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{f} Pass the Ball TEACHER NOTES
Tl PROFESSIONAL DEVELOPMENT

Activity Overview

Many things in everyday life follow patterns. Mathematics can be used to examine the patterns that
occur in a specific scenario and then predict future events for that scenario. This activity includes two
examples of such patterns. The data collected is the time it takes to complete a task. The data will be
used to make predictions about how long it will take to repeat that same task a certain number of
times. The timed task is passing a ball. The basic concept has relevance to many areas of math,
science, and everyday life.

Materials

e TI-84 Plus graphing calculator family

e Stopwatch

e Small bouncing ball (tennis/racquet balls work well)

1. For this activity, begin by having four students stand in a circle.

e The starter will bounce, catch, and pass the ball to the next person.
e Continue bouncing, catching, and passing the ball until it is back to the one who started.
e Explain to students the importance of working at a consistent pace rather than working too quickly.

2. Time how long it takes the ball to get all the way around the Activity Sample Data
circle. Number Average Time
) of People in Seconds
e Start and stop with the same person. P 5
e Have students record three trials of this process on their 5 5
worksheets and calculate the average time. 5 5
e Have them record the average in the chart on their - 3
worksheet.
15 28

3. Complete the table for five different sets of students.

e There should be a different number of students for each set.
e To maximize participation, do not allow the same student to be in more than one group.

4. For the last row in each table, have everyone in the room participate.

e Before timing this trial, have students predict how long they think it will take and write it
on their worksheet.

e Ask them to share their predictions.

e Then time the trial for the entire class.

©2013 Texas Instruments Incorporated 1 education.ti.com
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{ﬁi Pass the Ball

Tl PROFESSIONAL DEVELOPMENT

TEACHER NOTES

5. Press |STAT| [ENTER| to access the Stat List Editor window.

e Have all students enter the datain L1 and L2. Do NOT
include the data for the trial that included the entire class.

e Have one student enter the data on the overhead calculator.

Data Analysis
6. Create a scatter plot.

e Press to access the [STAT PLOT] menu.

e 1: Plot 1 will be highlighted.

e Press [ENTER].

e Use the arrow keys to highlight the On choice, and press
to select On.

e Continue using the arrow keys to navigate through this
screen and adjust it as shown in the screen shot.

7. Press[Z0OOM], and select 9:ZoomStat by pressing [9] or
by scrolling down until it is highlighted and pressing [ENTER].

e This feature automatically adjusts the size of the graph
window to include all the data points.

e When the scatter plot is displayed, press [TRACE], and
scroll right and left to see the coordinates of each point
displayed below the graph.

e Notice the P1 in the upper left corner.

e This tells you it is tracing the points from Plot1, and
displays the lists that are the coordinates of the plot.

8. Have students fit the data with a function rule. There are
several ways you can do this depending on your students’
understanding of linear functions and features of the
calculator. Below are three suggestions. Choose the one
most appropriate for your students. Linear Regression and
Manual-Fit Features are taught in subsequent lessons.

e Use the Linear Regression feature of the calculator.

e Use Manual-Fit feature of the calculator.

e Use paper and pencil to sketch a line of best fit, and find
its equation.

©2013 Texas Instruments Incorporated 2
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Qﬁ Pass the Ball TEACHER NOTES
Tl PROFESSIONAL DEVELOPMENT

The directions here will be for this last option. :::!::HDDLIJ i
min="

a. It may be helpful to take control of the window settings wmax=45

rather than staying with the 9:ZoomStat setting. ﬁE-':- 1 fS_E

e You can assure yourself of “friendly” numbers (without a ?H.;Q;EE
lot of places after the decimal point) when you scroll if Ve 1=5
the spread on the x-values is a multiple of 47 as shown. H-ares=1

e Expand the y-values to include the approximation of the
time you expect the entire class will take to pass the ball.

b. Have students sketch their points in the screen
provided on their worksheet.
e Next, have them sketch their approximation of the line
of best fit.

C. After sketching the line on their worksheet, direct students

to find an equation and enter it in Y1 of the [Y=] window.
e To do this, have them identify two points and use their
x- and y-values to determine the slope of the line.

d. Discuss with your students why the point (0, 0) would be L1 LZ Lz 1
a point that should be included with this data. E E ------
¢ How many minutes did it take for no students to pass E ik

the ball? ig %E
e Add the (0, 0) point to your data lists. h f _____
e Since itis likely that the points do not lie in a straight LIt 1=

line, have students work in groups and have each
group choose two points from the lists.

e Have each group choose a different set of points. One
possible answer is (28-6)/(15-4) = 2.

e. Using this slope, have students write the equation of the line in Y1 and compare
their lines with each other.
e Have them graph the line to determine if their lines fit the plotted points.

9. Have students use either the trace or table feature to predict how long they would
expect it to take the entire class to complete the activity.

e Discuss how close their predictions were to the actual time it took the whole
class and possible reasons for any discrepancy.

©2013 Texas Instruments Incorporated 3 education.ti.com
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*f} Pass the Ball TEACHER NOTES

Tl PROFESSIONAL DEVELOPMENT

10. Another option for predicting the time it took the entire class to pass the ball is to have the calculator

find the y-value for a given x-value.

From the graph screen, press to access the [CALC] menu.
1:Value is highlighted already, so just press [ENTER].

An X=is displayed in the bottom left-hand corner.

Enter the value for the total number of students in the class, and press [ENTER].

Note: The value you enter must be included in the V1=1.9% ?,}
domain that was set in the (WINDOW) screen. f"
-
e The corresponding y-value will be displayed, and f"ﬁ
- r
a cursor will mark the ordered pair on the graph. ,.;fd:) 4-'*' *
A=0 |%=38 |u=z0 -

Extension Activity

1. Repeat the process, but this time pass the ball without first Sl
bouncing it. A list of sample data is shown. o':‘;,’;'g;; Ai?‘ii%i:iln;e
2. After finding the regression equation and entering it into Y1, 5 3.98
solve a problem that requires a prediction for values that are 4 4.91
beyond the values in the recorded data. 9 6.42
o For example, “If it took 50 seconds, how many people were 1
there?” L

3. The equation of the line for the sample question would be 50 = mx. If the slope was

found to be 0.787, the equation becomes 50 = 0.787x and x = 64 people.

Discussion Notes

Guide your students toward an understanding of the concept that a change in the x-values
will cause a change in the y-values.

Point out that if they were able to all pass the ball at exactly the same pace, they would be
simulating a constant rate of change in the x-values that would bring about a constant and
predictable change in the y-values.

The fact that the estimation from the line of best fit is not an exact match to the actual time
measured for the entire class is easily explained by human inconsistencies.

The approximation from the line of best fit was not exact, but it should have been close
enough to allow students to understand how this type of model building and reasoning could
be used to predict future events with some reasonable degree of accuracy.

Worksheet Answers

The answers to the questions on the worksheet will vary depending on the data collected.

©2013 Texas Instruments Incorporated 4 education.ti.com



wi# Pass the Ball
Student Activity

Name

Class

Objectives

e Graph scatter plots

e Graph linear functions

e Analyze proportional relations

e Interpret, predict, and analyze data and graphs

Materials

e TI-84 Plus graphing calculator family

e Stopwatch

« Small bouncing ball (tennis/racquet balls work well)

Number of Trial 1 Trial 2 Trial 3 Average Time in
People Seconds
4

1. Fillin the table above.

2. Estimate how long you think it will take to do this activity with everyone in the room participating.

3. Enter the number of people in the group in L1 and the
time for that group to pass the ball in L2.

e Turnonthe [STAT PLOT] for L1 and L2 using the
9:ZoomStat feature from the [Z0OOMJmenu to scale
your window.

e Make a sketch of these data points in the graph to
the right.

4. Draw what you consider to be the line of best fit.

©2013 Texas Instruments Incorporated 1
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wi# Pass the Ball
Student Activity

Name

Class

5. Select two points through which your line passes and use them to find the slope of your line.
e Write the equation of your line here , enter it into the calculator beside Y1 =, and then press

GRAPH].

e Examine how closely the line you drew matches the line on your calculator.

6. It may be helpful to take control of the window settings
rather than staying with the 9:ZoomStat setting.

e Press [WINDOW].

e Adjust the spread on the x-values to be a multiple of
47 as shown here to assure yourself of “friendly”
numbers when you scroll.

¢ Next, adjust the y-values to include the
approximation of the time you expect the entire
class will take to pass the ball.

W T RO
amin=-1
Aamax=4a
A 1=
Ymin=-2
“Ymax=5H
Y=c1=5
ares=]1

7. Press [TRACE[, and use the down arrow key to scroll along the line entered in Y1, not the data points.

e Scroll to the right until your x-value matches the total number of students in your class.

e Record your y-value of that point here and explain what it represents.

y:

8. Turn off Plot 1, and clear Y1 before beginning the Extension activity.

Extension Activity

1. Fillin the table below.

Number of Trial 1 Trial 2 Trial 3
People

Average Time in
Seconds

4

©2013 Texas Instruments Incorporated 2
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{f} Pass the Ball Name
Student Activity Class

2. Estimate how long you think it will take to do this activity with everyone in the room participating.

3. Enter the number of people in L3 and the time for
passing the ball in L4.
e Turnon the [STAT PLOT] for L3 and L4.
e Use the 9:ZoomStat feature from the
menu to scale your window.
e Make a sketch of these data points in the graph

to the right.

4. Draw what you consider to be the line of best fit.

5. Select two points through which your line passes and use them to find the slope of your line.
e Write the equation of your line here , enter it into the calculator beside Y1 =,
and then press [GRAPH|.

e Examine how closely the line you drew matches the line on your calculator.

6. It may be helpful to take control of the window I HDDH _
settings rather than staying with the 9:ZoomStat ﬁﬂ;g;‘té
setting. Her1=5
e Press [WINDOW]. I'|'I|"'I:i.|"lf -2
e Adjust the spread on the x-values to be a ﬁgg::f;%@

multiple of 47 as shown here to assure yourself wros=1]

of “friendly” numbers when you scroll.

e Next, adjust the y-values to include the
approximation of the time you expect the entire
class will take to pass the ball.

7. Press [TRACE[, and use the down arrow key to scroll along the line entered in Y1, not the data points.

e Scroll to the right until your x-value matches the total number of students in your class.
e Record your y-value of that point here and explain what it represents.

y:

8. Was your approximation for the time it took the entire class an exact match to the time you
recorded from actually doing the activity?

What could be the cause of any discrepancy?

©2013 Texas Instruments Incorporated 3 education.ti.com
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wi# Mass Guessing

Tl PROFESSIONAL DEVELOPMENT

Activity Overview

In this activity, you will guess the mass of various items, enter their estimated and actual masses into lists, and
graph the results in a scatter plot.

Materials
e TI-84 Plus graphing calculator family
e Half a dozen items with different masses

1. Have the participants enter the data editor, and clear all default IrList Lia.LzaL»
lists by pressing |STAT Jand choosing ClrList. Then press Dome
(1), (2nd] (2], [2nd] (3, (2nd] (4], (2nd] (5], [2nd] (6] [ENTER).
All lists can also be cleared by pressing (for [MEM])
and choose clear all lists.
2. Pick up several objects and guess their mass. L1 L Lz 1
e Record the information on the data sheet. Press [STAT]and ;E_
choose Edit to get to the table. %E
e Transfer your predicted mass into in L1. Be sure to enter G
. . tL
them in order by assigned number. =
Liczi=25
3. Now, mass all of the objects and record the results in L2. Be Li L Lz Z
sure to match up items. EEIII r;?:,- """
ck i8
0 =0
zk =H
ch ck
Al (-1
Lziii=aH
4. Have the participants create a scatter plot with the x-list (L1) Floktz Flotz
and y-list (L2) by pressing [STAT PLOT] and setting the DFE = dh
HFes.
parameters as shown. e HOR [

-min"
==
1 [
i I
bt
Barr

hl —

-
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wi# Mass Guessing

Tl PROFESSIONAL DEVELOPMENT

5. Make sure the Y= are clear, and use ZoomStat to show the

relationship.

Press [TRACE], and discuss the ordered pair.

6. Graphy = x by pressing [Y=]. Show the graph by pressing [GRAPH].

What is the relationship between the scatterplot and line?

Data Table

o
= ]
2 o
[Imf.aQE] % .
a
o
Fi:L1.L2
a
o
|
L] % :n;
- ]
a
u=Cgh Y=EN

Object Number or
Description

Predicted Mass

Actual Mass

©2013 Texas Instruments Incorporated
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wi# Grandma Ruth

Tl PROFESSIONAL DEVELOPMENT

Activity Overview

As | grew up, | had the pleasure and misfortune of having my grandparents live close by. | enjoyed their
company, and their constant desire to spoil their grandchildren by buying us things throughout the year.
The downside of these shopping trips occurred in late summer when they would take me shopping for
school clothes.

Grandma Ruth would insist in buying me several new outfits for school. These outfits would include
everything from shirts and pants to shoes and underwear. There was something about buying underwear
with your grandmother as a 14 year-old male that made the trip uncomfortable.

To make matters worse, Grandma Ruth had this strange notion that you could determine if a sock would
fit your feet by wrapping it around your fist. So there | stood in the department store, wrapping socks
around my fist to see if they were going to fit my feet. Grandma Ruth is gone now, and mixed in my fond
memories of her is still the question of whether she was a little crazy in her notion of trying on your socks
by using your fist rather than your feet.

Materials

e TI-84 Plus graphing calculator family
e Tape measure

Plan

1. This is your question to answer so that my faith in my Grandma’s sanity can be settled. To settle
this, you are to use all that you know about the scientific method. The question has been asked,
“Does the diameter of your fist determine your foot size?”

2. Your team needs to develop your test, conduct the experiment, analyze the data, and reach a
conclusion supported by the data.

3. Include the collection of fist and foot data.
4. Share your team’s plan with the class.

5. During the discussion, the class should determine the exact methodology of the investigation. All
teams will then conduct the experiment the same way.

©2013 Texas Instruments Incorporated 1 education.ti.com
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wi# Grandma Ruth

Tl PROFESSIONAL DEVELOPMENT

Execute LE La . -

1. The teams will conduct the accepted experiment as prescribed
and modified by the class. Data should be collected and entered
into the TI1-84 Plus graphing calculator.

2. Place the data for the diameter of the fist (FIST) as the

Hame=
independent variable and the length of the foot (FOOT) in the
list editor. Press [STAT], and select Edit to see the list. FI:T FOOT  Joeeo 1
|
3. Highlight the name of a list, and arrow over to the right or left
until you get the first unnamed list.
4. Enter the names FIST and FOOT in the first and second
columns as shown. Now enter the data collected into your newly -
named lists. EEUTS
Conclude

1. What did the data indicate? How were you sure? Did all of the variables you listed stay constant or
controlled except for the FIST and FOOT?

2. What was your sample size? Was it large enough, how do you know?

3. How did your results compare with other team members?

4. What was the range of the data? Why would that matter?

5. How would you modify the experiment if repeated? Why?

6. Where was the science? What mathematic concepts were involved?

7. What questions come to your mind when you study the data?

©2013 Texas Instruments Incorporated 2 education.ti.com
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*ﬁ; Bungee Jumping Barbie TEACHER NOTES

Tl PROFESSIONAL DEVELOPMENT

Activity Overview

This activity involves a simulation of bungee jumping. The distance a person falls while attached to a

bungee cord depends on their weight and the length of the cord. We will keep the person’s weight

constant by using the same object for the entire experiment. Our goal is to discover how far a person

(represented by the doll) will fall based on how long the bungee cord is. Then we will predict how long a

cord will be needed to fall from a known height without hitting the ground.

Materials

TI-84 Plus graphing calculator family

Dolls suitable for the experiment

Boxes of sturdy rubber bands (must be the same size)
Tape measures or meter sticks

Data Collection

1. Collect a doll and eight identical rubber bands.
2. Attach the first band to the ankle of the doll.
3. Attach the free end of the chain at a fixed point from which a tape measure is attached.
4. Release the doll from the fixed point and record the distance it falls. Repeat the experiment
several times.
5. Carefully add bands one at a time and test the drop until the length is eight bands. Be uniform
in the way these are joined. Use student work sheet to record results.
Data Entry L1 L Lz €
, | | z T ______

Enter the number of rubber bands in L1 and the distances in L2, EI %i
Create a scatter plot of L1 versus L2, E EIE

7 E:

H Bl

Lziii=16
a
-]
a
a
=]
a
a
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{ﬁi Bungee Jumping Barbie
Tl PROFESSIONAL DEVELOPMENT

TEACHER NOTES

Analysis

1. Perform a manual fit on this data.
e Press and choose CALC then scroll to Manual Fit

and press [ENTER].

e Press [ALPHA]F4] to choose Y1 to store the equation as Y1.

2. When you get the next screen, press to choose the first

point.

e Press the arrow keys to create a line, and press to set
the end point. The graph will appear.
e Change m and b until you are happy with the fit. Then press

(2nd][QuUIT].

3. The equation is on the screen and can also be seen by

pressing [Y=]. Record it here

[FEACHFunC e TS

a
n=r.9872z4  YSE0.HESEE

e Using the resulting equation, predict how many rubber
bands you will need to drop the doll from a new height

given by the instructor.
e Test your prediction.

©2013 Texas Instruments Incorporated
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wi# Bungee Jumping Barbie Name
Student Activity Class

Activity Overview

This activity involves a simulation of bungee jumping. The distance a person falls while attached to a
bungee cord depends on their weight and the length of the cord. We will keep the person’s weight
constant by using the same object for the entire experiment. Our goal is to discover how far a person
(represented by the doll) will fall based on how long the bungee cord is. Then we will predict how long
a cord will be needed to fall from a known height without hitting the ground.

1. What variable do we control? This is the independent variable, or the domain.

2. What variable is not under our control? This is the dependent variable, or the range.

3. Make a rubber band chain attached to the ankle of the doll.
e Begin with two rubber bands and drop it.
e Add bands, one by one, and repeat until you get to eight rubber bands.

Number of Bands Average Distance Fallen (cm)

©2013 Texas Instruments Incorporated 1 education.ti.com
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wi# Bungee Jumping Barbie Name
Student Activity Class

4. Graph the data on the grid provided below:

Bungee Jumping Barbie

Distance Fallen

Number of Bands

5. Find a mathematical model using Manual Fit. What equation did you get?

6. Now use your model to predict the number of bands needed to come as close as possible (to
get the maximum rush) without hitting from a given distance.

7. What is the given distance provided to you?

8. Using your equation, what is the number of bands you will need? Show work.

©2013 Texas Instruments Incorporated 2 education.ti.com
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*y Them Bones TEACHER NOTES
Tl PROFESSIONAL DEVELOPMENT

Activity Overview

Students will measure their bones and determine the relationships between the various bone sizes.

Materials

e TI-84 Plus graphing calculator family
e Meter stick

e Dry spaghetti

Introduction

Scientists do not always find all of the bones needed to make real measurements of dinosaurs.
They may find a leg bone, or a skull, or a few ribs. By calculating the relationship between the
lengths of the bones found, they can estimate the size of the animal.

In this activity, you will measure some bones in your body; and then determine what type of
relationship exists between those bones.

Procedure

1. Each member of the group should measure the length of their shoe using a tape measure or
meter stick. Record each measurement in the data table.

2. Each member of the group will measure their forearm from the bend at the wrist to the elbow
using the tape measure or meter stick. Record each measurement in the data table.

3. Obtain data measurements from other groups to total 12 data sets (shoe length, forearm length),
and record them in them.

