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INTRODUCTION


The In and Out Game is a preliminary  system dynamics modeling lesson for kindergarten and
primary grade students which is also adapted for use with upper elementary and middle school
students.  Young students learn about stocks and flows by physically moving into and out of the
group of players in the game.  They count and graph the stock of players over several rounds and
discuss how the resulting graph describes the behavior they have observed.  Older students play
an abbreviated version of the game. They are then introduced to the mechanics of STELLA
system dynamics modeling software and build their own simple computer models of the game.


BACKGROUND: BUILDING A SYSTEM DYNAMICS CURRICULUM


Alan Ticotsky and Rob Quaden are systems mentors at the Carlisle Public School. Supported by
the Waters Grant Foundation, their job is to help classroom teachers integrate system dynamics
and systems thinking into their current curriculum using causal loops, stock/flow diagrams, and
computer models.  They have also begun working on a matrix of skills and lessons to teach
students how to build and use their own models.


At this point, as the curriculum evolves, it appears that third graders are able to use and interpret
simple models as a class. Fourth and fifth graders can build simple linear models and be
introduced to the concept of feedback.  Middle school students are ready to use and interpret
more complex models. Middle schoolers can also build simple feedback models on their own.


(Examples of these lessons are available on-line from the Creative Learning Exchange at
http://sysdyn.mit.edu/cle/. “The Mammoth Game,” by Stammell, Ticotsky, Quaden and Lyneis,
for third graders. “Let It Roll!” by Quaden, Trierweiler, and Lyneis, and “Grow, Grow, Grow?”
by Lombardo and Lyneis for middle school science. “Introduction to Linear Models: Using
STELLA to Solve Word Problems” by Quaden, Ticotsky and Lyneis for students in grades 5-8.)


The In and Out Game comes at the very beginning of the sequence.  For kindergarten and
primary students, the game provides a concrete way to learn about stocks and flows.  It also
introduces them to graphing behavior over time.  The game is used in an abbreviated form for
older students who do not need  to actually act out the game but who still need some link to the
concrete process.  Once students have played the game at any level, referring back to it quickly
refreshes their understanding of stocks and flows in subsequent lessons.


OBJECTIVES FOR STUDENTS


• By physically moving into and out of a stock of players at set intervals, students will
learn that a stock is an accumulation governed by flows in and out over time.


• Students will graph the behavior of the stock over time on a line graph.
• Students will observe how the graph changes if the flows are changed.  They will make


predictions and test them. They will learn that a steeper line means faster growth.
• Students will be introduced to a system dynamics stock and flow diagram of the game.
• Students will recognize that the concrete game, the graph, and the stock and flow diagram


are all different ways to describe the same behavior.
• Older students will be introduced to STELLA modeling on the computer.
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PREPARING FOR THE GAME


Time Requirements
• Allow about 45 minutes for kindergarten/primary students to physically play the game


and graph it as a class.
• By fifth grade, allow 30 minutes for an abbreviated version of the game and an


introduction to the mechanics of STELLA as a class;  allow an additional 30 minutes
with students at the computer building models.


• Allow one class period for middle school students for explanations and modeling.


Materials
• For young students, you will need a large easel pad and markers or blackboard and chalk.
• For older elementary and middle school students, you will need an easel pad or


blackboard plus computers loaded with the STELLA software.
•  STELLA is available from High Performance Systems, Inc., 45 Lyme Rd., Suite


200, Hanover, NH 03755.  Tel. 603-643-9502.  http://www.hps-inc.com
•  The model accompanying this paper is in STELLA 5.0, but it can be built on any


earlier version as well.
• One computer for every two students is ideal, but use what you have.
• It helps to have a projection device or large monitor for class demonstrations.


Additional Hands
When the upper elementary and middle school students are working at the computers
building models, it is very helpful to have additional adult support for the students.
Recruit a “STELLA literate” teacher, parent, or more experienced student to help
students fix glitches in their models.  Since students will progress at varying speeds, some
will need basic help while others will need to be challenged further.  It is difficult for one
teacher to keep up with all the students in a large class in this beginning modeling lesson.


PLAYING THE IN AND OUT GAME


 Playing the Game: Kindergarten and Primary Grades


1. Explain to the students that they will be playing a game and keeping track of the number of
players in the game.  They will be making the rules of the game, counting the players, and
recording their data on a table and on a graph. Designate a place in the room for the players
to stand and delineate it with rope or masking tape on the floor. Also delineate the flow
“pipes” into and out of the stock of players.


2. Set the rules for the first game as “2 In and 1 Out.”  This means that for every round of the
game two students will go into the group of players and one student will go out.  The
designated place on the floor is empty to start.
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3. Play several rounds of the game with the teacher selecting volunteers.  Ask all of the students
to count how many players are in the box at the end of each round and record that data on a
table on the blackboard or easel pad.  Record the initial number of players (0) on the first
line.


