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Grade 7 Unit 

 

In this 7th grade unit, students will first be introduced to the MPACT design/making model. 
They will engage in part of it to design a bookmark to be 3D printed and learn about 
measurement. Then students will make a die for the visually impaired to use and learn about 
probability. Finally, students will more fully engage in the design/making model, as they 
modify a game for the visually impaired and learn about scale drawings. 

Module 1. Thinking Like a Designer 
Module 2. Making Fair Dice 
Module 3. Modifying a Game 
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MPACT Grade 7 Unit 
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the U.S. Department of Education to develop and implement a program bringing the exciting and ever-
more-broadly-used technologies of 3D modeling and printing to middle schoolers in sixty classrooms, and 
for later broader implementation. Ninety percent of MPACT’s funding comes from the grant from the US 
Department of Education. Ten percent, or about $400,000 will come from our generous donors. 
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MPACT Quick Start 
Read this guide. Browse through the modules. Then, plan for: 

Module Number of Lessons Special Materials 
1 3–4 scrap paper, masking tape 
2 6–7 polyhedral dice 
3 10-13 see making kit contents 

Materials for all modules 
• Devices for students to use Tinkercad™ (web based) 
• 3D printer (provided by MPACT) 
• One set student handouts for each student, paper or PDF 
• Extra graph paper  
• Tinkercad keyboard short cuts handout for each student 
• PowerPoint for each module 
• Scissors, rulers with cm and inches 

Module routine 
• Show PowerPoint and lead short discussion. 
• Introduce the design/making cycle. 
• Have students do each phase of the cycle, guided by the student handouts 
• Students write answers in their math notebooks.  
• 3D printing can be done in class or some sent to print farm. 
• Make sure students do the Math, Spatial Reasoning, and Computational Thinking portions of the 

module, in addition to design/making. 
• Use Reflect and Celebrate sections to help students understand what they have learned and how 

they learned it. 

Mentors 
• Each small group of students will be assigned a mentor for Module 3. 
• A mentor is a professional, college student, or maker who uses 3D modeling and printing. 
• Communication between mentors and students is online, anonymous, and monitored. 
• Communication takes place once at each stage in design/making. 
• Mentors give advice to students based on their own experience. Students are prompted with 

questions to ask, and sometimes ask their own. 
• Remind students of Internet safety (e.g., do not give out full name or address). 
• Get logistics from MPACT team. 
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What is Making? 

Making activities provide opportunities for creative work through open-ended activities for students. By 
leveraging student interest and prior experience, making activities can engage students deeply and 
enhance equitable and collaborative participation in mathematics, computational thinking (CT), and 
spatial reasoning. 

Why 3D Design and Printing? 
Early childhood education emphasizes the use of 3D toys such as block and pails. But even as early as 
5th grade, students’ experiences with real 3D objects in math classrooms becomes more limited. Middle 
grades texts often rely on 2D diagrams of 3D shapes, which may be hard for students to interpret. 

MPACT brings real 3D objects into the middle grades, in a way that students won’t find “baby-ish.” 
Volume can be investigated in 3D. Students transition between 3D objects of approximate size to 
precise 2D interactive models of 3D objects. Their final move is to precisely printed 3D objects. They 
do this using: 

  

3D CAD and printer Low-tech materials such as needle and thread 

 

  

 
1 The Learning Channel 

Making is “using your hands, heart, and mind to create or improve things”1 with low-tech and high-
tech materials. 
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MPACT Design and Making Cycle 
Our cycle incorporates making and design thinking. It is a way of organizing design work and taking 
into account the needs of users. Iteration is emphasized throughout.  

 

Here’s how it goes for Module 3, Modifying a Game: 

Collect ideas from your user: Students identify the needs of a potential user for the object they’re 
designing and making. In this unit, they watch a person with visual impairments describing their 
experiences with games. Doing an Internet search on “board games for the blind” will be useful. 

An MPACT Unit is infused with: 
Mathematics 

Computational Thinking 
Spatial Reasoning 
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Students will examine the classic board game Parcheesi (Parchis) to identify barriers for the blind. 
Other helpful information should be gathered at this stage. 

Make & remake prototypes: Students make prototypes (at least two rounds) that are “safe to 
fail.” Students use inexpensive or free materials to make early models of some game modifications. 
Their prototypes need not function yet. They are tangible representations of design ideas. 

Design on the computer and paper: Students are ready to say which parts of their game they 
want to 3D print and which they will make with low-tech materials. The 3D-printed parts are designed 
in Tinkercad on a computer. Students can make scale drawings or isometric drawings of the low-tech 
parts. Iterations may be required for students to use the right scale. 

Make the real thing: In this stage, students make the actual game that will enable people who are 
sighted and people with visual impairments to play together. They use more permanent materials. They 
3D print parts and fit them together with parts made from foam core and free materials such as bottle 
caps, etc.  

Tools for 3D Modeling and Printing 
Autodesk® Tinkercad™ Design Software 

• Kid-friendly computer aided design (CAD) system 
• All FREE online at tinkercad.com 
• Can be setup by Teachers for their students 
• Files exportable for printing 

 

3D Printer 
• Prints layers upon layers of PLA filament to create a 3D object 
• Comes with print software that accepts Tinkercad files 
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Unit Organization 

 

Module One: 3–4 lessons
• Introduction to making and design

• Quick introduction to modelling
• Students make a bookmark.
• Introduction to 3D fabrication

Module Two: 6–7 lessons
• Making fair dice

• Structured making experience: Students 
make a die for the visually impaired and 
find out if it is fair by comparing 
empirical and theoretical probabilites.

Module Three: 10–12 lessons
• Modifying a game

• Full making experience: Students follow 
the design/making cycle to make 
modifcations to a game for the visually 
impaired with 3D printed and traditional 
materials.

• Students communicate with mentors.
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Meeting Content Standards 
The unit addresses standards from all three of these disciplines. They are a natural part of what 
students do while making and designing and are made explicit through content-focused activities. 

