
 

 

Teacher Notes 
G5M3: Make a Toy on Wheels 

Goals for the module  

Mathematics  Computational Thinking (CT) Spatial Reasoning 
Measure volume with unit cubes 
and in other cubic measures. 

Understand volume as additive. 

Convert between cm and mm. 

Write step-by-step instructions for 
creating a complex shape in 
Tinkercad (creating algorithms). 

Break a complex shape down into 
smaller/simpler parts 
(decomposition). 

Identify and correct errors in designs 
(debugging). 

Rotate objects mentally to 
decide if they are the 
same.  

Envision a 3D object from 
orthogonal views in 2D. 

Materials 

From your classroom From MPACT Documents 

• Digital devices to access 
tinkercad.com 

• Rulers with cm markings 
• Pencils 
• Crayons, markers, 

colored pencils, or paint 
• Optional: isometric paper 

• 3D printer 
• Grid paper  
• Strong tape  
• Modeling clay  
• Drinking 

straws  
• Pipe cleaners 

• Student Handout: Make a 
Toy on Wheels 

• Presentation Slides: Make a 
Toy on Wheels 

• Design Process Poster 
• Questions for Mentors 
• Shortcut Keys 

Timing 
Times given below are estimates for phases of design (such as prototyping). You can break those down 
into separate lessons according to what works best for you. 

Choices in the Module 
You have choices to make with this module. 
Students can make a toy individually or in groups.  

If individually, they will still work in groups for prototyping and other activities marked with the group 
work icon. The groups can be composed of students working on similar toys. 

If each group will make a single toy, then they will have to choose one child to make the toy for and work 
together quite closely. 
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We recommend allowing each student to make their own toy. However, constraints on what you can 
support may not allow this.  

Student handout files are provided as PDFs. You may choose to print them or have students view them 
digitally. In either case, students will need to do their work on other paper. Ideally, they will have a 
notebook or binder for math.  

Teacher presentation slides are provided as a PowerPoint file, which can also be used with other 
presentation apps such as Google Slides. 
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Introduction 20 min 

Goals 
Understand they are to make a toy and follow the Design/Making 
process. 

Materials 
• Presentation Slides: Make a Toy on Wheels 
• Design Process Poster 

 

Introduce the module 10 min 
Introduce the module using the presentation slides to provide a context for the toy design 
activities. You may choose to show the how-to slides another day.  

Ask students to restate what their task is. Keep asking until the class provides a complete, 
accurate description.  

Sample answers: 

We will make a toy for younger children. 

I will be a toy designer. 

Ask: What is a toy? Can you give examples? Accept all answers. 
Sample answers: 

It’s something to play with, have fun with, etc.  

It’s a doll, a car, Legos, a robot, an action figure, a puzzle, etc. 

 

Explain the design process 10 min 
Remind students that the module is organized around the design process and that they are 
the designers. Tell them that many STEM workers, such as engineers, use a similar design 
process in their work. 

Explain the design process for their project: 

Collect ideas—learn about what the child you will design a toy for likes. 

Make and remake prototypes—make a quick sketch or 3D model made with cheap, free, or 
reusable materials (not the real toy). 

Design on paper and computer—use a CAD (computer-assisted design) program called 
Tinkercad. 

Make final toy—assemble a toy from 3D-printed and found materials. 
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Explain that designing requires iteration—the process of going back and fixing or changing 
your first and second and third tries.  

Tell students: We will iterate as much as possible, but we all have to work efficiently to 
make that happen. 
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Collect Ideas 60 min 

Goals 
Gather information about what features a younger child 
would like in a toy. 

Create a design requirements list.  

Mathematics 
Consider volumes in designing a shape. 

Computational Thinking (CT) 
Investigate a complex toy that is composed of simpler 
parts (decomposition). 

Materials  
• Example toys (Note: These should be 

returned, so no one should dismantle them.) 
• Materials for making toys on wheels  
• Grid paper  
• Questions for Mentors 

 

Discuss toy examples and brainstorm ideas  10 min 
Pass around toys you have collected. Ask students to notice their parts and how they work 
together. 

Show students the materials available for making toys. 

Q1. Discuss what kinds of toys a younger child might want and what kinds of toys they 
can make. We provide instructions for toys on wheels.  

Q2. Accept all answers.  

Sample answers: 

It has to be fun to play with.  

They can take the pieces apart and put them back together. 

It is one of the superheroes in the movie we watched. 

