


System Science(s): Study of systems



Soft and Hard Systems Approaches

Checkland and Poulter (2006):

A soft system approach uses a systemic process of 
inquiry, an “action oriented [learning] process” to 
address “problem situations’ but does not emphasize 
the structure of the problems. 
A hard system approach, is more about the 
development of systems models (such as the system 
dynamics models in this book) to address problem 
situations and the structure of the problems.
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System Dynamics
“An approach to understanding the behaviour of 
complex systems over time. It deals with internal 
feedback loops and time delays that affect the 
behaviour of the entire system. What makes using 
system dynamics different from other approaches to 
studying complex systems is the use of feedback 
loops and stocks and flows. These elements help 
describe how even seemingly simple systems 
display baffling nonlinearity.” (Wikipedia, 2014)
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Feedback: shows how actions can 
reinforce (positive feedback) or 
counteract (balance through 
negative feedback) each other

Variables are organized in a circle 
or loop of cause-effect 
relationship called a “feedback 
process”
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Feedback Processes

Reinforcing (R) or
Amplifying

• Cause dramatic growth or 
collapse

• Amplifies change
• Snowballing effect
• Make something greater or less
• Accelerating growth or decline
• “Vicious cycles”, “self fulfilling 

prophecies”, “Virtuous cycles”

Balancing (B) or 
Stabilizing

• Operates when there is a 
goal oriented behavior 
(implicit or explicit)

• Keep things under control
• Limit dramatic growth
• Ensure that systems fulfills 

its purpose
• Seeks equilibrium and 

stability
• Self correction to keep goal 

or target



Reinforcing Feedback



Balancing Feedback



Delay = interruption between actions 
and their consequences



“I am filling a glass of water”

From The 5th Discipline by Peter Senge (1990)









Stock and Flow Diagrams



Flow and Stock

Stock: Anything that accumulate and can be 
measured at one point in time (water in 
bathtub or behind a dam, population, wood in 
the forest, etc.)
Flow: Anything that changes over time 
(number of births, inflation rate, etc.). Inflows 
and outflows
Stock and flow obey laws of conservation and 
accumulation







Using Stella Pro or Architect
Trademark of Isee systems 
(www.iseesystems.com)
Introduction to Systems Thinking by 
Richmond (2004 a,b).
Other SD software include Vensim and 
Powersim.  

http://www.iseesystems.com/


Modeling



Mixed Modeling Methods



“The significant 
problems we face 
today cannot be 

solved at the same 
level of thinking we 
were at when we 
created them.”

Albert Einstein

Contact: amadei@colorado.edu

mailto:amadei@colorado.edu
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