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In this interdisciplinary math and science unit, eighth graders first conduct a physics of 
motion laboratory experiment and then try to understand the behavior using model building, 
math reasoning and science reasoning.  In science, students roll cars down ramps of varying 
angles of elevation, measure the distances traveled, and plot their results.  In math, students 
take their plots, determine an equation for the line of fit, and build a STELLA model as a 
class to better understand the behavior.  Finally, in science, students relate what they have 
learned to “the real world.” 
 
This paper will describe the unit so that other teachers may try it with their students.  
Specifically, it will include: 
 
The unit itself: 


• Background for this lesson 
• Instructional goals for students in math and science 
• Student science lab assignment sheets 
• Teacher set-up instructions and notes on conducting the labs 
• Math lesson outlines for curve fitting and model building 
• Student assessment activities 


 
The system dynamics model: 


• Background for the model 
• Our assumptions 
• All flow diagrams and equations 
• Explanations of some equations 
• The complete STELLA model on disk 


 
Our assessment: 


• Our conclusions 
• Ideas for improvement 
• General tips for introducing a system dynamics unit 


 
 
THE UNIT:  THE PHYSICS OF MOTION 
 
Background for this unit 
We have taught this physics of motion unit as part of our Introductory Physical Science 
eighth grade science curriculum for several years, without including math or system 
dynamics.  The students have always enjoyed it, especially rolling the cars down our corridor.  
Two years ago, however, some students, on their own, began using sophisticated curve fitting 
techniques with their data, because, as they explained, they had just learned that in math!  
Thus began the math/science teacher collaboration on this unit.  Coincidentally, as teachers, 
we had also just become interested in system dynamics as a curriculum tool.  The match was 
just right!  Now we find that this unit is much richer for the students than it was before. 
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For the logistics, students conduct their experiments and prepare their final projects in science 
class over a period of about five weeks.  The students take their data to their Algebra I class 
and work on that part in math class intermittently as necessary throughout that time.  Science 
students have already been introduced to terms such as lift, drag, gravity, and friction in an 
earlier aerodynamics unit.  Because of scheduling, the math and science teachers do not co-
teach.  However, they do confer regularly and visit each other’s classes during free periods. 
 
Our students all work in cooperative learning teams in science and in math.  These science 
students are not necessarily in the same math class; nor are they all in the advanced math 
level where this unit is taught. This has not been a problem.  Working in heterogeneous 
science teams, the students who have this background really do share their math expertise. 
 
Although this unit can be taught in either math or science class alone, doing it together 
provides genuine interdisciplinary connections for students, as well as for teachers. 
 
Instructional Goals for Students 
 
 Science 


• Students will have a basic understanding of these concepts and how they apply to 
real world situations: 


Velocity - instantaneous and average   Inertia 
Acceleration      Friction 
Force       Gravity 
Newton’s first law of motion    Kinetic energy 
Newton’s second law of motion   Potential energy 
Newton’s third law of motion    Momentum 


• Students will learn that technology can be used for problem solving. 
• Students will learn that math and science are integrated. 
• Students will work together in teams to solve problems. 


 
 Math 


• Students will make connections between concrete experiences, visual models and 
equations.  (Algebra is a tool that allows us to model.  However, because it is quite 
abstract, it may be a barrier for students.  This unit addresses that.) 


• Students will be introduced to modeling with STELLA as a problem solving tool. 
• Students will read and understand behavior-over-time graphs in detail.  They will 


have an informal understanding of critical points, inflections. 
• Students will learn the application of statistical techniques and their interpretation:  


scatter plots, line of best fit, equation of line. 
• Students will apply trigonometry concepts: sine, cosine 


 
Student Science Lab Assignment Sheets 
These are our hand-outs to students.  Specific instructions and notes to teachers follow. 
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PHYSICS OF MOTION UNIT 
Part One 


 
LAB #1:  Each team will begin by solving the following problem: 


 
I.   Problem: 


How does the angle of a 3 meter ramp affect the distance the car will travel when 
rolling down that ramp? 
 


