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Welcome to the future classroom - a classroom rich in networked information technology. This document is intended to serve as an
introduction and guide for teachers to the use of the HubNet technology in the classroom. The HubNet technology is the result of an
ongoing effort to design, from the ground up, activities and technologies for group learning situations. In particular, HubNet has
been designed to enable classroom "participatory simulations' in which all class members are actively engaged in learning activities
mediated through technology.

The HubNet design marks aradical departure from a simple repackaging of business-oriented computing solutions for usein
schools. Business technologies are typically designed for an individual user working in relative isolation. School technologies, in
sharp contrast, should be designed for group use with learners working together in highly interactive ways.

Y ou are about to work with our attempt to embody this functional ideal in apractical way. The six activities presented in this book
can be used in your classrooms today to address meaningful curricular objectives. They are intended to illustrate how arange of
challenging curricular topics - from understanding functions to making sense of the logistics curve, from understanding the spread
of adiseasein apopulation to the optimizing of traffic flow through acity grid, and much, much more - can be approached in
engaging and intellectually compelling new ways using participatory simulations. All of the activities have been tested and refined
from substantial work in middle schools and high schools from a range of settings (including classes in mathematics, general
science, social, urban and environmental studies) in the United States.

What is a Participatory Simulation?

Students engaged in participatory simulations act out the roles of individual
elements in a system. Through their actions the behavior of the system asa
whole emerges. This emergent behavior of the system and itsrelation to
individual students' actions and strategies then becomes the object of class
discussion and anaysis.

What is HubNet?

HubNet is the name we have given to a new architecture designed to give
students the experience of participating as elementsin asimulation of a
complex dynamic system. HubNet hardware includes an up- front computer

Middle school studentsinteracting using HubNetin - (the "hub") capable of addressing the network of nodes (calculators) and a
adisease participatory simulation learning about the . - . ™ L
dynamics of the spread of disease (above) and display capability (e.g., a ViewScreen'™ or computer projection system)
aspects of the emergent logistics (epidemic) curve enabling an entire class to view the simulation. HubNet enables many users at

(below). the "Nodes" to control the behavior of individual agents and to view the
aggregated results on ajoint display. HubNet is designed with the default

35 assumption that the nodes have significant resident functionality (at least that
y of a programmable graphing calculator). The network layer implements

flexible communication protocols that include the ability to upload and
download data sets, upload and download programs (e.g., applets), monitor

[ stens 0 key- presses at the handheld level, support real-time interaction asin network
computer games, and form collaborative groups of various sizes (e.g., peer to
peer, small groups, and whole-class modes).

= uopendod

What is NetLogo?

Although NetL ogo can trace its roots back to the programming language L1SP and also to aversion of LISP used in super-
computing called * LISP (pronounced "star-L1SP"), the easiest way of thinking of NetLogo is as a specia version of the language
LOGO. Logo, as you may know, is alanguage that enables a user (often ayoung child) to control a graphical turtle by either typing
individual commands like "forward 50," or by writing procedures that do a series of commands. By having aturtle put its pen down,
go forward 50 steps, turn right 90 degrees and then go forward 20 steps you can get something like the inverted "L" shown on the
left below. Learners can construct models of awide range of physical and mathematical phenomena using this turtle-controlling
language.
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individual user group users

agent (turtle) state from code state from device & code
in box modeling -t in network simulation

In NetLogo the user can create tens, hundreds or even thousands of turtles. If the same commands as those given above for the
upside-down "L" are now used in NetL ogo, we end up with something like what is shown in the middle image above. Each of the
turtles does these commands "for itself" and the wagon wheel image results. (Note that each of the turtles started with a distinct
initial orientation (aka "heading") so they wouldn't just be stacked up on top of each other). Like Logo, but in a much more
powerful way due to the ability to control multiple turtles, NetLogo can model awide range of physical, mathematical and even
social behaviors.

Up until this point, both Logo and NetL ogo are thought of as working within a single "box" or running on a single computer.
Everything that happens on the screen happens because of commands that happened within that box (e.g. forward 50). In computer
speak, the "state” of the turtles is determined completely by either the Logo or NetL ogo code, depending on which you are working
with.

When NetL ogo is hooked up to a network however, some of that control can now come from "outside the box" or outside the single
stand-alone computer. In the HubNet system, that outside input can come from calculators or from other devices connected to the
network. Each device can control an individual turtle. If all the participants controlling aturtle with their devices put their pens
down, and use the arrow keys to wander around, we might end up with an image like the one on the right of the above image. Each
user is making his or her own decisions about how to move, and thisinput is being used by NetL ogo to create the group result. The
state of the turtlesis now determined by a combination of input from the devices, and NetLogo is then doing something with this
input. To help keep this use of NetLogo somewhat distinct from the "in the box" use, we speak of the "out of the box" programming
as "scripting” and the former "in the box" programming as "modeling."

In addition to having turtles that move over the surface of the screen and interact with each other, NetLogo also hasa grid of
programmable "patches’ that the turtles can walk over and interact with. Patches can be though of aslittle cells or rectangles that
make up the background of the NetLogo world. Patches can aso interact with each other and with turtles. Finally, NetLogo has an
"observer" level that can look at what's happening for the whole model and do things like count the number of turtles that are green
or the number of patchesthat are yellow.

The following image shows how NetL ogo can work either as a stand-al one modeling language or as a scripting language for
creating participatory simulations.

Has Full capability of Agent-Based Parallel
Modeling L anguage
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NetLogo - NetlLogo
(modeling) (scripting)

. Breeds (e.g. wolf and sheep - supports any grouping/topology)
. Agents (and patches) know how to interact
. Canidentify (e.g. follow, count, average) any individual or group
. Full graphing, analysis, sorting, etc.
. All with minimal, extensible code
. (AND YES, it does[has LISP roots])

For both the stand-alone ("in the box") model on the left and the possible network activity on the right (the participatory
simulation), the rabbits and wolves are two kinds of "turtles." They are programmed to interact differently when arabbit bumps into
awolf as opposed to when a rabbit bumps into another rabbit. The rabbits and wolves are what are called "breeds" of turtles. In
these examples, the grid of patches is used to model grass. The patches - the simulated grass - interact with rabbits differently than
they do with wolves. Rabbits can eat the grass, turning it brown. Over time the grass will become green again. A major difference
between the stand-alone model on the left and the participatory simulation on the right is related to control. In the stand-al one model
illustrated on the left, the rabbits and wolves wander randomly around the screen and this random movement is compl etely
controlled by the NetLogo language. In the participatory simulation illustrated on the right, each individual student usesthe
calculator to control either arabbit or awolf in the participatory simulation. The rules for interaction remain the same (so if arabbit
runsinto awolf, the rabbit dies and the wolf gets more energy). Either the stand-alone model (l€eft) or the participatory simulation
(right) can simulate a simple predator-prey ecology.

Both NetL ogo modeling and doing participatory simulations with HubNet enable new powerful classroom activities and learning. In
this guide, we will focus on the HubNet technology and participatory simulation activities. An advantage of using participatory
simulations is that students identify strongly with their roles and, from working together in this embodied way, begin to feel aneed
to create certain kinds of mathematical or scientific ideas. Closely related to thisincreasing articulateness is the development of a
much deeper and more meaningful understanding of mathematical and scientific ideas. Participatory simulations scaffold deeper
engagement with, and understanding of, challenging curricular topics for awide range of students. Students will develop a
significant set of insights from working with participatory simulations. For participatory simulations to work up to their potential
however, we have to be ready to support discussion and focused interactivity in our classrooms. The best way to begin to get afeel
for how this can work isfor usall to jump in together to try out for ourselves what this next generation form of classroom learning
islike. Enjoy!

Some Top Level Tips

Start with Something Physical or a Meaningful Example

From motion detectors to rolling dice, from building walls of delta-blocks to working with motion detectors, we have found it is
important to begin with some kind of hands-on activity or meaningful example as part of working with a HubNet mediated
participatory simulation. HubNet-based learning is an important kind of hands-on, minds-on learning that integrates well with other
forms of hands-on, minds-on activities.

Finding the HubNet Models

When you open NetL ogo, you can find the HubNet activities in the Models Library that isfound in the File menu.
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|80 C Models Library
[y Sample Models -~
[ffily Art
(L Biology

[l Chemistry & Physics
i Computer Scicnce
iy Earth Science

g m [fiF] Games

@I Edit Tools Z00 g watemancs

[T Secial Science

New #EN [E5r Curricular Models i W NI
Open... #0 (i Chemistry '
i i) EACH - : -
Models Library %M [ Gaslab WHAT 151717 0
&x ProbLab S .
Code E e This rmadel simulates the spread of & disease through a
Save Y @ Code Examples . population. This population can consist of either
[fr HubMet Caleulator Activities students, which are turtles contralled by indvidual
Save As... £ Dizeasel students via the Tl Mavigator Metwork, or turtles that ars
& Elevators generated and cantralled by Netbogo, called androlds, o
Save As AppIEt- & Function Acthity both androids and students,
& Gridlock
, # People Molecules This Matlogo model interacts with Tischool.net actvity
PFII"IT.... QEP # Regression Tt - Disease 203"
[ under development i
[ﬁ. HubMNet Computer Activities Turtles move around, possibly catching an infection. b
Expr:-rt | [ﬂﬁ user community models & Healthy turdes on the same patch as sick turtles have a  |=
£ LE-INFEC h i, \d
B2 under deve ont » PERCEMTALGE-INFECTION chance of becaming ill. A plat
Import World... - { Cancel Y Open %

A description of the HubNet activity (or of any of the stand-alone models also found in the library) appears when you click on the
title. Double-click to open this activity. Since there are currently two different types of HubNet implemented, be sure to open the
folder that refers to the type of HubNet that you wish to run. For instance, if you wish to use Computer HubNet, be sure to open the
HubNet Computer Activities.

Where Can | Get NetLogo?

NetL ogo can be downloaded for free from http://ccl.northwestern.edu/netlogo/.

QuickStart Directions

To help you get started and run an activity, we have included QuickStart directions at the top of every HubNet model.

Sy Y v
- AN

Coampile Halt Doeletee Folit Button Slider Switch Monitor Plot Text

|EI Setup ||GRE-RIII'I | |i T J‘;I"m: I Duick Start Instructions {more details in info tab)
|T¢-.1-: her: Follow these directions to run the HubMet activiey.

on =
|Eﬂﬁ s how-ill-an-calcs? |

@ @
Reset Instructions <4< PREV | NEXT »2>

Slider controlling to which graph in
the calculator data is passed

Click the Next or Back button to change the directions. Also, for each activity that follows, we've included a printed version of these
directions.

Information Tab

Additional information for each HubNet activity (and also for each model in the library) can be found by clicking on the
Information Tab. There is a standardized format for the content of this tab so you can become increasingly adept at finding what
you need as you move from model to model.
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g2 p

Fird Fird Again
JHAT IS ITF

This model is uied for an introductory approach to regreisions.  Linear Regression is the fitking of a
stratght Line through o given set of polnts. Mest commonly, the best-fit Uine 15 used. The best-fit
line is the line that has the highest B¢ value for this set of points. RAE is known as the
correlaotion coefficient. This wvalue indicotes how well the line of regression fits the data on a scaole
from @ to 1. The closer R*2 18 to 1, the closer the Line fits the data.

In this model however, you will crecte o set of points to create a line of repression that will hove o
specific B2 walue. Lssue your students o challenge, such as create a mock doka sek with an R2Z of .5
and then of .8, How did the dato chonge? Try to dota sets thot hove different slopes or y-intercepts.

This activity requires Nowvigator activity 288 - Function Activiky ., 2.3

For further documentotion, see the Discuzsion board on the TISchool . net site

And asistruefor the text of the QuickStart Instructions, for each activity we've printed the Information Tab for your "off line"
review.

Opening a Calculator HubNet Activity

When you open a Calculator HubNet model, adialog will appear to help you get the activity set up properly. This dialog, which
looks similar to this,

&) ' Motice

Before closing this dialeg, please do the following:
~0Open the TISchool site in your web browser.
~Enable activity AAA - Disease 2.3
~0Open the teacher conscle and press the ERASE ALL DATA

button.
£ Close %

will tell you which activity to enable on the TI1School website. See below for more information on how to enable an activity on the
TISchool website. Then, if thisisthe first time you are opening a Cal culator HubNet model in a particular session of NetLogo, you
will be confronted with the TI-Navigator Login dialog.

()] Ti-Navigator Login

User 10 Password

Host Hame  woanw tischool . net Web Proxy Host Mame Web Proxy Port # ?
[ Debug

{ Cancel j} { Login :"}

To run use Calculator HubNet, simply type in the same User 1D and Password for the teacher calculator to login to the TI-Navigator
system. Make sure that the Host Name box has the | P address of the TI-Navigator server. If you are using the stand-alone Tl-
Navigator system, the IP addressis usually 192.168.110.2. Then press the Login button.

Once you have pressed the Login button in the TI-Navigator Login dialog, NetLogo will connect to the TI-Navigator server
allowing NetL ogo to know when people to join the activity. Y ou should then follow the instructions for the particular model found
in the QuickStart Instructions monitor. Most models will require you to press a forever button, often called GO. Y ou, as the leader,
should notify everyone that they may join.

Setup and Re-Run

Each HubNet activity has two buttons.
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Setup Re-Run

Setup iswhat you use when you start a new class or switch activities. Of the two it is the "stronger" command and almost alwaysis
accompanied by students having to login (or re-login if you switch activities). Re-Run, in contrast, is what you push after you've
done an activity once and you just want to repeat the activity without requiring the students to login again. Y ou will probably use
this button more than once in a class whereas Setup is something you are likely to use only once (assuming you don't switch
activities).

Projection Needs

In addition to a TI-Navigator system, to make what's happening in the NetL ogo program visible you will need a computer
projection system for your "up-front™ computer. For many of the activities, it is also helpful if the teacher can project what is
happening on the calculator. To do this you'll need ateacher calculator (that comes with a video-out port on the back), an overhead
projector, and a ViewScreen™ that attaches to the teacher calculator OR ateacher calculator, avideo out converter from Tl
(calculator to RCA), and a place on the computer projection system for a second input. The latter option uses less projection space
but will require you to switch between displays, while the first option takes more projection space but also allows you to see both
NetL ogo and the projected calculator display at the same time.

Selecting an Activity and Clearing the Server

The TISchool website acts as an interface to the server (think of it as a box that can store, receive and send out - "serve'-
information for the activity). The server has to be told which activity you want to run in order to know what programs to send out to
the calculators (and what information to get back from the calculators). When you first open a HubNet model in NetlL ogo, a dialog
will mention "enabling" an activity. Often you'll first have to disable a previous activity before enabling the new activity. If not,
skip the following directions for de- selecting and go straight to how to select an activity.

De-Selecting an OIld Activity

To de-select an activity you'll need to log on to the server with your account number and password. You'll get ascreen like the
following. To de-select an activity click on the "Activity Name"
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‘aa8 () http: /192,168, 110.2 /TIschoolNetHTML findex.htmi
4 e« @t & S =
Back Forward SEop Eelresh  Home :  AuroFill PrinL Mail
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L
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gl Classroom Network

Teacher N.W.U's Home Page
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# Activity Mams Section Mame Course Mams
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Your Sectians
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18933, 2000, 2001 Tamas Instnmeands. Al ights resemed.

@ nbarret 2o

and you should then see a screen like the following.

‘Baaa () http: /192,168, 110.2 [TischoolNetHTML findex. htmi
@ e @ P2 S =
Batck Forward SLop Eefresh Home = AuloFill Princ Ml
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=
—

Classroom Network

My Home Activity Home

Activity Details
Activily BIR: 0-02-200-005745-0 01
."-'l||:1i'p'i|::fI Marme: &R - Fonctlon kobiviby 2.3
Section D 196
Saction Mame:; HB.%.10.

Status: a Eoaliled for Class

Clash oo thi= awage fo di=able Elas ackiwaby
‘A Clack oo thiz dwage to emable this activity for TEACHERS ONLE
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21833, 2000, 2001 Texas Instrmands. Al ights resemad,
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21833, 2000, 2001 Texas Instrmands. Al ights resemad,

& Lirk: Suimalt form

Click onthe"X" in thered circle (as shown). Voila, the old activity is now de-selected or disabled.

Selecting a New Activity

To select anew activity, return to the "My Home" screen and click on as shown.

‘Ba6 @ htp: /192,168, 110.2 (TischoolNetHTMLfinde x.htmi =
< © A A = m e
Baik Forward Stop Eefresh  Home - = AuloFil Brint Wil i |

oo Address:: @ htlp o/ F132 163110 Fo TS ehw o st HTHL S inces himil m

(B Lva vame Page (50 Aople  (5) Appie Supoort () Appie Stve (3D oos (D) woc 05 % (2D Microsom MacTegia  (5) Office for Macimach  §20 MEN

Classroom Network

My Home Teacher N.W.Ll's Home Page
Your Enabled Actities gay py.

| # Activity Mame  Section Mame Course Mamea |

Your Sections

# Course  Sachion
1 test  AET

21998, 2000, 2001 Taxar Instnymens. Al ights resemed.

Thiswill bring up a screen with all the activities available to your class. Click on the activity you want to enable (as shown below).
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866 @ http://192.168.110.2 [Ti5choolNetHTML inde . htm
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My Home Section Home

Section Details i
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Section Mame: ¥.7.T.

Courga BIR 0-01-E0-00Es 47000
Course Version: 001 0OL. 00l
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Link Activity

Linked Activities

# Wama Status
L ARk - Tdsease 3.0 Disabled fjoEar
& Ahk - Tiseacs 3.1 Iizatled  |nfink

3 JAL - Tdscuss 3.3 Disabled  fjppig
4 BBA - Tdseuss 2.3 Disabled fjupd
5 RAA - Flauvalors Disabled ik

i

€ AR - Fumction hotivity 3% Disabled gy

21933, 2000, 2001 Taxas Instnmends. Al ights resemeed,

Y ou should now see this screen (or if you are returned to the home screen, click on the activity name). Click on the green circular
icon (shown below).

‘Baa6 (E hitp:/ /192, 168.110,2/TI5chooNetHTML findex, htm
a4 e Nt A =

Badk Fasward SLop Belresh Hosme | AuoFil PririC Mail

=
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(B Lo vome Paga (59 Appie 050 Appke Suppert (20 Appee Stora K20 Mook 029 Mac 05X 600 Micrecoft MecTopa G20 Officc for Macntosh (50 MSN

Classroom Network

Activity Hame

Instruments

Acikity Details
ﬂq:[il.lily Fib 0=r2=200-005%61 - 001
Actiity Mama: Ab - Doease 2.3
Sachon |D; 166
Saction Mama: B.%.1.

Slatus: ﬂ Heanios

_'1_!-, Click on this irage o ensble thos ackiwibr for TEACEERS DHLY.
L
a flick an thi=z irage to enable Elos ackiriby for ALL

o 1988, 2000, 20007 Tecps Iratiuments, Alldghts resened.
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o 1988, 2000, 20007 Tecps Iratiuments, Alldghts resened.

@ ntarret zorm

Y ou will next need to clear the server of any old data that may be there from previous use of this activity. (Because you are already
on the Activity Home screen you can skip the first step in the next section).

Clearing the Server

On the My Home screen click on the activity name. Y ou should see the following. Now click on the green icon near the bottom of
the screen (shown below).

‘8aaa (@ http: /192,168, 110.2 /TiSchoolNetHTML /index. htmi

& S @t P 5 =

Baik Forward SEop Refresh  Home  © AutoFill Print Wil

N
=
C’I Bl s F182 1631 10,2 TISchao PIstHTIAL S inces: hivmil m

(5 Liva wame Page (20 Aople (20 Appe Sippont (B Apple Ste (30 oos (D) Mac 05 % 42D Microsom MacTecia (50 OMce Tor Macimach {20 MEN

g2 Classroom Network

My Home Activity Home

Activity Details
.I‘ll:[in.'ﬂ!,l Frn M=rE-2-005761-000
Activity Marme: 80 - Dlsoase 203
Section 1D; 186
Saction Marne: H.R.1.

Status: ﬂ Eonaliled for Class

Clichk on thi= iwage to di=able blos ackivaby
-'i, Clash oo thiz iwage to emable bhis actdvaity So TEACHERS ONLY
n

B sk on this dwege to open the feacker comsols for thiz activitr

21833, 2000, 2001 Taxas Instn mends. Al ights resened.

W rtarmet zora

This brings you to the screen that allows you to "Erase all Data" or clear the server. Click on the "Erase All Data" button.
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.
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Note that this screen keeps track of who's logged in and what data has been passed. Thisis the information that NetlL ogo uses for
the participatory smulations.

Before each new group of students or before running a new activity, remember to clear the server. Y ou are reminded to do this
when you first open a HubNet activity or when you press the Setup button.

Erasing the Calculator Memory

Just as you haveto clear the server, it is aso agood idea to have the students completely clear the calculator's memory before
logging on. You need to "reset” the calculator's memory. To do this, press to following keysin response to the calculator's prompts:

2nd
(to get "MEM')

+
7
1
2 (and you should now see "RAM Cl eared").

Login with the Calculators

Once the calculators are hooked up to the Navigator ™ network by being plugged into afour- calculator "hub", press the blue APPS
button on the calculator. Use the arrow keys to get to the menu option that says NETWORK. Press ENTER and you should see
some letters appear in the lower right corner of the screen that tell you the calculator is accessing the network. Then alogin screen
should appear. Typein your login name (or humber) and then your password.

Changing the Size of the Graphics Window

Some of the activities require you to be able to change the size of the NetL ogo Graphics Window (the place where the turtles move
around). This might happen because you want to change the dimensions of the space or because you want to make more (or less)
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room for the number of studentsyou have.

Press the More... button.

G S ] 2§30 vore. |

You'll see
e O Editing: Graphics

Screen Edge X 17|

Screen Edge Y 17

Patch Size (pixels) 9.0

Font Size (of turtle and patch labels) 10

@ Turtle Shapes

‘27 Exact Turtle Positions & Sizes

£ Cancel ¥ [ Apply ' f' 0K a

Now change the values to what you need. Patch size is the size of the stationary grid squares (see the squares of "grass' in the sheep
and wolves image shown earlier). The NetLogo Graphics Window is set up to be symmetric about the origin (0, 0) so "Screen Edge
X" being 17 means the screen goes from X =-17to X = 17.

Related Stand-Alone Models

The focus of these materialsis on using the HubNet system to support participatory simulations. Y ou are encouraged, however, to
either write or modify models yourself or use the existing NetLogo models. Many models with topics ranging from virusesto ideal
gases can be found in the models library (reachable through the NetLogo file menu).
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| B Madels Library
[fir Sample Models
fifim Art
i Bickogy
& AlDS
& ARt Lines
& Ants
& Evolution
& Fireflies
* Flocking
& Muscle Development
# Rabbits Grass Weeds

e e ittt ot il Sl e ettt )

& Shepherds
# Simple Birth Rates
:.Is_:::ms WHAT I51TF m
& Turmor |
™ Vinus T his r!|-::-|.||.f| sirnulates the transmission and perpetuation
% Wolf Sheep Pradation of & virus in a human population. Ecological biologizts
lﬁ furverified] have sugoested a number af |.'.\'..!I:i' c 1.-:-h||.h mmay influsnee
the survival of a directly transmitted virus within a
i Chemistry & Physics population. (Yorke, et al. "Seasonality and the
il Computer Science requirements for perpetuation and eradication of viruzes
ﬁ Earth Science n populations.” Jourmal of Epidemiology, valume 109,
i Games pages 103-123)
Iﬁ Mathesmatics The model is initialized with L50 people, of which 10 are
ﬁ Social Science nfected. Peopls move randomly about the sereen in one
[l Curricular Models « of three states: healthy and susceptible to infection
ﬁ Chemistry » lgreen), sick and infectious (red), and healty and ¥

" Cancel f Open

These models are an important complement to and extension of the use of participatory simulations. For example, the Virus model
shown above can naturally extend the ideas developed in relation to the Disease participatory simulation activity.

