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Students are introduced to a need for mechanical advantage, and to ef�cient 
ways of moving things (transportation), by encountering the problem of how to 

move objects without wheels. 

Lesson 1:

Objectives:
Students will explore the ideas of work, effort, and moving items. This lesson will lead them to ask, 
“How can we do this work more easily?”

Vocabulary used in this activity:
 Work, effort, exert, challenge, obstacle, lift, move, force, frame, box

Standards

Time needed: 35-40 minutes

Materials and Supplies: 
String, paper, pencils/crayons, Brackitz planks (1x1 and 1x2 lengths), 3 and 4-way hubs, as well as 1-way 
pivoting hubs; but no tires, axle-splines, or lock washers.

Set-up and Preparation: 
Prepare trays of Brackitz building materials so that they are ready to be handed out; help students 
cooperatively form groups of 2-3 to work together. 

Background Knowledge: 
Prior to this lesson, students do not need special background knowledge. 

3-5 ETS1, ETS1.A, ETS1.B, ETS1.C, ETS1-1, PS3.C, LS1.ANGSS            

MP2, MP3, MP6, MP7, MP8CCSS-Math
SL.4.1, SL.5.1, SL.4.1c, SL.5.1c, SL.4.1d, SL.5.1d, CCRA.L1, CCRA.L.6, W.4.2, W.5.2, W.4.8, W.5.8CCSS-ELA



35-45 minutes

Lesson 1:

Whole Class - What Is Work? 

“I’m going to hand you one book, and we’ll pass it 
around our circle/group.” Pause while book is 
passed and comes back to you. “Was that hard to 
lift and move? (No!) Now let’s try three books. How 
does that feel? (Heavier) Ok, but how do we know 
they are heavier? (See if students separate feeling 
the work from the idea that there were more books 
in number.) Ok, now we’ll do just this one book. 
Pass it around. Is it heavier? If it was hard to lift 
and move, how would we know? What do we 
notice when something is bigger and heavier? 
(Hands/�ngers, arm muscles.) That’s one way to 
understand that moving something from one 
place to another is WORK. Today we’re going to 
think about how much work we have to do to 
move things.”

Feel the work! “When we lift or move something, 
we are applying FORCE to get work done. Where 
does that force come from? (Our muscles tensing 
and exerting.) We’re going to practice different 
ways to move these books. Let’s try it two ways:

1. In your group, carry these items three ‘laps’ 
around the classroom.

2. Now stand and hold the items for 20 seconds.

Now, did you feel the work in your body? Did you 
feel it during both ways of handling the items? 
Did you feel it in different places?”

First, use similarly sized chapter books - one vs. 
three.
Then, use a large book. An old style dictionary 
may work. 
Help students consider that more/bigger doesn’t 
have to mean heavier.  Bean bag chairs may be 
bigger than a box of rocks, but the box of rocks is 
heavier. We know because we can feel it in the 
amount of force we apply from our muscles. 
Feeling their muscles tense or their hands hurt is 
an indication of work. Encourage students to push 
the books AND lift/hold them so they have differ-
ent experiences sensing force.  

Create start/stop spots for each group, so that 
they can line up for this exercise; or have “laps” 
clearly marked. Have timers ready or have start 
and stop times for each “stand and hold” turn.

Each student’s turn moving the items should take 
thirty seconds to one minute; “feeling the work” 
should take six to seven minutes.

10 minutes

Group Exploration - Feel the Work 10 minutes

Instructor Notes and Tips



Lesson 1:

Group Challenge - Carts and Wheels

(Show the picture of a cart.) “In this picture, 
someone is using a cart to move more items with 
less work. As I’m sure you can see from your 
pieces, we aren’t using any wheels today. I’ve 
built this obstacle course. Even though we have 
no wheels, what else could we do to make the 
work easier? (Help students think about how 
gathering things may mean a heavier load but 
only one TRIP where they are exerting force.)

Okay, let’s build a frame that could contain the 
things we want to move using Brackitz.”

Prepare obstacle courses ahead of time before 
students are ready to test their designs. Add 
different obstacles. This could be speed bumps 
under the rug, non-smooth “hills” of items, or 
classroom “boulders” made of toys, blocks, and 
other items. 
Pass out trays of planks and connectors (but no 
wheels and axles) that are already prepared for 
groups. This is a chance for students to begin 
building. Watch to make sure groups are able to 
share tasks and ideas functionally.
If your books are too heavy or wide for 
student-made Brackitz frames, consider using 
blocks or other toys. 

