
n PROGRAM OVERVIEW 
This unit was part of the STEM 

Enrichment for the 3-5 gifted class but 
could easily be adapted for Science 
in grades 4 and 5. In addition to 
addressing Florida Engineering and 
Technology standards, this unit covers 
several Physical and Nature of Science 
standards. To incorporate hands-on 
STEM, this lesson introduces simple 
machines and progresses to building 
and programming robots. I start the unit 
by discussing “Robots” and what they 
can do including robots they have seen 
in books, movies, or video games. We 
discuss that robots do “work”, are made 
up of various simple machines, and use 
different types of energy to move. 

In order for  the students to 
understand how simple machines 
can work together to form a complex 
machine/robot, they need to explore 
how each one works. We use classroom 
materials to make levers, inclined 
planes (ramps), wheels and axles, 
pulleys, wedges, and we discuss what 
a screw can be used for, as well. After 
the students build and test their models 
of each type of simple machine, we 
connect several together to make a Rube 
Goldberg chain reaction “machine”. This 
helps the students understand how the 
simple machines can be combined into 
a complex machine. 

Once the students understand 
simple machines, we look back at the 
robots they discussed to determine what 
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types of simple machines are used by 
each one, what types of energy they 
use, and what types of motion or change 
they can create. Using PowerPoints, I 
introduce the students to gears (cogs and 
wheels) to help them understand how a 
drive train works to move the robot.

We explore simple robots by building 
the 6-in-1 Solar Robots and testing 
them and then progress to building 
more intricate LEGO robots that can be 
programmed in different ways using the 
downloadable software included with 
the kit. These kits are more complicated 
and require the students to collaborate 
and use problem-solving skills to 
both build them and program them to 
complete a task.

n OVERALL VALUE 
The students had a much better 

understanding of simple machines and 
how moving parts work together to 
complete tasks in complex machines, 
such as robots, as well as the capacity 
to explain that energy has the ability to 
cause motion or create change by giving 
concrete examples. Throughout the 
unit, the students learned to compare 
observations made by different groups 
and to seek reasons to explain the 
differences; work cooperatively as 
many of the activities were done in 
groups; use higher order thinking by 
making inferences about the simple 
machines and how objects move; and 
to use creativity, critical thinking, and 

problem-solving skills while building and 
programming.

This unit also generated interest in 
science fields/STEM careers to which 
students aren’t generally exposed, such 
as computer programming, robotics 
engineering, mechanical and software 
engineering, as well.   

n LESSON PLAN TITLES
• Simple Machines
• How Robots Move
• Let’s Build a LEGO Robot!

n MATERIALS 
See individual lesson plans.

n ABOUT THE DEVELOPER
Melissa Gamache is the K-5 Gifted 

Teacher at Loughman Oaks Elementary 
school. After teaching for 11 years in K 
and 3rd grade, she decided to get her 
Master of Science in Special Education: 
Gifted, Talented and Creative. She 
designed a full-time Gifted Education 
Program at Loughman and has been 
the Gifted Teacher for the past 4 years. 

She also works with the Media 
Specialist and Network Manager on the 
award-winning ITV Program and started 
both the Chess and Science Olympiad 
teams.
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“LEGOS, Robots & STEM, Oh My” Melissa Gamache
Lesson Plan No 1: Simple Machines

n SUBJECTS COVERED
Science/STEM

n GRADES
 3-5 Gifted *Can be adapted for 4th/5th 
Science

n OBJECTIVES 
Students will… 

… understand that simple machines 
can do work or make work easier.

… understand that robots combine 
simple machines to make a more 
complex machine that can do 
“work”.

… compare and descr ibe the 
purpose of different types of 
robots. 

n STANDARDS 
 FSS / NGSSS
Gifted Framework K-12 Standards: 
G.K12.1.2.2a
 Identi f y and use terminology 

authentic to a chosen discipline of 
knowledge.

G.K12.4.3.2a 
 Recognize contributions of inventors 

and innovators in multiple fields of 
accomplishment.

G.K12.7.2.2b 
 Illustrate a new concept using two 

or more related ideas innovatively.

FL Standards:
SC.4.P.10.1 
 Observe/describe basic forms of 

energy, including light, heat, sound, 
electrical, and the energy of motion.

SC.4.P.10.2 
 Investigate and describe that energy 

has the ability to cause motion or 
create change.

SC.4.N.1.7  
 Recognize and exp la in  that 

scientists base their explanations 
on evidence.

SC.4.N.1.8
 Recognize that science involves 

creativity in designing experiments.

