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Deeper Learning with Sprout Pro by HP 
An important goal of educational researchers working with teachers to improve education is to foster deeper 
learning by engaging students in direct contact with natural materials and physical phenomena. This community 
is looking to increase understanding of essential concepts and develop students’ skills by offering new forms of 
classroom interaction with ideas and objects. In this white paper, we will examine the potential for Sprout Pro to 
enable approaches that have been demonstrated to enhance students’ STEM (science, technology, engineering, 
and mathematics) learning. For example, research has shown it is important to enable students to explore 
spatial relationships, work with 3D models, and measure distances between real objects. Outlined here are 
some of the affordances of Sprout Pro technology that can support learning, drawing on examples of several 
classroom projects designed to be done using Sprout Pro.

Flexibility 
Teachers can use Sprout Pro to engage students individually, in pairs, in small groups, and as a whole class. In 
small groups, students can work simultaneously with the multitouch mat to collaboratively create projects. For 
example, in My Neighborhood, Elementary Grades school students can discuss and arrange objects to represent 
familiar landmarks on a map of their neighborhood. For whole classes, Sprout Pro projection feature can be 
used to facilitate the display of student work that can be altered or enhanced by contributions from all students 
to create a collaborative evolving project.

4  
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Practicing Core Competencies of STEM Learning
The projects in this handbook utilizing Sprout Pro are designed to promote the development of core 
competencies important to STEM learning. One such competency is problem solving, which is important to 
further both conceptual understanding and procedural skills in STEM (Hiebert et al., 1996). Another core 
competency for STEM learners is creativity, including the ability to take different approaches to problems 
(Garrett, 1987; Solomon, 2000). Communication skills are also important to STEM learning (Bell, 2010), in 
particular, representing complex ideas visually to convey ideas. Finally, today’s STEM learners need to know how 
to work collaboratively (Driver, Newton, & Osborne, 2000; Duschl & Osborne, 2002; Minner, Levy, & Century, 
2010). The diverse forms of input possible with Sprout Pro beyond the single-user mouse and keyboard afford 
opportunities for students to work collaboratively. 

Two projects highlight the opportunities for students to practice problem solving, creativity, communication, 
and collaboration. In the Deep Sea Life Collage project, students work together in groups to research deep sea 
life and develop an understanding of the characteristics of deep sea organisms that make them suitable for 
that specialized habitat. They use that understanding to design their own deep sea organism and create an 
artistic expression of the creature. They use the app, Create, to make collages of both the real sea organisms 
and their own designs. In a similar project for older students called A Sea Habitat Collage, students research sea 
life and use the knowledge they gain to create a collage of images of organisms to the appropriate scale and to 
understand the functions of different parts of the organisms. Students can work on the touch mat together in 
both projects, and need to communicate to best do this. 

Working with Tangible Objects and Developing  
Spatial Reasoning 
Working with both tangible objects and their 2D and 3D representations is important for young students. 
Cognitive scientists have argued that abstract concepts develop through concrete sensorimotor experiences 
(e.g., Nunez, Edwards, & Matos, 1999). This research suggests that young learners are better able to understand 
and integrate knowledge about abstract concepts when they can connect the concept to physical experiences, 
like manipulating, moving, or transforming 2D and 3D objects. The range of objects that students can interact 
with and manipulate in a classroom setting becomes greatly expanded when technology like Sprout Pro is used. 

In particular, mathematical thinking emerges from the experience of interacting with the world by touching and 
manipulating physical objects and with body movement. Citing the theory of embodied cognition, mathematics 
education researchers have recently recognized the benefit of multi-touch technologies with dynamic 
environments for providing an important opportunity for mathematical learning (Bruce, Sinclair, Moss, Hawer, & 
Caswell, 2015). Multi-touch technologies enable students to touch digitally represented figures and visually see 
the effect of their physical action on the figures’ orientation and transformation. Through visualizing movement 
in space, students develop spatial and geometric reasoning. 
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Several projects in this handbook are designed to provide opportunities for students to work with and 
manipulate tangible objects. For example, in three projects students develop Stop Motion animations that use 
tangible objects to help them explore and communicate about STEM concepts. Using Stop Motion, students can 
create simulations of the mathematical and scientific phenomena of motion. By attempting to demonstrate 
specific motions using animation, students have a physical and visual experience of mathematical ideas, such 
as rate of change, as well as scientific ideas, such as action and reaction. In Animating Exponential Growth, 
students can develop understanding of the mathematical concept of exponential function not only through 
traditional mathematical methods, but also through their attempts to visually represent such growth within 
the constraints of the Stop Motion screen. In Animating Motion, students can develop their understanding of 
repeating motion through scientific and mathematical lenses and also through visual artistic expression. In 
Animating Characters, students can develop and use their understanding of rate, ratio, and scale to create 
accurate animations of characters in motion.