15 minutes

Reflection

CHALLENGE ADVANCED STUDENTS     SIMPLIFY FOR YOUNGER GROUPS

“Let’s each take thirty seconds to use our frame to 
push or pull these items through the course. 
What’s happening when we try to get over and 
around these challenges and obstacles? (Frames 
falling apart, items falling out and tipping over, 
frames/boxes of items getting stuck.) What do we 
use to move lots of things at once? What could 
we build or make differently to make this work 
easier?”

In the group exploration, you may pose the 
question to students WHY standing and holding 
something without moving it caused them to feel 
their muscles exerting, and talk about gravity. 

In the group challenge, make more than one 
obstacle course - one with hills, one with turns, 
etc. so that students can see if their frame has 
particular use, and cases where it won’t work 
well. Have them make predictions about where it 
will work best/worst and specify why they are 
making that prediction.

In discussion, ask, “Have you ever had to hold or 
lift something that was too heavy for you? What 
was it?”  This is a way of helping students identify 
that they did work. 

In the group challenge, make two obstacle 
courses - one where they simply need to turn and 
come back, and one with hills, ramps, bumps, etc.  

If students made frames of different sizes and 
shapes, help the class observe which shape does 
best? Why? This gives advanced students a 
chance to consider how distributing weight and 
balance can factor into cart design and use. 

5 minutes



Student Worksheet

Lesson 1:
Name

Today we carried books to move them. Is there an easier way? 
Write a sentence about it: 

You made a frame or box to hold the books - draw it here.

What shape was your frame? 

Did your frame work to hold the items in the obstacle course?        Yes       No



Lesson 1:
Name

What could have helped your frame hold the books better?

What parts of the obstacle course made it hardest for your frame to hold the 
books and keep moving?

What do we use to move lots of things at once? What could we build or make 
differently to make this work easier? 
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Students practice designing transportation and including wheels in their designs. 
This lesson serves as an introduction to the idea of mechanical advantage and 
the idea that a simple machine like a wheel and axle will require less force to 

move objects across distances.  

Lesson 2:

Objectives:
Students will explore the ideas of work, effort/force, and enhancing transportation with wheels 
(mechanical advantage). They will also practice design thinking and process, with criteria and 
constraints. At the close of this lesson, students will be able to describe how wheels help do work. 

Vocabulary used in this activity:
Work, effort, distance, weight, advantage, bene�t, method, situation, constraint, design

Standards

Time needed: 35-45 minutes

Materials and Supplies: 
Paper, pencils/crayons, cart or wheeled chair, rock or well-built  and closed container full of heavy 
items, Brackitz planks (1x1 and 1x2), and 3 and 4-way hubs. Give out exactly one tire and axle-spline 
and two lock-washers to each group. 

Set-up and Preparation: Prepare trays of building materials ready to be handed out; help 
students cooperatively form groups of 2-3 to work together. 

Background Knowledge: Prior to this lesson, students do not need special background 
knowledge. 

3-5 ETS1, ETS1.A, ETS1.B, ETS1.C, ETS1-1, PS3.C, LS1.A, 5-PS2NGSS            
MP2, MP3, MP6, MP7, MP8CCSS-Math
SL.4.1, SL.5.1, SL.4.1c, SL.5.1c, SL.4.1d, SL.5.1d, CCRA.L1, CCRA.L.6, W.4.2, W.5.2, W.4.8, W.5.8CCSS-ELA



35-40 minutes

Lesson 2:

Whole Class 

“How do we move things around that need to be 
moved? (Have class list ideas - cars, trucks, etc.) 
Let’s think about this in terms of a need or 
situation we would like to change - we need to get 
things and people to places faster and easier. Why 
don’t we just walk everywhere and carry 
everything? Let’s make a list of the ways to move 
things and people around.” Ask students to think of 
all the ways we move people and objects around - 
carts, wheelchairs, buses, trains, and more. List on 
board or chart paper. “Which of these ways of 
moving things is easiest and fastest? What do all 
of these ways of moving things/people have in 
common?”

