
 

© TERC 2020  

 

Grade 4 Unit 

 

 

In this 4th 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 linear measurement. Then 
students will make an origami kite that really flies and learn about angles and symmetry, using the 
design/making model more completely. Then students will more fully engage in the model, as they 
make a stamp with a symmetrical design, going deeper into their study of symmetry. 

Module 1. Thinking Like a Designer 
Module 2. Making a Kite 
Module 3. Making a Stamp 
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MPACT Grade 4 unit 

The MPACT curriculum materials are designed as part of an Education Innovation and Research grant by 
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. 

Writing: Hee-Joon Kim, Jennifer Knudsen, Teresa Lara-Meloy, Ken Rafanan, Harriette Stevens  
Editing: Dale Crouse 
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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 7 8.5 in by 11 in paper, string 
3 11–12 stamp inkpad  

Materials for all modules 
• Devices for students to use Tinkercad™ (web based) 
• 3D printer (provided by MPACT) 
• Module handout for each student, either printed or PDF 
• Extra graph paper  
• Tinkercad keyboard short-cuts handout for each student, either printed or PDF 
• PowerPoint for each module 
• Making kit items from school: 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 workbook. 
• Students can write their answers in a separate math notebook. 
• 3D printing can be done in class or some sent to a 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 Modules 2 and 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 
4th 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 upper elementary and middle grades, in a way that students 
won’t find “baby-ish.” Students transition between 3D objects of approximate size to precise 2D 
interactive models of 3D objects. Their final move is to precisely print 3D objects. They do this using: 

   

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

Origami or scratch paper 

 

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.  

 

For example, here’s how the cycle works in Module 2, Making a Kite: 

Collect ideas: Students investigate a kite to learn about their parts and how they work.  

Make and remake prototypes: Students sketch at least two symmetric designs to draw on their 
real kite.  

Design on the computer and on paper: Students design a spool for the kite: first on paper and 
then using Tinkercad (to prepare to 3D print).  

Make the real thing: Students make the actual kite they will give to the younger child. They use 
nicer materials than used in the prototype. They 3D print the spool. They put the kite and the spool 
together with string.  

An MPACT Unit is infused with: 
Mathematics 

Computational Thinking 
Spatial Reasoning 
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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 prototyping
• Students make a bookmark
• Introduction to 3D fabrication

Module Two: 7 lessons
• Making a kite
• Structured making experience: 

Students make a kite with paper 
design and print a part with the 3D 
printer 

• Student and mentor introduction

Module Three: 11 lessons
• Making a Stamp
• Full making experience: Students 

follow the design/making cycle to 
create and 3D print a symmetric 
stamp

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

 

 

 

 

 

 

 

  

Mathematics Content 

• Convert like measurement 
units within a given 
measurement system 

• Understand concepts of 
reflection 

• Identify a line of symmetry 
• Measure and compare 

angles 

Mathematics Practices 

• Use the correct level of 
precision for the situation 

• 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  

Spatial Reasoning 

• Working with space by imagining, 
seeing, and drawing 

• Reflect 2D shapes mentally 
• Draw and make symmetric objects, 

visually 
• Mentally transforming objects, between 

2D and 3D 

Computational Thinking 

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

• Recognize and use patterns 
• Debug: Systematically identify and 

correct errors 
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Mathematics Content 

State and National Standards 

Geometry 
• Recognize a line of symmetry for a two-dimensional figure as a line across the figure such that the 

figure can be folded along the line into matching parts 
• Identify line symmetric figures and draw lines of symmetry 
• Draw angles and identify them in two-dimensional figures 

Measurement and Data 
• Within a single system of measurement, express measurements in a larger unit in terms of a smaller 

unit. Record measurement equivalents in a two-column table.  

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: 

• decomposing complex problems into simpler ones  

o students create 3D models of a kite part in Tinkercad and design the kite decoration on 
paper (module 2) 

o students make parts of a stamp first, then put them together (module 3) 

• devising step-by-step solutions (algorithms)  

o students give directions to others on how to create a design in Tinkercad (module 3) 

• debugging when things don’t work 

o students figure out why a design will not 3D print well (modules 2 and 3) 

Computer Science Teacher Association standards 
• Model processes by creating and following algorithms (sets of step-by-step instructions) to complete 

tasks. 
• Decompose (break down) problems into smaller, manageable subproblems to facilitate the 

program development process. 
• Test and debug (identify and fix errors) a program or algorithm to ensure it runs as intended. 
• Compare and refine multiple algorithms for the same task and determine which is the most 

appropriate. 
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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: 
• Students fold paper to design and create line-symmetric objects. 
• Students imagine how holes appear after they fold a paper, cut holes, and unfold the paper. 

Module 3 
• Students make a shape, resize it, and rotate it on a screen, imagining how it will look at each 

stage. 

