSTEM DYNAMICS (SD)

K-5 MATH—build a solid foundation in whole numbers, computation, 
fractions and decimals, negative numbers, and geometry. Emphasize 
hands-on learning, to continue through upper grades.

REPRESENTING DATA—graphing data over time requires students to use a wide array of 
math skills. Simulations, experiments, and other activities where data are analyzed reinforce 
quantitative thinking.

MATHEMATICAL REASONING—build solid conceptual understanding,  
as well as procedural skills. Enable 8th graders to understand algebra with 
an emphasis on linear expressions and functions.

QUANTITATIVE THINKING—SD promotes dynamic understanding through stock and flow 
thinking. Stocks are quantities that change because of flows, or rates of change. SD modeling 
creates a visual framework to understand mathematical functions.

MATHEMATICAL APPLICATION—guide  
students to apply math reasoning to real-world issues and challenges,  
and use math in novel situations.

GENERIC STRUCTURES—students learn to transfer insights across curriculum areas,  
connecting diverse topics as they identify behaviors caused  
by systemic structures.

MATHEMATICAL MODELING—use modeling to link classroom experience 
to empirical situations, leading to better understanding and decision-making.

MATHEMATICAL MODELING—using readily accessible, powerful software, students can 
model sophisticated situations and run simulations to test assumptions, create alternate 
scenarios and explore consequences.

APPLIED MODELING—model quantities and their relationships in physical, 
economic, public policy, social and everyday situations.

APPLIED MODELING—students can build and use models that allow “what if” simulations 
in most curriculum areas.

Common Core Standards 
English, Language Arts, and Literacy Across the Curriculum

Mathematics

System Dynamics/Systems Thinking and the Common Core, STEM and New Generation Science Standards
Effectively addressing the Common Core State Standards, New Generation Science Standards and STEM strategies requires more than K–12 education as usual. One of the biggest challenges of  

STEM curricula and, in fact, all curricula, is creating opportunities for students to gain experience and practice in the process of critical thinking. The utilization of System Dynamics/Systems Thinking  
(SD/ST) offers a unique methodology for addressing these higher-order thinking skills in a way that creates a framework to gain knowledge, as well as the tools to communicate thought.  

SD/ST offers an integrated way of thinking, in practical and useful ways, about the complex, interconnected systems that surround us, and how they change over time.
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Introduction 

 
There are many paths for advocating system dynamics in the world, but none 
of them has the potential that engaging our youth promises to exhibit.  There 
are several ways that a knowledgeable SD practitioner, could help interest 
and inspire the decision makers of tomorrow.  In this introduction, we will 
briefly show you two:  

• Using your own SD tools and principles with your own children; and 
• Interesting and encouraging educators in your local area to use 

ST/SD.  
 

We cannot stress enough that if you have specific questions about any of this 
material- shoot us an e-mail or give us a call here at the Creative Learning 
Exchange. (Lees Stuntz (stuntzln@clexchange.org, 978-635-9797) 
 
 

Talking to your own children and helping them learn the power of 
thinking using systems thinking and system dynamics. 

 
Starting with your own children when they are young is as easy as reading 
them The Lorax by Dr. Seuss.  (See the lessons on The Lorax on the CLE. 
website.) Linda Booth Sweeney’s books, When a Butterfly Sneezes and 
Connected Wisdom, offer many suggestions and stories that have “systems” 
lessons embedded within them.  The critical thing about introducing some of 
these concepts to your kids is to talk to them after reading the stories about 
the connections, the feedback loops and the stocks and flows.  You can start 
them out very early on behavior over time graphs.  Any system dynamics 
facilitator knows how imperative a good debrief is.  Children are no 
different. 
 
The same materials that teachers starting out with students would use are 
good resources.  The “In and Out Game” in the Shape of Change is a great 
way to get a group of kids interested in the concepts of stocks and flows.  
The Lorax can be used effectively to discuss reinforcing feedback as well as 
stocks and flows.  The whole folder of “Getting Started” on the CLE CD (or 
USB drive) are not only great tools for teachers, they also work for parents. 
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As your kids get older, the other Shape of Change lessons, Dollars and 
Sense: Stay in the Black, Saving and Spending, Dollars and Sense II: Our 
Interest in Interest lessons, as well as the Oscillation Simulations and 
Lessons from the Characteristics of Complex Systems Project would be 
good introductions for kids.  There are lessons for all ages. 
 
