
 

 

Teacher Notes 
Grade 7 Module 3: Modify a Game 

Goals for the Module 

Mathematics  Computational Thinking 
(CT) 

Spatial Reasoning 

Use ratios and proportionality in 
solving problems. 

Measure 3D shapes more 
precisely. 

Estimate the surface areas of 3D 
shapes. 

Test the accuracy of scale 
drawings using ratios. 

Understand the modular 
components of 3D shapes and 
how they interact 
(decomposition). 

Check and refine the design of 3D 
shapes (debugging). 

Rotate geometric shapes 
physically and mentally to 
meet design requirements. 

Visually relate the components 
of different geometric shapes 
to each other. 

Use different orientations to 
recognize the geometric 
attributes of shapes. 

Materials 

From your classroom From MPACT Documents 

• Digital devices to access 
tinkercad.com 

• Rulers with cm markings 
• Pencils 
• Pachisi game or printout 
• Old board games 
• Cardboard or paper of all 

types 
• Corks 
• Optional: isometric paper 

• 3D printer 
• Grid paper 
• Strong tape 
• Markers 
• Cardstock 
• Pipe cleaners 
• Modeling clay 
• Glue 
• Velcro dots 
• Felt 

• Student Handout: Modify a 
Game 

• Presentation Slides: Modify a 
Game 

• Design Process Poster 
• Questions for Mentors 
• TinkercadTM Cheat Sheet 
• Shortcut Keys 
• 3D Printing Guide 

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. 
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Students can make a gameboard and game pieces individually or in groups. 

• If students are making games individually, they will still work in groups for prototyping and other 
activities marked with the group work icon. 

• If each group will make one game, then students will have to make design decisions as a group, 
but each group member should make at least one object. 

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 the requirements for Pachisi. 
Understand the Design/Making process for modifying the game 
for the visually impaired. 

Materials 
• Presentation Slides: Modify a Game 
• Design Process Poster 
• Old board games 

Introduce the module 10 min 
Introduce the module to students using the presentation slides to provide context for the 
game modification design activities. 

• Possible issue – when we say games, many students might think only of 
digital/online games. Some students may not be familiar with board games such as 
Pachisi, which they will be modifying in this module. Share some board games as 
examples. The presentation slides also have examples. 

Ask students to restate what they understand their task is. Accept all answers and 
questions. 

 

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 modifications you might need to make to the 
game for the visually impaired (VI). 

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

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

• Make the real thing—assemble a game from 3D-printed and other materials. 

Explain that designing requires iteration—the process of going back and fixing or changing 
your first and second and third tries. 
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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  100 min 

Goals 
Gather information about what features a gameboard and 
game pieces would need to work for both visually impaired 
and sighted people. 

Create a design requirements list. 

Mathematics 
Apply understanding of 3D shapes and sizes. 

Computational Thinking (CT) 
Understand modular components of shapes (decomposition). 

Spatial Reasoning 
Imagine 3D models. 

Materials 
• 1 Pachisi gameboard per group of 4-5 students 
• 4 sets of 2 matching color game pieces per gameboard 
• Questions for Mentors 

Before the lesson  
Print the Pachisi gameboards included at the end of the Student Handout. 
Find or make game pieces. For each gameboard, you will need four sets of two matching 
color game pieces (i.e., two red, two green, two blue and two yellow). Rolled up colored 
paper would work.  

 

Check requirements 40 min 
Pachisi, a game created in ancient India and currently the national game of India, is an 
example of a game that is almost suitable for the visually impaired. However, gameplay 
relies heavily on the use of color. Modifications to include tactile features such as shape 
would make the game accessible to both the visually impaired and sighted people. 

Note: Parcheesi is the U.S. version of Pachisi. Similar games have migrated to many other 
cultures. We have modified the rules of the game for this module to simplify and speed up 
gameplay. 

Q1. Have students work in teams, playing Pachisi. 

Explain or have students read the rules provided in the Student Handout. Let students play 
for 10-30 minutes. They should be thinking of the answers for the sub questions to Q1. 

Let them know when time is up and ask them to write their answers. 
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Sample answers: 

The rules are easy, but the game requires strategy. 

I always win. 

There is chance involved. 

You can get better each time you play. 

There are challenges or setbacks that the game puts in your way, so it’s not too 
easy. 

Q2. Let students continue playing the game with one or two of the students keeping their 
eyes closed or covered with a scarf. 

They might not be able to play the game successfully since there is a lot of information 
that cannot be gathered by touch. Encourage them to try to play as best they can and as 
honestly as possible. 

Finding out about the visually impaired 25 min 
 Q3. Students learn more about games for the visually impaired by watching one or both 

of the videos linked below. 