 

  Spatial Reasoning 

• Perform advanced mental rotation 
• Interpret 2D diagrams as 3D objects and 

drawing 2D representations of 3D objects 
• Create and manipulate different 

representations of 3D objects 

Computational Thinking 

• Decompose bigger problems into smaller 
easier parts 

• Create algorithms that a computer or other 
human can follow precisely 

• Recognize and use patterns 
• Debug: Systematically identify and correct 

errors 

Mathematics Content  

• Understand empirical 
probability and theoretical 
probability and explain 
differences between them 

• Understand, create, and use 
scale drawings (and relating to 
proportional relationships) 

 

Mathematics practices 

• Use the correct level of 
precision for the situations 

• Continually ask: “Does this 
make sense?” 

• Attend to units and the meaning 
of quantities 

• Make mathematical arguments, 
listen to others, ask good 
questions 

• Apply math to everyday and 
societal problems 

• See complicated objects as 
composed of simpler objects 



© TERC 2020 Meeting Content Standards 7 

Mathematics Content 

State and National Standards 

Geometry 
Draw, construct, and describe geometrical figures and describe the relationships between them. 

• Solve problems involving scale drawings of geometric figures. 
• Solve real-life and mathematical problems involving angle measure, area, surface area, and 

volume. 

Statistics and Probability 
Investigate chance processes and develop, use, and evaluate probability models. 

• Understand that the probability of a chance event is a number between 0 and 1 that expresses 
the likelihood of the event occurring. 

• Approximate the probability of a chance event by collecting data on the chance process that 
produces it and observing its long-run relative frequency, and predict the approximate relative 
frequency given the probability. 

• Develop a probability model and use it to find probabilities of events. Compare probabilities 
from a model to observed frequencies; if the agreement is not good, explain possible sources 
of the discrepancy. 

Number system 
• Solve real-world and mathematical problems involving the four operations with rational numbers. 

Computational Thinking (CT) 
Computational thinking is to think like a computer scientist—but in fact we all do it.  Our materials build 
CT through the creation of 3D digital designs using Tinkercad, an online tool for 3D modeling.  

We address three features of CT: 

• Decompose complex problems into simpler ones.  

• Make parts of a game, then put them together to work as a whole (module 3). 

• Devise step-by-step solutions (algorithms).  

• Give directions to the teacher on how to create a design in Tinkercad (module 2). 

• Debug when things don’t work. 

• Debug their algorithm (module 3). 
• Figure out why a design will not 3D print well (modules 2 and 3). 
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Computer Science Teacher Association (CSTA) Standards 
• Decompose problems and subproblems into parts to facilitate the design, implementation, and 

review of programs. 
• Document programs in order to make them easier to follow, test, and debug.   
• Write step-by-step instructions to address complex problems as algorithms.  
• Seek and incorporate feedback from team members and users to refine a solution that meets 

user needs. 

Spatial Reasoning 
Spatial reasoning involves thinking about the location of objects, their shapes, how we transform them, 
and what they look like in relation to other objects. Picture a flat piece of paper. Now imagine rolling it 
lengthwise into a tall cylinder and taping it together. To imagine this new shape requires spatial 
reasoning. In MPACT units, using Tinkercad is an important aid to spatial reasoning.  

Module 2: 
• Rotate shapes mentally. 
• Imagine 3D shapes folded from 2D shapes. 

Module 3: 
• Make a shape, resize it, and rotate it on a screen, imagining how it will look at each stage. 
• Imagine a novel 3D shape from different views. 

Workplace Skills 
The skills that today’s students will need when they are part of the workforce take time to develop. 
There is no reason they cannot start young. Students learn workplace skills in several ways: 

• The projects in this unit require real work skills to complete. Students collaborate, communicate, 
and solve problems — all skills employers are looking for today. 

• Students connect online with mentors who use 3D design and printing in their work. They 
discuss their class project and learn about mentors’ use of 3D technology. 

• Mentors can be role models, in that they are doing the work students may do in the future. 
• Mentors are guides in the design process, giving feedback to students, and offering advice. 
• See MPACT Quickstart for more on mentors. 
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Social and Emotional Learning 

• MPACT students gain empathy for others as they learn about the users for their designs and 
imagine what to design and make based on users’ needs and desires.  

• They set goals when they decide what they want to make and achieve those goals by following 
the steps in the model that MPACT provides.  

• They make decisions based on real-world constraints: for example, the slow speed of 3D 
printing. 

Teaching & Learning Strategies 

Teaching Strategies 

Focus on the iterative process not the product 
• “It’s okay that you don’t know a solution right away.” 
• “Test and see what happens if…” 
• “When things don’t work, try a different way” 
• “Step back and reflect what the issue is.” 

Focus on what students know instead of what they don’t know 
• “What do you know about….?” 

Support collaboration 
• Pause the class when some students struggle during group work. 
• As a whole class, invite students to offer ideas to solve the problem together. 
• “Does anyone have the same problem?” 
• “What would you do if you had the same problem?” 

Give or invite constructive feedback 
• Praise: “I like …” (something innovative or exciting, what worked well). 
• Suggestions: “I think that _____ did not work well; Perhaps you could change/improve …”. 

 
2 CASEL https://casel.org/what-is-sel/ 

“Social and emotional learning (SEL) is the process through which children and adults understand 
and manage emotions, set and achieve positive goals, feel and show empathy for others, establish 

and maintain positive relationships, and make responsible decisions.”2 
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• Offer alternative ideas (suggestions but not solutions). 
• Invite students to reflect on and give constructive feedback. 

Look for, support, and draw attention to students’ learning  
• Highlight concepts as they appear in the unit (e.g., volume, mental rotation). 
• Support students:  
• Use of measurement tools as needed (e.g., rulers to measure the print bed). 
• Estimate volumes, areas, and lengths in appropriate units — cm or mm. 
• Convert between mm and cm (using the idea that 10mm = 1cm). 
• Rotate the “same” object in Tinkercad and in real life. 

