Q‘ Driving Inequalities Challenge
T1-84 PLus CE PYTHON AND THE TI-INNOVATOR™ ROVER

Overview:

In this activity students will explore inequalities and the number line while writing
code to navigate a set of challenges. Students will apply their knowledge of
compound inequalities to write programs for Rover to demonstrate the
inequalities on the number line. This activity is appropriate for students familiar
with graphing inequalities on a number line diagram.

Python Syntax Reference:

MATH IN MOTION PLUS
TEACHER NOTES

Goals:

Students will:

e use their knowledge of compound inequalities and graphs of
compound inequalities to create and edit TI-84 Pluse CEIl Python
programs that include several commonly used Rover and calculator
commands.

Statement Example

Behavior

import module_name as name_space import ti_rover as rv

Required for all TI Rover Python programs. Imports the ti_rover module into the Python
program. The module provides the methods for controlling the Rover.

Sets the current position of the RV as the origin and the heading as 0 degrees measured from
the x-axis. The import ti_rover as rv statement is available from the Fns>Modul>ti_rover>Drive

menu.

- - =
from module_name import * from ti_system import

Imports all the functions in the ti_system module for use in the program. It is necessary to
import the ti_system module to use disp_at( ), sleep() and while not escape():.
The from ti_system import * statement is available from the Fns>Modul>ti_rover>Commands

menu.

. rv.forward(10)
rv.forward(distance)

Rover drives 10 units forward. The default unitis 10 cm.

. rv.backward (10)
rv.backward(distance)

Rover drives 10 units backward. The default unit is 10 cm.

rv.stop() rv.stop () Rover stops. This function is executed as soon as Rover receives it.

rv.color_rgb(red,green,blue) rv.color_rgb (255,0,0) Turns the color LED on with the color red. Values for the red, green and blue LED components
are between 0 (off) and 255 (full power). The rv.color_rgb() function is available from the
Fns>Modul>ti_rover>1/0O>Outputs menu.

sleep(seconds) sleep(3) The calculator will wait 3 seconds before moving to the next line in the program. sleep() is
available from the Fns>Modul>ti_rover>Commands menu.

var=rv.waypoint_x() x=rv.waypoint x() Stores the current x-coordinate position in units of the TI-Rover into the variable x. The default
unit is 10 cm. rv.waypoint_x() is available from the Fns>Modul>ti_rover>l/O>Path menu.

round(value, digits to round to) x=round (x,1) Rounds the value in variable x to one digit (tenths) and stores to the variable x.
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Statement

Example

Behavior

disp_at(row, text”,”align”)

disp at(3,"“x position = "+str(x),"left")

The disp_at() function displays a text string on a specified row with an alignment of left, center
or right. When variable x has a value of 7.6, the following is displayed on row 3, aligned to the
left: x position = 7.6

disp_at() is available from the Fns>Modul>ti_rover>Commands menu.

Note: The str() function converts a numeric value to a string. The + operator is used to join

two strings. str() is available from the Fns>Type menu.

while not escape():

block

while not escape():
x=rv.waypoint x()

disp_at(3,"x position ="+str(x),"left")

Defines a while loop that will continue until the [clear] key is pressed.

While loops repeat the statements in the block if the condition at the top of the loop is true. In
the example, looping continues until the [clear] key is pressed to escape the loop. Not
pressing a key or pressing any key but escape means that “not escape()” will return “true”.
True for the loop condition means that looping continues. If [clear] is pressed “not escape( )"
will return “false”. False for the loop condition means that looping stops. Program execution
skips to the statement just after the loop. Note: The block starts with a colon and includes
the indented lines that follow. while not escape(): is available from the

Fns>Modul>ti_rover>Commands menu.

<Boolean expression>

value 1 operator value 2

2+3==6 (result is false)
x+4>=y (if x=1 and y=3, the result is
true)

“enter” !="esc” (result is true)

Boolean expressions evaluate to either true or false.