FL Engineering & Technology 
Standards:
CTE-TECED.68.ENGTEC.02.02  

Identify simple machines.
CTE-TECED.68.ENTECH.01.07  
 List the skills, abilities, and talents 

needed for careers in Engineering 
and Technology Education.

CTE-TECED.68.ENTECH.03.03
 Explain how technology is closely 

linked with creativity, which has 
resulted in innovation.

 n MATERIALS
• Brainpop video “Robots” and 

Bra inpop J r.  v ideo “S imple 
Machines”

• LEGOS or spool and pencils 
to demonstrate wheel and axle 
machines

• Ruler and spool to make a lever
• Slotted wheel or spool and string to 

make a pulley
• books and long piece of wood or 

cardboard to make an inclined 
plane 

n DIRECTIONS 
ENGAGE

Use Brainpop video “Robots” 
to introduce the topic. SW answer 
the comprehension questions. Then 
students will brainstorm to list as many 
robot-themed TV shows or movies as 
you can e.g. the Terminator, Star Wars, 
Robocop, Transformers etc. How many 
can you come up with? Are the robots 
seen in these shows good, bad or both? 
Why? How are they used? How do they 
behave?
EXPLORE

Students will look at their list and 
decide how the robots move and what 
types of energy they use (electric, such 
as battery, fuel, etc.). How do the robots 

move? What kinds of simple machines 
are used? Wheel and axle, lever, 
wedge, screw, inclined plane, pulley, etc. 
Students will look at examples of these 
simple machines and identify which 
ones are used by which robots.
EXPLAIN

Teacher wil l  use the “Simple 
Machines” Brainpop video to review 
Simple Machines types and ask students 
to explain how work is done. How do all 
of the simple machines work together to 
make a robot? The robots are complex 
machines that use a power source for 
energy, but their moving parts are made 
up of simple machines. Students will 
design and build a simple machine using 
LEGOS to demonstrate wheel and axle 
machines; a ruler and spool to make a 
lever; and a slotted wheel and string 
to make a pulley secured to a desk. 
Students will observe how the parts of 
these machines work together. They are 
designed to complete a task/do work 
(for a specific purpose). Students will 
take the machines apart, try to do the 
“work”, then put them back together and 
try to do the “work” again. Students will 
discuss which way was easier and why. 
ELABORATE

Using the information about simple 
machines, students will design a robot 
made up of at least 2 different simple 
machines that work together to complete 
a task. This may be a drawing, or they 
may construct and test it (i.e. LEGO car 
with a lever for a door). 

n EVALUATION/
ASSESSMENT 
Students  w i l l  p resent  t he i r 

simple “robot” design and explain, or 
demonstrate, how it works to the class. 
Students will discuss how this design 
(or functioning robot) could be used to 
do “work” or how it could be improved 
upon so that it could be used to make 
work easier in our daily lives. *Group 
discussion.
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Lesson Plan No 2: How Robots Move
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n SUBJECTS COVERED
Science/STEM

n GRADES
 3-5 Gifted *Can be adapted for 4th/5th 
Science

n OBJECTIVES 
Students will… 

… understand how the parts of a 
simple robot work together to 
create movement and do work.

… build a solar robot.
… invest igate ways to so lve 

problems.  

n STANDARDS 
 FSS / NGSSS
Gifted Framework Standards: 
G.K12.1.2.2a
 Identi f y and use terminology 

authentic to a chosen discipline of 
knowledge.

G.K12.4.3.2a 
 Recognize contributions of inventors 

and innovators in multiple fields of 
accomplishment.

G.K12.7.2.2b 
 Illustrate a new concept using two 

or more related ideas innovatively.

Sunshine State Standards: 
SC.4.P.10.1 
 Observe/describe basic forms of 

energy, including light, heat, sound, 
electrical, and the energy of motion.

SC.4.P.10.2 
 Investigate and describe that energy 

has the ability to cause motion or 
create change.

SC.4.N.1.7  
 Recognize and exp la in  that 

scientists base their explanations 
on evidence.

SC.4.N.1.8  Recognize that science 
involves creativity in designing 
experiments.

FL Engineering & Technology 
Standards:
CTE-TECED.68.ENGTEC.02.02  

Identify simple machines.
CTE-TECED.68.ENTECH.01.07  
 List the skills, abilities, and talents 

needed for careers in Engineering 
and Technology Education.