II.  Hypothesis: 
 
III. Materials: 


Ramp, car, tape measure, trigonometric table, level area on tile floor 20-30 meters in 
length, lab notebook and pencil. 
 


IV. Procedure: 
1. Each team will set the ramp at two different heights (assigned by the teacher), for 


example, .1m, .15m, and so on. 
2. Calculate the angle for each height using the trigonometric table. 
3. Set the ramp at one height.  Let the car roll down the ramp five times and measure 


the distance the car rolls down the hall.  Compute an average distance and record 
all data in your lab book. 


4. Repeat step 3 for the second height. 
5. When data has been taken for both angles, record the data on the class data graph 


also. 
6. Copy all points from other teams in the class onto your graph. Fit a line to the 


data. 
7. Write an equation for the line. 
8. Make two predictions for different angles not on the graph.  Record in lab book. 
9. Test your predictions on the STELLA model.  (All predictions must be checked 


with your teacher before you can run them on the computer.) 
10. Print out the STELLA graph indicating all important points.  Explain any 


differences between your prediction and the graph.  Include these in lab notebook. 
 
V.  Data: 
 
VI. Questions: 


1. How does the angle of the ramp affect the distance that the car travels?  Why? 
2. Is there a relationship between the angle and the distance the car travels? 
3. Does the relationship of distance to angle hold for very steep angles?  Explain. 
4. How might anything you learned in this lab apply to your own life?  Explain. 
5. Ask your own awesome questions.  (You may or may not have an answer.) 
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PHYSICS OF MOTION UNIT 
 


Part Two 
Team Experiments: 
In addition to solving the problem in Part One, each team must design and set up 3 more 
problems that relate to the vocabulary words below and make that concept more 
understandable to you and your classmates..  Each team will work together to design and 
implement the three experiments that they choose.  Every student on each team must set up 
each experiment in his/her own lab book according to the format for Lab #1.  Each team will 
present its experiments orally to the other teams in the class.  All students in the class are 
expected to have a basic understanding of all 12 concepts. 
 
Vocabulary list: 


Velocity- Instantaneous and Average 
Acceleration 
Inertia 
Momentum 
Force 
Friction 
Kinetic energy 
Potential energy 
Gravity 
Newton’s First Law of Motion 
Newton’s Second Law of Motion 
Newton’s Third Law of Motion 


 
Physics of Motion Writing Assignments 
1.  Interview someone who drives and has had a motor vehicle accident.  Ask that person to 
explain the details of the worst accident in which they have been involved.  Make sure you 
get information on weather conditions, time of day, speed of own and other vehicle, etc.  At 
the conclusion of your interview, make a diagram of the accident and have the interviewee 
approve its accuracy and authenticity. 
 
In a two page paper, write up the interview.  The first page is to contain the details of the 
interview; the second will be your analysis of what happened and why.  This will give you 
real world data. 
 
2.  Write a two page paper on one of the labs you do, describing the lab and its importance in 
the real world to a non-science audience.  As sources you must include information from four 
of the following: 


A) Laser disc 
B) Internet 
C) Two electronic media 
D) Community experts 
E) Books, videos, encyclopedias 
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Teacher Notes on Physics of Motion Labs: 
 
Cooperative learning:  This unit relies heavily on students’ ability to work efficiently 
in four member teams.  This unit was designed for heterogeneously grouped classes 
and teams.  Although not all students are in the advanced math section where the 
modeling is taught, as team members they share their knowledge; everyone has 
something to contribute.  The students work together to solve all problems, but each 
student is individually accountable to do all four labs in his/her own lab notebook. 
 
Materials for Lab I:  Basic I-beam lab cars can be purchased from any good 
scientific supply company (Chem Scientific in Newton, MA;Carolina Biological 
Supply, in Burlington, NC.)  We use old shipping crates for ramps but any lumber 
yard will have boards that will make excellent ramps.  Purchase boards 10 in. by 12 ft. 
and tape a piece of very flexible poster board near the bottom to smooth the bump at 
the end.  Draw or tape a line across the board at the 3 meter mark for the starting line. 
 