From Elbow to Wrist From Heel to Tae

©2013 Texas Instruments Incorporated 1 education.ti.com
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{f} Them Bones TEACHER NOTES
Tl PROFESSIONAL DEVELOPMENT

Use the following steps to enter your data into the TI-84 Plus graphing calculator:

1. Press[STAT], and then press [ENTER]to access the List editor.
If L1 is not empty, press [4] to move the cursor to the top of the list, and then press [CLEAR],
(ENTER]to clear L1.
Press [4] to move to the top of L2, and repeat step 2 to clear L2.
Move to the first position in L1 [L1 (1)], enter the first value in the shoe length column, and
press [ENTER]. Continue this process until all values in the shoe length column are entered.

5. Press [4] to move to the first position in L2 [L2 (1)], and enter the first value in the forearm
length column. Continue this process until all values in the forearm length column are entered.

6. Press to access [STAT PLOT] and press [ENTER] to

access the screen shown. E Flotz  Flots
e Adjust the settings to match those shown. et B8 - dn
e Use the arrow keys to move around the screen, and press ] I.{I-I MR [
to select the settings. ﬁ % i zt ; II: ;
e Press[Z00OM] [9] to set up the window. Mark: B +
e Press to see a plot of forearm length versus shoe
length.

7. Make a sketch of the data as it appears on the screen. Be sure to
label the axes.

Analysis

1. Break off a piece of spaghetti approximately as long as the
width of the TI-84 Plus graphing calculator screen.

2. Then place the spaghetti on the screen of your calculator, and
move it around until it best follows the pattern of your points.

3. The spaghetti represents a graph of a line that would predict the
relationship between the length of your forearm and the length
of your shoe.

4. Sketch your line of placement for the spaghetti on the graph in
Question 7 above.

5. One way the TI-84 Plus can determine this line is by calculating
the median-median fit.

©2013 Texas Instruments Incorporated 2 education.ti.com
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*ﬁi Them Bones TEACHER NOTES
Tl PROFESSIONAL DEVELOPMENT

6. Use the following steps to find the median-median fit for your Hicd-Hud]

data points using your TI-84 Plus: ﬁ % i i% ; t ;
e Press [»] to get the CALC Menu on your calculator FreqlList:
for regression calculation. Store EegER:
Calculate

e Select option 3:Med-Med.

e Use arrow keys to go to StoreReq.

e Press [F4] to select the storage location and press
(ENTER]. Arrow to Calculate and press again.

e Copy the equation on the line below:

o Press |GRAPH| to view the graph of the median- median line
determined by the TI-84 Plus.
e How does this compare to your original sketch of the graph?

Conclusion

1. Look at the graph. What does the line tell you about the relationship between the length
of the forearm and the length of the shoe?

2. Suppose you and your friend are arm wrestling. You notice that your friend’s forearm is
longer than yours. What does this tell you about your friend’s foot?

©2013 Texas Instruments Incorporated 3 education.ti.com
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%i# Them Bones Name
Student Activity Class

Record your data here:

Shoe Length Forearm Length

Student Name (cm) (cm)

1. Break off a piece of spaghetti approximately as long as the width of the T1-84 Plus
graphing calculator screen.

2. Then place the spaghetti on the screen of your calculator, and move it around until it
best follows the pattern of your points.

3. The spaghetti represents a graph of a line that would predict the relationship between
the length of your forearm and the length of your shoe.

4. Your regression equation

5. What does the line tell you about the relationship between the length of the forearm
and the length of the shoe?

6. Suppose you and your friend are arm wrestling. You naotice that your friend’s forearm is
longer than yours. What does this tell you about your friend’s foot?

©2013 Texas Instruments Incorporated 1 education.ti.com



26

This page intentionally left blank



27

5 , Match the Graph

Math Objectives: : Materials: (Per Group)
e Examine rate of change * TI-83/TI1-84 Plus Family
* Analyze and interpret the graph * Calculator-Based Ranger™ (CBR 2™)

of a function * Vernier EasyData™ Application

OVERVIEW

Participants will work in groups to gain experience using the CBR 2 and EasyData App as they practice
walking to match a distance/time graph.

Have several students do the Match the Graph activity in the front of the class as a demonstration
before having students work in their own groups. The room should be set up with an aisle down the
middle. Set up a CBR 2 and point it down the aisle. Connect it to a Tl ViewScreen calculator so the
class can see both the participant walking down the aisle and the data projected from the TI-84 Plus.

SETUP

1. Set up the activity as shown in the picture above.

2. Link the CBR 2 motion detector directly to the TI-84 Plus. You can use either the 1/O Unit-to-Unit cable
or the mini-USB cable.

3. The EasyData App will launch automatically if the mini-USB cable is used. If you are using the 1/0
unit-to-unit cable, you will need to press the key, scroll down to highlight the EasyData App and
press to launch the App.
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4. Press to access the File menu and select 1:New. This resets the YT
program and clears out old data. (In general, the “soft keys” at the bottom =:Oren.. A0
of the screen are accessed by pressing the top row of keys on the fl g:mg‘---
calculator.) See Figure 1. E: Skore Kun
&: Help
74 Abouk ith Entry
(AE cturIZtarE i ar hiduikl
Figure 1
5. The default unit of measurement on the EasyData App is meters. This
activity will be done in feet. To change the units of measurement, select L =: Tim Grarh... J
the Setup menu soft key by pressing the key on the top row of the fl EL‘;E;*E: :g:gn
calculator. From the Setup menu, choose 1:Dist by pressing [1] or [ENTER] E:Eal] Eaunce
. . . . . B: Evenks with Enkry
since 1 is highlighted. See Figure 2. Hodd 71 Zero..
ilg SEark IGFarphiQuik
Figure 2
6. From the Units menu, select 2:(ft) by pressing (2] or scroll down until the . —
2 is highlighted and press [ENTER]. Then select OK. See Figure 3. Tencor: ::":,:,T.":: =
Units: {md
1: ()
[ Units | [Canc11 Ok 1
DATA COLLECTION Figure 3
1. You will be returned to the main screen of the EasyData App. The App
senses the CBR 2 and starts giving a distance reading across the top of :
the screen. Select Setup and choose 3:Distance Match. See Figure 4. L % ?;:E,z Graeh... J

Y NeTocikys Hakch

E: Eqll Bouncs

B: Events wikth Entrs
Hodd 7 2&Fo...

ile FkarkTiar arhiQuit
Figure 4

2. Select Start (by pressing [Z00M]) and follow the instructions on the screen.
Distance Match automatically takes care of the settings. See Figure 5.

Diskance Hakch
Tr¥ ko makch the Ararh
on Ehe nexk SCFeshn.
Study the Ararhs Ehgn
choosg ZEark ko colleck
dagka.

[Mexk TCancTl
Figure 5

N

Fharkl  Timecs)
Figure 6

3. Select Next (by pressing (z0oMm)) to display the graph that is to be matched
for this activity. Take a moment to study the graph with your students.
Have them answer questions 1-5 on their worksheet. See Figure 6. Diskiral
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4. Select Start to begin the activity. As the walker starts to move, a trace of the sk 111y
walker’s path will be displayed in real time along with the original graph.
See Figure 7.

5. Choose a student or two to do a brief demo of the graph match application __,»*'“}-

for the entire class. Select Retry to display the same graph again and select
New to display a new graph. Take a moment to study one of the walks. Have
students answer questions 6-9 on their worksheets. See Figure 7.

[ Mg TRekrwl Hain hels)
Figure 7

6. Outline the directions to be used for this activity.

Students earn up to five points in each of five areas: starting point, direction, rate, deviation,
and teamwork.

“Starting point” points are earned for being close to the actual starting point.
In the “Direction” section, students earn points by going the correct direction.

“Rate” points are earned for walking the same rate as that in the graph, resulting in the same or
parallel lines.

Students get “Overall Fit” points for not deviating from the graph.

For working as a team and helping the walker, the students earn “Teamwork” points.

7. If you have enough CBR 2 units, allow students to practice with their group for 5-10 minutes. An alternative
setup is to have the student hold the calculator and CBR 2 while pointing the CBR 2 at the wall as shown
below. Students should take turns in their groups having each participant gain experience using the CBR 2
and in walking to match the graph.

8. If you only have one CBR 2, have one student from each group take a practice “walk” in front of the entire
class while their progress is viewed on the overhead. Their team members may offer advice.

9. After the practice “walk,” randomly pick a team to match a graph. Then follow with the other teams in
succession. For example, if you randomly pick team 4, the teams will follow in this order: 5, 6, 1, 2, 3, 4. Let
the first team make a second attempt at the end. Give each team one minute or less to discuss the match.
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10. Solicit scores for the group by a show of hands. Record the score given by most students rather than trying
to average the scores. Let each student use the table on the worksheet to keep track of the scores.

WORKSHEET ANSWERS
1. Time

Seconds, 1 second

Distance

Could be feet or meters, depending on your settings; 1 foot or 1 meter
Depends on first graph that is displayed for the class demo

Depends on first graph that is displayed for the class demo

N o a &~ e N

Backward. If the line slopes up, as the X-values (time) increase, so must the distances from the CBR 2
represented by the change in the Y-values. To increase these distances the walker needs to move farther
away.

8. Forward. If the line slopes down, as the X-values (time) increase, the distances from the CBR 2 represented
by the change in the Y-values must decrease. To decrease these distances the walker needs to move closer

to the CBR 2.
9. Stand still. If the line is flat, the slope is zero. This means that as the time increases the distances remain
the same.
38 « EasyData Collection Activities © 2005 Texas Instruments Incorporated
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w& [y, Name:
.\ 5 | Match the Graph
\\__//
Math Objectives: : Materials: (Per Group)
e Examine rate of change * TI-83/TI-84 Plus Family
* Analyze and interpret the graph * Calculator-Based Ranger™ (CBR 2™)
of a function : * Vernier EasyData™ Application
1. What physical property is represented along the X-axis?
2. What are the units? How far apart are the tick marks?
3. What physical property is represented along the Y-axis?
4. What are the units? How far apart are the tick marks?
5. For the first sample graph your teacher displays, how far from the CBR 2 motion detector do you think the
walker should stand to begin?
6. Did the walker begin too close, too far, or just right?
7. Should you walk forward or backward for a segment that slopes up?
Why?
8. Should you walk forward or backward for a segment that slopes down?
Why?
9. What should you do for a segment that is flat?
Why?
SCORING DIRECTIONS FOR GRAPH MATCH
Give each team a score from 1-5 based on the following criteria. (1 is lowest, 5 is highest.)
Starti
a _lng Direction Rate Overall Fit | Team Work Total
Point
Group 1
Group 2
Group 3
Group 4
Group 5
Group 6
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4 | Measure Up

Math Objectives: : Materials:
* Graph and interpret box plots e TI-83/TI-84 Plus Family
e Graph and interpret histograms * Calculator-Based Ranger™
* Generate a five-number summary (CBR 2™)
of single variable data : * Vernier EasyData™ Application
* Analyze and interpret data and graphs  Firm piece of cardboard/wood

(refer to picture)

OVERVIEW

What is the average height of the students in your class? How does your height compare? How does
your teacher’s height compare? You can use statistics to answer these questions and describe the
general characteristics of a set of measurements.

In this activity you will:

* Collect data of the heights of 12 students and the teacher in your class.

* Create a plot showing the heights of 12 students and the teacher in your class.
* Calculate the extreme values and median for the height data.

* Construct a box-and-whisker plot to summarize the height statistics.

SETUP

1. Set up the activity as shown in the picture. The CBR 2
should be positioned directly under the end of the board.
The board should be long enough so that the CBR 2 (
can take a reading of the height of the board without the
student blocking the path between the CBR 2 and the
board.

2. Link the CBR 2 motion detector directly to the TI-84 Plus.

. : : . =
You can use either the black link (/O Unit-to-Unit) cable l

or the mini-USB cable.

3. The EasyData App will launch automatically if you use the
mini-USB cable. If you are using the I/O cable or an older
CBR, you will need to manually launch the App. To do this,
press the key, scroll down until the EasyData App is Lb
selected, and then press [ENTER].

4. Measure the height of the teacher and the heights of 12
students. Take turns getting measured by using the board \
and the CBR 2. While one student is being measured,
another student needs to hold the piece of cardboard or wood so that it is flat against the first student’s
head and level to the floor. A third student needs to run the calculator and CBR 2. They will take readings
using the Events with Entry feature. The student holding the board must also be careful to stand out
of the path of the CBR 2. Be sure to include the teacher’s height because it might make a long whisker
and a good topic for discussion.
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DATA COLLECTION

TI-84 Plus Silver Edition

. When the EasyData App launches, you will see a title screen for

a few seconds and then you will be taken to the home screen of
the App. Notice the choices along the bottom of the screen: File, Setup,
Start, Graph, and Quit. These are called “soft keys” and are accessed by
pressing the top row of keys on the calculator, e.g., the key corresponds
to the File soft key, the key will access the Setup soft key.

See Figure 1.

. Begin each lesson by choosing New from the File menu. This will reset

the App and clear out any old data. The default Mode: Time Graph will be
displayed near the bottom of the screen. The CBR 2 will click as it begins to
measure the distance to the nearest object in its path. Notice the reading at
the top of the screen. See Figure 2.

. The default unit of measurement for the CBR 2 is meters. This activity works

better in feet since students are more familiar with their height in feet and
inches. To change the units of measurement, select the Setup menu by
pressing the key on the top row of the calculator. From the Setup
menu, choose 1:Dist by pressing (1] or since 1 is highlighted. See
Figure 3.

. Press the key to access the Units menu. Select 2:(ft) by pressing

or by scrolling down until the 2 is highlighted and pressing [ENTER]. Then
select OK. See Figure 4.

. You will be returned to the main screen of the EasyData App. Select the

Setup menu again, and then select 6: Events with Entry. This will allow
you to control when data is recorded by pressing a key on the calculator.
See Figure 5.

. Select Start (by pressing the key) to begin collecting data.

. You will be taken to a screen that displays the distance being recorded by

the CBR 2 in real time at the top of the screen. Have the first student stand
below the board as shown in the picture. To record the distance for the first
student’s height, select Keep. See Figure 6.

Figure 1

[LE Lo [y Tl

|.56

Hodg: Timg Grarh: S50
ilelEetuplFkart IGraphlDuik

:Time Grarh... J
t Diskance Hakch
W lacity Hakch
tEall EaUnce

Figure 2
tEvnks wikh Enkry

Hodd 7 2&Fo...
ile ERart IGraphiguik

it - R N TR U

Figure 3

SensorF Fekup
Sensok: Diskancs

Uniks: £l
1:imd
[ Lniks | [CancliOF |
Figure 4
: Disk
Timg GFarh...

W lacity Hakch

i
c
*: Diskance Hakch
y
E: Eall Evunce

B: Events wikh Entry
Hodd 7 2&Fo...

ile StarklararhiQuik

Figure 5

Disk{FLd ¥Y=E.bER

Event Mumber 1
Choose Keep to colleck data

fReep 1 LG
Figure 6
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10.

1.

12.

13.

14.

The next screen shown allows you to match a value with the distance you
just recorded. Since this is the first person, type 1 and then select OK.
See Figure 7.

Repeat steps 7 and 8 until you have collected the heights of all 12 students
and the teacher. When the Enter Value screen appears, increase the value
each time to represent which person’s height you are recording. With each
recorded value, a new data point will be displayed on the graph. When
finished, select Stop. See Figure 8.

The graph of all the data points will be displayed. You can use the right
and left arrow keys to view the coordinates of the points. See Figure 9.
Before continuing, take a minute for students to sketch this graph on their
worksheet.

To confirm a description of the plots, select Plots. You will see that the plots
are Distance vs. Events. See Figure 10. This is a good place to review
vocabulary associated with this type of activity. Make sure the students
understand the Events, although mentioned last, stand for the independent
variable and the Distance represents the dependent variable.

Select Main and then Quit on the next screen. The screen on the right will
be displayed. It will confirm the lists where your data is stored. Select OK to
exit the App. See Figure 11.

The data values you recorded, as stated in the exit screen, are in
lists L1 and L6. Press to access the [STAT PLOT] menu and to see
Plot 1 is still turned on with the window set to display all the points collected.
See Figure 12.

Each student needs to have this data in his/her own calculator for the Data
Analysis. This is an opportunity to have the students link the data from
the calculator that collected it to the rest of the class. If linking gets to be
standard operating procedure, thirty students can link in less than three
minutes. When one calculator links to one other, then two link to four, four to
eight, eight to sixteen, etc., it goes very quickly. This leads to the entire class
staying on task until everyone is ready.

W NOTE For help linking calculators, see Appendix J.

15.

Ask each student to save all the data in L6.

Enktsr Y¥alue

ICanc1TOK 1

Figure 7

Dist ‘l.?ﬁﬂ+

+
= +
s +

+

Iﬁup ISkop 1

Figure 8

n=1
. DiskiFED

¥=4.76l

+ +
* *

+
s+ Evenks

[Ady TF1oks TAR 1«21 Hain 1 -

Figure 9

n=l
. Diskirkx

'=4.760

fhdvIFIets IRRT3] Hain 1
Figure 10

Figady bo quiks

Events in L1
DiskCFEY in LB

[Canc1T 0K 1
Figure 11

Figure 12
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% DATA ANALYSIS

1. Sort L6 to make analyzing the data easier. Press and choose 2:SortA( '?!EJ CALC TESTS
to sort in ascending order. As with any menu, you can press the down arrow : it....

until 2:SortA( is highlighted and then press [ENTER], or you can just press [2]. . EEEEEE
See Figure 13. d:Clrlist
atSetUrEditor

Figure 13

2. You will be returned to the home screen. Press (6] to enter L6. CorLACLE 7
Press to close the parenthesis and then press to execute the Oone
command. See Figure 14.

Figure 14

3. To confirm the list has been sorted, press and scroll right until Ln Lt LE 5
you can see L6. See Figure 15.

Leri=d, 470560555,
Figure 15

4. Make sure the students understand that the order of the numbers in L1 is
not important. Have them fill in the chart on their worksheet. Adjust your
explanation of boxplots to fit your students’ experience with them.

BOXPLOT EXPLANATION T

A box-and-whisker plot, also called a boxplot, is a data representation that divides a data set into four regions
with equal numbers of data points. The boxplot allows you to focus your attention on a few important features
without the clutter that results when all data values are displayed. The median, or second quartile, separates the
set into two halves. The first quartile is the median of the lower half and the third quartile is the median of the
upper half. If you have an even number of data points, the median is found by calculating the average (mean)
value of the two data points in the middle. One half of the data falls between the first and third quartiles.

The 1st quartile (Q1) value tells you that 25% of the values (in this case, the heights) are equal to or lower than
Q1. The 3rd quartile (Q3) value is the point where 75% of the values are equal to or lower than Q3. This means
that 50% of the class data is between Q1 and Q3. A shorter box means that the data is clustered and a longer
box means that the data is more spread out. When the median line is in the center of the box, the data in the
middle is symmetrically distributed.

The whiskers also give you information about how the data is distributed. If you have one whisker significantly
longer than the other, the data is skewed in the direction of the longer whisker. This means the data is clustered
near the shorter whisker.

5. Have your students follow the directions on their worksheet to sort the data in L6 and then create their own
box-and-whisker plot. Help them line up the data on the number line provided and identify the median by
“counting in from both ends.”
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10.

1.