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. 

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. 

 

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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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 on 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) 
• Make suggestions: “I think that _____ did not work well; perhaps you could change/improve …” 
• 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 to:  
• Use measurement tools as needed (e.g., rulers to measure the print bed). 
• Measure and identify angles in appropriate units — degree.  
• 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? 
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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. 

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.  
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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’d like to share with you as you 
teach the lessons: 

Students should keep their student handout 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 workbook. Additionally, the workbook guides them through the design and making 
cycle in a systematic way.  

Encourage your students to periodically check their progress through the student handouts. 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. 
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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 
Module 1-2 Module 3 
• Masking tape 
• 8.5 x 11 colored paper 
• String 

• Stamp inkpad 
• Sandpaper 

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

• Scrap paper  
• Cardboard and paper of all types 
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Teacher Notes: Grade 4 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. 

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 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 15 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. 
Do Q1 together. Then, students do Q2-6 in pairs. Then, discuss Q3 and Q4 as whole 
class.  
Q1. Encourage students to use a ruler or rulers to count how many mm are in 1 cm.  
This insight, 10 mm in every cm, leads to the multiplicative rule for Q3 and Q5: 
Answer: 10 mm  
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Q2. Ask the students to complete the table by filling out the missing numbers for each 
respective unit. Pair work.  
Answer: 0.1, 0.3, 5, 20, 2.5, 30, 5, 12 
Q3. Have students explain to their classmate that when given a length in cm, how they 
calculated the length in mm. 
Potential answer: Because there is 10 mm in 1 cm, I can calculate mm by multiplying 
cm by 10. 
Q4. After completing the table, encourage students to discuss the patterns they noticed 
when going from mm to cm. Pair work.  
Answer: 0.1, 0.2, 0.3, 1, 5.5. For the last one, students can choose a number. For 
example, they can choose 100mm and find 10cm. Or they can choose 7cm and find 
70mm.  
Q5. Challenge students to explain (without using the ruler) how they could calculate a 
length in cm, if they know the length in mm.  
Potential answer: Because I know 1 mm is the same as 0.1 cm, I can calculate cm by 
multiplying mm by 0.1. Or, because I know 1cm is 1/10 of a mm, I can find cm by 
taking 1/10 of mm. 
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. 

Design requirements revisited: maximum measurements 10 min 
Ask students what their original design requirements are: from the Collect Ideas 
activity: the words, the color, the font they had.  
Q6. Now, say that they are 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.  
Q7. Tell students that they will need to work with centimeters and that they need to 
convert the millimeters design requirements to centimeters.  

 

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. 
Q8. Show students the how-to video (https://vimeo.com/351285136), which shows the 
steps laid out in Q8.  
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 an 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 15 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 10 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. 

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. 
Q3. 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. 

 

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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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://www.flickr.com/photos/44523343@N00/474411578
https://www.flickr.com/photos/44523343@N00
https://creativecommons.org/licenses/by-nc-nd/2.0/?ref=ccsearch&atype=rich
https://www.flickr.com/photos/80048637@N02/40557163251
https://www.flickr.com/photos/80048637@N02
https://creativecommons.org/licenses/by-nc-nd/2.0/?ref=ccsearch&atype=rich
https://www.flickr.com/photos/22508531@N08/3444726721
https://www.flickr.com/photos/22508531@N08
https://creativecommons.org/licenses/by-nc/2.0/?ref=ccsearch&atype=rich
https://www.behance.net/gallery/38569495/Warp-Weft-Lounge
https://creativecommons.org/licenses/by-nc-nd/4.0/?ref=ccsearch&atype=rich
https://www.flickr.com/photos/144661696@N05/34776192110
https://www.flickr.com/photos/144661696@N05
https://creativecommons.org/licenses/CC0/1.0/?ref=ccsearch&atype=rich
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TinkerCad

1. Go to Tinkercad.com
2. Click 

3. Click

4. Class Code:
No spaces!

5. Enter your nickname!

XXXX XXXX
XXXX

7
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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 the 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  
Measurement Check Up 

Before you use Tinkercad to design your bookmark, do this activity  
to understand the relationship between millimeters (mm) and centimeters (cm).  

 How many millimeters (mm) are in 1 cm? Use the ruler to count.   

 

 Fill out the table.  

 cm = 1 mm 
 cm = 3 mm 

0.5 cm =  mm 
1 cm = 10 mm 
2 cm =  mm 
 cm = 25 mm 

3 cm =  mm 
 cm = 50 mm 
 cm = 120 mm 

 If you know a length in cm, how do you calculate the length in mm?  

 Fill out this table to notice the patterns when you go from milimeters to centimeters.  