Procedure:  Be sure that teams cover a range of angles of elevation by assigning a 
range of heights.  (We assign heights from 5° to 30°; leave heights up to 40° for extra 
credit.)  Students find their own ways to elevate the boards to the required heights 
using books, furniture, boxes, etc. (They are very resourceful!)  Students always ask 
the teacher, but they also must decide for themselves where they should place the cars 
on the ramp: behind, in front of, or on the line.  This always stirs a big debate until 
they figure out that consistency is the important thing in a scientific experiment!  They 
also learn to count only the good runs down the ramp. 
 
STELLA predictions:  Although students build the model in math class, they 
experiment with it in science class on two additional angles.  It is very important that 
students make their predictions as a team and record them (as a graph) in their lab 
notebooks before they are allowed to test their predictions on the computer model.  
Students then must explain any discrepancies in their notebooks.  The model is not a 
video game; it is a tool for critical thinking. 
 
Timing:  Three or four days is a good time frame for completing the first lab.  
(Students begin working in math class on the equations and model during this time 
too, as outlined in the next section.)  During the first few days of the unit, science 
teams must also choose three terms from the vocabulary list in Part II.  Each team 
then designs three experiments using the format they followed in Lab I.   
 
When the team has completed each experiment they make an oral presentation to the 
whole class.  The purpose of the presentation is to explain the lab and the data 
collected so that the entire class has an understanding of that term.  These 
presentations should begin early in the second week of the unit.  Class presentations 
are limited to 10 minutes with a short question and answer period.  The entire unit 
takes us about 5 weeks. 
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Examples of Student Experiments:  Students come up with these ideas themselves.  
They also gather their own materials, although we do provide stop watches, scales, 
and some other lab equipment. 
 
Although the student teams design their own experiments, the teacher is intensively 
involved in guiding them, especially in choosing and setting up their first experiments.  
Help them work on the easier terms first so that the class knowledge builds up from 
the basics.  Always encourage the students to think for themselves by feeding them 
questions rather than answers. 
 


• For inertia, students ran cars down the ramp and hit a stationary object at 
the end to see how far the object moves, depending on its mass.  They then 
gathered data, graphed it, wrote an equation, made predictions, and applied 
what they have learned to the real world. 


• For friction, students built a “sled” that they could drag across different 
surfaces: different grades of sandpaper.  They quantified their results on a 
spring scale measured in grams, and completed the rest of the lab steps as 
above.  Students had big debates on why the rougher sandpaper required 
more force to draw it across.  They searched the Internet and consulted 
local “experts” with their questions. 


• For Newton’s Third Law, students always come up with experiments 
involving stepping off skateboards. 


• For understanding the relationship between kinetic energy and potential 
energy, students dropped superballs from various heights.  They measured 
and graphed the resulting bounce heights. 


• For Newton’s First Law, students rolled cars down the ramp, changing the 
mass of the cars to see what effect mass had on the distances travelled. 


• Students made their own force meter by swinging weights on a string to hit 
a car.  They varied the weight to see how the amount of force affected the 
acceleration of the car. 


• For gravity, students used a pendulum to calculate the value of the earth’s 
gravity.  (They came pretty close!) 


 
We are continually amazed at the ideas students can come up with when we, as 
teachers, guide them to get started, set high expectations, and then “get out of their 
way!” 
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Math Lesson Outlines 
After students have run their cars down the ramps and collected data for Lab I, they bring 
their data to their math class.  Rather than provide day-by-day lesson plans, we have outlined 
the lessons so that other teachers can adapt them to their own classes. 
 