12,

Repeat the idea of counting in from the ends for both the lower half and upper half of the data. Because you
have 13 pieces of data, the median will be the 7th number in from either end. There will be six pieces of
data in both the upper and lower halves. The median of each will be the average of the two middle pieces of
data, the 3rd and 4th piece of data for each section. Guide the students in completing the plot in the space
provided on their worksheet. Your students’ level of experience with box-and-whisker plots should determine

how much guidance you provide.

After their boxplot is drawn, have them use the one-variable stat feature on
the calculator to see if the calculator’'s answers agree with the answers they
have on the worksheet. Press [STAT], scroll right to the CALC menu, and then
select 1:1-Var Stats. See Figure 16.

Press (6] to enter L6 in the home screen. Press to execute the
command. See Figure 17.

Have students scroll through the screen to see if the calculator agrees with
the answers they entered into the chart. Instruct them to use the down arrow
key to view all the lines of the statistics screen. Have them fill in their chart
with these numbers and compare them to the numbers they found on their
own. See Figure 18.

For further comparison, show them how to have the calculator create a
box-and-whisker plot. Press to access the [STAT PLOT] menu. Press
to set up Plot 1. See Figure 19.

If the plot is Off, use the arrow keys to highlight On and then press
to select it. Use the right arrow key to scroll through the various types until
1+ is highlighted and then press [ENTER]. Remember the heights are in L6,
SO press (6] to type L6 for the Xlist. The Freq: should be set at 1 since
there was one height recorded for each student. See Figure 20. Press [Z00OM]

m

OIT TESTS
1-Yar Stats

s 2-Var Stats

: Med-Med
iLinRegadax+hl
fAyadRea
iCubicEeg

JEgartReg

Figure 16

SortACLE 2
Oone
1-Yar Stats Ls

Figure 17

1-Yar Stats
=13

Figure 19

and choose 9:ZoomStat to view the new graph. Have students sketch the
box-and-whisker plot in the space provided on the second page of their
worksheet.

Press and use the right and left arrow keys to scroll through the
plot. Notice the data at the bottom of the screen. Have students place
the screen data in the appropriate place on the plot they sketch. For easy

Flatz  Flak:
off
[ = = H B Pl
HH- g |7
wlistils
Frea:l

Figure 20

display, have them round numbers to the nearest hundredth before recording this information on their graph.

See Figures 21 a—e.
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13. Lead your students in a discussion about
observations based on the length of
both the whiskers and the boxes. The
boxplot created by the calculator should
closely match the boxplot the students
sketched.

.P:|j:|:5|:|:|

mini=4.47 986109

F‘1=LED:|

gi=y.59z0437

Figure 21a

Figure 21b

F‘1=LEE

Hed=Y4. 8791897

F‘1=LEDj

QAE=E.07ZE74Y

F1=LED:|

maLd=E. B4 1k

Figure 21c

Figure 21d

Figure 21e

EXPLORATION

1. Guide students in presenting the data in a histogram. Adjust the Plot1
setting as shown here. Scroll until {I- is highlighted and then press [ENTER].
See Figure 22. Press and choose 9:ZoomStat to view the new graph.
See Figure 23. E

2. Students often have a hard time setting up a scale for a graph. They very Figure 22
quickly get in the habit of relying exclusively on the 9:ZoomStat feature.
Histograms often require adjustments. Press and scroll through the
bars. Make sure they see that the n at the bottom of the window is the
number of items in the bar marked by the cursor. See Figure 23. Encourage
students to adjust the window settings to allow the graph to display the data ]

i i ' i rin=4.47 A0S
|)r(1 a.more useful way. The Xscl determines the width of each bar starting at m::n:-:{'-l.?52353 nly
min.

Figure 23

F1i:Lb

3. The numbers came from the CBR 2 and are very long. Round all the numbers
to two decimal places for a cleaner display. Press [MODE], position the cursor
on the 2 beside FLOAT, and then press [ENTER]. See Figure 24.

LI ENG

FLOAT 0i@z4567HY
DEGKEE

FAE FOL SER

INNECTED EEU)

E QL SIHUL
d+bi.  FetEL
HORIZ G-T

4. Press and inspect the settings made by the calculator. This inspection

. . ) . W IHOOL

can help students choose a logical selection for more appropriate settings. Ymin=d. 47OSEES

In the example, the current settings only show 4 bars for the histogram. Ask Hmaﬁffﬁz%%ggg?%

students to adjust the window to show more bars so that they display how "r'ﬁ?r'l;.'l .SAZ45

many students are in smaller groupings. See Figure 25. Ymax=5.25
Yacol=,88117V636..

5. This problem will also give students an understanding of the shortcomings nres=1
of the English measuring system. Units in feet and inches do not provide as Figure 25

many “friendly” numbers as those generated in the metric system.
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e EXTENSION
° o

1.

An extension to this activity is to use the list feature to turn the data into inches rather than feet. This will make
it much easier to create a more useful histogram. Ask the students how many inches are in one foot. One
half of a foot? % of a foot? Ask how they arrived at their answers. Make sure they see it as a multiplication

problem. % of a foot = % X 12 inches = 6 inches.

. Lead students to how many inches are in 4.5 feet. Then move to 4.2 feet. More importantly, lead them to a

formula that will convert 4.2 feet to inches. Emphasize the concept that whether feet are given as a whole

number or a fraction, they should multiply by 12 to convert feet to inches.

. Let the list features of the calculator do this computation. Press

and position your cursor so the name of L5 is highlighted.
This will allow you to give a command for the entire list. Type in
L6 x 12. See Figure 26.

. Press and watch L5 fill in with the desired number of inches. The

measurements are all rounded to the nearest hundredth. See Figure 27.

. Next, round to the nearest whole number. Go back to the key, position

the cursor on the 0 beside the word FLOAT, and then press [ENTER].

Press to return to the Stat List Editor. Notice that all the numbers
in L5 are rounded to the nearest whole inch. See Figure 28.

Press to go back to the [STAT PLOT] menu. Press to edit the
setup of Plot 1 and press to put L5 in for the Xlist. See Figure 29.
Press and choose 9:ZoomStat to view the new graph. The window
will automatically adjust to include the data points that are now in inches.

The histogram will look just as it had before. Press to see the current
settings.

Adjust the window settings and use integers. This will allow the graph
to make more sense to the students. Let the Xmin be the first integer
smaller than the current Xmin. To edit these numbers, position the
cursor on the first digit beside the equal sign and begin typing the
number you wish to enter. The current digits will be erased as you type.
Press either the down arrow key or to move to the next line.
See Figure 30.

LYy H LB 3
____________ .48
.50
4.0
4.7
Y76
y.r
y.8Y
Ls =L s+120
Figure 26
LYy LE LB 3
______ | u.48
EEZ4 | Ya0
Ea.i6 | 4.6H
EG.HE | 470
EFL: | 4.rE
Erel | urv
EA.06 | 4.BY
LE=53, Fo833034..
Figure 27
LYy LE LG 3
______ y
CE c
Eg E
Eg L
7 E
Er E
| £
LE=53, Yo2I3834. .,
Figure 28
Flotz  Flob:
off
aFed o L
Hh HIH [~
wlistile
Fre=:l
Figure 29
W IHDOL

Bmin=53. Fos33as
HEMANSr S. SrodS3.
mecl=3, 27EE2SE. .
Ymin=-1.538345
Ymax=5.23
Yezl=1

ares=1

Figure 30
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10. Set the Xmax to be the first integer greater than the current Xmax. Try WIHOOL
adjusting the Xscl to 2 as in the example. More adjusting may be needed Amin=o3
depending on the spread of your data. See Figure 31. ﬁggT;Eq
Ymin=-2
YMax=g6
Y=o l=1
ares=1
Figure 31
11. The Ymin is given a negative value so when you trace the histogram, FLLE
the values displayed at the bottom of the screen will not be blocking the )
graph itself. Encourage students to see the relationship between this
display and the box-and-whisker plot. A tall teacher led to a long right
whisker in the boxplot and to the single box to the far right in the histogram. L1
See Figure 32. mi:ln;{gg?g n=y
Figure 32

12. Assign the Going Further section for homework to check for understanding
of the day’s activities.

WORKSHEET ANSWERS

The answers to many of the questions on the worksheet will vary depending on the data collected. Answers that
will not vary are provided here.

2. They should match.
5. 25%, 25%

8. It would not change. The new numbers are just different representations of the same data so the graph,
which basically shows how the data is distributed, would be the same shape.

GOING FURTHER
1. No

2. The right whisker is longer.

3. Class A
— -
<ttt
140 150 160 170 180 190 200
Class B
— —

120 130 140 150 160 170 180 190 200
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4. Pressing and choosing 9:ZoomStat may give a less than “friendly” window. Help students adjust the
window settings as shown here to produce a more readable graph.

LT | e T
: amin=121.1 )
: wecl=26 .
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4 Measure Up

Math Objectives: : Materials:
¢ Graph and interpret box plots e TI-83/T1-84 Plus Family
e Graph and interpret histograms « Calculator-Based Ranger™
* Generate a five-number summary (CBR 2™)
of single variable data : * Vernier EasyData™ Application
* Analyze and interpret data and graphs  Firm piece of cardboard/wood

(refer to picture)

OVERVIEW
What is the average height of the students in your class? How does your
height compare? How does your teacher’s height compare? Use statistics to
answer these questions and describe the general characteristics of a set of
measurements.

In this activity you will;

* Collect data of the heights of 12 students and the teacher in your class.

* Create a plot showing the heights of 12 students and the teacher in your class.

e Calculate the extreme values and median for the height data.

* Construct a box-and-whisker plot to summarize the height statistics.
Follow your teacher’s instructions to use the CBR 2 and the EasyData App to
collect the heights of 12 students and your teacher. Link that data into each
student’s calculator in L6. Sort the list and fill in the chart below. ~—

1. A special type of plot called a box-and-whisker plot shows a statistical picture of the data by graphically
representing the lower extreme, lower quartile, median, upper quartile, and upper extreme. To create a
box-and-whisker plot for the height data you collected, follow these steps:

a) On the number line on the next page, use a dot to mark each of the heights you collected. Follow your
teacher’s instructions to find the numbers to fill in this chart.

Your answers TI-84’s answers

minX (the minimum height)
Q1 (the first quartile)

Med (the median value)

Q3 (the third quartile)

maxX (the maximum height)

b) On the dotted line above the number line on the next page, use dots to mark the lower extreme (shortest),
and the upper extreme (tallest). The median is the middle number when all the data is arranged in order.
When the number of data items is even, the median is the average of the two middle values.

c) Draw a vertical line through the median.

32 « EasyData Collection Activities © 2005 Texas Instruments Incorporated



43

Activity 4: Measure Up

d) The lower quartile, Q1, is the median of the lower half of the data; the upper quartile, Q3, is the median
of the upper half. Draw vertical lines through the lower quartile (Q1) and the upper quartile (Q3).

e) Draw a box from the lower quartile to the upper quartile, using the vertical lines through Q1 and Q3 as
sides. Draw line segments (whiskers) from the box to the extremes.

2. Press and scroll over to the CALC menu and select 1:1-Var Stats. On the home screen, press (6]
to enter L6. Press to execute the command. Scroll down the screen and find the numbers to fill in the
second column of the chart. Did the calculator’s answers agree with the answers you put in the chart at the
beginning of the worksheet?

3. Follow your teacher’s instructions to have the calculator create a
box-and-whisker plot for the data and make a sketch of it here.

4. Press the key and use the right and left arrow keys to scroll through
the plot, paying attention to the data at the bottom of the screen. Place the
screen data in the appropriate place on your sketch. For easy display, round
numbers to the nearest hundredth before recording this information on the
screen.

5. Approximately what percentage of the heights is greater than the upper quartile? ________ About what
percentage is less than the lower quartile?

6. Notice that the box part of the plot represents the middle 50 percent of the data set. The size and location of
the box tell you certain things about the data. A wider box indicates that the data is spread out and a smaller
box means the data is clustered. Discuss the size and location of the box part of your plot. Describe how it
relates to the measured heights

7. The length of the whiskers on the boxplot gives a hint as to the distribution of the data. If one whisker
is significantly longer than the other, the data is skewed in the direction of the longer whisker. This means
that the data is bunched together near the shorter whisker. Describe the whiskers on your plot. What do the
whisker lengths tell you about the heights?

8. Ifthe heightsinthis activity were measured in centimeters rather than feet, how would your boxplot be affected?
Explain your reasoning.

9. Follow your teacher’s instructions to create a list of your data converted to
inches. Create a histogram of this list and sketch it here. Use the information
from the trace feature to mark each bar with the total number for that interval.
Compare the information displayed in the histogram to the boxplot. What do
the two have in common? Which do you prefer? Explain.
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= Going Further

Math Objectives: : Materials:
e Graph and interpret scatter and e TI-83/T1-84 Plus Family
box plots : + Calculator-Based Ranger™
* Analyze and interpret data : (CBR 2™)
and graphs :  Vernier EasyData™ Application

* Firm piece of cardboard/wood
(refer to picture)

1. The nature of a box-and-whisker plot can sometimes be distorted by data values known as outliers. An
outlier is a value that is set apart from the rest of the data set because it is significantly lower or higher than
any other number in the set. Describe how your box-and-whisker plot would be affected if the tallest person
measured were replaced with a professional basketball player. Would the median, lower quartile, and upper
quartile values change?

2. Replace the tallest person in your L5 with 7 feet to represent a tall basketball
player and redraw the box-and-whisker plot here. How does it compare to
the plot for the original data?

3. Suppose that this activity is repeated with two different classes. The average
heights, in centimeters, are listed below. Arrange the numbers along the
number line provided below each data set. Above the number lines, construct box-and-whisker plots for the
heights in these two classes.

Class A: 193, 141, 161, 152, 179, 153, 167, 146, 184, 197, 147, 149

- >

Class B: 195, 128, 164, 189, 162, 129, 178, 143, 154, 144, 187, 170

< >

4. Use the built-in feature of the calculator to create a box-and-whisker plot for each class. Sketch them on the
same axes here.

5. Based on these plots, write three statements comparing the heights in the
two classes.
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j/ Hooke’s L.aw

Math Objectives: : Materials:

» Graph scatter plots * TI-83/TI-84 Plus Family

* Analyze and graph linear functions + Calculator-Based Ranger™
+ Calculate and model slope (CBR 2™)

* Vernier EasyData™ Application

* Small spring cut in half
(a Slinky® works well)

* Empty 4 oz plastic/paper cup
(flat bottom)

» Two large paper clips or string

» Meter stick or other long stick

» Second meter/yard stick or ruler

» 30 Candies (M&Ms® and almonds
work well)

OVERVIEW

Hooke’s Law, explained in its simplest form for beginning algebra students, states that the stretch on
a spring is directly proportional to the force applied to the end of the spring. In this activity, the force
is the weight of an increasing amount of candy added to a cup. This force is applied to the end of a
spring. See the diagram below. The data will be collected using the CBR 2 and the EasyData App.
This experiment will produce linear behavior. You will analyze the data, determine an equation of the
line of best fit, and interpret the meaning of the slope. The coordinates of the graph are the distance
from the cup to the floor vs. the number of candies. You will interpret the values used in your model
and apply the properties of this linear model to predict future behavior/events.

6 NOTE The following activity, Activity 8: Hooke’s Law, The Rest of the Story, uses the data collected in this
activity for further investigations into linear functions. Unless you have an extended lab period or block scheduling,
it is unlikely you could complete them both in an average class period. This lesson can be done without doing
Activity 8, but if you plan to do Activity 8, have your students save the data into named lists for easy retrieval. Also
make sure students have their worksheet from Activity 7.

* NOTE For more help in saving data to named lists, see Appendix E.
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SETUP

Briefly demonstrate and discuss the data collection procedure with the class. Have students collect the data in
groups of 3 or 4. Each group should do the following:

1. Place a meter stick or other long stick on the back of two chairs as shown in the diagram on the
previous page.

2. Hang the spring from the stick. (A plastic Slinky® cut in half works well.)

3. Poke holes in the cup and put string or paper clips through the holes to form a handle. (You can also use an
empty cream cheese or margarine container. The container you choose needs to have a flat bottom so the
CBR 2 can take a reading of it. You can save valuable class time by having the handles already attached
before the experiment.) Hang the cup/container on the spring with the string/paper clip handle. Make sure it
is at least 18—24 inches off the floor when empty.

4. Before starting, have students measure the distance, in inches, from the top of the stick to the floor and
record this on their worksheet. This measurement will be used if you choose to do Activity 8: Hooke’s Law,
The Rest of the Story.

5. Position the CBR 2 on the floor directly under the empty cup/container so you can measure the distance
from the floor to the bottom of the container. Link the CBR 2 directly to the TI-84 Plus. You can use either
the 1/O unit-to-unit cable or the mini-USB cable.

6. The EasyData App will launch automatically if you are using the mini-USB cable. If you are using the 1/0
unit-to-unit cable, you will need to press the key, scroll down to highlight the EasyData App, and then
press in order to launch the App.

DATA COLLECTION T:hew | ETém |
1. Press the key to access the File menu and select 1:New by pressing £ Qpen..

CH LN L

or since 1:New is highlighted, you can just press [ENTER]. This resets the ; gﬂ:?ﬁﬁn
program and clears out old data. See Figure 1. b: Helr
74 Abouk ith Entry
(AR Ectur (Ztar L TGr ar hiQuit]
Figure 1
2. The default unit of measurement on the EasyData App is meters. You will do
this activity in feet. To change the units of measurement, press the | P T J
key on the top row of the calculator to select the Setup menu soft key. %: Distancs Hatch
From the Setup menu, choose 1:Dist by pressing [1] or since 1 is ; ::}ﬁ'ﬁﬂnﬂ.:":ch
i i H B: Evenks with Enkry
highlighted. See Figure 2. Hodel 7+ Zarin.. !
ile ZkartiararhiQuit

Figure 2

3. From the Units menu, select 2:(ft) by pressing (2] or by pressing the down arrow key until the 2 is highlighted
and pressing [ENTER]. See Figure 3. When you have confirmation that you will be using feet, select OK.

See Figure 4.
Sensal Sekup Sensal Sekup

Zensar: Diskancs Zensar: Diskancs

Uniks: ) Uniks: L)
1: iral
[ Units | ICanc1i 0K | (Units | ICanc1i 0K |

Figure 3 Figure 4
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4. You will be returned to the main screen of the EasyData App. From the Setup :

menu, select 6: Events with Entry. This will allow you to control when data | % ?E:F.-z Grarh... J
is recorded by pressing a key on the calculator. See Figure 5. E: Distance Hatch
L

W lacity Hakch
: Eall EaUnce

B: Events wikh Entry
Hodd 7 2&Fo...

ilg SEark IGrarhiRuik
Figure 5
5. This takes you back to the main screen. Select Start. You will hear the CBR 2 DiskCELD T

clicking as the reading is displayed at the top of the screen of the calculator.
Select Keep to record this first data reading. It is the distance from the bottom

of the empty container to the CBR 2. See Figure 6.

Event Numbsr 1
Choosg Kegk b colleck daka

|Keep | | Hain |
Figure 6

6. When the Enter Value screen appears, press (0], for no candies.
See Figure 7.

Enktsr Y¥alue

[Canc1TOK 1
Figure 7
7. Slowly add 3 candies. Try to minimize the swing of the container. When the
container is steady and the distance displayed at the top of the screen is Enter Yalue
stable, select Keep again. This time enter 3 in the Enter Value screen to Ed
represent the 3 candies in the cup. See Figure 8.
Frevinous value:n
[Canc1TOK 1
Figure 8
8. Continue for a total of 10 trials. Each time the Enter Value screen appears, _Dist 1.z%9
enter the value of 3 more candies than the previous trial. With each recorded .+
value, a new data point will be displayed on the graph along with the option . +
to Keep or Stop the data collection. See Figure 9. *
+
+
IReep [ Skap |
Figure 9
9. When finished with the trials, select Stop. A graph of your data points will be =i =1.496
displayed. Use the right and left arrow keys to view the values of the points. 'mit:'
+
See Figure 10. +
* +
+ ke
Evenks.
AdvTF1aks TAnTe 2] Hain ]
Figure 10
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10. To confirm a description of the plots, press to select the Plots
soft key. This is a good time to review the vocabulary with your students.
Identfy the Events as the independent variable and the Distances as the
dependent variable. See Figure 11.