To Play or Not to Play

To get students started or to facilitate discussion you'll want to use a teacher calculator so the whole class can see what is going on.
But then if you have to "play" the whole time, it will be hard for you to wander around your classroom and provide the support
you'd like as well as keep track of the top-level story. What you may want to do is have a student near the front use the teacher
calculator and keep it connected to the ViewScreen. Turn the ViewScreen off when the student is using the calculator, but when you
want to use the calculator to talk to the class you can borrow it from the student and turn the ViewScreen on.

Careful of ON

Although this can be useful at times, pressing a calculator's ON button whileit islogged in to the network will "crash” the
calculator out of the network. Menus will appear allowing you to "Get the Activity" again if this happens by accident. Y ou can
immediately leave asimulation by pressing the ON, but generally you should use the "quit" commands in the cal culator software
since occasionally using ON as a shortcut will cause some memory management issues. These issues are really no big deal since
you can always clear the memory (by pressing 2nd + 7 1 2) or, if it really gets stuck, pull the batteries out of the back and put them
back in again.

Disease

Subject Areas
Mathematics, Science, Health, and Social Sciences
Topics

Disease Propagation
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Abstract/Summary

In these two activities, students are members of a population in which a disease is spreading. The goal isto understand how the
logistics curve emerges in relation to the dynamics of the spread of a simulated disease.

In anon-network based simulation, students literally walk around shaking hands and using dice to determine whether they have
"risky" interactions. They then manually build graphs showing the number of students who get infected in each time period and use
these to build graphs showing the total number sick at atime. Thisintroduction prepares them to dive into the real-time HubNet
simulation.

As the students participate in the real-time simulation, NetL ogo creates a graph showing the number of people sick at each tick of
the simulation's clock. This activity serves as a springboard to discussing modeling the spread of disease and to constructing models
in general. Drawing from your students experiences with the non-networked simulation, encourage them to think about how the
simulation works and what strategies they might use to avoid catching the disease. The students and you can change attributes of the
simulation (e.g., the sliders percent infection and/or initial number sick, step size, amount of spaceto morein, add in androids [that
might be thought of as being like mosquitoes carrying a disease], and so on), try to predict what effects these changes will have and
then see how well these predictions fit with what actually happens.

Prerequisites

Addition, Some graph interpretation.
Teacher Notes/Procedures

This unit iswell suited to many different grade levels and classes from early middle school or late elementary to pre-calculus
classes. Asistruefor all the participatory simulations, the activity itself can be extended well beyond the design of thisunit. Thisis
particularly true for science classrooms interested in using modelsto talk about logistic curves and natural processes as they can be
modeled with the language of math and with computers. Additionally, it easily can be used in an elementary school classroom, as it
does not mandate any complex prerequisite concepts. This particular application of this activity spans several different important
concepts in both math and science, and can be adapted to a classroom interested in anything from graph interpretation, to health and
even to very specific aspects of the logistics curve.

Activity |: Dice and Disease2

To begin, it is suggested that you use a non-Network simulation of asimilar activity so asto give the students a better sense of the
phenomenon they are about to simulate. In particular, the idea of there being a probability of getting sick iswell supported by
students using dice. In both this activity and in the networked version that follows there is no recovery, so if you get sick, you stay
sick.

The non-HubNet simulation runs as follows. There are five time periods of afixed duration, usually about a minute each. All the
students are assigned an I|D number, and walk around the classroom, each with adie, interacting with different students as they
wander. Each "interaction” has both students roll his/her die. Each of them then records on the data worksheet (included in the
Handouts section) the ID number of the person that they interacted with and the sum of their dice values.

After al five time periods, the class gathers, and the teacher reveals the dice total that is characteristic of a'risky interaction” (e.g.,
shaking hands after a sneeze, if thisis modeling a cold). The teacher announces this number: "Those students with a combined dice
roll of 5 or less become infected." This assigns a certain "chance" or probability that an interaction will result in infection. Now that
this value has been announced, the students circle al of their risky interactions on their data sheets. The teacher then reveals what
student (or studentsif you want) originally had the disease (for social reasons, it is often a very good ideato select this 1D number at
random [e.g., roll dice]). The selected student with the chosen number iswho is sick at time = 0. This person can then infect other
students during the first time interval.

The students then look on their sheets. If they interacted with this person during the first time interval they are now infected. This
means that anyone that interacts with them during the second interval will get sick. This pattern continues where newly infected
students can get other students sick during the next time interval. Discuss each interval one at atime and make sure you write down
al the newly sick people during that interval on the data sheet. On the overhead or on the board, compl ete the data tables (1D
numbers of newly infected" etc.) asyou go. This process continues until al five time-steps are carefully reviewed. Students will use
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these results to plot graphs.

Next, students should graph their results. They can then discuss what the graphs they are looking at represent. To help with this
discussion ask the students how the graphs would change, or remain the same, if the disease was more contagious (i.e., if you made
the cut-off number greater than 5). Capture as many of these conjectures as you can. Encourage students not to be wishy-washy and
then ask for students to commit to whether they agree with a given idea or not. Students can become very animated about their
ideas. If everyone seemsto be agreeing "too much" then push by asking whether it will be "exactly like this [whatever thisis]" or
whether it might be alittle different? How so?

What is powerful about the HubNet version of this activity is that the class can explore these possibilities and do so in away that
allows them to readily compare various trials or "runs" of the simulation (the cal culator can receive and display up to three different
data sets for comparison). There are many aspects of disease spread that can be explored in thisway.

Activity I1: HubNet Disease Simulation

This activity requires acomplete TI-Navigator system and the HubNet model named "Disease” found in the NetLogo Models
Library.

When you open the HubNet model in NetL ogo the software will ask you to login with your ID and password. This connects you to
the activity server so NetLogo can interact with the data moving from and to the calculators. Y ou will be told to enable a particular
activity and clear the server of any leftover data. How to do thisisdiscussed inthe "Top Level Tips' at the beginning of this
booklet. Follow the QuickStart directions at the top of the NetLogo screen to run the activity.

You will get to a place where the QuickStart Instructions tell you to have the students login. Have them login. They will see a
screen that tells them they are doing the Disease simulation and after pressing ENTER they will get a menu with the following
options:

. Simulation

. View Data

. Reset

. UseCdc

. Quit

The"-" tells you what option you are about to select. Up and down arrows allow you to move between these. Press ENTER with
Simulation selected and students will see a screen similar to this:

2 IS5 A

FEESS EMTER

The students should remember their "turtle" shape and color so that they can find it on the projected NetL ogo screen. When they
press ENTER they will see a screen showing just their individual locations on a Cartesian coordinate system.

n=14Y=-F ZTEF=4

EACE] I I | ZTEF

Students can use the arrow keys to navigate around the screen. On the up-front display, they should be able to find their own shapes
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aswell as see the shapes of their fellow students. Initially they move by one step when they press an arrow key. They can modify
the size of their step by pushing the "STEP" softkey, and change it to a value between 1 and 5.

L et the students identify themselves on the screen by scrolling around with the arrow keys on their calculators.

3 age MetLogo: Disease
S interface Y,

221 2a

Compile Halt

d F B O kA

Button Slider Switch Monitor Plot Text

=

|t (et ] | EE LR (e b ick Start Instruct i | infa t
|t | He-RUT { | .t ._.=1: inifect i Cuick Start Instructions (more details ininfo tab)

|TEu|.h-=| Folleawy these directions 1o fun the HubMer activicy.

|Egﬁ show-ill-an-cales? |

Shider controlling to which graph in
the calculator data 1s passao

ccalculator-data-set '.I.E

intial ~number-sick’ o

percentage-infeciion - 5%

turtles num - infected

| | O |ﬁg{.'|.__sh_m;r-|n?1

i i
I Crieate Andfoids - ~oumeandroids -1

[5 )] e e e e e
ardroid-delay L0

FAAE AN
off - Fander?

This slider contrals which plat pen draws the
data far the run. This only changes the pen

when Be-Run or Setup are pressed

t CClearFot. .

data-set . 1

Number 5ick Parg

Command Cenfer .. . i e IR

6.0

sick

oz x|

R o i it e A e B i

a.o
a4 time 25.0

At the top of their calculator screens students can read off the x and y coordinates of their positions. As aquick check of how
everything is working, including students ability to find a move their icons, we often have them move their points until they value
equals the x value. Y ou should see aline form on the screen as the students move their turtles (and this hints at the kinds of things
we do in Function Activity). If you have the students do this quick check, be sure to have them move apart before you get someone
sick (it's not agood ideato start off near or even "on top" of people if someoneis about to catch a cold).

Once they have become comfortable with the interface, make someone sick by clicking on the "INFECT" button on the NetLogo
interface. The initial-number-sick dlider is set to "1" so one person will get sick. In the beginning, leave the "show-ill?" switch on,
so the students can see who is infected. To show who is sick, ared ball becomes part of the icon.
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The calculator can also let students know that they are sick. Students can try to maintain their health aslong as they can. Asthe
activity continues draw attention to the "Number Sick" graph (shown below) especially as new students get sick.

Note that every time we have run this activity, including with all sorts of adults, the sick people end up chasing the well people. So
if you have middle schoolers and they do this, be assured thisis not an age-specific trait (and it does lead to an animated
engagement with the activity).

Getting Simulation Data into the Calculator s and Discussion

For any of the sequence of simulations, it is possible to send the data out to the calculators for students to analyze on their own or in
small groups. It is even possible to send data from up to three separate trial s back to the calculators for the purposes of comparison.
How thisworksis NetL ogo can send the data to three distinct lists using the list selection slider in the interface. To get datainto the
calculators, the students should get to the Menu screen and then select the "View Datad" option. If thereis any data available, it will
now be displayed as a statplot. If multiple sets of data are available, then the names of the available trials will appear in softkeys at
the bottom of the calculator's display screen. Press an available softkey to toggle on or off the display of a statplot for a data set.
This feature allows the results from multiple plots to be examined individually or, for the purposes of comparison, together on the
same plot. Pressing the right or |eft arrow keys puts the calculator in "trace” mode allowing you do move between pointsin a data
set. Up and down arrow keys allow you to move between datasets. Pressing Enter returns you to the screen with the softkey menu
(from trace mode). Note too that you can quit the activity and use the function graphing or regression capabilities of the calculator.
So, for example, if you like, you can use the calculator's built-in logistics regression for analyzing the respective data sets. We
suggest that you wait awhile before jumping to this. A key aspect of the HubNet design is for each student to have powerful tools
of analysisin their own hands and to become increasingly capable in the use of these toolsin relation to analyzing meaningful data
sets they were part of creating and/or are invested in.

For discussion ask the students, what is this graph measuring?

Number Sick Pens
32.0 /,r"'____
I
£
e i
(] |
o |
K//
4
.--"--I
0.0 —
0.0 time 1100.0

When are people getting sick the fastest (often students will struggle with whether it is when the graph is highest or "steepest")?
When is the disease slowing down its spread and why? When is it speeding up or spreading faster and faster? When are the most
people sick? Try and draw attention to the shape of the graph and the overall story it seemsto tell (without necessarily saying
anything, one way or another, about the "logistics curve"). Also have students articulate their strategies for staying well (e.g., you
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might see some students along the edges, moving with large steps).

Then the question can become how might the graph (or values) be different if the activity was run again with some key parameter
changed? We are about to run it again with the students not being able to see who is sick. But you can also explore what would
happen if the percent infection was higher, or there were more (or fewer) people in the class, or if there were more people sick at the
beginning, or if everyone only took big steps or small steps, or even introduce androids (which might be thought of as something
like mosquitoes carrying a disease) and ask how that might change things. Y ou can then re-run with the parameters changed and see
how the students' predictions bear out. We have even found it can be worthwhile running the simulation several times with nothing
changed to see which patterns "stay the same." This can also be done more quickly later with just androids, as sometimes students
may not be as engaged by running an activity again the same way (note that "in reality," for reasons having both to do with chance
and with the student strategies evolving, the graphs for identical settings can be quite different ... but almost always with the same
overall shape ... hmmm ... maybe there is something really powerful and general about this logistics curve business after all ...). Be
open to following student- generated conjectures and possibilities.

Re-Running the Activity

Now set the Show-111? switch to "off." Move the calcul ator-data-set slider to "2" so that both the previous data and the data you are
about to collect will be available on the calculators (if you forget to move the dlider, the new data set will overwrite the old set).
Have all the students exit to the calculator Main Menu. Press the Re-Run button and follow whatever directions might appear. It is
important that al the students are in the calculator Main Menu before pressing the Re-Run button since otherwise the students will
not get the new settings sent by NetL ogo. Before rerunning the simulation, push the students to articulate what might be different
thistime and why. Questions like "Will it happen faster or slower?', "Will everyone till get sick?", "Will the graph be stretched or
shrunk, or will it be adifferent shape?', "How might your strategies have to change?' should get a heated exchange going. Again, if
you need to get students more into committing to different possible stances, you can ask whether things will be "exactly the same".
Remember to ask WHY they think things will be different. Asthey run through the simulation, they will start to hypothesize asto
who isinfected and who is not. Now have the students choose the Simulation option from the calculator Main Menu.

Once the simulation is completed discuss the results, especially in relation to the conjectures students presented earlier. Also
explore their strategies for avoiding getting sick, and how they might go about figuring out who it was that was sick at the
beginning. Discuss how this might be done for a"real" disease.

In comparing runs, ask students whether, with real diseases, you can always see who is sick. Are there diseases where someone
might be sick and not know themselves? Y ou could even discuss the different ways diseases might manifest themselves (e.g.,
incubation periods, carriers, etc.). Another discussion might be about what makes areally "bad" disease versus aless bad disease.
Obviously, adisease being fatal isrealy "bad" but there is much, much moreto it than that. See if you can push studentsto talk
about what kind of role these other factors could have. Y ou might get to this point by asking, "So what would happen in our
simulation if the second you got a disease you died, would everyone be likely to catch this kind of disease?' A small modification to
the code would alow you to explore this possibility and related ones (allowing people to transmit the disease for some number of
"ticks" of the simulation clock before expiring).

Using/Extending/Authoring NetL ogo Models and Activities

Following up on the idea of possibly changing the way a simulation works, a key feature of the NetL ogo environment (unlike
"closed" simulations like SimCity ™M) is that you have complete access to the code that makes the simulation or model work. This
can alow you to actually see and better understand what's going on, change the code to explore new possibilities, or even get ideas
for building new models or simulations. Clicking on the Procedures tab allows you do see the NetL ogo code. Y ou might want to
look at some of the stand-alone models, as these will not have extra code for communicating with the network. The codeis designed
to be relatively easy to understand (drawing on the lessons learned from the Logo programming language) and is intended to
capitalize directly on the students first-person reasoning and experience. An introductory challenge can include having the students
read through the code and try to come up with aflow chart of how the program behaves; thiswill familiarize them with both the
code and the logic behind our models. Asistrue will al NetLogo models or simulations, start by looking for the "Go" procedurein
the Procedures Tab as this reveals the "top level" story of the simulation. The code is extensively commented (comments are the
programmer's notes to you about what the code is doing). And of course, we very much encourage you to reach in and change the
code to explore how it works or build new possibilities. Further information on NetLogo is available at http://ccl.northwestern.edu/

netlogo/.

Time Considerations
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At least 3 days for the main unit; additional time may be required for NetL ogo extensions.

Curriculum Standards
According to the National Council of Teachers of Mathematics, students should learn to:

. Create and use representations to organize, record and communicate mathematical ideas

. Select, apply and translate among mathematical representations to solve problems

. Use representations to model and interpret physical, social and mathematical phenomena

. Use mathematical modelsto represent and understand quantitative relationships

. Analyze change in various contexts

. Organize and consolidate their mathematical thinking through communication

. Communicate their mathematical thinking coherently and clearly to peers, teachers, and others

. Make decisions about units and scales

. Analyze and evaluate the mathematical thinking and strategies of others

. Make and investigate mathematical conjectures

. Develop and evaluate mathematical arguments and proofs

. Use the language of mathematics to express mathematical ideas precisely

. ldentify trends of bivariate data, and find functions that transform the data so that it can be modeled.
. Understand and apply basic concepts of probability

. Describe events as likely or unlikely

. Discussthe degree of likelihood using words such as certain, equally likely and impossible

. Understand that the measure of the likelihood of an event can be described by a number between zero and one
. Apply appropriate techniques, tools and formulas to determine measurements.

Curriculum Objectives

. Through conversation and responses, students can describe the reasoning behind their predictions, and evaluate others
strategies for meeting challenges.

. Through this activity, students can apply concepts of probability to areal-world situation.

. Students can analyze different representations of data and compare different forms of measurement.

. Through the activity, students can aso begin to model and interpret physical phenomenain the language of mathematics.

Support Resources in NetLogo
These are resources that are included in the HubNet Disease model.
QuickStart Instructions

. Teacher: Follow these directions to run the HubNet activity.

. Optional: Zoom In (see Toolsin the Menu Bar)

. Optional: Change any of the settings.... If you do change the settings, press the SETUP button.

. Pressthe GO button.

. Everyone: Reset the RAM on your caculator (2nd MEM 7 1 2).

. Loginto your calculator.

. Choose SIMULATION at the calculator Main Menu.

. Remember your shape and color

. When you press enter again you will enter the simulation.

. Teacher: Have the students move their turtles around to... acquaint themselves with the interface.

. Pressthe INFECT NetLogo button to start the simulation.

. Everyone: After some time of infections, choose...

. VIEW DATA at the calculator Main Menu to receive the data.

. Teacher: Torerun the activity, do not clear the server.

. Stop the simulation by pressing the NetLogo GO button.

. Everyone: Exit to the calculator Main Menu.

. Teacher: Change any of the settings that you would like.

. Tooverlay plot dataon the calculators... change the value of the slider CALCULATOR-DATA-SET.
. If you set CALCULATOR-DATA-SET to avalue that already... had datain it, the new datawill over-write the old data.
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. Pressthe NetLogo RE-RUN button.

. Everyone: Choose SIMULATION at the calculator Main Menu.

. Teacher: Restart the simulation by pressing... the NetLogo GO button again.

. Infect some turtles and continue.

. Teacher: To start the simulation over with anew group,... stop the model by pressing the NetLogo GO button, if it ison.
. Have everyone, including yourself, logout of their calculators.

. Pressthe ERASE ALL DATA button on the TISCHOOL site.

. Pressthe NetLogo SETUP button.

. Follow these instructions from the beginning again.

Information Tab

VWHAT IS IT?

This nodel sinulates the spread of a disease through a popul ation. This
popul ati on can consi st of either students, which are turtles controlled by
i ndi vi dual students via the Tl Navigator Network, or turtles that are
generated and control |l ed by NetLogo, called androids, or both androids and
students.

Turtl es nove around, possibly catching an infection. Healthy turtles on the
sane patch as sick turtles have a PERCENTAGE- | NFECTI ON chance of beconi ng
ill. A plot shows the nunber of sick turtles at each tine tick, and if
SHOW I LL? is on, sick turtles have a red circle attached to their shape.

Initially, all turtles are healthy. A nunber of turtles equal to
I NI TI AL- NUMBER- SI CK becone ill when the I NFECT button is depressed.

Whenever a new turtle becones ill, data lists tine-data and sick-data are
sent to the Tl School server. These are then accessible via the VI EW DATA
option on the calculator nmenus. The data is displayed in plots 1, 2, and 3,
whose nunbers correspond to the slider PLOT-NUMBER in the NetlLogo nodel .

This activity requires the TI Navigator activity AAA - Disease 2.3

For further docunentation, see the Participatory Simulations Guide found at
http://ccl.nort hwestern. edu/ ps/

HOWTO USE I T

| MPORTANT NOTE: Before running this with a class, be sure to press the ERASE
ALL DATA button in the teacher console for the activity AAA - Disease 2.3 on
the TI School website. |If you choose to exit the program and return (using
the USE CALC option at the Main Menu) or choose the RESTART option, *DO NOT*
clear the server.

QUI CKSTART | NSTRUCTI ONS:

Contains instructions as to how to quickly setup the nodel, calculators, and
TI School web page so as to run this activity. The instructions can be found
bel ow

Teacher: Open the Tl School site in your web browser.
Enabl e activity AAA - Disease 2.3
Open the teacher consol e and press the ERASE ALL DATA butt on.

If it is not open already, open the NetlLogo nodel.
If you are pronpted by a Login dialog, enter your teacher id and password
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and any other necessary information.

Optional - ZoomIn (see Tools in the Menu Bar)

Optional - Change any of the settings. |f you do change the settings, press
t he SETUP button.

Press the GO button.

Everyone: Reset the RAM on your calcul ator by pressing the follow ng keys:

2nd MEM 7 1 2.

Login to your cal cul ator.

Sel ect the SIMJLATION option fromthe cal cul ator Main Menu.

The calculators will display the shape and color you will have in the NetlLogo
nmodel . Renenber these so that you can find your turtle. Wen you press enter
again you will enter the simulation.

Teacher: Have the students nove their turtles around to acquaint thensel ves
with the interface.

When you are ready to sinmulate the spread of the disease, press the | NFECT
button in the NetlLogo nodel.

Everyone: After some time of infections, choose VI EWDATA at the cal cul ator
Main Menu to receive the data that was collected by NetlLogo.

Teacher: To rerun the activity, do not clear the server.

Stop the sinulation by pressing the NetLogo GO button.

Everyone: Exit to the cal cul ator Main Menu.

Teacher: Change any of the settings that you would like. Now m ght be a
good time to change to which set of data NetlLogo sends information. You do
this by changing the value of the NetLogo CALCULATOR- DATA- SET slider. If
you set CALCULATOR- DATA-SET to a value that already had data in it, the new
data will over-wite the old data.

Press the NetLogo RE-RUN button.

Everyone: Choose SI MJLATION at the cal cul ator Main Menu.

Teacher: Once everyone has chosen SI MJLATION fromthe Main Menu.

Restart the simulation by pressing the NetLogo GO button again.

Infect some turtles and conti nue.

Teacher: To start the sinulation over with a new group, stop the nodel by
pressing the NetLogo GO button, if it is on.

Have everyone, including yourself, logout of their calculators.

Press the ERASE ALL DATA button on the TISCHOOL site.

Press the NetlLogo SETUP button.

Fol | ow these instructions fromthe begi nning again.

SETUP - clears all turtles and patches and the plot. This should only be
pressed when starting out with a new group of users since all data is |ost.
GO - runs the sinmulation

RE-RUN - cures all turtles, clears the plot, and clears the lists sent to
the calculators. This should be used to setup the nodel again for
collecting nore data or running the nodel again with the sanme users
connected. Every user should be in the calculator Main Menu when this is

pressed.
CREATE ANDRO DS - adds randomly noving turtles to the sinulation
I NFECT - infects sonme of the turtles in the sinulation

CLEAR PLOT - clears the plot

NEXT >>> - shows the next quick start instruction

<<< PREVI QUS - shows the previous quick start instruction
RESET | NSTRUCTI ONS - shows the first quick start instruction
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SLI DERS

NUM ANDRQO DS - deterni nes how many androi ds are created by the CREATE

ANDRQO DS but t on

ANDRO D- DELAY - the delay time, in seconds, for android novenent- the higher
the nunber, the slower the androids nove

I NI TI AL- NUMBER- SI CK - the initial nunmber of turtles to becone infected when
the | NFECT button is pressed

PERCENTAGE- | NFECTI ON - sets the percentage chance that every tenth of a
second a healthy turtle will becone sick if it is on the sane patch as an
infected turtle

CALCULATOR- DATA- SET - the nunber of the graph in the calculator to which the
current data will be sent and display on the cal cul ators when the VI EW DATA
menu option is chosen

DATA- SET - determines the plot pen to draw the data with in the plot. This
only changes the plot pen when RE-RUN or SETUP are pressed.