 

Write initial list of design requirements 5 min 
Q3. Discuss example requirements. Necessary requirements: 

• Safety requirement (e.g., It can’t be pointy or sharp. No weapons.) 
• Size requirement (e.g., It can’t be too small. A child might swallow it.) 
• Size requirement (e.g., It has to fit into the printer. It has to be 30 cubic cm or 

less for reasonable printing time.) 
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Ask students to estimate how small is too small. Accept different ways of reasoning.  

Students will add requirements as they learn more later.  

Interview a younger child (student or sibling) 15 min 
Students choose a younger child to make a toy for and interview them to find out their 
interests. They should not choose a child under age 3 for safety reasons. 

Q4. Review the interview questions together to prepare students for the interview.  

Do a mock interview in class.  

Homework: Students interview the younger child. Remind students to take notes that will 
be useful to them in the next steps of making a toy. 

Possible additions to the requirements list: 

The toy should have a monster theme. 

The toy has to work to dig in sand. 

The toy should be purple. 

Q5. Students can report the next day. 

 

Brainstorm ideas for toy designs 10 min 
 Q6. Students brainstorm their own list of requirements. 

For example: 

It has moving parts.  

It is made of parts that you can take apart and put together. 

 

Ask your mentor 20 min 
Students will write to their mentor in the online forum (https://mpact3d.terc.edu) to ask 
questions about the making process. See mentor guidance in the MPACT Quick Start 
section of the Unit Guide. 

For this mentor interaction, suggest students ask questions related to collecting ideas. They 
can use Questions for Mentors or ask their own questions. Communications are monitored 
for appropriateness.  

Set your expectations with students about what conversations with mentors should be (i.e., 
what is and what is not acceptable).  

• Stay on topic.  
• Be polite (of course).  

The mentors may give students more ideas for their toy requirements lists. You may have 
to come back to this, once mentors reply.  
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Make and Remake Prototypes 65 min 

Goals 
Make a prototype: a quick, cheap model to test ideas see what 
their designs might look like when made 3D.  

Mathematics 
Estimate the volume of a shape. 

Understand volume is additive.  

Computational Thinking (CT) 
Understand that a complex toy is composed of simpler parts 
(decomposition). 

Spatial Reasoning 
Imagine and then make a 3D prototype from simple materials. 

Materials 
• Cardboard, paper, and/or wood 
• Pipe cleaners 
• Tape  
• Modeling clay, about 30 cm3 per child  
• Questions for Mentors 

Review homework & update requirements list 10 min 
From previous day: 

Students report on what they learned and modify their list of requirements. Each student 
will have a unique list. 

When mentors respond, ask students if they have new requirements for their list.  

 

Make prototypes 25 min 
Q1. Groups discuss their ideas briefly. Encourage students to use drawings to explain their 
ideas.  

Q2. Students make prototypes.  

Form design groups of four students, with similar ideas for toys. Students in the 
group can make a prototype in pairs. They can trade partners for new rounds.  

Prototypes should not be elaborate. Explain that: 

A prototype is something easy to make that has some of the features they want in 
their final toy.  

Prototyping is an iterative process of make-test-revise. 
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Iterate: Try again and again to improve your design. 

As students manipulate the objects, they are preparing for spatial reasoning where 
they mentally manipulate shapes. 

For the wheels: 

Give each student one small pack of clay. Tell them to take off part of it that is 30 
cm3 in volume. They may use what they know about the volume of a cube and form 
a cube that is 3 by 3 by 3 cm. Then estimate what 2 more cm3 looks like.  
They can use what they know about the volume of a cube and you can help them 
establish that volume is additive (27cm3 + 3 cm3) 

Circulate to support students during prototyping: 

• Discuss challenges and offer ideas/suggestions. 
• Keep time and announce how much time is left every 5 minutes. 
• Ensure that groups make more than one prototype. 
• Help students recognize that different shapes can have the same volume if they are 

made of the same amount of clay (with density the same).  
• Ask students how they can figure out the volume of a chunk of clay.  
• Encourage students to use non-standard or invented units (e.g., using one material 

to measure another) to quickly/roughly estimate size. 

Reflect and celebrate 10 min 
Students report on successes and challenges. Make it a celebration! Encourage positive 
norms: It’s important to have ideas that do not work out. They can lead to good ideas for the 
next prototype. 

Ask: 

• What was successful?  
• How did you use the materials? 
• How did you handle challenges?  

Ask students to return to their list of requirements and revise.  

Ask about math they have used so far. This metacognition is important to learning. For 
example: 

• Did you measure your prototype? Would it fit into the printer? Was its size less 
than 30 cubic cm? 

• Did anyone measure with invented units like using the length of the cardstock 
to measure the pipe cleaner? Using a ruler while prototyping might get in the 
way of progress.  