Preliminary Lessons 
Before students can begin to work on this unit, it is essential that they have a good 
grasp of two important concepts.  We usually devote several lessons to these ideas: 


Stocks and flows.  Introduce students to the symbols and concepts of stocks 
and flows using the bathtub analogy.  Have students compute a few intervals 
manually until they really understand how the accumulation works.  It is 
important to use examples that illustrate both linear behavior (like water in the 
bathtub) and feedback behavior (like a bank balance accumulating interest).  
Have them interpret flow diagrams and behavior-over-time graphs. 
Accumulations in this unit.  Students need to understand that a flow of 
velocity results in an accumulation of distance and that a flow of acceleration 
results in an accumulation of velocity.  For one example, the teacher walks 
across the room at a certain speed, and asks each student to graph the speed 
and the distance over time.  The speed is constant, but the distance grows; it 
accumulates.  Try other constant speeds.  Use a similar approach to show how 
velocity accumulates; acceleration is the flow this time. 
 


Finding Patterns in Data 
1. Ask students to make a scatter plot of angle vs. distance, using the data they have 
gathered from their experiment.  We prefer to have each math group make a plot, but 
using the data for making a classroom plot is effective as well. 
 
2. Draw a line of fit for the plot.  Depending on the mathematical sophistication of the 
students, this could be an “eyeball” fit or a standard statistical technique, such as the 
median-median fit. When choosing the latter it is helpful to have the option of using 
technology, such as a graphing calculator or computer software. 
 
3. Determine an equation for the line of fit. Have students work with the equation in 
several ways, to make sure that they understand how to interpret the equation. This 
should include predictions: If the angle is x degrees, then the distance traveled is y 
meters. 
 
4. Class discussion: Ask the students what they have learned from the equation.  They 
will say, “The steeper the angle, the further the distance.” (This is so obvious that they 
really haven’t learned anything new about the behavior yet!)  The equation is a good 
start, but it does not tell you how or why the car behaves in the way it does. To better 
understand the behavior, build the system dynamics model. 
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5. Brainstorm possible factors that influence the behavior of the car and write these on 
a blackboard. Expect responses such as steepness, smoothness of wood, gravity, angle, 
height, friction, force etc. Narrow down the list by looking for central themes. For 
example, height, angle, and steepness all refer to the same concept. 


 
6. We know that distance is related to velocity: if time is not a variable, then the only 
impact on distance is the velocity. Just think about the familiar equation  d = r * t. 
 
If we think about velocity as a stock accumulating over time, then the flow into it is 
acceleration.  Acceleration is determined in part by the angle of the ramp and by the 
force acting on the car (gravity).  Start by building a model of this relationship. (Each 
of these partial models is included on the disk at the end of this paper.). 


Velocity


Acceleration


Ramp angle


Gravity


 
 
 
If students are familiar with trigonometry, it is relatively easy to illustrate that it is the 
sine of the angle that is of importance. For those not familiar with the sine ratio, use 
the idea of vector decomposition. To do this, have pairs of students pull on a pair of 
perpendicular strings attached to objects as illustrated below.  Students A and B pull 
strings gently as indicated. Object O will move in direction of C.  


    
Intuitively, students will understand that the force on an object on an inclined plane is 
the result of gravitational force (in the direction of B) and a force exerted by the ramp.   
(This process can be quantified somewhat by attaching a spring scale to each string 
and instructing students to pull at a given force.  For example, student A pulls with a 
force of 20 grams and student B pulls with a force of 20 grams. Observe what 
happens.  Now have student B pull with a force of 40 grams while A remains at 20 
grams.  Again, observe what happens.) 
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7. Run the model and consider the graph of velocity: 
 


10:34 AM   8/12/96


0.00 3.00 6.00 9.00 12.00


Time


1:


1:


1:


0.00


41.58


83.16


1: Velocity


1


1


1


1


Graph 1  
 
This graph does NOT reflect reality. Discussion should lead to the realization that 
velocity should decrease at the end of the ramp. In order to do so, we will add the 
stock “distance” to the model. This will allow us to set the angle to zero when the car 
reaches the end of the ramp and continues to roll down the corridor. 