SW TCHES

WANDER? - when on, the androids wander randomy. \Wen off, they sit stil
SHOW | LL? - when on, sick turtles add to their original shape a red circle.
Wien off, they can nove through the popul ace unnoti ced

SHOW | LL- ON- CALCS? - when on, the calculators will show a | abel indicating
if the turtle is sick or not. This only is sent to the calculators when the
RE- RUN or SETUP buttons are pressed. The calculators receive this value
when the SI MULATION option is chosen fromthe cal cul ator Main Menu.

TURTLES - the number of turtles in the simulation
NUM | NFECTED - the nunber of turtles that are infected

NUMBER SI CK - shows the nunber of sick turtles versus tine

CALCULATOR | NFORVATI ON

Students and teacher have identical cal cul ator prograns.

STUDENT CALCULATOR:

Wien the programruns, it checks the server for a "flag" to indicate whether
the programis being restarted. |If the flag isn't found, then a splash
screen will display saying "Dl SEASE SI MJULATI ON' and variables will be
initialized. Then, the main nenu will display.

At the main menu, you will find five options:

SI MULATION - join the simnulation
VI EW DATA - view data fromthe sinul ation
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RESTART - restart, clearing all data
USE CALC - use the built in functionality of the cal cul ator
QU T - quit, clearing all data fromthe cal cul ator

CALCULATOR MENU OPTI ONS

S| MULATI ON
When you choose to join the sinulation, a message pops up letting you know
what shape and color you will have in the NetLogo simulation. This shape

and color is randomy determined each tinme you run the activity, and you
m ght share a shape and col or with sonebody el se. There are nany possible
shapes and colors for the turtles.

On the calculator a coordinate axis will appear, along with a snmall square
representing the position of that student's turtle. A softkey menu will
al so appear, with two options: BACK and STEP

Arrow keys - nove the turtle

BACK - returns to the MAIN MENU

STEP - Dbrings up a nmenu, where you can choose between steps of 1 thru 5.
Pressing the ENTER key also allows you to change the step-size.

MATH - nmakes your turtle flash red for while- this can help you find your
turtle

VI EW DATA:

When you choose this option, data fromthe sinulation is downl oaded. Up to
three data sets can be collected and displayed as PLOT1, PLOT2, and PLOT3
Initially, the plots are shown together, and you can toggle plots on and off
using the nmddle three softkeys. BACK returns to the MAIN MENU, and RFSH
collects fresh data fromthe NetLogo nodel

RESTART:
Restarts the activity without the need to rerun the prograns.

USE CALC:

This allows you to tenporarily | eave the program use the built in
functionality of the calculator, and then return to the activity with your
data preserved. Wen you |eave the program the data lists from NetlLogo are
automatically placed in the stat editor. To return to the program run

DI SEASE on the cal cul at or

QUIT:
This quits the program clearing all data and restoring your previous
graphi cs settings.

THI NGS TO NOTI CE

No matter how you change the various paraneters, the sane basic plot shape
energes. After using the nodel once with the students, ask them how t hey
think the plot will change if you alter a paranmeter. Altering the initial
percent age sick and the percentage infection will have different effects on
the plot.

THI NGS TO TRY

Use the nodel with the entire class to serve as an introduction to the
topic. Then have students use the NetLogo nodel individually, in a conputer
|l ab, to explore the effects of the various paranmeters. Discuss what they
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find, observe, and can conclude fromthis nodel.

EXTENDI NG THE MODEL

Currently, the turtles remain sick once they're infected. How would the
shape of the plot change if turtles eventually healed? |If, after healing,
they were immune to the disease, or could still spread the disease, how
woul d the dynamics be altered?

CREDI TS AND REFERENCES

This activity and associated nodel s and nmaterials was created as part of the
proj ect: PARTI Cl PATORY S| MULATI ONS: NETWORK- BASED DESI GN FOR SYSTEMS

LEARNI NG | N CLASSROOVS. The project gratefully acknow edges the support of
the National Science Foundation ( REPP program) -- grant nunber REC
#9814682.

Copyright 1999 by Ui WIensky & Walter Stroup. Updated 2001, 2002. Al l
rights reserved.

Perm ssion to use, copy, or nodify this software and its associ ated
docunent ati on, nodels and curricular materials for educational and research
purposes only and wi thout fee is hereby granted, provided that this
copyright notice and the original authors' names appear on all copies and
supporting docunmentation. For any other uses of this software, in origina
or modified form including, but not linmted to distribution in whole or in
part, specific prior perm ssion nmust be obtained fromUi WIensky and
Walter Stroup. These prograns shall not be used, rewitten, or adapted as
the basis of a commercial or hardware product w thout first obtaining
appropriate licenses fromUi WIensky & Walter Stroup. W make no
representations about the suitability of this software for any purpose. It
is provided "as is" without express or inplied warranty.

To refer to this nodel in academ c publications, please use: WIensky, U &
Stroup, W (1999). NetlLogo HubNet Di sease nodel .

http://ccl.northwestern. edu/ netl ogo/ nodel s/ HubNet Di sease. Center for

Connect ed Learni ng and Conput er-Based Mdeling, Northwestern University,
Evanston, |L.

In other publications, please use: Copyright 1999 by Ui WIensky and Wl ter
Stroup. Al rights reserved. See
http://ccl.northwestern. edu/ netl ogo/ nodel s/ HubNet Di sease for terns of use.

Equipment/Materials Needed

. Tl Navigator System

. NetLogo Software

. Dice (onefor each student)

. Projection System

. Personal computer

. NetLogo model: Disease.nlogo
. Student worksheets

Keywords
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. Probability

. Modeling

. Logistic Curve

. Exponential Growth
. Rate of Change

. Derivative

Disease Handouts

Function Activity

Subject Area

Mathematics, Science

Topics

Functions, Linear Equations, Graphing, Algebraic Equivalence

Abstract/Summary

Understanding what a function is and moving from a collection of points or averbal description of arule to an analytic expression
are often very challenging tasks for students. This activity targets each of these learning issues and also can engage students with
what it means for functions to be equivalent (e.g., X + x being the "same" as 2x). The function activity works by having students
"become points' and move around in a Cartesian coordinate system according to rules like, "Move until your y-position is two times
your x-position." As students move, NetLogo aggregates the points for the whole class and displays them. Then the points for the
class are passed back to each of the students. The students can work on trying to develop analytic functions (e.g., Y=2x) that
describe this rule and go "through™ the points. The network can collect all the students' proposed analytic expressions and, if the
classis encouraged to find "interesting” functions that go through these points (e.g., y = 40x/20), then there isa very easy transition
into understanding what equivalence is about. In an Algebra class the ideas of equivalence - what for students starts off feeling like
we're saying things are the "same" that really don't look alike - are typically associated with "rules for simplifying" and "factoring."
Often these equivalence rules are approached in away that doesn't allow students to see what a function is and what equivalence
means (that you get the "same" picture on agraph or "same" x and y points on atable). Taking time with this activity addresses
many of these challenging issues while also, at an even more introductory level, helping students get used to the convention of
naming locations on the Cartesian plane. The activity should be repeated several times and can be returned to at different pointsin
an academic year as you explore different kinds of functions. Science teachers [or, certainly, math teachers] can use this activity to
help students understand how analytic expressions or mathematical "laws' can summarize patterns or relations observed in the
world around us (e.g., F = mafor a given mass with x standing for "a" and y standing for "F").

Note: if you are used to having students think of "x" asa (single) "hidden" number (what you "solve" for), this activity emphasizes
the more general idea of x being avariable (i.e., capable of representing different values - like all the ones the students choose to
embody in this activity) in afunction that "connects" x'swith y's. A function is a rule-machine or recipe you drop numbersinto and
get numbers out of. The variable idea of x (where x can become any value in the domain) is foundational for students successin
more graphically based approachesto algebra - what is often called "a function-based approach” to algebra - and to courses like
Algebrall, Pre-Calculus, Calculus. (Solving then becomes a kind of comparison of distinct functions where "='s" is one kind of
comparison and is associated with where the functions "cross" or "touch”. The solved-for x is the x-value where the functions touch.
It is not the only value x can assume, just a specia one in the comparison of two functions).

Prerequisites

Some introduction to basic number operations

Teacher Notes/Procedures
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Introductory Activity or Display

Some teachers have used a preliminary activity where they set up a people-sized Cartesian coordinate system either in their
classrooms or in some other (larger) space in the school (e.g., gym, cafeteria, main lobby) and have students move around according
to rules similar to the ones they are going to use for the HubNet activity.

An dternative is to use QuickTime™ movies of marching bands where sometimesit is hard to see what is going on and then, voila,
avisible pattern emerges from each band member following his or her own "local" rule(s).

HubNet Function Activity
Getting Started

Like all the HubNet activities, begin by enabling the Function Activity on the server and then clear the server of any old data that
may beon it (directions arein the Top-Level Tips section). Y ou will be reminded to do this as you open the HubNet Function
Activity model or press the Setup button. As you open the HubNet activity you will be asked to login.

Although the NetL ogo program "presses' Setup for you automatically when you open it, you may want to get into the habit of
pressing the Setup button each time you start a new activity or begin work with a new class. Remember, Setup will typically be
pressed only once during a class period and requires students to login after it is pressed. If you want to do another round of an
activity you typically don't want to go through the whole process of having students login again and so on. To do another round of
an activity press the Re-Run button. Re-Run is typically used multiple timesin aclass period and does not require students to repeat
the login sequence.

One of the things that NetL ogo does for you isto send a collection of settings that determine features of the calculator graphics
window (e.g., xmax, ymax, etc.). When you press Setup or Re-Run these settings are sent to the server where the calculators can get
them. If you want to change these settings (either right from the start or after playing a round), change them, and then press the Re-
Run button, to make sure these settings are sent to the server. Then follow the QuickStart Instructions associated with restarting the
activity.

Login and Getting Oriented

With the NetLogo program now running we are ready for the students to login. Before doing thisit is agood idea to have them clear
the calculator memory. Thisis described in the Top-Level Tips section (2nd + 7 1 2). The login sequence is also described in the
Top-Level Tips section (press APPS then NETWORK then login). You will also want to login alongside the students to be able to
project, using a teacher calculator connected to a ViewScreen™, what the students will see on their calculators. Having an upfront
display will also be important later in the activity when the points are aggregated and the various student-generated functions are

displayed.

When the students first login they will see a screen similar to this.

— FUNCTIONACTINITY
=FICKFNT=
VIEHFNT: REXTRRT
CRERTEEAN U=E CALC
VIEHEQN: QuIT
SLCT

Thisisahome screen, called the calculator Main Menu that students can always return to at any point in an activity. Think of it as
the lobby of abuilding. BACK or DONE softkeyswill get you back to this lobby.

The"-" can be moved up and down using the arrow keysto select the different options. With PICKPNTS selected, either press
ENTER or the SLCT softkey to go into where students can move their points around. Before jumping into the coordinate system,
the students are told what the shape and color of their icons will be. They should remember these, asit will make "finding
themselves" in the upfront space much easier.
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Moving and Picking Points

When they press ENTER again they should see a screen with their point on it.

FOTL n=2 ¥=7 54

+

| I 2TEF IFICRIDONE

The students can move the given point around the space using the cursor (arrow) keys. Note how the x and y coordinates are
displayed and updated at the top of the screen.

Students should move around and see if they can locate themselvesin the upfront NetLogo screen (where everyone's point is
projected).

The teacher should now give averbal rulelike, "Move until your y value istwo times your x value." Help the student see what this
would mean by pointing to the x and y coordinates displayed on the top of the screen and explaining that you want "this" y value to
be two times the x value. Assuming it is not currently, tell them they have to move around until they find a spot where thisis true
(and that there are lots of them).

Y ou can get some powerful feedback about student thinking as they start to move around. Typically, student movement will be
concentrated in the first quadrant (and, closely related, at |east some points will be in the second quadrant). As students are moving
or after they've selected points you might ask them "Why do you think most of you are up here [pointing to the first quadrant] ?*
Either in this round or in a subsequent one encourage them to "spread out more" or be "more adventurous.” Positive social pressures
to be more creative or "out there" are a powerful and unique aspect of working in a network space. In the network space thereisa
"right level" of anonymity enabling students to take risks or even be "wrong" without having to be embarrassed by doing so. You
are trying to use the students' association of "cool-ness" with "different-ness' toward the end of raising the level of the mathematical
conversation. A similar dynamic should be encouraged later when students send in functions that go through these points. Yes,
Y=2x is perfectly correct but Y=100x/50 is more interesting.

Students can chose one or more points as they go by pressing the PICK softkey. Each point they choose will show up on their
screen and be "stamped" on the upfront screen. Only the last point each student chooses will be the one sent to the whole class.
Students can change the step size by pressing the STEP softkey and choosing one of the step size options.

Viewing Points from the Class

When they select DONE, the last point picked by each student is sent to the class and the students are returned to the cal cul ator
Main Menu. Movethe "-" to VIEW PNTS and press ENTER or the SLCT softkey.

The last points picked by the entire class should now be visible on the students' calculator screens. A very powerful feature to use at
this point is pressing the right and left arrows on the cal culators to jump between the points. The x and y coordinates for each of the
points become visible and you can ask, "Does this point satisfy the rule? Why or why not?"' Pressing Enter will make the softkeys
visible again. Press DONE or BACK to return to the main menu.

Picking an Equation

By selecting the CREATE EQN option in the main menu and pressing ENTER you can have the students create analytic functions
that "go through" the points they sent in. Challenge your students to come up with functions that use division, or multiplication, etc.
Thisisaplace where this activity can take off as students submit functions and start comparing their functions with ones that other
students submitted. Y ou can encourage this process with questions like, "Can somebody come up with afunction that uses division
or multiplication? Powers? Etc.”.

At CREATE EQN, each student can enter afunction and view it with the points before sending it to the class. This allows students
to play in private first and then when they've found an interesting one, send it to the class.
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HEW ERUAT IOH — YOUREQUATION
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If their functions miss, they can press REDO to try again (without anyone else knowing that they may have missed). They can also
press REDO if, after gaining some confidence, they want to enter a more interesting function.

NOTE: Thereisno "error trapping" in this program (unlike if you were using the Function capabilities of the calculator alone).
Students must enter expressions that can be interpreted. The #1 most common error is confusing the role of the negative key with
the minus key. Minusis an operation; negative is a property of a number and confusing the two will cause the program to "crash
out." The student will then have to re-login after first clearing the memory of the calculator.

When the student selects DONE, his or her current function is sent to the class.
Viewing Equations from the Class

Returning to the main menu after pressing DONE, the students should now select VIEW EQNS. They should now see a selection of
the functions sent by the class. Again the features of the calculator can be used to take a closer look at these functions. The up and
down arrows allow you to "jump" between lines. Note that the function for each line now appears on the calculator screen. Just as
you may have for individual points, you can ask if the current function will go through the points. Y ou can jump to points by using
the right and left arrows. And finally, to get a new set of functions press NEXT. To return to a previous group of functions press
PREV.

Note, USE CALC alows you to quit the program and just use the calculator "off line." If you want to then get back into the
program, press the PRGM key and run the FXNACT program.

Re-Running the Activity

Thisisan activity where you'll want to cycle through arange of kinds of verbal descriptions. To do so, have students return to the
calculator Main Menu and select ReStart. In NetLogo, if you want to change the size of the Graphics Window, change it to
whatever size you want and press the Re-Run button. See the Top Level tips for more information regarding resizing the NetL ogo
Graphics Window. Note that NetL ogo requires you to choose screen-sizes that are symmetric around the x- and y-axis (that is, with
the origin in the middle). When the students choose the PICK PNTS option from the calculator Main Menu, they will get the new
settings.

Now you are set to re-run the activity. The following are a series of challenges that can be done. We encourage you to not get
"hard" too quickly but also not be afraid to challenge students. A wide range of challenging topics including the standard
transformations of functions, combining functions, creating functions of y instead of functions of x can be engaged in these
challenges.

Important Introductory Challenges:
Move until:

. youry valueis-2timesyour x (watch out for negative versus minus cal culator keys)

. youry vaueisyour x value plus 2 (would it make a differenceif it was 2 plus your x value?) (additionis____ ?
[commutative])

. youry valueistwo times the sum of your x value and -1 (note how all the standard verbalizations can be used) (would the
sum of x and -1 quantity times 2 be different?) (if needed, have half the class do one rule and the other half do the other; then
enter functions for each; etc.) (multiplicationis__ ?[commutative]) (can they simplify this expression, isit really the
same?) [don't be surprised if students may not think so]

. youryis1/4youx vaue
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Mid-Level Challenges:
Move until:

. youry valueisyour x value timesitself

. your x value plus your y value sums to 2 (this hel ps students understand the rel ationships between linear functionsin
standard form and slope-intercept form [which they'll have to use to "hit" the points]|)

. your x value istwice your y value (is this line both a function of x and afunction of y?)

. your x valueisyour y value squared (is thisline a function of both x and y?)

Tougher Challenges:
Move until:

. youry valueisthe absolute value [MATH key, right arrow, choose "abs"] of your x value. Do the full cycle. Not so hard.
But ...
. your y valueisthe absolute value of your x value and now that you've found that take TWO steps up. (this begins an
exploration of transformations)
. your y value isthe absolute value of your x value, NOW take two steps down.
. your y valueisthe absolute value of your x value, NOW take two steps to the right. (thisistypically very difficult for
students [abs(x-2)])
. youry valueis-2 times the absolute value of your x value, NOW take three steps to the right and four steps down (this takes
students through a core chunk of the transformationsin Algebrall or Pre-Calculus)
. Seguence:
1. Move until your y valueis 2 times your x value minus one Write down this point (x1, y1).
2. Now, WITHOUT changing your x [no left or right arrow] Move until your y value is the negative of your X value
plus 3. Write down this point (X2, y2).
3. Now move until your y valueis the sum of you Y our y values from above (y1 plus y2).
4. Now find afunction that goes through thislast Set of points (combining functions) ([2x - 1] + [-x +3] "redlly is" =x +
21
. Sequence:
1. Move until your y valueis 3 times your x value plus 2 Write down this point (x1, y1).
2. Move until your y equals your current x value (x1).
3. Write down arule that will take your y1 and turn It into x1.
4. in CREATE EON enter thisrulein Y =form. Voilal, you have the inverse function.

We do NOT recommend completing all of these at once! A core subset of introductory ones, or ones of your own making can be
done together. Then the Function Activity can be returned to at various pointsin a given few weeks or over a course of ayear.

Time Considerations:

This activity should take one or two 60-minute class periods to complete and may be repeated as many times during a unit or
academic year.

Curriculum Standards:

Grades 6 - 8:

Explore relationshi ps between symbolic expressions and graphs of lines, paying particular attention to the meaning of intercept and
slope; model and solve contextualized problems using various representations, such as graphs, tables, and equations; use graphsto
analyze the nature of changes in quantitiesin linear relationships; relate and compare different forms of representation for a
relationship; identify functions as linear or nonlinear and contrast their properties from tables, graphs, or equations; recognize and
generate equivalent forms for ssmple algebraic expressions and solve linear equations.

Grades 9 - 12:

Analyze functions of one variable by investigating rates of change, intercepts, zeros, asymptotes, and local and global behavior;
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approximate and interpret rates of change from graphical and numerical data; understand the meaning of equivalent forms of
expressions, equations, inequalities, and relations; write equiva ent forms of equations, inequalities, and systems of equations and
solve them with fluency-mentally or with paper and pencil in simple cases and using technology in all cases; use symbolic algebra
to represent and explain mathematical relationships.

Curriculum Objectives:

Students will develop the idea that functions are collections of points. Students will understand the concept of equivalent functions
and demonstrate this understanding by producing several equivalent functions. This activity allows the teacher to get a snapshot of
students' basic math skills (such as multiplication of negatives). Much more is also possible, see above.

Support Resources in NetLogo
These are resources that are included in the HubNet Function Activity program.
QuickStart Instructions

. Teacher: Follow these directions to setup the HubNet activity.

. Optiona- Zoom In (see Tools in the Menu Bar) - optional

. Pressthe GO button.

. Everyone: Reset the RAM on your calculator (2nd MEM 7 1 2).

. Login to the calculator.

. Choosethe PICK POINTS option.

. Remember your shape and color and press ENTER.

. Move around using the arrow keysto... acquaint yourselves with the interface.

. Teacher: Tell the students a verbal rule, such as... Move until your Y istwice your X.

. Optional- Pressthe NetLogo SET RULE button and enter... the verbal rule to be displayed in... the CURRENT VERBAL
RULE monitor.

. Everyone: Pick some points that meet the requirements of ... the verbal rule.

. Thisis done by moving to a point with the arrow keys and... then choosing that point by pressing ENTER or the PICK
softkey.

. Pressthe REDO softkey to repick the last picked point.

. When you are done picking points, press the DONE softkey.

. Choose the VIEW POINTS option to view the last point chosen by... each member of the class as well as al the points
chosen by you.

. When finished viewing the points, press the DONE softkey.

. Then, you can create an equation using the CREATE EQN option.

. Try to match the equation as closely as possible to... the last points picked.

. You may keep on trying different equations by pressing... the REDO softkey and entering a new equation at the prompt.

. When you have chosen the best-fit curve, press the DONE softkey.

. You can view the class equations using the VIEW EQNS option.

. Pressthe RFSH softkey to get any new equations.

. When you are done viewing the equations chosen,... press the DONE softkey.

. Teacher: Torerun the activity, do not clear the server.

. Stop the simulation by pressing the NetLogo GO button.

. Pressthe NetLogo RE-RUN button.

. Pressthe GO button.

. Everyone: Exit to the calculator Main Menu.

. Choosethe RESTART option from the calculator Main Menu.

. Choose the PICK POINTS option and continue.

. Teacher: To start the simulation over with anew group,... stop the model by pressing the NetLogo GO button, if it ison.

. Have everyone, including yourself, logout of their calculators.

. Pressthe ERASE ALL DATA button on the TISCHOOL site.

. Pressthe NetLogo SETUP button.

. Follow these instructions from the beginning again.

Information Tab
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VWHAT IS IT?

Students each find points that satisfy a spoken rule, such as "Mve unti
your y value is twice your x value." The students can see, on their own
calculators, their point and its x and y values, and on the NetLogo displ ay
they can see everyone's points noving in real-tine.

Once everyone has picked one or nore points that nmeet the rule, the students
can view the |last points picked by everyone. They also have the opportunity
to attenpt to create an equation that best fits the |last point entered by
everyone. Finally, they can view each other's equations.

This activity requires the Tl Navigator activity AAA - Function Activity 2.4

For further docunentation, see the Participatory Simulations Guide found at
http://ccl.northwestern. edu/ ps/

HOWTO USE I T

Contains instructions as to how to quickly setup the nodel, calculators, and
Tl School web page so as to run this activity. The instructions can be found
bel ow.

Teacher: Open the TI School site in your web browser.
Enabl e activity AAA - Function Activity 2.4
Open the teacher console and press the ERASE ALL DATA button

If it is not open already, open the NetlLogo nodel.