Getting your local school, teacher and school district involved in using 

systems thinking and system dynamics to foster critical thinking tools in 
the classroom (and in the organization.) 

 
All of the materials listed above are excellent resources for teachers.  The 
CLE Introductory Packet has a number of pertinent articles about the 
introduction of ST/SD into schools. We now have over 20 years experience 
about what works and what doesn’t, but ultimately, if you are interested and 
committed, you will want to find your own path.  
 
Some of the materials in the CLE Introductory Packet are appropriate to 
whet teachers’ appetites, but often it is a lesson or a book, with help using 
them that, is the key.  The “Getting Started” folder on the  CLE CD (or USB 
drive) is an excellent place to start with many how-to tips.  We have found 
that almost all teachers and all students can readily learn and produce 
behavior-over-time graphs in a relatively short period of time. The 
curriculum in the “Look at Me First” folder has good examples for teachers 
to look at and use. 
 
At any point in the process, we at the CLE are happy to talk with you and 
give you a few hints of what we have found that works.  Here is a list of a 
multitude of ways to get started.   
 

• Talk to the educators you know, your children’s teachers, principal 
and give them materials. 

• Meet with the principal and/or teacher at your child’s school and ask 
about strategies used to foster thinking about complex systems being 
studied.  Offer to meet with any interested teachers. 

• Attend a local school board meeting. 
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• Create an internship opportunity for interested local high school 
students. 

• Sponsor a system dynamics club at a local school district or youth 
organization. 

• Offer a short workshop for teachers on using one or more tools. 
• Sponsor a teacher to attend a conference or workshop for integrating 

ST/SD into their instruction. 
• Help a teacher build a model of a system of interest. 
• Help teachers identify age-appropriate resources that are already 

available. 
• Participate in K-12 ST/SD conferences and workshops. 
• Offer to coach educators. 
• Facilitate an administrative team using ST/SD tools, Group Model 

Building. 
• Work with your own children. 
• Encourage your students to work with K-12 teachers, students. 
• Give talks introducing systems thinking in education. 
• Advocate for a systems thinking in K-12 role in your institution’s 

vision of community citizenship 
• Offer to teach courses in systems thinking to a groups of teachers, 

students, and community members. 
• Become a systems thinking voice on non-profit boards.  
• See if you can be involved in committees writing state or local 

education plans. 
• Volunteer in after school programs in K-12 and introduce ST/SD tools 

and principles. 
 
We are sure there are others not listed.  We hope you will find them and 
share them with usand others.  Don’t forget we would enjoy hearing from 
you and creating a community that goes forward together to get these critical 
skills and habits of thought to our younger generation. 
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RESOURCE LIST 

 
Systems Education Books: 
 
Critical Thinking Using Systems Thinking and Dynamic Modeling 
Creative Learning Exchange 
The first chapter of this booklet is a reprint of the first chapter of Tracing Connections: Voices of 
Systems Thinkers, describing the critical thinking skills that Barry Richmond delineated as the 
ones which systems thinking (and system dynamics) address so effectively. The second chapter is 
based on the accompanying booklet for the video …that School in Tucson, a Longitudinal Study 
of Systems Thinking in K-12 Education, and is a direct correlation of Richmond’s critical thinking 
skills with the tools of systems thinking and system dynamics used in K-12 education.  
See http://www.clexchange.org for more information. 
 
Dollars and Sense: Stay in the Black: Saving and Spending 
Jeff Potash and John Heinbokel 
Seven lessons with engaging computer simulations teach the basics of personal finance to 
students in late elementary and early middle school. Learner-directed learning and systems 
thinking combine to make the concepts of saving and spending come alive for students.  
See http://www.clexchange.org for more information. 
 
Dollars and Sense II: Our Interest in Interest 
Jeff Potash  
Eight lessons with engaging computer simulations advance the teaching of managing personal 
finances to students in middle school and high school. Learner-directed learning and systems 
thinking combine to make the concepts of saving, interest, and spending come alive for secondary 
students. See http://www.clexchange.org for more information. 
 
Healthy Chickens, Healthy Pastures: Making Connections at Drumlin Farm 
and Beyond 
Linda Booth Sweeney and Renata Pomponi  
This Making Connections Playkit has been created to help students think deliberately about living 
systems in a farm setting and to give students an organizing framework of systems thinking skills 
to take home and apply in other contexts. (Curriculum guide available.)  
See http://www.clexchange.org for more information. 
 