Scaffold debugging: “to find and fix errors” 
• What’s not working? 
• How do you fix something that isn't working? 
• Do you follow a specific series of steps? 

Scaffold algorithmic thinking  
• Watch students describing how they did something. Ask them to describe it precisely enough so 

another student can do the same thing. 

What Should Students Do During Each Phase of 
Design? 

This unit’s making and design activities require new norms and behaviors from your students. Here are 
some suggestions for how to engage in the different stages of design and making: 

Collect ideas from your user 

 

• Ask questions to find out what your user wants. 
• Be an active listener. 
• Write down what they say. 
• Don’t judge. 
• Discuss together what the requirements should be. 
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Make & re-make prototypes 

 

• Be generative! 
• Be bold! 
• Brainstorm designs to satisfy the requirements. 
• Sketch your designs. 
• Use making supplies to show your ideas. 
• Make one or more prototypes. 
• Share the prototypes and listen to feedback. 
• Update your design ideas and requirements. 
• Do this more than once.  

Design on computer & paper 

 

• Pick your best prototype / design. 
• Make a more precise drawing / plan. 
• Be precise: Measure, measure, measure.  
• Make your design using Tinkercad. 
• Use shortcuts to make what you want. 
• If things don’t work out right away, troubleshoot. 
• Don’t give up.  

Make the real thing 

 

• Print and make parts of the real thing and assemble. 
• Use materials that will last. 
• Try out the object. Does it work? 
• Share your final product. 
• Celebrate successes.  

Negotiating Between Computers, Making Supplies, 
and Workbook 

We realize that it can be a challenge to get students started on their work, and even harder to get 
them to stop once they’ve started. But for many MPACT lessons, students need to interact with several 
media — all at once or one at a time. Here are some basic rules we would like to share with you as you 
teach the lessons: 

Students should keep their handouts with them at all times and follow them fairly 
precisely. We have intertwined the mathematics, the design, and the making so that students get to 
learn math in the context of making and design. That won’t happen if they skip the math activities in the 
handouts Additionally, the handouts guide them through the design and making cycle in a systematic 
way.  
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Encourage your students to periodically check their progress through the workbooks . You can stop 
them (with a signal) and announce, “Everyone should have finished one prototype and now start 
answering the questions on page 10.” 

To switch modes from students working on computers or making materials to you 
talking/leading a discussion, students should: 

• Angle the lids of their devices at 45 degrees so they’re not tempted to look at them. 
• Take their “hands off” the making materials (perhaps by folding their arms). 

Make sure your students understand they need to pay attention as you guide them through the rest of 
the lesson and lead discussions.  

Set up small groups and have students maintain their own making materials in a bin 
or box. Designate one student to be in charge of materials for the group, getting new materials as 
needed from a centralized supply place and neatly returning unused supplies. 

Making Kit 
Students will need materials for prototyping and for making the real game. MPACT provides most 
needed materials, as well as a list of supplies you may be able to get for free. 

Materials we provide 
For prototyping: Module 2 Module 3 
• Masking tape 
• Markers 

• Polyhedral dice  • Parcheesi game or printout 
• Velcro dots 
• Quick-dry clay 

•  

Materials you should get 
Use from school Free or donated stuff:  
• Scissors 
• Stapler 
• Rulers 

• Old or broken toys and games 
• Cardboard and paper of all types 
• Corks 
• Wood scraps 
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Teacher Notes: Grade 7 Module 1 

Goals for the Module 
Mathematics  
Convert like measurement units within a given measurement system (cm to mm and mm to cm). 
Use measurement conversions in solving real world problems.  

Spatial reasoning 
Rotate 3D objects mentally to decide if they are the same.  
Interpret 2D drawings of 3D objects.  

Computational Thinking (CT) 
Identify and correct errors in designs (debugging). 

Materials 
• Computer 
• Rulers 

Timing 
• Three to four 45-minute lessons 
• Times may vary. Times given below are for phases of design (such as prototyping) and you can 

break those into lessons for what works best for you.  
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Introduction 10 min 

Goals 
Learn about the design process. 
Learn about and use new vocabulary terms, such as prototype, 
iterate, sketch and the Computer Aided Design (CAD) tool. 

Materials 
• PPT slides  
• Design process poster 

 
 
 
 
 
 
 
 

Introduce the Module 10 min 

Say: we are going to start some activities in which you will be designing and making 
things.  
Have a brief discussion about what students think design means and what kinds of design 
they’ve heard of. Accept all answers.  
Say: the whole of the human-made world has been designed: from pencils, chairs, tables, 
to phones, cars, and buildings. Even the most insignificant plastic fork: everything has 
been designed. You will all be designers.  
Slide 2-3: Lead a whole group conversation, explaining the four steps in the design 
process and how iteration happens for the whole process and internal to each step. Clarify 
any vocabulary.  
Slide 4: Say that there are many things that can be 3D printed and share the story of 
Kieran. Review the links before sharing any with the class.  
Slide 5: Ask questions in slide. Accept all answers. Encourage them to think about the 
design process as they consider how the prosthetic hand gets made.  
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Collect Ideas 10 min 

Goals 
Learn about a bookmark and design requirements.  

Materials  
• Slides Mod 1 teacher PPT 
• Bookmark How-to video (https://vimeo.com/351285136)  
• Tinkercad keyboard shortcuts 

 
 
 
 
 
 
 
 

Write initial list of design requirements 10 min 
Explain that designers think about a person or group that will be using their design.   
Ask:  

• Who are you making the bookmark for? (It could be for themselves or someone 
else.) 

• How many letters are in the name?  
• Do you think they would like all caps or a mixture of lower and upper case? 

Explain that they are gathering ideas for their design. They are making a list of 
requirements just like designers do. These are the important things to keep in their 
design, even when they make quick sketches.   
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Make and Remake Prototypes 25 min 

Goals 
Make prototypes (sketches) of their bookmarks.  
Communicate with mentors. 