Velocity


Acceleration


Ramp angle


Gravity


Ramp length Position


Vel  
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8. Ask groups of students to predict the velocity and the distance for the current 
model.  Check predictions by running the model: 


10:46 AM   8/12/96


0.00 3.00 6.00 9.00 12.00


Time


1:


1:


1:


2:


2:


2:


0.00


3.06


6.12


0.00


34.45


68.91


1: Velocity 2: Position


1


1 1 1


2


2


2


2


Graph 1  
 
Have students compare their predictions with the actual results. Discuss the results in 
depth and make sure that students understand the behavior of the model as well as the 
conflict with reality. Through the discussion it should become clear that there is a 
force acting on the car which results in slowing it down: friction.
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9. Class discussion:  Similar to the reasoning of gravitational force, frictional force 
depends on the angle. For students familiar with trigonometry, it is easy to show that 
it is the cosine of the angle.  We add deceleration as a flow out of velocity because the 
force of friction causes the car to slow down; it “drains” velocity down. 


Velocity


Acceleration


Ramp angle


Gravity


Ramp length


Position


Vel


Deceleration


Angle converter


Angle of elevation


Friction Coefficient


 
 
When we RUN this model we see behavior that is in line with expected results. 
 


3:11 PM   8/29/96


0.00 3.00 6.00 9.00 12.00


Time


1:


1:


1:


2:


2:


2:


0.00


8.08


16.16


0.00


2.42


4.83


1: Position 2: Velocity


1


1


1 1


2


2


2 2


Graph 2  
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THE SYSTEM DYNAMICS MODEL 
 
Background for this model:  How complex should it be? 
This ramp model was written at an introductory STELLA summer workshop, using data from 
our actual classroom experiments.  Throughout the year, the model underwent several 
refinements and revisions as we tried to decide just how detailed the physics of the model 
should be.  We also consulted with James Lyneis, a professional system dynamicist, on 
technical modeling issues. 
 
When we began to use this simple model in class, we found that the students began asking 
more sophisticated questions.  They observed their cars falling off the ramp more often at 
steeper angles and wondered about friction at steeper angles.  They asked about mass and 
friction, otherwise why did they put sandbags in their car trunks in the winter?  They could 
see that something happened at the end of the ramp, making conditions very different when 
the car rolled on the floor.  Some students recognized a loss of energy at the end of the ramp, 
depending on the size of the angle;  hypothetically, at very steep angles, the car just crashes 
and goes nowhere.  There were lots of good questions and lots of students busy seeking 
answers. 
 
Although some of these questions had to with the design of the experiment, others could be 
incorporated into the model.  Among ourselves, we developed a model which isolated the 
ramp frictional force and added the floor frictional force.  This still was not accurate, so we 
worked on building a switch mechanism to account for the energy loss at the end of the ramp.  
Then we realized that we should have an accurate measure of the friction coefficient for our 
cars, so we found a formula to derive that empirically.  We included mass.  And on, and on!  
Each refinement suggested another.  (This was a challenge for us as novice modelers and 
physicists!) 
 
We learned a lot doing this, but ultimately we saw that this was missing our whole point!  
Our goal is to teach the basic principles of the physics of motion and dynamic modeling to 
eighth grade students who have no prior experience in either area.  A very simple model gives 
them a good beginning.  Students can understand the concepts without being too 
overwhelmed by the complexity.  Already, in our simple model, the math is way beyond 
them.  We found that students could understand at a conceptual level these ideas that were too 
complex for them mathematically.  Furthermore, they understood them well enough to ask 
very good questions based on their experience.  Our simple model achieved our goal.  Right 
now, a more complex model might risk that. 
 