Feel the work! “Moving something from one 
place to another is always work, even when we 
are moving ourselves. Let’s see if we can feel the 
work being done. If we want to move this rock 
from ‘Start’ to ‘X marks the spot,’ how can we do 
the work?  

1. Push it

2. Pull it

3. Lift and carry

4. ROLL IT” 

Have students rotate through stations of these 
options. Then ask, “What is easiest? Why do 
wheels help?”  

Reach this conclusion: 

It’s easier to move items when it doesn’t depend 
on just us and our muscles. Wheels offer a 
mechanical advantage - a way to do this work 
with less force. 

You may read the Richard Scarry book to help 
prime the idea of transportation for students. You 
may also ask for speci�c examples:

• How will we change classes/get to the cafeteria? 
(walking, wheelchairs)

• What are fun ways to move when we are playing 
(roller skates, scooters)

• If you wanted to go to your friend’s house, what 
are three ways to get there? (car, bike, walking)

• What brings some students to school? (bus, car)
Note how many things that are named have 
wheels, and see if students can be supported to 
notice this common feature. Try to move the 
discussion towards “vehicles” as items that help 
us move things more quickly/easily.

Create start and stop spots for each station, so that 
students can line up for this exercise. Have each 
group take a turn carrying, pushing, pulling, and 
rolling (by cart or rolling chair) a rock or heavy 
container box. Each student’s turn should take 
twenty to thirty seconds or less, and if four or �ve 
students are carrying/rolling at once, this means 
“feeling the work” should take six to seven minutes.

When you ask which is easier, help students 
consider feeling their muscles. Students may also 
talk about speed, and this is an excellent time to 
point out that greater speeds are more achievable 
when using something with wheels because it gives 
us an advantage of doing work using less force to 
move the same distance. With the mechanical 
advantage of wheels, we could go the same distance 
with less force from us AND go faster. Advantage 
means having an edge or better method, like if we 
got a head start in a race, or have a way to go faster.

10 minutes

Group Exploration 10 minutes

Instructor Notes and Tips



Lesson 2:

Group Challenge

“If we want to create a way for a small creature to 
move things around that uses less force, what 
Brackitz on your trays could you use? (Wheels!) In 
this case, you have a design constraint - only one 
wheel. Before building something with one wheel 
to try and help move blocks/books, write down the 
answer to this question: how will you know if your 
design is working? What will you test to decide if 
it’s helping?” 

Pass out trays of planks, connectors, wheels, and 
axles that are already prepared for groups. This 
is a chance for students to begin building. Watch 
to make sure groups are able to share tasks and 
ideas functionally. 

15 minutes

Reflection

CHALLENGE ADVANCED STUDENTS     SIMPLIFY FOR YOUNGER GROUPS

“I gave you only one wheel to see if you could 
build, even if I had a limitation on your building 
materials. That’s called a constraint. Can one wheel 
still help create an advantage for moving around so 
you can move things more easily (using less force)? 
How will we know if it is helping? Was it hard to 
design this? What would make your design better?”
Can one wheel still help? 
Does it make work easier? 
What challenges did you face to design this? 
What would you like to change or add to your 
designs? 

In discussion, ask students to come up with their 
own de�nition of the word “advantage” and 
examples of when they or someone else has had 
an advantage or disadvantage. 

In the re�ection, ask students to reconsider what 
advantage means, and to de�ne what “mechanical 
advantage” means. You may also support students 
to research what simple machines are and to learn 
about other simple machines. 

In discussion, show some videos of vehicles that 
use four wheels and vehicles that use fewer than 
four wheels. Ask students if they notice that 
vehicles using fewer than four wheels often need 
work from people to roll the wheels. 

In the group challenge, ask students if they need 
to build something that can be pushed/pulled and 
if they have ever seen a cart like this. Lead 
students to building a one-wheeled cart or 
wheelbarrow. 

Make sure that before this section of the lesson 
closes, students understand the basic idea of 
doing the same task (moving Gingerbread from 
A to B or moving books) with less force. 

5 minutes



Student Worksheet

Lesson 2:
Name

How do wheels help move things more easily? Why do we move boxes on carts? 
Why do we use shopping carts and rolling luggage? 

Can you explain mechanical advantage in your own words? 

What are the differences and similarities between these items: cars, bikes, and 
carts?