Computational Thinking 
Students practice the CT skill of abstraction as they make a quick 
sketch of their bookmark and decide if the sketch is what they had 
imagined. 

Materials 
• Have a camera ready to record progress.  
• Website and student logins for mpact3d.terc.edu. 

 

Before the lesson  
Make sure the MPACT team has your roster and you have student logins to the MPACT 
website. Then, test the process by which students will interact with the mentors: Go to 
mpact3d.terc.edu website and log in as a student. Make sure you have all the 
documentation you need for helping students get online, sign in, and write to mentors 
during class.  

 

Make prototypes 10 min 
Q1. Read the prompt. Ask the class what they think a sketch is. Have the students read 
the description of a sketch in the box. Then they draw their sketches. The sketch does not 
have to be accurate or to scale. It should give a rough idea of what the students have in 
mind. Students may label their drawing with estimated measurements.  
Q2. Ask students to share how their sketch is different from what they had imagined 
before drawing it. They may not know what to say, so you can model that you had a 
different idea of how big the bookmark would be when you imagined it in your head. 
The actual size requirements will be given in the Design activity.  

 

Ask your Mentor 15 min 
This is the first time students are asked to communicate with mentors. Explain who the 
mentors are—professionals that use design and 3D printers—and how they’ll be 
communicating with them via the mpact3d.terc.edu website.  
Tell students what they should share (questions about their project and questions about 
the professionals’ work), and what they should definitely not share (e.g., personal 
information).  
Let the class know that in this project, they will have opportunities to communicate with 
an assigned mentor and ask questions. The mentors will write back to the students in a 
few days. 
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Design  45 min 

Goals 
Create a drawing that is based on the prototypes and prepares 
them to design in the CAD.   

Math 
Measure or estimate parts in centimeters. 
Understand the relationship between millimeters and 
centimeters. 
Convert measurements between millimeters and centimeters to 
make a model.  

Spatial reasoning 
Envision an object from all sides. 

Computational Thinking 
Make an accurate model of their design. 
Test and refine the design.  

Materials 
• Rulers with cm and mm markings 
• 1 cm by 1 cm dot paper 
• Tinkercad Keyboard Shortcuts handout. 
• How to make a bookmark tutorial video: https://vimeo.com/351285136 

 

Before the lesson  
Make sure students have access to Tinkercad, through your classroom.   

Measurement Check Up 10 min 
Read the introduction to this section together.  
Discuss as a whole class that in meeting the printing requirements, students will 
convert from millimeter on the Tinkercad screen to centimeter. The following 
measurement activities are designed to help students in understanding the relationship 
between mm and cm. 
Q2. Remind students that there are 10 mm in 1 cm. Encourage students to discuss the patterns 
they noticed when going from mm to cm. Pair work.  
Answer: 12 cm, 5 cm, 0.3 cm 
Discuss the take-aways: 
Multiply the number of cm by 10 to get the same length in mm. 
Divide the number of mm by 10 to get the same length in cm. 
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Design requirements revisited: maximum measurements 5 min 
Ask students what their original design requirements are: from the Collect Ideas 
activity: the words, the color, the font they had.   
Now, say that they have additional design requirements that include the measurements 
of the bookmark. Have students read the design requirements and show you how much 
each measurement is.   

Designing the bookmarks in Tinkercad 20 min 
Let students know that they will be using Computer Aided Design (or CAD), a tool 
that designers use to increase productivity, improve the quality of their design, and 
help them in communicating their work to others. The students will use a tool called 
Tinkercad to design their bookmark. 
Provide the Tinkercad Keyboard Shortcuts handout. 
Q3. Show students the how-to video (https://vimeo.com/351285136), which shows the 
steps laid out in Q3.  
Circulate and help students follow the steps shown, while encouraging independent 
problem solving. Students are now in the design phase, where accuracy counts. 
Remind students that when they move the text and solid shape together, to check the 
bookmark. The two objects may appear to sit on top of each other, but they may be 
separate. And printing them will not work. 
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Make the Real Thing 45 min 

Goals 
Check their design to make sure it will print and then 3D 
print their bookmark. 

Math 
Understand that volume can be a set of infinite areas layered 
one on top of the other.  

Spatial Reasoning 
Rotate a 3D object mentally. 

Computational Thinking 
Debug a problem and improve their bookmark designs.  

Materials 
• Ruler 
• 3D printer 
• Printer software (at least on teacher machine) 

 

Before the lesson  
For partner check: 
• Confirm that you have all the students’ bookmarks in your Tinkercad classroom. 
For printing: 
• Export the Tinkercad designs as .STL to your desktop and then import these files 

into the printer software to check the length of time they will each take to print. 
This will allow you to set a schedule for printing.  

• If there is time, you can print a smaller version of some of the bookmarks to check 
if they will print properly and come out as students expected. 

 

Partner check on Tinkercad 10 min 
Q1. Put students in pairs and have them check each other’s designs. Emphasize that if 
the file isn’t properly assembled, the files will not print.   

Seeing the 3D printer in action 5 min 
This will take time, perhaps several days. We have included the Brain Teaser to do 
while they wait, but you can get back to your regular curriculum after that. 
Q2. Demonstrate the process of importing a CAD file to the print software. Start 
printing one of the bookmarks.  
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If you can, let students see the printing in action.  This is where they can see the layers 
being printed on top of each other, supporting their developing sense of volume as a set 
of infinite layered areas.  
Leave extra time in your print schedule. Students may make models that cannot be 
printed, or the printer could mess up. Show students what happened, and have them 
correct their Tinkercad file or troubleshoot the 3D printer. 
Printing can be done while students work on other math problems from their regular 
curriculum. 
You or students can start and monitor the printing process. 

