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My goals for this Workshop: 

1. To identify problems in the public’s understanding 

of sustainability  

2. To explain system dynamics and explore its 

usefulness in enhancing the public’s ability to 

think about sustainable systems 

3. To identify leading efforts to teach and help people 

use system dynamics 

4. To begin a discussion on how this approach might 

be applied (and may already be applied) in the 

development and implementation of sustainable 

systems. 



1. Developing students' thinking skills: 
from my first year teaching physics:  most college students and 

adults don’t think as Piaget expected, using “formal 

operations”:  identifying variables, asking "what if…?", taking 

various points of view, finding all combinations, thinking 

proportionally 

2. Sustainability 
from the first Earth Day, and now climate change, resource 

depletion, etc 

3. System dynamics 
from engineering and then roommates, Urban Dynamics,  

Limits to Growth, etc 

Thinking about sustainable systems requires more than 

 the Piagetian framework, but learning systems thinking 

will help students learn formal operations,  

and vice versa. 







The human mind is not adapted to interpreting 

how social systems behave. 

...  In the long history of evolution it has not 

been necessary, until very recent historical times, 

for people to understand complex feedback 

systems. 

Evolutionary processes have not given us the 

mental ability to interpret properly the dynamic 

behavior of those complex systems in which we are 

now embedded. 

Jay Forrester, Technology Review, January 1971, p52 

available online from www.constitution.org/ps/cbss.htm and other 
sources 



…complex systems mislead people because 
intuition has been formed by experience from 
simple systems, from which we expect behavior 
very different from that actually possessed by 
complex systems.  … 

But there is hope. It is now possible to gain a 
better understanding of dynamic behavior in social 
systems.  

Progress will be slow. There are many cross-
currents in the social sciences which will cause 
confusion and delay. … If we proceed expeditiously 
but thoughtfully, there is a basis for optimism. 

…ibid, p68 





Linda Booth Sweeney and John Sterman, ‘Bathtub 

Dynamics’, System Dynamics Review, Sept 2000: 

 “students at MIT’s Sloan School of Management 

are highly educated and possess unusually 

strong background in mathematics and the 

sciences compared to the public at large”,  

and yet 

 “the students exhibited persistent, systematic 

errors in their understanding of the basic 

building blocks of complex systems.” 



Figure 1 from 

‘Bathtub Dynamics’, 

ibid, p31 

 

 

(Subjects in this 

study were given two 

additional tasks: one 

about the cash 

balance in a store, 

the other about 

product inventory in 

a factory.) . 



(from Sweeney and Sterman, “Bathtub Dynamics:  

Intial Results of a System Thinking Inventory”, 

System Dynamics Review, September 2000.) 





further research by Sterman & Sweeney 

(“Cloudy Skies”, System Dynamics Review, 

May 2002) extended the study to include 

grad students at Harvard and the 

University of Chicago as well as at MIT 

 confirmed the results 

 

 Let’s try to do one of the tasks that they gave to these 

grad students: 



 “The results strongly suggest that highly educated subjects 

with extensive training in math and science have poor 

understanding of some of the most basic concepts of system 

dynamics, specifically, stocks and flows, time delays and 

feedback” 

 “There is abundant evidence that sophisticated policymakers 

suffer from the same errors in understanding stocks and 

flows that we observe in our experiments.” 

 But… subjects who had a small introduction to system 

dynamics did much better. 

 These concepts are crucial for an understanding of 

climate change, resource depletion, supply chain 

management, etc.  So we’d better help our students 

(and our governments!) learn them… 



The kind of thinking that makes people believe that 

 if we lower the rate at which CO2 is put into the 

atmosphere, that will reduce global warming; 

 to decrease the national debt, we only need to 

lower the the government’s yearly deficit; 

 the level of water in the bathtub will drop if we 

lower the rate at which water flows into it 

 

 We often mix up the amount of something 

(the stock or level) with the rate at which it 

changes (the flow or rate) 



 system: A collection of parts that interact to 

function as a whole.  

• A system is almost always defined with respect to a 

specific purpose. 

• Systems often contain circular patterns of cause 

and effect called feedback loops. 

 

 dynamic:  Varies with time; not static. 

 

 

 



 System dynamics is an approach to 

understanding the behaviour, over time, of 

complex systems.   

 It deals with feedback loops and time delays 

involving the system's stocks and flows that 

affect the behaviour of the entire system. 

 Models using these elements help describe how 

even seemingly simple systems display baffling 

nonlinearity. 

(from Wikipedia, May 25th, 2011)  

 



 System dynamics is a general-purpose tool for 

understanding complex systems… especially complex 

social systems.   

 The tool is unique in its broad applicability to 

biological, [mechanical,] ecological, family, group, 

corporate, urban, and larger societal systems. 

 It is powerful in its ability to integrate traditional 

points of view and reveal previously unseen innovative 

approaches to problems. 