Note: == is the Python operator to check equality. >= is the Python operator to check whether
the value to the left is greater than or equal to the value on the right. !=is the Python operator
to check inequality. Boolean operators are available from the Fns>Ops menu or from the [2"]

[test] menu on the keyboard.

if <Boolean expression>:

block

if 0<x<2:

rv.color.rgb(255,0,0)

Checks to determine if the value of variable x is between 0 and 2. If the statement is “true”
then the statements in the if block are executed. Otherwise, the block is skipped. In the
example, when the value for the variable x is between 0 and 2, the calculator will send a

command to the Tl-Innovator to set the color rgb LED to be red.

expression>:

block

if <Boolean expression> and <Boolean | If x>=2 and x<4:

rv.color.rgb(0,255,0)

If both expressions are true the and function is “true”, then the block is executed. Otherwise,
the and function returns false, and the block is skipped. In the example, when the value for x
is greater than or equal to 2 and less than 4, the calculator will send a command to the TI-
Innovator to set the color rgb LED to be green. and, or and not are available from the

Fns>Ops menu or from the [2"] [test] menu on the keyboard.

See the Rover module section beginning on page 26 of the Python Programming for the TI-84 Plus CE Python Graphing Calculator Guidebook for more programming information.
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Setup:

Students may work in groups of two or three. An example number line layout is
below. Use this for the position of Rover. Rover’s position corresponds to the
center of the axle as shown by the red segment below. 1 Rover unit is 10 cm.
Mark with 10 cm units to match with Rover units, from -10 units to +10 units.

MATH IN MOTION PLUS
TEACHER NOTES

Materials:

TI-84 Plus CE graphing calculator with Driving Inequalities Student TI-
84 Plus CE Python program loaded for use in the Python app.
Calculator unit-to-unit cable (USB mini A to USB mini B cable)
TI-Innovator™ Hub

Tl-Innovator™ Rover

Number line for position. Use a 2-meter course, from -10 units to +10
units. 1 Rover unit is 10 cm.

Student “Challenge” cards have been provided and can be printed/ cut
into individual task cards, and distributed to students (optional)

——— t { ' e

3 2 -1 1 a 3
Student Activity: Teacher Notes:
Sit in small groups with your calculator and  Review and introduce the calculator, Hub, and Rover commands needed for this activity. In preparation for the
supplies for this activity. Practice the coding on this activity, refer to Meet the Rover with Geometry Challenges (download the TI-84 Plus CE Python
guidance modeled by your teacher. PDF), Unit 1 Getting Started with Python Skill Builder 1 of the 10 minutes of code activities and Unit 4 Rover's

Driving Features Skill Builder 1 of the 10 minutes of code with TI-Innovator activities.

¢ Download the student and teacher files from the project web page.

e Use CE Connect to download the student Python files to the handhelds. The student files include the
necessary module import statements and some additional scaffolding of the activity.

e Open the student Python program file for each challenge in the Python Editor. Have the students enter the
necessary statements to drive the challenge.

e Attach Rover.
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Challenge 1: Use the rv.color_rgh() Teacher Guidance during Challenge 1:

function to explore using the color LED. e Students may have different values for mixing colors. In this activity, we will primarily use the red, green
Try to find RGB values for the primary and and blue components individually. This challenge allows the students to explore settings for other colors.
secondary colors. e rv.color_rgb() function is available from the Fns>Modul>ti_rover>I/O>Qutputs menu.

e.g. rv.color_rgb(255,155,0) will make e Example Program: DINEQLT.py

yellow. import ti_rover as rv

rv.color rgb(255,155,0)

Challenge 2: Use the disp_at() functionto  Teacher Guidance during Challenge 2:
display your name at several locations on « Use the disp_at function from the Fns>Modul>ti_rover>Commands menu.
the screen. o disp_at() takes three inputs (also known as “arguments”). The first input is the row number to display on.
The second input is the text string, value, variable, etc. to display. The third input is the alignment of the
text: left, center or right.
e |tis necessary to import the ti_system module to use disp_at(). The from ti_system import * statement is
available from the Fns>Modul>ti_rover>Commands menu.

e Example program: DINEQ2T.py
import ti_ rover as rv
from ti_system import *
disp at(3,"Hello, my name is: ", "left")
disp at(4,"Rover","left")
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Challenge 3: Have Rover drive 5 units Teacher Guidance during Challenge 3:
forward. Use the rv.waypoint_x() function e rv.waypoint_x() reads Rover’s current x position in Rover units, relative to the origin. rv.waypoint_x() is

to read and display Rover’s horizontal
position when Rover is finished driving.

found on the Fns>Modul>ti_rover>l/O>Path menu. In this program the position reading is stored to the
variable x.

o Note: When import ti_rover as rv is executed, along with importing Rover functions and
establishing communication between the calculator and Rover, it also sets Rover’s current
position to (0,0) and the heading to 0 degrees (pointing down the positive x-axis). For this activity
we are ignoring Rover’s y position.