1 mm =  cm 
2 mm =  cm 
3 mm =  cm 
10 mm =  cm 
55 mm =  cm 
? mm =  cm 
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 If you know a length in mm, how do you calculate the length in cm? (Try this 
without the ruler) 

Design on the Computer 

 The design requirements for the bookmark are: 

c Length: less than 120 mm 
c Width: less than 50 mm 
c Height: less than 3 mm  

 Convert the measurements from millimeters to centimeters: 

c Length: less than 120 mm à ____ cm 
c 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: “Bookmark+your first name+last initial” (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. 

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 4 Module 2 
Goals for the module  

Mathematics  
Draw and identify lines of symmetry for 2D figures. 
Recognize angles as geometric shapes that are measured with reference to a circle. 
Solve problems involving measurement. 

Spatial Reasoning 
Visualize symmetry and rotation by folding or rotating a sheet of paper. 
Use mental rotation to recognize angles embedded in other objects. 

Computational Thinking (CT) 
Decompose a problem in order to create a more complex shape (modularization). 

Materials 
• Presentation slides for module 2 
• Link to kite and angle wedges instructions:  

o https://mpact3d.terc.edu/make-a-kite-and-measure-angles/make-a-kite/ 
o https://mpact3d.terc.edu/make-a-kite-and-measure-angles/measure-kite-angles/  

• Design process poster 
• Regular 8"×11" printer paper (can be scrap paper) 
• Pencils 
• Rulers 

Timing 
• About 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 
Students understand the goals of the module, what is expected of 
them, and they review the design process.  

Materials 
• Presentation slides for module 2 
• Design process poster 

 
 
 
 
 

 

Introduce the Module 5 min 
Introduce the module to students using the slides (Presentation slides). 
Ask students to restate what they understood their task was in this unit. Accept all 
answers.  

Sample answers: 
• We will make a kite. 
• I will be a kite designer. 

Ask: Have you seen a kite? Flown one? Was it like the ones you saw just now? Accept all 
answers. 

Sample answers: 
• My kite was a diamond shape.  
• My kite had a tail, too.  

 

Explain the design process 5 min 
Remind students that the unit is organized around the design process and that they are the 
designers. 
Elicit from students what they are to be doing in each stage.  Explain what’s specific for 
this project.   

• Collect ideas. 
• Make and remake prototypes.  
• Design on paper and computer. 
• Make final kite (we’ll assemble a kite from 3D-printed and found materials.). 

Say: 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. 
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Collect Ideas 10 min 

Goals 
Explore the components of a kite.  

Materials  
• Presentation slides 
• Kites, if you have any for show and tell – these may be 

different from the one pictured.   
• The list of requirements is in the back of the booklet for easy 

access as students will be iterating on them daily. 
 
 
 
 

Before the lesson  
Prepare materials, including the kites if you want to show different kinds of kites or 
websites if you want to share those.   
You may want to visit these websites to learn more about different kinds of kites and 
features of kites: 
• Shape of Kites: http://www.aviation-for-kids.com/kites.html 
• Why does a kite need a tail? https://www.scientificamerican.com/article/bring-

science-home-kite-tails/ 

 

Components of the kite 10 min 
Discuss the components of the kite in the diagram. Then assign the students to write 
down the responses to Q1 (in their notebooks). 
Q1. Ask students to use their imagination to come up with answers. They don’t have to 
be “right.” 
Possible answers: 
• It would not go up into the air. 
• You could not hold onto the kite. It would fly away from you. 
• It would not stay upright (it would spin around). 
Show kites or website of kites on a large display. If you bring in kites to show, you can 
ask what is different about those kites and the one in the photo on page 2. Most likely, 
the ones you bring in will have rods. The kite on page 2 does not. It is this kind of kite 
students will make. 
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Make and Remake Prototypes (1.5 lessons) 70 min 

Goals 
Make several iterations of sketches, a kind of prototype.  
Recognize that different shapes can have different lines of 
symmetry or no lines of symmetry. 

Math 
Find an object's line of symmetry through folding a paper 
along its diagonal.  
Reflect (vocabulary not introduced) an object through a line 
of symmetry, to find two parts of an object that match.  

Spatial Reasoning 
Visualize reflection and symmetry through both physical 
(paper folding) and mental rotation tasks. 

Materials 
• Regular 8"×11" printer paper, can be scrap or square paper  
• Pencils 
• Rulers 

Norms 
• Use “safe to fail” attitudes. 
• Communicate: It’s OK to mess up. That’s how we learn! 

Design and Making Vocabulary 
• Prototype: Something easy to make that has some of the things you want in your final product. 
• Prototyping is an iterative process of make-test-revise. 
• Iterate: Try again and again to improve.  

Symmetry 15 min 
Q1. Show students how to make a square from a rectangular piece of paper or provide 
square paper. 
Draw students’ attention to the box with a definition of symmetry.   