CTE-TECED.68.ENTECH.03.03  
 Explain how technology is closely 

linked with creativity, which has 
resulted in innovation.

 n MATERIALS
• “Introduction to Robots” PowerPoint
• “Gears” PowerPoint 
• 6-in-1 Robot kits

n DIRECTIONS 
ENGAGE

Students will view the “Introduction 
to Robots” PowerPoint presentation to 
understand the challenges robots face 
when moving (ie:  roller wheels are more 
stable for “walking” than separate feet 
due to number of contact points and 
balance). They will also view the “Gears” 
PowerPoint presentation to understand 
how the cogs on a gear can interlock to 
create a “drive train” causing movement 
by turning a motor or wheel.
EXPLORE

Students will examine, either with 
examples of robots in the classroom 
or by researching online, how different 
robot models move and compare and 
contrast their stability, fluidity of motion, 
balance, and distance traveled. Which 
types of robots moved better and why? 
Discuss with a partner. 

EXPLAIN
Students will work together to 

assemble the Motorized solar model 
by building the car; attaching the motor 
to the drive train with the rubber band; 
putting the batteries in the battery 
holder; and connecting the lead wires to 
the contacts on the motor. Students will 
observe that there is no switch so the 
motor runs continuously once receiving 
its solar charge. Why is this a poor 
design? Can they improve it? Students 
will write to explain their thinking in their 
journals and then share their ideas with 
a partner. 
ELABORATE

Students will disassemble the 6-in-1 
Robot cars and reconfigure the parts to 
make a different robot model that uses 
solar power. Students will test their 
models by taking them outside and 
placing them in the sun. How long did 
it take to charge the robot via the solar 
panel? Is this a practical design? Will it 
work for every type of robot? What would 
happen on a cloudy day? Students will 
list these problems and brainstorm ways 
to solve them.
EVALUATE

Students will evaluate the different 
types of robot designs that were 
explored. Which type of robot moved 
the most efficiently? Which design was 
the most effective, battery, salt water, or 
solar powered? If you could design any 
kind of robot, how would it move and 
why? What kind of power would it use? 
Group discussion.

n ADDL INFORMATION 
Power points included at end of 

packet
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Lesson Plan No 3: Let’s Build a LEGO Robot!
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n SUBJECTS COVERED
Science/STEM

n GRADES
 3-5 Gifted *Can be adapted for 4th/5th 
Science

n OBJECTIVES 
Students will… 

… understand how robots use 
“senses” and how to control 
them.

… choose a design and build the 
LEGO Boost Creative Toolbox 
robot.

… program the Boost robot to 
do three tasks or to follow an 
obstacle course.

… invest igate ways to so lve 
problems, such as programming 
the robot to avoid obstacles or 
change directions.  

n STANDARDS 
 FSS / NGSSS
Gifted Framework Standards: 
G.K12.1.2.2a  
 Identi f y and use terminology 

authentic to a chosen discipline of 
knowledge.

G.K12.4.3.2a 
 Recognize contributions of inventors 

and innovators in multiple fields of 
accomplishment.

G.K12.7.2.2b 
 Illustrate a new concept using two 

or more related ideas innovatively.

Sunshine State Standards: 
SC.4.P.10.1 
 Observe/describe basic forms of 

energy, including light, heat, sound, 
electrical, and the energy of motion.

SC.4.P.10.2 
 Investigate and describe that energy 

has the ability to cause motion or 
create change.

SC.4.N.1.7  
 Recognize and exp la in  that 

scientists base their explanations 
on evidence.

SC.4.N.1.8  
 Recognize that science involves 

creativity in designing experiments.

FL Engineering & Technology 
Standards:
CTE-TECED.68.ENGTEC.02.02  

Identify simple machines.
CTE-TECED.68.ENTECH.01.07  
 List the skills, abilities, and talents 

needed for careers in Engineering 
and Technology Education.

CTE-TECED.68.ENTECH.03.03
 Explain how technology is closely 

linked with creativity, which has 
resulted in innovation.

 n MATERIALS
• “Ultra Sonic Sensor” PowerPoint
• “Measured Turns” PowerPoint
• “Obstacle Detection” PowerPoint
• LEGO Boost software and LEGO 

Boost Creative Toolbox Robot kits

n DIRECTIONS 
ENGAGE

Students will watch the “Ultra Sonic 
Sensor” PowerPoint to understand how 
robots can be designed to respond 
to sounds we can’t hear and the 
“Measured Turns” PowerPoint to learn 
how to calculate the degrees for a 
precise turn. Students will take notes 
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Lesson Plan No 3: Let’s Build a LEGO Robot! (cont.)
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on how to calculate angles to use 
when programming. The students will 
then view the “Obstacle Detection” 
PowerPoint to understand how the robot 
“sees” objects using an infrared sensor.
EXPLORE

Students will follow the directions 
and work collaboratively to assemble the 
2 LEGO Boost Creative Toolbox robots.  
EXPLAIN

Students will demonstrate how 
to program the LEGO Boost Creative 
Toolbox robots using the LEGO Boost 
Technology software. Students will 
practice making the robot move, start, 
stop, turn, etc. Continue until all of the 
students have had the opportunity to 
write a script of commands that controls 
the robot to complete at least 3 tasks. 
Students will explain in a paragraph why 
they selected certain motors to perform 
certain tasks and how they calculated 
the turns using angles/degrees. 