If you are pronpted by a Login dialog, enter your teacher id and password
and any ot her necessary information.

Optional - ZoomIn (see Tools in the Menu Bar)

Press the GO button.

Everyone: Reset the RAM on the cal cul ator by pressing the follow ng keys:
2nd MEM 7 1 2.

Login to the cal cul ator.

Choose the PI CK PO NTS opti on.

Renenmber your shape and col or and press ENTER

Move around using the arrow keys to acquai nt yourselves with the interface.

Teacher: Tell the students a verbal rule, such as "Mwve until your Y is

twi ce your X."

Optional - Press the NetLogo SET RULE button and enter the verbal rule to be
di spl ayed in the CURRENT VERBAL RULE nonitor.

Everyone: Pick sone points that neet the requirenents of the verbal rule.
This is done by nmoving to a point with the arrow keys and t hen choosi ng t hat
poi nt by pressing ENTER or the PICK softkey. Press the REDO softkey to
repick the last picked point.

When you are done picking points, press the DONE softkey.

Choose the VIEW PO NTS option to view the | ast point chosen by each nenber
of the class as well as all the points chosen by you.
When fi ni shed viewi ng the points, press the DONE softkey.

Now t hat points are picked, you can create an equation of those points using
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the CREATE EQN option. Try to match the equation as closely as possible to
the last points picked. You may keep on trying different equations by
pressi ng the REDO softkey and entering a new equation at the pronpt.

When you have chosen the best-fit curve, press the DONE softkey.

You can view the class's equations using the VIEWEQNS option.
Press the RFSH softkey to get any new equati ons.
When you are done view ng the equations chosen, press the DONE softkey.

Teacher: To rerun the activity, do not clear the server.
Stop the sinulation by pressing the NetLogo GO button.
Press the NetLogo RE-RUN button.

Press the GO button.

Everyone: Exit to the cal cul ator Main Menu.

Choose t he RESTART option fromthe cal cul ator Main Menu.
Choose the PICK PO NTS option and conti nue.

Teacher: To start the sinulation over with a new group, stop the nodel by
pressing the NetLogo GO button, if it is on.

Have everyone, including yourself, logout of their cal cul ators.

Press the ERASE ALL DATA button on the TISCHOOL site.

Press the NetlLogo SETUP button.

Fol | ow these instructions fromthe begi nning again.

SETUP - clears all turtles and patches. This should only be pressed when
starting out with a new group of users since all data is |ost.

RE-RUN - sets up the nodel to be able to run again with the sane users
GO - runs the sinulation

SET RULE - displays an input dialog that allows the | eader to enter the
verbal rule. The entered rule is then displayed in the CURRENT VERBAL RULE
monitor. This is neant for a conveni ence of the users and has no effect on
the actual running of the sinulation.

NEXT >>> - shows the next quick start instruction

<<< PREVI QUS - shows the previous quick start instruction

RESET | NSTRUCTI ONS - shows the first quick start instruction

MOUSE X - shows the pxcor of the patch the nouse is currently on, or if the
mouse is no |l onger over the graphics window, it displays the pxcor of the
patch the nouse was | ast on

MOUSE Y - shows the pycor of the patch the nouse is currently on, or if the
nmouse is no | onger over the graphics window, it displays the pycor of the
patch the nmouse was | ast on NUMBER OF PO NTS AT MOUSE - shows the nunber of
turtles on the patch the nouse is currently on, or if the nouse is no | onger
over the graphics window, it displays the nunber of turtles on the patch the
nmouse was | ast on

CURRENT VERBAL RULE - displays the last rule that was entered when the SET
RULE button was pressed. This is neant for a convenience of the users and
has no effect on the actual running of the simnulation.

CALCULATOR | NFORVATI ON

Students and teacher have identical cal cul ator prograns.
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STUDENT CALCULATORS

To sel ect points, choose option PICK PO NTS fromthe cal cul ator Main Menu

Move the cursor with the arrow keys. To pick a point, press the ENTER key
or PICK softkey. To renpove the |ast picked point, press the REDO softkey.
Be aware that the cursor will nove back to the position of the point being
renoved. To change the distance that the cursor noves when you press an
arrow key, press the STEP softkey. This allows you to choose a new di stance
by which to nove the cursor

When you are done picking points, press the DONE softkey.

You can choose the VI EW PO NTS option to view the |ast point chosen by each
menber of the class as well as all the points chosen by you. Wen finished
view ng the points, press the DONE softkey.

Then, you can create an equation using the CREATE EQN option. Try to natch
the equation as closely as possible to | ast points picked. You nay keep on
trying different equations, by pressing the REDO softkey and entering a new
equation at the pronpt. Wen you have chosen the best-fit curve, press the
DONE sof t key.

You can view the class's equations using the VIEWEQNS option. Press the
RFSH soft key to get any new equations. Wen you are done view ng the
equations chosen, press the DONE softkey.

THI NGS TO NOTI CE
Noti ce how ny-num and user-id are used in keeping track of a particular
student's individual points.

THI NGS TO TRY

Here are a few verbal rules for the teacher to have the students nmake with
their points:

Move until your y value is tw ce your x val ue.

Move until your y value is x tinmes your x val ue.

Move until your y value is the inverse of your x val ue.

EXTENDI NG THE MODEL

This activity and associated nodels and materials was created as part of the
proj ect: PARTI Cl PATORY SI MULATI ONS: NETWORK- BASED DESI GN FOR SYSTEMS
LEARNI NG | N CLASSROOVS. The project gratefully acknow edges the support of
the National Science Foundation ( REPP program) -- grant nunber REC
#9814682.

Copyright 1999 by Uri WIensky & Walter Stroup. Updated 2001, 2002. Al
rights reserved.
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Perm ssion to use, copy, or nodify this software and its associ ated
docunent ati on, nodels and curricular materials for educational and research
purposes only and without fee is hereby granted, provided that this
copyright notice and the original authors' names appear on all copies and
supporting docunentation. For any other uses of this software, in origina
or nodified form including, but not limted to distribution in whole or in
part, specific prior permssion nust be obtained fromUi WIensky and
Walter Stroup. These progranms shall not be used, rewitten, or adapted as
the basis of a comrercial or hardware product w thout first obtaining
appropriate licenses fromUi WIensky & Walter Stroup. We nmake no
representations about the suitability of this software for any purpose. It
is provided "as is" wthout express or inplied warranty.

To refer to this nodel in academ c publications, please use: WIensky, U &
Stroup, W (1999). NetlLogo HubNet Function Activity nodel.
http://ccl.northwestern. edu/ netl ogo/ nodel s/ HubNet Functi onActivity. Center
for Connected Learni ng and Conputer-Based Mdeling, Northwestern University,
Evanston, |L.

In other publications, please use: Copyright 1999 by Ui WIensky and Wl ter
Stroup. Al rights reserved. See

http://ccl.northwestern. edu/ netl ogo/ nodel s/ HubNet Functi onActivity for terns of
use.

Equipment/Materials Needed:

. TI Navigator System

. NetLogo Software

. NetLogo model: Function Activity.nlogo

. Personal computer

. Projection System (for teacher calculator and computer)
. Tl HubNet Activity: AAA - Function Activity 2.4

Keywords

. Plotting points

. Function

. Moving between verbal descriptions and formal expressions
. Equivalence

. Transformations

Gridlock

Subject Area

Mathematics, Science, Social Sciences

Topics

Emergence, Modeling, Optimization, and Measurement

Abstract/Summary
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Students control traffic lightsin acity. They can either manually switch their lights from red to green and back again, or set a phase
for their light - set the time in the cycle when their light switches. The scenario used to introduce this activity to studentsis that with
elections just ayear away, the class has been commissioned by the Mayor of the City of Gridlock to help improve the traffic
problem in her city. Goals for this activity include having the students devel op strategies for improving traffic flow and, closely
related, developing "metrics' or measurements for traffic so as to support their claims for having improved traffic. Part of
establishing a metric depends upon deciding what aspects of the driving experience might matter the most to drivers (e.g., speed?,
cars stopped?, wait time?), understanding how the metrics might be related or distinct (e.g., how is the number of cars stopped
related to average speed?), creating metrics that may or may not be independent of the number of cars, and deciding which one or
onesto includein areport to the mayor. This project engages many ideas related to how global patterns - for example, traffic flow -
may be the result of lots of local interactions and strategies. From a curricular point of view, this activity has more of a problem
solving or project- based structure to it than some of the other activities. Many specific content areas and mathematical ideas are
engaged, but they are not organized in atraditional linear curricular sequence. Both problem solving and project-based approaches
are strongly supported in national standards documents in both science and mathematics and in many state and local curricular
guidelines. This activity also can be well integrated with social studies topics and raises many science, technology and society
(STS) issues.

Prerequisites:

Arithmetic, Familiarity with traffic flow

Teacher Notes/Procedures:

This activity requires, in addition to a complete Navigator system and NetL ogo software, NetLogo model Gridlock.nlogo and
Navigator activity AAA - Gridlock 1.2.

The QuickStart directions take you carefully through each step that needs to be taken to run around of the Gridlock activity, so
rather than repeat these in detail we'll just focus on the top level "chunks' of this sequence and some of the learning and teaching
possibilities that arise.

HubNet Login

Follow the Top-Level instructions printed at the beginning of this guide to enable the Gridlock activity, clear the server, and clear
the student calculators. Y ou will be prompted to enable the activity and clear the server when the HubNet Gridlock model is
opened.

Setup the Grid

Unlike al the other activities where you need not plan ahead much for how many students log in (where, generally, the ruleisthe
more the merrier), in this activity you need to have an intersection for each student to control. This means the traffic grid needsto
have enough intersections and these need to be arranged in a two-dimensional, rectangular pattern. 30 students are easier to
accommodate (e.g., using a5 x 6 grid) than either 29 or 31. To accommodate these more difficult numbers you have some options
(in descending order of what we've found to be preferable, but you should do what works best for you):

1. create more intersections than necessary and have some of them controlled by the computer (intersections which aren't
controlled by students are automatically controlled by the computer, and you can selectively - one at atime - automate
intersections that may have troubles during the simulation)

2. have afew students pair up

3. have some students control more than one intersection.

Once you've decided on the dimensions of the grid you'll use the sliders in the model to set these dimensions. Next you'll decide
how many carsto include using a slider, and you'll have to decide if you want to run in manual or automatic mode. Manual mode
allows students to change their lights when they want, automatic allows them to set at which time on amodular clock their light
switches. We recommend starting with manual mode. After running the activity while only viewing the data from the Stopped Cars
plot, we recommend turning on a different metric or even all three metrics (by setting display-which- metric to 4) for display in
NetLogo. Y ou can decide which of the three metrics to send back to the calculators. Unlike the Disease activity where each dataset
is associated with different runs, in Gridlock the datafor all three metricsis collected during a single run. This means that at the end
of aparticular run you can send this first metric, have the students get it, then switch the slider and, one at a time, send the other
metrics to the calculators. The students can then get these new datasets. On the cal culators each of these can be displayed one at a
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time, al together, or in any pairings the students might want to look at. Note that the vertical scaleis distinct from metric to metric
and the scaling of the axes will be very different. This may mean that some datasets will be hardly visible if displayed at the same
time as other datasets (metrics).

Now press Setup. Remember Setup is a " powerful™ button, requires students to login, and is typically used only once in aclass
period. Re-Run is used to repeat the activity, doesn't require login, and may be used many times during a class period (assuming you
keep the size of the grid the same).

Initial Student Login

After the setup you will be prompted to press the Initial Login button and then have students login. Asthey do, their user-ids will
appear next to unique intersectionsin the simulated traffic grid. To control their intersection, students will have to choose between
manual and automatic mode from the calculator Main Menu. Again, manual mode allows students to change their lights when they
want, automatic allows them to set at which time on amodular clock their light switches. Start with manual mode.

Rather than tie up an intersection with ateacher calculator (thereby forcing you to switch between observer/facilitator and
participant), a strategy we've used with almost all the activities and that is particularly effective for Gridlock isto have one of the
students use the teacher calculator (you can use either your account or, preferably, the student's). To make some of the logistics
easier, you can have the teacher calculator be on its own hub. Then you can demonstrate what to do when needed, but otherwise let
the students be in charge of the system.

When students are told their intersection they are told using the first quadrant Cartesian coordinates. The traffic light in the lower
left hand corner is (0,0), the one aboveit is (0,1), and the one to the right of it is (1,0). Some teachers have preferred to let the
students figure out how this system works, but generally we have tended to tell students that the first number is how many "over"
starting from zero and the second number is how many "up" starting from zero. They should see their login number at this
intersection. As further confirmation they should select the manual option in the main menu and when the manual mode screen
appears, press either ENTER or the CHNG softkey. This should switch their light and they should note how the red and green
sguares, representing the lights in the respective directions, exchange locations. Thisiswhat allows cars to passin one direction and
not in the other.

If thereis an intersection that isn't working for some reason, you can "automate” it by pressing the "Revert Light to Unmanned”
button, then clicking on the intersection to automate. Repeat this procedure for as many intersections as needed.

L etting the Traffic Go

Once everyone has logged on and found their intersections, press the Initial Login button again to turn it off. Y ou can choose to
discuss the different graphical metrics before the students start, but we recommend (pretty strongly, since students will be antsy to
assume control of the network) that you wait until after things have run for awhile to discuss them. And then we recommend
starting a discussion only after you have pressed the Go button again (to turn it off) to stop the traffic flow. While students will
become very animated in controlling the traffic, you can encourage them at least alittle bit to "notice the graphs” asthey are

playing.

Remind the students that they are suppose to be improving traffic flow, and press the Go button to let them have at it for awhile
longer.
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At first students will be very focused on their own intersections, then they will tend to become aware of how their intersections are
impacted by the ones around them (such that you'll hear them "encouraging” their peers[e.g., "Hey, number 3 turn your light
faster!"]) and they might even begin to develop local strategies that they'll work to articulate. Asthisis going on, you might report a
top-level characterization of how they are doing ... "Ooh, things are getting better (worse) ... whatever you all are doing is starting to
payoff (or not)."

Depending on how in-control you feel, you might want to have the last 10 - 20 seconds of the first run be with their hands off the
calculators. Obvioudly this will suddenly make the traffic much worse (we expect!) but the contrast will be useful in helping to
understand the relationships between the metrics and what it is they measure. Then press the Go button again to stop the flow of
traffic.

Discussion of Strategies

A place to start the discussion isto ask students what strategies they used in controlling their traffic light. Some of the strategies
we've heard include:

. Turning green in the direction that there are the most stopped cars (we call this the "traffic cop" strategy because it isthe one
police officers use when directing traffic)

. Turn green in the direction the most cars are coming from

. Follow the light before my intersection (usually students mean vertically)

. Just alternate (sometimes with a counted interval [hinting at what the auto? yes mode is about], sometimes not)

You can also ask if these are strategies that everyone might do (almost all of them are). Also ask if there are other strategies that
might be tried as a group. Two of the most common are:

. "Synch the lights" where one turns green, then another, then another. Thisis a strategy they may have experienced in some
cities. Lots of interesting conversation can happen about how to implement this and whether "synch”-ing one direction (e.g.,
downward) will synch in the other (to the right).

. Inavariation of the second strategy above, by anticipating stop the fewest cars.

. Push the studentsto see if they can generalize some of their earlier strategies.

Getting Data Out to the Calculators
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It isimportant that the discussions and analyses of results not always be "centralized." One of the distinctive features of the HubNet
designisthat it puts powerful functionality in every student's hands so that each of them can become more facile and nuanced in
using this functionality to make sense of complex phenomena.

Press the Send Data button in NetLogo. This sends data from the participatory simulation to the server. Now the students have to
get this data. The students should return to the Main Menu on the calculator and select the option to View Data. The calculators will
retrieve the data set from the server and display it as a statplot on the calculator. Y ou should see the data and softkeys like the
following.

Ack JEETT ]

Y ou can turn a data set on and off by pressing the softkey corresponding to the data set. So if you pressed the SET1 data key above,
this graph would no longer be plotted and you'd see the following for softkeys.

BACK SET1 RFSH

The strike-through means this set is now off. After turning the data set on, pressing the right and left arrow keys moves you through
the data set. If more than one data set was displayed, the up and down arrows would move between them. Pressing ENTER returns
you to the screen with the softkeys.

Y ou can now send a second data set by moving the slider on the calcul ator-data-set slider AND the metric passed slider to a new
value (say, "2" for the second metric). Press Send Data and have the students press the RFSH softkey. They will be sent the new
data set and both data sets will be on.

Because these data sets, unlike those for the Disease participatory simulation, are for different quantitiesit is likely that it will be
hard to see both data sets at the same time. Pressing the softkey associated with which one you'd no longer like to see, will toggle
this plot off.

Repeat the send sequence for the third metric (move both slidersin NetLogo; students press refresh).
Discussion of Metrics

All three metrics will now be on the calculators. We have found it valuable to have students work in groups of three at this point,
where each student has one of the three sets toggled on and the others off. Then the group can set all three calculators near each
other and start to use the right and left arrowsto find interesting or recognizable related sections (e.g., at the end, if you had them
take their hands off the calculators this should be a recognizable section). All the graphs have the same horizontal time scale and
this axis has the same interpretation for all three (the number of "ticks" of the simulation clock from the beginning of the simulation
[actualy it is sampled, but the sampling isidentical]). Comparisons between the calculators in agroup at a given time step or series
of time steps are possible.

Ask the groups of students to compare the graphs and see how they might be related. The three metrics are:

. Stopped Cars (1)
. Average Speed of Cars(2)
. Average Wait Time of Cars (3)

If they think an increase in one quantity should be related to an increase or decrease in another quantity, they should be able to find
thisrelation in the graphs at a given region of time. Note, too, that two of these quantities are "averages' and oneisjust a count
(Stopped Cars). How might this difference show up in the data? Finally, each group should start to think about which data set is
most useful as ametric for the quality of traffic flow. Why? If they think more than one is needed, which ones and why?

Repeating the Simulation

Now that you have discussed possible strategies and metrics, you can rerun the simulation any number of times. If thereis one
metric you've decided on, you can now collect data using this same metric for different trials (instead of 1oading the three data sets
from onetrial aswe did above). To do thisyou'll leave the metric-passed slider alone, and move only the cal culator-data-set slider
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each time you do anew trial (either before your start the new trial or after, it doesn't matter; then remember to press Send Data to
put it on the server for the calculators to get).

Press the Re-Run button to clear out the graph plots. Choose which metrics you want visible on the upfront screen by changing the
value of the display-which-metric dider (if you've decided on one you can choose that one, otherwise number "4" will give you all
three metrics at the same time).

If you've decided on a strategy, make sure everyone understandsit. Asit may be easier to make comparisonsif you do nearly the
same amount of time for each strategy (and the sampling that is happening will be lesslikely to cause confusion), decide and
announce in advance how long you are going to let the simulation go. If the strategy requires some coordination, have the students
work this out in advance. If someoneis, for example, to "count to ten" make sure someone is appointed. It is preferable if a student
isin these specialty roles. So if you do have an extra student, let him or her take up this role. Now press Go and let the students
implement the strategy.

Press Go to stop the data collection. Press Send Data. Have the students go out to the Main Menu and then into VIEWDATA to
make sure they got the dataset. (Y ou can go right on to the next step, without checking the data, if you are pressed for time).

If thereis a second strategy (and/or athird after that), remember to move the calculator-data-set slider (but NOT the metric-passed,
if you want the same metric for all three trials). Press Re-Run, make sure students are ready to implement the next strategy and then
press Go. Press Go again to stop. Then Send Data and have the students press BACK and then go into view data. The auto modeis
an interesting capability and you are encouraged to have students at least think about this as one of the optionsto try. [If there are
more than three strategies, maybe decide which one (or two) are the best so far, and then overwrite the loser with a fourth strategy.]

Now comes the challenge of comparing complex data sets. Let groups of students brainstorm different ways of comparing. Note
that the students can now go to the QUIT option in the main menu and press ENTER. If they may want to come back into the
software later, choose "USE CALCULATOR" (the server remembers which calculator had which login number and NetL ogo will
remember which intersection was assigned to which calculator). If you are not planning on having them re-enter the activity, choose
LOG OFF. If you did the Use Calculator option and now want back "in", press APPS and then Network as if you werelogging in
again, but now you'll jump past the login screen and right into the activity. Press Re-Run and make whatever other adjustments you
want to make. If you chose Log off and now have decided you really want to go back in, then you'll just need to start from scratch
on the Setup sequence.

The datasets are till in the calculator. Press 2nd then STAT to get LIST. Thisdisplaysthe LISTS in the calculator. DATAL,
DATAZ2, and DATA3 arethe vertical valuesand TIMEL, TIME2, and TIME3 are, as you might expect, the corresponding time
lists. The calculator has a huge set of analysistools available on it. In addition, students should be encouraged to make up their own
forms of analysis that may or may not make use of these tools.

You can structure this analysisin lots of different ways. GraphLink can be used to preserve groups datasets for the next day (reload
one of the calculators from the group with the data and then have them transfer the data between the calculators using the LINK
command [2nd then X, T, theta, n]). The analysis can, easily, take awhole period if done thoroughly. At some point students should
present their analyses to the class. The purpose of the presentation isto make a recommendation to the Mayor and be able to defend
this recommendation. Both the teacher and their peers can eva uate groups on how well they achieve this.

Extensionsand Other Thingsto Try

Try changing the speed limit for the cars. How does this affect the overall efficiency of the traffic flow? Are fewer cars stopping for
less time? Is the average speed of the cars higher or lower than before?

Try changing the number of cars on the roads. Does this affect the efficiency of the traffic flow?
How about changing the speed of the simulation? Does this affect the efficiency of the traffic flow?

Using HubNet, try running this simulation with AUTO? being true and AUTO? being false. Isit harder to make the traffic move
well using one scheme or the other? Why?

Using HubNet, try running this simulation with AUTO? being true. Try to find away of setting the phases of the traffic lights so
that the average speed of the carsis the highest. Now try to minimize the number of stopped cars. Now try to decrease the average
wait time of the cars. Is there any correlation between these different metrics?
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Time Considerations

2to 4 days

Curriculum Standards

From the NCTM standards -

Data Analysis and Probability -
o Formulate questions that can be addressed with data and collect, organize, and display relevant data to answer them
Problem Solving -
o solve problems that arise in mathematics and in other contexts
o apply and adapt a variety of appropriate strategies to solve problems
Connections -
o recognize and use connections among mathematical ideas
o understand how mathematical ideas interconnect and build on one another to produce a coherent whole
o recognize and apply mathematicsin contexts outside of mathematics
Representation -
o use representations to model and interpret physical, social, and mathematical phenomena

Curriculum Objectives

As the students decide upon various metrics, they form connections between the model and the mathematics they decide to use.
They will also try several strategies, and have the opportunity to tie together many ideas from mathematics and social analyses of
behavior and preference.

Support Resources in NetLogo

These are resources that are included in the HubNet Gridlock model.

QuickStart Instructions

Teacher: Follow these directions to setup the HubNet activity.

Optional- Zoom In (see Tools in the Menu Bar) - optional

Change the traffic grid (using the diders GRID-SIZE-X and... GRID-SIZE-Y) to make enough lights for everyone.
Change any other of the settings that you would like to change.

For example, if you plan on running Gridlock in... the MANUAL mode, be sure to have AUTO? set to OFF.

Also be sureto set CALCULATOR-DATA-SET and... METRIC-PASSED to the appropriate values.

Press the SETUP NetL ogo button.

Pressthe INITIAL LOGIN button.