11. Select Anlyz and choose 2:Linear Fit from the menu.See Figure 12.

12. When 2:Linear Fit is chosen, the calculator will display an equation for the
line of best fit. Select OK. See Figure 13.

13. You will see the line of best fit being drawn on the screen with the data
points. You can still use the right and left arrow keys to scroll through the
data points. Use either the up or down arrow key to trace along the line
rather than on the individual points. See Figure 14.

14. Select Main and then Quit on the next screen. The confirmation screen will
be displayed telling you the lists where your data is stored. Select OK to exit
the App. See Figure 15.

DATA ANALYSIS

=0 ¥=1.494
(114004
*

v enks

fnlvzl Hain
Figure 11
H:i 1L nn
pigk|L: Stakiskics...
| : Lingar Fik
Z: Quadratic Fit
Y: Fougk Fik
E: Exponsnkial Fik
6: Inkedral...
7: 5eleck Redion... |
Hain
Figure 12
Curwe Fik CogFFicignks
¥ ax+h
a = -.0zZeYEZE
b =1.Z2ZBZ624
F = -.99571z6
10K 1
Figure 13
=0 ¥=1.2E1
iSECFED
Evenks:
AdvTF1aks TAnTe 2] Hain |
Figure 14
Feady ko quik?
Ewents in L1
DiskCFEY in LB
[Canc1T 0K 1
Figure 15

1. Rather than having the calculator do all the work of finding the regression equation, consider having the
students use the definition of slope and their understanding of linear equations to write their own equation
for the line of best fit. An additional step would be to find the equation using both methods and then compare
the answers. The following directions use a combination of the knowledge of formulas and calculator
computations to graph an equation of a line. The students need to know the formula for deriving the slope
when given the coordinates of two points and how to use the calculator for quicker and more accurate
computations. This activity is meant to build the students’ understanding of slope while showing them some

lesser used features of the calculator.
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2. The exit screen of the App verified that the data values you recorded are AL Flotz Flok:
in lists L1 and L6. Under the [STAT PLOT] menu, the Plot1 is turned on with ggé;:::&?zggg%%ggg
the window set to display all the points collected. Y1 is turned off, but the DFITE -
regression equation found by the App is still displayed there. You can tell ~Ne=
when the Y1 is turned off because the equals sign is no longer highlighted. :ﬁﬁ:
This indicates that the equation’s graph will not be displayed in the wMe=

window. See Figure 16. Figure 16

3. If you have already completed some of the previous lessons in this book, this may be a good time for
participants to practice on their own and/or in groups. You could circulate the room and help where needed
as students find their own line of best fit and compare it to the regression equation found by the calculator.
You can decide how to proceed from here based on your students’ knowledge and what your goals are
for this lesson. Have the students link L1, L6, and Y1. This will allow each student to do his/her own data
analysis.

* NOTE For help with linking calculators, see Appendix J.

6 NOTE The following is a slightly different method of finding the slope of the regression equation. This method uses
some of the features under the list menu. During this procedure, the student’s knowledge of the definition of slope will
be reinforced even though they will use technology to perform the otherwise time-consuming calculations. You may
find it easiest to have the students work in groups to collect and link the data. Then they can come back together as a
class while you direct them. They may need your direction because the features used in the next steps could be new
to them.

4. It will be helpful to have L1 and L6 next to each other in the display. To L1 =] L= z
accomplish this, press to access the Stat List Editor and position g ____________
the cursor so the name L2 is highlighted. Press to access the [INS] B
(insert) command. See Figure 17. Ez

it
b A: |
Lz =
Figure 17

5. A blank column will be inserted to the right of L1. Press (6] to have L6 L1 e Lz T
appear at the bottom of the screen. See Figure 18a. Press to see L6 g ______
fill in the blank column. See Figure 18b. E

* NOTE For more help rearranging the order of the lists displayed, see Appendix B, E

. b A: |
section 4.
MHame=Lg
Figure 18a

6. We already know the differences in the X-values of any two consecutive Li L& LZ [
points is three because the number of candies increased by three for each g 1 ::EEE T
trial. The goal for this next set of calculator commands is to use the calculator g 1 %HE
to determine the differences in the Y-values of the data points collected in E 1 %Efg
the activity and then use that difference to find the slope. i8 1.0014

Lziii=
Figure 18b
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10.

1.

12.

Give L2 a command that will calculate the difference between two
consecutive values in L6 and put that difference in L2. To do this, use the
up arrow key to highlight L2. Press to access the [LIST] menu and
arrow over to the OPS menu. Select 7: AList. See Figure 19.

You will see this command displayed at the bottom of the Stat List Editor
window. Press (6] to type in L6 and close the parenthesis.
See Figure 20.

This will give the differences in the Y-values of your data points that were
stored in L6. Press to see L2 filled in with these differences.
See Figure 21.

Because the change in the X-values is always three, you can divide each
difference by three to find the slope for the individual segments between
any two consecutive points listed in L6. Position the cursor to highlight L3
and define it to be L2/3. See Figure 22.

Press to see L3 filled in with these slopes. See Figure 23. Discuss
with your students why these differences, although very close, are not
exactly the same. This is a good time to discuss the difference between
theoretical events and actual data collection. Point out how human error
affects data collection and that the CBR 2 helps to cut down on that type
of error. Discuss the factors that could contribute to human error if the
measurements were taken by hand with a yard or meter stick. Examine
how much variation there is between any two entries in L3. Is .005 of a foot
a significant error?

Guide the students to the understanding that the average of L3 would serve
as a close approximation for the slope of the line of best fit for all the points
in the plot. Press to access [QUIT] and return to the home screen.
Have the calculator find this average and store it in M. To do this, press
[LIST] and arrow over until MATH is highlighted. Select 3:mean( from the
list. See Figure 24.

HAMES E? MATH
1:5ort
2i5ortD]
Sidime
4iFill¢
o seyl
[=ER=AN AN L
ol izt
Figure 19
Li L& H 3
0 14962 | oo
3 1402y
& 13147
g 1.241B
iz 115G
it 10817
i 1001y
Lz =L izt CLs2l
Figure 20
Li L& Lz 3
0 1.495z | EREEED
3 iyozy | -.0B7F?
& 1.3447 | -o7ze
g 1.24iB | -.0BE
iz 115GE | -07Ed
it 10817 | -oBDE
i iooiy | -7
Leih=-, B33V 2683,
Figure 21
L& Lz L] y
1496z | -.omzE | o
iyozy | -oB7?
1.3447 | -o7ze
1.24iB | -.0BE
115GE | -07Ed
10817 | -oBDE
1001y | -lo7a?
Lz =L z~3
Figure 22
L& Lz L y
1496z | -.08zA
iyozy | -7 | -.0z8z
1,347 | -0728 | -0zh3
1.24iB | -.0BE" | -0zBE
115G | -07EL | -0ZE
10817 | -0BDE | -0zEE
1001y | -0797 | -0Z6E
Lxii=-, B3] 266666,
Figure 23

HAMES OFS |EENNE
limine
2imaxe
Fea
tmediant
HEA N T
& Frodi
Fletdlen

Figure 24
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13. Press to access L3. Complete the command by typing D] [STO#] (ALPHA Meantls 2 +M
M [ENTER). See Figure 25. -LHZT1193983
Figure 25
14. Next, identify the Y-intercept. Return to the graph and trace to the first data Fi
point. See Figure 26. +
+
* +
+
+
+
+
+
+
n=loL L, L. ¥=1.4962 . .
Figure 26

15. Press to [uiT] and return to the home screen. The calculator keeps ——— N

the X- and Y-values from the last point you traced in its memory until you -LHZT1193983
trace to a new point. Store the Y-value from first data point in the B variable. "W+E 1. 4957
The keystrokes are as follows: [ALPHA] Y [STO®] [ALPHA] B [ENTER]. )

See Figure 27.

Figure 27
16. Next, check to see if these values for M and B are a close fit to the data. Go 2L Flotz Flots
to the [Y5] window and press [ALPHA] M [X.T.0.n] [+] [ALPHA] B to type in MX+B =M= - H2EVIIE954
: oot +]1 . 428405493
next to Y2. See Figure 28. Soa
~N e BME+E
~ha=
~Ny=
~Ne=
Figure 28
17. Press to see how closely this equation fits the points. In the example Fi
shown, it looks like a great fit. Press and use the left and right arrow
keys to scroll through the data points. See Figure 29.
] v=i.z4iB . .
Figure 29

18. Next, press the up arrow. Your cursor will jump to the middle of the line and VZ=HR+E
display the coordinates of the points on the line of the regression equation
instead of the individual points from the lists. The upper left corner of the
screen tells you the location of the equation you are tracing. In this example,
it is tracing Y2. See Figure 30.

n=1z. 468085 .Y¥=1.1308Ez8 ~

Figure 30

© 2005 Texas Instruments Incorporated EasyData Collection Activities ® 55



52

Activity 7: Hooke’s Law

19. To compare how closely the regression equation you found matches the
one the calculator found, graph them both at the same time. To distinguish
between the two lines, use different graph styles. Go back to the [Y5] window
and turn on Y1 by positioning the cursor on the equal sign and pressing
to highlight it. Leave Y1 with the default style, but use the left arrow
key to highlight the slash icon in front of Y2. Repeatedly press until
you see the symbol shown in the screenshot on the right. The symbol looks
like a ball with a line to its left. See Figure 31.

20. Press [GRAPH]. Y1 is graphed using the default graph style. After Y1 is
completely graphed, you will see a small ball marking the trail as Y2 is
graphed. This feature makes it easy to see how closely your graph matches
the graph found by the calculator. See Figure 32.

21. If you will be doing Activity 8, it is a good idea to save the data from L1, L2,
and L6 into named lists. Running the EasyData App will overwrite any data
that was saved in unnamed lists as will many other Apps and programs.
Name L1, HSEQ; L2, HDIF; and L6, HOOKS. See Figure 33.

W NOTE For help with naming lists, see Appendix E.

6 NOTE If you run the EasyData App again to collect another set of data, the previous
data is overwritten. The EasyData App will run with no probe connected if you want
to use it to view your graph. A screen confirming that no interface is connected will be
displayed. Select None to continue without a probe. See Figure 34.

Flokl Flokz Flok:
ML BZ2ETIEE95
aEoEA+1 . 48405492
Brava
A4z BMA+E
mr=
~Ny=
~Ne=

Figure 31
-
Figure 32

HZER HOOE: |HDIF &

0 1495z | BOEE:D

E; 140z | -.0B77

B 17147 | -07z0

g i.z4i8 | -.0BE

iz i.4ceH | -.07EL

it 1.0817 | -.0B0Z

1B 1001y | -0787
HOIFI) =-,  @B93FE

Figure 33

Mo InkgFFace Connecksd

= Firmle Conneck cablses.
= Check the FawgE.

= Choossg ZCan ko pekr,

= Chooss Nong bo conkinUs
withouk Ehe inkerFacs.

= Choose Quik bo gxik the
EaswDaka ArF.

(Ecan (Mene (Quikl
Figure 34
22. When the main screen is displayed, select Graph to view the plot from the - Y=1.488
last time data was collected. See Figure 35. iskird
* +
+
+
+
+
+ ]
WORKSHEET ANSWERS _Events.
AdvTF1aks TAnTe 2] Hain ]
Answers will vary on problems not listed. Figure 35
2. Number of candies 7. Negative; As the number of candies increases, the distance
decreases.
3. Distance from CBR 2 8. Less change. . . so less steep
4. Difference 11. Answers will vary, but they should match the slope in 9 or 10

when multiplied by 3.

5. Difference between 2 consecutive elements in L6. 13. The change in distance per change in candies.

6. L2/3 calculates the slopes of each segment and 15. a)y=m (10) +b
the average is a close approximation for slope of b)12=mx+b

the whole line.

56  EasyData Collection Activities

© 2005 Texas Instruments Incorporated



53

1iVvy
& f,L Name:

7 Hooke’s Law

Math Objectives: : Materials:

« Graph scatter plots - TI-83/TI-84 Plus Family

* Analyze and graph linear functions + Calculator-Based Ranger™
« Calculate and model slope (CBR 2™)

* Vernier EasyData™ Application
» Small spring cut in half
(a Slinky® works well)

» Empty 4 oz plastic/paper cup

\ (flat bottom)
/ g * Two large paper clips or string

» Meter stick or other long stick
» Second meter/yard stick or ruler

» 30 Candies (M&Ms® and almonds
work well)

OVERVIEW

In this activity, you will create a situation that produces linear behavior by observing a spring being stretched as
you add candies to a cup attached to the spring. You will then apply the properties of a linear function to develop
a model for your motion. Finally, you will interpret the values used in your model. Your teacher will outline the
procedure for you. Use the results of the activity to fill in the blanks below.

SETUP
Work in groups of 3 or 4 to do the following:

1. Place a meter stick or other long stick on the back of two chairs as shown in the diagram.
2. Hang the spring from the meter stick.

3. Hang the cup/container on the bottom of the spring. Make sure that when the cup is empty, it is at least
18—24 inches off the floor.

4. Use aruler or a second yardstick to measure the distance, in inches, from the top of the stick to the floor and
record it here. This measurement will be used if you choose to do Activity 8.

5. Position the CBR 2 on the floor directly under the empty cup/container so you can measure the distance
from the floor to the bottom of the container. Link the CBR 2 directly to the TI-84 Plus. You can use either the
I/O unit-to-unit cable or the mini-USB cable.

6. The EasyData App will launch automatically if you are using the mini-USB cable. If you are using the 1/0
unit-to-unit cable, you will need to press the key, scroll down to highlight the EasyData App and then
press in order to launch the App. Follow the procedure outlined by your Teacher.

7. While still in the EasyData App, select Anlyz and select 2:Linear Fit. Record that equation here.

8. Link L1, L6, and Y1 into each student’s calculator.

9. Set up a scatter plot in Plot1 with L1 and L6 and sketch the graph of your
data points here.
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10. Before continuing, name three new lists in which to store and protect your data for use later. Store L1 in a
list named HSEQ, L2 in a list named HDIF, and L6 in a list named HOOKS.

floor/CBR 2, L6

D|W|O
N

9 3.
12

15
18
21
24
27
30

6.
average/mean of the numbers in L3. Explain w

hy.

Number of Distance from For recording purposes, round all decimals to the nearest
Candies, L1 the bottom of hundredith.
the cup to the 1. Fill in the chart with the numbers from your calculator.

Follow your teacher’s directions to find your own regression
equation.

. What physical property is represented along the X-axis of the

graph?

What physical property is represented along the Y-axis?

What is the mathematical meaning of the symbol delta, A?

Fill L2 by using the command AList(L6). Describe the
meaning of the values this formula will generate and put
into L2

Define L3 to be L2 divided by 3 and then calculate the

7. Consider your trend line for the distance to the floor vs. the number of candies.

Is the slope positive or negative? ___ Why?

8. What kind of slope would you predict for a stiffer spring than the one you used?

9. What is the regression equation you found to fit the data?

10. What was the regression equation found by the calculator?

11. For every set of three objects you put in the container, the distance from the CBR 2 decreased by

12. What is the mathematical definition of slope?

13. Describe, in your own words, the meaning of slope in relation to this activity.

14. Use the or [TABLE] buttons to find the following:

a. How far from the floor would the cup be if 10 candies were used?
b. How many candies are in the can if it is 12 inches from the floor?

¢. How many objects would it take until the container hits the floor?

15. Write the equations that you used to answer questions 14 a—c.

a) b)

c)

6 NOTE You will need this worksheet to do Activity 8.

58 « EasyData Collection Activities
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Activity

1

Walk the Line:
Straight Line Distance Graphs

When one quantity changes at a constant rate with respect to another, we say they are linearly
related. Mathematically, we describe this relationship by defining alinear equation. In real-world

applications, some quantities are linearly related and can be represented by using a straight-line
graph.

In this activity, you will create straight-line, or constant-speed, distance versus time plots using a
Motion Detector, and then develop linear equations to describe these plots mathematically.

OBJECTIVES

 Record distance versus time data for a person walking at a uniform rate.
» Analyze the datato extract slope and intercept information.
e Interpret the slope and intercept information for physical meaning.

MATERIALS
TI-83 Plus or TI-84 Plus graphing cal culator
EasyData application

CBR 2 or Go! Motion and direct calculator cable
or Motion Detector and data-collection interface

Real-World Math Made Easy © 2005 Texas | nstruments I ncor por ated 1-1
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Activity 1
PROCEDURE
1. Set up the Motion Detector and calculator. h
a. Open the pivoting head of the Motion Detector. If your Motion e f::“)\
Detector has a sensitivity switch, set it to Normal as shown. o ﬁ

b. Turn on the calculator and make sure it is on the home screen.
Connect it to the Motion Detector. (This may require the use of a data-collection
interface.)

2. Position the Motion Detector on atable or chair so that the head is pointing horizontally out
into an open area where you can walk. There should be no chairs or tables nearby.

3. Set up EasyData for data collection.

a. Start the EasyData application, if it is not already running.
b. Select (File) from the Main screen, and then select New to reset the application.

4. Stand about a meter from the Motion Detector. When you are ready to collect data, select
(start) from the Main screen. Walk away from the Motion Detector at a slow and steady pace.
Y ou will have five seconds to collect data.

5. When data collection is complete, a graph of distance versus time will be displayed. Examine
the graph. It should show a nearly linearly increasing function with no spikes or flat regions.
If you need to repeat data collection, select (main) and repeat Step 4.

6. Once you are satisfied with the graph, select (main) to return to the Main screen. Exit EasyData
by selecting (auit) from the Main screen and then selecting (oK.

ANALYSIS
1. Redisplay the graph outside of EasyData.

a. Press D [STAT PLOT].

b. Press Grer> to select Plotl and press Gyrer> again to select On.
C. Press Coow.
d

. Press(@) until Zoomstat is highlighted; press &> to display a graph with the x and y
ranges set to fill the screen with data.

e. Press to determine the coordinates of a point on the graph using the cursor keys.

2. The slope-intercept form of alinear equation isy = mx + b, where misthe slope of the line
and b isthe y-intercept value. The independent variable is x, which representstime, and y is
the dependent variable, which represents distance in this activity. Trace across the graph to
the left edge to read the y-intercept. Record this value as b in the Data Table on the Data
Collection and Analysis sheet.

3. One way to determine the slope of the distance versus time graph is to guess a value and then
check it by viewing a graph of the line with your data. To do this, enter an equation into the
calculator, and then enter avalue for the y-intercept and store it as variable B.

a PressCG.
b. Press Cetear> to remove any existing equation.
c. Enter the equation M«X + B in the Y1 field.

1-2 © 2005 Texas Instruments Incor porated Real-World Math Made Easy
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Walk theLine

d. Press(@ until theicon to the left of Y1 isblinking. Press &> until abold diagonal lineis
shown in order to display your model with athick line.

e. Press [QuUIT] to return to the home screen.

f. Enter your value for the y-intercept and then press B to store the value in the
variable B.