Make a prototypes (sketches) 10 min 
Q2. Encourage students to use only pencils, not colored pencils or crayons, so they don’t 
get too carried away with coloring. It’s better to iterate and make more designs. 
Explain that a sketch is a quick drawing. It does not have to be perfect.  
Q3.Encourage students to try more designs. 
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• Circulate and 
o Check students’ designs for symmetry. 
o Ask: does every part of the design on the left side of the fold have a 

matching part on the right side? 
Q4. Have students point out their favorite parts of each design they drew. 

Write initial list of design requirements 5 min 
Q5. As a whole class, discuss a couple of requirements together as an example. Then have 
students write their own on a separate piece of paper or in a special place in their 
notebooks. 
Possible answers: 
• Must have a string, sail, tail, and spool.  
• String has to be long enough to fly high.  
• Sail has to be a symmetric shape.  
• Decorations must be symmetric. 
This list of requirements is not final, and students will revisit it later to revise it.  

 

Ask your mentor 20 min 
Student communications with mentors happens via on mpact.terc.edu:  
• Students to mentors: Students will submit their questions via a Google forms (links 

will be provided to teacher in a separate document). The student responses are 
gathered in a spreadsheet which mentors can access. 

• Mentors to students: When the mentors answer students’ questions, they will send 
their responses to the MPACT team, who will review for appropriateness. The 
MPACT team will then forward the mentor responses to the appropriate teachers, who 
can distribute the replies to the students. 

When assigning the Ask Your Mentor activity, explain to students that they can write 
ideas in their notebooks, or they can write directly in the MPACT discussion.   
Set your expectations with your students about what conversations with mentors should 
be (i.e., what is and what is not acceptable). 
• Stay on topic. 
• Be polite (of course). 
This list does not have to be long and elaborate.  
The mentors may give students more ideas. You may have to come back to this, once 
mentors reply.  

 

Good place to end the lesson or transition  

Before the lesson  
Check whether or not there are mentor replies.   
For the symmetry shapes: make copies or provide a digital version of activity for students 
to draw on.  

 

Mathematics exploration 20 min 
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Discuss mentor replies, if they have arrived. Otherwise, wait until another lesson.  
Q6. Students work individually using digital pdfs (to mark on) or print-outs.  
Then as whole group discuss how they determine where to draw lines. For example, for 
the arrow, they have to consider the midpoint of the bottom segment as well as the top 
point to draw a line of symmetry. 
For confirmation, have students cut out the shape and fold it along the line that they think 
is a line of symmetry to check. Or they can use a mirror placed on the line of symmetry to 
see if the shapes are indeed symmetrical.   
Answers:  

 
 

 

Zero lines of symmetry  

 

One line of symmetry  

 

Multiple lines of symmetry  
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Design  (2 lessons) 100 min 

Goals 
Create a drawing for a spool (for kite string) in preparation 
for designing in the CAD. 
Design a spool drawing in Tinkercad. 

Math 
Measure or estimate parts in centimeters. 
Use precise measurements.  

Spatial reasoning 
Envision an object from all sides. 
Visualize objects through physical and mental rotation. 

Computational Thinking 
Understand the modular components of the spool and how 
the components interact through drawing and Tinkercad 
(modularization). 
Revise and remix their design and parts as needed.  

Materials 
• Rulers with cm markings 
• 1cm by 1cm dot or graph paper 
• Optional: isometric paper (for 3D drawings). Students who have not used it before may need to learn 

how to draw with it before starting. 
 

Before the lesson  
Make sure your students all have Tinkercad accounts and can access them.    

Design the spool on paper 30 min 
Q1. Explain that to design, we also need to have drawings that help us when we are 
sitting at the computer. 

• This initial attempt to imagine and draw a 3D shape is an opportunity to engage in 
spatial thinking. Difficulties are expected and students may make imprecise 
sketches.  

• That’s ok. As they move to Tinkercad, their design ideas and drawings will be 
further refined. (Page 10 is blank in case they want more space to draw) 

• Keep students on track. There is a lot of spatial reasoning here.  
• Walk around the class and check the students' designs as they work. 
• Encourage students 

o to draw based on their physical prototype. 
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o to put in some estimated measurements. They should use cm or mm on 
paper. Remind them that Tinkercad measures in mm.  

o to think about a scale, if their item is bigger than the paper: between 
each two lines on the paper equals 3 cm, for example. 

o to think about which parts really need to be 3D printed (e.g. hard to 
make otherwise; precision is needed). 

Q2. Possible answer: 
• I measured my hand to see how big the opening in the spool needed to be. 

Designing the spool in Tinkercad 45+ min 
Q3. Discuss the design requirements.  
Q4. Have students decide which shapes in Tinkercad would make the design they drew 
in Q1. 
• Check/introduce/elicit math terms. Note: Tinkercad uses generic terms for basic 

shapes, e.g. it calls a cube shape a “box”—yet the box (cube) can become a 
rectangular prism if you extend a side.  