Using 2D Representations of 3D Objects 
Research indicates that students often have difficulty working with 3D objects as they are accessed and 
taught through 2D representations (Francis & Whiteley, 2015). Making connections between 3D and its 2D 
representation is not straightforward so early exposure is crucial for learners in developing advanced spatial 
reasoning skills.

In the Game Design project, students create 3D models of game pieces that are related through common design 
elements that can be expressed mathematically as well as visually. Students can use tangible objects from their 
homes or classrooms as starting points in their design and then use multi-touch technologies to manipulate the 
design to develop their pieces.

Connecting Learning Across School Subjects
Leveraging students’ ability to model, create, and interact with objects both physically and digitally, the features 
included in Sprout Pro can extend the ways students can explore, create, design, test, refine, and connect 
ideas across the curriculum. These features can enable deep exploration of objects from the real world. 
Multidisciplinary projects designed to take advantage of these features can engage students in personally 
meaningful and locally relevant problem solving and innovation activities. The projects in this handbook are 
designed to draw on a broad range of students’ skills and ideas and contribute to a learning environment that 
reflects multidisciplinary, collaborative and professional STEM work practices. 

For example, in the Our Neighborhood project, students create maps of their neighborhood showing basic 
spatial relations and annotate the maps with icon objects from locations of personal importance. In Our School, 
students annotate maps of their school with objects of importance for each room. They use scale, ratio, and rate 
to design and time tours around the school. In both projects, math topics are integrated with the social studies 
topic of understanding and using cartography principles.
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STEAM: Integrating the Arts and Design Thinking into STEM  
in a Meaningful Way
STEM plus the arts equals STEAM. Most of the projects designed for Sprout Pro address important arts standards 
included in interdisciplinary STEAM goals. For example, 3D computer-assisted drawing (CAD) can facilitate 
students’ expressions of STEAM thinking and creativity, and learning about single-point perspective in Collage 
Perspectives provides an ideal lead-in to the geometric concept of similarity. Chang’s study (2014) demonstrated 
that creative performance was particularly enhanced in aesthetic aspects when students used 3D CAD to design 
and express their spatial thinking. When students use tools that assist them in the difficult tasks of imagining, 
drawing, and transforming a 3D object, they are likely to develop creative and design thinking skills. 

In the Design a Game Set project, the 3D models that students create can engage their own creative interests and 
design skills while they are constrained by materials, scale, and logistical concerns (i.e., seeking balanced objects 
that stand up). Students can use 3D Builder to explore different designs and iterate on their original ideas.

Project-based Learning
Well-designed problem- or project-based learning experiences can support students’ STEM learning, help 
students develop understanding of why they are doing what they are doing, and engage students in reflective 
thinking on their process (Barron et al., 1998; Barrows, 1996; Savery, 2006; Strobel & van Barneveld, 2009).  
All the projects in this handbook have students carry out inquiry, give them enough autonomy to develop  
and understand their own approaches, and require them to conduct self-assessments along the way.  
In The Gift Box challenge, students figure out how to minimize a package size, and they can monitor  
their own progress by using 3D Builder to determine whether their design meets given criteria. 

Conclusion
Sprout Pro affords opportunities for students to engage in inquiry learning collaboratively  
and creatively while working on projects that unite the tangible and digital worlds.  
These opportunities hold great promise for developing students’ core competencies  
while also deepening their understanding of core concepts from a range of academic  
disciplines. The projects in this handbook illustrate some of what is possible when  
using the features of Sprout Pro to engage with specific school content and skills.