4. Analyze the data a bit by asking students to look for patterns.  Discuss how the number of
children going in or out each round remains constant while the total number of players
increases.  Why is this?  Solicit predictions for the next rounds.


5. Next, graph the total number of players over time.  On a large graph, explain that the vertical
axis tells how many players are in the game and goes from 0 to the number of students in the
class. Time, in this case the number of rounds, is on the horizontal axis.


• Explain to students that this will be a line graph which will show us patterns of
behavior over time.  Since most young students are familiar with only bar graphs, line
graphs may need their own introduction either as part of this lesson or beforehand.
Use Unifix cubes and large grid graph paper to explain the line graph in a concrete
way.  As you count the total number of players each round, stack that number of
cubes and hold it against the graph just as students would build a bar graph.  This
time, however, instead of coloring in the column on the graph, just put a dot on the
graph representing the top of the stack of cubes, “to save time.”  Do this for a few
rounds until students are able to understand the dots and connect the line without the
cumbersome blocks. In system dynamics, it is very important that students use line
graphs because they show patterns of behavior over time.


• The vertical scale on the classroom graph goes from 0 to the number of students in
the class just to give that scale a concrete meaning for students in this introduction.
Later, this scale will change.


Round Players Going In Players Going Out Total Players


(Start) 0 


1 2 1 1 


2 2 1 2 


3 2 1 3 


4 2 1 4 


5 
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6. Draw the line graph.  Start with 0 students at time 0, and graph the number of players as a
class, one round at a time, continuing on as the students play out a few more rounds.  Play
long enough for students to see a pattern.


7. Discuss the graph with the students.  What does it say?  What predictions can they make?


8. Let the children change the rules (3 In and 2 Out, for example) and play the game again.
Depending on the class, you may be able to omit the table or just briefly set it up and focus
on drawing the graph.  Graph the behavior on the same graph as the first game to compare
them.  What is different, and why?  Let students observe that a steeper line means that the
number of players is growing at a faster rate; a flatter line shows slower growth.


9. Introduce the students to a stock and flow diagram on the blackboard as another way to
describe how the number of players in the game is changing.  The “Number of Players in the
Game” is the “Stock.”  The stock can increase by the flow of  “Players Going In Each
Round;”  it decreases by the flow of “Players Going Out Each Round.”  Let the students help
in defining these terms.  The clouds mean that we have as many players as we need to use
and that once they are out of the game we don’t have to think about them.


Number of Players in Game


Players Going In Each Round Players Going Out Each Round


Use the bathtub analogy as another example of a stock and flows.  The level of water in
the tub depends on the amount of water flowing in the faucet and out the drain over time.


Water in Bathtub


Water Flowing In Water Flowing Out


0


1


2


3


4


5


6


7


8


9


10


P
la


ye
rs


 in
 th


e 
G


am
e


Rounds


Total Players
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Playing the Game:  Fourth and Fifth Grade


Upper elementary grade students do not need to physically move into and out of the group of
players to grasp the concept of stocks and flows, but describing the concrete game to them and
playing an abbreviated version of it does help them with this abstract idea.


1. Explain to students that the In and Out Game is used to introduce system dynamics to “little
kids.”  Since they did not play it when they were younger, and since they are so much
smarter now, you will only have to tell them about the game for them to get the idea.  They
will play a quick version which takes about 15 minutes.  After they play the game, they will
build computer models of it.  (For students who have played the full game in earlier years,
this quick review is also very helpful.)


2. On the board, set up the table as described for younger students, and explain the rules of the
game: “2 In and 1 Out, each round.”  To give them a concrete grounding, tell the older
students how the “little kids” would actually move to a circle on the floor and count the
players in and out.  To save time, they will just stand up at their places and sit down to
represent players going in and out.  Designating students to stand (in) and sit (out), play a
few rounds and record the data on the table.  Students will not need to physically stand, sit
and be counted for more than a few rounds before they are ready to continue on a more
abstract level.


3. Analyze the data briefly, looking for patterns.  For students, this will be similar to function
games or “What’s My Rule?” in math.  Let them discover that the flows in and out are
constant, while the total number of players keeps growing  because more go in than out each
round. Ask them to predict what the total might be for 20 or 30 rounds and explain why.


4. As a class, graph the data for the total number of players on a behavior over time graph, as
described for younger students.  The vertical scale represents the total number of players,
while the horizontal scale represents time, in rounds.  The graphing goes quickly with these
students.  Discuss the steepness of the line and make predictions for other in and out values.
Some classes may want to graph the flows also and discuss why those produce horizontal
lines.


5. Play the game with other rules and graph them on the same graph to compare the lines.  If
students need the concrete reminder, let them stand and sit for a couple of rounds.
Otherwise, compute the increments on the table or solve them verbally as a class.