It will be helpful for students to think about how long it will take Rover to drive forward 5 units and use a
sleep() function to wait until Rover has stopped driving before reading Rover’s position.

o Note: Rover’s default speed is 2 units per second. Students will need to make note of this in order
to determine how long to sleep.

o Students may also notice a roughly 1 second delay between when the program is executed and
Rover starts. Students should account for this time in their sleep() statement before reading the
Rover’s position.

Have students note there may be some variability in the position that is measured.

Note: The str() function converts a numeric value to a string. The + operator is used to join two strings.
str() is available from the Fns>Type menu.

sleep( ) and disp_at( ) are available from the Fns>Modul>ti_rover>Commands menul.

It is necessary to import the ti_system module to use sleep() and disp_at( ). The from ti_system import *
statement is available from the Fns>Modul>ti_rover>Commands menu.

Example Program: DINEQ3T.py

import ti_ rover as rv

from ti_ system import *

rv.forward(5)

sleep(3.5)

x=rv.waypoint x()

disp at(5,"position= "+str(x), 6 "left")
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e Discussion Starters
o The following are suggested discussion starters to engage your students with the mathematics

inherent in Challenge 3:

©2022 Texas Instruments Incorporated

How long did you wait to read the position of Rover? Explain how you determined how
long to wait before reading the position of Rover?

If you changed Rover’s speed to 1.5 units per second, explain how this would change the
amount of time you would need to wait before reading the distance Rover traveled to be
sure it was finished driving. Write and solve an equation for the wait time.
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Challenge 4: Use a While loop to turn on Teacher Guidance during Challenge 4:
the LED red, then green, then blue each Loops are used to repeat a set of statements. A While loop repeats a block of statements as long as a
for 1 second until the [clear] key is pressed specified condition is “true”. The loop block starts with a colon and includes the indented lines that follow.
to escape the loop. o This while loop in will execute as long as the [clear] key has not been pressed.
o The escape() function returns true if the [clear] key has been pressed and false if the [clear] key
has not been pressed.
o The not operator reverses true to false and false to true.
o The while not escape() statement is true when the [clear] key has not been pressed (not false is
true) and false if the [clear] key has been pressed (not true is false).
o When the [clear] key has been pressed and while not escape( ) returns false the program skips to
the next statement after the loop block. In this case the next statement is rv.color_rgb(0,0,0).
e while not escape( ): and sleep are available from the Fns>Modul>ti_rover>Commands menu.
e |tis necessary to import the ti_system module to use sleep() and disp_at( ). The from ti_system import *
statement is available from the Fns>Modul>ti_rover>Commands menu.

e Example Program: DINEQA4T.py
import ti_rover as rv

from ti system import *

while not escape():
rv.color rgb(255,0,0)
sleep (1)
rv.color_ rgb(0,255,0)
sleep (1)
rv.color rgb(0,0,255)
sleep (1)

rv.color rgb(0,0,0)
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Challenge 5: Have Rover drive 5 units

forward. Predict the amount of time for .
Rover to reach 4 units and read Rover’s
position at that time. If the value returned is °

equal to 4 turn the LED green, if the value
returned is less than 4 turn the LED red,
and if the value is greater than 4, turn the
LED blue.
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Teacher Guidance during Challenge 5:

Students will enter their predicted time to travel 4 units as the input to sleep() function. The program will

read the value for the x coordinate immediately after the sleep functions completes.

Note: Entering a value the time to drive exactly 4 units will be nearly impossible. This gives an opportunity
for discussion about tolerance and being at an exact point. Since Rover measures its position relative to
the start, and the code is looking for that position to be equal to 4, green will almost never appear.