Learn more about Sprout Pro and access an array of  
learning resources at hp.com/go/sproutforlearning.

http://www.hp.com/go/sproutforlearning
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Animating 
Motion

Elementary Grades | Ages 6–10
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Standards addressed 
Science
• Identify and measure repeating motion in order to predict future motion, which 

includes two children on a seesaw.

Arts
• Create content and combine components to convey expression, purpose, and meaning 

in a variety of media arts productions.

Animating 
Motion
Teacher guide 
Elementary Grades 
Ages 6–10



Prepare for your project 
Materials
A wide range of materials could be used for 
this activity. The materials used in the specific 
activity outlined below are the following:

• Demonstration of motion—cardboard for 
the lever, a glue stick for the fulcrum, tape 
and binder clips of two different weights

• Stop-motion movie—a cardboard 
rectangle for the lever, a glue stick for the 
fulcrum, one small and one large binder 
clip, sticky notes for the floor

Students may come to decisions about 
additional materials, but if they do not, you 
can provide low-cost materials for open-
ended use such as soup cans, paper towel 
tubes, empty spools of thread, ice pop sticks, 
hot glue, toy balls, rigid cardboard, and 
modeling clay.

Sprout Pro resources
• Stop Motion app

Resources
• Search the Internet for videos on making 

flip book stop motion animations.

• Students may need to know more about 
levers. Search the Internet for videos on 
how a lever works. 

What to do in advance
Before this project, demonstrate an object 
moving with predictable motion and elicit 
from your students a few examples of 
predictable motion, such as a ball rolling 
down a hill, riding bikes, or swinging on 
swings. Talk about how this motion can be 
simulated using everyday objects. Brainstorm 
a list of materials that students can bring 
from home.

Animating Motion | Elementary Grades | Ages 6–10 | Teacher Guide  11
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30 
mins.

1
Student prompt
Use the materials your class brought to make a working seesaw. 
After you make the seesaw, place one object on one side of the lever.

• Predict what will happen when you place another object on the 
other side.

• Check your prediction by placing the object.

• Explain what determines the motion.

• Try using objects with different weights and placing objects at different distances from the fulcrum.

How to help 
Help students use a stiff piece of cardboard to act as the lever (e.g., an 8-inch long by 6-inch piece cut from a 
box), an object for the fulcrum (a cylinder like a glue stick taped down to a table works well), and two or more 
objects of different weights to demonstrate the movement of the lever and objects. Also, prompt students to 
experiment with placing objects at different distances from the fulcrum. 
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90 
mins.

2
Student prompt
Use Stop Motion to make a movie of your motion.

Your movie should have three parts: 

1. The introduction of the lever and fulcrum 

2. The motion when an object is placed on one side of the lever

3. The motion when an object is placed on the other side of the lever

How-To

1. Tap Stop Motion.

2. Set up the objects on the touch mat. Start with the floor. Then place the 
fulcrum (the glue stick) and the lever (the cardboard). You will see the 
objects appear on the screen in the Stop Motion stage area.

3. Take a few photos using Frame Grab; these will be the first few 
frames of your movie. You will see these frames appear under 
the stage area.

4. Place the first object onto one side of the lever.

5. Move the object just a little bit and tap Frame Grab again.  
Continue this until you have done the entire motion.

6. Check your work. Press Play to watch the movie that you’ve made so far.

7. Move the objects just a little bit and tap Frame Grab again. Continue this 
until you have done the entire motion.

How to help 
Help students think about where objects would be at different stages of the 
motion. Have them make at least 20 frames to adequately capture the motion. 

• Save your project by clicking on the File menu icon on the top right  
(three lines) and clicking on Save.

• Name your project.

• Export your movie.

2.

3.

5.
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30 
mins.

3
Student prompt
Write a paragraph on how a seesaw works in relation to the weight of objects. Explain how you knew 
where to place your objects as you made the different frames of your movie.

How to help 
Ask: Are there any patterns in your movie? How do you know which side of the lever will go up or down? 
How did you know how far to move the objects for each frame?

• The side with a heavier object will go down

• The heavier the object, the faster the side goes down

Final product
Characteristics

One animation with at least 20 frames demonstrating how a seesaw works.

• Objects with equal weight balance a seesaw

• Objects with unequal weight don’t balance a seesaw

Write-up of how a seesaw works in relation to weight of objects. 
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1
Make a seesaw
Use the materials your class brought to make a working seesaw. 
After you make the seesaw, place one object on one side of the 
lever. 