4. Now set avalue for the lope m, and then look at the resulting graph. To obtain a good fit,
you will need to try several values for the slope. Use the steps below to store different values
to the variable M. Start with M = 1. Experiment until you find one that provides a good fit.

a. Enter avalue for the ope mand press oo M to store the value in the variable m.
b. Press to see the data with the model graph superimposed.
C. Press [QUIT] to return to the home screen.

5. Record the optimized value for the slope in the Data Table on the Data Collection and
Analysis sheet. Use the values of the slope and intercept to write the equation of the line that
best fits the distance versus time data.

6. Another way to determine the slope of alineto fit your datais to use two well-separated data
points. Use the cursor keys to move along the data points. Choose two points (X3, y1) and (X,
y») that are not close to each other and record them in the Data Table on the Data Collection
and Analysis sheet.

7. Usethe points in the table to compute the slope, m, of the distance versus time graph.

m= yz_y1:

X, =%
= Caculate the slope and answer Question 1 on the Data Collection and Analysis sheet.

8. You can aso use the calculator to automatically determine an optimized slope and intercept.

Press Gnro and use the cursor keys to highlight CALC.

Press the number adjacent to LinReg(ax+b) to copy the command to the home screen.
Press [L1] <& [L6] < O to enter the lists containing your data.
Press Cwrs> and use the cursor keysto highlight Y-VARS.

Select Function by pressing GvrerD,

Press to copy Y1 to the expression.

On the home screen, you will now see the entry LinReg(ax+b) L1, Le, Y1. This command will
perform alinear regression using the x-valuesin L1 as and the y-values in Ls. The resulting
regression line will be stored in equation variable 1.

g. Press to perform the linear regression. Use the parameters a and b to write the
equation of the calculator’s best-fit line, and record it in the Data Table.

h. Press to see the graph.
= Answer Questions 2-5 on the Data Collection and Analysis sheet.

"o Q0T
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Activity

1

DATA COLLECTION AND ANALYSIs Name

Date

DATA TABLE

y-intercept b

optimized slope m

optimized line equation

X1, Y1
X2, Y2

regression line equation

QUESTIONS

1. How does this value compare with the slope you found by trial and error?

2. How do the values of the slope and intercept as determined by the calculator compare to your
earlier values? Would you expect them to be exactly the same?

3. Slopeisdefined as change in y-values divided by change in x-values. Compl ete the following
statement about slope for the linear data set you collected.

In this activity, slope represents a changein divided by
achangein .

4. Based on this statement, what are the units of measurement for slope in this activity?

5. They-intercept can be interpreted as the starting position or the starting distance from the
Motion Detector. What does the slope represent physically?
Hint: Consider the units of measurement for the slope you described in the previous
guestion.

Real-World Math Made Easy © 2005 Texas | nstruments I ncor por ated 1-4
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11Vvy
Yo 2,
@ Bouncing Ball

Math Objectives: : Materials:

* Graph scatter plots * TI-83/T1-84 Plus Family

* Graph and interpret a quadratic  Calculator-Based Ranger™
function : (CBR 2™)

* Apply the vertex form of a quadratic * Vernier EasyData™ Application
equation « Bouncing ball

+ Calculate the maximum value of a
parabola

OVERVIEW

The next activity, Activity 13: How High Will It Bounce?, uses the data collected in this activity for
investigations into the rebound height of a bouncing ball. Unless you have an extended lab period
or block scheduling, it is unlikely you could complete them both in an average class period. Although
this lesson can be done alone, if you plan to do Activity 13, be sure to have your students pay
special attention to the directions about saving the data into named lists for easy retrieval.

Real-world concepts such as free-falling and bouncing objects, gravity, and constant acceleration
are examples of parabolic functions. This activity investigates the values of height, time, and

the coefficient A in the quadratic equation, Y = A(X — H)? + K, which describes the behavior of a
bouncing ball.

W NOTE For help with saving data to named lists, see Appendix E.

‘ NOTE Demo the activity using the overhead calculator so the entire class can see the process. If you only
have one CBR 2, after running the activity link the data lists to each student’s calculator. If you have enough

CBR 2 units, have students work in small groups.

SETUP

1. Avoid using a soft or felt-covered ball such as a tennis ball, since
pulses from the CBR 2 tend to be absorbed by these surfaces.

2. Racquetballs work well. If you have trouble, try using a bigger
ball like a basketball or smooth playground ball.

3. This activity is best performed with at least three students: one
to hold the CBR 2 and press the trigger, one to release the
ball, and one to run the calculator.

S 4. Set the sensitivity on the CBR 2 to Normal.
N—
~— 5. Link the CBR 2 directly to the TI-84 Plus. You can use either

the 1/0O unit-to-unit cable or the mini-USB cable.

© 2005 Texas Instruments Incorporated EasyData Collection Activities ® 105
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Activity 12: Bouncing Ball

6. The EasyData App will launch automatically if using the mini-USB cable. If using the I/O unit-to-unit cable

you will need to press the key, scroll down to highlight the EasyData App, and press in order to
launch the App.

7. Position the CBR 2 motion detector at least 15 centimeters above the ball (50 cm if you are using the
older CBR). Hold the sensor directly over the ball and make sure that there is nothing in the Clear Zone.
Information about the Clear Zone can be found in the Helpful Hints section in the front of the book.

8. For best results, hold the sides of the ball and then quickly move your hands outward to release the ball.

9. Begin with a test bounce. Drop the ball (do not throw it).

DATA COLLECTION
1. Press the key to access the File menu and select 1:New by pressing el
or since 1:New is highlighted, you can just press [ENTER]. This resets the W gd |
program and clears out old data. See Figure 1. E g:?:tz_‘_'_"
E: Zkore RUn
G: Helr
74 Abouk ith Entry
(AR Ectur (Ztar L TGr ar hiQuit]
Figure 1
2. The default unit of measurement on the EasyData App is meters. You may
want to do this activity in feet. To change the units of measurement, select L =2 Tirve GFaph... J
the Setup menu soft key by pressing the key on the top row of the E 35:1*:2;;: :g:gn
calculator. From the Setup menu, choose 1:Dist by pressing [1] or £: Eall Esunce
since 1 is highlighted. See Figure 2. Hode g g:ﬁg“ with Entry
ilg SEark IGrarhiRuik

Figure 2

3. You may choose to do this activity in either meters or feet. The sample data
is in meters. Press the key on the top row of the calculator to access
the Units menu. From the Units menu, select 1:(m) or 2:(ft) by pressing

SensorF Fekup
Sensok: Diskancs

. . Co . Units: Crad
or [2] or by scrolling until your choice is highlighted and pressing [ENTER].
Then press the key on the top row of the calculator to select OK. See ﬁ
Figure 3. linits | iCanc1i OF 1
Figure 3
4. You will be returned to the main screen of the EasyData App. From the —=
Setup menu, select 5:Ball Bounce and then select Start. Follow the general | % ?E:F,,z Grarh... J

instructions displayed. Ball Bounce automatically takes care of the settings. #: Distancs Hatch

L: Velociky Hatch
See Figure 4.
B: Evenks with Enkry
Hodg 7= 22k ...

ilg SEark IGrarhiRuik
Figure 4

5. Have one person hold the CBR 2 motion detector, while another person
holds the ball at least 15 centimeters beneath the sensor (50 cm if you are Hold th:':-1u11$':-'::n1?::t

using an older CBR). Select Next. See Figure 5. half a migker below th
rokion dekeckor. Choose
Mexk ko conkins.

Figure 5 MMexk Cancl
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Activity 12: Bouncing Ball

6. Follow the on-screen directions. At this time you may disconnect the

Eall EaUnce

CBR 2 from the calculator or you may leave it connected. Whether you leave Disconnect the calculator
. . From bhe daka CoTleckion
it connected or not, you will need to press the TRIGGER on the CBR 2 device. Uhen Feadvspress
motion detector to begin collecting data. See Figure 6. IEE?EEP.,”.,'}EE?E&T;EE_

. . Hhgn dongasconneck device
7. When the CBR 2 begins clicking, release the ball, and then step back. The and chioose Nexk.

program will collect data for 5 seconds. (If the ball bounces to the side, move Mext 1
to keep the CBR 2 directly above the ball, but be careful not to change the Figure 6
height of the CBR 2 motion detector.) When the clicking stops, re-connect
the CBR 2 to the calculator and select Next on the calculator screen. The
collected data is transferred to the calculator. A screen displays a notice to
wait as it is transferred.

Y=o
8. As soon as the data is sent, the calculator displays the distance vs. time Risk (sa)
graph from within the program. The plot should look like a bouncing ball. If
it does not, repeat the sample, ensuring that the CBR 2 motion detector is
aimed squarely at the ball. See Figure 7.
: Tirngls)
hdvIFIots AnlvalHain |
Figure 7
9. To repeat the sample, select Main, Start, and repeat the process. You will e TATTT
get a warning screen telling you the new data will overwrite any previous The ,,ﬂ,::t'ld ':u',z.,,:':'ir,;,n RRE
data. Select OK. See Figure 8. okt the lakest run.
[Canc1TOK 1
Figure 8
10. When you are satisfied with your data, study the plot. Select Plots to confirm w=0 Y=o

a description of the graph as 1: Dist vs Time. See Figure 9.

11. Guide your students in a discussion to help them realize that when the ball
is at its highest point, its distance from the CBR 2 is the smallest. Observe
that the Ball Bounce feature automatically flipped the distance data so the

o i L
graph’s appearance resembles the up and down movement of the ball. hdviPIats nlval ""F;!-" 1 5
igure

Ll

12. At this time, you can use the right and left arrow keys (not the key) to view the coordinates of the
points. Pressing at this point will take you out to the Main screen of the EasyData App. If the students
do that by accident, they can select Graph to return to the Graph screen. Have the students stop here and
answer questions 1-7 on their worksheets.

% DATA ANALYSIS

You have several options for analyzing the data. Three options will be shown here. Select the one most appropriate
for your students or do all three and compare the answers. There is value in showing students different ways to
accomplish any task. Consider going through option C together and then have the students repeat the process
on their own in the “Going Further” section of their worksheet. The three methods are as follows:

A. Analyze the data from within the App. (Students will need to work in groups for the whole process as there
will be only one calculator with the data.)

© 2005 Texas Instruments Incorporated EasyData Collection Activities ® 107
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Activity 12: Bouncing Ball

B. Exit the App and let the calculator identify a regression equation. (Link L1 and L6 so each student has his/

her own set of data.)

C. Exit the App and use the vertex form of the quadratic to allow students to more thoroughly examine the
relationship between quadratic equations and their parabolas. (Link L1 and L6 so each student has his/her

own set of data.)
A. Analyze the data from wthin the App
1) Select Anlyz and choose 7:Select Region. See Figure 10.

2) Awarning screen is displayed. You will lose your original data. If you want
to keep the original data, exit the App at this point and go to choice B or
C described below. See Figure 11.

3) If you continue with this option, your graph is displayed and the calculator
is asking you to Set a Left Bound for the region you wish to examine.
You may want to have different groups select different regions. The
example will select the second parabola. Arrow to the left end of the
second parabola and select OK. See Figure 12a.

¢mok)  CAUTION Students are familiar with pressing the key to make a selection on a

graph screen. Remind them that from within this App, they need to press the key
on the top row of the calculator to access the soft key for the OK.

4) You will see a vertical line drawn at that point and the sentence at the
bottom of the screen has changed and is asking you to Set a Right
Bound. The cursor now appears on the far right side of the screen. Use
the left arrow key to scroll to the right end of the second parabola and
select OK. See Figure 12b.

5) The region you selected is drawn on the screen alone. It is clearly a
parabola. See Figure 13.

= lle_Ann
=0 1: Stakiskics...
23 Lihgdr Fil

3 Quadrakic Fik
Y: Powugr Fit
[

EXponghtial Fit

: Inkedral..
r o Seleck Redian.. (5.

Figure 10

Fedion Seleck Harnind

This artion will deleks
11 daka sukside of khg
Silecked Fands.

lCanc17 0K 1
Figure 11

n=l.0zee

N

A

Seb Lefk Eound  ICancilOK |
Figure 12a
n=1.76zz 'Y=.1EY

£k Kidht Eound [Eack I O |

Figure 12b
n=1.76zz Y=.1EYy
Diskira
Tirelsh
I AdvTF1ats TARTv 21 Hain 1
Figure 13
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Activity 12: Bouncing Ball

6) Select Anlyz and choose 3:Quadratic Fit from the menu. T ITFET
. |1 e Shakiskics...
See Figure 14. skl Lincar Fib
4: Falgr Fit
C: Expancntial Fit
B: Intedral..
7 Eeleck Fedion... |y
AdyiFToks T Hain
Figure 14
7) The regression equation is displayed. See Figure 15. TN ST ITIT
WS guz+hx+c
Q= -y A47197
b = 1z 4E087E
C = -B.4B9159
[OE 1
Figure 15
8) Select OK to see how closely the equation fits the data. The graph style
has been adjusted to see the ball tracking the path. The plots have been )
displayed with the little crosses rather than the plain dots. ] L
See Figure 16. +
' *
+
Figure 16

9) The advantage to this method is a quick and accurate answer. The Mol0%EE  YooiT
disadvantage is the original data outside the selected region was lost _iskiral
and there was not much done in the way of concept development.
See Figure 17.

: Tirels),
[AdwTFToks TAn1e2l Hain |
B. Exit the App and let the calculator identify a regression equation. Figure 17
1) Once you see the data graphed, select Main and then Quit. [ry =0
See Figure 18. Disk(ra)

Tirnglsl

hdvIFIets Mnlwzl Hain 1
Figure 18

2) The App will display a screen telling you where the data is. For Ball T e
Bounce, the time is in L1, the distance in L6, velocity in L7, and Time i L1 =
acceleration in L8. See Figure 19. Datain LE.L7.LE

[Canc1TOK 1
Figure 19
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Activity 12: Bouncing Ball
3) If you press [STAT PLOT] you will see that the Plot1 is turned on with L1

4)

5)

6)

7)

8)

and L6 in the Xlist and Ylist, respectively. See Figure 20.

Press and you will see your data displayed in the same window
as when it was in the App. You can go through the same process that the
App did in option A. Select a region and find a regression equation for it.
See Figure 21.

The Select feature on the calculator allows you to select a region from
a Stat Plot you have turned on as a Scatter plot or xyLine plot. It will
allow you to leave the original data in place and put the selected data in
whichever lists you choose. To do this, press [LIST] and arrow over to
OPS, down to 8:Select and press [ENTER]. See Figure 22.

On the home screen, press 2] [O]to enter L2 and L3 as
the arguments for the Select command. This is where the data points
from the region you select will be stored. The nice part about doing it this
way, as opposed to being inside the App, is that the original data remains
intact in case you want to go back to it. This requires the new lists to have
different names from the lists in which the original data is stored. Press
(ENTER]. See Figure 23.

You will be taken to the graph screen and asked to select a Left Bound.
In the example, the second parabola is being selected. Use the right
arrow key to scroll over to the far left of the chosen parabola and press
[ENTER]. See Figure 24.

That boundary will be marked with an arrow at the top of the screen and
the question at the bottom of the screen will now ask for a Right Bound.
The cursor remains in the position where you left it. Use the right arrow
key again to scroll to the far right side of the parabola and press [ENTER].
See Figure 25.

u g
L=~ 11 La
2iPlot2 OFf
PR LYy +
JTPlotE 0FF
o Lz YUERT +
4Pl ot=0fF
Figure 20
Figure 21

HAMES [g= MATH
2 Tsesy.
[=ER=AN AN L
rialisto
Select(
s aydment
Bilistemated
A4Matrrlisto

Figure 22

Selectilz.Lz2N

Figure 23

Fi:L1.LB

Lefk Eodhd™

H=.0ESiHz = y=.07zye

Figure 24

Fi:L1.LB
F

Figure 25
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Activity 12: Bouncing Ball

9)

10

~

1)

12)

13)

A new graph, with just the selected area, will be drawn. Press [TRACE]
and look in the upper left corner of the screen to see that your data is in
L2 and L3 and they have been used as the Xlist and the Ylist of Plot1.
The selected data is always put in the same Stat Plot as the plot of the
original data. See Figure 26.

Press [STAT], arrow over to CALC, and select 5:QuadReg.
See Figure 27.

You will be taken to the home screen to enter the list names and where
you want the equation pasted. Press 1] to enter L2, L3.
Press the comma key again and then press 0] to access Y-VARS
and select 1:Function. From the list displayed, select 1:Y1. Press
to execute the command. See Figure 28.

Go to and move the cursor in front of Y1 to highlight the slash icon.
This controls the style of the line used to graph the equation. Press
repeatedly until the graph style is the ball tracker as shown on the right
here, the one with the ball and the small line to the left of the ball.

See Figure 29.

Press to see the regression equation match the plots.
See Figure 30.

Fil:Lesl=

n

4=.9R918z =07 48

Figure 26

IT TESTS
1-Yar Stats

ﬁ—UaP Stats
L

iCubicEeg

7LEuartReg

Figure 27

Selectilz.Lz2
EuadEeg Lz-Lz2%1

u=gx i+l

Figure 28

A Flokz Flobs
o418 -4, B3EHE2EE5
1586R"2+135. 42263
AS7E7I1E+-8.4716

2111633
mNe=
mr=
~Ny=
Figure 29
|
Figure 30

NOTE Think about your goals for the lesson. Both of the previous ways of obtaining the regression equation

involve knowing the right keystrokes to get “the answer.” They are quick and accurate but involve very little concept

development. The following method will do more for helping students learn the vertex form of a quadratic equation.

It will not only help them learn where the X- and Y-values of the vertex are found in the equation, but it will also help

them see how the value of A affects the shape of the parabola.
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Activity 12:

Bouncing Ball

C. Exit the App and use the vertex form of the quadratic to allow students to more thoroughly examine
the relationship between quadratic equations and their parabolas.

1)

2)

3)

4)

5)

Begin this method the same as the method above for steps one through
nine. This will have the single parabola plotted in Plot1 with the data
coordinates stored in L2 and L3. Press [GRAPH]. See Figure 31.

When the data is displayed in the graph window, press and scroll
to the vertex. The X- and Y-coordinates displayed at the bottom of the
screen will remain in the memory of the calculator until you trace to a new
point or store new values in X and Y. See Figure 32.

Press to access [QUIT] and return to the home screen. Store the
coordinates from the vertex in the standard variables, H and K. Select
an initial value for A. Hopefully your students are familiar enough with
parabolas before you start this activity to know that A must be negative.
In this case, -1 is a good place to start. The keystroke sequence is
(X.T.6,n] (STO®] [ALPHA] H (ENTER], then [ALPHA] Y (STO»] [ALPHA] K [ENTER], and
then -1 [STO»] [ALPHA] A [ENTER]. See Figure 33.

Press [Y5] and type in A(X-H)?+K for Y1. See Figure 34.

Press to see how closely your equation fits the data. This step
allows the students to see the vertex is in place and just the A-value
needs adjusting. Allow them to try several values on their own as they
search for a good fit. See Figure 35.

