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Systems Thinking View Point

» Traditional mental models:
— Seek for causes located close in time and space to
events

» Systems Thinking Perspective
— Structure generates Behavior
* Tools for Systems Thinking

— Dynamic Problem Definition (Reference modes)
— Causal Loop Diagrams

— Fundamental modes and generative structures
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Dynamic Problem Definition

Problem definition:

— Main concern trying to address

Identify important concepts and variables:

— Model boundary chart

— List endogenous, exogenous and excluded
variables

Time horizon:

— How far back in time and into the future to capture
long-term effects of policies

Reference modes:

— Graphically characterizes patterns of problem
behavior over time

SARS in Taiwan — Incidence
(Probable Cases Reported per Day)
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Dynamic Problem Definition

Problem definition:

— Diffusion dynamics for spread of SARS in Taiwan.

— Causes of dynamics and possible policies to stop it.

Identify important concepts and variables:

— Incidence, prevalence, contact rate, infectivity,
deaths, cumulative cases

Time horizon:

— Fast spread disease.

— From first probable case to months after last one.

Reference modes:

— Behavior over time for reported cases, cumulative
cases, incidence, and prevalence.
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Important Concepts & Variables

* New Reported Cases:
— Not the same as Incidence.
— Not all sick people report to hospital.

« Cumulative Cases:
— Not the same as the Infected Population (Prevalence).
— Some sick people recover, others die.

« What influences Incidence (or Infection Rate)?
— SARS spreads through human contact
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Causal Thinking

Infectivity
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Dynamic Hypothesis:
What is the Engine that Spreads the Disease?

Infectivity
+
Infection Rate
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« Reinforcing loop (R) generates growth in Population Infected.
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Back to SARS...

New Reported Cases
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Dynamic Hypothesis:
What slows Down the Disease Spread?

Infectivity

Infection Rate
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» Balancing loop (B) slows disease Infection Rate.

Limits of Causal Loop Diagrams

e Causal loop diagrams are very useful, but they have limitations.
« What happens to the susceptible population if the infection rate falls?
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From Causal Loops to Simulation Models
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Infection Rate
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Causal Links
Definition and Practice

Causal Links

an arrow with a positive sign means that, all else being equal, a
change in the first variable causes a change in the second variable
in the same direction.

T _ J(interest earned) -0

_ =>
bank interest J(bank balance)

balance earned

an arrow with a negative sign means that, all else being equal, a change
in the first variable causes and change in the second variable in the
opposite direction.

YN A(demand) -0

price demand = é’(pl’iCE)

1/6/2011

10



Practice with Causal Links

S N o N

Production Inventory Shipments
/—\+ /—\
Incoming Backlog Orders
Orders Filled
CO2 CO2in CO2
Emissions Atmosphere Sequestration

Causal Links

* What happens when a link has an ambiguous sign?

Price Revenue

- Quantity

Revenue = Price * Quantity
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Several Causal Links Can Impact
Single Variable
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Practice with Causal Loops
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Practice with Causal Loops

Price of + Demand
SUbStItUtES\ /
Relative
VaIue

Pnce

Pr|ce

Proflts U

Supply

The feedback structure of markets

Price of +

) Demand
Substitutes \{ /'
Relative
Value @

Price

+

Profits @
Cost of / \
+

Production Supply

1/6/2011

13



What patterns of behavior do we
observe in general? In logistics?

Patterns of Behavior
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