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Thinking about Systems Thinking:Thinking about Systems Thinking:
How We ImproveHow We Improve

Systems Thinking and Dynamic ModelingSystems Thinking and Dynamic Modeling
ConferenceConference

Skamania, Washington, June 2004Skamania, Washington, June 2004
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Origins of these IdeasOrigins of these Ideas

•• A long friendship with Barry Richmond, our mostA long friendship with Barry Richmond, our most
creative pedagogical thinkercreative pedagogical thinker

•• A long history of conversations with him aboutA long history of conversations with him about
software, methods, and pedagogysoftware, methods, and pedagogy

•• A particular set of conversations we had in MayA particular set of conversations we had in May
20022002

•• ……Leading to thoughts about stages of map andLeading to thoughts about stages of map and
model model improvementimprovement
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BarryBarry’’s Recent Pedagogical Innovationss Recent Pedagogical Innovations
((An Introduction to Systems ThinkingAn Introduction to Systems Thinking, , isee isee systems)systems)

•• A linguistic metaphor to guide modelA linguistic metaphor to guide model
developmentdevelopment
–– Noun-like quantities as stocksNoun-like quantities as stocks
–– Verb-like quantities as flowsVerb-like quantities as flows
–– Adverb-like quantities as modifiers of flowsAdverb-like quantities as modifiers of flows

•• Start with Start with everythingeverything being a stock or a flow and being a stock or a flow and
improve from thereimprove from there

•• Subtext:  DonSubtext:  Don’’t use word-and-arrow diagrams  fort use word-and-arrow diagrams  for
conceptualizationconceptualization
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GeorgeGeorge’’s Recent Pedagogical Thinkings Recent Pedagogical Thinking

•• Early maps as Early maps as ““half-bakedhalf-baked”” modeling modeling
thoughts;  thoughts;  ““half-bakedhalf-baked”” is OK. is OK.

•• Causal-loop diagrams sometimes essentialCausal-loop diagrams sometimes essential
for getting startedfor getting started

•• A continuum from A continuum from informalinformal  to to formal mapsformal maps
•• ThinkingThinking  more more operationally operationally enablesenables

movement along this continuum.movement along this continuum.
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Some History:  Some History:  ““MapsMaps”” and  and ““ModelsModels””
•• ““MapsMaps””:  :  unquantified unquantified word-and-arrowword-and-arrow

diagrams diagrams —— causal-loop diagrams, causal-loop diagrams,
influence diagrams, maybe withinfluence diagrams, maybe with
representations of stocksrepresentations of stocks

•• ““ModelsModels””:  formal, quantified:  formal, quantified
representations, captured in diagrams andrepresentations, captured in diagrams and
equations, which can be simulated byequations, which can be simulated by
computercomputer
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The Historical QuestionsThe Historical Questions
•• Are maps by themselves are adequate toAre maps by themselves are adequate to

support insights about complex dynamicsupport insights about complex dynamic
systems?systems?
–– Some say yes;  some say no.Some say yes;  some say no.

•• Or, are formal mathematical modelsOr, are formal mathematical models
essential to ground insights in dynamicessential to ground insights in dynamic
systems?systems?
–– Some say yes;  some say no.Some say yes;  some say no.
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Teamwork and Communication are self-reinforcing
Insights about building teamwork in a public schoolInsights about building teamwork in a public school
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Isolation of teams, and punishing risk-taking inhibit the growth of trust
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But longterm experience with teamwork can build communication
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Risk taking can enhance effectiveness, which can build trust
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A team-player culture is self-reinforcing: an opportunity or a trap

Quality of
communication

Trust

Risk
taking

Teamwork

+

+

+

Cumulative
experience with

teamwork

+

Quality of
communication
between teams

++

(+)

Individual
experiments

Positive
responses to
experiments

+
?