Differences Similarities



Lesson 2:
Name

Before you made your one-wheeled design, you were asked: “How will you 
know if it is working and helping to move things? How will you test your 
design?” Write your answer here: 

You made something with just one wheel. Draw your design here:

Student Worksheet



Lesson 2:
Name

Student Worksheet

Can one wheel still help?       Yes      No 

Does your design allow work to happen with less force? How? 

Who would use your design? 

Where would be the best place to use it?

 What would be the best things to move in your design? 

Was it hard to design this? Why or why not? 

What would you like to change or add to your designs? 
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Students continue designing transportation tools, this time with two wheels. 

Lesson 3:

Objectives:
Students will practice what they learned about transportation, work, effort, and mechanical advan-
tage with more wheels, while still being challenged with a design constraint. 

Vocabulary used in this activity:
Advantage, bene�t, mechanical advantage, request, speci�c, constraint, design, vehicles

Standards

Time needed: 35-45 minutes

Materials and Supplies:  
Paper, pencils/crayons, Brackitz planks (1x1 and 1x2), and 3 and 4-way hubs, as well 1-way pivoting 
hubs. Give out exactly two tires and axle-splines and 4 lock washers to each group. 

Set-up and Preparation:  
Prepare trays of building materials ready to be handed out; help students cooperatively form groups 
of 2-3 to work together. 

Background Knowledge: 
Prior to this lesson, students do not need special background knowledge. 

3-5 ETS1, ETS1.A, ETS1.B, ETS1.C, ETS1-1, 3-5 ETS1-2, 3-5 ETS1-2, PS3.C, LS1.A, 5-PS2NGSS            
MP2, MP3, MP6, MP7, MP8CCSS-Math
SL.4.1, SL.5.1, SL.4.1c, SL.5.1c, SL.4.1d, SL.5.1d, CCRA.L1, CCRA.L.6, W.4.2, W.5.2, W.4.8, W.5.8CCSS-ELA

2 wheeled example



35-40 minutes

Lesson 3:

Whole Class 

“Previously, we experimented with moving things 
ourselves vs. with wheels. Which one was more 
work? (No wheels was harder.) So, let’s think of 
vehicles we know that make it easier to move 
things. Let’s all write down a vehicle, and what it’s 
moving and send it up front so I can make one list. 
(Start a chart with the following columns: vehicle 
name, who uses it, what does it move/carry, and 
number of wheels. Only ask for information on 
vehicle and what it carries right now.) Why do we 
not just walk everywhere? (Vehicles can move 
more, and move it faster, including people and the 
things people carry.) So, of these vehicles, which 
are best for moving people? (Put stars next to 
those. Bikes, scooter, and skateboards should be 
on there.) Are the other vehicles best for moving 
things? (Circle those) Can we even think of special 
vehicles that are in our school, performing special 
tasks? (Underline those. Examples include rolling 
chairs, book carts, rolling trash cans.) Now let’s 
name the number of wheels on everything on our 
list. (Put in chart.) We use all of these to get a 
mechanical advantage for moving people and 
things.”

“Who wished we had more wheels yesterday? 
Well good news: today we get to use TWO 
wheels, but only two. Take a look at some of your 
one-wheeled designs. What will change if we 
add two wheels? Can your group draw a new 
design with two wheels? Where is the best place 
for a second wheel?” 

After groups have had some time to work, ask, 
“How would a small creature use this, and how 
will we know if your designs are good?” (Build 
them, test them, and check for safety, stability, 
and usefulness for your Gingerbread friend.) 

You can solicit students to consider vehicles in 
terms of where they get used. What vehicles are 
on the roads? (Cars, busses, etc.) What vehicles 
are on sidewalks and in parks? (Bikes, scooters, 
skateboards.) What vehicles help move things at 
schools? (Wheeled carts, chairs, rolling trash cans, 
etc.)
Next, ask them what these vehicles usually carry 
and then follow up with how many wheels their 
suggestions have. This is a way to get lots of 
thoughts and offer participation to every student 
in the class. 

Help groups get started by asking them, “If you 
were adding another wheel, where would it go?” 
Students may quickly understand that adding a 
wheel means changing the shape or even the use 
of their previous design. Ask students to think 
about, “What will this design help our 
Gingerbread friend do? Where will this cart or 
vehicle go/be used, and how will s/he use it?” 