The Shape of Change and The Shape of Change: Stocks and Flows 
Rob Quaden, Alan Ticotsky and Debra Lyneis 
A key selection of introductory and intermediate lessons that focus on using systems thinking to 
teach critical thinking, written by a team of master teacher mentors. Now including the sequel, 
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The Shape of Change: Stocks and Flows, lessons from The Shape of Change are re-visited using 
Stock and Flow diagrams to enhance the systems learning and critical thinking. ß 
See http://www.clexchange.org for more information. 
 
…that School in Tucson 
 A DVD and booklet published by the Creative Learning Exchange, 
produced by James Morrison.   
A longitudinal study that reunited students from Orange Grove Middle School after thirteen years 
to talk about the impact that studying systems thinking had on their learning and thinking.  
Footage from 13 years ago of the same students is juxtaposed with current footage.  
See http://www.clexchange.org for more information. 
 
Tracing Connections: Voices of Systems Thinkers 
 Published by isee systems and The Creative Learning Exchange    
Tracing Connections is for anyone who’s ever wondered how systems thinking can be effectively 
used to significantly and successfully transform education, business, public policy and research. 
In ten chapters, teachers, World Bank Executives, corporate consultants, researchers and college 
professors lead the reader through an amazing spectrum of applied systems thinking that leads to 
unexpected realizations and critical understanding. Available through iseesystems.com 
 
Lessons in Mathematics: A Dynamic Approach 
Diana Fisher 
 Mathematics is tough sledding for many.  The difficulty is that most students fail to appreciate 
that mathematics is "just a language." It happens to be a very rigorous language, one with very 
little ambiguity associated with its symbols. It's also a very abstract one. And it's primarily the 
latter attribute, abstractness, which causes many students to falter. This book focuses on making 
the abstractness more concrete with interesting and fun lessons. It uses STELLA software's icon-
based, non-abstract language to structure problems in ways that students can easily visualize. 
Students use the software's simulation capabilities to explore solutions to the problems. Diana's 
years of teaching experience ensure that her lessons are right out-of-the-box ready for you to use 
in your classroom today. Available from iseesystems.com 
 
Modeling Dynamic Systems: Lessons for a First Course 
Diana Fisher 
 This book provides a set of tools that enable educators at the secondary and college levels to 
teach a one-semester or one-year course in System Dynamics. Developed for beginning modelers, 
the lessons contained in this book can be used for a core curriculum or for independent study. 
Course materials meet National Science Education Standards (NSES) and National Council of 
Teachers of Mathematics (NCTM) standards and are out-of-the-box ready for use in your 
classroom today. Available from iseesystems.com 
 
The Systems Thinking Playbook 
 Expanded by Linda Booth Sweeney and Dennis Meadows 
 The Systems Thinking Playbook enables teachers to brief, facilitate, and debrief 30 exercises for 
groups of 5-500 students. It is accompanied by a two-hour DVD to illustrate good practice in 
introducing and facilitating each of the games.  The exercises are brief, 5-20 minutes for each.   
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They illustrate basic concepts of paradigms, structure, and dynamics. Each chapter contains easy-
to-follow directions for the trainer, specifying the purpose, outcomes, context, resources, time, 
space, equipment, set-up, and ideal number of participants. Suitable for all ages.  
Available through Chelsea Green 
 
When a Butterfly Sneezes: A Guide for Helping Kids Explore 
Interconnections in Our World Through Favorite Stories  
Linda Booth Sweeney 
Kids face all sorts of situations throughout their lives that demand their understanding and 
problem-solving skills. As parents and educators, we want to help them understand why troubling 
things happen, and then figure out what they can do about them. One way to help our children 
develop such life skills is to share ideas from the field of systems thinking. This groundbreaking 
new book can show you how! This powerful resource will help you engage children in a 
fascinating and stimulating world in an imaginative, playful and memorable way.  
Contact Linda Booth Sweeney (linda@lindaboothsweeney.net) 
 
 
Connected Wisdom: Living Stories about Living Systems 
Linda Booth Sweeney (2008).  
How do we learn to live sustainably – or within the means of nature — on this planet? Would you 
believe that Aesop’s Fables, the Brothers’ Grimm and other ancient folktales have much to teach 
us? Through this book, readers from 10 to 110 will explore, through 12 timeless folktales and 
modern examples, how the laws that guide living systems can also guide how we live and learn. 
Available through Chelsea Green 
 