+

(+/-)

Quality of
communication

within teams

+

+ -

+

(-)

(+)

Team
effectiveness

Resistance to
teamwork

-

-

+

Personal learning
+

Average personal
effectiveness+

+

+

Attractiveness
of the org to
team players+

Fraction of
staff who are
team players

+

+



George P. RichardsonRichardson
Rockefeller College of Public Affairs and Policy, University at Albany

1212

Likely leverage points
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Increasing ComplexityIncreasing Complexity
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Increasing ComplexityIncreasing Complexity



George P. RichardsonRichardson
Rockefeller College of Public Affairs and Policy, University at Albany

1515

Increasing ComplexityIncreasing Complexity
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Urban Growth, Stagnation, & DecayUrban Growth, Stagnation, & Decay
(or is it?!?)(or is it?!?)
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Maybe yes, maybe noMaybe yes, maybe no……
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Two Kinds of InsightsTwo Kinds of Insights
•• StructuralStructural insights insights

–– ““This structure (this loop, these few loops) hasThis structure (this loop, these few loops) has
the potential to the potential to …”…”

–– ““We should be wary of We should be wary of …… . .””
–– ““We should try to exploit We should try to exploit …… . .””
–– ““We should try to control We should try to control …… . .””

•• BehavioralBehavioral or  or DynamicDynamic insights insights
–– ““This behavior is produced by this structure.This behavior is produced by this structure.””
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A Feud:  A Cautionary Tale about MapsA Feud:  A Cautionary Tale about Maps
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The Real Structure & Behavior of a FeudThe Real Structure & Behavior of a Feud
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The negative links in theThe negative links in the
CLD are CLD are outflows, outflows, so theso the
populations always decline!populations always decline!
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An example from BarryAn example from Barry’’s talk at the s talk at the 20022002
Systems Thinking in EducationSystems Thinking in Education conference conference

Barry praised Barry praised SengeSenge’’ss
use of this diagram touse of this diagram to
capture an insightcapture an insight
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BarryBarry’’s Thinkings Thinking

•• CLDs CLDs mislead, can mislead catastrophicallymislead, can mislead catastrophically
•• So always start with stocks and flowsSo always start with stocks and flows
•• In fact, in his latest thinking,In fact, in his latest thinking,

–– Start with nothing but stocks and flowsStart with nothing but stocks and flows
–– Add Add ““productivityproductivity”” converters to correct the converters to correct the

units and the operational thinking for the flowsunits and the operational thinking for the flows
–– Then revise and add operational clarityThen revise and add operational clarity
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Barry:  “What distinguishes/defines Systems Thinking is
a unique collection of thinking skills…”

• Filtering skills
– 10,000 Meters Thinking
– System as Cause Thinking
– Dynamic Thinking

• Representing skills
– Operational Thinking
– Closed-loop Thinking
– Continuum Thinking
– Nonlinear Thinking

• Simulating skills
– Quantitative Thinking
– Scientific Thinking
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BarryBarry’’s Model Improvement Phases Model Improvement Phase
•• Think about the duration (time constants) of theThink about the duration (time constants) of the

stocks and replace with algebra (converters) ifstocks and replace with algebra (converters) if
duration too short for time frame of systemduration too short for time frame of system

•• Think Think operationally operationally throughoutthroughout
–– Respect the difference between stocks and flowsRespect the difference between stocks and flows
–– Respect unit consistencyRespect unit consistency
–– Think in terms of how Think in terms of how things really workthings really work

•• ……(there(there’’s much more richness here:  sees much more richness here:  see
Introduction to Systems ThinkingIntroduction to Systems Thinking))……
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GeorgeGeorge’’s Thinkings Thinking
•• Start almost anywhere, but with stocks and flows in causalStart almost anywhere, but with stocks and flows in causal

paths if you can.paths if you can.
–– But sometimes trying to find stocks and flows at the start canBut sometimes trying to find stocks and flows at the start can

prevent getting started, soprevent getting started, so……
•• Be flexible, eclectic, Be flexible, eclectic, nondogmaticnondogmatic. . …… Do what works in Do what works in