ELABORATE
Students will work in pairs to create 

an “obstacle course” for the robot that 
will include 3 tasks. They may move an 
item, pick up an item, push something, 
etc. until all 3 tasks are completed. 
Each pair of students will demonstrate 
their “course” by dragging and dropping 
the commands into a script and then 
downloading the program to the robot. 
Their robot should complete the tasks 
autonomously based on the sequence 
in the program.
EVALUATE

Students will discuss the challenges 
they faced when programming their 
robots. Was the LEGO Boost software 
easy to use, or difficult? Which pair of 
students created the most challenging 
course? Most creat ive?  *Group 
Discussion.

n ADDL INFORMATION 
Power points included at end of 

packet.

n EVALUATION/
ASSESSMENT 
For the unit assessment, students 

will write a summary to explain how 
humans are similar/different from robots, 
including examples that demonstrate 
their understanding of the functions and 
purposes of robots. Summaries will be 
graded according to the rubric.

H H H
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Materials Budget
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Melissa Gamache

Loughman Oaks Elementary

www.amazon.com LEGO Boost Creative Toolbox 17101 Building & Coding Kit 159.90 2 319.80
www.walmart.com DIY 6 in 1 Solar Educational Kit 7.99 10 79.90
www.orientaltrading.com 50-Piece Wooden Spools 5.99 1 5.99

$405.69

$405.69
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Criteria 4 3 2 1

Requirements

Creativity

Mechanics

Summary includes:
2-3 similarities 

between a robot’s 
sensors and a 

human’s 5 senses.
OR

2-3 differences.

Summary includes:
details, and 

an attempt at 
figurative language 

to enhance the 
reader’s experience.

Almost no 
grammatical, 
spelling, or 

punctuation errors.

Summary includes:
No similarities 

between a robot’s 
sensors and a 

human’s 5 senses.
No differences.

Off topic.

Summary lacks
details and 
contains no 

figurative language 
or comparisons.

Many 
grammatical, 
spelling, or 

punctuation errors.

Student Name _______________________________________________________________

Summary includes:
2-3 similarities 

between a robot’s 
sensors and a 

human’s 5 senses.
AND

2-3 differences.

Summary includes:
rich details, figurative 
and visual/sensory 

language to 
enhance the 

reader’s experience.

No grammatical, 
spelling, or 
punctuation 

errors.

Summary includes:
1 similarity 

between a robot’s 
sensors and a 

human’s 5 senses.
AND/OR

1 difference.

Summary includes:
details, but no 

figurative language 
or comparisons.

A few 
grammatical, 
spelling, or 

punctuation errors.
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Mobile Robots
Why do robots need to move?

What defines a robot?

• Sense – a robot has to take in 
information about its environment

• Plan – a robot has to use that 
information to make a decision

• Act – a robot needs moving parts 
to carry out commands

What ways do robots move?

• Rotate
• Convey
• Walk
• Swim
• Fly
• Reach
• Bend
• Poke
• Roll

Snake Robot

Manipulative Movement

• Robots that use an arm, 
belt or other means to grab 
and maneuver objects

Mobile Movement
• Robots that can move 

from place to place

Why go from place to place?
• Transport goods and materials
• Carry messages
• Get there faster
• Do a task while you’re getting there 

or when you get there
• Collect information about what’s there
• Get away from something

• See if you can!

“LEGOS, Robots & STEM, Oh My” Melissa Gamache
Addl Information:  Introduction to Robots – Mobile Robots - page 1
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Most robots get
around by rolling

• Walking is hard –
it requires balancing

• Swimming only works 
in water

• Flying requires a lot 
of speed and energy

• Wheels and treads 
make moving over 
ground easier

• They provide stability 
with multiple points that 
touch the ground

How do rolling robots work?

• Sensors

• Motors

• Wheels

• Programming!

Main Components of Robotics
• Build – Mechanics, Mathematics, Physics

• Program – Building behaviors

• Test – Multiple trials

• Communicate – What did you work on 
or accomplish?  What conclusions did you 
come to?

