Teacher Notes: Grade 5 Module 2
Goals for the module
Math
Find volume of a cube in different ways.
Measure volume with unit cubes and in other cubic measures.
Convert between mm and cm.

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

Computational Thinking (CT)
Calculate volume in different ways (Creating algorithms).
Group objects to make pieces efficiently (modularization).
Observe one shape composed of smaller pieces and put pieces together to make one shape
(decomposition).
Identify and correct errors in puzzle designs (debugging).

Materials
•

27 linking cubes in 7 colors for each student (4 of each of 6 colors, 3 of 1 color)

Timing
•
•

About six to seven 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 and make sure
students understand the requirements for the Soma Cube.

Materials
•
•

Presentation slides
Design process poster

10 min

Introduce the module
Introduce the module using the slides to provide a context for the toy design activities.
Ask students to restate what their task is. Accept all answers.
Sample answers:
• We will make a Soma Cube puzzle.
• I will be a puzzle maker.
Ask: What is a cube? Can you give examples? Accept all answers.
Sample answers:
• It looks like a box.
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Collect Ideas

20 min

Goals
Learn about the Soma Cube puzzle and the relationship
between its pieces.

Design and Making
Understand the idea of design requirements and make
sure students understand the requirements for the Soma
Cube.

Math
Understand units.

Spatial Reasoning
Rotate the physical pieces and doing this mentally as they
try to make the pieces.
Recognize patterns of how each unit cube is positioned in
relation to another and check whether they are distinct
from each other.

Computational Thinking
Recognize that a large cube is comprised of smaller pieces and smaller pieces fit together to create a large
cube.

Materials
•

Linking cubes—for each student, four of one each of six colors, three of another color

Introduce Soma Cube Puzzle and requirements

5 min

This activity motivates students to engage in spatial reasoning as they rotate objects
mentally and identify the missing unit cubes that make up a Soma Cube puzzle. The
students will use the unit cubes later in measuring volume activities.
Read aloud the design requirements as a whole class.
• As you read each bullet together, stop and ask them to explain each of the
requirements.
• Use the picture and the linking cubes in front of them to help them interpret the
requirements.
• Explain vocabulary: Design requirements: “Our design has to follow these rules or
requirements.”
Read the definition for unit cubes and explain what it is: “We call each individual linking
cube a unit cube.”
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Helping Yesi: Present the context and make a prediction

15 min

Show the image of puzzle pieces on a large display. Students will make these pieces
later.
Ask: Tell us what you know now about what is needed to complete the Soma Cube
puzzle.
• Students will answer this more completely later. Just get them thinking.
• Tell students they will get to use linking cubes before they use Tinkercad and the
3D printer.
Q1. Accept all answers. Do not evaluate student work at this point. Students will check
their guesses in Q2 using linking cubes.
Pass out cubes.
Q2. Let students make the puzzle piece to verify their answer.
When students have different answers, ask them to explain to each other why theirs is
right.
• Allow students to use informal language to address the mathematical ideas of
“rotation” and “orientation.”
Answer: K
• Shape K is the same as the piece Yesi had but rotated.
• Shape M is a mirror image of Yesi’s piece and so not the same.
• Shape L is also not the same.
Possible explanations:
• My guess was correct. Shape K is the same as Yesi’s. I took a piece I made and
turned it on the desk to see it looked exactly like both pictures.
• My guess was not correct. I turned my piece many ways but it won’t match
Yesi’s.
• I lined up two of the cubes to match, but the other cubes appeared on opposite
side.
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Make and Re-make Prototypes

(2 lessons) 95 min

Goals
Design and Making
Make the Soma Cube puzzle pieces from linking
cubes (a prototype.)

Math
Understand definition of volume.
Find and express volume in cubic units.

Spatial Reasoning
Recognize patterns, through rotating objects
physically and mentally to determine if they are
“the same.”

Computational Thinking
Create algorithms for finding volume.

Materials
•

Linking cubes

Work with linking cubes to make Yesi’s three other found pieces

10 min

Students make the remaining puzzle pieces.
Pass out linking cubes.
Q1. Circulate as students make the three pieces.
• Ask which piece in the picture they already have.
• Ask about each piece: Is it made up of 3- or 4-unit cubes?
• Advise students to rotate the pieces they have made to make sure they match
the picture.
Q2. Students have now made four pieces. The requirements say there are seven total
pieces, so there are three pieces missing.
Answer: Three.