• Accessible Games for the Blind & Visually Impaired (7:46) 
• Ted Talk: Design with the blind in mind (11:25) 

Ask them to write down and then share some ideas about what they learned from the 
video(s). 

 

Brainstorm ideas 15 min 
 Q4. Students should use their design requirements to brainstorm ideas about ways to 

modify the game so a person who is visually impaired and a sighted person can play 
together. They should quickly sketch their ideas. 

Students should be familiar with brainstorming from Module 2. Here are a few rules: 

• Keep your ideas appropriate for the classroom. 
• Generate lots of ideas. 
• Don’t judge ideas. 
• Build on others’ ideas. 

 

Write initial list of design requirements 5 min 
 Q5. As a whole class, discuss example requirements. Tell students this list of 

requirements is not final and they will revisit it later to revise it. 

Individually, students generate their own list of requirements for how to modify the 
physical pieces of the game so that the visually impaired and typically sighted can play 
together. The focus is on modifying objects only, such as the game pieces, the board, and 
the dice. 

For example: 

The dice have bumps or holes that you can feel. 

Each player’s pieces have to have a different shape. 
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Ask your mentor 15 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 requirements lists. You may have to 
come back to this, once mentors reply.  
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Make and Re-make Prototypes 105 min 

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

Mathematics 
Understand scale drawings of geometric figures and 
how to describe the relationships between them. 

Reproduce a scale drawing using a different scale. 

Computational Thinking (CT) 
Understand the components of the design and how they 
interact with each other (decomposition). 

Check and refine the design as needed (debugging). 

Spatial Reasoning 
Understand how to sketch a design of a 3D shape as a 
2D shape. 

Physically and mentally rotate 3D objects and sketch them. 

Materials 
• Scrap paper, 4 sheets per student or group 
• Thick paper, pipe cleaners or other prototyping materials from the making kit (DO NOT use the 

clay for this stage) 
• Questions for Mentors 

 

Mathematics exploration: Scale drawings 10 min 
 Q1. Ask students if they have heard the term “scale drawing” before and what they think 

the term means and refers to (a map, for example). 

Introduce vocabulary and definitions at the conclusion of the discussion. 
Q2. Lead a discussion where students offer the reasons for their answer of A, B, or C. 

Listen for and encourage terms like “stretched out” or “squished” to reinforce that a 
scale drawing does not do these to the original image. Correct answer: A. 

Possible answers: 

I chose A because B looks stretched out and C looks squished. 

A looks exactly the same as the original, but only shrunk. 

 

Mathematics Exploration: Scale Drawings of the Board 25 min 
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 Q3a & Q3b. 

Answers: 

a. Square 

b. Square 

Q3c. Ask students why a scaled drawing will be also a square if the original shape is a 
square. 

Possible explanations: 

If it’s not square, it will look stretched out or squished in. 

If you shrunk the length and the width in the same way, it will maintain the square 
shape. 

Optional: Introduce the idea of scale with a non-square shape such as a rectangle. 

Q3d. Students draw four sketches of the outline of the game board on scrap paper. They 
should choose a scale so the sketches are smaller than the original board. Make sure 
they make their squares large enough that they can sketch their ideas, but not so large 
as to have to make the whole board in detail. 

Q3e. Remind students that a ratio is a multiplicative association between two or more 
quantities. Scale drawings are related to the original by ratios. They can write a ratio 
of length to width in each square (a “within” ratio) and then compare those two 
ratios, or they can compare length-to-length ratios between parts of a scale drawing 
and the original board (“between” ratio). 

Q4. Remind students that a sketch does not have to include every detail. A sketch is a 
prototype that is drawn. The important thing is for students to show their own ideas 
for what their Pachisi gameboard will look like. 

Q5. Have students share their explanations for why changing the inside of the gameboard 
means they no longer have a scale drawing. 

 

Prototyping modifications for the visually impaired 40 min 
Students prototype modifications of the gameboard and game pieces for the visually 
impaired. 

Q6–7. Gameboard 

Circulate to support students during gameboard prototyping: 
• Ask what aspects of the board need to be modified (paths for pieces, END 

space at center of board, etc.) and how they will deal with color. 
• Encourage students to think about how the visually impaired could use 

their sense of touch to decide where to move on the board. 
• Ask students about the ratio that connects the original game board to the 

prototype and how that relates to their modifications. 

Encourage students to make actual changes to the scale drawing to show their thinking. 
For example, they may draw extra lines to represent raised outlines they want to make on 
their real game board. Provide extra photocopies of their sketches as needed to try out 
more ideas. 
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Ask students to record any new requirements they found for the board. 