Homework: Students may revise their prototype. They can use what they learned from their 
own prototype failures or from what their classmates shared.  

 
 

Ask your mentor 20 min 
Students will write to their mentor in the online forum (https://mpact3d.terc.edu) to ask 
questions about prototyping. They can use Questions for Mentors or ask their own 
questions. Communications are monitored for appropriateness.  
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Remind students of your expectations about what conversations with mentors should be 
(i.e., what is and what is not acceptable).  

• Stay on topic.  
• Be polite (of course).  
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Design the Toy: Design on Paper 35 min 

Goals 
Create an accurate drawing on paper to prepare for 
designing in Tinkercad. 

Mathematics 
Measure or estimate lengths of parts in centimeters 
(cm).  

Convert between cm and mm. 

Computational Thinking (CT) 
Write step-by-step instructions to create a complex 3D 
shape in Tinkercad (creating algorithms). 

Spatial Reasoning 
Envision a 3D object from orthogonal views in 2D. 

Materials 
• Rulers with cm markings 
• Grid paper 
• Optional: isometric paper for 3D drawings 

 

Before the lesson  
Place students in groups based on similar toys.  

If using isometric paper, provide instructions for students who have not used it before. 

 

Design on paper: Draw the toy more precisely 25 min 
Explain that accurate drawings will help students make their toy and prepare them to use 
Tinkercad. 

Q1. Students draw the toy.  

Imagining and drawing 3D shapes requires spatial thinking. 

Students may make imprecise sketches. You can help them make more precise drawings. 

Circulate to support students as they draw: 

• Encourage students to draw based on their physical prototypes. Ask them to 
compare their sketches with their prototypes to improve their drawings. 

• Ask them to label their drawings with estimated measurements and types of 
materials and to check whether the measurements are reasonable.  

• Help students decide what to measure and help them put it in their drawing. 
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• Ask students to: 
• Check if there are any missing parts. 
• Use a scale if their toy is bigger than the piece of paper. For example, the scale 

could be such that 1 cm (1 grid square) on the paper equals 3 cm. 
• Think about what measurement is important for the wheels. The diameter is a 

straight line and determines a circle. 
• Label the parts of the drawing with the materials they want to use. The wheels 

will be 3D printed. 

Visualizing 3D in 2D 10 min 
Students probably have drawn only a front view in Q1, but a shape can look very different 
when viewed from other angles. The following tasks will help them to visualize side and top 
views. This is a spatial reasoning skill.  

Have students discuss how a toy looks different in different views, with the given example. 

Q2. Students draw the wheels for their toy and label measurements and materials.  

Q3. Students draw top, front, and side views of a wheel.  

This will be challenging. Ask them to imagine the object if they are looking straight down 
on it, from the side, etc. Encourage them to use one of their clay wheels as an example. 

Q4. This is a practice problem. A block design is included as might be found on an 
assessment of spatial reasoning. 

Answer:  

Top Front Right Side 
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Design the Toy: Design on the Computer 90+ min 

Goals  
Create 3D models of their toy design using Tinkercad.  

Mathematics 
Know mathematical names for common 3D shapes (found in 
Tinkercad). 

Convert between cm and mm. 

Computational Thinking (CT) 
Write step-by-step instructions to create a complex 3D shape 
in Tinkercad (creating algorithms).  

Break down their toy part into component 3D shapes that can 
be made in Tinkercad (decomposition).  

Spatial Reasoning 
Imagine a shape rotating in three dimensions. 

Carry out the rotation in Tinkercad. 

Materials  
• Drawings and prototypes (if possible) from previous lessons 
• Digital devices to access tinkercad.com 
• Shortcut Keys 
• Questions for Mentors 

 

Make a shape in Tinkercad: Creating an algorithm 20 min 
Q1. Students are given a diagram of a 3D shape to make in Tinkercad. 

Students spend about 5 minutes making the shape.  

As they make the shape, they write down explicit steps for you to create a CAD file for the 
same shape. 

Suggest making more specific instructions without telling them what the instructions should 
be. 

Select a group with somewhat imprecise instructions for the next Q.  

 

Make a shape in Tinkercad: Using an algorithm 20 min 
Q2. Ask students to read you their instructions one by one while you follow them on 
Tinkercad on a shared display.  

Follow their instructions precisely.  
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When there is room for divergence (i.e., something isn’t well specified), make an absurd 
choice. For example, if they say, “make it bigger,” make a very large shape. Students may 
protest you are not following the instructions. Ask other groups to decide.  

Q3. Let students revise their instructions before asking another group to share theirs. 
Explain that the steps they each wrote are an algorithm—a set of instructions or rules that 
anyone could follow to create exactly the same shape every time.  