While you wait 10 min 
Q3-4. Students should apply what they know about volume to estimate the volume of a 
complex shape. 
For example: if students made the bookmark with holes for the letters, then the total 
volume should be less than the volume of the solid shape without holes. Potential 
explanation includes: I made an imaginary box around each letter and subtract their 
volumes from the volume of the solid base. The smaller the boxes to fit around the 
letters, the better the approximation.   
It is up to you and students to determine what is a sufficiently close estimate. Their 
answers will depend on how deep the lettering goes on their bookmarks, the number of 
letters, and any other features they might have added/taken away from the starter 
rectangular shape. 
If there is time, hold a whole class discussion to see how close or far away their 
estimates are – comparing different methods for solving the problem.   
Students may need to be reminded of the volume formula for a rectangular prism: 
multiply height-width-length. 
 

 

Brain Teaser 10 min 
This activity affords students the opportunity to use and enhance their spatial reasoning 
skills. They can flip the bookmark by rotating it mentally, or physically rotate it around 
its vertical and horizontal axes. 
Q5. Give students 5 minutes to answer individually or in pairs.  Then, discuss their 
answers together as a whole class.  
There may be multiple answers. It depends on how students interpret the words in the 
question – which in itself may be a very productive conversation.  
Intended answers: Most letters do not look the same when you flip the bookmark upside 
down. The capitals of the following letters will look the same (for certain fonts): B, C 
D, E, H, I, O, X, and maybe K depending on font styles. These are the letters that have 
horizontal symmetry so they look the same upside down. Lowercase letters are less 
likely to look the same upside down depending on the font and some will look like other 
letters when viewed upside down (e.g., w, u, n, m, p, q, d, b). If time allows, students 
can check their answer using Tinkercad. 
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Reflect and Celebrate 10 min 
Encourage students to share challenges and the strategies they used to overcome these 
challenges. 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.  
 
They have used algorithmic thinking, estimated, measured and converted mm to cm, 
compared measurements and areas, and used spatial reasoning.   
Reflection questions can help students in developing a systematic approach to 
debugging a problem and to improving their bookmark designs (CT practices). 
 
Additional questions to ask: 

• What do you like about designing with Tinkercad? 
• What was successful about designing with Tinkercad?  
• What challenges did you have with Tinkercad?  
• Any strategies that worked well? 
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Everything humans
make is designed
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Design Process
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3D Design and 3D Printing

Exam ples of design with 3D printing
How 3-D-Printed Prosthetic Hands Are Changing These Kids’ Lives | 
Short Film  Showcase
https://youtu.be/Cl8ijPGEKO8

3D Printed Parts For Sm art Indoor Urban Farm ing
https://w w w.youtube.com /watch?v=l-Q3YIYM vFQ

Tackle Global Hom elessness By Changing The Face Of Construction 
and Hom e Design Using 3D Printer

https://w w w.youtube.com /watch?tim e_continue=1&v=Ok6LpkFT8Cw

M ore ideas:
https://laughingsquid.com /?s=3D+print

4

• Why does Kieran wear a 
prosthetic (human made) 
hand?

• How is Kieran’s prosthetic 
hand made?

• What kinds of things 
could you design?

5

Design A Bookmark

• https://vimeo.com/383380161

6

https://youtu.be/Cl8ijPGEKO8
https://www.youtube.com/watch?v=l-Q3YIYMvFQ
https://laughingsquid.com/?s=3D+print
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TinkerCad

1. Go to Tinkercad.com
2. Click 
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4. Class Code:
No spaces!

5. Enter your nickname!
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Design Process
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Name ________________________________  Date _________________ 
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Thinking Like a Designer 
Designers collect ideas by doing 
research and talking to the people they 
are designing for.  

They make and remake 
prototypes. Prototypes are models 
you make quickly with common 
materials to work out how things will 
look and fix things they hadn’t thought 
about.  

They design on computer and 
paper, using more precise 
measurements.  

Finally, they make the real thing. They might use cardboard, wood or even a 3D 
printer.  

All along, they iterate their designs. When you iterate, you go back to improve the 
design as you learn along the way.  

We will follow the same design process as we learn to be designers! 

Collect Ideas 
You are going to use a Computer Aided Design (CAD) tool  
called Tinkercad™ to design a bookmark. Here is an example.  

 Describe the kind of bookmark you want to 
design. Who is it for?  
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Make and Re-make Prototypes 

 Make quick sketches of your bookmark.  

 

 How is your sketch different than what you had imagined? 

Ask Your Mentor 

Mentors are adults who can help you solve problems. Your mentor for MPACT is an 
adult who uses 3D modeling and printing in their work. You can use mentor’s ideas to 
change your designs. 

Learn about what kind of work mentors do by reading their profiles. 

Tell the mentors: 

• What subjects do you like in school? 
• What do you like to do after school and on weekends? 

  

A sketch is like a prototype but it is a drawing. You 
draw quickly so you can test out ideas.    
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Design  
 The design requirements for the bookmark are: 

c  Length: less than 120 millimeters (mm) 
c Width: less than 50 mm 
c Height: less than 3 mm  

 Convert the measurements from millimeters (mm) to centimeters (cm). 

a. Length: less than 120 mm à ____ cm 

b. Width: less than 50 mm à ____ cm 

c. Height: less than 3 mm à ____ cm 

 Use Tinkercad to design your bookmark. Here are the basic steps: 

• Name your Tinkercad design (for example: BookmarkSamR) 
• Create a solid shape: A shape with flat sides for the top and bottom is best. 
• Use the measurements in the design requirements to make sure you have 

the right length, width, and height. 
• Create your text. 
• Move the text and the solid shape together. 
• Make sure the text sits on top of the solid shape with no space between the 

two. 
• Select both the text & the solid shape, then Group them. 

 

 

Solids and Holes  
In Tinkercad, you can make solid shapes or holes. Solid shapes 
are the objects that will be printed if you use a 3D printer. 
Holes are empty spaces in or around solids.  
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Make the Real Thing 
 Before you print, check your work and have a classmate double-check.  
Did your classmate: 

  Name their Tinkercad design? 
  Create a solid shape with a flat face? 
  Create a shape with a length less than 12 cm?  
  Create a shape with a width less than 5 cm? 
  Create a shape with a height less than 0.3 cm?  
  Create a raised text on the shape? 
  Place the solid shape and text together?   
  Group the shapes together?   