10 minutes

Group Exploration 10 minutes

Instructor Notes and Tips



Lesson 3:

Group Challenge

“Build a design with EXACTLY two wheels. You 
can’t have one or three wheels; it has to be two. 
This is called a design constraint - it means you 
have to meet a speci�c request, or not use 
everything you may want.”  

This is a chance for students to begin building. 
Watch to make sure groups are able to share 
tasks and ideas functionally. Having trays with 
prepared Brackitz pieces and exactly two wheels 
and axles will help. 

15 minutes

Reflection

CHALLENGE ADVANCED STUDENTS     SIMPLIFY FOR YOUNGER GROUPS

“Was a two-wheeled design better than a 
one-wheeled design? Why or why not? How was 
it better?  What had to change in your 
one-wheeled designs to accommodate two 
wheels?” 

In discussion, ask students to compare/contrast 
examples of two-wheeled vehicles: bikes, 
segues, ripsticks, scooters. Are most of these 
horizontal or inline placement? Why? Is there a 
commonality to how/where they are used? What 
is the speci�c design advantage of two wheels? 

In the group exploration, have groups draw two 
designs  - one with wheels side by side 
(horizontally - like on a cart or dolly), and one 
with wheels placed  inline, (vertically - like on a 
scooter.) Which is better? How will they pick 
which design to build? 

In the re�ection, ask students to decide if two 
wheels are “better than one” and to offer how 
they would measure/argue for “better than one” 
(Safety? Balance? Ef�ciency? Design?) 

In discussion, review mechanical advantage. 
“Wheels can help give us a mechanical advantage 
to use less force. Ask students if they predict 
more wheels means better vehicles/better 
mechanical advantage. Then ask them to think of 
two-wheeled vehicles - bikes, skateboards, 
scooters. Do these have better mechanical 
advantage than a wheelbarrow? Why or why not? 

In the group challenge, break the build challenge 
into 2 or 3 steps. Have students focus �rst on how 
and where our Gingerbread friend will use this 
vehicle (riding at the bike park is different than 
moving books down a hall). Second, have them 
focus on  where to put the axles to make their 
design move smoothly. Last, have them focus on 
adding wheels. 

As you talk to students about their designs, 
praise what they have gotten working - perhaps 
it’s a good size, or built for a speci�c use. Ask 
them about parts of the design that could use 
improvement - maybe the design needs stability 
or would present safety concerns for the 
Gingerbread friend. Referencing things that 
“may need redesign” or “improvement” is a 
way to make the reality of redesign in the design 
cycle less negative. 

5 minutes



Student Worksheet

Lesson 3:
Name

Draw your two-wheeled design here:

Where will this two-wheeled vehicle get used (school, roads, parks)?  
Draw that place. 



Write your own: ___________________ Write your own: ___________________

Safety

Can make something like real life

Balance

Stability

What are some reasons to prefer a two-wheeled design over a one-wheeled 
design? (Circle or write your own.)

Are there any reasons to prefer a one-wheeled vehicle design over a two-wheeled 
design? What are they?

Explain how a two-wheeled design is/is not a better vehicle for a small creature 
to use? (Are there any safety concerns limits on where s/he can use it, or ways 
it is much better/worse than the one-wheeled vehicle?)

Explain why you think two wheels is more common on vehicles we use than 
one wheel?

Student Worksheet

Lesson 3:
Name
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This lesson invites students to add one more wheel and explore how the 
mechanical advantage of wheels, plus the added stability of more wheels, offers 

more design choices. 

Lesson 4:

Objectives:
Students will practice what they learned about transportation, work, effort, and mechanical advan-
tage with more wheels, while still being challenged with a design constraint. At the end of this 
lesson, students will better understand that creating stability/safety when enabling speed is desirable. 

Vocabulary used in this activity:
Design, advantage, bene�t, provide, mechanical advantage, request, speci�c, constraint, environment, 
exchange

Standards

Time needed: 35-45 minutes

Materials and Supplies:  
Paper, pencils/crayons, Brackitz planks (1x1 and 1x2), and 3 and 4-way hubs, as well 1-way pivoting 
hubs. Give out exactly three tires and axle-splines and lock washers to each group.  