Building

• Gears and axles
• Beams and connectors
• Motors and wheels
• Sensors and wires
• NXT programmable brick

We will be using LEGO® pieces
to build our robots

Building
LEGO® Pieces

Building LEGO® Motors and Sensors

Motors

Sound 
Sensor

Touch 
Sensor

Light 
Sensor

Ultrasonic 
Sensor
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Building LEGO® NXT
Sensor 
Input 
Ports

Motor 
Output 
Ports

Navigation 
Buttons

LCD 
Display 
Screen

USB connection socket

Programming Behaviors

• Giving the robot behaviors
• Complex behaviors are built from simple ones

The basic behavior… is used in the simple behavior:

Programming
…which is used in the complex behavior:

Programming Screen Interface

Programming Area

Properties Area

Blocks

Programming Blocks and Functions

Program by dragging blocks 
from the menu 
on the left

Place them on the grid, 
and wire them together

Can create your own 
blocks called My Blocks

Testing Why do we test?

• Make sure it works!
• Understand what it can do
• Test everything multiple times to determine 

the repeatability
• Use the robot to test other phenomena
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Testing
• When we test, we take data (numbers)
• We write our numbers down in organized 

charts
• We write down everything we can about 

the experiment
• Look at our data after we’re finished

Communicate
Why is communicating your design so important?

• If no one knows what it is, how it works, or 
why it’s cool, why would they want to buy it?

• When it is well-documented, other people can 
build on what you have started and create even 
cooler technologies!

Communicate

• Experiment worksheets and log books
• Presenting our work
• Sketching and describing ideas so 

teammates can understand too

What is Engineering?

• Problem solving
• Teamwork
• Time management
• Testing
• Doing it over if it doesn’t work 

correctly the first time!

Engineering Process
Determine 

the problem

What are you trying to 
solve?  Why do you 

need it?

Research

Has anyone ever solved 
this problem before? 
How did they do it?

Brainstorm
Come up with as many 
solutions to the problem 

as you can.

Pick the 
best solution

Figure out the best 
solution to solve the 
problem and meet 
budget and time 

constraints.

Build

Physically constructing 
something can be 
difficult.  Don’t get 

discouraged!

Test

Does what you built solve the 
original problem?  Why or why 

not?Redesign

How can you change it to 
meet the problem 

requirements?

How did you attack the 
problem?  What challenges 

did you encounter?  What was 
your final solution? What 

changes would you make?

Present
Personal Assistant Robot
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Personal Assistant Robot

• We will be making a mobile robot to help 
out in the classroom

• We will run tests on the robot to determine 
its capabilities

• Before it can do complicated behaviors, 
we have to teach it simple ones

• But before we program anything, we need 
to build

Built by Carnegie Mellon University in 1993

• Crane arm to pick up boxes

• Video camera to get information & take pictures

• Sonar sensors to find out position of objects in its 
path

• Roamed the halls on its four-wheel base

• Could be commanded over the internet

• Could be programmed to take pictures, go to 
various offices, tell knock-knock jokes

XAVIER

Xavier is big!2 feet in 
diameter

More than
3 feet tall!

Motors

Sonar sensors

Cameras Computers

Laser

Wheels

Touch 
sensors

You need a lot of space to fit in all that stuff!
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Field Of View
Introductory Presentation

Opening Activity
In Obstacle Detection, 
we saw how the Ultrasonic 
Sensor could detect objects in 
front of our robot and help it to 
avoid hitting them.

Preview

1. Emitting an ultrasonic sound 

2. Allowing it to bounce off 
of surrounding objects

3. Interpreting the returning 
sound 

We also learned that animals, such as bats also 
use ultrasound to help locate things and navigate 
in the dark. They do so by:

Preview

1. How long it takes the 
sound to return

2. If the sound has changed 
in frequency

3. Which ear heard the 
returning sound first

How does the bat know what is around it? 

Preview
Our sensor detects objects using 
the first method. It emits a 
signal, and then waits for the 
signal to return. 

However, it cannot sense 
everything around it. This is 
what you’ll explore the in Field of 
View Exploration.

Preview: Scale
Before you start the activity, you’ll need to be 
familiar with creating scale models. A scale 

model is a representation of an actual object 
that is different in size.
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Preview: Scale
For example, if we wanted to create a statue 
of someone that was three times their size, 
we would use a 1:3 (read “one to three”) scale. 
This tell us that for every one inch on the person, 
there would be three inches on the statue.

1 :      3

Original Object’s Size New Object’s Size

Preview: Scale
Or, if you wanted to shrink your object, like on 

a map, you could use a 20:1 scale. This means 
that every twenty units in the real world are 

represented as one unit on the map.