the situation.the situation.
•• Use intuitive word-and-arrow maps to make headway, ifUse intuitive word-and-arrow maps to make headway, if

necessary, and see the beginnings of feedback insights.necessary, and see the beginnings of feedback insights.
•• Purge forever the idea of separate kinds of diagrams, butPurge forever the idea of separate kinds of diagrams, but

rather employ a continuum of ever clearer, morerather employ a continuum of ever clearer, more
operational, useful, and insightful diagramsoperational, useful, and insightful diagrams……. (It. (It’’s likes like
writing.)writing.)
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GeorgeGeorge’’s s ““Map ImprovementMap Improvement”” Phase Phase
•• Rephrase Rephrase ““conceptsconcepts”” as  as ““variablesvariables””
•• Clarify foggy concepts or ambiguous causality byClarify foggy concepts or ambiguous causality by

adding essential word phrases and linksadding essential word phrases and links
•• Identify units early on, even in Identify units early on, even in CLDsCLDs
•• Iteratively Iteratively ““remapremap”” so all variables, causal paths so all variables, causal paths

and loops get clearer and make more and moreand loops get clearer and make more and more
operational senseoperational sense

•• General strategy: General strategy:   Work consistently toward aWork consistently toward a
““formal mapformal map””  –– a map that can be turned directly a map that can be turned directly
into a formal quantified modelinto a formal quantified model
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We could even startWe could even start
with this level ofwith this level of
conceptual confusionconceptual confusion
and move (gradually)and move (gradually)
toward a well definedtoward a well defined
problem and a problem and a ““formalformal
map.map.””
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““What do you really want?What do you really want?””
•• Barry:  Everyone an Barry:  Everyone an ““operationaloperational”” thinker thinker
•• George:  Everyone a George:  Everyone a ““feedback thinkerfeedback thinker””

•• Well, no wonder we disagreed!  We haveWell, no wonder we disagreed!  We have
different pedagogical goals.different pedagogical goals.

•• But itBut it’’s not that simple.s not that simple.
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GoalsGoals
•• Barry wants operational thinking.Barry wants operational thinking.

–– But Barry also wants an endogenous point ofBut Barry also wants an endogenous point of
view (and more -- view (and more -- ““systems citizenssystems citizens””!), so he!), so he
also wants rich feedback thinking.also wants rich feedback thinking.

•• George wants feedback thinking.George wants feedback thinking.
–– But George wants extreme conceptual andBut George wants extreme conceptual and

causal clarity, so he also wants vividcausal clarity, so he also wants vivid
operational thinking.operational thinking.

•• We both can get both.We both can get both.
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Map/Model ImprovementMap/Model Improvement

Informal
maps

Formal
maps

Formal
models

Processes for improving maps:

   • Stock-and-flow thinking
   • Dimensional consistency
   • Extreme causal clarity
   • Operational thinking
   • Nonlinear thinking

Various
starting
places

Various
kinds
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An Example from my ChildhoodAn Example from my Childhood

The more I study, the more I learn.The more I study, the more I learn.
The more I learn, the more I know.The more I learn, the more I know.
The more I know, the more I forget.The more I know, the more I forget.
The more I forget, the less I know.The more I forget, the less I know.
So why study?So why study?
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A first attempt at a causalA first attempt at a causal
diagramdiagram

The more I
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Looks like a loop!

Sounds like a stock
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What to do first?What to do first?

•• Picture the stock(s) and flows?Picture the stock(s) and flows?
•• Close the loop?Close the loop?
•• Rephrase everything as quantities?Rephrase everything as quantities?
•• ==> Probably that last one first, but it==> Probably that last one first, but it

doesndoesn’’t really matter!t really matter!