Put together four pieces of the Soma Cube puzzle

10 min

Q3. Student put together the four pieces they have into a partial Soma Cube. This activity
helps with visualization and spatial reasoning.
Circulate:
• Encourage students to keep the partial puzzle within a 3 by 3 by 3 shape.
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•

Ask them to visualize the unit cubes that are not there. Ask them to imagine how
many unit cubes must go in the empty space to hold the puzzle together.
Q3a. Answer: 12
Q3b. Possible answers:
• I counted the cubes that were missing, once I put 4 pieces together.
• I added the total unit cubes in the 4 pieces and subtracted from 27.
• Three 4-cube pieces are missing, so 3•4=12 unit cubes are missing.
• 27 unit cubes – 15 already used = 12 more unit cubes needed.

Make the remaining three pieces of the puzzle

15 min

Q4. Circulate:
• The first missing piece found is usually the L.
• Student might find hard to find two pieces, S-shape and the mirror image of
the piece Yesi found.
• Remind them to look at the piece they made as the piece that Yesi found.
• To check if they have made duplicates of pieces, have them rotate pieces and
compare.
• Once they have all seven pieces, tell them to try to put the puzzle together.
• Note that as students rotate 3D objects, they are engaged with spatial
reasoning.
Q5. Students mark off the requirements they have met.
• They may need to remake some of the pieces to meet all the requirements.

Find the volume of the Soma Cube puzzle multiple ways

5 min

Q6. Students first find the number of unit cubes that make up the puzzle. They may:
• use the pieces to count the cubes: multiply 6•4=24 and add 3 to get 27.
• see there are 3 layers of 9 cubes. 3•9=27.
• use the formula for volume of a cube. 3•3•3=27. This is not required knowledge at
this stage.
Encourage students to use at least two different ways.
Q7. Explain that since the unit cube has "one cubic unit" of volume, we can use the cube
to measure the volume of the shapes in the Soma Cube puzzle.
• Note: the units are given here, which models the need to state units when
expressing volume.
Answer: 27 cubic units

Read the volume definition in the box

10 min

Introduce students to the concept and vocabulary of volume:
• Explain that the volume of the Soma cube is the amount of space it takes up.
Q6. Students find the number of cubes that make up the puzzle.
Q7. Students express the measure of volume of the Soma Cube, using cubic units.

Good place to end the lesson or transition

20 min

Ask your mentor
© TERC 2020

G5 Module 2 Teacher Notes

6

Explain to students who mentors are and their role.
Students communicate with mentors via https://mpact3d.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.
Set expectations with your students about what conversations with mentors should be
like— what is and what is not acceptable.
• Stay on topic.
• Be polite (of course).
• Don’t share personal information such as phone number.

Mathematics Exploration: Find volume of 3D shapes

25 min

Q8. Students find the volume of shapes that are not cubes.
• Students can count the visible cubes since all the unit cubes can be seen.
Students can build the shapes with linking cubes to check their answers.
• This sets students up to later solve volume problems where not all the unit cubes
are visible.
Answers:
a. 6 cubic units
b. 6 cubic units
Discuss what is in the definition boxes. Explain:
• A unit cube usually has side length 1. Here it is 1 cm.
• Show the two ways to write cubic cm or cm3
• Point out the difference in units: cm for length, cm3 for volume.
Q9. Students find the volume of cubes made of cubes. Note the correct way to denote
units below:
Answers:
a. 8 cubic cm
b. 64 cubic cm
Q10. Possible answers:
• I count how many unit cubes are at the bottom layer first and then multiply it by the
number of layers.
• I count how many cubes are in rows and columns in the top layer and multiply them
to get the number of unit cubes for the top layer and then multiply it by the number
layers.
• I multiply 4 • 4 • 4.

© TERC 2020

G5 Module 2 Teacher Notes

7

Design the Soma Cube Puzzle

(2 lessons) 95 min

Goals
Design and Making
Design the puzzle pieces in Tinkercad.
Share challenges, support each other, and learn insights
from others in solving problems.