H EL HH |
wlistilez
“Ylistilz
Mark: = + B

Figure 31
FiLz.Lz
=1.37618  Y¥=.B35PL7
Figure 32
A3+H
1.376132
i
KT
-1+A
-1
Figure 33

AMH Flotz Fleks
~MUERCE-HI 2+HE
~Ne=
~ha=
~Ny=
~Ne=
~NE=
~Ne=

Figure 34
! !
Figure 35
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Activity 12: Bouncing Ball

6) Examine the values that the students decide are a good fit for A. Lead

7)

them into a discussion about the acceleration of falling objects due to
gravity. Remember, the ball was not thrown; it was dropped. After an
object is released, it is acted upon by gravity (neglecting air resistance).
So A depends on the acceleration due to gravity, -9.8 meters/second?
or -32 feet/second?. The negative sign indicates that the acceleration is
downward. The value of A is approximately one-half the acceleration due
to gravity, or -4.9 meters/second? or -16 feet/second?. Depending on their
knowledge of physics, decide how far you want to take this discussion.
See Figures 36a—b.

Have the students store the appropriate value in A and press to
examine the fit.

YK,
-1+f

-4, 9+A

-45.24Be317E

4. 39910682

-1
-4.,9

Figure 36a

6 NOTE You will need this data for Activity 13. To protect it from being accidentally thrown |
away, store L1 and L6 in new lists with unique names. Store L1 in a list called BTIME (Ball

Time) and L6 in a list called BDIST (Ball Distance).

* NOTE For help with naming lists, see Appendix E.

WORKSHEET ANSWERS
Answers will vary for problems 7. Time was increasing. The
8,9, 10, 12 and 20. X-axis is time, not distance.
As time increases and you
move across the X-axis,
the ball goes up and down.
1. Time 11. Approximately -4.9 if using
meters, or -16 if using feet
2. Seconds 13. + opens up,
— opens down
3. Distance/height 14. Increasing |A| will make
it steeper.
4. Feet or meters 15. Decreasing |A| will
make it wider.
5. Height of first bounce 16. Different vertex

6. The floor

Figure 36b

17. Same; studentexplanations
will vary depending on their
previous experiences.

18. Same or very close

19. The value of A is relative
to gravity and therefore the
same for any ball.

21. y=-4.9(x—7) + 0.48

22. No, it would only affect the
vertices of the bounces.

© 2005 Texas Instruments Incorporated
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Name:

12 Bouncing Ball

Math Objectives: : Materials:

» Graph scatter plots » TI-83/TI-84 Plus Family

» Graph and interpret a quadratic * Calculator-Based Ranger™
function : (CBR 2™)

» Apply the vertex form of a quadratic : * Vernier EasyData™ Application
equation : + Bouncing ball

» Calculate the maximum value of a :
parabola

In this experiment, you will collect the height vs. time data of a bouncing ball by using the CBR 2 and the
EasyData App. Your teacher will explain the procedure. When you see the EasyData App graph the ball data,
complete questions 1-7.

1.

o o A W N

7.

. What are the units?
. What physical property is represented along the Y-axis?

. What are the units?

What physical property is represented along the X-axis?

What does the highest point on the plot represent?

What does the lowest point represent?

Why does the plot look like the ball bounced across the floor.

After exiting the App, use the Select feature on your calculator to isolate any one bounce you choose. Have the
selected data putin L2 and L3. For any one bounce, a plot of height vs. time has a parabolic shape. The equation
that describes this motion is quadratic: Y = A(X — H)? + K where A affects the width of the parabola and (H, K) is
the vertex of the parabola.

8.

This equation is called the vertex form of the quadratic equation. Trace along your height vs. time plot.
Identify the vertex of the bounce you chose and record the X- and Y-coordinates as H and K here.
H= K=

Go back to the home screen and store these values in H and K on the calculator. The keystroke sequence
is [X.T.©.n] [STO®] [ALPHA] H [ENTER] and then [ALPHA] Y [ST0»] [ALPHA] K (ENTER]. Also store —1 in the variable A by
pressing —1 [ST0»] (ALPHA] A [ENTER].

. Press [Y] and enter the expression A(X — H)? + K for Y1 and press [GRAPH]. Sketch both your selected plot

and the graph of the equation when A = —1 on the coordinate axes provided here.

10. State which bounce you worked with.

11. To find the equation of the parabola, use a guess-and-check method to find
the value of A. Starting with an initial guess of A = —1 from above, adjust A
by storing new values in A on the home screen. For each new value of A that
you test, press to view the new parabola. Experiment until you find
one that provides a good fit for the data. Record the value of A that works
best in the space here. A=

114 » EasyData Collection Activities © 2005 Texas Instruments Incorporated
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Activity 12: Bouncing Ball

12.

13.

14.

15.

16.

17.

18.

19.

Using this value of A and the H and K values found in question 1, write the vertex form of the quadratic
equation here. Y =

What effect does the sign (positive or negative) of A have on the parabola?

What effect does increasing the size of |A| have on the shape of the parabola?

What effect does decreasing the size of |A| have on the shape of the parabola?

How would the equation change, if at all, with a different bounce of the parabola?

Would you expect your classmates to have the same value of A for their trials or do you think the A value
would vary? Explain your answer.

Find out the value of A from the other groups of students in your class. How do these values compare to your
value of A?

What conclusion can you make about the value of A of a quadratic equation for a bouncing ball?

Going Further Answer these questions. Show all work.

20.

21.

22,

Re-plot L1 and L6 and repeat the procedure for one of the other bounces of the original data. When you use
the Select feature, choose L4 and L5 to store your data. Find the equation of this new bounce. Then, type it
in Y2 of the [Y9] window and graph it to see how well it matches the scatter plot and write it here.

Using what you discovered about the value of A in a quadratic equation for a bouncing ball, write the equation
of a parabolic ball bounce with a vertex of (7, 0.48). Assume the data was measured in meters.

If a ball that was more or less bouncy was used this time, would it affect the value of A in the equation? If
so, describe how.

@ NOTE You will need this data for Activity 13. To protect it from being accidentally thrown away, store L1 and L6 in new lists
with unique names. Store L1 in a list called BTIME (Ball Time) and L6 in a list called BDIST (Ball Distance).

© 2005 Texas Instruments Incorporated EasyData Collection Activities ® 115



70

NOTES

116 » EasyData Collection Activities © 2005 Texas Instruments Incorporated



71

wip Getting Started with the TI Connect™ Software
Tl PROFESSIONAL DEVELOPMENT

Activity Overview

Teachers and students need a way to back up their graphing calculator, take screen captures, and easily
update the operating system. The Tl Connect™ software application makes exchanging information
between the TI-84 graphing calculator family and your computer quick and easy. Use Tl Connect
software to create and access calculator content, transfer and backup files, take screen captures, and
update the operating system of your graphing calculator. TI Connect software includes Tl DeviceExplorer,
Tl ScreenCapture, Backup, Restore, Tl DataEditor, Explore My Tl Data, and Send to Tl Device. In this
activity, you will explore the basic features of the TI Connect software.

Materials
e Tl Connect software (version 4.0)
e TI-84 graphing calculator family
e Silver Link or standard A to mini-B USB black cable.

Note: Although this activity frequently references the TI-84 Plus C Silver Edition graphing calculator,
most functions work with the TI-84 Plus and TI-84 Plus Silver Edition graphing calculators.

Part One — Getting Started
Step 1:
To open the TI Connect software:

e Connect the TI-84 Plus C Silver Edition to the
computer using the Silver Link cable or Standard A to
Mini-B USB black cable.

e Turn on the graphing calculator.

TI Connect

e Double-click on the TI Connect icon on your computer.

Step 2: = QE

, 71 | connect™
The TI Connect Home Screen will open up to Home  Tignine  updstes

display a list of actions.

B B F
B % 9 |

yplorer  T| SeenCapture Badwp Restore TI DateEditor

= B4 °F

Tl Devicelnfo My Tl Dsta Send To TI
Device

Select an appropriate action by clicking on the

icon.

| INSTRUMENTS Options  About  Help

©2013 Texas Instruments Incorporated 1 education.ti.com
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*ﬁi Getting Started with the TI Connect™ Software
Tl PROFESSIONAL DEVELOPMENT

Step 3: Select TI Device ‘ -

The TI Connect software will open Pot  Cable Device

USE1 USE Sikvetlink .. T84 Plus (

communication with the TI-84 Plus and find
the attached calculator. Press the Select
button when the graphing calculator is ‘found’,
and you can begin. SearEh eamlEiE - m

Flease ensure your device is securely connected and tumed ON.

[ Select l ’ Cancel ]

Step 4:

With the addition of the TI-84 Plus C Silver Edition to the TI-84 family, the Tl Connect software
has been updated. What has changed?

New feature:

e Send to Tl Device has been made more easily accessible by placing an icon on the
Tl Connect Home Screen.

Updated features:
e Tl Device Explorer has been updated to work with the addition of color and backgrounds.
e Tl ScreenCapture has been updated to include color and image capabilities.
Unchanged features:
e Backup
e Restore
e Tl DataEditor
e Tl Devicelnfo

o Explore My Tl Data

In the following sections, each of these features will be discussed.

Note: The steps and directions given here are for a PC. If you are using a Mac, many of the
processes that are described are the same. However, if you need help, remember to
access the Help Menu from the various Tl Connect screens.

©2013 Texas Instruments Incorporated 2 education.ti.com
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Part Two — Send to Tl Device

The Send to Tl Device feature allows the student or teacher to send calculator files from the

computer to the TI-84 Plus C Silver Edition.

Step 1:

Click the Send to TI Device icon.

Step 2:

The Send to Tl Device Window will open.
Press on the Select Device button.

Step 3:

The Tl Connect software establishes
connectivity with the graphing
calculator. Press the Select button.

©2013 Texas Instruments Incorporated

fi

Home

®

TI Cnline Updates

=
TI | connect™

;;?"E!

g

Tl DeviceExplorer Tl ScreenCapture

-
-

Tl DataEditor

Explore
Tl Devicelnfo My TI Data Send Te TI
evice
INSTRUMENTS Options  About Help

Sending to Nothing

Diestination Foldar

Auto-stadt iransier aher 5 seconds
Sy open ater ransler

[ SelectDavice | [

Erowse:

File Name

Theve ae no fems bo show m B vaee,

Path [ é‘ann.w- |
| Setto Archive
Femove |
| Mowup |
| Moo Down |
SendtoDevice | [ Cancal

Swmy open ofar iransiar

Sending to Nothing | Belect Devicw Browse
[— Faldur Filg Namy Falh SetoRam |
Select TI Devioe: Smm——— :smtuammw:
Pot  Cabla Devica
USB1 USHDeaciCab.. THI4 Flus Silver
USEZ USH Sibwdink T4 Flug C S
Shah ol .
Flease ensure your device is securely connectad and tumad ON
(Moo ]
[ Ftiosh Seioct | [ Concal TP
Aute-stan tranader afta § sacands i i
| SendloDinace || Cancel
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*ﬁi Getting Started with the TI Connect™ Software
Tl PROFESSIONAL DEVELOPMENT

Step 4:

Next press the Browse button, and locate the file(s) you want to send. Press Open.

[ 4 saca pict 10 send S B = |
Lookin' | MyTIData >~ @@
-
R Name Da
-~ | Backups 3/
Recent Places | Downloads 32
! | temp 9/1
# FORMULAS 7/z
Desktop 4 GREEN 8/1
: & 10,
= ey L2 10,
Libraries &5 SCREEND1 6/z
L & SCREEND2 1/:
s &5 SCREEND3 10,
Computer & SCREEND4 10,
@

4 m [ 3

Network
File name L2 -
Files of ype [ Fites() M | cancel |

Step 5:

When your selections are finished, press the Send

to Device button.

e A Transferring... Window opens. You

might get a transfer warning about files

already existing. Follow the prompts.

e When transfers are complete, the Send to

TI Device window closes.

e You can now access the sent files on the
TI-84 Plus C Silver Edition.

Keep in Mind:

Transferring...

Le.gxl
Lz

File 2 of 3

Cancel

e Sending files lets you share your files with others and still maintain a copy on both your

computer and your own graphing calculator.

o Files stored on the computer can be sent to the RAM or Flash/Archived memory of the

connected graphing calculator.

e |If multiple calculators are connected to the computer, you can only choose to send to one

of them at a time.

e Do not unplug TI connectivity cables while using Send to Tl Device.

©2013 Texas Instruments Incorporated
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*ﬁi Getting Started with the TI Connect™ Software
Tl PROFESSIONAL DEVELOPMENT

Part Three — Tl Device Explorer

The Tl DeviceExplorer feature allows the teacher or student an easy way to work with the files on
the TI-84 Plus C Silver edition. The Tl Device Explorer key features are:

e Viewing the contents of the graphing calculator

e Copying calculator files to your computer

e Copying computer files to a connected graphing calculator

e Deleting calculator files

e Backing up and restoring calculator files

e Updating calculator files

Step 1: = =
TI | connect™
Click the Tl DeviceExplorer icon.
= ==
@E :

TI Devicelnfo My Tl Data Send Te Tl
Device

B * 00

Opfions  About  Help

Step 2: I ! TI-84 Plus C Silver Edition - TI DeviceExplore!
’ File View Tools Actions Help
: T & | B =1
When TI Connect establishes connectivity with the _ 1 P]:'er 1,
. .y [® screen Image
TI-84 Plus C Silver Edition, press the Select button. o ) ittt verine
S| stt (real) ’
. . . L
e The TI DeviceExplorer window will open. L
L
. . . Ls
e Click on a “+" next to any icon to view the L
=8 Pragran
contents of that folder. anann

EULERT
B3 Flash/Archive
#-§H Applications
#-[E] Backaground
3 Picture
- (g} Program
& {z Protected Program

Ready NUM

Step 3:

Drag and drop computer files into the Tl DeviceExplorer as an alternative to using the Send to
TI Device. Drag and drop calculator files from the TI DeviceExplorer into a computer folder for
backup or later use. Right-click on a calculator file in Device explorer and choose delete.

Note: You can transfer/send files to your TI-84 Plus without opening Tl Connect. Just drag a file on your
computer to the Tl Connect desktop icon for a quick transfer to your connected calculator.

©2013 Texas Instruments Incorporated 5 education.ti.com
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Part Four — Tl Screen Capture

The Tl ScreenCapture feature gives the teacher or student an easy way to capture the screen
images of the TI-84 Plus C Silver Edition. Features of Tl ScreenCapture include:

e Capturing the calculator screen as an image.

e Editing the images.

e Transferring images between the calculator and another computer application.

e Saving images in various file formats.

e Converting an image to the TI-84 Plus C file format for use as a background.

e Printing the screen capture.

Step 1: =
ft O @ Tl | connect™

Click the Tl ScreenCapture icon. Home  Tionine  upsases

Restore TI DataEditor

Explore

Tl Device|nfo My Tl Data Send To TI
Device
Step 2:
File Edit View Tools Actions Help
The TI ScreenCapture window will open. | A E S ‘

ELLLEXYCE E-1E

©2013 Texas Instruments Incorporated 6 education.ti.com
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Step 3:
Click the camera icon.

e The Tl Connect software will establish
connectivity with the T1-84 Plus C
Silver Edition with a screen capture.

e Capture additional screens by clicking
the camera icon.

e Tl Screen Capture can be used to send
a background image to the calculator,
or it can be saved and loaded into the
Tl SmartView Software.

Step 4:

From the File menu, click Open Image.

Note: Anyimage in *.jpg, *.bmp, *.tif, *.png, *.gif,

or existing Tl picture formats can be
opened in Tl ScreenCapture.

Step 5:

The image will open in the TI Connect Screen
Capture Window.

©2013 Texas Instruments Incorporated

PEELT)
ELETEYE -1

. TICONNECTTISCREENCA...

MORHAL FLOAT AUTO REAL DEGREE HP n

Y1=xz

Ready NUM

& TI ScreenCapture - Screen Capture L‘
i

File | Edit View Image Tools Actions Window Help

Open Image... Ctrl+O
Close Ctrl+F4
Close All Files

Save Ctrl+S
Save As...

Save All

Print... Ctrl+P

1 C\Users\..\13-T3\NJ3_Image0

2 C\Users\..\13-T3\nj2

3 C:\Users\..\ROY\TI-LOGO

4 London_Eye_Twilight_April_2006
5 C\Users\..\ROY\MAP_Image0

6 C\Users\Fred\Desktop\ROY\map
7 C\Users\,.\ROY\dessert

8 C\USERS\.\VIDEOS\P2T\P2T7G
9 C\USERS\..\VIDEOS\P2T\P2T7F
10 CAUSERS\..\VIDEOS\P2T\P2T7E

Exit

|Open an existing document

- —
g TI ScreenCapture - London_Eye Twilight_April_2006 ==

LR RS 16 e T e 3

|
Sal@ &

Ready NUM
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*{5 Getting Started with the TI Connect™ Software

Tl PROFESSIONAL DEVELOPMENT

Step 6:

Click on the Send to Calculator Icon to send the
image to your connected Tl 84 Plus C Silver
Edition.

Step 7:

A Send Picture Window will open. Select the image

variable number you want to use for your image.

e Remember Images 1-5 are preloaded on
the TI-84 Plus C Silver Edition.

e Follow the on screen prompts. When

transferring is complete, the image file can

be accessed on the TI1-84 Plus C Silver
Edition.

Step 8:

To save the picture as an image for use with
the Tl SmartView emulator software or as a
backup:

e Select File > Save As > Save as type
e Select TI-84 Plus C Image (*.8ca)
e Click Save.

e The background image is now ready to
Load into the TI SmartView software.

©2013 Texas Instruments Incorporated

>

& TI ScreenCapture - London_Eye_Twilight_April_2006 E@g

File Edit View Image Tools Actions Window Help

FLLIT"0

_\EE@\&W@)]@|%:

E.“ London_Eye Twilight_April_2006

1

o E—— ] r

Ready NUM

Send Picture

Device File Mame :

Graph Area Size Only

Memaory Location

Memaory Location :

Fahd
(@) Archive
[ oK ] I Cancel ]
Savem | MyTData - 07 g
2 Y i
Recent Places l i l . ® l t l

Deskop Backups Downloads temp

-
Libraries

Computer
MNetwork

File name: LONDON_EYE_TWILIGHT_APRIL_2005 -

Save as type. ! Cipgl v] Cameal

THSZ knage (* 92
TH32 Plus Image (* Sd)
Voyage 200 image (* vai)

education.ti.com
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Tl PROFESSIONAL DEVELOPMENT

Part Five — The Backup and Restore Features

The Backup and Restore feature in the TI Connect™ software provides an easy way for students and
teachers to back-up the files on their graphing calculator and restore them at a later time.

With the Backup tool you can:
e Back up the calculator's RAM
e Back up the calculator’'s Archive

e Back up the calculator’'s Apps

With the Restore tool you can:
e Restore the calculator's RAM
e Restore the calculator’s Archive

e Restore the calculator’'s Apps.

Step 1: =
@ Tl | connect™
To Use the Backup feature: Home  Tignline  Upsates
e Connect your graphing calculator to the e & ==
computer using either the Silver Link or ) "E @ EEE

Tl DeviceExplorer Tl Sa=enCapturs Tl DastaEditor

black USB cable.
@

2

m%]ﬂ

e Click the Backup icon. —
TI Devicelnfa M\,'_TPI Data

e If the Current Device does not display,

press the Select Device button.

