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Overview 
Introductions 

Project Presentations 

●  Coastal Erosion-Habits of a Systems Thinker 
●  Body Systems Causal Loop Diagrams 
●  Rocket Modeling Project: Stock-Flow Modeling with Insight Maker 
●  Predator/Prey Modeling Project in Vensim 

Brainstorming 

Break 

Breakout sessions 

Gallery Walk share outs (k) 



Habits of a System’s Thinker-Coastal Erosion 
The Dilemma: 

2013-Large storms washing houses 
into the sea on Plum Island 

Is there a pattern?  Are storms 
getting worse? What role does rising 
sea level play? 

 



Habit’s of System’s Thinker: Coastal Erosion 
Visit Plum Island twice a year.   

Fall — establish the baseline profile 

Spring — return to same places and 
measure profile 

Compare data for seasonal change, 
and previous years for larger patterns 

Debate solutions from different 
perspectives 

 



Habits of a System’s Thinker-Coastal Erosion 
Seeks to understand the bigger picture 

Changes in perspectives to increase 
understanding 

Observes how elements within systems change 
over time, generating patterns and trends 

Identifies the circular nature of complex cause 
and effect relationships 

 

 



Habits of a System’s Thinker-Coastal Erosion 
Observes how elements within systems change over time, generating patterns and trends 

 



Habits of a System’s Thinker-Coastal Erosion 
Identifies the circular nature of complex cause 
and effect relationships 

Connection circles look at relationships 
between elements in a system 

How do these elements influence each other? 

●  Label 5-10 components from reading 
●  Label them as same or opposite 
●  When a loop is reinforcing, we talk about 

what could be added to the system to 
balance it 



Connection Circles and Feedback loops 



Habit’s of a System’s Thinker-Coastal Erosion 
Changes in perspectives to increase 
understanding 

 

Each team charged with analyzing a solution 
had on it: Town planner, environmental 
conservationist, small business owner, summer 
resident 

Choose one of the selected solutions and 
explain persuasively  

 



Learning about Human Body Systems with 
Causal Loop Diagrams 

Something that can change over time (think of it as a 
noun) 

 
Describes the relationship between two stocks (think of 
it as a verb) 

Link 

●  On each link, write a + (“same direction”) or - (“opposite direction”) 
 
●  Classify each loop as reinforcing or balancing 



Example reinforcing loop:  
Population growth 

Example balancing loop:  
Hunger 



Example #1: Digestive System - Lipid Regulation 

Amount of lipid in the small intestine 
 

●  Eating lipids (such as butter) causes the 
gallbladder to release bile into the small 
intestines 

●  Bile breaks down lipids 
 
 

Start with the stock Amount of lipid in the 
small intestine 
 



Follow up Assignment: 
 

1.  In your own words, describe how the different stocks are related.  Be sure to discuss each 
stock as well as the meaning of the + or - on each arrow.  

 
2.  Explain how the loop demonstrates the digestive system maintaining homeostasis in the 

body.  Be sure to identify the stock that is being maintained at a constant level in the body, 
and discuss what happens if stock increases and decreases.   

 
3.  Research and describe how this feedback loop would be affected in people with 

gallstones.  In your answer, be sure to discuss what gallstones are, and how they affect 
the digestive system.  

 
             Include Source(s): _______________     (.gov, .edu., .org) 



Example #2: Digestive system - Blood Glucose Regulation 

The level of glucose in our blood is closely 
regulated - our body attempts to keep it 
around 90 mg/100ml.   
 
When our blood glucose is too low: 

 
●  Our pancreas releases glucagon in 

response to low blood glucose levels 
●  Glucagon causes the liver to release 

glucose into the blood 
 
Start with the stock Blood Glucose Level 
 



When our blood glucose is too high: 
 
●  Our pancreas also releases insulin in 

response to high blood glucose levels 
●  Insulin allows cells to take in glucose 

from the bloodstream 
 
Start with the stock Blood Glucose Level 
 

Example #2: Digestive system - Blood Glucose Regulation 



Example #2: Digestive system - Blood Glucose Regulation 



Follow up Assignment: 
 
 
 
4.    Research and describe how this feedback loop would be affected in people with type I  
       diabetes. 
 
5.   Research and describe how this feedback loop would be affected in people with type II  
       diabetes. 
 
            Include Source(s): _______________     (.gov, .edu., .org) 
 



Our body maintains blood calcium levels in several ways: 
 

1.  Osteoclasts are cells that break down minerals in bone cells to release them into the 
bloodstream. One of these minerals is calcium. Parathyroid hormone (PTH), released from 
the parathyroid glands (these are found in your neck), stimulates osteoclasts to break down 
bone tissue and release calcium into the blood.  Parathyroid glands release PTH in response 
to low blood calcium levels.  HINT: one stock in this loop could be “number of active 
osteoclasts” 

 
2.  Osteoblasts are cells that build bone, and in the process take calcium from the blood and 

deposit it into the bone.  PTH inhibits (stops) osteoblasts from being active.  Estrogen, mainly 
released from the ovaries, stimulates osteoblasts. 

 

Example #3: Skeletal system - Calcium Regulation 



Example student diagram: 



Example assessment questions 
1.  One disease of the skeletal system is osteoporosis, in which the bones become brittle 

and easily break due to low levels of calcium in the bones.  One cause of osteoporosis 
is hyperparathyroidism, an overactive parathyroid that releases too much PTH.  Using 
your feedback loop, explain why this could cause osteoporosis.   