Everyone: Reset the RAM on your calculator (2nd MEM 7 1 2).

Login to the calculator.

Teacher: Once everyoneis at the calculator Main Menu... stop the INITIAL LOGIN button by pressing it again.
Everyone: Whichever mode AUTO?is set for in NetLogo,... choose that option on the calculators at the calculator Main
Menu.

If you have chosen MANUAL,...
you can change the state of your light by pressing... ENTER or the SWCH softkey on the calculator.
If you have chosen AUTO,...

you can change the phase of your light by pressing... a number in the range 00-99.

Teacher: Once everyone is in the appropriate section,... start the simulation by pressing the GO button.

Everyone: After awhile of running the simulation,... you may want to view the data that NetL ogo could send.

Press the BACK softkey to return to the Main Menu.

Teacher: Once everyone is back in the calculator Main Menu... press the NetL ogo GO button to stop it.

Make sure that CALCULATOR-DATA-SET and METRIC-PASSED... are set to the appropriate values that you want to...
send to the calculators.

Pressthe SEND DATA button.

Everyone: To view the data sent to the calculators,... choose the VIEW DATA option.
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. Teacher: To send different datato the calculators,... change the values of CALCULATOR-DATA-SET and... METRIC-
PASSED and press the SEND DATA button.

. Everyone: To collect more data, choose the... calculator menu option that corresponds to... the AUTO? switch and continue.

. Teacher: Start the model by pressing the NetLogo GO button.

. To change the mode of AUTO?....

. Everyone: Exit to the calculator Main Menu.

. Teacher: Change the value of AUTO?.

. Pressthe NetLogo RE-RUN button.

. Everyone: Whichever mode AUTO?is now set for in NetLogo,... choose that option on the calculators at the calculator Main
Menu... and continue.

. To change the metric plotted in NetLogo,...

. Select the CHOOSE METRIC option at the calculator Main Menu.

. Press1toseethe STOPPED CARS plot, 2 for... the AVERAGE SPEED plot, 3 for the AVERAGE WAIT plot, and... 4 for
all three plots.

. Teacher: Torerun the activity with the same group,... do not clear the server.

. Everyone: Exit to the calculator Main Menu.

. Teacher: In NetLogo, press the NetLogo GO button, if it ison.

. Change the values of the sliders and switches to... the values you want.

. Pressthe RE-RUN button.

. Everyone: Choose the appropriate option from... the calculator Main Menu based on the value of AUTO?.

. Teacher: Once everyoneisin the appropriate section,... restart the simulation by pressing the GO button.

. Teacher: To start the simulation over with anew group,... stop the model by pressing the NetLogo GO button, if it ison.

. Have everyone, including yourself, logout of their calculators.

. Pressthe ERASE ALL DATA button on the TISCHOOL site.

. Pressthe NetLogo SETUP button.

. Follow these instructions from the beginning again.

Information Tab

VWHAT IS IT?

Students control traffic lights in a real-tinme traffic simulation. The
teacher controls overall variables, such as the speed Ilinmt and the nunber
of cars. This allows students to explore traffic dynam cs, which can | ead
into many areas of study, fromcal culus to social studies.

Chal | enge the students to devel op strategies to inprove traffic and discuss
the different ways to nmeasure the quality of traffic.

The coordinates for the traffic lights are based on the first quadrant of
the Cartesian plane. Therefore, the traffic light with the coordinates
(0,0) isin the lowest row and the left-nost columm. The traffic |ight
above it has coordinates (0,1) and the traffic light to the right of it has
(1,0).

This activity requires the Tl Navigator activity AAA - Gidlock 1.2

For further docunentation, see the Participatory Simulations Guide found at
http://ccl.northwestern. edu/ ps/

HOWTO USE I T

Contains instructions as to howto quickly setup the nodel, calculators, and
Tl School web page so as to run this activity. The instructions can be found
bel ow.
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Teacher: Open the Tl School site in your web browser.

Enabl e activity AAA - Gidlock 1.2

Open the teacher consol e and press the ERASE ALL DATA button.

If it is not open already, open the NetlLogo nodel.

If you are pronpted by a Login dialog, enter your teacher id and password
and any other necessary information.

Optional - ZoomIn (see Tools in the Menu Bar)

Change the traffic grid (using the sliders GRID-SIZE-X and GRID-SIZE-Y) to
make enough lights for everyone.

Change any ot her of the settings that you would like to change.

For exanple, if you plan on running Gidlock in the MANUAL nbode, be sure to
have AUTO? set to OFF.

Al so be sure to set CALCULATOR- DATA- SET and. METRI C- PASSED to the

appropri ate val ues.

Press the SETUP Net Logo button.

Press the NetLogo INITIAL LOG N button.

Everyone: Reset the RAMon the calculator by pressing the follow ng keys:
2nd MEM 7 1 2.
Login to the cal cul ator.

Teacher: Once everyone is at the calculator Main Menu, stop the I NI TIAL
LOA N button by pressing it again.

If there are extra intersections that are not associated with a cal cul ator,
they will switch automatically at the begi nning of each cycle.

Everyone: Wi chever node AUTO? is set for in NetLogo, choose that option on
the cal cul ators at the cal cul ator Main Menu.

If you have chosen MANUAL, you can change the state of your |ight by
pressing ENTER or the CHNG softkey on the cal cul ator.

If you have chosen AUTO, you can change the phase of your |ight by pressing
a nunber in the range 00-99.

Teacher: Once everyone is in the appropriate section, start the simulation
by pressing the GO button.

Everyone: After a while of running the simulation, you may want to view the
data that NetLogo coul d send.
Press the BACK softkey to return to the Main Menu.

Teacher: Once everyone is back in the calculator Main Menu press the NetlLogo
GO button to stop it.

Make sure that CALCULATOR- DATA- SET and METRI C- PASSED are set to the

appropri ate values that you want to send to the cal cul ators.

Press the SEND DATA butt on.

Everyone: To view the data sent to the cal cul ators, choose the VI EW DATA
option.

Teacher: To send different data to the cal cul ators, change the val ues of
CALCULATOR- DATA- SET and METRI C- PASSED and press the SEND DATA button.
Everyone: To collect nore data, choose the cal cul ator menu option that
corresponds to the AUTO? switch and conti nue.

Teacher: Start the nodel by pressing the NetlLogo GO button.

To change the node of AUTQO?,

Everyone: Exit to the cal cul ator Main Menu

Teacher: Change the val ue of AUTO?.

Everyone: Wi chever node AUTO? is now set for in NetlLogo, choose that option
on the calculators at the calculator Main Menu and conti nue.
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To change the metric plotted i n NetLogo,

Sel ect the CHOCSE METRI C option at the cal cul ator Main Menu.

Press 1 to see the STOPPED CARS plot, 2 for the AVERAGE SPEED plot, 3 for
the AVERAGE WAIT plot, and 4 for all three plots.

To rerun the activity with the sanme group,

Teacher: Do not clear the server.

Everyone: Exit to the cal cul ator Main Menu.

Teacher: In NetLogo, stop the GO button if it is on by pressing it.

Change the values of the sliders and switches to the val ues you want.

Press the RE-RUN button.

Everyone: Choose the appropriate option fromthe cal cul ator Main Menu based
on the val ue of AUTO?.

Teacher: Once everyone is in the appropriate section, restart the sinulation
by pressing the GO button.

To start the sinulation over with a new group,

Teacher: Stop the nodel by pressing the NetLogo GO button, if it is on.
Have everyone, including yourself, logout of their calculators.

Press the ERASE ALL DATA button on the TISCHOOL site.

Press the NetlLogo SETUP button.

Fol | ow these instructions fromthe begi nni ng again.

SETUP - generates a new traffic grid based on the current GRI D SI ZE- X and
GRI D Sl ZE- Y and NUM CARS nunber of cars. This also clears all the plots.
This should only be pressed when starting out with a new group of users
since all users associated with a traffic light will be disassociated from
that traffic |ight.

RE-RUN - allows you to keep the current traffic |ight/calcul ator

associ ations, but clears the plots and after deleting all the currently

exi sting cars, creates NUM CARS nunber of cars. This does not change the
grid size. This should be used to setup the nodel again for collecting nore
data or running the nodel again with the sane users connect ed.

@O - runs the simulation indefinitely

SEND DATA - sends the data accrued in the |list specified by METRI G PASSED t o
the cal cul ator data set specified by CALCULATOR- DATA- SET. Further, if the
list sent is larger than a maxi nrumvalue, the list that is sent is
"sanpled." This neans that itens are renmoved fromthe list that is sent in
a periodic manner so until there is at npbst the nmaxi mum nunber of el enents.
Sanpling is necessary since the calculator can only handle a certain anmount
of dat a.

INFTIAL LOG@ N - allows users to log into the activity wi thout running the
nmodel or collecting data

REVERT LI GHT TO UNMANNED - allows you to force a light to begin sw tching
automatically. This is handy when a cal culator drops its connection and the
corresponding light is holding up traffic.

NEXT >>> - shows the next quick start instruction

<<< PREVI QUS - shows the previous quick start instruction

RESET | NSTRUCTI ONS - shows the first quick start instruction

SLI DERS:

SPEED-LIMT - sets the maxi mum speed for the cars

NUM CARS - the nunber of cars in the sinulation (you nmust press the SETUP or
RE- RUN buttons to see the change)

S| MULATI ON- SPEED - t he speed at which the sinulation runs

Tl CKS- PER- CYCLE - sets the maxi mum val ue that the phase can be. This has no
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ef fect when the nodel is run with AUTO? fal se. Al so, the phase that each
user chooses is scaled to be less than or equal to this val ue.

GRID- Sl ZE- X - sets the number of vertical roads there are (you rmust press
the SETUP button to see the change)

GRID-SI ZE-Y - sets the nunber of horizontal roads there are (you must press
the SETUP button to see the change)

CALCULATOR- DATA- SET - the nunber of the graph in the calculator to which the
current data will be sent and displayed on the cal cul ators when the VI EW
DATA menu option is chosen

METRI C- PASSED - determnines which plot data to send to the calculators. 1 =
the data from STOPPED CARS, 2 = the data from AVERACE SPEED OF CARS, 3 = the
data from AVERAGE WAIT TI ME OF CARS

DI SPLAY- WHI CH METRI C - determ nes which plot is drawn in NetlLogo. 1=STOPPED
CARS, 2=AVERAGE SPEED OF CARS, 3=AVERAGE WAIT TIME OF CARS, 4=all three
plots. It should be noted that if this is 4, the cal cul ators cannot change
thi s val ue.

SW TCHES:

CRASH? - toggles car crashing

POAER? - toggles the presence of traffic lights

AUTO? - toggles between automatic node, where the students' |ights change on
a cycle, and manual in which students directly control the lights with their
calculators. Lights which are not associated with students al ways change on
a cycle.

STOPPED CARS - di splays the nunber of stopped cars over tine

AVERAGE SPEED OF CARS - displays the average speed of cars over tine
AVERAGE WAIT TI ME OF CARS - displays the average tinme cars are stopped over
time

CALCULATOR | NFORWVATI ON

Students and teacher have identical cal cul ator prograns.

STUDENT CALCULATOR:

After logging in, in the calculator Main Menu it is possible to choose

bet ween manual and automatic node. | MPORTANT!! The npde sel ected needs to
mat ch with the node chosen in the NetLogo nodel via the AUTO? switch. In
MANUAL node, press ENTER or the CHNG softkey to switch the state of the
light you control. |In AUTO node, enter the phase for your light. The phase
must be in the range 0-99.

You can al so choose to view plot data passed back to the cal cul ators by
choosi ng the VI EW DATA option. Be sure that data has been sent to the
cal culators by pressing the SEND DATA button in NetlLogo first.

It is possible to pick which netric is plotted in the NetLogo plots by
choosing the CHOOSE METRI C option. Press the nunber 1 to show the STOPPED
DATA plot, 2 to show the AVERAGE SPEED OF CARS plot, 3 to show the AVERAGE
WAIT TIME OF CARS plot, or 4 to show all three plots sinultaneously. It
shoul d be noted that if this is 4, the cal culators cannot change this val ue.
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THI NGS TO NOTI CE

When cars have stopped at a traffic light, and then they start noving again,

the traffic jamw |l nove backwards even though the cars are noving
forwards. Wiy is this? Discuss in your class possible reasons for this
phenonena.

THI NGS TO TRY

Try changing the speed Iimt for the cars. How does this affect the overal
efficiency of the traffic flow? Are fewer cars stopping for a shorter
anount of time? |s the average speed of the cars higher or |ower than

bef ore?

Try changi ng the nunber of cars on the roads. Does this affect the
efficiency of the traffic flow?

How about changi ng the speed of the simulation? Does this affect the
efficiency of the traffic flow?

Usi ng HubNet, try running this simulation with AUTO? being true and AUTO?
being false. Is it harder to nmake the traffic nove well using one schene or
the other? Wy?

Usi ng HubNet, try running this sinulation with AUTO? being true. Try to
find a way of setting the phases of the traffic lights so that the average
speed of the cars is the highest. Nowtry to ninimze the nunber of stopped
cars. Nowtry to decrease the average wait tine of the cars. |Is there any
correl ation between these different netrics?

EXTENDI NG THE MODEL

Currently, the maxi numspeed |limt (found in the SPEED-LIMT slider) for the
cars is 1.0. This is due to the fact that the cars nust | ook ahead the
speed that they are traveling to see if there are cars ahead of them |If
there aren't, they speed up. |If there are, they slow down. Looking ahead
for a value greater than 1 is a little bit tricky. Try inplementing the
correct behavior for speeds greater than 1.

The way that NetlLogo sanples the data lists sent to the calculators is a
very sinple nmethod of sanpling lists. Try inplenmenting a nore conplicated
way of sanpling the lists. For instance, you could sanple a small portion
of the list.

CREDI TS AND REFERENCES

This activity and associated nodels and materials was created as part of the
proj ect: PARTI Cl PATORY S| MULATI ONS: NETWORK- BASED DESI GN FOR SYSTEMS
LEARNI NG | N CLASSROOVS. The project gratefully acknow edges the support of
the National Science Foundation ( REPP program) -- grant nunber REC
#9814682.

Copyright 1999 by Uri WIensky & Walter Stroup. Updated 2001, 2002. Al
rights reserved.

Perm ssion to use, copy, or nodify this software and its associ at ed
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docunent ati on, nodels and curricular materials for educational and research
purposes only and without fee is hereby granted, provided that this
copyright notice and the original authors' names appear on all copies and
supporting docunentation. For any other uses of this software, in origina
or nodified form including, but not limted to distribution in whole or in
part, specific prior perm ssion nust be obtained fromUi WIensky and

Wal ter Stroup. These prograns shall not be used, rewitten, or adapted as
the basis of a comercial or hardware product w thout first obtaining
appropriate licenses fromUi WIensky & Walter Stroup. We make no
representations about the suitability of this software for any purpose. It
is provided "as is" wthout express or inplied warranty.

To refer to this nmodel in academ ¢ publications, please use: WIlensky, U &
Stroup, W (1999). NetLogo HubNet Gidl ock nodel .

http://ccl.northwestern. edu/ netl ogo/ nodel s/ HubNet G'i dl ock. Center for
Connect ed Learni ng and Conputer-Based Mdeling, Northwestern University,
Evanston, |L.

In other publications, please use: Copyright 1999 by Ui WIensky and Walter
Stroup. Al rights reserved. See
http://ccl.northwestern. edu/ netl ogo/ nodel s/ HubNet Gri dl ock for terns of use.

Equipment/Materials Needed:

. Tl Navigator System

. NetLogo Software

. NetLogo model: Gridlock.nlogo

. Personal computer

. Projection System (for teacher calculator and computer)
. Tl HubNet Activity: AAA - Gridlock 1.2

Keywords

. Modd

. Emergence
. Traffic

. Measurement
. Metric

. Phase

. Average

Elevators

Subject Area

Mathematics, Science
Topics

. Rate and Amount

. Graph Interpretation

. Slope

. Addition of Signed Integers

. AreaModel of Multiplication
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. Derivative and Integral
. Modeling

Abstract/Summary

Like the function activity, there are lots of different ways and places in the math or science curriculum where the elevators activity
can be used. Much of the core functionality and the idea of using "delta blocks' as away into students making sense of rate-related
graphing comes from prior work by the SimCalc Project (one of the authors of these materials was a researcher on that project)s3.
The key differencein this context is leveraging the group capabilities of the HubNet system and in particular the flexibility of using
NetL ogo as a scripting language. Emergent patterns of motion develop from the interaction of students' individual graphs and
overall patterns in the motion of the elevators on the up-front display space.

The goal of this activity is for students to begin to make sense of the relationship between graphical renderings of rate - the vel ocity
of the elevator - and amount - which floor the elevator is on. Delta blocks are blocks of area"under" avelocity time graph. Students
build understanding by literally building "walls" and transferring these walls onto a vel ocity time graph to see how differently
shaped wallsresult in different motions of asimulated elevator. A second goal isto be able to see connections between what is
often thought of as basic math (e.g., signed addition of delta blocks or area models of multiplication) and advanced mathematics
like calculus. Teachers we've worked with have been most enthusiastic about how this approach actually uses calculus ideas - for
example, the area"under" avelocity graph - to help teach basics! A third goal isto use the complexity of varying rates and many
elevators moving together as a starting place for making sense of rate. Rather than starting with a simple constant rate for one
elevator and then having students build from this simplicity to the complexity, this approach uses the texture of varying rate
(differently shaped "walls', asintroduced below) and many elevators moving in parallel to make sense of rate in general and of
constant rate (e.g. y = mx + b, wherem is arate) asa"specia" or limited case (where the delta-blocks wall is of a constant height).
It isimportant to emphasize that this delta-blocks approach has been extensively tested in some of the most economically
challenged schoolsin the United States (and in Mexico as well) and used successfully with learners as young as third graders (even
younger in some cases). While there are lots of ways of starting this HubNet activity we have found that starting with physical
blocks and building "real" wallsis very important. Thereis an urge to "skip" thisintroduction, especially with older students. This
has almost always turned out to create problems down the road. The elevators activity can be used in elementary mathematics, pre-
Algebraand Algebra (where you explore linear functions AFTER doing more complex motions and students have a solid feel for
the distinction between what the "m" and "b" might represent), geometry (you'll probably want to download the free MathWorlds
software so as to be able to make more complex areas like triangles, and trapezoids), Algebra Il, and, of course, Pre-Cal culus and
Calculus. Science teachers can use these activities to help with graph interpretation and to help support learning that area under a
curve can represent a change in some quantity (e.g., change in position under a velocity-time graph [kinematics], changein
momentum for area under aforce-time graph, or work for area under a force-position graph and so on).

Prerequisites

Counting
Teacher Notes/Procedures

I ntroduction and Overview

There are many, many ways of starting this activity. We will present an approach (the delta-blocks approach) that has worked with
the largest portion of students (nearly all we've worked with) across the widest range of grade levels and ability. Another more
direct, Zen-like approach that we've also seen used successfully isto very briefly introduce the calculator interface and then simply
tell everyone, "Find away to get your elevator to the fourth floor and then SEND this graph to the upfront screen.” Y ou can then
iterate by saying, "Okay, now start off on afloor other than zero and get to the fourth floor (then, use 8 blocks and get to the fourth
floor and so on)." We very much like the problem solving, figure-it-out-yourself feel to this approach, but our experience has been
that some fraction of the learners will have difficulty and so if you do just "jump in" this way, be ready to be careful about making
sure everyone finds their way "into the game.”

Using the delta-blocks approach students begin by building velocity "walls that control the motion of an elevator. The student
handouts are included below. Follow the QuickStart directions to begin the activity. Even though the network is active, using the
trajectory outlined below the students start off working individually and then move to using the network functionality. At any point,
even if just to show where they're heading, students can send whatever graphs they are working on to the server just to see how their
graphs will actually control one of the upfront elevators.

file:///Users/betzol d/Desktop/hubnet/part-sims-guide.html (48 of 81)5/20/2004 8:26:20am



Participatory Simulations Guide

The "delta-blocks" approach to the mathematics of change and variation builds from emphasizing the arrangements of "blocks" of
area under avelocity graph. Students use arrangements of delta-blocks to come to an understanding of what awall being "higher" or
"lower" in specific regions means for the motion of asimulated elevator and of what, in a calculus class, would be referred to as the
"areaunder a curve' means for the change (the "delta’ of delta blocks) in position of the elevator. They also develop a sophisticated
notion of additive inverse related to blocks of area"above" the axis "canceling" with blocks of area"underneath” the axis. Later in
the activity the students can compare their velocity wall (or graph) to a corresponding position-time graph, by toggling between
them. The sequence of activities familiarizes students with the interface and has them explore various challenges with complex
motion (where velocity changes).

Some of the challenges have students create graphs with some portions of the velocity graphs being the same. They should see that
in these regions the elevators "move the same" even if they arein different places. To introduce the idea of "solving" (asit is
discussed in Algebra), challenges are given where portions of the position-time graphs are the same or where the graphs are all to go
through a particular point. In these regions where the position-time graphs are identical, the elevators are "al in the same place and
moving the same"; where thereisjust apoint in common they are al at the same floor at this point but otherwise may bein very
different locations.

If you want to return to the specia linear case students can be asked to create constant velocity graphs so asto generate linear
position-time graphs. With the velocity "walls" associated with linear position graphs forming a rectangle, connections can easily be
made to the area model of multiplication in arate-based context (rate [height] * time [width] = change in position [area]).
Computing a slope can be seen as solving for the height of the wall, given the area (change in position) and the base (the change in
time). On a position-time graph, this change in position divided by the change in time is the definition of slope or what the students
will start off calling "steepness.”" Thus a connection is made between slope, what it represents, and the various ways of computing it.
Slopeisalso clearly distinguished in children's thinking from the "y-intercept" or, in the elevator context, where the elevator starts
off. Additionally, the idea of solving for x can be associated with finding where two elevators are at the "same place" or same floor.
Again this follows up on the more complex challenges related to sharing regions or points that are mentioned above. Start with
these more interesting and textured cases to help students make better sense of the simple, more uniform case of linear functions.

Overall the activity starts with building walls, has students transfer the walls to the simulations software to see how they "control”
the elevator, moves on to some individual challenges, and then jumps to explorations involving using the network and being able to
see everyone's elevators moving at the same time. Copies of the Handouts should be given to each student but you can always
conserve paper by having them write/draw in their notebooks or simply jump to transferring the walls right into the software (and
then describing the motion they see).

Starting with Building Physical Walls
The Handout takes students through the construction of two physical walls using 6 blocks each. Walls should be built vertically,

blocks should not be hidden behind the wall, and blocks should be placed (vertically) directly on top of each other (no straddling or
arches).

Students should sketch a side view of each of their walls.
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You'll need to provide an introduction to using the calculator software. If you haven't started up the network, do so now and have
students login, etc. Follow the QuickStart directions.

When the students log in you should take them through how to use the software. The handout has directions as well so what follows
isincluded as background.

How to Edit the Graphs and Run the Elevator

The following describes how to enter these walls by using the programs that reside in the calculator. Students and teacher have
identical programs that use the following keys:

To change the initial floor for the elevator press 0O
or LEFT/RICGHT arrow until O is indicated as the selected interval in the
upper |eft corner of the screen.

To change the velocity during a tinme interval, press the nunber of the
interval (1-9) or LEFT/RIGHT arrows until that interval is indicated as the
sel ected interval in the upper left corner of the screen. Then press

UP/ DOWN t 0 adj ust the val ue.