In the future, we may incorporate these “improvements” in our model to make it more 
detailed and accurate, as we continue to wrestle with this issue.  Certainly, at the high school 
level, students could handle the math, the physics, and the modeling.  For now, we are just 
laying the foundation. 
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Our Assumptions 
A model represents one view of how a system works, based on one set of assumptions about 
that system.  That is true of any model, including mental models.  In a system dynamics 
model, those assumptions are clearly expressed so that others can understand the model and 
even challenge it.  The assumptions are the equations. 
 
We would like to highlight a few of our assumptions in building this model.  (There are also 
explanations written in the STELLA dialog boxes in the model.) 
 


• Our goal for the model was to replicate the behavior which students observed in 
the lab:  Cars gained velocity down the ramp and rolled down the hall to a stop, 
traveling further with steeper ramp angles of elevation.  One stock is velocity; the 
other is position, or distance. 


• For simplicity we left out the loss of energy at the end of the ramp that would have 
more effect at steep angles.  Therefore, this model is designed to replicate 
behavior at smaller angles, up to 40 degrees. 


• We established the friction coefficient experimentally for our cars; we adjusted it 
until the model replicated the distance we observed.  It can be adjusted for other 
cars.  For simplicity we did not differentiate ramp and floor friction, or static, 
viscous, and air friction in the model, although the students did discuss these at 
length as they endeavored to understand the behavior. 


• This model is simplified so that beginning students can more easily grasp the 
basics of the physics and the modeling.  However, it is still important for students 
to ask questions and think about the things that have been left out and what 
difference they would make. 
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STELLA Flow Diagrams and Equations 


Velocity


Acceleration


Ramp angle


Gravity


Ramp length


Position


Vel


Deceleration


Angle converter


Angle of elevation


Friction Coefficient


 
 
 
Stocks and their Flows: 
Position(t) = Position(t - dt) + (Vel) * dt 
INIT Position = 0 
 
Vel = Velocity 
Velocity(t) = Velocity(t - dt) + (Acceleration - Deceleration) * dt 
INIT Velocity = 0 
 
Converters: 
Acceleration = Gravity*SIN(Ramp_angle) 
Deceleration = Friction_Coefficient*Gravity*COS(Ramp_angle) 
Angle_converter = Angle_of_elevation*PI/180 
Angle_of_elevation = 22 
Friction_Coefficient = .1 
Gravity = 9.8 
Ramp_angle = IF(Position<Ramp_length)THEN(Angle_converter)ELSE(0) 
Ramp_length = 3 
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Explanations for Some Equations 
This model is ready to use as it is.  The math behind it is too advanced for our middle school 
students, but we present it for interested teachers to examine. 
 


“Acceleration” and “Deceleration” flow equations: 
Given an object on an inclined plane with an angle of elevation x. 
According to Newton’s Law (using vector notation): 


 
 Fg + Ffriction = m * a             (1) 
 
where, Fg            = gravitational force vector 
 N            = normal force vector 
 Ffriction       = friction force vector 
 m            = mass of object 
 a             = acceleration vector 
 


We choose a coordinate system with the x axis along the inclined plane. 
Since the normal force is perpendicular to the plane, the component in the direction of 
the inclined plane is zero. 
To determine the plane component of Fg , note that the two triangles are similar. 


 
Plane component of   Fg = Fg  sin x = mg sin x  
 
Similar reasoning will give    N = mg cos x  
The friction does depend on the normal force: 
 
  if: c = friction coefficient, 
  then: Ffriction  = -cN  


 but:      N = mg cos x 
 so:        Ffriction = -cmg cos x  


 
Substituting this in the plane component of equation 1 gives: 
 
  mg sin x-cmg cos x = ma 
 or: a = g sin x - cg cos x  
 
In the model,  “Acceleration” = g sin x 
  “Deceleration” = cg cos x 
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“Velocity” stock equation: 
 
 Velocity(t) = Velocity(t-dt) + (Acceleration-Deceleration)*dt 
 
Velocity is an accumulation.  Acceleration builds it up and deceleration draws it 
down.  In computing the stock equation in simulation, STELLA takes the last value of 
“Velocity” and adds to it whatever flows into it as “Acceleration” minus whatever 
flows out of it as “Deceleration” during that solution interval.  The velocity increases 
or decreases over time as a result of these flows over many solution intervals. 
 