Schools That Learn: A Fifth Discipline Fieldbook for Educators, Parents, 
and Everyone Who Cares about Education 
Peter Senge, a trio of innovative educators, and the original Fifth Discipline Fieldbook authors 
team up to show you how to create systemic educational change using the five disciplines of 
organizational learning. Ideal for use in the classroom, in educational systems, and in professional 
learning communities, Schools That Learn is brimming with stories and examples of people who 
are unleashing the power of learning and bringing it to the forefront of their visions and practices.  
Available through Amazon 
 
Thinking in Systems 
Donella Meadows, edited by Diana Wright 
Donella Meadows’ manuscript, Thinking in Systems, is a concise and crucial book offering 
insight for problem solving on scales ranging from the personal to the global. Edited by the 
Sustainability Institute’s Diana Wright, this essential primer brings systems thinking out of the 
realm of computers and equations and into the tangible world, showing readers how to develop 
the systems thinking skills that ‘thought leaders’ across the globe consider critical for 21st-
century life. Available through Chelsea Green  
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The Systems Thinking Playbook for Climate Change:  A Tool for Interactive 
Learning by Linda Booth Sweeney, Dennis Meadows and Gillian Martin 
Mehers  
Simple interactive exercises, we call them ‘games’ or ‘strategic exercises’, have the potential to 
help participants understand by doing. In The Systems Thinking Playbook for Climate Change, we 
present 22 games that will be useful to those who are trying to communicate with others about the 
causes and consequences of climate change.  Some of the games in this book have been adapted 
from The Systems Thinking Playbook, first published in 1995, some are entirely new. Contact 
Linda Booth Sweeney (linda@lindaboothsweeney.net).     
Websites: 
 
Creative Learning Exchange: Resources for Systems Education 
http://www.clexchange.org 
The Creative Learning Exchange (CLE) was founded to serve both as a curriculum clearing house 
as well as a networking hub for K-12 educators interested in using systems education in schools. 
Lees Stuntz, Director, can be reached at stuntzln@clexchange.org. All of the links listed here, and 
more, can be accessed through the CLE Web site. Register for our free newsletter. 

Featured Curriculum: 
Characteristics of Complex Systems Project, Oscillation Curriculum 
Dollars and Sense Lessons 
Shape of Change Lessons 
Healthy Chickens, Healthy Pastures Lessons 
The Lorax Lessons 

 
Waters Foundation Website. The Systems Thinking and Dynamic Modeling 
(ST/DM) Site  
http://www.watersfoundation.org 
Provides educators with background information, examples, and guidance in the use of systems 
thinking and dynamic modeling in K-12 education. The work shared here is generated by 
educators supported by Waters Foundation K-12 Educational Partnerships.  
 
SoL Education Partnership 
soledpartnership.org 
A partnership of School Districts and non-profits committed to the four pillars of sustainable 
change in education: system dynamics and systems thinking, education for sustainability, youth 
engagement, and organizational learning. 
  
Center for Interdisciplinary Excellence in System Dynamics  
http://www.ciesd.org 
CIESD is a consultancy (Jeff Potash) that works with diverse clients from education, non-profit 
organizations, and government to better understand and manage complex systemic problems. 
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CC Modeling Systems: Modeling Real World Challenges 
http://www.ccmodelingsystems.com 
This website is maintained by Diana Fisher to support the use of system dynamics in K-12 
education.  It contains examples of student work, basic SD information and resources. 
 
Linda Booth Sweeney’s Website.  
http://www.lindaboothsweeney.net 
As a systems educator and writer, Linda Booth Sweeney is on a mission to make systems – rather 
than fragments -- the context for the way we think about decision-making, learning and design. 
Linda translates the concepts of complex systems theory into accessible materials and seminars 
for innovation in organizations, schools and communities. Linda is the author of several books 
and numerous articles. 
 
The Maryland Virtual High School of Science and Mathematics  
http://mvhs1.mbhs.edu/mvhs  
Links to many student projects, including models built with STELLA. 
Fish Banks, Ltd. Simulation  
Contact Dennis Meadows: lataillede@aol.com 
Widely utilized in K-12 education, Fish Banks, Ltd. is a game about teamwork and natural 
resource depletion. The game illustrates the causes and consequences of over harvesting. It is 
based on the archetype system structure for renewable resource use. One set of materials serves a 
session of up to 40 participants and requires one hour to play.  The exercise is used by thousands 
of teachers around the world; it has been translated into many languages.  
 