To change the duration of a tine interval, select that interval. Then press
2ND + LEFT/RI GHT to make the interval shorter/longer by half a second.
Intervals default at one unit of time long (roughly a second), and can range
from.5to 3. [Note: half intervals currently will not show in the graphics
wi ndow of Net Logo].

To view the notion of the elevator, select the GO softkey.

To toggle your display between the velocity vs. tine graph and the position
vs. time graph, press the DI SP softkey.

To send your notion to the class and to NetlLogo, press the SEND softkey.

To view the class' set of motions individually, press the GET softkey. The
first graph sent will then appear on your screen. To cycle through all the
sol utions, press ALPHA + LEFT/RI GHT. Each solution can be edited on your
cal cul at or.

To toggl e between sets of softkey menu options, press the MORE softkey.

To restore your solution, press the RCLL softkey (which is on the second
menu, accessible via the MORE softkey)

To clear your current graph, press the CLR softkey.

To quit the activity, press the QU T softkey. The programw ||l ask you to
verify that you would like to quit.
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After entering a graph, the screen will ook something like the following.

DIZFIGET [ZENDT GO0 [MORE
The delta-blocks are the blocks of area between the graph and the axis. For example, in thefirst interval there are two delta-blocks
(imagine shading-in the area under the piece-wise constant velocity segment). There is one negative block in the next interval

(students will discover these later on), one positive block in the next, and so on. Because the elevator is shown starting one floor "in
the basement" the final location of the elevator isthisinitial position plus the sum of the delta-blocks: -1 plus2 +-1+1+2is3.

The students should use these handout instructions and enter in their walls. Thisis designed to alow them to become comfortable
with the interface, and then start to try to understand how the wall and the elevator's motion are connected. Later in the activity they
should pressthe "DISP" key and look at the position-time graph. When they first do this, you may want to just ask the students what
this graph represents. See if they can figure out how the two graphs are connected to each other and to the elevator's motion.

Students will say things like the first graph shows how fast the elevator moves and how much it goes up by (the delta blocks). The
second graphstells "where it'sat" or "what floor it'son."

Whereto Begin in Classwith the Simulation Software

To introduce the calculator interface to students in class you may want to start with jointly entering the following "walls' and
discussing what happens when you press the GO softkey. Questions like: How many delta-blocks are there?, Where did the elevator
start and stop?, How did it move (fast/dlow) and where?, and even how many floors did it go fast/slow for?

ool Thedehadleskamengament | dho - o] The dalta-block aringenent

........... o ]

rrrrrrrrrrr

R L PN 1T

...........

rrrrrrrrrrr

Serwen frow Coltadutor hath Worlds
Students will start to notice the pattern that a "higher" wall isfaster; "lower" is slower and that the number of blocksisrelated to

how far the elevator goes. Push the students to be as clear about what happens as possible.

Now let them enter their own graphs. Ask them to predict for themselves what will happen. Then run the simulation and write the
description on their handouts.

They can, if you want, send up their wall by pressing the SEND key.
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Ask them if they can find themselves. Y ou can use the following NetlL ogo button and switch to focus in on one graph at atime:

Pick Elevator To Plot J

ﬂ gi}r plot-all-elevators?

Note that the switch hasto be off to look at asingle graph (and on again to see them all). This feature is quite powerful since the
graphs can become quite crowded.

Moving through the Handout
The handout has a series of challenges of quickly increasing difficulty. For our work with younger students we do more activities
like the onesin the first homework handout. Start off spending alot of time asking the students where the elevator will be after one
second, two, three and so on. Thiswill help with the transition to understanding the position graph. The position graph, again, is

displayed by pressing DISP. Pressing DISP again will bring you back to the velocity graph.

After thefirst challenge, al of the challenges are designed to create patterns that are interesting in the upfront space. That is, thereis
something "in common" among all of them that is reflected in the upfront motions and graphs.

For the second challenge, there are two "tricks" for getting to the 4th floor using 6 blocks; either start with the elevator "in the
basement"” (press 0 and then down arrow) or use blocks under the axes.

Ilustrative of the kinds of patterns that will emerge in the upfront space, Challenge 4 requires students to have graphs with the
following pattern in common.
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Welooity

Floprs/Second
B

Decand

The result of students sending distinct graphs but with this pattern in common isillustrated by the following sequence. Note what
happens in the following regions of the graph (corresponding to the blocks shown above).

Elevator Po; tion vs. Intervals Pens

9.0

Position

-9.0

0.0 Intervals 9.0

The graphs are parallel. The elevators will al move together in the same directions at the same speeds, but at different positions.

Here is a step-by-step (using Go Once) view of what you'll see upfront. Notice how the elevators moving in the positive direction
leave a green trail and those moving in the negative direction leave ared trail. Thistrail aso fades over time.

Initial Positions -
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Elevator Position vs. Intervals Pens
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Elevator Position vs. Intervals Pens
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Elevator Position vs. Intervals Pens
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9.0

Elevator Position vs. Intervals
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Elevator Position vs. Intervals Pens
9.0

Position

=9.0
0.0 Intervals 9.0

Theideaisthat for al of the challenges you'll see similar contrasts that will help students understand the graphs.

Homework

These are included (below) to show the kinds of things students could work on at home without the technology.

Time Considerations

This unit was developed for use around 4 class days, and can be easily broken into different sections so asto make it shorter or to
target specific concepts.

Curriculum Standards

From NCTM standards, students should learn how to:

. Organize and consolidate their mathematical thinking through communication

. Communicate their mathematical thinking coherently and clearly to peers, teachers and others
. Analyze and evaluate the mathematical thinking and strategies of others

. Use the language of mathematics to express mathematical ideas precisely

« Understand patterns, relations and functions

. Represent and analyze mathematical situations and structures using algebraic symbols

. Use mathematical modelsto represent and understand quantitative relationships

. Select, apply, and translate among mathematical representations to solve problems

. Use representations to model and interpret physical, social and mathematical phenomena
. Make and investigate mathematical conjectures

. Develop and evaluate mathematical arguments and proofs

. Analyze change in various contexts
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Curriculum Objectives

. Through conversation and responses, students can describe to the class the reasoning behind their predictions, and evaluate
others strategies for meeting the challenges.

. Through modeling phenomena with analytic functions, students can analyze change and mathematical situations using
symbols.

. Through the activity, students can begin to model and interpret physical phenomena using the language of mathematics.

Support Resources in NetLogo
These are resources that are included in the HubNet Elevators model.
QuickStart Instructions

. Teacher: Follow these directions to setup the HubNet activity.

. Optiona- Zoom In (see Tools in the Menu Bar) - optional

. Everyone: Reset the RAM on your calculator (2nd MEM 7 1 2).

. Login to the calculators.

. PressENTER to begin the simulation of the elevators.

. Move around to acquaint yourself with the interface by:

. Pressing the left and right arrows to select different time intervals....

. Pressing the up and down arrows to adjust the velocity of ... the elevator for the currently selected interval.

. Pressthe GO softkey to play the motion described in... the velocity vs. time graph on the calculator.

. Craftindividual velocity vs. time graphs on the calculator.

. Then send your graph to NetLogo by... pressing the SEND softkey on the calculator.

. Teacher: Once everyone has sent the graphs,... press the GO button in the NetLogo model.

. Everyone: Once amotion is sent, you can change the motion and... resend it by using the arrow keys and pressing... the
SEND softkey again.

. When the graphs are sent to the class and NetLogo,... collect the results viathe GET softkey.

. Cycle among the graphs on a calculator by pressing... ALPHA followed by LEFT or RIGHT.

. Teacher: In NetLogo, if you wish to view just one elevator's plots,... press the PICK ELEVATOR TO PLOT button and click
on... an elevator in the Graphics Window.... Then set PLOT-ALL-ELEVATORS? to OFF.

. Toview another elevator's plots, press... the PICK ELEVATOR TO PLOT button again and click on... another elevator.

. Toview al the elevators plotsagain, set... PLOT-ALL-ELEVATORS?to ON.

. Teacher: Torerun the activity, do not clear the server.

. Stop the simulation by pressing the NetLogo GO button.

. Optional- Pick asingle elevator to watch in the plots and... set PLOT-ALL-ELEVATORS? to OFF. - optional

. Pressthe RE-RUN button.

. Torestart the model, press the GO button.

. Teacher: To start the simulation over with anew group,... stop the model by pressing the NetLogo GO button, if it ison.

. Have everyone, including yourself, logout of their calculators.

. Pressthe ERASE ALL DATA button on the TISCHOOL site.

. Pressthe NetLogo SETUP button.

. Follow these instructions from the beginning again.

Information Tab

VWHAT IS IT?

In the cal cul ator program each student defines the notion of an el evator by
setting its velocity as a function of time. The students have 9 different
intervals for which they can set the velocity of the elevator. They can
then send these velocities to NetLogo, where the actions of each el evator
can be di splayed next to the others. This can serve as a junping off point
for concepts ranging fromderivatives and integrals to wave nechani cs.

This activity requires the Tl Navigator activity AAA - El evators
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For further docunentation, see the Participatory Simulations Guide found at
http://ccl.northwestern. edu/ ps/

HOWTO USE I T

Contains instructions as to how to quickly setup the nodel, calculators, and
Tl School web page so as to run this activity. The instructions can be found
bel ow

Teacher: Open the TISchool site in your web browser.
Enabl e activity AAA - El evators.
Open the teacher consol e and press the ERASE ALL DATA button.

If it is not open already, open the NetlLogo nodel .

If you are pronpted by a Login dialog, enter your teacher id and password
and any ot her necessary information.

Optional - ZoomIn (see Tools in the Menu Bar)

Everyone: Reset the RAM on the cal cul ator by pressing the follow ng keys:
2nd MEM 7 1 2.

Login to the cal cul ators.

Press ENTER to begin the simulation of the el evators.

Move around to acquaint yourself with the interface. Pressing the left and
right arrows to select different tinme intervals. Pressing the up and down
arrows to adjust the velocity of the elevator for the currently sel ected

i nterval.

Press the GO softkey to play the notion described in the velocity vs. tine
graph on the cal cul ator.

Craft individual velocity vs. time graphs on the cal cul ator.

Then send your graph to NetlLogo by pressing the SEND softkey on the

cal cul at or.

Teacher: Once everyone has sent the graphs, press the GO button in the

Net Logo nodel .

Once a nmotion is sent, you can change the notion and resend it by using the
arrow keys and pressing the SEND softkey again.

When the graphs are sent to the class and NetLogo, collect the results via
the GET softkey. Cycle anong the graphs on a cal cul ator by pressing ALPHA
foll owed by LEFT or RI GHT.

In NetLogo, if you wish to view just one elevator's plots, press the PICK
ELEVATOR TO PLOT button and click on an elevator in the G aphics W ndow.
Then set PLOT-ALL- ELEVATORS? to OFF. To view another elevator's plots,
press the PI CK ELEVATOR TO PLOT button again and click on anot her el evator.
To view all the elevators' plots again, set PLOI-ALL-ELEVATORS? to ON

Teacher: To rerun the activity, do not clear the server.

Stop the sinulation by pressing the NetLogo GO button.

Optional - Pick a single elevator to watch in the plots and set PLOT-ALL-
ELEVATORS? to OFF.

Press the RE-RUN button.

To restart the nodel, press the GO button.

Teacher: To start the simulation over with a new group, stop the nodel by
pressing the NetLogo GO button, if it is on.
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Have everyone, including yourself, |ogout of their cal cul ators.
Press the ERASE ALL DATA button on the TISCHOOL site.

Press the NetlLogo SETUP button.

Fol |l ow these instructions fromthe begi nning agai n.

SETUP - clears all turtles, and draws |ines marking the floors

RE-RUN - sets up the nodel to be able to run with the current elevators and
with clock set to zero

GO ONCE - noves the turtles by 1 interval

GO - receives information fromthe cal culators and runs the sinulation

Pl CK ELEVATOR TO PLOT - allows the user to pick an elevator to plot the

vel ocity and position information for

NEXT >>> - shows the next quick start instruction

<<< PREVI QUS - shows the previous quick start instruction

RESET | NSTRUCTI ONS - shows the first quick start instruction

SLI DERS

S| MULATI ON- SPEED - the speed the sinmulation runs at. The higher the nunber
the faster it runs.

SW TCHES:

PLOT- ALL- ELEVATORS? - if true, the data for all the elevators will be shown
inthe plots. If it is false and if an el evator has been picked by using
the PICK ELEVATOR TO PLOT button, only the picked elevator's information
will be shown in the plot fromthe current tine tick forward. dd plot data
i s not erased.

SHOW USER-1D? - if true, all the turtles showtheir user-id as its | abel

If false, no | abel is shown.

CALCULATOR | NFORWVATI ON

Students and teacher have identical cal cul ator prograns.

STUDENT CALCULATCR:

To change the initial position of the elevator press 0 or LEFT / RI GHT unti
O is indicated as the selected interval in the upper |left corner of the
screen.

To change the velocity during a tinme interval, press the nunber of that
interval (1 - 9) or LEFT / RIGHT until that interval is indicated in the
upper left of the screen

To view the notion of the elevator select the GO softkey or press ALPHA G

To toggl e between the velocity tinme and position tinme graphs press the DI SP
softkey or ALPHA D

To clear the graph, press PRGM or press the CLR softkey.

If you have sent your graph, and then cleared it, you may recall it by
pressing the RCLL softkey.
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To quit, press 2nd QU T or press the QU T softkey.

To send the notion of your calculator to the class and to NetlLogo, press the
SEND softkey or ALPHA S. \When the graphs are sent to the class and NetLogo,
everyone can collect the results via the GET softkey or ALPHA R To cycle
among t he graphs on a cal cul ator, press ALPHA followed by LEFT or RI GHT

THI NGS TO NOTI CE
Notice if an elevator noves nore than 1 floor during an interval, it equally
di vides the anpbunt of tine spent traveling through each floor

THINGS TO TRY

Identify your elevator (necessary even with the first use!)

Have your elevator sit at the third floor during the fourth time segnent.
What is the same / different between the sol utions?

Make a traveling / standi ng wave.
Have a velocity of +2 during the fourth time interval

Start and End at the sane fl oor.

EXTENDI NG THE MODEL

A real elevator does not nove at a constant speed when noving fromfloor to
floor. It will build its speed gradually until it has reached a constant
speed. Then before reaching the floor it is supposed to stop on, it wll

sl ow down. Try to nake this happen as a part of the nodel

CREDI TS AND REFERENCES

This activity and associated nodels and materials was created as part of the
proj ect: PARTI Cl PATORY SI MULATI ONS: NETWORK- BASED DESI GN FOR SYSTEMS
LEARNI NG | N CLASSROOVS. The project gratefully acknow edges the support of
the National Science Foundation ( REPP program) -- grant nunber REC
#9814682.

Copyri ght 2000 by Uri W/ ensky & Walter Stroup. Updated 2001, 2002. Al
rights reserved.

Perm ssion to use, copy, or nodify this software and its associ at ed
docunent ati on, nodels and curricular materials for educational and research
purposes only and wi thout fee is hereby granted, provided that this
copyright notice and the original authors' names appear on all copies and
supporting docunentation. For any other uses of this software, in origina
or nodified form including, but not limted to distribution in whole or in
part, specific prior perm ssion nust be obtained fromUi WIensky and
Walter Stroup. These prograns shall not be used, rewitten, or adapted as
the basis of a comercial or hardware product w thout first obtaining
appropriate licenses fromUi WIensky & Walter Stroup. W make no
representations about the suitability of this software for any purpose. It
is provided "as is" wthout express or inplied warranty.
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To refer to this nodel in academ c publications, please use: WIensky, U &
Stroup, W (2000). NetlLogo HubNet El evators nodel .

http://ccl.northwestern. edu/ netl ogo/ nodel s/ HubNet El evat ors. Center for
Connect ed Learni ng and Conputer-Based Mddeling, Northwestern University,
Evanston, |L.

In other publications, please use: Copyright 2000 by Uri WIensky and Wl ter
Stroup. Al rights reserved. See
http://ccl.northwestern. edu/ netl ogo/ nodel s/ HubNet El evators for ternms of use.

Equipment/Materials Needed:

. TI Navigator System

. NetLogo Software

. DetaBlocks (optional)

. Projection System/ Personal computer
. NetLogo model: Elevators.nlogo

Keywords

. Graphing

. Slope

. Veocity

. Y-intercept

. Position

. Derivative

. Signed Addition

Elevators Handouts

Regression

Subject Area

Mathematics, Science, Social Sciences

Topics

Linear Functions, Linear Regression, Mathematical Modeling, Data Analysis

Abstract/Summary

Like the function activity, this activity has students control the movement of a point in the Cartesian coordinate system. Asthey
move their points, NetL ogo computes alinear regression. The goal of the activity is for students to devel op an understanding of
regression and other statistical ideas from trying to create ensembles of points with certain statistical properties (coefficient of
correlation = 0.7, positive slope, etc.). In asense thisis "backward" from how students usually encounter regression. Typically
students start with a collection of points and compute the statistical properties. To connect with the "normal order" of generating
regression analyses and to start off with real data, the first activity has students move to points that represent height and arm span.
NetLogo will compute the regression. In the second activity, students will work backwards to create distributions with target
statistical properties.
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Prerequisites

Introduction to Cartesian coordinate system, Some Familiarity with Functions

Teacher Notes/Procedures

The included handouts will help structure students' involvement with these activities. Open the Regression NetLogo model found in
the Models Library. Look to the Top-Level Tipsfor directions on how to enable the activity on the server and clear any old data.
The Top-Level Tipswill aso show you how to change the size of the Graphics Window because the default size of the window will
not work for the height and arm span data. Y ou will aso need to send out new settings to the cal culators to work with this body
data. Just press the Re-Run button in the NetL ogo interface.

Activity One

This activity begins with the students measuring their height and their arm-span. Once they have thisinformation, they input their
datainto the Tl Navigator activity Function Activity. They can then individually view the class data set, and come up with an
analytical function that they each think best models the phenomenon of arm-span varying with height. Through a discussion of their
guesses the students can begin to develop ideas of what a"good fit" might be and thiswill set them up for engaging the idea of
regressions. The standard approach to computing "best fit" is, obviously, a very good way of coming up with an overall function but
students should also understand that it is only one of many possible ways to do this. Some alternatives may be considered better
than others, and part of what you want students to consider and discuss is what makes some approaches "better” than others. For
example, do you want away of coming up with aline that is very sensitive to what might be happening at the extremes of the data-
set (many students, when first confronted with drawing a best-fit line will simply connect the endpoints of a dataset)? Does it matter
whether the line goes up or goes down? Or whether the data points are all positive or not? Why or why not?

Once everybody has logged in, you as the teacher will need to determine the screen settings that everyone will use. To
accommodate heights and arm spans, you might need to adjust the size of the NetlL ogo Graphics Window. See the Top-Level Tips
to find out how to do this. The adjusted settings will be sent to the server for the calculators to use as they go into the PICK PNTS
screen.

Turn the LINEAR-REGRESSION? switch to OFF.

on | 1 .
Eﬂff linear-regression?

Y ou want students to first create their own best-fit lines.

Now that everyone has the same settings, the students need to submit their data point. Select the PICK PNTS option from the main
menu. Everybody will see a crosshair indicating their location, along with indicators at the top of the screen showing the X and Y
values of the point and the step size.

I~ T=Ter1__ TDONE

Move the crosshairs using the arrow buttons. Use the STEP softkey to change the step-size to 5 - otherwise, it could take awhile to
find the point showing the height and arm-span. Once the data point has been found, select the DONE softkey. Thiswill send the
data point to the server for the class to use and also return the program to the main menu.

To view the class data set, select the VIEW PNTS option. The class data set will be displayed, and the calculator will bein Trace
mode.
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Trace mode allows you to move between the points using the arrow buttons. Ask students what it means for one number to be larger
than the other. By jumping from point to point does it seem that arm span is generally greater or less than height? To exit Trace
mode and bring up a set of menu options, press the ENTER button. As more members of the class submit their data point, you can
update the information using the RFSH softkey. Once you have the data, you can select DONE to return to the main menu in order
to fit afunction to the data.

Choose option CREATE EQN to try to generate afunction that models the data. Y ou will be prompted to enter an equation - enter
one that you think will best fit the data. The graph of this function will be displayed, and you can again Trace around. When you hit
enter, menu options will display. REDO allows you to try a different function. When each student is satisfied that he or she has
found a best function for the data set, they should select DONE. Thiswill send their function to the class, and return them to the
Main Menu.

NOTE: Thereisno "error trapping" in this program (unlike if you were using the Function capabilities of the calculator alone).
Students must enter expressions that can be interpreted. The #1 most common error is confusing the role of the negative key with
the minus key. Minusis an operation; negative is a property of a number. Confusing the two will cause the program to "crash out.”
The student will then have to re-login after first clearing the memory of the calculator.

Now, by choosing VIEW EQNS you can see the functions submitted by the class.

YO=.7EH+40

H=14E.GZFEB  VSIMB.ZZ07NH

Y ou can trace through the functions (using the up and down arrows) and al the data now (using the left and right arrows). The
analytical expressions for the functions are displayed in the upper left corner of the screen. When you press ENTER, menu options
appear. NEXT allows you to cycle through the class set of equations and will wrap around to the beginning when you go past the
last functions. RFSH allows you to get updated functions as students submit them.

Discuss with the students and encourage them to really explore which one line (or lines) they think is (are) the best fit. Students may
use avariety of criteria, ranging from "it looks good" to "it seemsto be pretty close to all the points' to "I chose USE CALC and ran

aregression” (which a student may already know how to use). Have students try to state their strategy for determining a function.
Compare the students' strategies, and rationales for different functions.

This discussion will set the stage for the second activity, where the class will learn about regressions and will begin to explore some
of the properties of regressions. To finish thisfirst activity and lead into the next, you may want to demonstrate running alinear
regression on the data. At the Main Menu, choose option USE CALC and do the following to produce a regression.

In NetLogo, you may (or may not) want to switch the LINEAR-REGRESSION? switch to ON.
Activity Two
In this activity, the students create a mock data set, and by altering it, they can explore the properties of alinear regression. You

need to make sure that you have the NetLogo model Regression.nlogo running.
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First, you will need to change the settings for the calculator by editing the NetLogo Graphics Window so that screen-edge-x has a
value of 23 and screen-edge-y has avalue of 15. Now press the Re-Run button.

Once the settings have been sent to the server, the calculators will retrieve them when students go into the PICK PNTS screen.

In the NetLogo model, press the Go button. As you and the students select option PICK PNTS in the calculator activity, your points
will appear in the NetLogo model. Take amoment for everyone to get used to the interface. Once three people have appeared as
mock data points, ared line will draw across the NetLogo screen. Thislineisthe result of alinear regression analysis of the mock
data set.

Give the class some time to move around and acquaint themselves with the interface. Once everyone seemsto have found
themselvesin the simulation and is comfortable moving around, challenge them to make the R*2 number at the side get to

around .70. (Resist the urge to tell them what this number represents!) Give them plenty of timeto try different things as a class, and
let them discuss their ideas about what R*2 might represent.

R*2=0

Rr2=.70

Asthey suggest different possibilities, ask them "How would you check that?' Have students take turns giving everyone else
directions (like "moveto the left" or "move together" or "make your Y equal to your X") asthey try to figure out what R*2 means.
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Remember - this process of exploration may take awhile. However, once the class starts to seem to be getting the idea, challenge
them to reach other R*2 values. How about .97 Or .2? Can they make R*2 be equal to1? Or 0?

Once they have reached any one of these values, ask them if they can find lines with the same value or R*2 but with a negative
slope.

OR, once they've reached atarget value, ask the students if/how this value will change if they all take ONE step up? To the Right?
Etc.