Q5. Students start designing in Tinkercad the part of their toy that will be 3D printed.   
• Make the “Shortcut Keys” handout available to students. 
• Circulate and 

o Encourage students to rotate shapes. They may have difficulties 
determining the direction of rotation. Remind them they can “Ctrl-Z”—
undo—their action.  

o Encourage use of the arrow keys, which allows students to control small 
adjustments in their shapes. 

o Demonstrate how to group shapes. 
o Remind students of the math they are using. Ask about shapes and 

measurements they use. 
• Mental rotation is important in spatial reasoning. Here students see it happening.  

Students need to check the actual size of the spool and see if it meets the 
requirements.  
Help them visualize what different measurements look like and imagine what the 
printed shape will look like.  
• The size limitations ensure good print times (not too long). 
• If needed, read the textbox. Holding down the Shift key allows for uniform 

rescaling.  Help students recognize that the shape changes its measurements 
while keeping the same shape. 

• Iteration is an important part of design.   

 
 

Reflect and Celebrate 10 min 

• Have students acknowledge successes and learn from failures to iterate and refine 
their design. 

• Encourage positive norms; make sure students know it’s ok to make mistakes or to 
have prototypes that failed to work.   

• 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.  
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• They have used algorithmic thinking, estimated, measured and converted mm to 
cm, compared measurements and areas, and used spatial reasoning.   

• Additional questions to ask: 
o What do you like about designing with Tinkercad? 
o What was successful about designing with Tinkercad?  
o What challenges did you have with Tinkercad?  
o Any strategies that worked well? 

Good place to end the lesson or transition  

Ask your Mentor 15 min 
Help students communicate their design experience with mentors and learn about how 
professionals solve problems in the face of challenges.    
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Make the Real Thing (3.5 lessons) 160 min 

Goals   
Strengthen spatial reasoning skills, through use of 
paper folding techniques, mental rotation and 
symmetric designs to create a paper kite.  
Understand angles by using rotations around a 
circle and paper folding to make different angles 
and find their degree measurements. 

Math  
Understand the concept of angle and angle 
measurement. 
Recognize that angle measure is additive. 
Decompose an angle into non-overlapping parts. 
Attend to precision.  

Spatial reasoning 
Mentally rotate objects. 

Materials 
• Ruler 
• MPACT website for videos of the kites (how 

to assemble, flying kite):  
o https://mpact3d.terc.edu/make-a-kite-

and-measure-angles/make-a-kite/ 
o https://mpact3d.terc.edu/make-a-kite-

and-measure-angles/measure-kite-
angles/ 

• Pushpins (for circle making) 
• Cardboard / masking tape / ribbon / yarn (for 

circle making) 
 

Before the lesson  
For partner check: 
• Confirm that you have all the students’ spools in your online 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. 
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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.   

Observe 3D printers in action 5 min 
Demonstrate the process of importing a CAD file to the print software. 
Start printing one of the spools.  
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. 

 

Folding the Kite 20 min 
While some of the parts are printing, students can begin assembly of their kites. As they 
receive their 3D parts, they should check that they printed as students intended.  
Demonstrate how to fold the kite, or have students follow the instruction on paper or the 
MPACT website.  
Folding can be challenging. Encourage students to fold with the paper flat on their desk. 
Show them how to make a good crease. 
Circulate and  

• Ask questions about the angles that are formed as students fold the paper.  
For example: When you make the square from the 8x11 paper, what are 
you doing to the angle? (The fold cuts the angle in half).  

• When they are done with the kite: Ask students if the kite is symmetric and 
how they know. They might notice that they did the same (mirrored) folding 
on each side, making left and right part match along the center crease. 

 
Individual 
work 

Reflect and Celebrate 10 min 
These questions help students in developing a systematic approach to debugging a 
problem and to improving their kite designs. (CT practices).  
Be sure to compliment the students for their work! 
Ask: Any surprises?  
• Students should be checking their design requirements and changing them if they 

learned something during the print process. 
• Use specific spools as examples. Draw out what students have in common in their 

designs. 
• For example, ask: Did anyone else improve their design? Did you do it look the first 

student?  
• Review, elicit from students: 

 

Good place to end the lesson or transition  

Math exploration: Making angle wedges  45 min 
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Students will make angle wedges by starting with making a circle.  We recommend using 
the pushpin and yarn/tape/cardboard to make the circles, because it helps students see 
one-rotation around the center as both a circumference and an angle.   
Q4. Show students how to make the circles or have them watch the video on MPACT 
website.  
Q5. Students should cut out the circle and fold it as indicated.  
Ask them if they know how many degrees are in that corner.  
Possible answers:  

o I know it’s 90 degrees because the angle is the same as a corner of a square; the 
angle is a quarter of a full rotation.  

o It looks like a “square” corner.  
Explain that by convention, we say that one right angle is 90 degrees.  
Explain the notation convention (the o). 
Together, read and discuss the textbox. Demonstrate the turn to make the two sides meet. 
Q6. Possible answers:  

o I know it’s 45o because it’s a half of 90o angle.  
Ask: what happens if you fold that angle? What would the measure be? (22.5o) 
Q7. Discuss how unfolding made a 180o angle.  
Possible answers:  

o We know because two right angles fit into it.  
o We unfolded it to show two 90o angles.  