The Donella Meadows Institute 
http://www.donellameadows.org 
Among the many sources of inspiration that drive the Institute’s exploration of sustainable 
strategies, the life and work of its founder, Dana Meadows, remain central. Dana warned us that it 
takes clarity and courage to challenge existing systems. She recognized that, along with analytical 
thinking, empirical evidence, systems thinking and modeling, the creation of sustainable futures 
requires visioning, networking and learning. She challenged us to combine analytical power with 
love and truth telling, to conceive and develop solutions that will sustain and support human 
wellbeing and fulfillment, as well as the resources that supply our practical needs. 
 
The System Dynamics Society 
http://www.albany.edu/cpr/sds 
A webpage containing information about society membership, publications and an email 
discussion group. 
 
isee systems, inc. 
 http://www.iseesystems.com 
The software developer of STELLA and iThink, a resource for software, books and curriculum 
for systems thinking. 
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The Society for Organizational Learning 
http://www.solonline.org 
A webpage containing information about SoL, with publications and links to associated SoL 
organizations. 
 
The Cloud Institute for Sustainability Education 
http://www.sustainabilityed.org 
The mission of The Cloud Institute is to engage and prepare schools and their communities to 
educate for a sustainable future. 
 
 
Getting Started With Systems Thinking and Dynamic Modeling: 
 
CLE Introductory Packet - http://clexchange.org/gettingstarted/intropacket.asp 
Six articles which give an overview of systems thinking and dynamic modeling and put them in 
the context of systems education. 
 
Road Maps – http://clexchange.org/curriculum/roadmaps.asp 
A downloadable self-study system dynamics course. It was originally created by the System 
Dynamics in Education Project at MIT under the tutelage of Dr. Jay Forrester. 
Systems Thinking in Schools: WebEd  
http://www.watersfoundation.org/webed  
This free, self-paced course contains nine learning modules that explore concept, tools, and habits 
of systems thinking and dynamic modeling within K-12 contexts.  It is designed for both novices 
and those with some systems thinking experience. 
 
MSST (Modeling Systems Self-Taught) 
http://www.ciesd.org/influence/demo_dozen.shtml  
The first three lessons of this system dynamics tutorial, as well as the DemoDozen, are available 
for download from the CLE website. 
 
Listserve:  

K-12 E-mail Discussion Group  
To subscribe: http://www.clexchange.org/cle/k12listserve.asp 
A K-12 system dynamics email list that discusses the use of system dynamics and 
systems thinking in K-12 education. 
 
Periodicals: 

CLExchange published by the Creative Learning Exchange.  
A free quarterly publication devoted to K-12 education.  Register for our free newsletter. 
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Books And Articles: 

Classic System Dynamics references: 
Forrester, Jay W. Collected Papers of Jay W. Forrester. Available at 
http://www.pegasuscom.com   
Forrester, Jay W. Principles of Systems.  
Forrester, Jay W. Urban Dynamics. 
Forrester, Jay W. World Dynamics.  
Goodman, Michael R.  Study Notes in System Dynamics.   
Randers, Jorgen. Elements of the System Dynamics Method.  
Richardson, George P. Feedback Thought In Social Science And Systems Theory.    
Roberts, Nancy et al. Introduction to Computer Simulation.  
 
Other pertinent books and articles: 
Banathy, Bela H.  A Systems View of Education Concepts and Principles for Effective 

Practice.   Educ. Tech. Publications, 1992 
Banathy, Bela H. Systems Design of Education: A Journey to Create the Future.   Educ. 

Tech. Publications, 1991 
Covey, Stephen R. The Seven Habits of Highly Effective People, Restoring the Character 

Ethic.   Fireside/Simon & Schuster, 1989 
Demi. One Grain of Rice.   Scholastic Press, 1997 
Dewey, John. How We Think.   Prometheus Books, 1991 
Ford, Andrew. Modeling The Environment: An Introduction to System Dynamics 

Modeling of Environmental Systems.   Island Press, 1999 
Forrester, Jay W.   “ ‘The Model’ Versus a Modeling ‘Process’,” System Dynamics 

Review.   1 (no. 1, Summer 1985): 133–134.  
Forrester, Jay W.  “14 ‘Obvious’ Truths,” System Dynamics Review.   3 (No. 2, Summer 

1987): 156–159. 
Forrester, Jay W.  “System Dynamics and Learner-Centered-Learning in Kindergarten 

through 12th Grade Education.”   1992. Available from the Creative Learning 
Exchange. http://clexchange.org 

Forrester, Jay W.  “The Counterintuitive Behavior of Social Systems, ” Technology 
Review.  73 (No. 3, January 1971). 