We have also seen very good conversations about whether moving a point that is "far away" from the line one step closer will have
abigger effect on the value of R*2 than moving apoint "close in" one step closer. Ask an individual to move one step, observe the
change, and then move back. Try thiswith several different students. Try to understand how what you observe works for near and
far pointsin different regions of the ensemble.

Make sure students are pushed to say what they think R*2 measures and whether the behaviors they've just explored are consistent
with this understanding.

At some point you might want to look at the formulafor computing the linear regression and/or R*2 to see if connections can be
made between how the values are computed and how the regression line behaves (e.g., if everyone steps up one step, R*2 doesn't
change).

Time Considerations

This activity should take one or two 60-minute class periods to complete and may be repeated several times as heeded or in
different curricular contexts.

Curriculum Standards

Grades 6 -8
Make conjectures about possible relationships between two characteristics of a sample on the basis of scatter-plots of the data and
approximate lines of fit; use conjectures to formulate new questions and plan new studies to answer them; explore relationships
between symbolic expressions and graphs of lines, paying particular attention to the meaning of intercept and slope; model and
solve contextualized problems using various representations, such as graphs, tables, and equations; use graphs to analyze the nature
of changesin quantitiesin linear relationships.

Grades 9-12
Understand scatter-plots and use them to display data; for bivariate measurement data, be able to display a scatter-plot, describe its
shape, and determine regression coefficients, regression equations, and correlation coefficients using technological tools; identify
trendsin bivariate data and find functions that model the data or transform the data so that they can be modeled; analyze functions

of one variable by investigating rates of change, intercepts, zeros, asymptotes, and local and global behavior; approximate and
interpret rates of change from graphical and numerical data.

Curriculum Objectives

Students will analyze a data set through a scatter plot. Students will estimate the best fitting line for a scatter plot. Students will
understand the basic concepts of regression as a means for analyzing a bivariate data set and learn a method for extrapolation and
prediction.

Support Resources in NetLogo
These are resources that are included in the HubNet Regression model.

QuickStart Instructions
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. Teacher: Follow these directions to setup the HubNet activity.

. Optiona- Zoom In (see Tools in the Menu Bar) - optional

. Pressthe GO button.

. Everyone: Reset the RAM on your calculator (2nd MEM 7 1 2).

. Login to the calculator.

. Choose the PICK POINTS option.

. Remember your shape and color and press ENTER.

. Move around using the arrow keysto... acquaint yourselves with the interface.

. Teacher: Issue your students a challenge, such as... create amock data set with an R*2 of .75.

. Optional- Pressthe NetLogo SET CHALLENGE button and enter... the challenge to be displayed in the CURRENT
CHALLENGE monitor.

. Teacher: Torerun the activity, do not clear the server.

. Stop the simulation by pressing the NetLogo GO button.

. Pressthe NetLogo RE-RUN button.

. Pressthe GO button.

. Everyone: Exit to the calculator Main Menu.

. Choose the RESTART option from the calculator Main Menu.

. Choose the PICK POINTS option and continue.

. Teacher: To start the simulation over with anew group,... stop the model by pressing the NetLogo GO button, if it ison.

. Have everyone, including yourself, logout of their calculators.

. Pressthe ERASE ALL DATA button on the TISCHOOL site.

. Pressthe NetLogo SETUP button.

. Follow these instructions from the beginning again.

Information Tab

VWHAT IS IT?

This nodel is used for an introductory approach to regressions. Linear
Regression is the fitting of a straight line through a given set of points.
Most commonly, the best-fit line is used. The best-fit line is the line
that has the highest R*2 value for this set of points. R*2 is known as the
correlation coefficient. This value indicates how well the |ine of
regression fits the data on a scale fromO to 1. The closer R*2 is to 1,
the closer the line fits the data.

In this nodel however, you will create a set of points to create a |ine of
regression that will have a specific R*2 value. |ssue your students a

chal | enge, such as create a nock data set with an R*2 of .5 and then of .8.
How did the data change? Try to data sets that have different slopes or y-
i ntercepts.

This activity requires the Tl Navigator activity AAA - Function Activity 2.4
For further docunentation, see the Participatory Simulations Guide found at

http://ccl.northwestern. edu/ ps/

HOWTO USE | T

Contains instructions as to how to quickly setup the nodel, calculators, and
Tl School web page so as to run this activity. The instructions can be found
bel ow.

Teacher: Open the Tl School site in your web browser.
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Enabl e activity AAA - Function Activity 2.4.
Open the teacher console and press the ERASE ALL DATA button.

If it is not open already, open the NetlLogo nodel.

If you are pronpted by a Login dialog, enter your teacher id and password
and any ot her necessary information.

Optional - ZoomIn (see Tools in the Menu Bar)

Press the GO button.

Everyone: Reset the RAMon the cal cul ator by pressing the follow ng keys:
2nd MEM 7 1 2.

Login to the cal cul ator.

Choose the PI CK PO NTS opti on.

Renenber your shape and col or and press ENTER

Move around using the arrow keys to acquai nt yourselves with the interface.

Teacher: |ssue your students a challenge, such as create a nock data set
with an R*2 of .75.

Optional - Press the NetlLogo SET CHALLENGE button and enter the challenge to
be displayed in the CURRENT CHALLENGE nonitor.

Teacher: To rerun the activity, do not clear the server.
Stop the sinulation by pressing the NetLogo GO button.
Press the NetLogo RE-RUN button.

Press the GO button.

Everyone: Exit to the cal cul ator Main Menu.

Choose the RESTART option fromthe cal cul ator Main Menu.
Choose the PICK PO NTS option and conti nue.

Teacher: To start the sinmulation over with a new group, stop the nodel by
pressing the NetLogo GO button, if it is on.

Have everyone, including yourself, logout of their cal cul ators.

Press the ERASE ALL DATA button on the TISCHOOL site.

Press the NetlLogo SETUP button.

Fol |l ow t hese instructions fromthe begi nning again.

SETUP - clears all turtles and patches. This should only be pressed when
starting out with a new group of users since all data is |ost.

RE-RUN - sets up the nodel to be able to run again with the same users
GO - runs the sinulation

SET RULE - displays an input dialog that allows the | eader to enter the
verbal challenge. The entered challenge is then displayed in the CURRENT
CHALLENGE monitor. This is meant for a conveni ence of the users and has no
effect on the actual running of the simulation.

NEXT >>> - shows the next quick start instruction

<<< PREVI QUS - shows the previous quick start instruction

RESET | NSTRUCTI ONS - shows the first quick start instruction

MOUSE X - shows the pxcor of the patch the nouse is currently on, or if the
mouse is no |l onger over the graphics wi ndow, it displays the pxcor of the
patch the nouse was | ast on

MOUSE Y - shows the pycor of the patch the nouse is currently on, or if the
mouse is no | onger over the graphics window, it displays the pycor of the
patch the nmouse was | ast on

NUVMBER OF PO NTS AT MOUSE - shows the nunber of turtles on the patch the
mouse is currently on, or if the nouse is no |onger over the graphics
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wi ndow, it displays the nunber of turtles on the patch the nouse was | ast on
EQUATI ON - shows the equation for the line of regression if LINEAR-
REGRESSI ON? i s true

R*2 - shows the correlation coefficient for the line of regression if

LI NEAR- REGRESSI ON? is true

CURRENT CHALLENGE- displays the | ast challenge that was entered when the SET
CHALLENGE button was pressed. This is neant for a conveni ence of the users
and has no effect on the actual running of the simulation

SW TCHES:

LI NEAR- REGRESSI ON? - if true, the line of regression is shown. O herw se,
it is not.

CALCULATOR | NFORVATI ON

Students and teacher have identical cal cul ator prograns.

STUDENT CALCULATORS

To enter the simulation, choose the PICK PO NTS option. Mve your point
around by pressing the ARROW keys.

The DONE softkey returns you to the Main Menu

The STEP softkey pronpts you to change the anount of distance you nove when
you press an ARROW key. You can choose from 0.5, 1, and 5.

THINGS TO NOTI CE

What is the | east nunber of points to create an R*2 value 0.0? 1.07
Why does it not make sense to have a regression line for only 1 data point?

Is it harder to get an R*2 value of a particular value when there are nore
or less points? Wy?

What happens to the regression line and the correlation coefficient if there
are multiple points on a single patch?

THI NGS TO TRY
Chal | enge the students to nake data sets that have correlation coefficients
of different val ues.

Move all the points the same anpunt in a single direction. Does the
correlation coefficient change? The equation of the |ine of regression?
Wy ?

Fi nd out which points have nore effect on the R*2 value and the |ine of
regression. What qualities do these points have that other points |ack?

Set LI NEAR- REGRESSI ON? to OFF. Challenge the students to make a data set
with a certain R*2 value or a particular equation for the regression line.
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Turn LI NEAR- REGRESSI ON? ON. How accurate were they? Wat strategies did
they use? Can they be inproved?

EXTENDI NG THE MODEL
Support having nmultiple data sets. Perhaps each cal cul ator could control a
particul ar data set.

Research ot her types of regression and support them

CREDI TS AND REFERENCES

This activity and associated nodels and materials was created as part of the
proj ect: PARTI Cl PATORY S| MULATI ONS: NETWORK- BASED DESI GN FOR SYSTEMS

LEARNI NG | N CLASSROOVS. The project gratefully acknow edges the support of
the National Science Foundation ( REPP program) -- grant nunber REC
#9814682.

Copyri ght 2000 by Uri WIensky & Walter Stroup. Updated 2001, 2002. Al
rights reserved.

Perm ssion to use, copy, or nodify this software and its associ at ed
docunent ati on, nodels and curricular materials for educational and research
purposes only and without fee is hereby granted, provided that this
copyright notice and the original authors' names appear on all copies and
supporting docunmentation. For any other uses of this software, in origina
or nodified form including, but not limted to distribution in whole or in
part, specific prior perm ssion nust be obtained fromUi WIensky and

Wal ter Stroup. These prograns shall not be used, rewitten, or adapted as
the basis of a comercial or hardware product w thout first obtaining
appropriate licenses fromUi WIensky & Walter Stroup. We make no
representations about the suitability of this software for any purpose. It
is provided "as is" without express or inplied warranty.

To refer to this nmodel in academ c publications, please use: WIensky, U &
Stroup, W (2000). NetLogo HubNet Regression nodel .
http://ccl.northwestern. edu/ netl ogo/ nodel s/ HubNet Regr essi on. Center for
Connect ed Learni ng and Conput er - Based Mddel i ng, Northwestern University,
Evanston, |L.

In other publications, please use: Copyright 2000 by Ui WIensky and Wl ter
Stroup. Al rights reserved. See

http://ccl.northwestern. edu/ netl ogo/ nodel s/ HubNet Regr essi on for termnms of

use.

Equipment/Materials Needed

. Tl Navigator System

. NetLogo Software

. NetLogo model: Regression.nlogo

. Personal computer

. Projection System (for teacher calculator and computer)
. Tl Navigator Activity: AAA - Function Activity 2.4

Keyword
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. Linear Functions
. Slope

. Regression

. DataAnalysis

. Y-intercept

. Scatter Plots

. Modding

. Corréelation

. Statistics

Regression Handouts

People Molecules

Subject Area

Mathematics, Science

Topic

Kinetic Molecular Theory and Maxwell-Boltzmann Distribution

Abstract/Summary

The goal of this activity is for studentsto try to make sense of the notion that global patterns in the distribution of molecular speeds
can come from random local interactions. These global patterns are what alow our macroscopic experiences to be relatively stable.
Randomness doesn't necessarily mean "haphazard” or "no pattern,” but it can result in very important forms of stability or apparent
organization. In this activity students simulate the behavior of a gas by wearing Calculator Based Rangers (CBR's) and imitating
molecules. They can then view a collective histogram of their speeds, compare that with their own individual speed histogram, and
compare the class's smulated motion and resulting speed distribution with that of an actual gas. Starting with a discussion of the
rules they used in their motion, students gain insight into how top-level or global patterns can emerge from local rules of interaction
and movement. Thisinsight and familiarity with some of the tools of analysis and display - including using histograms to represent
the people molecules data - help support a deeper understanding of the Maxwell-Boltzmann distribution for gases, a subject that is
part of nearly any curricular materials that discuss kinetic molecular theory.

Prerequisites

. Some understanding that gases are made of molecules
. Some understanding that gas molecules are free to move about

Teacher Notes/Procedures

The other activities have students interact in with the network in "real time." This activity is different in that the students first "do
something" and then upload their results. Thisis what we call a"synchronization" mode of interaction. The activity is also different
in that the students whole bodies are part of the simulation. So while the interaction with the network isnot in real time, the
students' interaction with each other is, and this makes the activity very engaging.

Before the students start, explain to them that they will pretend to be moleculesin a gas. Have a brief discussion in which the
students discuss the rules they think they should follow, and what they think they will see. What sort of speed distribution do they
expect? If they were to take "snapshots" where they could know everyone's speed at a particular moment, what would they expect to
find?

Basically the core of this activity isto allow the class to collect data from and track the time-evolution of a"gas' made of people
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molecules. A set of poster boards or along roll of 3" high paper is useful for creating the "box" in which the people molecules

simulate a gas.
- —
-~ ~
=
S,
|
= |E =
f

The rest of the class can hold the paper up making walls of a box while some number of "molecules’ interact. Y ou can have teams
of molecules acting out different behaviors ("move slow"; "move fast"; "start slow and speed up for 15 seconds") who "swap in" to
be mol ecules while the current molecules become part of the wall (hold up the paper).

The CBR's (Calculator-Based Rangers from Texas Instruments) work by bouncing a sound pulse (the click you hear) off of an
object and based on the time between the click and the echo, they figure out how far away the object is. The box made up of the
paper isimportant because it provides a uniform surface for the sound pulses emitted by the CBR's to reflect off of.

After setting up the CBR's to sample velocity (see Information tab or CRB manual) have the molecules hold the CBR to their chest,
with the gold sound panel facing out horizontally. To start the smulation of agas, they hit ENTER on their calculators and begin
behaving as a gas. The motion sampling lasts about 15 seconds.

Thefirst few times you do this, allow the students to just acquaint themselves with the simulation and the kinds of graphs that
result. Later you should explore changing the system by having them "move faster” or, if you prefer, "warm up," and seeif they
have an intuitive sense of what this should mean for gas molecules.

For each iteration, once the simulation is done, the students quit the Ranger program by pressing ENTER on their calculators (to
exit the graph view) and then QUIT. Then, have them login to Navigator activity People Molecules. The program will automatically
send a sample of their speed data to the class. On their calculator screen, the students see a histogram showing how often the CBR
measured their speed to be in different ranges. They can Trace around the histogram, and press enter when they're done examining
their data. Thiswill bring up optionsto view their own data again, or view the class data. They can also refresh the data from the
class, or quit the activity.

The students can view their individual data and the class's data on their own calculators. The class can aso view the time evolution
of their motion in the NetLogo model. When the students send their data, NetL ogo can also accessit.

To do this, press the Get Data button in the NetL ogo model. NetLogo will assign the data from each "molecule” to one ssimulated
molecule in the graphics window. Now press Go or Go Once to see the molecules move and the histogram update for this interval
of time.
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Each activation of "Go Once" (or sequentially with Go) shows the molecules moving at the simulated speeds of the students as well
as the histogram of the distribution of speeds of all the molecules for that time interval. On the student cal cul ators the histograms
are for the entire 15 seconds (for either themselves or for the whole class). The NetLogo histograms are time-slices (think of
something like "at every second" instead of over the whole 15 seconds).

Speed Histogram Pens
7.0

number

0.0 |_| I_I

0.0 speed 5.0

So if students speed up during atrial this should be visible in the NetLogo histograms (the "bumps* should move to the right).

Returning to the data on the calculators, a big focus of this activity is to have students gain a better understanding of how local
underlying rules can lead to top-level distributions like the Maxwell-Boltzmann distribution. People are clearly different from
molecules, but this core interaction can still be explored by making sense of the rules they used as people in simulating the gas and
how the global distribution reflects these local rules and constraints.

Typicaly, aclass speed distribution will have apeak inthe 0 - .5 m/srange - very slow speeds.
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There will also tend to be a second, more rounded bump later in the distribution (at higher speeds) and then the speeds will tail off
from there. Some aspects of this distribution are like the Maxwell-Boltzmann distribution and some are not. Most distinct isthis
"early bump.” Part of what you want to explore with the classis how their local behavior might account for this bump of slower
speeds. Among the ideas that students often present is this "social rule” that gas molecules are unlikely to follow: that you slow
down, at least alittle bit, before you collide (yes, even middle schoolers will slow down before a collision). This could have the
"global" effect of creating a"slow" bump. Other accounts are also possible. Y ou should likewise discuss why there's a large second
bump and then atailing off at higher speeds.

Let your students present their different ideas, and ask them to think through the results of their ideas. Thiswill develop abilities for
thinking about how local behaviors, even seemingly haphazard ones like moving around in abox, can have stable global patterns. If
necessary, rerun the simulation, having the students pay attention to some of the factors they've mentioned.

When the students compare their speed distribution to that of an ideal gas, the Maxwell-Boltzmann distribution, they can find many
similarities and differences. The two distributions have similar shapes - a hump that trails off. Where the Maxwell-Boltzmann trails
off to infinity, does the student distribution follow suit? Can it? Again you can explore what crucial difference in the motions of
people and of molecules leads to the peak at low speeds for the people molecules. In the same Models Library where you find the
HubNet activities you'll also find models of an ideal gas.
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Discussion of these observations can lead students into a deeper understanding of the rules that ideal gas moleculesfollow - elastic
collisionslike "perfect” billiard balls - lead to stable patterns like the Maxwell-Boltzmann distribution. This stability accounts for
our macroscopic sense of stability in aspects of our day-to-day experience like constant pressure and relatively uniform temperature.

In your continuing exploration of statistical mechanics, you can use this activity to explore heat, simulated heat transfer, the effect
on the average speed of molecules, and the related effect on the measured temperature of the gas. Y ou can do this by asking the
students to start off moving slowly but then move faster and faster as they simulate the gas. In the NetLogo model, you'll see the
peak of the distribution shift to the right as the model progresses. What would have to happen for real molecules to move faster and
faster? What physical phenomenon would this correspond to?

Implicit in all of this analysisis a significant introduction to the use of histograms. Y ou can also use this activity as an introduction
to histograms as atool in data analysis. The physical action and nearly instant feedback will help the students link their actions, and
the experience of their own particular motion, to important features of histograms.

Time Considerations

1to 2 class periods

Curriculum Standards
From the NSES -

12BPS5.3 Heat consists of random motion and the vibrations of atoms, molecules, and ions. Higher temperatures cause greater
atomic or molecular motion.

12BPS5.4 Everything tends to become less organized and less orderly over time. Thus, in al energy transfers, the overall effect is
that the energy is spread out uniformly. Examples are the transfer of energy from hotter to cooler objects by conduction, radiation,
or convection and the warming of our surroundings when we burn fuels.

Curriculum Objectives

Students develop an understanding of how conservation of energy and momentum in molecular collisions leads to the Maxwell-
Boltzmann distribution. By discussing the interactions between individual molecules, and aided by their own simulation, they can
understand the reasons behind the two curriculum standards listed above.

Students can explain how their own particular rules of motion lead to their own speed distribution.

Support Resources in NetLogo
These are resources that are included in the HubNet People Molecules model.
QuickStart Instructions

. Teacher: Follow these directions to setup the HubNet activity.

. First, run the physical People Molecules activity by... having your students simulate a gas by wearing CBR's set to collect...
speed information. See Information for details on use of... CBR's and how to run the physical People Molecules activity.

. Then, run the Navigator activity to collect the data:

. Students: If you used a CBR in the previous activity,... login to the calculator that you used.

. A histogram of your speed will be displayed.

. When finished viewing your histogram, you can view the class... histogram by pressing ENTER followed by the VIEW
softkey.

. It may be necessary to press the RFSH button to get all the class data.

. Compare your speed distribution with the class' distribution.

. Teacher: Inthe NetLogo activity, the class can view... the time evolution of the speed distribution:

. Optiona- Zoom In (see Tools in the Menu Bar) - optional
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. Pressthe GET CALC DATA button.

. When all the students have appeared in... the NetL ogo Graphics Window, press the GO button to... play the students' speeds.
. Toreplay the same data-set of speeds, stop the GO button by... pressing it again, if it is still depressed.

. Pressthe RE-RUN button, and the GO button once again.

. Teacher: Torerun the activity, do not clear the server.

. Stop the simulation by pressing the NetLogo GO button.

. Students: Collect new data with the CBR's.

. Login to each calculator used to collect data.

. Teacher: Pressthe GET CALC DATA button.

. When all the students have appeared in... the NetL ogo Graphics Window, press the GO button to... play the students' speeds.
. Teacher: To start the simulation over with anew group,... stop the model by pressing the NetLogo GO button, if it ison.

. Have everyone, including yourself, logout of their calculators.

. Pressthe ERASE ALL DATA button on the TISCHOOL site.

. Pressthe NetLogo SETUP button.

. Follow these instructions from the beginning again.

Information Tab

VHAT IS I T?

Students enul ate gas nol ecul es and col |l ect speed data using CBR s. They can
then aggregate this data and replay, in a linmted sense, their actions. They
can see how the distribution of speeds changes in tinme, and can use this as
a junping off point for |earning about the Maxwel | Boltznann distribution.

This activity requires the Tl Navigator activity AAA - People Mlecules 1.1

For further docunentation, see the Participatory Simulations Guide found at
http://ccl.northwestern. edu/ ps/

HOWTO USE | T

Contains instructions as to how to quickly setup the nodel, calculators, and
Tl School web page so as to run this activity. The instructions can be found
bel ow

| MPORTANT: Fol |l ow the order described below. |If the students run the
Navi gat or activity before collecting their speed data, the Navi gator
programw || crash.

Teacher: First, run the physical People Ml ecules activity by having your
students sinulate a gas by wearing Cal cul ator Based Rangers (CBR s) set to
col |l ect speed information.

Divide the class into two sections, one to play the part of a gas nol ecul e
and one to hold up poster boards or |arge sheets of paper (at least 3 ft x 3
ft). The paper or poster boards are to reflect the sound waves enmtted from
the CBR  There must be enough of the people hol ding poster boards to be
able to forma square |arge enough for the people holding the CBR s to nove
around in. Be sure to explain to each group what their role in the
simulation is. Have a brief discussion where the students discuss the rules
they think the people who are the gas nol ecul es should foll ow, and what they
think they will see. What sort of speed distribution do they expect? |If
they were to take "snapshots" where they could know everyone's speed at one
monent, what woul d they expect to find?
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Everyone: If you are playing the part of a nolecule, reset the RAM on your
calculator (2nd MEM7 1 2). Connect a CBR to a cal cul ator using a

cal cul ator-to-cal culator or a calculator-to-CBR |linking cable. Download the
programto use the CBR bhy:

1. On the calculator, going to the LINK Menu (by pressing 2nd fol | owed by

X, T, theta, n)

2. On the calcul ator, choosing the RECI EVE Menu (by pressing the RIGHT arrow
key)

3. On the cal culator, pressing ENTER

4. On the CBR, opening the flap that has the gold Sonic Sensor on it and
pressing the 82/83 button

Once the RANCGER program has been received successfully, run it by pressing
the PRGM key and sel ecting the RANGER program

pr gnRANGER shoul d appear on the Hone screen of the calculator. Press ENTER
At the RANGER program s mai n nmenu, choose SETUP/ SAMPLE

Change the DI SPLAY to VEL and then sel ect START NOW

If you are holding a sheet of paper or a poster board, forma square
surroundi ng the people using the CBR s. The square should be |arge enough
for the people with the CBR s to be able to nove freely in.