If students have difficulties in seeing an angle for a straight line, they can use 90o wedge 
to see two right angles make up the angle for the straight line.  
Or, connect to their experience of rotating their pencil when drawing a circle. 180o angle 
is a half of a full rotation.  
Q9. Students may think that the length of the lines that mark the angle changes the size 
of the angle. Have students compare wedges from different-sized circles (with the same 
angle).  
Students can see that their 90o angle wedge has a recognizable “square corner” as does 
another group’s, but the size of their circle will likely be different. 
Q10. Students may find many 90o angles – several of them if they unfold the kite. Note 
that if they fold the 45o angle in half, they can measure the very pointy top of their kite.   
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Q11. Many answers. Likely: it looks like a circle. This may be a surprise to many 
students.  

Good place to end the lesson or transition  

Brain Teaser 15 min 
These puzzles allow students to do more spatial reasoning as they mentally rotate paper 
to select the matching design.  
Q12. Assign the students to work individually on Puzzles 1 -3, then, facilitate a whole 
class discussion, asking students to explain their reasoning and how they figured things 
out.  
To check their answers, have students use paper and a hole puncher to do the activity. 
Answers: A, D, B 
These items are adapted from spatial tasks used in a research study. For more 
information, see Chu, M. & Kita, S. (2011). The nature of gestures’ beneficial role in 
spatial problem solving. Journal of Experimental psychology, 140(1), 102–116. 
Q13. Ask students to work individually, then share their multi-symmetric shapes.  

 

Put all the parts together 30 min 
Q14–16. When the 3D parts are printed and received, have students assemble their 
completed kites.   
If there is time, students should go outside to fly their kites.  
Take pictures of the kites and the flying.  

 

Good place to end the lesson or transition  

Ask your mentor  15 min 
This Ask your Mentor requires students to communicate with a mentor to share their 
final products and their flying results. You may want to include pictures.   
This final communication with mentors allows students to summarize their experience.  

 

Reflect and Celebrate 10 min 
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Be sure to compliment the students for their work! 
Ask:  
• Any surprises?  
• What worked well? 

o Students may have found folding or using Tinkercad or both went well.  
• What strategies did you use to solve problems? 
• Students will likely have strategies to share for Tinkercad.  

o Possible answers:  
o control-Z  
o arrows 
o how to group  
o checking measurements 

• What math did you learn or use? 
o Possible answers 

o Measurement of length in centimeters 
o What an angle is 
o Angle measurement 
o Names for 3D shapes 

• Try to improve your kite if needed. 
o Ask students how they may improve their kite.  
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Make a Kite
"The OC" by joshbousel is licensed under CC BY-NC-SA 2.0© TERC 2020

1

There are many 
designs for kites and 
different materials 
are used.

Your kite will be 
made from a single 
piece of paper, 
along with a string

Diamond kite

Part of a kite

2

Kites and culture

Get images for these, 
move text to notes 

Chinese kite maker

Giant kites in Guatemala

"Chinese master kite maker at work" by mindset is 
licensed under CC BY-NC-SA 2.0

Xiroro on flicker

3
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2

. 

Kites fly in the sky on 
a string. 

The string is held by a 
person on the ground.

Have you flown a kite?

Did your kite ever get 
caught in something? 

4

You will make a kite and decorate it. 

A kite must be symmetric. You will decorate it using 
symmetry. 

Don’t worry! You will learn about symmetry and more math 
during this module. 

Look at all these kites!
What do you notice?

What do you wonder?

Adobe Photo Stock

5

Get ready to 
design and 
make a kite.

Follow these stages →

6
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Collect ideas

You are designing a kite 
for a younger child.

What are their 
favorites?

→Cartoon or    game 
characters?
→ Colors?

Image by Gerd Altmann from Pixabay

7

Prototyping 
Using materials your teacher gives you

Scissors, tape, markers, 
string, and paper

Make prototypes of all the 
parts of your kite:
• Sail
• Tail
• String
• Spool 
These can be smaller than 
the real thing. 

Image by Gloria Kaye from Pixabay

8

Plan on Paper
Using your best prototype…

• Make a plan on paper for your 
kite.
• Draw all the parts of the kite 

and what you want them to look 
like.
• The plan will be smaller than 

the real thing.