Set-up and Preparation:  
Prepare trays of building materials ready to be handed out; help students cooperatively form groups 
of 2-3 to work together. 

Background Knowledge: 
Prior to this lesson, students do not need special background knowledge.

3-5 ETS1, ETS1.A, ETS1.B, ETS1.C, ETS1-1, 3-5 ETS1-2, 3-5 ETS1-2, PS3.C, LS1.A, 5-PS2NGSS            
MP2, MP3, MP6, MP7, MP8CCSS-Math
SL.4.1, SL.5.1, SL.4.1c, SL.5.1c, SL.4.1d, SL.5.1d, CCRA.L1, CCRA.L.6, W.4.2, W.5.2, W.4.8, W.5.8CCSS-ELA

3 wheeled example



35-40 minutes

Lesson 4:

Whole Class 

“Based on how many wheels we’ve used each 
day, make a  prediction on how many wheels 
we’ll use today? (Three!)

Yes, today we will think about three-wheeled 
vehicles. Have you ever seen three-wheeled 
vehicles? What were they? (Wheelbarrows, 
certain ATVs, dune buggies, some bike trailers, 
and some baby strollers.) How/where were they 
used? What do you think the speci�c advantage 
of a three-wheeled vehicle might be?” (If you 
need a vehicle that can be a bit �exible or get 
through rough, narrow, or twisty spots, having 
three wheels can provide some stability while 
also making a vehicle that can also be 
adjustable.) 

 

“Today your design constraint is to have exactly 
three wheels. Design a three-wheeled vehicle. 
How will we know if your design is working 
successfully? Decide ahead of time what it 
needs to be able to do when you test it and 
where it needs to be able to go - that’s your 
criteria. ” 

Many students will design something that looks 
a lot like their Lesson 2 wheelbarrows. This is 
because they had one wheel and assumed in 
the design that the two legs of the user would 
balance. Now, with three wheels, those two 
legs can be replaced with two wheels. Point this 
out and discuss the similarities and reasons for 
this!

Three wheels is not as common. Help students 
consider that these vehicles may be used for 
special circumstances, like hiking with a baby 
stroller or moving rocks with a wheelbarrow. 

When asking what the speci�c advantage of a 
three-wheeled vehicle is, if students are strug-
gling, help them look at designs of a couple 
examples (hiking baby strollers or bike trailers), 
noting that often this involves one wheel in front 
to twist and maneuver and two wheels in back 
for stability. Also point out where/how these 
vehicles are usually used - spots with rough 
surfaces and a need to move safely, while also 
making some narrow or challenging turns.)

Pictures offered in this lesson are for instructor 
reference. Showing pictures to students at this 
stage may supply a solution without engaging 
them in discovery or creativity. 

Try having  students review their one and 
two-wheeled models. Ask them to discuss and 
sketch how they would modify them to make 
three-wheeled carts.

You can ask students to think about a place 
someone would like to have this vehicle. Where 
would s/he like to go and what would s/he like to 
do? (Driving around a beach, moving toys out of 
the way to make something new, etc.) Then ask 
how three wheels can help us design something 
that will work in that environment. 

10 minutes

Group Exploration 10 minutes

Instructor Notes and Tips



Lesson 4:

Group Challenge
“Build a vehicle design with EXACTLY three 
wheels as the design constraint. How and where 
will a small creature use it? When you test it, what 
CRITERIA must these three-wheeled designs 
meet to be useful?”

This is a chance for students to begin building. 
Watch to make sure groups are able to share tasks 
and ideas functionally. Having trays with prepared 
Brackitz pieces and exactly two wheels and axles 
will help. 
Explain that constraints are limits on what we can 
use or make, and criteria is another design term 
that means “what counts as a success or a good 
design.”

15 minutes

Reflection

CHALLENGE ADVANCED STUDENTS     SIMPLIFY FOR YOUNGER GROUPS

“Do an idea exchange with the group next to you. 
Tell them one thing you like about their design 
and one idea for making it better. Then, they will 
give you the same feedback. Getting feedback, or 
the thoughts of others, can make our designs 
better. Let’s give two pieces of feedback for each 
group’s three-wheeled design.”

In discussion, compare and contrast with 
one-wheeled and two-wheeled vehicles. What are 
some similarities/differences with real-life uses. 