 It is clarifying both as an analytic and educational 

tool, often providing the basis for broadening 

public understanding of important social issues…  

 [ a powerful paradigm] 



 Its models are graphic and intuitive to build and discuss 
(even tho’ their outputs may not match our  intuition) 

 Its archetypes are broadly applicable 

 Even if a computer-based model is never constructed, the 

steps involved in building the graphical mental model are 

themselves powerful and insightful, and help the group 

make its assumptions about the system explicit 

Compared with other approaches: 

 Many system relationships can be modelled using Excel, 

but Excel’s models aren’t as easy and graphical to build, 

revise, or review 

 Differential equations can model mechanical systems, but 

most social systems are too complex. 



 Which 

comes first, 

the chicken 

or the egg? 

 

a reinforcing feedback loop, from Sterman, 

Business Dynamics, 2000. p13 



 Why did the 

chickens cross 

the road? 

a balancing feedback loop, from Sterman, 

Business Dynamics, 2000. p14 



… a causal-loop diagram of a 

dynamic system 



 Causal loop diagrams are great for 

preliminary discussions. 

 

 System dynamics software helps us to go 

beyond these diagrams, graphically and 

quantitatively, to build testable simulation 

models. 

 

 But now let me introduce you to some 

of the developers of the field. 



Jay Forrester 
 born July 14, 1918 

 farm boy:  grew up on Nebraska cattle 

ranch 

 undergrad engineering degree at U 

Nebraska  

 research assistant at MIT; mentored by 
Gordon Brown (pioneer of feedback control systems, 

later Dean of Engineering and then, after retirement in 

1968, instigated teaching of system dynamics in public 

schools in Arizona) 

 oversaw development of NORAD's SAGE 

radar missile-tracking air defense systems 

 invented magnetic core memory 

 moved to MIT's new Sloan School of 

Management in 1956 

… 

 



Jay Forrester, continued 
 at Sloan, worked on applying engineering 

systems ideas to management; led 

development of DYNAMO 

 wrote Industrial Dynamics (1961) and  

 Principles of Systems (1968) 

 met John Collins (retired mayor of Boston) 

at Sloan, wrote Urban Dynamics (1969); also 

"Counter-Intuitive Behavior of Social 

Systems" (1968) 

 met Aurelio Peccei (Club of Rome founder) 

which led to his World Dynamics (1971) and 

his team to Limits to Growth (1972) 

 helped found the System Dynamics 

Society and the Creative Learning 

Exchange 

 and he's still at it… 



Donella (Dana) Meadows 
 lead author of Limits to Growth (1972) and its 

follow-up editions (Beyond the Limits and Limits to 

Growth: The 30-year Update) 

 PhD in biophysics, Harvard, 1968 

 joined husband Dennis Meadows at MIT as part 

of team to develop World 3 model with Jay 

Forrester 

 founded The Sustainability Institute and co-

 founded The Balaton Institute 

 wrote weekly “The Global Citizen” column  and 

many other articles and books 

 wrote Thinking in Systems (2008) 

 Pew Scholar, MacArthur Fellow 

 posthumously received the John H. Chafee 

Excellence in Environmental Affairs Award 

for 2001 presented by the Conservation 

Law Foundation. 



Peter Senge 

 author or lead author of The Fifth Discipline 

(1990), The Dance of Change (1999), Schools 

that Learn (2000), Presence (2004), The 

Necessary Revolution (2008), etc 

 MS in social systems modelling, MIT, 1972 

 founded Society for Organizational Learning, 

1997  

Andrew Ford 
 professor of environmental science at 

Washington State U; teaches computer 

simulation modeling of energy and 

environmental problems 

 author, Modeling the Environment 
(1999, 2009) 



Barry Richmond 
 developed iThink and STELLA software so that PCs 

could run system dynamics models; founded iSee 
Systems 

Daniel Kim 
 systems author, founder of Pegasus Communications 

Dennis Meadows (not just Donella Meadow’s 
husband) 

 2009 Japan Prize (awarded to key individuals “who 
have contributed to the progress of science and 
technology and the advancement of world peace and 
prosperity”), for work on and after Limits to Growth 



Linda Booth Sweeney 
 promotes Systems Literacy, wroteThe Systems Thinking Playbook 

(for K-12 system dynamics lessons), great website 

John Sterman 
 Business Dynamics:  Systems Thinking and Modeling for a 

Complex World (McGrawHill, 2000) 

Juan Martin Garcia 
 Theory and Practical Exercises of System Dynamics 

Louis Edward Alfeld 
 Introduction to Urban Dynamics (1976); “Urban dynamics – the 

first fifty years” (1995) 

Ugo Bardi 
 The Limits to Growth Revisited (Springer, 2011) 

Jac Vennix 
 Group Model Building: Facilitating Team Learning 

Using System Dynamics (Wiley, 1996) 



To achieve 
sustainability, 

we’ve got to look 
beyond events 

and patterns 
to the  

system’s 
structure, 
so we can 

improve our 
mental models 
and adjust the 

system 



 system: A collection of parts that interact to function 

as a whole, for a specific purpose.  

Task: 

 Get together in groups of three or four. 

 Each person think of an important problem in your 
field.  

 Identify a system that’s related to that problem, and 
tell the others about the problem and the system.   