George P. RichardsonRichardson
Rockefeller College of Public Affairs and Policy, University at Albany

4141

Closing the loop, replacing theClosing the loop, replacing the
question with a concept: question with a concept: motivationmotivation
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““The more I knowThe more I know”” and  and ““the less Ithe less I
knowknow”” are really the  are really the stockstock of Knowledge of Knowledge
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Learning and Forgetting are itsLearning and Forgetting are its
inflows and outflowsinflows and outflows
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Units help tell what we really meanUnits help tell what we really mean
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““The more I study, the more I learnThe more I study, the more I learn…”…”
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The whole storyThe whole story
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With link polaritiesWith link polarities
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The map with pipes for flowsThe map with pipes for flows
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Heading toward quantification --Heading toward quantification --
becoming clearer and more operationalbecoming clearer and more operational
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And whereAnd where’’s our original story?s our original story?
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Or if you preferOr if you prefer……

Accumulated

knowledge

Forgetting

-

Learning

+

Studying

S

Motivation for

studying
S

S

S



George P. RichardsonRichardson
Rockefeller College of Public Affairs and Policy, University at Albany

5252

An aside:  BarryAn aside:  Barry’’s seriouss serious
observation on motivationobservation on motivation
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The Result:The Result:
A sequence of improving mapsA sequence of improving maps
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Thoughts about ProcessThoughts about Process

•• Turn words into quantitiesTurn words into quantities
•• Identify accumulations (stocks:  draw boxes)Identify accumulations (stocks:  draw boxes)
•• Strive for causal clarity;  add word phrases (newStrive for causal clarity;  add word phrases (new

variables) in causal chains if necessaryvariables) in causal chains if necessary
•• Identify units for quantitiesIdentify units for quantities
•• Make the units make senseMake the units make sense
•• Capture operational causal structureCapture operational causal structure
•• Revise, refine, expand, clarify, revise, revise, Revise, refine, expand, clarify, revise, revise, ……
•• Tell insightful stories with evolving diagramsTell insightful stories with evolving diagrams
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Thoughts about ProcessThoughts about Process

•• Move toward a Move toward a ““formalformal”” map -- a map of map -- a map of
such extreme causal, operational, andsuch extreme causal, operational, and
insightful clarity that it could be quantifiedinsightful clarity that it could be quantified
and simulatedand simulated

•• But stop when the process has served itsBut stop when the process has served its
purposespurposes



George P. RichardsonRichardson
Rockefeller College of Public Affairs and Policy, University at Albany

5656

What IWhat I’’m still learning from Barry:m still learning from Barry:
We must get good at processes for map and modelWe must get good at processes for map and model

improvementimprovement, get explicit about them, and get good at teaching, get explicit about them, and get good at teaching
them.them.

Informal
maps

Formal
maps

Formal
models

Processes for improving maps:Processes for improving maps:

      •• Stock-and-flow thinking Stock-and-flow thinking
      •• Dimensional consistency Dimensional consistency
      •• Extreme causal clarity Extreme causal clarity
      •• Operational thinking Operational thinking
      •• Nonlinear thinking Nonlinear thinking

Various
starting
places

Various
kinds
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What are we striving for?What are we striving for?

•• The ability to work together to solve real worldThe ability to work together to solve real world
problemsproblems

•• The willingness to examine and change oneThe willingness to examine and change one’’ss
own assumptions and conclusionsown assumptions and conclusions

•• Openness to the mental models of othersOpenness to the mental models of others
•• Patience and persistence in problem solvingPatience and persistence in problem solving
•• The willingness to be wrong and to learn fromThe willingness to be wrong and to learn from

mistakesmistakes
•• An acceptance that there is often no right answerAn acceptance that there is often no right answer
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What are we striving for?What are we striving for?

•• Seeing oneself as an integral part of a largerSeeing oneself as an integral part of a larger
system with a shared responsibility for thesystem with a shared responsibility for the
common goodcommon good

•• EmpowermentEmpowerment
•• An extended time horizonAn extended time horizon
•• An ability to relate the past to the present and theAn ability to relate the past to the present and the

present to the futurepresent to the future
•• An internalization of all these principles thatAn internalization of all these principles that

informs actions and interactions with othersinforms actions and interactions with others