Math
Measure side lengths in cm and mm.
Convert between cm and mm.
Find volume using standard measurements.

Spatial Reasoning
Interpret manipulable 2D objects as 3D objects.

Computational Thinking
Present algorithms for finding volume of a cube.
Recognize that a large cube is composed of arrays of unit cubes.
Debug problems in making sure the unit cubes fit together without a gap when making pieces.

Materials
•
•

Tinkercad
Rulers

Before the lesson
Make sure your students all have Tinkercad accounts and can access them.
Get the size of the printer bed in advance.
If you are running short of time, simply tell students that cubes must be 1 cm3, and skip
Q1-3. Have them make this size cube in Tinkercad by converting from cm to mm.
(Millimeters are the default unit in Tinkercad.)

Review additional design requirements

10 min

Read and discuss the requirements together.
Then students can answer Q1-Q3.
Q1. Answer: 3 cm by 3 cm by 3 cm
Q2. Answer: 30 mm by 30 mm by 30 mm
Q3. Answer: 1 cm by 1 cm by 1 cm; 10 mm by 10 mm by 10 mm

Make seven pieces of Soma Cube Puzzle in Tinkercad
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Q4–5. Students use Tinkercad and spatial reasoning to complete all seven puzzle pieces.
Students may not make the two mirror-image pieces that are different. Remind them of the
activity, Helping Yesi. Encourage them to check pieces by rotating them or looking at them
in different views.
Ask:
• Were there places you got stuck when using Tinkercad?
• 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?
Optional: Have students measure the size of the print bed, so they will know if the pieces
they make fit onto it.

Good place to end the lesson or transition

30 min

Find volume
Before Q6, lead a whole class discussion using the Tinkercad designs.
• Show two distinct 4-cube pieces (with same size unit cubes) from Tinkercad.
• Ask if their volumes are the same.
• Some students might think that the two pieces have different volumes because they
are different shapes. Challenge students to explain why they think they have the
same or different volumes, until they notice that both have the same number of
same sized unit cubes.
• Show the same two pieces from different students (with different size unit cubes)
in Tinkercad and ask if their volumes are the same.
• If students say that two pieces have the same volume because they are made of the
same number of unit cubes (by counting only) draw attention to the size of unit
cube from different student designs.
• Have them find the volume of the pieces, using cubic units.
Q6. Answers will vary, depending on what students did in Tinkercad.
Possible answers when unit cube has the side length of 10mm: To find volume,
• Find the volume of a single cube, which is 1000 cubic mm, and multiply it by 27,
the number of unit cubes.
• Add up the length of each cube to get the length of each side and then cube that
number. Point out that this method relies on the formula for volume (V=s3). Or,
• Multiply 30mm by 30mm by 30mm.
Encourage the students to compare the methods they used to find the volume of the whole
Soma Cube puzzle. The second method is using the formula for volume.
Point this out to students, and write the formula in words and symbols:
• V = s3
• The volume of a cube is the length of its side, cubed.
The units to use are cubic units.

10 min

Reflect and Celebrate
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Students report on successes and challenges. Make it a celebration!
Encourage positive norms for discussion.
Ask:
• What do you like about designing with Tinkercad?
• What was successful about designing with Tinkercad?
• What challenges did you have with Tinkercad?
• Any strategies that worked well?
Ask about math, CT, and spatial reasoning they have used so far.
• How did Tinkercad’s measurements compare with what you did on paper? (mm vs.
cm). Did you convert measurements?
• Did you estimate or measure precisely and why?
• Did you decompose your design?
• Did you make an algorithm?
• Did you imagine rotating an object, then do it?
If time, students can revise their designs (another day).

10 min

Ask your mentor
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

(2 lessons) 90 min + print time

Goal
Design and Making
Check Tinkercad designs to decide if that will print,
well before printing occurs.

Math
Solve problems about volume.
Match volume of different shapes.

Spatial Reasoning
Rotate complex shapes mentally to decide if they are
“the same” and to put together a puzzle.
Imagine different shapes that meet the same
constraints.

Computational Thinking
Debug Tinkercad designs and their print to make
improvements in their design.
Create algorithms for finding volume.