20 :      1

Real World Map

Preview: Scale
Let’s try a few out:

1.  What would our scale be if we 
wanted to double the size of a 
house?

2.  What would our scale be if we 
wanted to create a model of 
the Eiffel tower that was 1/5 
its size.

1:2

5:1

Preview: Scale
Think back to our 5:1 scale Eiffel Tower. 
The scale tells us that, for any quantity of 
measurement, we divide by five to get our 
model’s size. For example:

5 inches  1 inch Because 5 / 5 = 1

30 yards  6 yards Because 30 / 5 = 6

10 feet  2 feet Because 10 / 5 = 2

Preview: Scale
The city decides to create a “junior” version of a 
popular park. You were asked to calculate the 
following measurements given a 7:1 scale.

28 kilometers of road

49 square yards of camp area

1 mile of jogging track

4 Kilometers

7 square yards

1/7 of a mile

Now you have the necessary knowledge to get 
started in the Field Of View Exploration.

Good Luck!
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Wheels and Distance
Introductory Presentation

Opening Activity
In “Full Speed Ahead” we made our robot move 
forward with the program below.

Opening Activity

1. How far did your robot move forward?

In this program:

2. What affected the distance it moved?
3. How could you get it to move a longer distance? 
A shorter distance? An exact distance you want?

Opening Activity
Many things affected how far your robot traveled.

• The number of degrees your Wait For block                      
is set to wait for 

• The size of your tires

Wheels and Distance
In this activity we’re going to program our 
robot to move an exact distance.  
To do so we must understand a few things 
about circles.

START FINISH

Review
Let’s start with the basics. 
Answer the following:

1. What is a radius of a circle?

2. What is a diameter of a circle?

3. What is the formula for the 
circumference of a circle?

The distance from the 
center to the outside of 
a circle.

The distance, through a 
circle’s center, from one 
edge to another.

Circumference=     
diameter * π

r

d
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Preview
With our knowledge of circumference, we 
can start figuring out how to control the 
distance our robot goes.

Preview
First, we need to understand that the 
circumference of a circle is really just a line 
curled around a center point.

Review
From this, we know that the circumference of a 
circle and the length of the line it rolls out are 
equal in length. Finish the following:

d = 4 
Circumference = 4 * π

Length of Line =

So we know that…

4 * π

Preview
Let’s try a few more. Finish this chart:

Length of line =Circumference =

1 meter

2 meters

7 meters

1 meter

2 meters

7 meters

Preview
Predict what would happen if we were to change 
the number of rotations that the wheel makes? 
Or change the diameter of the wheel?

Once you have completed the 
activity check your prediction

Preview
In the meantime, let’s review a few more topics 
that you will need to successfully complete the 
Wheels and Distance Investigation.



“LEGOS, Robots & STEM, Oh My” Melissa Gamache
Additional Information:  Wheels and Distance - page 3

2018 - 2019 IDEA CATALOG OF EXCELLENCE

5/22/2018

3

Review: Average
To find the average of a collection of 
measurements:
• Add all of your measurements together
• Divide by the number of measurements

Average = Measurement 1 + Measurement 2 + Measurement 3

3 

Review: Average
Suppose your robot moved forward three times 
with distances of 5, 6, and 10 meters. What is 
the average distance it moved forward?

Average =
+

# of measurements 

Measurement 1 Measurement 2 Measurement 3+5 6 10

3
7 meters

There are 360˚ in one full rotation of a wheel

Review: Degrees
0˚

90˚

180˚

270˚

360˚
Review: Degrees

If there are 360˚ in one rotation of a wheel, 
how many degrees are there in two rotations?

Answer: 720˚

720˚ = 2 rotations * 360˚

Go to the next page for more practice!

Complete the following chart to get some practice:

# of Degrees# Of Rotations

1 rot.

3 rot.

1.5 rot.

360˚

1080˚

540˚

Review: Degrees Review
Keep the following in mind as you complete 
the Wheels and Distance Investigation:

• Circumference - the length of line a circle rolls out

• Circumference = diameter * π

• Average =  sum of measurements 
number of measurements

• There are 360˚ in one rotation of a circle
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Review: Scientific Inquiry
Scientific Inquiry

This is the process by which 
people ask questions, and 
seek out answers to their 
questions through the use of 
experiments and scientific 
knowledge.

Review: Scientific Inquiry
Hypothesis
A key element to Scientific Inquiry is the 
scientist's hypothesis. A hypothesis is an 
educated guess concerning the outcome 
of the inquiry process and the experiments 
conducted within.

Now you have the necessary knowledge to get 
started in the Wheels and Distance Investigation.

Good Luck!
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Obstacle Detection
Introductory Presentation

Opening Activity

If you were blindfolded, what senses 
would you use to find things in the room?

Opening Activity
You would probably use your hands 
to feel around to find things by touch

Your robot can detect objects with “touch” 
by using its Touch Sensor The signal returns to the bat, telling it the distance to the object.