6. Introduce the stock and flow diagram as described for the younger students, or review its
application to this activity for students who are already familiar with the concept.  Again,
point out that the table, the graph, and the stock and flow diagram are all different ways to
describe the same behavior.  Time is stated explicitly in the table and graph as “rounds”;  it is
implicit in the stock and flow diagram.  Be sure to make this clear.  The stock of players
accumulates as players flow in and out over many time intervals, or rounds.
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Playing the Game:  Middle School


Since middle school students are becoming more abstract thinkers and their graphing skills are
more advanced, the In and Out Game can be just a quick lesson at the blackboard for them.
Although these students do not need to physically act out the game, a description of the concrete
activity does help to anchor their understanding. Explain the game as “little kids’ would play it.
Then work on the table, the graph, and the stock and flow diagram on the board together as a
class, as described above for upper elementary students.  Older students are ready to try the game
with a variety of different rules yielding different graphs.  They are also ready to graph the stock
and its flows on the same graph to begin to grasp that the flows determine the slope of the stock.


BUILDING THE MODEL


After graphing the In and Out Game, upper elementary grade students and middle schoolers are
ready to be introduced to the mechanics of  STELLA and to build their own models of the game.


What Is a Model?
Discuss with students the concept of a “model” as a smaller version or picture of something we
want to study.   In this case, they will use STELLA software to build a system dynamics
computer model of the In and Out Game.  The computer will play the game just as they did, but
because the computer can make calculations more quickly, students will be able to try many
different rules on the computer game in a shorter time.  The In and Out Game is so simple that
they really do not need a model to figure it out, but building a model of a simple system will
make it easier for them to understand more difficult models later.


Building the Model
Using a large monitor or a computer projection device, demonstrate how to set up a STELLA
model.  Caution students to pay close attention to the instructions and take notes if necessary
because they will be building their own models in a few minutes.


1. Open a new model.  The model-building tool bar is all students will need at first.
Demonstrate how to highlight, drag and plant a stock,  reviewing that a stock counts up what
accumulates.  Label the stock “Total Players in Game.”  Similarly highlight, drag, and
connect the flows into and out of the stock.  The flows are “pipes” that fill up and drain the
stock.  Label the flows “Players Going In Each Round” and “Players Going Out Each
Round.”  (See below for complete model.)


2. Once the model is drawn,  click on the globe icon in the upper left corner of the screen to go
to the math mode, x2.   The question marks mean that students need to enter their values for
this game.  Click on the stock and enter “0” for the Initial Value; this is the number of players
at the beginning of this game.   For the flows, review the rules, “2 In and 1 Out each round,”
and enter those values; the computer will add 2 players and subtract 1 player every round,
just as students did when they played.


3. Next set up the graph.  Drag a graph icon onto the screen and click to open it.  Double click
on the graph to open its dialog, highlight “Total Players in Game,” and choose the arrow to
select it.  Click “OK.”


4. From the menu bar, click on “Run” and “Time Specs.”   Tell students to change the DT to
“1,” “just for this time because it will make the numbers easier for this game.”  Setting DT
tells the computer how frequently to do the calculations.  Set at DT = 1, it will compute once
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every round, just as students counted players at the end of every round, and the computer will
replicate the table just as the class computed it without decimal fractions of people.  This is a
fine point, and understanding DT is an important lesson in itself, reserved for another time.
It is also not the purpose of a system dynamics model to simply replicate what we can do by
hand.  However, for this first introduction, an exact replication helps students bridge the gap
from the concrete game to the abstract computer model. (Students are ready to use the default
DT = .25 and deal with decimals after this introductory lesson.)


5. Next, run the model.  Be sure that the graph is open.  From the menu bar, select “Run” and
“Run.”  Watch the computer draw the line on the graph. Examine the scales and read the
graph to see that it is the same as the graph the students drew as a class during the game.


6. Check the table too.  Click and drag the table icon from the toolbar.  Click to open it and
double-click on the table itself to set it up.  Highlight and select the stocks and the flows for
display.  Click “OK.”  Run the model again to see the calculations.  The computer table
should look just like the class table, which always impresses students.  (Once they are set up,
both the graph and the table will run together in subsequent runs.)


7. That is all there is to it.  Tell students that it is their turn to build their own models just like
this one at their computers.   Then, get out of their way!


Total players in game


Players going in each round Players going out each round


Equations: Units:
Total_players_in_game(t) =Total_players_in_game(t - dt) +


                        (Players_going_in_each_round - Players_going_out_each_round) * dt Players
INIT Total_players_in_game = 0 Players
Players_going_in_each_round = 2 Players/round
Players_going_out_each_round = 1 Players/round


2:17 PM   6/14/99


0.00 3.00 6.00 9.00 12.00


Rounds


1:


1:


1:


0.00


6.00


12.00


1: Total players in game


1


1


1


1


Graph 1 (In and Out)
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Troubleshooting


Students are very facile with computers and take to this quickly and fearlessly (much more easily
than adults!)  Although students are quite good at remembering the instructions, they make a few
common mistakes which you will see as you circulate among the teams at the computers.