In the group exploration, ask students if there is a 
speci�c advantage to having three wheels? Ask 
students to hypothesize why an odd number of 
wheels is less common that two or four wheels.

In re�ection, ask students if having a constraint is 
useful towards being creative. Ask them if 
thinking about their criteria before building is 
helpful. Work as a class to agree on three criteria 
that make the most sense to test. Do any apply to 
vehicles with other numbers of wheels, or are 
these criteria special to three-wheeled vehicles? 

In discussion, ask, “When we had one wheel, 
where did it go? (Front or back?) And then how 
did the other side balance? (Holding an example 
of this may help students consider how three 
wheels are similar to one wheel, and also help 
them think about designing with this constraint.) 
Show students speci�c examples of 
three-wheeled vehicles, and direct them to notice 
some things three-wheeled vehicles may have in 
common - usually one wheel in front, two in back. 
Connect this design to how these vehicles are 
often used.

In the group exploration, show students pictures 
of their one-wheeled designs; ask if this gives 
them ideas on building something with three 

Model giving feedback by saying, “I really like 
this design because  _______, and “I wonder if 
one way to improve this vehicle could be _____.” 
“Let’s try using those sentences when we talk to 
others about their designs.” 
As you model, make sure to ask what the group 
thought the design was for or where it could 
best be used. This will inform students of what 
praise and suggestions make the most sense.  
Preserve the three-wheeled vehicles for the �nal 
lesson in the unit, if you can. 

5 minutes



Student Worksheet

Lesson 4:
Name

What are some three-wheeled vehicles you discussed in class today and how are they used?

Write your own de�nition of what a “constraint” is when you’re making or designing something:

Vehicle Where or How it’s Used

Write your own de�nition of what “criteria” is when you’re making or designing something:

Are three wheels better or worse than two wheels for vehicles? Explain your opinion: 



Draw your two-wheeled design here:

Student Worksheet

Lesson 4:
Name

What criteria or requirements should three-wheeled vehicles have to meet to be considered helpful 
and useful? List at least 2:

1.

2.

3.

4.

Where is the best place or situation to use this vehicle? 

What feedback did you get on your vehicle? 

1.

2.

3.
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4 wheeled example

This lesson leads students to add a fourth wheel as they continue to experiment 
with mechanical advantage, transportation, and designing with constraints and 

criteria.

Lesson 5:

Objectives:
As students add a fourth wheel, new design choices are available. At the end of this lesson, students 
will design vehicles that are more related to their everyday experiences, and will consider the 
mechanical and design advantages of four wheels. 

Vocabulary used in this activity:
Prediction, advantage, bene�t, stability, balance, mechanical advantage, request, speci�c, constraint

Standards

Time needed: 35-45 minutes

Materials and Supplies: 
Preserved three-wheeled vehicles from the previous lesson, paper, pencils/crayons, Brackitz planks 
(1x1 and 1x2) and 3 and 4-way hubs, as well 1-way pivoting hubs. In the last lesson, students received 
exactly three tires and axle-splines, and six lock washers for each group. If you preserved their 
three-wheeled vehicles, each group now needs only one additional tire and axle and two additional 
lock washers.  

Set-up and Preparation:  
Prepare trays of building materials ready to be handed out; help students cooperatively form groups 
of 2-3 to work together.

Background Knowledge: 
Prior to this lesson, students do not need special background knowledge. 

3-5 ETS1, ETS1.A, ETS1.B, ETS1.C, ETS1-1, 3-5 ETS1-2, 3-5 ETS1-2, PS3.C, LS1.A, 5-PS2NGSS            
MP2, MP3, MP6, MP7, MP8CCSS-Math
SL.4.1, SL.5.1, SL.4.1c, SL.5.1c, SL.4.1d, SL.5.1d, CCRA.L1, CCRA.L.6, W.4.2, W.5.2, W.4.8, W.5.8CCSS-ELA
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Four Wheels!

35-40 minutes

Lesson 5:

Whole Class 

“What’s your prediction of how many wheels 
we’ll build with today? (4!) We’ve added a wheel 
with each lesson. Do more wheels equal the 
ability to do more work and move more things 
easily?” Discuss “What vehicles do we know of 
that have four wheels?” Make a class list, working 
to get every student to participate. If several 
students contribute the same idea, tally how 
many times it came up as a show of how 
common these vehicles are. 