Gardner, Howard. Multiple Intelligences, The Theory in Practice.   BasicBooks, 1993 
Gardner, Howard. The Unschooled Mind, How Children Think & How Schools Should 

Teach.   BasicBooks, 1991 
Gatto, John Taylor. Dumbing Us Down, The Hidden Curriculum of Compulsory 

Schooling.   New Society, 1992 
Hardin, Garrett and John Baden. Managing the Commons.   W.H.Freeman and Co., 1977 
Hardin, Garrett. “The Tragedy of the Commons,”  Science.  162: 1243–1248.  1968. 
Isaacs, William and Peter Senge.  “Overcoming Limits to Learning in Computer-Based 

Learning Environments,”  MIT System Dynamics Group, room E40-294, MIT, 1 
Amherst St., Cambridge, MA  02139. 
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Mandinach and Hugh Cline, Ellen. Classroom Dynamics: Implementing a Technology-
Based Learning Environment.   Lawrence Erlbaum Assoc., 1994 

Meadows, Donella H. The Global Citizen.   
Meadows, Donella & Dennis, Jorgen Randers. Beyond The Limits.   Chelsea Green 

Publishing Co., 1992 
Meadows, Donella & Dennis, Randers, Behrens. The Limits To Growth.   Universe 

Books, 1972 
Richmond, Barry.  “Systems Thinking: Critical Thinking Skills for the 1990’s and 

Beyond” System Dynamics Review Vol. 9, No. 2 (Summer 1993) 
Richmond, Barry. “Systems Thinking: 4 Key Questions”  High Performance Systems, 

1991 (http://www.iseesystems.com) 
Richmond, Barry, “The ‘Thinking’ in Systems Thinking: How Can We Make It Easier to 

Master?” The Systems Thinker, Vol. 8, No.2, Pegasus Communications, March 1997 
Richmond, Barry and Steve Peterson, Introduction to Systems Thinking isee systems 
Senge, Peter M. The Fifth Discipline: The Art and Practice of the Learning Organization.   

Currency/ Doubleday, 1990 
Senge, Peter M. et al.  The Fifth Discipline Fieldbook, Strategies and Tools for Building 

a Learning Organization.   Doubleday, 1994 
Sizer, Theodore R. Horace's Compromise, The Dilemma of the American High School.   

Houghton Mifflin, 1984 
Sizer, Theodore R. Horace's School, Redesigning the American High School.   Houghton 

Mifflin, 1992 
Sterman, John D. “A Skeptic's Guide To Computer Models (D-4101)”.   Univ. Press Of 

Am., 1988 
Sterman, John D. Business Dynamics: Systems Thinking for a Complex World. 

Irwin/McGraw-Hill, 2000 (textbook with CD-ROM, Web site, and instructor’s 
manual). 

Wheatley, Margaret J. Leadership And The New Science, Learning about Organization 
from an Orderly Universe.   Berrett-Koehler, 1992 



www.clexchange.org

       Our mission is to develop Systems 
Citizens in K-12 education who use Systems 
Thinking and System Dynamics to meet the 
interconnected challenges that face them at 
personal, community, and global levels.

System Dynamics 
& Systems
Thinking in 
K-12 Education

Available from the CLE website

The lessons in Dollars 
and Sense challenge 
students to use systems 
thinking and mathematical 
tools to develop a realistic 
and personal understanding 
of the dynamics of the 
economic system in which 
we live.  $23.00 The Shape of Change, 

Including Stocks and Flows 
contains lessons with a variety of 
systems thinking tools that engage 
students in classroom activities 
that help them understand not 
only what but why things change 
over time.  $27.00

Tracing Connections collects 
the experiences and thoughts of 
practitioners from education, 
business, public policy, and research 
to present the powerful applicability 
of systems thinking.  $29.00 from isee 
systems.com

 Critical Thinking Using 
Systems Thinking & Dynamic 
Modeling correlates critical thinking 
skills with the use of systems thinking 
and dynamic modeling. After creating 
a definition of critical thinking, it 
expands upon how to use the tools 
of systems thinking and dynamic 
modeling to improve this important 
trait in students. The why and the how of using systems 
thinking and dynamic modeling in education are the 
fundamental topics covered in this introductory text.  
$17.50

Many situations in a variety of contexts 
display up-and-down oscillatory 
behavior. Through asking “what if ” 
questions as part of an exploration, 
students can discover that the structure 
of a system itself creates the variations. 