In the previous math explanation, 
 
  a = g sin x - c g cos x 
 
Mathematically, this produces the same values as our stock equation.  Mathematically 
it could all be included in the “Acceleration” flow equation.  However, in the 
language of stocks and flows, and in the real world, velocity is an accumulation built 
up by acceleration and drawn down by deceleration.  System dynamics helps students 
understand the basic workings of the system more clearly this way. 
 
 
 


STUDENT ASSESSMENT ACTIVITIES 
 


Science Assessment 
In science class, the students have three short quizzes during the unit and one final test at the 
conclusion of the unit. 


Quizzes:  The first quiz is given when all teams have completed their first oral 
presentations.  This quiz covers the four terms just presented by the students.  The 
quizzes are open notes and require that students apply what they have learned.  On 
some quizzes, students may discuss the problems with their teammates, but every 
student must hand in his/her own answers. 
 Each quiz would have several questions like these: 


• A person starts from rest and begins to run.  The runner puts a certain 
amount of momentum into herself and 


a)  more momentum into the ground 
b)  less momentum into the ground 
c)  the same amount of momentum into the ground 


• A person starts from rest and begins to run.  She puts a certain amount of 
kinetic energy into herself and 


a)  more kinetic energy into the ground 
b)  less kinetic energy into the ground 
c)  the same amount to kinetic energy into the ground 


• Mighty Mike weighs 200 lbs. and is running down the football field with 
the ball at 8 ft/s.  Running toward him are opponents Speedy Gonzales, 
who weighs only 100 lbs but runs 16 ft/s, and Ponderous Poncho, who 
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weighs 400 lbs and runs only 4 ft/s.  In an encounter, who would be more 
effective in stopping Mike? 


a)  Speedy Gonzales 
b)  Ponderous Poncho 
c)  both the same 


     Who is more likely to break Mike’s bones? 
a)  Speedy Gonzales 
b)  Ponderous Poncho 
c)  both the same 


• Other questions can be found in any physics workbooks.  Also, we often 
use ideas directly from the students’ presentations themselves, by 
presenting their information in a slightly different way in a problem, to be 
sure the class understood the idea thoroughly. 


Students are asked to explain all their answers.  In class, we correct them right away 
and go over all of the problems as a class so that students learn from the quiz too. 
 
Final exam 
At the end of the unit, we have one team test followed by an individual test.  (We 
don’t tell the kids this, but the team test is designed to be harder than the individual 
test so that students are still challenged to work together to understand and solve the 
problems.  By the time they get to the individual test, the students really do know their 
stuff!)  Students can use notes or anything else they need to help them solve the 
problems and explain them.  Our objective is not to have them memorize and spit 
back facts.  Instead, we want our students to understand the problem and know how to 
find the answer, a necessary “real world” skill.   


The exam is a series of four or five teacher demonstrations.  Students are 
required to explain the laws and terms of physics that are at work.  These are 
just examples.  Again, adapt other ideas from the student presentations. 
• Release an inflated balloon attached to a string.  Students must explain 


what causes the balloon to shoot down the string and eventually stop. 
• Pull a table cloth (or piece of paper) out from under a full teacup. 
• Pump up a water rocket and release it; it expels water and takes off. 
• Fill a 2 liter soda bottle with water and roll it to hit a stationary object on 


the floor.  Measure how far it moves.  What will happen with a 1 liter 
bottle? 


After the exam, do the demonstrations again and discuss them as a class. 
 
Math Assessment 
So far, we have not had formal assessment activities for the math activities.  Informally, the 
teacher assesses student understanding at each step to be sure that all of the students get it.  In 
the end, they all understand the concepts well enough to use the STELLA model and write 
their own line of fit equations for their experiments.  They are motivated because this math 
has an immediate purpose for them. 
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OUR CONCLUSIONS 
 
This has always been a good unit with our students, but we have been impressed with how 
much introducing system dynamics has improved it.  Most importantly, students analyze the 
problem in deeper ways and ask much better questions.  With a little understanding of the 
system, they are very curious to know more, to ask why, to test their hypotheses.   
 