Once the square is fornmed around the people who are acting as gas nol ecul es,
the people who are sinulating the gas nol ecul es should hold the CBR to their
chest, with the gold sound panel facing out horizontally. Then they should
press ENTER on the cal cul ators and begin simulating gas nol ecul es.

Once the physical sinulation is done, the students quit the Ranger program
by hitting ENTER (to exit the graph view) and then select the QU T option
fromthe RANGER Main Menu. Information on general use of CBR s can be
downl oaded fromthe Tl website at

http://education.ti.conf product/tech/cbr/down/ downl oad. ht M and clicking on
the "Getting Started with CBR' |ink.

Teacher: Now run the Navigator activity to collect the data:
Open the Tl School site in your web browser.
Enabl e activity AAA - People Ml ecules 1.1.
Open the teacher console and press the ERASE ALL DATA button

St udents who col |l ected speed data with the CBR s: Login to the cal cul ator
that you used

A hi stogram of your speed will be displayed. Wen finished view ng your

hi stogram you can view the class' histogram by pressing ENTER fol | owed by
the VIEWsoftkey. It may be necessary to press the RFSH button to get al
the class' data.

Teacher: In the NetlLogo activity, the class can view the tinme evolution of
the speed distribution:

If it is not open already, open the NetlLogo nodel.

If you are pronpted by a Login dialog, enter your teacher id and password
and any ot her necessary information.

Optional - ZoomIn (see Tools in the Menu Bar)

Press the GET CALC DATA button.

When all the students' have appeared in the NetLogo G aphics Wndow, press
the GO button to play the students' speeds.

To replay the sanme speeds, stop the GO button by pressing it again, if it is
still depressed.
Press the RE-RUN button, and the GO button once again
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Teacher: To rerun the activity, do not clear the server.

Stop the sinmulation by pressing the NetLogo GO button.

Students: Collect new data with the CBR s.

Login to each cal culator used to collect data.

Teacher: Press the GET CALC DATA button.

Wien all the students' have appeared in the NetLogo G aphi cs W ndow, press
the GO button to play the students' speeds.

To start the sinulation over with a new group, stop the nodel by pressing
the NetLogo GO button, if it is on.

Have everyone, including yourself, logout of their cal cul ators.

Press the ERASE ALL DATA button on the TISCHOOL site.

Press the NetLogo SETUP button.

Fol |l ow these instructions fromthe begi nning again.

SETUP - initializes the node

GET CALC DATA - this gets the student speed data and creates gas nol ecul es
to reenact those speeds

GO - runs the sinulation by having the gas nol ecul es nove at sane speed as
the students' speeds

GO ONCE - runs the sinulation by having the gas nol ecul es nove thru the next
speed in the list of the students' speeds

RE-RUN - resets the nodel to be able to run it again with the sane data set
of speeds

NEXT >>> - shows the next quick start instruction

<<< PREVI QUS - shows the previous quick start instruction

RESET | NSTRUCTI ONS - shows the first quick start instruction

CLOCK - the nunber of times thru the GO procedure. Every H STOGRAM DI SPLAY-
| NTERVAL the hi stogram SPEED H STOGRAM wi | | updat e

NUM OF MOLECULES - displ ays the nunber of gas nol ecules in the Graphics

W ndow

SPEED HI STOGRAM - hi stograns the speeds of all the gas nol ecul es based on
t he val ue of CUMULATI VE- H STOGRAM? sl i der

SLI DERS:

HI STOGRAM DI SPLAY- | NTERVAL - the histogramw || be updated every this nany
nunber of clock ticks
SI MULATI ON- SPEED - how fast the nodel runs

SW TCHES:

CUMULATI VE- H STOGRAM? - if this is true, the plot will histogramthe sum of
the all the speeds of the gas nolecules up to this point. |If false, the
plot will histogramthe speeds of the gas nolecules for this histogram

i nterval

CALCULATOR | NFORVATI ON
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TEACHER CALCULATOR:

Students and teacher have identical cal cul ator prograns.

STUDENT CALCULATOR
The QUIT softkey pronpts you to quit the cal cul ator program Press the YES
softkey if you really want to quit, and the NO softkey if you don't.

The RFSH softkey collects any additional information fromthe Tl server. It
does nothing if there is no addition information.

The VI EW softkey toggl es between the histogramof all the class's data and
the histogramwi th just the information for this cal cul ator

In the histograns, you can find the values for each of the bars by pressing
the RIGHT and LEFT arrow keys. Press ENTER to return to the softkey Menu

THI NGS TO NOTI CE

Wiere is the highest peek in the histogran? The |owest peak?
What is the general shape of the histogran?

Do the individual histograns resenble the cunul ative hi stogranf

THINGS TO TRY
When col lecting the data in the physical People Mlecules activity,
chal l enge the class to do things |ike make the gas

-get warner

-get col der

-increase the pressure of the gas

-decrease the pressure of the gas
How shoul d these different properties affect the speed histograns? Wat
needs to be done in order to nake these properties happen?

EXTENDI NG THE MODEL

Currently, the People Mol ecules activity only allows speed data to be
collected. Modify the NetLogo nodel to collect data on distance travel ed,
and acceleration in addition to speed.

CREDI TS AND REFERENCES

This activity and associ ated nodel s and materials was created as part of the
proj ect: PARTI Cl PATORY S| MULATI ONS: NETWORK- BASED DESI GN FOR SYSTEMS
LEARNI NG | N CLASSROOVS. The project gratefully acknow edges the support of
the National Science Foundation ( REPP program) -- grant nunber REC
#9814682.

Copyright 1999 by Uri WIensky & Walter Stroup. Updated 2001, 2002. Al
rights reserved.

Perm ssion to use, copy, or nodify this software and its associ ated
docunentati on, nodels and curricular materials for educati onal and research
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purposes only and wi thout fee is hereby granted, provided that this
copyright notice and the original authors' names appear on all copies and
supporting docurmentation. For any other uses of this software, in origina
or nmodified form including, but not linmted to distribution in whole or in
part, specific prior perm ssion nmust be obtained fromUi WIensky and
Walter Stroup. These prograns shall not be used, rewitten, or adapted as
the basis of a commercial or hardware product w thout first obtaining
appropriate licenses fromUi WIensky & Walter Stroup. We make no
representations about the suitability of this software for any purpose. It
is provided "as is" without express or inplied warranty.

To refer to this nodel in academ c publications, please use: WIensky, U &
Stroup, W (1999). NetLogo HubNet Peopl e Ml ecul es nodel .
http://ccl.northwestern. edu/ netl ogo/ nodel s/ HubNet Peopl eMol ecul es. Center for
Connect ed Learni ng and Comput er - Based Mddel i ng, Northwestern University,
Evanston, |L.

In other publications, please use: Copyright 1999 by Ui WIensky and Wl ter
Stroup. Al rights reserved. See

http://ccl.northwestern. edu/ netl ogo/ nodel s/ HubNet Peopl eMbl ecul es for terns
of use.

Equipment/Materials Needed

. Tl Navigator System

. Calculator Based Rangers (at least 8 is preferable)
. Poster Boards or large paper rolls

. NetLogo model: People Molecules.nlogo

. NetLogo

. Personal computer

. Computer projection system

Keywords

. Gas

. Maxwell-Boltzmann
. Histogram

. Speed distributions
. Coallision

. CBR
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of Learning Research. International Journal of Computers for Mathematical Learning.

file:///Users/betzol d/Desktop/hubnet/part-sims-guide.html (81 of 81)5/20/2004 8:26:20am



Disease Data

Name: Your ID Number

In each stage, write down the numbers of the people you interacted with. Then write
down the sum of your dice values. Each stage will be about two minutes long. After you
have complete Stage 5, you will be given the high-risk sum (e.g. “5 and below”). Put a
“*” next to all of your high-risk interactions. Now you will be told who was sick at Stage 0,
and anyone who had a high-risk interaction with this person in Stage 1 is now sick (and
so on for the other stages). As a class you will complete the second table below.

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
ID# & Sum ID# & Sum ID# & Sum ID# & Sum ID# & Sum
Stage ID#s of NEWLY Infected Number of TOTAL of
Number Individuals NEW Infected Infected
Individuals Individuals
0
1

al K~ WO N




35

30

25

TOTAL

Number of

Infected
Individuals

20

15

10

0 1 2 3
Stage Number



35

30

25

Number of

NEW

Infections*

OR
20

Rate of

Infection **

15

10

0 1 2 3 4
Stage Number

* - You should consider plotting these values in the middle of the interval OR
** - You should consider plotting piece-wise constant [flat] segments for the interval.



Follow-Up Worksheet

Name:

Sketch the total “Number Sick” graph as it appears after the simulation is

Mumber Sick Pens

sick

0.0
0.0 time 25.0

finished.

[1] What is this graph measuring?

[2] Circle on the graph where people are getting sick the fastest. Label this with
the letter “A”. Circle on the graph when the disease starts to slow down its
spread. Label this with the letter “B”.

[3] Try, on your own, to sketch what you think the other graph (the # Newly Sick
or Rate of Infection Graph) would look like. This is one of the graphs from the
dice and disease activity.

A

Numb er of
NEW
Infections”

OR

Rate of
Infection **

Time



[4] Now re-answer the questions by placing the labels “A” and “B” on this second
graph.

[5] Describe in words how the graphs would change if we changed the
probability of infection? Then, using dotted lines, sketch on each of the graphs
what you think would happen (how the graphs would be different).

[6] Find a graph related to market saturation. How might this graph be thought
of as being like what is represented for the disease simulation?

[7]1 What other situations might have graphs like this?



Worksheet

Name:

Introduction

Each cube represents a floor that an elevator will travel. In Figure 1
below this means with six cubes the elevator will move six floors. In
this activity we are going to explore what different arrangements of
the cubes will mean for the motion of a computer simulated elevator.
During the course of the activity a special kinds of graph will be
introduced. We will try to figure out how the graphs work and what
they mean for the motion of the elevator.

Step 1 Step 2

Stack or On graph paper, shade-in
spread out side view of blocks.

cubes.

Then draw
side view.

Figure 1 Figure 2
Getting Started

Step 1: Arrange the six cubes in any pattern you like. You may want to stack
some of them (make sure they are straight on top of each other). The
wall you make may have spaces in it. The wall should be only one brick
thick (no bricks should be hidden behind other bricks). A very simple
arrangement is shown above in Figure 1.

Step 2: On graph paper (given on the next two pages) shade-in the side-view of
YOUR arrangement. Figure 2 above is the side view of the wall shown
in Figure 1. You will not be able to answer the questions until you work
with the calculator. Remember to come back to the questions later.



Your First Arrangement

1 What floor did the Elevator start on?

2 What floor did it finish on?

3 How did the Elevator move in each section of your graph? (you
may write on your graph if you want)



Your Second Arrangement

1 What floor did the Elevator start on?

2 What floor did it finish on?

3 How did the Elevator move in each section of your graph? (you
may write on your graph if you want)



Introduction to Calculator Math Worlds
After logging on to the network you should see something like this:

Welocity
Tango| FloorsSecond

‘ To MOVE a SEGMENT or the ELEVATOR , use
3 ‘7* the arrow keys on the Calculator.

3
R B Y

To SELECT a SEGMENT, Press the number of
4] the Segment. (Nine segments are available).

[ g 7 ] 1
Seconds

To MOVE the initial position of the
ELEVATOR, Press zero and use arrows.

* To change the initial floor for the elevator press 0 or LEFT/RIGHT arrow
until 0 is indicated as the selected interval in the upper left corner of the
screen.

* To change the velocity during a time interval, press the number of the
interval (1-9) or LEFT/RIGHT arrows until that interval is indicated as the
selected interval in the upper left corner of the screen. Then press
UP/DOWN to adjust the value.

* To change the duration of a time interval, select that interval. Then press
2ND + LEFT/RIGHT to make the interval shorter/longer by half a second.
Intervals default at one unit of time long (roughly a second), and can
range from .5 to 3. [Note: half intervals currently will not show in the
graphics window of NetLogo].

* To view the motion of the elevator, select the GO softkey.

* Press the decimal key [ . ] to stop a simulation.

* To toggle your display between the velocity vs. time graph and the
position vs. time graph, press the DISP softkey.

* To send your motion to the class and to NetLogo, press the SEND
softkey.

* To view the class' set of motions individually, press the GET softkey. The
first graph sent will then appear on your screen. To cycle through all the
solutions, press ALPHA + LEFT/RIGHT. Each solution can be edited on
your calculator.

* To toggle between sets of softkey menu options, press the MORE
softkey.

* To restore your solution, press the RCLL softkey (which is on the second
menu, accessible via the MORE softkey)

* To clear your current graph, press the CLR softkey.

* To quit the activity, press the QUIT softkey. The program will ask you to
verify that you would like to quit.




Opening Challenge

The elevator starts on floor zero. It needs to go to the third floor, stop
and pick up passengers, and then go on to the sixth floor where it
picks up more people. Create graphs for two different ways an
elevator might pick these people up. Sketch the graphs and then
describe the motion of the elevator (you can write the descriptions on
the graph or on the side). Press SEND with your more interesting
graph.

Velocity Description

E_Flnursfﬁecnnd

5F

1 ] 1 | | 1 | I | 1 1
-1 1 2 3 4 3 E T 2 2 10

Seconds

Welocity Description

E_flnnrsfSecnnd

1 I I I 1 I I I 1 1 1
-1 1 S 3 4 ] E T ol 2 0

Seconds

Make sure you run the simulations and see if your sketched motion
works before you SEND it up.




Now press the DISP graph and see if you can figure out how this
graph works. Press GO to see that the elevator still moves the same.
This is a graph of the same motion, but it is a different kind of graph.

Second Challenge

Use 6 blocks to get the elevator to the fourth floor and stop. When
you find a graph that works, press SEND.

Welocity Description

E_flnnrsfSecnnd

1 I I I 1 I I I 1 1 1
-1 1 S 3 4 ] E T ol 2 0

Seconds

What do you see in the upfront space? What happens?

Did anyone find a way to make the elevator go down? How did he or
she do it?




General Questions

Here are some general questions regarding the motion of the
simulated Elevator.

1. What does the vertical direction (up-and-down) of the graph
represent?

How do you know or give an example?

2. What does the horizontal direction (side-to-side) of the graph

represent?

How do you know or give an example?

3. What do blocks below the axis do?



Using one of the velocity graph results from the previous challenge
(or an earlier challenge) keep the graphs the same but drag the
elevator to a different starting floor.

1. How does changing the initial position of the elevator change the
velocity graph (or not)?

2. Without running the simulation, what floor do you think the
elevator will end up on?

Why?

Now run the simulation and compare the results to your predictions

3. What effect does changing the starting position have on the
motion of the elevator?

What stays the same?

What is different?



Using one of the velocity results from the previous challenge (or an
earlier challenge) keep the graphs the same but again drag the
elevator to a different starting floor. Now we’ll focus on the “other”
graph.

1. Predict what the “other” (position) graph will look like.

2. Without running the simulation, what floor do you think the
elevator will end up on? Now run the simulation.

3. Now switch to the position graph. What do you think changing the
starting floor had on the position graph?

4. Press 0 and change the starting position of the elevator. What
happens?

5. If you switched back to the velocity graph, do you think it would be
the same or different? Run the simulation and check your answer?

6. Returning to the position graph, when you move the starting place
of the elevator:

What stays the same?

What is different?



FOR THE FOLLOWING ACTIVITIES USE AS MANY BLOCKS AS YOU WANT

Challenge 3

Can you find a way of having the elevator end up on the -2 floor?
Sketch the graph below. Now SEND in this graph. Try and sketch
the position on the second axis. Check it by pressing DISP.

Welocity Description

E_flnnrsfSecnnd

51

1 I I I 1 I I I 1 1 1
-1 1 S 3 4 ] E T ol 2 0

Seconds

Position

Floors
B

1 I I I 1 I I I 1 1 1
-1 1 S 3 4 ] E T ol 2 0

Seconds

What do you notice about all the motions and graphs together on the
upfront screen?




Challenge 4

Make a complicated graph for your elevator and have it use five
blocks as shown below (it should also have blocks on either side of
these five). Describe the motion. See if you can sketch the position
graph (check it with DISP). Now send your graph to the upfront
space by pressing send the SEND softkey and see if you notice
anything about all the graphs together.

Welacity Description

E_Flnnrsfﬁecnnd

-
1 1 1 1 1 1 1
A 1 1 3 5 E T 2 [ 0
Seconds

=11

Position

Floors
B

1 I I I 1 I I I 1 1 1
-1 1 S 3 4 ] E T ol 2 0

Seconds

What do you notice about the all the motions and graphs together?




Challenge 5

Create a velocity graph so that it has the segments shown as part of
the position graph. Sketch both graphs. Be sure to have blocks on
either side of these segments. Describe the motion and predict what
you'll see upfront. What will happen during these segments?

YWelocity
Floors /Second

B

5

4k

I+

-

T+
i 1 1 1 i 1 1 1 i 1 1
-1 1 1 3 4 5 E T & [ 10
Seconds

=1

e

Position
Floors

ol

i

ak

ab

M
1 1 1 i i 1 1 1 1 1 1
A 1 1 3 4 5 E T 2 [ 0
Seconds

=11

_1-

Description & Prediction

What happens when all the motions and graphs are together?




Challenge 6

Create graphs so that the position graph goes through the point
shown (and does other things on either side). Try NOT to stop at the
point but have the elevator keep moving through this point. Describe
the motion and predict what you'll see upfront. What will happen at
this point?

Welocity Description & Prediction
E_FI|:u:| redSecond
5
4k
I+
-
T+
| | | | i | | 1 1 1 |
iy 1 Fl 3 4 5 3 T ) 2 10
il Seconds
_2—
Position
| Floors
5
4k
I+
-
T+
| l | l i I I I 1 L L
3 1 i 3 4 5 E T ) [ 10
il Seconds
_2—

What happens at this point when all the motions and graphs are
together?




Elevator Homework 1

Name

[1]1 Answer the questions. The elevator starts at floor zero.
Yelocity

TanépU: Floors/Second

50
4.1

30 [—

¢ ju—

1.0 —

M0 e 0 40 &0 600 g0 Ho 100

1.0
-2
-3l
-4

a) Describe the motion of the elevator.

b) Where is the elevator after 1 second?

c) After 2 seconds?

d) After 3 seconds?



[2] Answer the questions. The elevator starts at floor zero.
Yelozity

Tanﬁ%a Floors/Second

Al
4.

3.[) p—

Al

1.0 —

e 3 40 S |0 g0 40 g

-1.0
-2 —
-3
-4

a) Describe the motion of the elevator.

b) Where is the elevator after 1 second?

c) After 2 seconds?

d) After 3 seconds?



[3] Answer the questions. The elevator starts at floor *2.
Welocity

Tar%; Floors/Second

Al
4[] p—
i
il

0 e =0 40 S0 60 A R0 40 100

Al
20 —
40
41

a) Describe the motion of the elevator.

b) Where is the elevator after 1 second?

c) After 3 seconds?

d) After 5 seconds?



[4] Answer the questions. The elevator starts at floor -2

Tangﬁ
Al
40
i
Al
10

Velocity

Floors/Second

-1
-tl)
-3
-4

e[l EEIJJ sn-ﬁh A0 /0 4o 100

a) Describe the motion of the elevator.

b) Where is the elevator after 1 second?

c) After 3 seconds?

d) After 6 seconds?



Advanced Elevator Homework 2

Name:

[1] The elevator starts and floor zero and has the following velocity graph.

a. Draw the corresponding Position Graph for the Given Velocity graph.

Ta%ﬁ

Welooity

Floors/Second

S0

4.0

a0

el

1.0

-1.0

-e.0

-30

-4

10.0
an
a0
Ta
i
Lo
4.0
in
.0
10

Pasition

H1oors

-1.0
-2.0
-30

1 1 1
10 g0 0 40 B0

1
6.0

1
T.a

1
&0

1 1
an 100
Seconds

b. Where on the position

graph is the elevator
highest?
(circle the point)

. Where on the position

graph is the elevator
moving the fastest up?
(circle the region)

. Where on the position

graph is the elevator
moving the slowest up?
(circle the region)

. Where on the position

graph is the elevator
moving the fastest
down? (circle)



[2] The elevator starts on floor TWO and has the following velocity graph.

a. Draw the corresponding Position Graph for the Given Velocity graph.

Ta%ﬁ

Welocity

Floors/Second

S0

4.0

a0

el

1.0

-1.0

-e.0

-30

-4.0

10.0
an
a0
Ta
i
Lo
4.0
in
.0
10

Pasition

H1oors

-1.0
-2.0
-30

1 1 1
10 g0 0 40 B0

1
6.0

1
T.a

1
&0

1 1
an 100
Seconds

b. Where on the position

graph is the elevator
highest?
(circle the point)

. Where on the position

graph is the elevator
moving the fastest up?
(circle the region)

. Where on the position

graph is the elevator
moving the slowest up?
(circle the region)

. Where on the position

graph is the elevator
moving the fastest
down? (circle)



[3] The elevator starts and floor negative three and has the following velocity
graph.

a. Draw the corresponding Position Graph for the Given Velocity graph.

Welooity
Tarb'%'ﬁ Flaors/Secand
50
40
3.0 -
0 b. Where on the position
L graph is the elevator
' , highest?
0 &1 30 &40 n0 60 w0 g0 do 1oo (circle the point)
-1.0 Seconds
-2.0
b c. Where on the position
40 graph is the elevator
Pozition / moving the fastest up?
JonHF1oors (circle the region)
a0r
80F .
70k d. Where on the position
ank graph is the elevator
il S moving the slowest up?
a0f (circle the region)
301
ilg
oo e. Where on the position
10 0 30 40 &0 60 70 B0 90 100 graph is the elevator
lE i Seconds moving the fastest
nk down? (circle)



[4] Draw the corresponding Velocity vs. Time graph from the Given Position vs.
Time Graph.

YWelocity

Ta"@ﬁ Floors/Second

Lo
4.0
30
2.0
1.0

10 B0 30 40 B0 &0 Wooa0 90 100
-1.0 Secomds
-2
=30

-4.0

Pasition
ooHloors

1 1 1 1 1 1 1 1 1
0 g0 30 40 & G0 Y0 &0 a0 100
1.0 D\ Seconds
Al
.30k




Activity One Handout

Name

ID Number (as assigned in class)

Measure and record your height and arm-span (distance from the left fingertip to
right fingertip.

Height: cm Arm-span: cm

Record your measurements as an ordered pair. ( : )

On your calculator, move your point to the location that corresponds to your
measurements.

Write a function that you think best fits the class data:

Y =

What does your function suggests about the relationship between height and
arm-span?

Sketch a graph of your function on the grid below.
Then sketch a function that you think is not as effective a fit as yours. Be sure to
record the equation for this second line. Explain why it is not as good as yours.



What makes the other lines a better and worse fit, respectively, than yours?

Make a prediction about the arm-span of Shaquile O’'Neal (213 cm tall). Make a
prediction about the teacher's height, given her or his arm-span.



Activity Two Handout

Name:

What does the line do in this activity?

Exploration 1:

What was the goal or question?

What did you all do to get to this goal?

Exploration 2:

What was the goal or question?

What did you all do to get to this goal?

Exploration 3:

What was the goal or question?

What did you all do to get to this goal?

Exploration 4:

What was the goal or question?

What did you all do to get to this goal?



How do you think the Regression Line is being drawn? What properties does it
seem to have?

What do you think R*2 measures? Why might it be a good measure of “fit"?
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