9
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Design using Tinkercad
Design the spool

• Look at the spool in your 
design on paper.
• Using Tinkercad, make a 

box that is <measurements 
here>. Your spool must be 
small enough to fit in this 
box.
• Choose the shapes you will 

use.
• Design the spool.

"Mini-Firki" by Meanest Indian is licensed under CC BY-NC-ND 2.0

Why are these good spools?
Can you make one that is also 
good?

10

Make the Real Thing paper
• With your teacher’s help, 3D print 

your spool.
• Make your kite using a sheet of 

paper that is 8.5 in by 11. (the 
normal sized paper you use in 
school.
• Put it all together and fly your 

kite!

11
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Making a Kite 
You are going to make a kite and learn more about 
symmetry and angles! 

You will make a kite out of one piece of paper first.  

Then you will design a spool for the string of the kite using 
Tinkercad. Later you will send it to the 3D printer.  

 

Collect Ideas 
Before making a kite, you need to understand what a kite is. Look at the kite, the picture 
below, and information on kites your teacher gives you. 

 

1. What do you think 
would happen if a 
kite did not have a… 

a. Sail? 

b. String? 

c. Tail? 

String: The string 
connects you and 
the kite. 

Tail: The tail 
keeps the kite 
from spinning 
around. 

Sail: The wind 
blows into the sail 
to lift the kite. 
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Make and Re-make Prototypes 
Your kite will be made from a square piece of paper. You can sketch 
some designs that might be used on the real kite.  

1. Fold a square piece of paper along a diagonal.  
Unfold your square paper. The fold line you see is a line of symmetry. 

 

2. Sketch a design on the square using the line of 
symmetry you made.  

3. Sketch three different designs. 

4. What parts of each sketch will you use on the kite design you make? 

5. Create a requirements list on a separate piece of 
paper that you will keep. You will add to the 
requirements list as you develop your design.  

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. They are ready to help you with 
your designs. 

Tell your mentor 

• How you learned about kites 
• How you made your designs 

Ask your mentor 

• How they learn about the things they want to design  

When you fold a shape along a line and the 
two parts match exactly, then we call the 
line a line of symmetry. A shape that has 
a line of symmetry is called symmetric.  

 

Requirements 
are the “musts” 
for the kite.  

 

A sketch is like a 
prototype but it is a 
drawing. You draw quickly 
so you can test out ideas. 
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Mathematics Exploration 

Some shapes have: 

• One line of symmetry 
• More than one line of symmetry 
• No lines of symmetry  

6. For the shapes that have lines of symmetry:  

a. Fold the shape along a possible line of symmetry. Check if the two halves of 
the shape match. 

b. Draw all the lines of symmetry of the shape. 
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Design the Spool 
The kite needs a spool that you can design in Tinkercad. The spool holds  
the string neatly. With a spool, the child can hold the kite string more  
easily and let out more string so the kite goes higher.  

 

Design on Paper 

1. Draw a spool that you can hold.  

2. How did you use measurements and shapes to draw your design? 

Design on the Computer 

3. Your spool should have the following measurements to make shorter print times. 
Write them in the requirements list.  

c length: 100 mm or less 
c width: 70 mm or less 
c height: 10 mm or less 

4. Look at the shapes in Tinkercad. Which shapes will you use to make the spool?  

5. Design the spool in Tinkercad. Check the size as you design to meet the 
requirements. 

Reflect and Celebrate 
• What worked well in Tinkercad? 
• What was challenging about making the pieces with Tinkercad? 
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• What needs improving? 
• What math did you learn or use?  

6. If there is time, use your reflections, go back to Tinkercad and improve your 
spool. 

Ask Your Mentor 

Write to your mentor and tell them:  

• What you like about using Tinkercad 
• One problem you had using Tinkercad and how you solved it 

Ask your mentor for their ideas about your design. 

Your mentor will write back to you. You can use what they say to improve your design. 
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Make the Real Thing 
1. Before printing, get a classmate to check your design.  

Fix anything that did not get a check mark.   

c Is the length 100 mm or less?  
c Is the width 70 mm or less? 
c Is the height 10 mm or less?  

2. When everything is checked off, 3D print the spool with your teacher’s help.  

While you wait for the print, make the kite and do the other activities. 

Make the Kite 

3. Follow the instructions below to make the kite and tail.  

   
Fold rectangular 
piece of paper so 
the top right corner 
meets left side. 

It should look like 
this.  

 Fold up the bottom.   

     

 

 

 
Unfold.   Cut along the bottom 

crease. 
Now you have a 
square and a 
rectangle. 
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Flip the paper 
over. 

Rotate the paper. 
Make a design using 
the crease as the 
line of symmerty. 
Use your prototype 
sketches as ideas. 

 Fold the right corner 
to the middle crease.  