 With your teacher’s help, 3D print your design. 

 Estimate the volume of your bookmark.  

 Explain how you estimated the volume of the bookmark. 

Brain Teaser 

Jaxon flipped their bookmark upside down. 

           
    

 If you did the same, which letters in your bookmark will look the same?  
How do you know? 

Reflect and Celebrate 
• Did the print turn out how you thought it would?  Why or why not?  
• What are two changes you would make to your bookmark? 
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Teacher Notes: Grade 7 Module 2 

Goals for the Module 
Math  
Understand empirical probability and theoretical probability and explain differences between them. 
Determine probabilities through reasoning and empirical testing. 
Convert within a given measurement system.  
Use approximations and the formula for the volume of a cube to reason about side lengths and volume of 
a cube. 

Spatial reasoning 
Mentally rotate objects decide if they are the same, to envision a new position for them.  
Correctly sketch interpret 2D drawings of 3D objects.  
Physically and mentally rotate solid shapes to design game pieces. 
Envision the designs they have drawn as shapes or holes in Tinkercad. 

Computational Thinking (CT) 
Recognize and use patterns when testing a die. 
Decompose problems into smaller pieces, such as the way to represent numbers on a die. 
Create and follow algorithms, including to find the volume of a cube or its side length. 
Understand the components of 3D shapes by using nets (decomposition). 
Determine if your die is fair (testing/retesting). 

Materials 
• Polyhedral dice 
• Other dice you can find: for example, cubes with dots, cubes with numbers, dodecahedra, 

pyramid shaped dice.  
• Paper, including graph paper and isometric grid paper,  if possible 
• Standards school supplies 
• Whole class display and document camera 

Timing 
• Seven to eight 45-minute lessons 
• Times may vary. Times given below are for phases of design (such as prototyping) and you can 

break those into lessons for what works best for you.  
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Introduction 10 min 

Goals 
Design and Making 
Understand the idea of design requirements. 

Materials 
• Presentation slides 
• Design process poster 

 

Introduce the module 10 min 
Have students read aloud the paragraph on dice.   
Ask students what they know about dice and whether and when they have used them. 
Show some examples of real dice.  
Throughout the module, we refer to die as the singular and dice for the plural.  
Read the paragraph (“In this module...”) about the goal of the unit. Ask students to restate 
what they understood their task was in this unit.  
• Probe for what it means to make a dice “fair.” For example:  

• It cannot land on the same number all the time. 
• Each number should come up about the same number of times, if you roll it long 

enough. 
Explain the design process (4-part model) 

• Collect ideas. 
• Make and remake prototypes (define prototype as a quick sketch or 3D model 

made with easy-to-fail materials that you can discard easily to try again.) 
• Design on paper and computer—we will be using a computer-assisted design 

program (CAD) called TinkercadTM. 
• Make the final dice. 

Explain that designing requires iteration (the process of going back and fixing or changing 
your first and second and third tries). We will do it as much as possible, but we all have to 
work efficiently to make that happen. (This is because the pace of the unit is brisk.) 
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Collect Ideas 15 min 

Goals 
Design and Making 
Brainstorm a requirements list.  
Get information on user needs and wants and modify the requirements list.  

Materials 
• https://www.youtube.com/watch?v=s-FM8GM6bN4 
• A YouTube video in which a teenager describes modifications available for the blind and visually 

impaired (included in the slide presentation) 
• A variety of dice: cubes with dots, cubes with numbers, dodecahedra, pyramid shaped dice.  
• Isometric grid paper  
• Whole class display and document camera 

 

Brainstorm requirements 15 min 
Q1. Discuss a couple of requirements together as an example. Possible responses: 

• It should have six faces.  
• You should be able to tell the difference between the faces with numbers 1–6 with 

your fingers. 
• It can’t be too small or the different numbers won’t be easily felt or seen. 

Q2. In teams, students generate their own list of requirements. Sample Answers: 
• It should have bumps or holes / be smooth or rough. 
• There is an equal chance rolling any number. 
• Every face has to have equal weight.  
• No two faces can be the same. 
• Two faces can’t have different weight.  
• Each face has to have the same shape. 

After students work in teams, have them share some of the requirements they added. This 
list will be revised. 

 

 

Maintain a list of requirements  
Students should use this list from the first day.  

• When they brainstorm  
• Anytime they have a change / update to the requirements 
• When they design in Tinkercad  
• After they print to verify that the requirements have been satisfied  
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Make and Re-make Prototypes 65 min 

Goals 
Design and Making 
Know what a prototype is.  
Make more than one prototype to try out ideas. 

Math 
Make and use a net of a cube. 

Spatial Reasoning 
Imagine a 2D net folded into a 3D object. 
Mentally rotate 3D objects represented in 2D. 

Materials 
• Scrap paper 
• Nets printed from the student materials, if possible. 

 

Make nets and prototypes for a die for the visually impaired 35 min 
Q1. Students should make nets of a cube and use them as a prototype. They should draw the 
way they will make the faces so the visually impaired can use them. Since they are drawing 
on a 2D surface, they will have to decide how to represent bumps or holes. 
Circulate and 

• Encourage students to prototype more than one design.  
• Ask how they are representing raised or indented parts of their designs. 

 

Brain Teaser 15 min 
Q2. Circulate and  

• Ask students to imagine folding the cube from the net with the black square in 
front.  

• Ask them to identify the other shapes that would be showing. 
• Have students make a copy of the net and cut it out to check their answers. 

Answer: D 
This spatial reasoning item is from the free web resource (https://www.123test.com/spatial-
reasoning-test/) and you can find more tasks there to try with your students.  