INSTRUMENTS Options  About  Help

step 2.
; Current D) TI-84 Plus C Sitver Edition
Select data to back up by using the checkboxes. HiemEeeE slectDevics

Select data to backup

e Accept the default name, or type a new FRam
[¥] Archive

name for the backup file. [¥] 4pps

) Estimated backup size: 326838 Bytes
e Accept the default “Backup to” location,

Backup ta: lC'\Users\Fred\DDcum WTI84PlusCSilverEdition_2 tig v]

or navigate to a new location.

o Press OK. 0K ] l Cancel ]

©2013 Texas Instruments Incorporated 9 education.ti.com
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Tl PROFESSIONAL DEVELOPMENT

Step 3: " = -

@ Q | .« MyTIData » Backups v ‘

A Transferring window appears. —
g pp Organize ~ Share with ~ Burn New folder BE |~ _|] Q'
e When the transferring is complete, - Favorites ~  Documents li... Py
rrange by: Folder ~
: M Desktop Backups
the window closes.
4 Downloads = ; .
T ¥ TIB4PlusCSilverEdition
. . . | Dropbox . -
e You can find the backup file in the P Recent Places A Sl
i . . " ¥ TI84PlusCSilverEdition_2
location where it was saved with a . ShmeaplussilverEdition-Bucky
- Libraries ) .
. . . = TI84PlusSilverEd 0]
tig file extension. B, Documents — R L
4 Music
=, Pictures
‘,Videos
5 items
Step 4: =
@ Tl | connect™
To use the Restore feature; TiQnine  Upsates

e Connect your graphing calculator to the

(.

TI DeviceExplorer Tl ScreenCapturs Badup

ﬁﬁ i
e

o
G

computer using either the Silver Link or
black USB cable.

iy
.
i

e Click the Restore icon.

Explore

Tl Devicelnfe My T Dats Send To TI

Device

Tous * 00

INSTRUMENTS Options  About  Help

-
TI Restore 4 . .. o ;ﬁ

Step 5:

H Current Device: T34 Flus C Silver Edition
Two dialog boxes open.

Select data to restare:

¢ Inthe Open dialog box, select the backup []Fant
. . . ) Archive
file (navigating to the location of the [¥]Apps

backup file if needed) and press Open.

Estimated restore size 289043 Bytes

Restore

° If the Current Device doeS nOt dISplay in o [C'\Users\Fred\DDcume WTIB4PlusCSikverEdition tig

v]

Ok l l Cancel l

the Tl Restore dialog box, press the Select

Device button.

e Select data you want to restore by using
the checkboxes. Press OK.

©2013 Texas Instruments Incorporated 10 education.ti.com
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Step 6: Transferring...
A Transferring window appears. PlySritt2. 8ck
P1ySm1t2
e ATI Device Data Transfer Warning window .
File 11 af 51
might appear. Press the appropriate button L

to continue. @

e When the transferring is complete, the
window closes.

e Your graphing calculator now contains the

restored information.

TI Device Data Transfer Warning. &J

P1ySm1t2

The above item already exists on the target device
Selectthe desired action

Rep\ﬁl:e] IRep\aCBAII Rename Skip I I Cancel

Keep In Mind:
e Backups should be done periodically.
e Remember the location where you saved the backup.
e Backup can only backup RAM, Archived, and Apps. You cannot back up an operating system.
e Before restoring, it is a good idea to check that you have the latest operating system installed.
e Restore copies the device files in the backup file to the connected calculator.

e Do not unplug TI connectivity cables while using Backup or Restore.

Part Six — Tl Data Editor
The TI DataEditor feature in TI Connect™ provides an easy way for students and teachers to work
with data variables on their TI-84 Plus C Silver Edition.
With the TI DataEditor tool you can:
e Create number, list and matrix variables.
o Edit the variables.

e Share the variables with the graphing calculator and computer.

©2013 Texas Instruments Incorporated 11 education.ti.com
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Tl PROFESSIONAL DEVELOPMENT

Step 1:
To use the Tl DataEditor feature:

e Connect your graphing calculator to the
computer using either the Silver Link or
black USB cable.

e Click on the Tl DataEditor icon.

Step 2:

The DataEditor will open. The Data Editor Window
has three modes:

e Number Editor
e List Editor
e Matrix Editor

To open the List Editor, click View, and choose
List or click on the List button at the bottom of the
window. To create a list, click File > New > List.

Step 3:

Data can now be entered into the list.

©2013 Texas Instruments Incorporated

Home

m Ti Online

=]
Tl | connect™

@

Upastes

Tl DeviceExplorer Tl Sa=enCapturs

%

Badwp

TE
E Explore
B *060

Save cules | 5|« |
C N :
Save Al :J
Prepenies QiR
Clese M
Close Al
Import... Cerbel
Export... CuleE
Special Lt Biport—. Cirls T
Frnd.. Cul-p
e
2n
Eul Alt=F
B2 wmlm| {} ust ] Mavix |
| Create a new List HUM

File Edit View Tools Actions Help

ADE S

HEmXE Y6 S =

W 00|~ | @B R

-
=

11

5.6
5.5
4.3
5.2
4.7
5.5
5.8
5.2
5.1

5.2
5.3

12

5]

B12 Number-|{---} List [E] Matrix

Ready

12
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Step 4:

When the data has been entered, click File > Save
As. A Variable Properties window opens.

e Select the Device Type and Variable

Name. Then press OK.

The File Save As window opens. Verify the
file name and location, and press Save.

The Number Editor and Matrix Editor work
in a similar fashion.

Keep In Mind

The curment properties for this varnable are shown. Please make any changes
nesded

After making your changes, click OF to change your variable's properties
Wariable Name

@ L1
oL

Device Type

“Wariable Type
Mumber
(@) List -
o @L
@ L4
@Ls
@ L6

Matriz:

Once a List, Number, or Matrix is saved, it can be opened in the Editor for editing.

Once a List, Number, or Matrix is saved, it can be sent to the calculator using the Send to

Device icon or dragging and dropping into Tl Device Explorer.

Part Seven — Tl Devicelnfo

The Tl DataEditor supports importing and exporting of data in .txt and .csv file formats.
The Tl DataEditor supports copying and pasting.

The Tl DataEditor can also be opened from Tl ScreenCapture and Tl DeviceExplorer.

The TI Devicelnfo feature in TI Connect provides an easy way for students and teachers to find out

information about their TI-84 Plus C Silver Edition. The TI Devicelnfo tool can:

Find general information about your
calculator.

Find applications on your calculator.

Find the ID list on your calculator.

©2013 Texas Instruments Incorporated
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e Create information files.

e Open information files.

e Change communication settings.
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Tl PROFESSIONAL DEVELOPMENT

Step 1:
To use the Tl Devicelnfo feature:

e Connect your TI-84 Plus C Silver Edition
to the computer using either the Silver
Link or black USB cable.

e Click on the TI Devicelnfo icon.

Step 2:

The TI Devicelnfo window will open and
communicate with the calculator. If necessary,
Select Device.

The TI Devicelnformation Window has three tabs:

* General Information
» Installed Applications
e |D List

Information files can be saved and opened using
the File menu.

Keep in Mind

Wﬁ%ﬂ

Tl DeviceExplorer Tl SaeenCapturs

o
i

Explore
My Tl Data

=YE

i ® T | connect™
Home TI Online Updstes

— = = E==

,@ e, k e . ==

G4 ==

Badup

Send To TI
Device

Tl DistaEditor

-

* 00

Opfions  About  Help

-

t=#] TI Devicelnformation

—

[ = ]

File Actions

Device Type:
Device 1D:
085 Version:
BIOS Version:
Language:
Total RAM:

Battery Status:

RAM Available:

Help

General Information | Installed Applications | ID List

TI-84 C Plus Silver Edition

NAA

4.00

1.03

English

24 KBytes
15942 Bytes
Good

Cloze

You can find calculator type, calculator ID, OS version, BIOS version, language, RAM information,

battery status, installed applications, and ID list.

Part Eight — Explore My Tl Data

The Explore My Tl Data feature lets students and teachers create and work with Group files.

With the Explore My Tl Data tool you can:
e Create Group files

e Edit Group files

e Send group or device files to a connected TI-84 Plus C Silver Edition.

©2013 Texas Instruments Incorporated
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Step 1:

To use the Explore My Tl Data feature, click on the
Explore My TI Data icon.

Step 2:
The Windows Explorer window opens.

You can also create a Group file containing one or
more related calculator files.

Step 3:

To create a Group file with the Windows Explorer
window open, click File > New > TI Group.

©2013 Texas Instruments Incorporated
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Tl Gnline

)

ft

LUpdates
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A Group file named “New TI Group” appears in the

window.
File Edit View Tools Help
e Drag or copy the calculator files you want Organize v 59 Brplore. » Sharewith v » BE ~ [ @
in the group to the Group file. R e “ lBackups  [CHNewTIGroup
Bl Desktop . Downloads & 1000848
e Rename the Group file if you want. § Downloads | temp & Pico
=] Recent Places 1 Q HITTAR @PIySmIQ
e The Group file can act as a backup and be 4+ Dropbox & image1 GhPOINTS
| GAKRYPTO-84  [ZSCREENOL
restored to the calculator. =3 Libraies Bl 4/ SCREEND?
3 Documents @L-E- () TIMERS4
o Music s, (Gl WALKER
= Pictures @ L4
B Videos @ll
- BHn
New TI Group State: Z& Shared
Tl Group Date modified: 9/22/2012 2:59 PM
Keep in Mind

e Explore My Tl Data provides quick access to the computer folder containing your Tl Data
and to the files in that folder.

e The Backup feature creates a Group file of a connected calculator. With Explore My TI
Data, you can select which individual calculator supported files you want to put into a
Group file. For instance, you might want to put all your programs in a Group file. The Group
file would serve as a backup of your programs and the Restore feature could restore them
to a connected TI-84 Plus C Silver Edition. You can also send the one Group file with all
the programs in it to the calculator, simplifying the send process.

Other icons on the Tl Connect Home Page include:

T1 Online — If you are connected to the internet you I 1

will taken to the Tl education portal “ 1| connect™
Heme TI Online, Updates

Updates — You can check to see if you have the

latest operating system and Apps. -E N EE ‘EE EEE
A oy " p i -

a——

Options _ YOU can Set the Options f0r the Tl Tl DeviceExplorer Tl SoeenCapture Badwp Restore TI DataEditar

Connect software. The options you can set include

g
&1

\E

Tl Devicelnfo My Tl Dsta Send To TI
Device

the default application, the default directories, and
automatic software update checking.

About — Displays the version of the TI Connect 2
WES 0 g

software that is installed on your computer. —

Help — Opens a PDF help file with additional
information about the Tl Connect software.
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Activity Overview

You will explore basic features of the TI-SmartView™ emulator software. The TI-SmartView software
gives you the complete functionality of both the TI-84 Plus and TI-84 Plus C Silver Edition graphing
calculators on your computer. The software contains additional functionality that can be used to enhance
presentations and classroom demonstrations.

Materials
e TI-SmartView emulator software (version 4.0)

e A Silver Link USB cable

Note: Although screen captures of the TI-84 Plus C Silver Edition are used throughout this activity, the
TI-SmartView software contains two emulators: T1-84 Plus and TI-84 Plus C. If you are running
version 3.0 or earlier, upgrade to version 4.0 and get all the features of both calculators.

TI-SmartView Software

To open the TI-SmartView software, click on the TI-SmartView TI-84 Plus icon

TI-SmartView
TI-84 Plus

on your computer. The software will open and is ready to be used.

N | | ey Press History | Targe Sereen |

Patl Fak 2 ren

-z NORHAL FLOAT AUTO REAL RADIAN HFP n
BNy S
JEKR LN
-
yes
v
"

Shaw Ky Fross Hstory &

Notes:
Two new features for TI-SmartView:
e TI-SmartView contains dual emulators, one for the TI-84 Plus C and one for the TI-84 Plus.
0 The functionality of the emulators is the same as their respective graphing calculator.
o If ateacher is changing between graphing calculator models, data is not shared
between the emulators. Work done on one would need to be re-entered on the other.
o AKeypad and Large Screen view have been added. Additional updates include changes to the
layout options, the emulator views, View® and large screen, and screen capture.
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Dual Emulators

When TI-SmartView opens, it opens to its last
emulator state. To change emulators:

e Click on the graphing calculator model icon
on the tool bar.
-or-

e Click on View > Graphing Calculator
Model > TI-84 Plus C or TI-84 Plus.

Note: When switching between emulators, a
warning message appears stating that data is
not shared between the emulators. The two
emulators are independent of each other.

TI-SmartView™ for the TI-84 Plu

. = TI-SmartView™ for the TI-84 Plus. .L

TI-84 Plus C Silver Edition

R Texas INSTRUMENTS

i

Show/Hide Key Press History
Show/Hide View®

Py
b f—
W

e Drana Hictoruw

Graphing Calculator Model ) TI-84 Plus C =

Size ) TI-84 Plus

Coler Y[l Plotr  Plo

View® Options... ENY 1 EXZ

Always in front ENY2B(X-
— =i s 2

Switching graphing calculator models will not share data between your TI-SmartView emulator views.

The TI-84 Plus C and TI-84 Plus will return to the last used emulator state. See Help for more details.

TI-SmartView Keypad View

The TI-SmartView Keypad View will display the
keypad of the TI-84 Plus or TI-84 Plus C graphing
calculator without the calculator screen. It can be
used in conjunction with the Show/Hide Key Press
History and Show/Hide View?.

To use the TI-SmartView Keypad View:

e Click the Keypad + Large Screen icon on
the tools bar.

e To change back to full calculator view, click
the Keypad + Large Screen icon again.

Note: There is no menu option to access the
Keypad + Large Screen feature. You can
only access this feature by clicking the
Keypad + Large Screen icon on the tool bar.

©2013 Texas Instruments Incorporated 2

ﬁ TI-SmartView™ for the TI-84 Plus [Trial Ve@‘ -

File Edit View Tools Scripts Hel
D 03 B @) &

TI-84 Plus C Silve

Keypad + Large Screenﬁ
T aaas e -

ﬁ TI-SmartView™ for the TI-84 Plus [Trial '

File Edit View Tools Scripts Help
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TI-SmartView Layout Options

The TI-SmartView Layout Options allows teachers to choose
the location of both the emulator and the toolbar.

To change the position of the emulator from left to right:

e From the TI-SmartView™ toolbar, click on the Emulator
Position Left/Right icon to change the layout.

e The Emulator Position Left/Right icon toggles the
position of the emulator on the screen.

To change the position of the tool bar from top to bottom:

e From the TI-SmartView™ toolbar, click on the Tool
Bar Top/Bottom icon to change the layout.

e The Tool Bar Top/Bottom icon toggles the position
of the toolbar on the screen.

@ TI-SmartView™ for the TI-84 Plus [Trial Version]

File Edit View Tools Scripts Help

B o (@) § - d@e
TI-84 Plus C Silver Edition ‘ Emulator Position Left/Right '

Eﬁ TI-SmartView™ for the TI-84 Plus [Trial Version]

File Edit View Tools Scripts Help

[ND

- Tool Bar Top/Bottom

@ TI-SmartView™ for the TI-84 Plus [Trial Version]

File Edit View Tools Scripts Help

Key Press History | Large Screen
WINDOW
NORMAL FLOAT AUTO REAL RADIAN HP u ¥min=0
¥max=10
¥scl=1
Ymin=0
o @ Ymax=10
o Yscl=1
o 9 Kres=1
o aX=. 03787878787878
TraceStep=, 07575757575757
Window
A T RERL RAD i
L (=3 L3 Ly Ls 2
2 71
3 [
L] 7.9
5 8y
& 89

L=

List

FORHRL FLOAT ALTO REAL RADIAN HF
o

Show Key Press History &

Graph
bee @ b -afE

T1-84 Plus €

Notes:

¢ The Emulator Position Left/Right icon on the tool bar toggles the emulator position between

the left and right sides.

e The Tool Bar Top/Bottom icon on the tool bar toggles the position of the tool bar from the top

of the software to the bottom. The emulator will open in the same position as its last-used state.

e There are no menu items for these features. The only way to change the layout is by using the

icons on the toolbar.
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TI-SmartView Emulator Views

The TI-SmartView Emulator allows you to display B T-Smartview™ for the TI-BA Plus [Trial Version] (R |

the T1-84 Plus C Silver Edition in three different |File ot [View] Tools Scripts Help
. . | ':-l &) @ Show/Hide Key Press Histony
VIEws: - @ Show/Hide View®

° .
Standard ,H Graphing Calculator Model  »
e Contrast Size '

° Outline Color 1 Standard
o Contrast
) . ) ) View" Options... Outline
To change to a different emulator view, click View .
) Always in Tront
> Color > Standard or Contrast or Outline. A~

B TSmartview” —al x| |Eﬂ-5man\ﬁewz‘"forme i i o] 1 SmartView™ for the

File Edit View Tools Scripts Help File Edit View Tools Scripts Help File Edit View Tools Scripts Help
BEeEk@® i ads BrEkie® §iades BEE@® -ads

TI-84 Plus TI-84 Plus C Silver Edition
TEXAS INSTRUMENTS.

TI-84 Plus C

s T
BIRMAL FLOAT AUTO RERL RADIN HP [}
CALE TNTERSECT

NORTAL FLORT AUTO REAL RADIMN HF )
CALC INTERSECT
Ya=3Kez

Notes:

e Standard View — Standard black faceplate matching the calculator keys in the appropriate
colors.

e Contrast View — Brighter standard black faceplate with ALPHA keys in yellow and grey
keys in white to help improve visibility.

e Outline View — White calculator with each key outlined in black. No color keys are
displayed. The black and white nature of this view helps to reduce the amount of ink
needed to print documents.
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View® and Large Screen

The View® pane lets you display three additional TI-84 Plus C graphing calculator screens

simultaneously. The teacher can choose from the Y= editor, table, graph, stat plot, list, or window.

These screens update as you make changes on the emulator. The Large Screen tab lets the

teacher display a larger view of the calculator screen. There is color support in View?® and Large

Screen displays in the TI-84 Plus C calculator model.

To show or hide the Key Press History/Large
Screen tabs:

e Click View > Show/Hide Key Press
History.
_Or_

e Click on the Show/Hide Key Press
History icon on the tool bar.

To show or hide the View® pane:
¢ Click View > Show/Hide View®.
_or_

e Click on the Show/Hide View®icon on the
tool bar.

©2013 Texas Instruments Incorporated

@ TI-SmartView™ for the TI-84 Plus [Trial Versic
File Edit |View| Tools Scripts Help
Elx: © Show/Hide Key Press History |<.

@ Show/Hide View® <]
|
| E| Graphing Calculator Model  »;
Size v
Color v
View® Options... <

Always in front

@ TI-SmartView™ for the TI-84 Plus [Trial Version]

File Edit View Tools Scripts Help

Show/Hide Key Press Historyl
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[ Show/Hide View?|
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To select a calculator screen for each frame in the ﬁ View® t:)ptionsgf ﬂ]
View® pane

e Click View > View® Options.

r | Li | Lz
(List M|
0 An options window will open. Use Equation
. Table
the pull down lists to make your Graph
selections. Click OK. Stat Plot
N
.andow | H;-Scns(}(]

\Yi=
\Ya=

:Table v:

-or- |
@R Flotz  Plot: Equation
* Right Click on each frame in the View’ B\Y1BS-X Table
i ; . ENYzEEX Graph
pane to bring up the selection choices. E\YsED :
= List
ENYa=
N Stat Plot
l'\Y:; Window
ENYa=
Equation

Notes:

e The View® pane and Large Screen tab update as you make changes on the emulator's
calculator screen.

The View® pane and Large Screen tab are in color to reflect the TI-84 Plus C color features.

e There is flexibility in how and when these views are displayed.
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Screen Capture

TI-SmartView™ Screen Capture allows the teacher to capture the current image displayed on the
TI-SmartView emulator. When you capture a screen, the Screen Capture window is displayed. In
this window, you can view, manipulate, and save screen images.