Q8–9. Game pieces 

Circulate and support students during game piece prototyping: 
• Elicit the shapes cylinder, rectangular prism, and triangular prism from 

students through sketches, real-world objects, or definitions. 
• Have students make enlarged (rather than shrunk) versions of the pieces 

to make it easier to prototype changes. Students may sketch their 
changes or use prototyping materials to make 3D versions. 

• Encourage students to think about what is important about the pieces for 
playing the game and what makes pieces distinct for the visually 
impaired. 

Ask students to record any new requirements they found for the game pieces.  

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: 

• How did you determine the scale for your scale drawing and prototypes? 
What ratio did you use? 

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. 

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 Game: Design on Paper 40+ min 

Goals 
Mathematics 
Enlarge a scale drawing. 

Find the surface area of 3D shapes. 

Spatial Reasoning 
Use nets to determine the surface area of 3D shapes. 

Materials 
• Grid paper 

 

Gameboard 20 min 
  Q1. Students enlarge their scale drawing to the full size of their final gameboard. 

Answers will vary depending on their own designs, but the length and width should 
be the same, since the board remains a square. 

Circulate to support students as they draw: 
• Ask students how large their final gameboard will be. 
• Remind students that their drawings should show the modifications to 

the gameboard that will enable the visually impaired to use them. 
Solutions do not have to be 3D printable—they could be made of any 
available materials. 

• Have students identify materials they will use to modify their gameboard 
and label their drawings accordingly. 

Q2. Students find the ratio between their scale drawing and final gameboard.  

 

Game Pieces 20 min 
 Q3–Q4. Students first sketch their modified game pieces. They should make sure their 

final game pieces will be sized appropriately to fit within the spaces on the board. 
Students then sketch nets for their game piece shapes and label measurements to 
estimate the surface areas. 

Circulate to support students as they sketch: 
• Remind students that their drawings should show the modifications for 

the pieces that will enable the visually impaired to use them. 
• Make sure students use their ratio from  Q2 to check that their modified 

game pieces will fit within the gameboard spaces. 
• If necessary, remind students how to sketch nets for their game pieces. 

 



 

MPACT TERC 2021 G7 Module 3 Teacher Notes  12 

Q5a–c. Students estimate the total surface area of their game pieces. Remind them of the 
requirement that the total surface area must be less than 100 cm2 in order to print in a 
reasonable amount of time. 

Q5d. Possible answer: 

I know the real pieces will work because I used the ratio from the scale drawing 
of my gameboard to calculate the size of the gameboard spaces and they are 
smaller than the base of my game pieces. 
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Design the Game: Design on the Computer 55+ min 

Goals 
Mathematics 
Find the surface area of 3D shapes. 

Understand how to use ratios and proportionality to solve 
problems in Tinkercad. 

Computational Thinking (CT) 
Understand how the modular components of a game piece’s shape 
relate to each other (decomposition). 

Make necessary changes so the design prints more precisely 
(debugging). 

Spatial Reasoning 
Notice what is changing and not changing about the shape by 
rotating it physically and visually. 

Materials 
• Drawings from previous lessons 
• Digital devices to access tinkercad.com 
• Tinkercad Cheat Sheet 
• Shortcut Keys 
• Questions for Mentors 

Design in Tinkercad 30 min 
Make the Tinkercad Cheat Sheet and Shortcut Keys handouts available to students. 

Before students start using Tinkercad: 

• Remind them that the total surface area of their 3D printed parts must be 100 cm2 
or less. 

Q6. Ask students what parts of the game they want to make with the 3D printer. Encourage 
them to make something small, like a base that works for all game pieces. 

Q7. Tell students to use their paper design sketches with the measurements labeled to build 
their 3D pieces in Tinkercad. They may need to combine multiple shapes to create 
their designs. 

Circulate to support students as they design: 
• Tinkercad does not always use mathematical names for its shapes, but 

sometimes it does. 
• In Tinkercad, a “box” is a cube when it is first placed, but it can be a 

rectangular prism if you extend a side. 
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• Ask students to identify shapes that do have mathematical names, and 
why. A “cylinder” is an example. No matter which way they change 
lengths of parts, it remains a cylinder. 

• Remind students to convert cm to mm. 
• 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 practicing 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). 

• If students make a composite shape, make sure that they group the shapes 
and check if the shapes are really touching each other. 

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 imagine rotating an object, then do it? 

• If time allows, students can revise their designs. 

 
 

Ask your mentor 15 min 
Students will write to their mentor in the online forum (https://mpact3d.terc.edu) 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). 