 

Ask Your Mentor 15 min 
Students should answer the questions briefly but with detail. 
They may customize the question they ask of their mentor. 
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Design the Die 140 min + 

Goals 
Design and Making 
Optional: Draw a die using isometric grid paper. 
Use Tinkercad to design a die with modifications for the visually impaired.  

Math 
Decide measurements for dice, based on requirements. 
Solve a problem using cubed lengths and cube roots of length. 

Spatial reasoning 
Visualize the six faces of a cube. 
Envision an object from all sides. 
Optional: Draw isometric drawings to represent 3D shapes. 

Computational thinking 
State, follow and debug an algorithm. 

Materials 
• Isometric grid paper 
• Tinkercad 
• Rulers 
• Shortcut Keys handout 

 

Optional: Make an isometric drawing of the cube 15 min 
Optional: Show students how to make an isometric drawing of a 
cube – to show how to represent a 3D shape on a 2D plane.  
Point out that in isometric drawings, the square faces of the cube 
are represented as parallelograms. But, to our eyes, the shape can 
appear as 3D cube.   
Have students create their own isometric drawing of their designed 
dice. 

 

Set maximum and minimum side lengths for the die 15 min 
The maximum size for the die is set here. Ask students why that would be set.  
Q1. Ask students about the minimum size for their die, which may already be in their 
requirements list.  
Answer: The die has to be large enough to play with but small enough to make a 
reasonable print time. 
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Decide on the exact size of the die 10 min 
Q2–3. Students should ensure their cube has side lengths that meet the requirements for 
the maximum volume of the cube and the requirement for the minimum size (which may 
be a side length.) 
Tell students that Tinkercad’s smallest measurement is millimeters (mm).  
Ask them how many mm are in 1 cm. (10) 
Circulate and help students figure out these key facts: 

• What do we know about the side lengths of a cube? The sides of a cube are 
all the same length, so length, width, and height should be the same. 

• What are the side lengths of the smallest die you can make? Students will 
need to decide how small the die can be and still be usable as a die to roll and 
to put designs on.  

• How can we find the volume of a cube? Can you write it as a formula? The 
volume of a cube: V=s3.  

• What is the largest side length the cube can have? The largest volume, 45 
cm3, does not have a whole number cube root. (No whole number cubed is 
45). So the largest side length is greater than 3 cm because 33=27, but less 
than 4 cm because 43=64. 

• Ask students to try different lengths (to the nearest tenth of a cm) to find the 
precise length they want for their cube. For example, 3.53=42.9 cm3 so 3.5 cm 
is a good choice. 

• Have students sketch their die and label it with the right size side lengths that 
they have chosen. 

 

Create an algorithm for the teacher 15 min 
These questions not only address CT and spatial reasoning, but also give students a 
chance to develop skills with Tinkercad. They design a shape by using a methodical 
approach (algorithmic thinking) and visually and physically rotating objects in Tinkercad.  
Q4. Students follow the instructions given to create the shapes and view in the picture. 
Make sure they can see the little arrows. 
Q5. Students should write down instructions in words, step by step (each step a new 
sentence).  
Circulate and n otice instructions that are correct and incorrect. 

• Choose a students’ instructions to follow (one that is not quite right) and ask 
students why these instructions did not work. Ask the class to suggest 
changes. 

• Do as many group’s instructions if you have time. Be sure to include one that 
is correct. 

Q6. Students should answer for one of the instruction sets that you tried, their own if 
possible.  

 
 
 
 
 
 

 

Design on the computer 50+ min 
Students use Tinkercad to design a die with special accommodations for the blind. Help 
students envision the designs they have drawn as bumps or holes in Tinkercad. 
Have rulers and Shortcut Keys handout available for students.  
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Create the cube design in Tinkercad  40 min 
Q7–8. Show students how to make shapes and holes with Tinkercad. 
Circulate and encourage students to keep on track by 

• designing based on their drawing and requirements. 
• thinking about measurements, that they are working in mm, and the size of 

die in their requirements list may be given in cm. 
• thinking about how big the die appears on the screen vs. how big it will be 

when actually printed. A ruler will help. 

 

Reflect and Celebrate 10 min 
Make it a celebration! Ask students each of the questions on the student handout. Also, 
you can ask: 

• Were there places you got stuck when using the CAD? 
• Was there a time when you realized you hadn’t met a requirement? 
• Did you have any other problems? 
• What did you do to get unstuck/meet requirements/solve problems? 

Emphasize that they learned about mental rotation, creating an algorithm (CT) and 
measurements in cm and mm. They solved a problem with decimals to find the size of 
their cube.  
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Make the Real Thing 130 min + 

Goals 
Math 
Compare empirical and theoretical probability, for small numbers of choices (12 or fewer).  
Observe patterns. 
Understand the probability of a chance event is between 0 and 1. 
Approximate the probability of a chance event occurring by collecting data. 
Develop a probability model with outcome of rolling the dice. 

Spatial reasoning 
Imagine a net folded up. Rotate the result mentally.  

Computational Thinking 
Debug their Tinkercad design if the printed die does not come out as expected. 
 

Materials 
• Whole class display, rulers, polyhedral dice 

 

Before the lesson  
For partner check: 
• Confirm that you have all the students’ dice in your Tinkercad classroom. 

For printing: 
• Export the files to your desktop and then import these files into the printer software 

to check the length of time they will each take to print. This will allow you to set a 
schedule for printing.  

• If there is time, you can print a smaller version of some of the spools to check if 
they will print properly and come out as students expected. 

Note: Exploring probability can be done while waiting for prints to be done. 

 

Get ready to print 15 min 

Q1. Students should ensure their die meet the requirements before printing.  
• Designs must be usable by the visually impaired and sighted. 
• Cubes must be between 8 cm3 and 45 cm3 in volume. 
If students make a die with “bumps,” the length and the width of their die might not be 
the same, depending on how they make their bumps. Make sure they include the part 
sticking out from a cube in their measurements.  

Combine dice on the print bed, to fit.  
Get students involved in this process as possible.  
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Optional: Give students the dimensions of the print bed to help estimate how many die can 
fit on it.  