 Discuss these systems a bit; see if you see any 
similarities. 

 Then each report back to the whole group. 



 

Task, continued: 

 
1. Identify several variables that are part of 

the system and relevant to the problem 

2. Classify each variable as either  

 a stock, or 

 a flow 

 Let’s illustrate these terms first … 



from an earlier slide: “System dynamics deals with 
feedback loops and time delays involving the 
system's stocks and flows that affect the 
behaviour of the entire system.” 

 Stock:  how much of something is there? 
• also called a level 

 Flow:  how fast is the stock changing? 
• also called a rate 

 Stocks are increased and decreased by flows –  
input and output flows 

 Feedback about the level of a stock may affect a 
  flow, immediately or after a time delay 
 



Stocks are Nouns. They represent a current 
state, magnitude, or condition.  They tell 
how things are.  Freeze the action, and the 
current condition of the stock persists. 

Stocks accumulate.  Items on Balance 

Sheets are stocks.  Think of them as 

bathtubs. 

Use upper case first letters for stocks: 
 Cash, Population, Water Reserves, Debt, 

Greenhouse Gases, Trust, Commitment, Anger, 
Corruption, Frustration, Self Esteem. 



Flows are Verbs.  They represent actions or 
activities. They tell how things are going. 
Freeze the action and flow volumes go to 
zero.  

 Items in an Income Statement are flows 
Think of flows as faucets or drains. 

Use “ing” ending whenever possible. Use 
lower case first letters: 
 spending, quitting, eating, scolding, lecturing, 

learning, selling, thinking, talking, praising, 
walking. 







now back to Task, part 2: 

 Classify your variables as stocks or flows 

 Tell your group members how you see it; 
ask if they see your system’s variables the 
same way. 

 







Task, part 3: 

 Work in a your group 

 Choose one of your group members’ 

systems to work on 

 Discuss the connections between the 

system’s variables; if you discover another 

necessary variable, add it 

 Draw a stock & flow diagram of the system 













 

Task: 

 In small groups, discuss this, and then report back to 

the whole group 





from www.systemdynamics.org 





 Limited awareness of SD Methods. 

 Lack of a community of SD practicioners. 

 Limited opportunities to learn about SD. 

 Lack of incentives for faculty, students, 

staff and administrators to learn and 

apply SD. 

 Disciplinary and administrative barriers 

to funding for SD projects. 



from www.watersfoundation.org 











System dynamics in use: 

IPCC’s ‘Climate Interactive’ modeling 



Vensim PLE 
 free for educational use: www.vensim.com/software.html 
 quick tutorial at: www.public.asu.edu/~kirkwood/sysdyn/SDRes.htm 

 



iThink or STELLA 
 www.iseesystems.com/ 

 



 Thinking in Systems, by Donella Meadows 

 Business Dynamics, by John Sterman 

 Modeling the Environment, by Andrew 

Ford 

 Principles of Systems, by Jay Forrester 

 Modeling Dynamic Systems, by Diana 

Fisher 

 The Global Citizen, by Donella Meadows 

(book and web archive) 

 many articles on-line… 

 

 



1. www.sustainer.org/ 

2. www.clexchange.org/ 

3. www.watersfoundation.org/ 

4. www.systemdynamics.org/ 

5. www.pegasuscom.com/aboutsd.html 

6. thesystemsthinker.com/systemsthinkinglearn.html 

7. jsterman.scripts.mit.edu/Business_Dynamics.html 

8. public.wsu.edu/~forda/index.html 

9. www.lindaboothsweeney.net/ 

10.www.ccmodelingsystems.com/ 

11.www.wpi.edu/academics/Depts/SSPS/Graduate/certificate.html 

12.www.uib.no/rg/dynamics 

13.www.europeansystemdynamics.eu/ 

14.www.iseesystems.com/community/downloads/NetsimModels.aspx 

15.www.vensim.com/software.html 

16.climateinteractive.org/ 

 



 Discuss the possibilities: 
 new, introductory courses? 

 integrating SD into existing courses? what 
support would be useful? 

 new elective courses? 

 in which Faculty or Faculties and Department(s)? 

 in Faculty of Education, to train teachers? 

 other comments and ideas? 

 

Thank you! (next page for activists only… 

  if you want to change the system) 



In order of increasing effectiveness:  

12. Constants, parameters, numbers (such as subsidies, 
taxes, standards) 

11. The sizes of buffers and other stabilizing stocks, relative 
to their flows 

10. The structure of material stocks and flows (such as 
transport networks, population age structures) 

9. The length of delays, relative to the rate of system change 

8. The strength of negative feedback loops, relative to the 
impacts they are trying to correct against 

7. The gain around driving positive feedback loops 



in order of increasing effectiveness  

6. The structure of information flows (who does and does not 

have access to what kinds of information) 

5. The rules of the system (such as incentives, punishments, 

constraints) 

4. The power to add, change, evolve, or self-organize system 

structure 

3. The goals of the system 

2. The mindset or paradigm out of which the system - its goals, 

structure, rules, delays, parameters - arises 

1. The power to transcend paradigms 