Ask: What other algorithms do you know? 

Possible answers:  

In mathematics there are many: Procedures for addition or subtraction, etc. Also in 
everyday living: instructions for tying shoes, instructions for decorating a cake.  

Design your toy in Tinkercad 30 min 
Make the Shortcut Keys handout available to students.  

Before students start using Tinkercad: 

Remind them that the volume of the toy wheels must be 30 cm3 or less.  

Ask what measurements they should use from their clay wheel or drawing of wheels to 
estimate its volume? 

Q4A. Students design in Tinkercad the part of their toy that will be 3D printed.  

Circulate to support students as they design:  

• Tinkercad does not always use mathematical names for its shapes, but sometimes it 
does. 

• A “box” is a cube when it is first placed, but it can be a rectangular prism if you 
extend a side.  

• Ask students to identify shapes that do have mathematical names, and why. A 
“cylinder” is an example.  

Q4B. Students check to make sure their design is the right size.  

Circulate to support students as they design:  

• Encourage students to use their design on paper to make the part the right size in 
Tinkercad.  

• Remind students to convert between cm and mm, if needed. 
• Ask them if the shape looks smaller or larger on the screen than in real 3D, and 

why.  
• Encourage students to rotate the shape in three dimensions to check all sides. They 

may have difficulties determining the direction of rotation. If so, have them try out 
different rotations by dragging along each arrow to see how the shape rotates.  

• As students manipulate objects on the screen, they are preparing for spatial 
reasoning.  

• If students hold the Shift key when making a change, then the size will change but 
the shape will not (i.e., a cube is still a cube). 

While students design, they need to: 

• Check the actual size of the part to see if it meets the requirements.  
• Iterate.  
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Point out potential problems with their designs. 

Ask students how they can improve their designs.  

Reflect and celebrate 10 min 
Students report on successes and challenges. Make it a celebration! 

Encourage positive norms for discussion. 

Ask: 

• What do you like about designing with Tinkercad? 
• What was successful about designing with Tinkercad?  
• What challenges did you have with Tinkercad?  
• What strategies worked well? 

Ask about math, CT, and spatial reasoning they have used so far. This metacognition is 
important to learning. 

• How did Tinkercad measurements compare with what you did on paper? (mm 
vs. cm). Did you convert measurements? 

• Did you estimate or measure precisely and why? 
• Did you decompose your design into parts? 
• Did you make an algorithm? 
• Did you imagine rotating an object, then do it? 

If time allows, students can revise their designs. 

 

Ask your mentor 10 min 
Students will write to their mentor to ask questions about designing. They can use Questions 
for Mentors or ask their own questions. Communications are monitored for appropriateness.  

Remind students of your expectations about what conversations with mentors should be 
(i.e., what is and what is not acceptable).  

• Stay on topic.  
• Be polite (of course).  
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Make the Real Thing 155+ min. 

Goals  
Make a finished toy they can give to the younger 
child. 

Mathematics  
Draw a rectangular prism, considering the size of 
their toy and making a connection to volume. 

Know definition of rectangular prism. 

Find the volume of a rectangular prism, in standard 
units (cm or mm). 

Summarize all the math they have learned and used 
in the module (measurement and geometric shapes). 

Computational Thinking (CT) 
Recognize that the complete toy can be assembled 
from simpler parts (decomposition). 

Spatial Reasoning 
Assemble 3D parts by imagining how shapes fit 
together and checking if they do. 

Materials 
• Digital devices to access tinkercad.com 
• Materials for making toys on wheels 
• 3D printer and making materials 
• Boxes of various sizes 

Before the lesson  
Import students’ files into the printer software to check how long they will each take to 
print. This will allow you to set a schedule for printing. Leave extra time in the print 
schedule to accommodate printing errors and mishaps. 

If there is time, print smaller versions of some parts to check if they will print properly and 
come out as students expected. 

 

3D printing 15 min 
Demonstrate the process of importing a CAD file to the print software. 

Start printing one of the toy parts.   
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Students may make models that cannot be printed, or the printer could mess up. Show 
students what happened and have them correct their Tinkercad model or troubleshoot the 
3D printer. 

Make other parts of the toy 45 min 
Q5. Students make the actual toy—though they may have to wait for the 3D printed part. 
Help students use their design on paper as a guide for putting together their toy. Encourage 
them to try different ways to use the materials: e.g., How can you hold two pieces of felt 
together? 

Keep the atmosphere positive. Students may need to try more than once to complete their 
toy. 

 

Find a box for your toy 30 min 
Have a quick discussion about the requirements, noting that most boxes are right rectangular 
prisms. 
Q6–7. Students determine a box for their toy. They do this through two questions. 