It should look like 
this. 

     

   
Fold the left corner 
to the middle 
crease.  

It should look like 
this.  

 Fold the right corner 
that you had folded 
into the middle back 
to the top right side.  

It should look like 
this. 

     

    
Fold the left corner 
that you had folded 
into the middle back 
to the top left side.  

It should look like 
this. 
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Now you are ready to make the kite tail. You will use the rectangular piece of paper 
that you made when you cut the paper. 

  
Fold the rectangle in half.  …so it looks 

like this. 
Cut lines, from the 
creased side towards 
the open edge. Stop 
before the edge. 

Your paper now 
looks like this. 

    

  
Unfold the 
rectangle.  

…so it looks like 
this. 

Cut at alternating sides. Your paper now 
looks like this. 
Stretch it out 
carefully and you 
have your kite 
tail. 

    

Now you are ready to attach the kite string. You will use tape to make some parts of 
your paper stronger. 

  
Unfold the kite. …so it looks like 

this. 
Place small pieces of 
tape at these spots. 

Stretch it out 
carefully and you 
have your kite 
tail. 
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Poke small holes through the tape and 
paper. The holes should be just big enough 
to put your string through them. 

…so it looks like this. 

    

  
Tie the kite and tail 
together. 

It will look like 
this.  

Measure string 
from one of the 
holes on the sides 
to the hole at the 
bottom and back to 
the other hole on 
the side. Cut. Tie 
the two ends to the 
middle holes. 

Tie your long kite 
string to the big 
loop. 
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Fold the sides of your kite back to the way 
you had them. Now you are ready to fly.  

    

Reflect and Celebrate 
• What worked well? 
• Does it meet all the requirements? 
• What math did you learn or use? 
• Try to improve your kite if needed. 

 
Mathematics Exploration 

Let’s explore angles that are formed by folding a paper circle. You will draw a circle, 
then use it to form angles.  

4. Draw a circle on a piece of paper using a string and a pushpin.  

   

Cut a piece of string 
between 5 and 6 inches 
long. 
Tie a pencil onto one end 
of the string.  

Place cardboard or a pad of 
paper under the piece of 
paper you are using. Place a 
pushpin where the center of 
the circle will be.  

Hold the string tight between 
the pencil and the pushpin. 
Draw all the way around 
until you have made a circle.   
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5. Cut out the circle you just drew. Fold the circle in half. Then fold the half circle in 
half again. It should look like this:  

 

The two straight sides of the paper are lines that 
form an angle. This angle is like the square 
corner on a piece of paper. Its measure is 90º 
(90 degrees.) 

We mark 90º angles with a square corner. We 
label the angle with its measure near the angle 
marker.  

 

 

6. Fold the quarter circle in half again. It should look like this: 

 

Remember, the angle is formed between two 
lines that meet. What is the measure of the 
marked angle? Write it near the angle 
marker. 

How do you know the measure of this angle? 

7. Unfold the paper until it is a half circle. It should look like this.  

 

What is the measure of 
the marked angle? 

How do you know? 

Any time two lines meet, they form angles. The measure of the 
angle tells you how many degrees one line must turn to be in the 
position of the other line around a common point.  
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8. Unfold the circle and cut out 90º, 45º, and 180º angles wedges from your circle.  

 

9. Compare your group’s angle wedges with another group’s. Does the size of the 
circle matter when you measure an angle? Explain.  

10. Using your own kite, find 90º and 45º angles on it.  Hint: think about how you 
folded the angles in your kite. Then use angle wedges to check by measuring.  

11. Use your angle wedges to form an angle that measures 360º. What does it look 
like?  
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Brain Teaser  

Sam folds a piece of paper and then punches a hole. He then unfolds the paper to see 
the design.  

12. Select which design he will see for each puzzle.  

Puzzle 1.     

   

  

     
A.

 

B.

 

C.

 

D.

 

E.

 
     

Puzzle 2.     

    

 

     
A.

 

B.

 

C. 

 

D.

 

E. 

 
     

Puzzle 3     

    

 

     
A.

 

B.

 

C.

 

D.
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13. Some shapes have two or more lines of symmetry, like this flower.  
Draw a different shape that has two or more lines of symmetry. 

 

When the printing is done,  

14. Put all the parts together.  

15. Check off the design requirements that your design meets. 

16. Go outside. Fly the kite. Does it fly as well as you expected?  

Ask Your Mentor 
• Tell your mentor what you like about your kite. 
• Tell your mentor what problems you had when making the kite and how you 

solved them.  
• Ask your mentor about design problems they had to solve.  

Reflect and Celebrate 
• What worked well? 
• What strategies did you use to solve problems? 
• What math did you learn or use? 
• Try to improve your kite if needed. 

 

This flower has 6 
lines of symmetry. 
Four lines are 
provided.   
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