 
2.  Osteoporosis is more common in women that have gone through menopause.  After 

menopause, less estrogen is released from the ovaries.  Using your feedback loop, 
explain why osteoporosis is more common in older women.   

 
3.  One treatment of osteoporosis is bisphosphonates. How do bisphosphonates work 

(research this)?  In your answer, be sure to refer to specific stocks and/or flows in your 
feedback loop.  Also be sure to cite your source. 

 



Summary 
●  Causal loop diagrams can help students: 

 
○  Reinforce content taught in class in a more visual way 
○  Make sense of complicated vocabulary words 
○  Apply their learning - e.g. researching and explaining how diseases affect 

homeostasis in body systems 
 
●  Causal loop diagrams are easily modified to students at varying levels 



Stock-Flow Modeling 
    

Represents the amount of something in the model as it 
changes over time 

 

Represents the rate at which a stock changes over time 

 

Used to store constants and equations for calculations 
of flows or initial values of stocks. 



Stock-Flow Modeling 
Combining Stocks, Flows to model money in a Bank Account 



Constant Velocity Model 
 

 

●  This model will calculate the displacement of an object traveling at a constant 
velocity. 

●  Note double arrow on Velocity flow.  This means that velocity can be negative 
which will subtract from the Displacement stock. 

●  https://tinyurl.com/ConstVel  



Constant Acceleration Model 
 

 

●  This model will calculate the velocity of an object traveling with a constant 
acceleration 

●  Note use of negative in Acceleration flow causes velocity to decrease. 
●  https://tinyurl.com/ConstAcc 



Combining Models 
●  Combining the two previous models results in a model that can calculate 

displacement of an object with constant acceleration. 
●  Velocity appears in both models, so we connect them with a “Link” to move 

information from one part of the model to the other. 



General Accelerated Motion Model 
●  The combined model can now handle new 

situations such as: 
○  A car accelerating on a highway 
○  Tossing a ball in the air 
○  A car stopping to avoid an accident 

●  Initial values of stocks need to match initial 
conditions of problem.  Consider which direction, 
how fast and where the object starts. 

●  https://tinyurl.com/GenAccModel 



●  We can model Newton’s Second Law and have the model calculate the 
acceleration. 

●  Acceleration = Net Force / Mass 
●  https://tinyurl.com/NewtonModel 

 

Newton’s Laws 

10 N 5 kg 

2 m/s^2 

[Net Force] / [Mass] 



Stock-Flow Project: Modeling Air-Powered 
Rockets Goals:  

●  Accelerated Motion 
●  Newton’s Laws 
●  Stock-Flow Modeling 

Overview:     Project Handout 

●  Build model in bite size pieces. 
●  Experiment with model to determine what factors affect flight. 
●  Build and fly rockets.  Record and analyze flight. 
●  Revise model to get a better sense of what happened. 



Stock-Flow Model 



Rocket Launch Analysis 
Video 



Matching Model to Data 



Bumbles and Woofs   

Imagine	  a	  beautiful	  meadow	  1illed	  with	  delicious,	  nutritious	  grass.	  	  Fluffy	  bumbles	  
cavort	  across	  the	  greensward,	  nibbling	  blades	  of	  grass	  and	  reproducing	  with	  
surprising	  speed.	  	  But	  lo,	  at	  the	  edge	  of	  the	  meadow,	  a	  woof	  is	  stalking	  the	  oblivious	  
bumbles.	  Woofs	  eat	  bumbles,	  bumbles	  eat	  grass,	  grass	  regrows,	  bumbles	  have	  baby	  
bumbles,	  woofs	  have	  pups,	  and	  so	  on.	  	  	  
	  
	  



Bumbles and Woofs -- Project Overview 
 ●  Target audience 

○  Students with some previous experience with stock/flow models 
○  Developed for calculus class, but no calculus neede 

●  Model type 
○  Classic predator-prey  
○  Multiple feedback loops 

●  Software 
○  Used free education version of Vensim 
○  Adaptable to other stock-flow modeling software 

●  Classroom materials 
○  Full article to be published in the CLE newsletter 
○  Handouts and teacher materials will be available online 

 

 



Part One: Bumbles in the Meadow 
●  Simulate simple population model by hand 

○  Helps students understand how parts of the model interact 

●  Build simple model in Vensim 
○  Learn to use Vensim with a familary model that has known results 
○  Compare hand-calculated results to software-generated results 

 



Model: Bumbles in the Meadow 



Graphs: Bumbles in the Meadow 



Part Two: Enter the Woofs  
●  Woofs Eat Bumbles 

○  Woofs eat a fixed percentage of the Bumble population 
○  Shows students how to add to a model and see how it changes outcomes 



Model: Enter the Woofs 



Graph: Enter the Woofs 
 



Part Three: All About the Meadow 
●  More realistic meadow 

○  Meadow takes time to regrow 
○  Teaches students to test new model pieces before adding them together 

●  Fire! 
○  Part of the meadow burns from a devasting fire 
○  Introduces a “pulse” function 
○  Demonstrates how the model bounces back to equilibrium 



Model: Complex Meadow with Fire! 



Graph: Complex Meadow with Fire! 



Part Four: Be Creative   
●  Students add something to the model! 

○  Choose from a list, or do your own thing 
○  Emphasize the importance of incremental change and testing 

●  Idea list: 
○  Plague: bumble flu hits the population hard 
○  Hunters: humans with a license to kill woofs 
○  Environment loss: meadow capacity decreases over time 

 