Circulate and guide students through the questions:  

• Students should measure the three dimensions of their toy to determine 
measurements for the box.  

• Point out the diagram of the right rectangular prism and ask them where length, 
width, and height of the box are shown. Students can draw a box using the 
diagram as a guide. 

• As they label the box with measurements, they need to consider the dimensions of 
the toy. 

• Students must compare the length, width, and height of the box with the length, 
width, and height of the toy, to ensure it will fit. Simply comparing volumes won’t 
work. 
Sample answer for Q7: 

Because my toy is 16 cm by 10 cm by 24 cm and the box is 1 cm bigger than that for 
each measurement. 

Q8. If pre-made boxes are unavailable or you want students to make their own boxes, there 
are many video tutorials available on the web that you can find with a quick search.  

Q8a. Students are asked to round down their measurements to the nearest cm. This means 
that both 1.1 cm and 1.7 cm are rounded down to 1 cm. Rounding will avoid fractions in 
volume. Rounding DOWN ensures that the volume of the box will still be big enough to 
hold the toy.  

Q8b. Students come up with different ways to find volume. 

Ask students to share and compare methods for finding volume.  

Sample answers: 

Use “efficient counting” strategies, such as finding the number of cm3 in a layer, 
and then multiplying by the number of layers.  

Develop or remember the formula for volume of a rectangular prism: Multiplying 
length, width, and height to find the volume. 
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This is not the first time they have considered volume, but they are now extending 
the idea to all rectangular prisms, not just cubes (as in Module 2). 

Q8c. Sample Answer:  

No. For example, a cube can have the same volume, but one of the toy’s dimensions 
(length, for example) may not be too long for the box. 

Mathematics exploration: Volume 10 min 
Q9. Students practice using the formula for volume of a cube.  

Students can check their work in groups. 

Answer: 
a. 6 cm • 2 cm • 2 cm = 24 cm3 

b. 4 cm • 1 cm • 1 cm = 24 cm3 

c. 8 cm • 1 cm • 3 cm = 24 cm3 

Students might notice that all three boxes have the same volume, but different shapes.  

Q10. Answer: a.  

If students respond b or c, however, note that one of the dimensions of b is the exact 
dimension of one of the sides of the box, so it wouldn’t fit in, in real life.  

 

After you print: Assemble the toy  30 min 
When the 3D parts of the toy are printed and received, have students add those parts to the 
toy. 

 

Reflect and celebrate 10 min 
Students’ final reflections. Make it a celebration! 

Ask: 

• What did you like about making your toy and a box? 
• What was successful?  
• What challenges did you have?  
• What strategies worked well? 

Ask about math, CT, and spatial reasoning they have used. This metacognition is important 
to learning. 

• What strategies did you use to find volume? Did you use “efficient” counting 
strategies such as finding the number of cm3 in a layer, and then multiplying by 
the number of layers? Formula?  

• How did Tinkercad measurements compare with what you did on paper? (mm 
vs. cm). Did you convert measurements? 

• Did you estimate or measure precisely and why?  
• Did you combine shapes in your design?  
• What did you learn about algorithms? 
• About making 2D drawings of 3D shapes. 

If time, students can revise their designs (another day). 
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Ask your mentor  15 min 
Students will write to their mentor in the online forum (https://mpact3d.terc.edu) to 
summarize their toy and how it works. For this final communication with mentors, suggest 
that students also ask any remaining questions they have about the making process. They 
can use Questions for Mentors or ask their own questions. Communications are monitored 
for appropriateness.  

Remind students of your expectations about what conversations with mentors should be 
(i.e., what is and what is not acceptable).  

• Stay on topic.  
• Be polite (of course).  

 

Homework: Test the toy with the child 
Mathematics Practice may be assigned. 

 

Students do user testing: 

• Observe how the child plays with the toy.  
• Get feedback to find out whether the toy needs further improvement.  
• Ask the child what they think, but mostly observe.  
• Students may not have time to actually make these changes. It’s enough just to 

note them.  

 

Optional: Prepare for sharing with the class 15 min 
Students should use the Guide for Presentation provided at the end of the Student Handout 
to prepare for sharing their toy with the rest of the class. They should focus primarily on 
recording their ideas. Perfect grammar and spelling should not be the emphasis.  

 

Optional: Present to the class 30 min 
Make new teams of four. Have each student present for 5 minutes.  

Encourage other students to use the Guide for Feedback on the Presentation (found at the 
end of the Student Handout) for each presenter.  

Wrap up by asking: 

What did you hear that was similar to your experience? What was different? 

 

 
 