Materials
•
•
•

Tinkercad
Printer software (for teacher only or for students)
Linking cubes

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

Before you print
Print one Soma Cube puzzle from each group of four students. (The seven Soma Cube
puzzle pieces with 1 cm3 unit cubes will take about 60 minutes to print.) OR
Print only one or two Soma Cube puzzles so students can see the final product (one that
printed well; one that did not), move on and print the remainder as you have time.
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Giving peer feedback and getting ready to print

15 min

Q1. Each group of four students chooses one model of the pieces in Tinkercad to print.
• Students debug their designs. Have them check the model with the constraints again.
Have them check for “overhangs” that can slow down printing by requiring supports
to be printed—or could make the piece collapse.
• Students should work on the next pages while printing is being done, which may take
a day or so.

Brain Teaser: Mentally rotate 3D shape

10 min

Q2–3. Students develop spatial reasoning skills as they rotate the shapes mentally, look for
patterns, and determine if the shapes are the same or not.
Circulate and
• Encourage students to make an initial guess and then explain why their
answer is right.
• Students can analyze the target shape and find out how some shape can’t be
same as the target shape.
• If students have difficulties, encourage them to check with linking cubes.
Answer: M. If you rotate the target shape upside down, it shows M.

Mathematics Exploration: Find volume

20 min

Q4. One example is a sufficient justification of the answer, “yes”
Sample answer:
• The cube with each side 3 units has volume 27 cubic units
• The flat box with dimensions 3 units by 9 units by 1 unit also has volume 27 cubic
units.
• The answer “no” is more challenging to justify.
• As they search for how to explain their answer, they are likely to find support for
the answer “yes” instead.
• Encourage revised thinking.
Q5. Answer: The target object, K and L are each composed of 8 unit cubes.
Q6. Possible answers:
• I counted the cubes (K requires counting cubed that cannot be seen in the
diagram).
• I cubed the side length in K and multiplied 2•4 for L
• M has 2•4•2 unit cubes, which is not the same as the target object.
Q7. Answer: a. 7 cubic units; b. 15 cubic units; c. 10 cubic units.
Discuss different strategies for how to find volumes, such as different ways to efficiently
count unit cubes to find volume, using the formula, or a combination.
a. Students may recognize that the shape is made of 2•2•2= 8 unit cubes with one
missing. therefore, the volume is 8 – 1 = 7 cubic units.
b. Some students might count by row or column, which increases by 1.
Q8. Answer: 8000 cubic mm.
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•
•

Students can find the volume is find the volume of a little cube first (125 cubic
mm) and multiply it by the number of little cubes making up the large cube
(4•4•4=64).
Students can find the side length of the large cube, by multiplying 5mm × 4 =
20mm and multiply 20mm × 20mm × 20mm= 8000 cubic mm.

Good place to end the lesson or transition

Assemble the printed Soma Cube puzzle

15 min

Note: If you only print two puzzles, make this a whole class activity and have students later
share the puzzle to put it together.
Q9. Putting together the puzzle requires a lot of spatial reasoning. There are 240 solutions.
• Students will vary in their initial ability to put together the Soma Cube. You may
find they persevere, though.
• Circulate as they try.
Circulate and ask:
• Think of the Soma Cube in 3 layers. Do some pieces need 2 layers to fit? How
does that help you?
• Think of a simpler case. Can you make only one layer completely filled
without anything sticking out?
Note: Deciding whether two puzzles are put together differently is another
spatial reasoning task.
Q10. Probe students’ thinking about differences between what they expected and what
happened. Treat these differences as a positive opportunity to learn.
Q11. Encourage students to consider the practical constraints of the printer—bed size, how
the pieces are oriented, for example.

OPTIONAL: Ask your mentor

10 min

Have students share their final results with the mentor. Share pictures if they are available.

10 min

Reflect and Celebrate
Congratulate students for making a Soma Cube puzzle.
Ask them what math, spatial reasoning, and computational thinking they learned.
Make sure they cover:
Math (all 5th grade standards)
• How to find volume in different ways
• How to measure volume in unit cubes and in other cubic measures
• How to convert between mm and cm
Spatial reasoning
• How to rotate objects in their mind to decide if they are the same
• How to interpret drawings of 3D objects
Computational Thinking
• Create algorithms (for calculating volume).
• Take objects apart (decomposition).
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