Given this understanding, they can see the deeper 
nature of what is causing particular behaviors to 
occur. Seven oscillation lessons are available from the 
CLE’s Characteristics of Complex Systems Project.

…that School in Tucson is a 
longitudinal study of systems thinking in 
K-12 education. Thirteen years ago, middle 
school students and their faculty in Tucson, 
AZ, pioneered a revolutionary new approach 
to learning—using systems thinking tools to 
engage in collaborative, real-world problem 
solving that honed their critical thinking 
skills.  $45.00

For more information, email info@clexchange.org

Dollars and Sense II: Our Interest in 
Interest uses engaging computer simulations to 
teach managing personal finances to students in 
middle and high school. Learner-directed learning 
and systems thinking combine to make the concepts 
of saving, interest, and spending come alive. $27.00

Characteristics of Complex Systems 
Project - Oscillating Systems is a new 
series of lessons from the CLE that allows students 
and others to play (using online simulations) with 
different oscillating systems. 

By Jeff Potash
Illustrations by Nathan Walker

Our Interest  
in Interest

Dollars and Sense II

Healthy Chickens, 
Healthy Pastures is a game 
created to help students think 
deliberately about living systems 
in a farm setting and give them a 
mental framework to take home 
and apply in other contexts.   
$17.00

http://www.clexchange.org/curriculum/complexsystems/oscillation/default.asp


clexchange.org/complexsystems

stuntzln@clexchange.org

27 Central St.
Acton, MA 01720

www.clexchange.org

Phone: 978-635-9797
Fax: 978-635-3737

What is the K-12 Education Project?
Led by a partnership between MIT Professor Emeritus Jay W. Forrester and the Creative 
Learning Exchange (CLE), the goal of the project is to create online curriculum materials 
for ages �ve and above that will illustrate the characteristics of complex systems. 

Project Goals

The long-term goal of the project is 
to help our audience understand the 
nature of complex social systems – 
why do such systems resist policy 
changes? Why are short-term and 
long-term responses to corrective 
action often at odds with each other? 
How can leverage points be applied 
to bring about desirable change in 
social systems?

An abstract level of understanding 
with regards to social systems will 
help prepare future citizens to 
actively shape their society. 

What are the characteristics?

Complex systems do not always act 
the way that we would intuitively 
expect them too. By applying 
common characterisitics to complex 
systems, understanding of these 
systems becomes easier. 

Cause and e�ect are not closely 
related in time or space. 

Action is often ine�ective due to 
application of low-leverage 
policies. 

High-leverage policies are di�cult 
to apply correctly. 

The cause of the problem is within 
the system. 

Collapsing goals results in a 
downward spiral.

Con�icts arise between short-term 
and long-term goals.

Burdens are shifted to the 
intervener.

What are the available resources?

The lessons and simulations initially 
produced are based upon the fourth 
characteristic of complex systems, the 
cause of the problem is within the 
system.  Simulations and lessons are 
age appropriate, easy to use, easy to 
access online, free, and aligned with 
national K-12 standards.

Five interdisciplinary areas are part of 
this series of lessons.
    Spring Dynamics
    Interpersonal Relationships
    Predator/Prey Dynamics
    Burnout
    Economics of Commodities
  

In addition, all CLE lessons are now 
categorized to include connections to 
all seven characteristics.

Characteristics of 
Complex Systems

The intuitively obvious 
"solutions" to social problems 
are apt to fall into one of several 
traps set by the character of 
complex systems.

Jay W. Forrester, World Dynamics



Seeks to understand the 
big picture

Observes how elements within 
systems change over time, 

generating patterns and trends

Recognizes that a system’s 
structure generates its behavior

Considers an issue fully and 
resists the urge to come to a 

quick conclusion

Surfaces and tests 
assumptions

Checks results and changes 
actions if needed: 

“successive approximation”

Recognizes the impact of time 
delays when exploring cause 

and effect relationships

Finds where unintended 
consequences emerge

Considers both short and long-
term consequences of actions

Uses understanding of system 
structure to identify possible 

leverage actions

Considers how mental 
models affect current reality 

and the future

Identifies the circular 
nature of complex cause 
and effect relationships

Changes perspectives to 
increase understanding

Sugar Vitamins

Cereal 
Star 
Super 

BANK Donut
Shop

$$

Habits of  a 
Systems 
Thinker

©2010 Systems Thinking in Schools, 
            Waters Foundation
            www.watersfoundation.org
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Indicators of Site Readiness for Innovation:  Systems Thinking in Schools 
by Tracy Benson, Anne LaVigne, Sheri Marlin, Joan Yates 