We also like the interdisciplinary connection.  Students are much more excited about math 
and much more excited about science (not to mention the teachers!)  This interdisciplinary 
connection is genuine, not contrived, and the kids know it. 
 
To succeed, this approach requires that the teacher become “a guide on the side, not a sage on 
the stage” to quote Gordon Brown.  For teachers trained otherwise, it is difficult at first to 
allow students to take charge of their own learning.  (This does not mean relaxing standards 
however!)  It also takes time for kids to adjust to this idea, although they are quicker than you 
might expect.  The teacher does not have to know everything and dispense that knowledge.  
Instead the teacher sets high standards and helps students learn for themselves.  Judging from 
the response we have seen in our students, it is a risk worth taking. 
 
Improvements for next time 
We conducted this unit with only one computer in the science class.  It was a big 
improvement over no computers and we would do it again, but more computers would 
smooth the classroom logistics of running and printing off the team trials.  It would also allow 
students to access the Internet with some of their questions.  Eventually, with much more 
experience, it would be nice to build models, or have students do it, for their lab experiments 
in Part II.  In future years, we hope to introduce system dynamics to our students earlier so 
that they are better prepared to take it further. 
 
We are still working on the complexity issue.  A model that is too simple loses accuracy, but 
a model that is too complex loses kids.  The challenge is to find the right balance as we try to 
help students develop systems thinking skills and behaviors.   
 
We hope that other teachers can take this unit and adapt parts of it to their classes.  There is 
always room for improvement.  Good lessons are always evolving. 
 
Tips 
We prepared these “tips” for a presentation of this unit to the 1996 “Systems Thinking and 
Dynamic Modeling Conference.” 
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HOW TO GET STARTED 
 


Tips on Introducing an Interdisciplinary System Dynamics Unit 
 


 
• Start with your current curriculum.  Choose a unit that is already successful and use 


system dynamics to make it even better.  The results will surprise you. 
 
• Set high clear expectations for the students.  Require that they use quantitative methods 


and show mathematical relationships.  Give them these stringent requirements, but then 
“get out of their way” and let them figure it out.  Let them take charge of their learning. 


 
• Have students work in small cooperative learning groups.  Teach kids to work together to 


solve a problem; let them learn from and teach one another, with a teacher as their guide. 
 
• Work with another teacher because the synergy which develops sustains the effort.  Only 


one teacher needs to have some experience with modeling at first.  If you see kids making 
interdisciplinary connections from one class to another, seize the opportunity for the 
teachers to work together too. 


 
• Introduce the kids to the basic stock and flow symbols and concepts using the bathtub 


analogy before showing them the computer model.  Have them compute a few intervals 
manually to understand accumulations;  ask them to interpret flow diagrams and graphs. 


 
• Use system dynamics to broaden the lesson.  At first, if you use models that are already 


written, have the kids do all their work and make their predictions before they are allowed 
to test their results on the model.  If there are discrepancies between their predictions and 
the model’s, require that they explain why.  They may find an error in their work or they 
may challenge the model in a specific way.  Either way, they will raise lots of questions 
and deepen their understanding trying to answer them.  The system dynamics model is the 
tool for eliciting better questions, not just another video game. 


 
• The teacher does not have to know everything.  Rather than dispensing information, 


encourage kids to take charge of their learning.  With high expectations, help them to 
shape better questions and seek the answers.  Encourage them to try again, dig deeper, 
and consult experts.  Model all of this behavior yourself. 


 
• Have fun! 


James Trierweiler 
Rob Quaden 


Clair Lombardo 
Debra Lyneis 


 
Carlisle Public Schools,  Carlisle, Massachusetts   


July 1996 
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