To access the Screen Capture feature: Iﬁ TI-SmartView™ for the TI-84 Plus [Trial Version]

File Edit View Scripts Help
= % |[ By Take Screenshot |

Restore Default St Fake a Screenshot

Flotl  Flot2
ENY1=
ENYz=
ENY3=
ENYa=
ENYs=

NYg=

e Select Tools > Take a Screenshot.

ENY?=
E\Ys=
ENYsg=

-Or_

[RORHAL FLOAT AL
[PRESS + FOR &Tbl

) ] [ﬁ TI-SmartView™ for the TI-84 Plus [Trial Vers
e Click the Take a Screenshot icon on the tool bar.

File Edit View Tools Scripts Help

) Take a Screenshot [fg
kb Texas MENTS
HORHAL FLOAT AUTO REAL RADIAHM HF

I
( [ﬁ Screen Capture E
e The Screen Capture Window opens. File Edit View Help
BeX &V 0| B8 55 | @I

NORMAL FLOAT AUTO REAL RADIAN MP n NORMAL FLOAT AUTO REAL RADIAN MP n
QUICKPLOT & FIT-EQ

. ) Pt ¥=3.5365854 [FTTEQ]
e There is also a Take a Screenshot icon on Sereent Screen?
. |
Screen Capture Window toolbar for repeat RedEe=1 Hiasis2 5226
captures.
STORERESULTS?
Screen3 Screend
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e Screenshots can be saved in .jpg, .gif, .tif and .png file formats.

e Screenshots can be copied and pasted into a variety of other applications.

e Screenshots can be dragged and dropped into a variety of other applications.
e Screenshots can be resized using the slider in the screen capture window.

e Borders are automatically inserted for screenshots in the Screen Capture Window. Clicking
the Remove Border icon on the toolbar will toggle between removing and inserting
borders on the screenshot.

e The screen capture window can be used as a record of the steps you went through in a lesson.

Drag Screen
TI-SmartView™ DragScreen allows the teacher to drag a screen image from the TI-SmartView
software to a 3" party application such as Microsoft® Word and PowerPoint™.

Drag and drop any TI-SmartView™ screen image to paste it into another application. These images
include the following:

e Saved or unsaved screen capture images from the screen capture window
e Emulator screen

e View’™ pane screens

e lLarge Screen image

e Key Press History

To drag and drop an image into another application:

e Adjust the sizes of the windows of the two applications so that both of them fit on the
computer screen.

e Click the screen image to select it.

e Drag the screen image from the TI-SmartView™ software and drop it into the other application.
To drag-and-drop the Key Press History:

e Use your mouse to select the keys you want to capture.

e Drag the selection from the TI-SmartView™ software and drop it into the other application.

©2013 Texas Instruments Incorporated 8 education.ti.com
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@ TI-SmartView™ for the TI-84 Plus [Trial Version]

TI-84 Plus C

*3 Texas INs
HORHAL FLOAT AUTD REAL

File Edit View Tools Scripts Help

BEE @B §-ad

HORMAL FLOART AUTO REAL RADIAN MF n

Flotl Flotz  Flot3
NY1B1.8X+2.8
ENY 2B -2K+6
ENY: B4

ENY4=
ENYs=
NYs=
ENY 7=
ENYe=
ENY 9=

[HORMAL FLOART AUTO REAL RADIAN MF
[FRESS + FOR aTh1

e o s e
L
R

-
I}
=]

[HORMAL FLOAT AUTD REAL RADIAN HMFP n

Key Press History

Large Screen

NORMAL FLOAT AUTO REAL

RADIAN HP n

STATPLOT F1

[ Hide Key Press History ¥ |

=]

-

S
~ €Y

DRAW C

&l |

[ Clear Key Press H

istory ]

Notes:

When dragging a screen:

e From the View®, a border is automatically created around the image by the receiving application.

e From the Calculator or Large Screen, panes will not contain a border in the receiving

application.

e From Screen Capture, the border will be maintained by the receiving application.

e Images can be resized in either the Screen Capture window or by using the tools in the 3"

party application.
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Loading an Image into the TI-SmartView Software

We have just seen one way to get an image onto the TI-SmartView emulator. Here is another way.

In Step 8 of the Screen Capture section of Getting Started with TI Connect, you saw how to save a

picture as an image. Here is a recap:

From Getting Started with Tl Connect - Step 8

After an picture has been opened in TI Connect
Screen Capture, save the picture as an image for
use with TI SmartView or as a backup:

e Click File > Save As > Save as type
e Select TI-84 Plus C Image (*.8ca)
e Click Save.

e The background image is now ready to
Load into the TI SmartView emulator.

In the TI-SmartView software. Click File > Load
File. In the dialog box:

e Navigate to the folder that contains the
file you want to load.

e Click the file name to highlight it.
e Click Open.

e If the TI-SmartView™ program already
contains a data item with that name,
you are prompted whether to overwrite
the existing file.

| b MyTiOala

= ol

Desiaogp Backups Downloads temp

-
Libraries

L

Computer

MNetwork
File name: LONDON_EYE_TWILIGHT_APRIL_2006 - Save

L =
r;}
Recent Items
Desktop
My Documents
E,sh.\ File name: MJ3_lmage0.8ca Open
Computer  Fies oftype’ [ all Calaulator Files (8¢7) =)

A Sending screen will be displayed. When the sending is complete, you can access the loaded file

on your emulator.
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Activity Overview

This activity features how memory can be managed in the TI-84 Plus family of graphing calculators. This
includes working with memory in RAM, archiving memory, and grouping files, lists, and variables for later
retrieval.

Note: The TI-84 Plus C Silver Edition is referenced throughout this activity, but the information
applies to the entire TI-84 Plus graphing calculator family.

Introduction

The TI-84 Plus C Silver Edition is equipped with FLASH memory: special hardware that allows
you to upgrade the operating system, install special software called APPS, and utilize additional
memory features. This extends the use life of the device and expands its functionality.

This document explains two ways in which you can use the memory of the calculator for backing
up your work.

Archiving and Grouping
Memory in the TI-84 Plus family is divided into two sections:

1. RAM (an acronym for Random Access Memory) is the “working memory” for most of the things
that you do on the calculator: programs, lists, matrices, functions, and other data are kept in
RAM. Each of these “things” that you work with in RAM is called a variable. Each variable has
three properties: a name, a type, and a value.

2. ARCHIVE memory is a separate, but connected, portion of memory used for APPS, GROUPS,
and “safe” storage (archiving) of your RAM variables. Memory management is important
because you might need to “free up” RAM to make room for other data or programs.

Notes: Archiving protects your files from intentional or inadvertent resets.

Grouping allows you to make copies of files, such as one student’s Lists, so that another
student can use the calculator for the same activity.

. NDRMAL FLOAT AUTO REAL RADIAN MP
Accessing Memory Features 1]

1. Press [MEM] (on the [#] key) to access the MEMORY

menu. :Mem Management-/Delete..

2z

2:Clear Entries
4:C1lrAllLists
S:Archive
&:UnArchive

7 :Reset..
&:Group..
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i : ; NDRMAL FLOAT AUTO REAL RADIAN MP
2. Select 2:2Mem Mgmt/Del. With this option, you can delete

variables or move variables between the RAM and Archive RAM FREE 19687
ARC FREE 3280K
areas of memory. 1 : (=R

:Real..

:Comelex..

iList..

Matrix...

:¥Y=Vars..

:Pram..

LPic & Imasge..

e \When a variable is in RAM, it is “usable”. The variable

2
2
. . . 4
is available for general use as a “normal” variable. 5
2}
7
8

Archiving

1. When the variable is in Archive memory, it is not available for
use generally.

e Apps, Pic, and Image variables are stored in
Archive memory and can be used.

e Why put a variable in archive? The main reason is to

free up RAM for something else without deleting any

variables. RAM FREE 19687

_ o _ ARC FREE 3280K

¢ You will usually put programs and lists into archive » HITTAR 304

. KRYPTO 306

because these variables take up the most memory. xImgoel 29556

2. To archive, press [MEM]. Then select 2:Mem :m:ggg %%ggg
Mgmt/Del. Next, select 1:All to see all of the variables in xImage4 22256
*Imageb 22256

the TI-84 Plus C. L1 48

The variable list screen contains a lot of information.

e The two numbers at the top, RAM FREE and ARC FREE, are the numbers of bytes
available in each portion of memory, RAM and Archive.

e On the left side of the screen is the “selection pointer” pointing to a particular
variable. Move the selection pointer down or up with the arrow keys, [«] and [+].

e The second column (just to the left of the variable names) is the indicator that tells
you whether a variable is in RAM or Archive. A blank space indicates that it is in
RAM, and an asterisk (*) indicates that it is in Archive.

e The number on the right of the screen is the size of the variable in bytes.
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3. Press |ENTER] when the selection pointer is pointing to the variable.

ENTER| switches the location of the variable.

“Archiving” is the act of moving a variable from RAM to Archive. “Unarchiving” is
the opposite process.

As you move between RAM and ARCHIVE, natice the numbers at the top of the
screen change to indicate new memory-free values. When you move a variable

from RAM to Archive, the RAM FREE value increases and the ARC FREE value
decreases by the size of the variable.

APPS and Pic & Image variables remain in archive and cannot be unarchived.

The Memory Management variable list screen is also used for deleting variables, although it is seldom

necessary to delete variables on the TI-84 Plus. It is more convenient to move it into Archive memory.

4. To delete a variable, make sure the “selection pointer” is
pointing to it, then press [DEL]. !

5. Some variables, programs, and anything in Archive memory 2 Yes
provide you with one last chance to change your mind: “Are
You Sure?”

When a variable is in Archive, an asterisk appears to the left of

its name in the List menu ((2nd] ([STAT)) too. ?RES OPS MATH

gL 1
e The List menu shown has two archived lists: L4 and g ti

KRYPT. 4:%L4
Sils
e Since L4 is in Archive memory, it is not available for 6:Ls

] ) 7: xKRYPT
regular use. If you try to make a Stat Plot using L4 while 8:1.10
it is in Archive, you get an error message. This error L1l

MORMAL FLOAT AUTO REAL RADIAN MP

To finally delete the variable, select 2:Yes.

If you decide not to delete the variable, press [ENTER] or
select 1:No.

MORHAL FLOAT AUTO REAL RADIAM MP

0

message will appear whenever you try to use an
archived variable.

If a program is archived, it is not available for regular use. If you try to run the
program while it is in Archive, you get an error message. This error message will
appear whenever you try to use an archived program.

If you need to use an archived variable, you must move it from Archive to RAM
using the Memory Management tool.
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Grouping

The second useful memory management tool on the TI-84 Plus C is the ability to “group” variables

into a Group file. This is identical to the computer linking technique of grouping variables into a

single file using TI Connect™ software (*.8xg files), but a computer is not needed here.

Grouping makes a file in the calculator containing copies of the variables that you want. Grouping

does not “free up” memory. The Group file resides in Archive, so it does not use any RAM. This is

a very handy tool for backing up your TI-84 Plus C variables, especially programs and lists.

1. Select[2nd] [MEM] 8:Group.

2. Select “Create New,” enter any name up to eight characters
long for the GROUP file, and press [ENTER].

e The next screen works like the LINK-selection screen.

3. Selecting 2:All gives a list of all variables in the TI-84 Plus C
(that can be put into a Group file), unselected.

©2013 Texas Instruments Incorporated 4
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MEMORY

:About

:Mem Managsement-/Delete..
:Clear Entries
:ClrAllLists

:Archive

:UnArchive

Reset..

7
FﬂGroupm

HORHAL FLOAT AUTO REAL RADIAN HF

Ul AWM

eizlolllz] UNGROUP
fHCreate New

HORHMAL FLDAT AUTOD REAL RADIAN HP n

GROUP
1:A11+..
FHA11-..
2:Pram..
4:List..
S5:GDB...
E&:Matrix..
7:Real..
8:Complex..
al¥-Vars..
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Just as in linking, use (4] and [+] to point to variables and press [ENTER] to select (or deselect) them for
copying into the Group file.

NORMAL FLOAT AUTO REAL RADIAN MP n

SELECTRISS SELECTRISS

» HITTAR PRGM HITTAR PRGM
KRYPTO PRGM KRYPTO PRGM
L1 LIST . | LIST
Lz LIST Lz LIST
La LIST La LIST
Ls LIST ¥ Ls LIST
Ls LIST Ls LIST
L1@ LIST L1@ LIST
L11 LIST L11 LIST

e The two lists, L1 and L5, have been “selected” for this Group file (note the square mark).

e You might choose mixed data types as well. For instance, choose some lists, some
programs, and some matrices.

e Pic & Image variables cannot be grouped.

e When you have selected all your variables, press [*] to go to the “DONE” menu, and press
ENTER] to finish making the Group file.

e The Home Screen displays the message: “Copying Variables to Group: yourname”, and
then displays “Done” on the right side of the screen.

e The key word here is “copying”— your variables are undisturbed in RAM. The Group file
contains copies of the selected variables, just as linking transmits copies of your variables
to another TI-84 Plus C.

Note: You cannot have a group with just one object. Each group must contain at least two objects.

The Group files reside in Archive, so a “normal” Reset, “(2nd] [MEM], 7:Reset, 1:AllIRam,
2:Reset”, will not disturb any Group files. These Group files can be linked (sent) to other TI-84
Plus units, and can be stored on a computer using Tl Connect™ software.

©2013 Texas Instruments Incorporated 5 education.ti.com
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Ungrouping

“Ungrouping” is the act of putting copies of the variables in a
Group file back into RAM. The Group file remains intact while
the variables are copied back into RAM.

1. Select[2nd] [MEM] 8:Group.

HORMAL FLOAT AUTO REAL RADIAM MP n

2. Press[»] to UNGROUP, and select your Group file from the GROUP MEEGIE

listing usin and notice the asterisks — all Group files i «AAA
ng using E] 2y P 2: xBALLDATA
reside in Archive). 2: *PROGRAMS

e Press [ENTER|. If any of the variables in the Group file
are already in RAM, then you get a “DuplicateName”
menu of choices.

e Just as in Linking, choose 2:Overwrite to overwrite the
variable with the one from the Group file.

NORHAL FLOAT AUTO REAL RADIAN MP n

Notes:

e You cannot put an Archived variable into a Group file.
2:0verwrite

Unarchive it first, then make the Group file. 3:0verwrite All
4:0mit
e Once a Group file is established, it cannot be modified, S5:Quit

only UNGROUPED or DELETED. Thus you cannot add

variables to a group file afterward. L1 LIST

e When linking to a computer, you cannot make a
group file on the computer containing a Group file
from the TI-84 Plus.

Tip: Make a Group file of all your programs to prevent loss
from inadvertent resets. When you add programs to the
TI-84 Plus C that you want to keep, delete the
programs Group and then make it again.

e Itis convenient to Group everything on your handheld
before resetting RAM. You can quickly restore
everything after resetting the RAM by ungrouping the
file. You can then delete that group.
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Deleting A Group
1. Selecting [MEM], 2:Mem Mgmt/Del, and C:Groups gives the list of Group files.

2. Press[¥] next to one of them to delete it, and press the appropriate choice at the “Are
You Sure?” menu.

Reminder: Use [MEM], 8:Group for Grouping and Ungrouping.

Use [2nd] [MEM], 2:Mem Mgmt/Del, and C:Groups for viewing the size of and
deleting Group files.

Tip: When the archive gets full, consider putting large Group files on a computer, and
then deleting them from the TI-84 Plus.

Summary of Memory Management
e Two sections of memory: RAM and Archive.
e Archiving/Unarchiving moves variables.
e Grouping/Ungrouping copies variables.
e Archived variables are unavailable for use, except for Pic & Image.
e Grouped variables are still available for use.
e You cannot put an archived variable into a group file.

e Archived variables and group files can be transferred to other compatible calculators or a
computer.

e Ungrouping leaves the group file intact.
e Rather than deleting to free up RAM, consider moving to Archive first.

e Normal Reset—{2nd] [MEM], 7:Reset, 1:AllRam, 2:Reset—Ileaves archived variables and group
files intact.
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Memory Management Keystroke Summary
Archive/Unarchive:

. [MEM], 2:Mem Mgmt/Del.

e 1:All (or choose your variable sub-type).

e [+][4] to point to a variable.

. to move a variable (note the * toggle).
Group:

. [MEM], 8:Group, 1:CreateNew.

Enter a group name.

(~](«] [ENTER] to select multiple variables (note the squares).
[»] to DONE.

ENTER| to execute the grouping.

ungroup
. [MEM], 8:Group, [*] to UNGROUP.
e [+]J[4] to point to the desired group file.
. to execute the ungrouping.
Deleting Variables
. [MEM], 2:Mem Mgmt/Del.
e 1:All (or choose your variable sub-type).
e [+]J(4] to point to a variable.

o [DELJ, possibly “Are You Sure?” will appear.

One Final Note ...

On the [MEM] menu, there are two menu items, 5:Archive and 6:UnArchive. These are
used in programs so that the program can manipulate specific variables’ locations.

For example, a program might contain the statement ‘Archive L1, L2, L3, L4, L5, L6’ which
will move these six lists from RAM to Archive. You do not need to use these two commands
unless you are programming.
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Tl graphing calculators are permitted on i} Texas
important college entrance exams.

INSTRUMENTS

TI-Nspire”CX  TI-Nspire”CX CAS  TI-Nspire™ TI-Nspire”CAS  TI-84 Plus C TI-84 Plus TI-84 Plus TI-83 Plus TI-89 Titanium
Silver Edition  Silver Edition
SAT* SAT SAT SAT SAT SAT SAT SAT SAT
AP* AP AP AP AP AP AP AP AP
ACT®* ACT ACT ACT ACT ACT
IB®* Exam IB Exam IB Exam IB Exam IB Exam 1B Exam
Praxis™* Praxis Praxis Praxis Praxis Praxis

- SAT" ~ACT”

5 2 8 2l 26 14
DEC2013 M JAN2014 Ml MAR2014 MAY 2014 FEB 2014 APR2014 M Jun2014 [l SEP2014 |

7 & 8 & 8 18 14 13

For deadlines and registration, visit collegeboard.com/testing. For deadlines and registration, visit act.org.

***No test centers are scheduled in New York for the February test dates.

**These anticipated test dates are provided for planning purposes and are subject to
final confirmation. The finalized, confirmed test dates, when announced, may differ

from the dates shown.

-International Baccalaureate™ -
-AP’ (IB) Exam/Praxis™

MAY 2013 MAY 2013 MAY 2013 MAY 2013 . .

lO 5 dates, visit ibo.org.
tatioticd

ABIBC Statioti Plysies Bl C

;

— — For information on the Praxis test and

W
test dates, please visit ets.org/praxis.

S 2 | 15

ABIBC Statiotice

;

\

For deadlines and registration, visit apcentral.collegeboard.com.

Testing agencies are responsible for respective testing dates; Texas Instruments is not responsible for any testing date changes.

*SAT and AP are registered trademarks of the College Entrance Examination Board. PSAT/NMSQT is a registered trademark of the College Entrance Examination Board and National Merit Scholarship Corporation.
IB is a registered trademark of the International Baccalaureate Organization. Praxis is a trademark of Education Testing Service. ACT is a registered trademark of ACT, Inc. None were involved in the production of nor do
they endorse these products. Policies subject to change. Visit www.collegeboard.com, www.act.org and www.ibo.org.
Tl presents, as accurately as possible, its current products and services, including hardware, software, screen shots and related support offerings. Tl reserves the right to modify or discontinue products or services at any time
without prior notice.
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