Opening Activity
If you were a bat, you would not have to 

run into things, or touch them, to find them

A bat sends sound signals outThe sound signals bounce off objects in the surrounding area

(sound)

(sound)

Opening Activity
Your robot can also use sonar to send ultrasonic 

sound waves out and detect objects

This sensor is called the Ultrasonic Sensor

Discussion Questions
Why does the Ultrasonic Sensor 
have two openings in the front ?

One opening is 
for sending out 

the sound waves

One opening is for 
receiving the returning 

sound waves
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Discussion Questions

The Touch Sensor must touch an object 
in order to detect it

What is the difference between the 
Ultrasonic Sensor and the Touch Sensor ?

The Ultrasonic Sensor does not have to touch 
an object to detect it

Review
In previous activities we told the robot 

to “wait” for different conditions.

Wait for the robot to “hear” a sound
Wait for the Rotation Sensor to read 720 degrees

Preview

Now we will tell the robot to wait for the 
Touch Sensor to be pressed

Then we will wait for the Ultrasonic Sensor
to come near an object

Preview
Don’t forget that the Ultrasonic Sensor can read 

both inches and centimeters, so check 
which one you have selected.

As you complete the activity, 
think about when you would want to use 

the Ultrasonic Sensor or the Touch Sensor.

Preview
Now you have the necessary knowledge to get 

started in the Obstacle Detection Activity.

Good Luck!
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Measured Turns
Introductory Presentation

Opening Activity
In the Right Face Activity, we made our robot 
turn right using the program below.

Opening Activity

1. How far did your robot turn right?

In this program:

2. What affected the distance it turned?3. How could you get it to turn farther?  
To turn less? To turn an exact distance?

Opening Activity
What part of your program controlled 

how long your robot continued to move? 

Hint!

Hint!

Answer : The Wait For block that told your robot 
to move forward until Motor C read 720 degrees.

Opening Activity

You can control how many degrees the Wait For block 
waits for in the configuration panel at the bottom of the 
screen on the NXT programming software.

Measured Turns
The Wait For block tells the robot to “wait” 

until the robot’s wheel has turned 
a certain number of degrees.
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Measured Turns
This does not mean “waiting for” the entire 

robot to turn for a certain number of degrees.

Review
In Measured Turns Investigation, we will distinguish 
between these two turns. To start it we need to 
cover a few science and math ideas.

Review: Math
Here are some basic math concepts we will review:

• Calculating the distance traveled using 
circumference of the wheel

• Calculating how far the wheel turns to make 
the robot turn

Review: Equations
Equations will help us organize our 
numbers and let us solve for things.

An Equation is a mathematical 
sentence with an equal sign.

Review: Equations
For practice, state whether or not the 
following are equations:

3 + 5 = 8

10 – 4
2

? - 5 = 5

Yes, there is an equal sign

Yes, there is an equal sign

No, there is no equal sign

Review: Equations
An equation has many parts.

2 x 6 = ? - 10 

• The numbers and symbols are called “terms”

• The ? can also be called a “variable” or an “unknown”

• The multiplication and subtraction signs are 
called “operations”
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Review: Equations
How do we find the missing number in this equation?

? - 5 = 5
+5 +5

? – 0 = 10
? = 10

Step 1:

Step 2:

Answer:

This is called cancelling!

Review: Equations
Sometimes equations are missing numbers. 
To find these numbers we have to move terms 
from one side of the equal sign to the other. 
This is called Cancelling.

Wheel Diameter + 10 = 20 -10-10Wheel Diameter = 10Wheel Diameter + 0 = 10

Review: Canceling Equations
To cancel numbers it is important to apply the opposite 
operation of the number you would like to cancel. Add, 
subtract, multiply, or divide the number to both sides 
of the equals sign.

Operation Opposite

+

x

/

- +

-

x

/

# of degrees + 8 = 12

# of degrees + 8 = 3 x 4

# of degrees + 8 - 8 = 12 - 8

# of degrees + 8 = 12

Review: Canceling

# of degrees + 8 = 3 x 4 Here we want to find the # of degrees

Here’s an example:

We always combine any terms we 
can to start

Because we want to find # of 
degrees, we should isolate it on 
one side of the equals sign.  To 
do so, cancel the 8 by 
subtracting it from both sides.

# of degrees = 4
We’re left with # of degrees
equals 4.

Operation Opposite

+

x

/

- +

-

x

/

Here we want to find the # of degrees

We always combine any terms we 
can to start

Because we want to find # of 
degrees, we should isolate it on 
one side of the equals sign.  To 
do so, cancel the 8 by 
subtracting it from both sides.