 
Systems thinking is a unique innovation with tremendous potential to improve educational 
opportunities for all children.  However, we know that the application of systems thinking in 
schools is most effective when other conditions in the school complement its 
implementation.  The words below are an attempt to describe the optimal school culture in 
which to nurture systems thinking.  There is a definite danger in interpreting these 
indicators as a checklist, all needing to be present in order for a systems thinking 
in schools initiative to prosper, which is not the case. Various combinations of these 
descriptors have been present to varied degrees in successful demonstration sites. 
	  
Indicator Description 
Learner-centered learning Teachers should be open to an active role by students in 

the learning process. Further, these schools show evidence 
of meaningful, relevant, interdisciplinary curriculum and 
project-based approaches.  In these schools the teacher 
often assumes the role of coach and advisor. Teachers 
whose pedagogy is heavily focused on lecture or teacher-
directed methods will have more difficulty adapting to a 
systems thinking approach. 

Evidence of inquiry in 
classroom practice 

The use of inquiry or a constructivist approach to learning 
is highly complementary to a systems thinking approach.  
The use of systems thinking in the classroom increases 
quickly when teachers are able to use student responses 
and questions in their systems lessons.  Students who feel 
some ownership for their own learning and who have 
experience exploring topics of personal interest are 
applying skills that will be useful in learning more about 
systems thinking. 

Varied measures of student 
achievement 

Demonstration site teachers and administrators actively 
seek and develop measures of student achievement that 
identify success indicators beyond the scope of traditional 
standardized tests.  Collaborative action research has 
successfully utilized and developed alternative measures. 

Commitment to life-long 
learning 

All staff and students exemplify this commitment.  Life-
long learners are intellectually curious, ask questions, 
pursue topics of interest and openly express their desire to 
learn. 

A culture of teaming and 
openness to learning from one 
another 

Teachers need to be willing to learn from and along with 
their colleagues in the application of systems thinking to 
classroom learning.  Likewise, administrators who are 
effective in supporting the implementation of systems 
thinking in their buildings must also be willing to learn 
from their staff.  The use of site-based decision making or 
evidence of teacher leadership in a building may indicate 
this willingness to learn collectively.  Teachers who have a 
history of learning together either through teacher-led 
professional development or frequent collaborations to 
review student work show evidence of team learning. 
 
 



© July 2010, Systems Thinking in Schools, Waters Foundation, www.watersfoundation.org 

Indicator Description 
Involvement by the whole 
staff, where staff includes 
certified, classified, and 
administrative personnel, 
preferably at the school and 
district level 

Full support by all stakeholders is particularly important to 
the sustainability of the innovation.  Teacher commitment 
to applying the tools of systems thinking is particularly 
helpful.  It has been the experience of the project that 
when teachers are forced to attend the training their 
success is diminished.  Some teachers have been very 
effective as “lone rangers” working to build their personal 
systems thinking capacity without the benefit of a team, 
but this is clearly not optimal.  A supportive administrator, 
one who brings the idea to staff and then finds ways to 
elicit their support, or one who is willing to support staff 
members and participate in the learning, produces the 
most effective results. 

Baseline teacher competence The application of systems thinking to daily instruction can 
be complex and is best undertaken by teachers who have 
other essential components of planning, assessment, 
instruction and management in place. 

Evidence of self-starting in the 
use of systems thinking in 
classroom and organization 
(“moving train”) 

It is highly desirable that schools evidence some familiarity 
or interest in the systems thinking approach through prior 
use or experimentation with the tools organizationally or 
instructionally. 

A whole-community approach Sustainability of any innovation requires the support of the 
community.  Any school system desiring to 
comprehensively apply the tools and habits of systems 
thinking must have a very specific plan for engaging the 
entire community, including parents and the business 
community.  When the community is enrolled, the 
innovation tends to flourish even when school or district 
leadership transitions occur. 

Student involvement in 
organizations outside of 
school, e.g. government, 
community 

Schools ready for systems thinking are schools that 
encourage student voice in a variety of ways.  Enthusiastic 
students will be a hallmark of this indicator. 
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