• Insist that students label all stocks and flows clearly.  Some students are inclined to
skip this step to “get to the action.”  However, it is very important that they
understand that a stock is an accumulation of something that is changed over time by
flows of units of the same thing.  In this case, the stock of total players is changed by
numbers of players flowing in or out per round.   It is also important to label a model
so that students can clearly communicate their ideas to others.


• When building the flows, students need to drag the arrow completely into the stock so
that it is connected. (If there is a cloud where the flow should join the stock, ask
students to erase that flow using the red dynamite icon and draw it again.)


• Be sure that flows go in the right direction.  The in-flow must start in a cloud and
flow into the stock; the out-flow must start in the stock and flow out to a cloud. The
model computes the flows in the direction in which the arrows are drawn.


• Remind students to double click on the graphs or tables to open their dialog boxes.


• Insist that students read the graphs and use the tables only to check for values at
specific points to confirm their estimates. Some students will be inclined to look only
at the table for output.  You want them to focus on the pattern of behavior rather than
just on the details.  When you check their work, accept no tables unless you see and
discuss the graphs first.  This is a very important system dynamics skill to develop.


More Challenges


Some students, especially in the older grades,  will build their models quickly and be ready for
more challenges.  Try these:


• Can you get the line on the graph to be less steep? (Less slope, smaller net in-flow .)


• Can you make it steeper? (Greater slope, larger net in-flow.)


• Can you start the line at a different level.  (More initial players.)


• Can you make the line slant the opposite way? (Out-flow >in-flow.)


• Can you make it horizontal?  (Out-flow = in-flow.)


• Can you make it horizontal starting at a different level?


• What does it mean when the line crosses zero?  (If they have studied negative
numbers.)


• For any graph, can you predict and solve the value for 20, or 30 rounds? (Change the
length of simulation.)


• What happens if the flow changes during the game? (Step functions.)
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NOT QUITE SYSTEM DYNAMICS


The In and Out Game is a preliminary lesson for introducing students to system dynamics.  It
teaches them about graphing, stock and flow diagrams, and the basic mechanics of STELLA.
Although it lays the groundwork, the In and Out Game is not quite system dynamics yet for two
subtle but very important reasons.


Feedback
System dynamics explores the feedback nature of systems.  Feedback occurs when an action
causes a response which in turn influences the action again.  The cause of the behavior lies
within the system.  In the In and Out Game, a constant number of  players flow into and out of
the stock of players every round, no matter what, and the change in the stock is linear.  There is
no feedback because the size of the stock does not influence the flows. The cause of the change
comes from outside the system: We add and subtract a constant number of players each round.


The In and Out model could include feedback if, for example, the flows were a percentage or
fraction of the stock.  You might add 1/3 of the total number of  players to the game each round.
The number of total players would grow exponentially because you would be adding 1/3 of a
larger and larger number of players each round. Compounding interest works this way. Students
will learn to do this soon, but it is left out of the first introduction just to make it simpler.


Continuous vs. Discrete
System dynamics looks at patterns of change over time and the underlying feedback structures
which cause those patterns.  It is more focussed on the big picture than on counting every single
event. In examining population growth, for example, a system dynamics model would look at
varying birth rates and death rates and how interrelationships within the system cause the
population to change over time.  A system dynamics model would not count and plot every
single birth and death, because it would be too cumbersome and it would yield a jagged graph
where broad patterns would be obscured.  (At some level, all events are discrete, but if you look
at them that way, you get so bogged down in the details that you cannot see the big picture.)


The In and Out Game does count every single player because it is intended as a preliminary
activity for children who are very concrete thinkers.  It seems to help them understand the
abstract concept of stocks and flows if they can physically act it out and count bodies.  The
simulation uses a solution interval (DT) of 1 so that the model’s table replicates the students’
own table.  A smaller DT would give a more continuous output, but it would also yield “partial
people” which is both confusing and disconcerting to young children at first.


Once they are grounded with the concrete understanding, children seem better able to see the
more abstract continuous nature of a system dynamics model.  In later lessons, they are willing to
see that something could be flowing into the stock more quickly than they could count it and that
a computer can easily make lots of quick calculations.  Later, when building more complex
models, they will learn to use smaller values for DT which more closely approximate continuous
behavior. The In and Out Game is just a first step.


YOUR FEEDBACK
We welcome your feedback on the In and Out Game.  Please send your comments, concerns, and
suggestions for improvements to us through the Creative Learning Exchange.   Thank you.
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