The comparison operators, ==, <=, >=, etc. are available from Fns>Ops menu or from the [2"] [test] menu
on the keyboard. Note: == is the Python comparison operator for equals.
if blocks will only evaluate the contained statements if the condition given after if is “true”. If the statement
is “false”, then the block is skipped. Note: The if block starts with a colon and includes the indented lines
that follow.
Example Program: DINEQS5T.py
import ti_ rover as rv
from ti_ system import *
rv.forward(5)
sleep(2.37)
x=rv.waypoint x()
disp at(5,"position= "+str(x),"left")
if x==4:
rv.color_rgb(0,255,0)
if x<4:
rv.color_rgb(255,0,0)
if x>4:
rv.color rgb(0,0,255)
Discussion Starters
The following are suggested discussion starters to engage your students with the mathematics inherent in
Challenge 5:
o If your LED turns blue, what adjustment can you make to your program to make it turn green or
red? Explain.
o IfBinu's LED is red after his drive and Jisha’s LED is blue, what can you say about the time when
Rover is at 4 units from zero? Explain.
o Do you expect to see the LED turn green? Why or Why not?
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Challenge 6: Have Rover drive on the Teacher Guidance during Challenge 6:

number line between 0 and 10. While e For this challenge, students will benefit from going through the discussion starters before attempting to
Rover is driving, read its position and write the code.

control the LED so that the LED displays e This challenge will require students putting Rover in motion using rv.forward() and rv.backward() functions

colors corresponding to the number line
diagram below.

d green
re
o ®
) >
12 3 4 5 & 7 8 98 10 1N

x

and then using the While loop to monitor Rover’s position while it drives.
o The While loop should have a Boolean expression looking for a key press similar to challenge 4.
o If students decide to drive to numbers less than zero or greater than 10 units, they will need to
include If.. conditions for those points as well. The example program does not address driving
outside of the domain 0 to 10.
Students may want to use compound inequalities of the form 5<x<10 for the If..Then conditions. This will
work. However, students may benefit from using the “and” operator and considering the logic inherent in
the statement 5<x<10. This is equivalent to 5<x and x<10. Both statements will work. For this solution
note the “and” operator is shown.
Students will need to remember to press the [clear] key to stop the program.
Example Program: DINEQ6T.py
import ti_ rover as rv
from ti_system import *
x=0
rv.color rgb(0,0,255)
rv.forward (10)
rv.backward (10)
disp at(5,"press [clear] to exit",6"left")
while not escape():
x=rv.waypoint x()
if 0<=x and x<2:
rv.color rgb(0,0,255)
if 2<=x and x<5:
rv.color rgb(255,0,0)
if 5<=x and x<10:
rv.color_ rgb(0,255,0)
rv.color rgb(0,0,0)
rv.stop ()
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e Discussion Starters
The following are suggested discussion starters to engage your students with the mathematics
inherent in Challenge 6:

o

©2022 Texas Instruments Incorporated

For what values of x will you turn on the RGB LED? Write an inequality to represent your
answer.

Write three inequalities defining the boundaries for each color.

If the x position of Rover is 5, what color should the RGB LED be? Explain how you know.
Maria says that a command to turn off the LED’s should be included for when x positon is
greater than or equal to 10 units, explain why you agree or disagree with her statement.
For which values of x should the LED be off? Write your answer as an inequality
statement or statements and then write the If..Then.. blocks that could be added to your
code to accommodate driving outside of 0 < x <10.

If Rover starts at x position 0, should the LED be on? If so, what color? Explain.
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Challenge 7: Have Rover drive on the Teacher Guidance during Challenge 7:

number line between 0 and 10. While e For this challenge, students will benefit from going through the discussion starters before attempting to
Rover is driving, read its position and write the code.

control the LED so that the LED displays ¢ Note: Students could make use of the “or” operator for when the LED should be off. An alternative version
colors corresponding to the number line of the program is listed after the discussion starters.