 



 

MPACT TERC 2021 G7 Module 3 Teacher Notes  15 

Make the Real Thing  125+ min 

Goals 
Make a finished game that will work for 
both visually impaired and typically sighted 
people. 

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

Computational Thinking (CT) 
Recognize that game pieces can be 
assembled from simpler parts 
(decomposition). 

Check and revise measurements to ensure 
designs will print properly (debugging). 

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 gameboards and pieces (cardboard, pipe cleaners, corks, clay, etc.) 
• Rulers 
• 3D printer 
• 3D Printing Guide 
• Questions for Mentors 

Getting ready to 3D print 20 min 
Q1–Q2. Have students check their own and each other’s Tinkercad designs to make sure 

they will print. They should make revisions to their designs as needed. 

Q3. You can have students use the print software or you can collect their Tinkercad files 
and use the software yourself. Follow instructions in the 3D Printing Guide. Students 
can send you their files by email or you can find them on Tinkercad. It’s a good idea 
to do a couple of prints in class. 

 

While you wait, make the board 30 min 
Q4–7. While the students wait for the designs to print, students make their real 

gameboard. They will then learn how to use ratios to test for the accuracy of scale 
drawings and solve a series of problems about scale drawings, by: 
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• relating corresponding lengths between shapes. 
• learning that within similar shapes, relationships of lengths are preserved. 
• determining if the ratios of the line segments in the original shape and of the 

corresponding lines in the scale drawing are equivalent or not. 

Finally, students use spatial reasoning to solve a brain teaser involving the 3D rotation of 
a cube. 

Q4. Students use their scale drawing to make the real board. They may just use it as a 
visual guide or they may use the scale factor. 

Mathematics Exploration: Scales as ratios, the same everywhere 15 min 
 Q5. Students use precise measurements in solving problems about scale drawings of 

Pachisi gameboards. They systematically check the scale-drawing lengths of the 
gameboard drawings, further developing their computational thinking skills 
(debugging). 

Q5a. Answer:  

Drawing Y. Drawing Y looks exactly the same as the original but reduced in size 
by one half. Drawing X looks stretched. 

Some students might think that Drawing Z is a scale drawing based on a quick visual 
inspection. They will have a chance to check their ratios in  Q5b. to find that it is not a 
scale drawing. 

Q5b. Students will find that only Drawing Y has a constant ratio. 

Q5c. Possible Answer:  

When a drawing is not a scale drawing, the ratios of different parts of the 
drawing will not be the same. To be a scale drawing, all the ratios between lines 
on the original and the scale drawing must be equal. 

Q6. Students explore how a scale factor relates to an original and a scale drawing. 

Q6a.  

Answer: Multiply the original length by the scale factor (two). 

Q6b.  

Answer: Multiply the scale drawing length by ½. 

Q6c.  

Answer: Original length • scale factor = scale drawing length 

Q6d.  

Answer: 6 cm 

Q6e. 

Answer: 9 cm 

 

Brain Teaser  5 min 
 Q7. This activity helps students engage in more complex spatial reasoning as they 

mentally rotate different shapes to find one that doesn't match the original cube.  
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Answer: C 

When you get your print back 30 min 
Q8. Students put all of their parts together and place them on the gameboard. 

Q9. Students are asked whether or not the 3D printed game pieces fit with the game 
board. 

Possible answers: 

Yes, the base of the game piece fits in the spaces on the board. I know because I 
tried it, and mathematically, the diameter of the piece is less than the dimensions 
of the space. 

No, the base of the game piece does not fit on the spaces on the board. The piece 
and the board are at different scales. (it is enough for them to use this informally 
now.) 

Circulate and discuss. 
• Ask them to not only try out the pieces on the board, but to explain 

mathematically why they are the right size or not. 
• Ask how much bigger or smaller the piece is than the board, and what 

they would do to solve the issue (scale up or down in Tinkercad, for 
example.) 

Q10. Students play the game with half of the players keeping their eyes closed to test how 
the modified design works for both visually impaired and sighted people. They 
should make adjustments as needed. 

 

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

The goal of this sharing is not to evaluate their designs but to find ways to iterate and 
refine and to share what has been learned with the classroom community. 

• Ask: 

• What did you like about making your board game pieces and game board? 
• 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. 

• How did you calculate the surface area of your modified game pieces? 
• Did you imagine rotating a 3D object, then do it? 
• How did you use scale factor to create and explore smaller or larger versions 

of an original object without changing its shape? 
• If time, students can revise their designs (another day). 

 

Ask your mentor 15 min 
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Students will write to their mentors in the online forum (https://mpact3d.terc.edu) to tell 
their mentors about their modified game, what happened when they used it, and any 
further changes or modifications they would consider making if there is time. 

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). 

 

 


