
Name ________________________________  Date _________________ 

© TERC 2020 G7:Mod2: Collect Ideas 1 

Making Fair Dice 
In this module, you are going to design dice 
for the board game that can be played by 
both people who are sighted and people who 
are blind or visually impaired. 

 

 

 

 

Collect Ideas 
People use dice when playing board games or role play games.  
Each face of the die has a different number, or a different number of  
dots on it. (Die is the singular form of dice.) A die that is a cube has 6 faces. 

When you “roll a three”  
that means 3 or three dots show up on the top face of the die.  

1 die à 
 

2 or more dice à 
    

On a fair die, each face of the die is equally likely to come 
up. In this module, you will design and 3D print a fair die. 
Your die should be usable for both people who are sighted 
and people who are blind or visually impaired. 

The faces of a cube are the 
squares on the surface of 

the cube. Faces on other 3D 
shapes will be different 

shapes.  
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 What do you need to consider when designing a fair die that will be usable by 
both people who are sighted and people who are blind or visually impaired?   

 Make a requirements list. The first requirement on 
your list should be: Able to be used by people who 
are blind or visually impaired. You will add to the 
requirements list as you work on your design. 

 

 

 

  

Requirements are 
the “musts” that help 
us make our die. 
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Make and Re-make Prototypes 
 Sketch a net of a cube on scrap paper.  

Sketch a design on each face of the cube.  
Explain how it will work for both blind  
and sighted people. Try two different designs.  

  

Brain Teaser  

 Which cube cannot be folded from this net of a cube? 

 

Ask Your Mentor 

Write to your mentor and tell them:  

A net is a 2D shape made of shapes that 
are connected. It can be folded into a 3D 
shape without overlaps.  
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• How your design for a die could work for people with visual impairments and 
those without. 

• One thing you learned by building your prototype.  

Ask your mentor how they prototype their designs. 
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Design the Die 

Design with Tinkercad  

Requirement for how large your die can be: Your die should have a volume that is less 
than 45 cm3. 

 From your requirements list, what is the smallest size your die can be?  

 Decide on the best side length for your die. Convert it to mm.   

 Will the size of the cube meet the volume requirement and other requirements on 
your list? Show how you know. 

Creating an Algorithm: Can you make this shape? 

Before designing your die, let’s figure out how to design a shape using rotation in 
Tinkercad. Your teacher is going to follow the instructions that you write. She will try to 
create a shape in Tinkercad just like yours. 

 Here’s how to start. Follow the instructions: 

• First, place a box on the workplane. 
• Second, place a cylinder to the right of the box. 
• Change the view to look like the picture below. Then click on the cylinder to show 

three rotation markers.  
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 Now it’s your turn. Move the cylinder to make the design below. As you make the 
design, write down step-by-step instructions for your teacher to make exactly the 
same design.  

 

 Did your teacher make the exact same shape as you? If not, which direction should 
be made clearer? 

Starting and Checking Your Design 

 Use Tinkercad to design your own 6-sided die, based on your prototype. Keep 
checking the requirements you wrote to make sure it will work for blind and 
sighted people. Use the measurements you decided on your die.  

 Change the size of your die to meet the design requirement you set.  

• Hold the Shift key and drag one corner of the die to change the size.  
• Write down the measurement of the new die. Does it match the requirements?  

Length  mm by Width  mm by Height  mm 

To change 
the view.  

To rotate an object 
along the length.  

To rotate an object 
along the width. 

To rotate an object 
along the height.  
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Reflect and Celebrate 
• What worked well in Tinkercad? 
• What was challenging to make the die with Tinkercad? 
• What needs improving? 
• What math did you learn or use?  
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Make the Real Thing 
 With your teacher’s help, 3D print your die.  

Explore probability 

A fair die has an equal chance of landing on any face. When we talk about chance, we 
are talking about probability.  

Probability can be expressed as a fraction between 0 and 1. For example, the 

probability of rolling the number 2 on a fair 6-sided cube die is 
!
"
 . 

	
1
6

 
 Number of ways to roll the number 2  

 Number of ways to roll any of the numbers 1–6  

 Find the probability of rolling each of the following.  

  Number of 
ways to roll the 
number  

Number of 
ways to roll 
any number on 
the die 

Probability of 
rolling the 
number  

 

Rolling a 6 with 
a cube die 

   

 

Rolling 3 with 
an octahedron 
die (8 faces) 

   

 

Rolling an 11 
with a 
dodecahedron 
die (12 faces) 

   

 Test one of the dice by rolling it at least 60 times.   

a. In column A, record the number of times each number is rolled. 

b. In column B, put how many rolls (out of 60) the probability tells us it should 
happen.  
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Face A: Number of times it was actually rolled B: Number of times it should be rolled if 
the die is fair (Tick marks) (Total) 

1    
2    
3    
4    
5    
6    
    
    
    
    

 Is the die you tested a fair die? Can you tell for sure? If not, what more would you 
want to do? 

 Check all that you think are true: 

c We should roll the die more than 60 times to really find out if it is fair. 
c For the die to be fair, the actual number of rolls must exactly match what 

the number of rolls should be.  
c Because the rolls are random, the number of times the face should come 

up will never be the same as the number of times it did come up.  

After printing 

 Did the 3D printed die look the way you expected? Why or why not?  

Test your Die 

Now you need to check whether your die is fair or not. Remember, a fair die has an 
equal chance of landing on any face. 

To check if your die is fair, you need to find out if each side of the die is equally likely to 
show up when you roll it. Do the following experiment to find out.  

 Roll the die 60 times and record the data for the number of times each face is 
rolled. Then calculate how many times that face should have been rolled, given its 
probability of !

"
. 

Face Number of times it was actually rolled 



© TERC 2020 G7:Mod2: Make the Real Thing 10 

(Tick marks) (Total) B: Number of times it should be rolled if 
the die is fair 

1    
2    
3    
4    
5    
6    
    
    
    
    

 Based on the data, do you think your die is fair? _______ 

• If you say yes or no, explain why you think so. 
• If you say you can’t tell, what more should you do to test your die? 

 How would you improve your design?  

Reflect and Celebrate 
• What worked well?  
• Do the dice meet all the requirements? 
• What math did you learn and use? 

 

Ask Your Mentor 

Write to your mentor and tell them:  

• How your die is or is not a fair die. 
• What you would improve on your design.  

Ask your mentor how they test their designs. 
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Test Your Knowledge of Probability  

 There are 50 marbles in a bag. You shake only one marble out of the bag onto a 
table. Find the probability of getting a defective marble for each. 

There are 15 defective marbles in the bag. Probability:  
All 50 marbles are defective. Probability:  
There are no defective marbles. Probability:  
Can a probability be greater than 1?  Why or why not?   

 A cup contains 2 black and 1 white dice. Without looking, 
you take two from the cup at the same time.  
Which is more likely: That the two dice are both black or 
only one of them is black?  
Explain what makes you think that.  

Brain Teaser  

 Which cube cannot be folded from this net of a cube? 

 

 How did you decide on your answer? 