We’re left with # of degrees
equals 4.

# of rotations = 6
2

# of rotations = 2 x 3
2

# of rotations = 2 x 3
6 – 4

# of rotations = 2 x 3
6 – 4

Review: Canceling
Let’s try one more to see if you’ve got it:

# of rotations = 12

Because we have everything else, 
we’ll solve for # of rotations

As always, begin by combining 
any terms you can to simplify

Isolate # of rotations by canceling 
the 2

We find that # of rotations is 12

# of rotations = 2 x 3
2

# of rotations x 2 = 6 x 2
2

Continue combining terms until all 
are simplified

Because we have everything else, 
we’ll solve for # of rotations

As always, begin by combining 
any terms you can to simplify

Continue combining terms until all 
are simplified

Isolate # of rotations by canceling 
the 2

1.

2.

3.
# of rotations = 6

2

Review: Cross Multiplication
Finally, there’s a shortcut to balancing equations 
when you have a fraction on both sides of your 
equals sign, like this:

90° Degrees of Wheel Rotation

360° 20 centimeters
=



“LEGOS, Robots & STEM, Oh My” Melissa Gamache
Additional Information:  Measured Turns - page 4

2018 - 2019 IDEA CATALOG OF EXCELLENCE

5/22/2018

4

Review: Cross Multiplication
To cross multiply:
1. Multiply the numerator on the left by the 

denominator on the right
2. Multiply the numerator on the right by the 

denominator on the left
3. Simplify

90° Degrees of Wheel Rotation

360° 20 centimeters
=20 cm. x 90° = Degrees of Wheel Rotation x 360°

To cross multiply:
1. Multiply the numerator on the left by the 

denominator on the right
2. Multiply the numerator on the right by the 

denominator on the left
3. Simplify

To cross multiply:
1. Multiply the numerator on the left by the 

denominator on the right
2. Multiply the numerator on the right by the 

denominator on the left
3. Simplify

To cross multiply:
1. Multiply the numerator on the left by the 

denominator on the right
2. Multiply the numerator on the right by the 

denominator on the left
3. Simplify

Review: Cross Multiplying
Try to solve this problem:

360      =            720

45 # of Rotations
1.  We can see that both sides 
of the equation are fractions

2. Start cross-multiplying by 
multiplying 360 by # of Rotations

3. Finish cross-multiplying by 
multiplying 720 by 45.  Simplify.

4. Solve for # of Rotations by 
canceling; divide by 360 on the 
left and the right.

# of Rotations x 360     =  720        

45

# of Rotations x 360  =  720 x 45

# of Rotations x 360  =  32400

# of Rotations x 360  =  32400

# of Rotations x 360  =  32400

360 360
# of Rotations = 90

Now you have the necessary knowledge to get 
started in the Measured Turns Activity.

Good Luck!
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Get In Gear
Introductory Presentation

Opening Activity

Describe to a partner what “speed” is. 
Give a verbal definition, any equations you 
know, and examples of different speeds.

Opening Activity
Speed is the rate of movement of an 

object. In other words speed can be how 
FAST or SLOW your robot is moving.

START FINISH

Discussion Questions
What affects the speed of your robot?

1. The motor power level can change the speed of your robot

2. The gearing can change the speed and strength of your robot

Review: Power Level

The power level can be found in the lower left 
corner of the Motor block’s configuration panel.

Review: Power Level
The default power level for the NXT is 75 

percent.  You can change the power level by 
using the slider bar or by typing in a number.
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Review: Gears
Are Taskbot’s wheels directly 

attached to its motors?

Review: Gears
Taskbot’s wheels do not attach directly to the its 
motors. There is a system of gears that connect them.

3. Wheel

1.  Motor

2.  Connecting gears

1.  Motor

2.  Connecting gears

3.  Wheel

Review: Gears
We name the gears to keep 
information organized:

1.The Driving Gear is 
connected to the motor

2.The Driven Gear is 
connected to the wheel

Review: Gears
With our gears named, can you explain 

the 6 steps to get a wheel to move on your robot?

Step 1: the motor spins
Step 2: the axle through the motor spins
Step 3: the driving gear rotates
Step 4: the driving gear spins the driven gear
Step 5: the driven gear spins the axle attached to the wheel
Step 6: the wheel spins

Grab a motor, some gears, and 
a wheel and try it yourself!

Review: Gears
Before moving on to the Get in Gear Activity, 

think about the following:

1. What would happen if you made your driving 
gear bigger and your driven gear smaller?

2. What would happen if you made your driven 
gear bigger and your driving gear smaller?

Now you have the necessary knowledge to get 
started in the Get In Gear Activity.

Good Luck!