While waiting for prints: Explore probability, Introduction 15 min 
Read the text aloud with the class.  
Elicit the meaning of the 1 and 6 in the probability fraction. 
Ask students if the fraction would change if the number to roll changes.  
Answer: No, because each number appears only once.  

 

 

Find probabilities 15 min 
Q2. Answers: 1/6; 1/8; 1/12 
Circulate and: 

• Ask students why each fraction has numerator 1. (There is only one way to 
roll the given number.) 

• Ask them how they determined the denominator. (The number of faces on the 
die, so numbers possible to roll changed.) 

 

Test a die to see if it is fair 15 min 
Q3–4. Elicit that the number of rolls a face (number) should come up is 60 divided by the 
number of faces on that shape die. 
 
Whole class discussion after rolls: 

• Ask why the numbers in column A did not come out the same as in column B.  
Possible answers: Column B only tells us what should happen; Column A tells us 
what actually happens.  

• Ask: Will more rolls, say 1000 rolls, lead to different results? 
Possible Answer: Yes, if the die is fair, the more rolls you make, the closer you get 
to the number of rolls that should occur.  
Students may have an intuitive feel for this, which is called the law of large 
numbers. They can test it by adding their tallies to another group’s who used the 
same type of die. 

Q4. Possible Answers:  
• Yes, because all the faces are the same size and there are no bumps or holes that 

would make one face more likely to come up. Or no, because the faces are not the 
same. 

• No, because the actual number of rolls came out different from what was expected 
when a die was fair. 

• Not all faces came up in equal numbers, but we are not sure if it is a problem with 
a die or if my test is not large enough. 

• I did not roll with consistency, so I don’t know.   
• I want to roll the die more.   
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Explore ideas about “law of large numbers.” 10 min 
Q5. Use the questions to lead a discussion. 
 Answers:  

• True. The greater the number of rolls, the more accurate the empirical probability 
will be. 

• False. This exact match is unlikely to happen, but the two should get closer and 
closer.  

• False. It could turn out this way, but it is unlikely to. 

 

Q6. Have students check their requirements to see if the printed die meets them. 
Students check off the requirements they met or did not meet. Have them debug their design 
by explaining what went wrong and how they would change it. 
To decide if a visually impaired person could use the die, ask: 

• How does your die look and feel?  
• If you close your eyes, can you tell the difference between the six faces?  
• Was it the size you expected? Why or why not?  

Q7. Explain we are trying to find out if their die is fair, as we did before. If it is fair, the 
number of times a number is rolled will be close to the number of times it should be rolled. 
Ask students to work in pairs: one person rolls, the other records, trade after 30 rolls. 
Students should use tallies to keep track the number of times each number on the die was 
actually rolled (was face up). 
Circulate and ask:  

• Elicit from students, if possible: The number of times the number should be 
rolled can be found by multiplying the theoretical probability (as in the 
introduction) by the number of rolls. (Or, the number of times the die was 
rolled, divided by the number of faces). 

• Ask: Will more rolls, say 1000 rolls, lead to different results? 
Answer: Yes, if the die is fair, the more rolls you make, the closer you get to the 
number of rolls that should occur. This was explored above. They can test this by 
adding their tallies to another group’s who used the same type of die.  

Q8. Students may answer yes or no, depending on how close the number of times rolled got 
to “should be rolled.”  

Possible answer: it could be fair, but more rolls are needed. 
This agrees with the “law of large numbers”, which says basically that the more rolls, the 
closer “actual” gets to “should.”  
They may also see flaws in their design that make the die unfair. For example, the pieces 
that stick out to represent the numbers may weigh a lot more for 6 than for 1. 
Q9. Answers will vary and can either address improving the die for the visually impaired or 
making the die fair. 

 

When prints come back: test the die for the visually impaired 30 min 

Reflect and Celebrate 10 min 
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Celebrate completing the unit! Make sure students feel accomplished. 
Focus on the positive. Include spatial reasoning and CT learning too.  

 

 

Ask Your Mentor 20 min 
Help students communicate their design experience with mentors and learn about how 
professionals solve problems in the face of challenges.   

Test Your Knowledge of Probability 20 min  
Can be assigned as homework. 
Q10. Answers: 

a. 15/50 This is the theoretical probability 
b. 50/50 or 1. You will always get a defective marble. Notice this is NOT the same as 

saying the odds are 50-50. There the 50s are percents. 
c. 0. There is no way to get a defective marble. 
d. No, it cannot. If the probability of something happens is 1, that means it will always 

happen. 
Q11. Answers: 
Here are the pairs you could pick: 

• White, one of the black dice 
• White, the other black die 
• Both black. 

So, it is more likely that you will get one of each color (2/3) than two blacks (1/3). OR It is 
more likely see that only one of them is black because there are three possible events, BW, 
BW, BB, and the probability of getting BW is 2/3 while the probability of getting BB is 1/3. 

 

Brain Teaser  15 min  
Can be assigned as homework. 
This problem came from the website (https://www.123test.com/spatial-reasoning-test/) that 
provides spatial reasoning tests for free.  
Q12. Answer: B  
Q13. Possible answers:  

• I imagined the cube with the shape in the front as the front part of the folded cube 
and imagined the folds to see what would be on the other faces. 

• I sketched the cubes.  
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Designing Fair Dice
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When you roll a fair die, 
each face of the die is 
equally likely to come up.

2

Dice are used in 
board games.

When people 
who are blind use 
dice, they face 
special 
challenges. 

What would 
those be?

Image by Ant Tree under CC license
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2

?

Your job is to design a fair die that can be used by 
both people who are blind and people who are 
sighted. 

4

Get ready to 
design the 
dice.
Follow these stages:

5
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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. 

 

  



© TERC 2020 G7:Mod2: Design the Die 5 

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. 

  



© TERC 2020 G7:Mod2: Make the Real Thing 11 

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? 
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