“What do you think the advantage of having four 
wheels is? Is there a reason we have so many 
commonly used vehicles with four wheels?” 

“Think about your three-wheeled vehicles from 
the last class. I have them here on display. What 
was challenging about building with three 
wheels? What was better about three wheels 
than two wheels? Predict what could be easier 
about four wheels? Do you think anything will  
be harder? Make a plan for four wheels and 
draw it. Think about where this vehicle will be 
used. Write down what criteria will determine if 
your designs are a success. Think too, how will 
it be used differently than a three-wheeled 
vehicle?”

Four wheels is VERY common. In this brain-
storm, help each student contribute, even if they 
are naming something another student has 
mentioned. “What do you know that has four 
wheels?” Examples:

• Cars

• Trucks

• Busses (ignore for now that many have added 
wheels) 

• Golf carts

• Tractors

• Wagons

• Construction vehicles

• Batmobile

Asking “what worked/what could be better” on 
the three-wheeled vehicles can help start 
thoughts on what kind of four-wheeled vehicle 
would be useful. 

Ask students to name what will improve with 
ONE WORD if they can. Possibly:

• Safety

• Stable/Stability

• Balance

If your students don’t know those words, you 
may hear “less wobbly” or “not falling over,” 
and you can share how one word can help 
express that, and practice vocabulary. 

10 minutes

Group Exploration 10 minutes

Instructor Notes and Tips



Lesson 5:

Group Challenge

“Build a vehicle design with EXACTLY four 
wheels as the design constraint. How and where 
could someone small use it? How will we know if 
it’s a vehicle that can be used successfully? What 
should we test for our Gingerbread friend?” 
(Right size, is useful, is safe/stable.) 

This is a chance for students to begin building. 
Watch to make sure groups are able to share 
tasks and ideas functionally. Having trays with 
prepared Brackitz pieces and exactly two wheels 
and axles will help.  

Students may elect to use their previous 
three-wheeled vehicles and do a redesign from 
there to create the space for a fourth wheel. 

15 minutes

Reflection

CHALLENGE ADVANCED STUDENTS     SIMPLIFY FOR YOUNGER GROUPS

“Can each group show us their four-wheeled 
design. Tell us �ve things about it. 

1. How will someone use it?

2. What’s working well on your design?

3. What is not working yet or needs 
improvement?

4. How is this use different than the 
three-wheeled vehicle

5. What is the advantage of four wheels?”

In discussion, ask students to consider WHY 
four-wheeled vehicles are so common. Help them 
think about how a vehicle that has balance may 
be functional in more kinds of locations. Why is it 
good if a vehicle works in more than one 
environment? 

In the re�ection, ask students why we don’t see 
many or any four-wheeled vehicles with in-line 
wheels. Point out the designs that have 
maximized balance on four corners and what it 
will mean not to have that. 

In discussion, start the brainstorm:  “Who came to 
school today in a car or bus? How many wheels 
brought you here on those vehicles?” 

In the group exploration, remind students what 
was challenging about their three-wheeled 
vehicles, as a way to prime them to consider what 
could be easier/better/different in their 
four-wheeled designs. 

Encourage groups to share in 30-60 seconds 
only and to be open about giving self-feedback. 
“It’s ok to notice that something isn’t working 
the way you want it. That helps us make plans 
for what to work on next.” 

5 minutes

Four Wheels!



Student Worksheet

Lesson 5:
Name

Four Wheels!

Why do you think four wheels is more common than three wheels?

1

Is there a speci�c advantage to having four wheels on a vehicle? 

Compare and contrast three wheels and four wheels on vehicles.
What similarities do you notice?

What differences do you notice?



Student Worksheet

Lesson 5:
Name

Draw your 4-wheeled design here:

Four Wheels!

Compare and contrast two wheels and four wheels on vehicles
What similarities do you notice?

What differences do you notice?

2



Student Worksheet

Lesson 5:
Name

YES NO

Can this vehicle be used in more than one place? (Circle) 

Four Wheels!

Name the place or places it can be used:

3

Tell us four things about your design today:

1. How will a small creature use this vehicle?

 

2. What’s working well on your design?

3. What is not working yet or needs improvement?

4.How is this use different than the three-wheeled vehicle?