diagram below.
e Example Program: DINEQ7T.py
import ti_rover as rv
green from ti_ system import *

blue
O—

red x=0

X

rv.color_rgb(0,0,0)
rv.forward (10)
rv.backward (10)
disp at(5,"press [clear] to exit",6 "left")
while not escape() :
x=rv.waypoint x()
if 0<=x and =x<1:
rv.color rgb(0,0,0)
if 1<=x and x<3:
rv.color rgb(255,0,0)
if 3<=x and x<4:
rv.color rgb(0,0,0)
if 4<=x and x<=6:
rv.color rgb(0,0,255)
if 6<x and x<8:
rv.color rgb(0,255,0)
if 8<=x:
rv.color rgb(0,0,0)
rv.color rgb(0,0,0)
rv.stop ()
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e Discussion Starters
o The following are suggested discussion starters to engage your students with the mathematics
inherent in Challenge 7:
=  For what values of x will you turn on the RGB LED? Write your answer in inequality
statements.
= For what values of x will the LED be turned off? Write your answer in inequality
statements.
= Write inequalities defining the boundaries for each color.
= If the x position of Rover is 6, what color will the RGB LED need to be? Explain how you
know.
» Maria says that a command to turn off the LED’s should be included for when x positon is
greater than or equal to 8 units, explain why you agree or disagree with her statement.
= If Rover starts at x position 0, should the LED be on? If so, what color? Explain.
o Alternative example program using “or”. This example combines all the times when the LED is off into one
conditional statement. DINEQ7AT.py
import ti_ rover as rv
from ti_system import *
x=0
rv.color rgb(0,0,0)
rv.forward (10)
rv.backward (10)
disp at(5,"press [clear] to exit",6"left")
while not escape():
x=rv.waypoint x()
if 0<=x<1 or 3<=x<4 or 8<=x:
rv.color rgb(0,0,0)
if 1<=x and x<3:
rv.color rgb(255,0,0)
if 4<=x and x<=6:
rv.color_ rgb(0,0,255)
if 6<x and x<8:
rv.color rgb(0,255,0)
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rv.color rgb(0,0,0)
rv.stop ()
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Challenge 8: Have Rover drive on the
number line between -10 and 10. While
Rover is driving, read its position and
control the LED so that the LED displays
colors corresponding to the description
below.

e While Rover’s position is less than or
equal to zero, the LED is magenta.

o While Rover’s position is greater than
0 and less than 2, the LED is off.

o While Rover’s position is greater than
or equal to 2 and less than or equal to
4, the LED is red.

e While Rover’s position is greater than
4 and less than 5, the LED is blue.

o While Rover’s position is greater than
or equal to 5 and less than 10, the LED
is green.

¢ While Rover’s position is greater than
or equal to 10, the LED is yellow.

MATH IN MOTION PLUS

Teacher Guidance during Challenge 8:

For this challenge it will be helpful for students to draw and color a number line diagram representing the
challenge before translating the challenge into the code.

Students will need to use rv.backward() to make sure Rover’s position can be less than zero.

As in the previous challenges, this challenge will require students putting Rover in motion using
rv.forward() and rv.backward() functions and then, while Rover is moving, students use the While loop to
monitor Rover’s position while it drives.

Example Program: DINEQS8T.py
import ti_rover as rv
from ti_system import *
x=0
rv.color_rgb(255,0,255)
rv.backward (5)
rv.forward (16)
disp at(5,"press [clear] to exit",6 "left")
while not escape() :
x=rv.waypoint x()
if x<=0:
rv.color rgb(255,0,255)
if 0<x and x<2:
rv.color rgb(0,0,0)
if 2<=x and x<=4:
rv.color rgb(255,0,0)
if 4<x and x<5:
rv.color rgb(0,0,255)
if 5<=x and x<10:
rv.color rgb(0,255,0)
if 10<=x:
rv.color_rgb(255,155,0)
rv.color rgb(0,0,0)
rv.stop ()
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e Discussion Starters
o The following are suggested discussion starters to engage your students with the mathematics
inherent in Challenge 8:

= For what values of x will you turn on the RGB LED? Write your answer in inequality
statements.

= For which values of x will you turn off the RGB LED? Write your answers in inequality
statements.

= Maggie made her Rover drive backward 10 units first, she says the LED should stay
magenta until she drives forward 10 units and then it should turn off. Would you agree or
disagree? Explain.
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