• Predict what will happen when you place another object on the 
other side.

• Check your prediction by placing the object.

• Explain what determines the motion.

• Try using objects with different weights and placing objects at 
different distances from the fulcrum.

Animating 
Motion
Student Handout 
Elementary Grades  
Ages 6-10
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2
Make a movie
Use Stop Motion to make a movie of your motion.

Your movie should have three parts: 

1. The introduction of the lever and fulcrum

2. The motion when an object is placed on one side of 
the lever

3. The motion when an object is placed on the other 
side of the lever

How-To

1. Tap Stop Motion.

2. Set up the objects on the touch mat. Start with the 
floor. Then place the fulcrum (the glue stick) and 
the lever (the cardboard). You will see the objects 
appear on the screen in the Stop Motion stage area.

3. Take a few photos using Frame Grab; these will 
be the first few frames of your movie. You will see 
these frames appear under the stage area.

4. Place the first object onto one side of the lever.

5. Move the objects just a little bit and tap Frame Grab 
again. Continue this until you have done the entire 
motion.

6. Check your work. Press Play to watch the movie 
that you’ve made so far.

7. Export your movie.

3
Write about it
Write a paragraph on how a seesaw works in relation to 
the weight of objects. Explain how you knew where to 
place your objects as you made the different frames of 
your movie.



Deep Sea Life 
Collage

Elementary Grades | Ages 6–10
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Standards addressed 
Science
• Explain why organisms can live in a particular habitat.

Mathematics
• Find the difference in length of two objects.

• Use multiplication to explain the relationship between two measures.

Arts
• Explore and invent art-making techniques and approaches: line drawings using color.

Deep Sea Life 
Collage
Teacher guide 
Elementary Grades 
Ages 6–10



Prepare for your project 
Materials
• Black construction paper

• Colored chalk or oil pastels

• Students’ notebooks for taking notes and  
drawing sketches

Resources
• The Smithsonian Ocean Portal is a great resource on 

the deep sea at http://ocean.si.edu/deep-sea

• The Deep: The Extraordinary Organisms of the Abyss by 
Claire Nouvian is a good picture book

• Whale Times is an organization that helps youth 
understand the ocean. The Whale Times site includes 
videos explaining the deep sea.

• The MarineBio Conservation Society (MarineBio) 
has the goal of educating the public about sea life. 
They have information on the deep sea, especially 
characteristics of that environment.

• Deep Space Sparkle provides art lesson plans, including 
lessons on chalk drawings.

Sprout Pro resources
• Capture app

• Create app

• Fish & Ships app

What to do in advance
Get images of deep-sea life by using the resources we 
list or others you find. Make sure students have access 
to information about the size of the organism, and how 
it is adapted to life in the deep sea. Plan the lesson so 
that in class you can display an image of the deep-sea 
environment from the resources provided and discuss 
with students its special characteristics: e.g., total 
darkness, extreme cold, and extreme pressure.

Use the Capture app as needed to save physical photos 
into Images. For photos from the Internet, touch on 
your desired image in the browser. Select Copy from the 
menu. Then, tap the touch mat and then select Paste. 
Your image will now be ready for editing in Create. With 
your fish selected, mask any backgrounds using the 
Punch tool under Edit (on the right side of the page).

Deep Sea Life Collage | Elementary Grades | Ages 6–10 | Teacher Guide  19

http://ocean.si.edu/deep-sea
http://www.deepspacesparkle.com/2008/12/11/ocean-chalk-drawings/ 
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30 
mins.

1
Student prompt
Use the resources your teacher gave you to learn about deep sea organisms.

Choose three of the organisms in Images, answer the following questions:

1. What is the size of the organism? 
2. What makes it well suited to living in the deep sea?

How to help 
Have students do this in small groups. Make sure students can match the image in 
Images to the description of it in the resources. 

• For question 1, have them record length measurements.

• For question 2, have them write two sentences about its adaptations.
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60 
mins.

2
Student prompt
Design your own organism that can live in the deep sea.

• Sketch it on plain paper.

• Draw a final version with chalk on black paper.

• Write a paragraph about your organism, including 

• Its size (with units)

• Why it is suited for living in the deep sea

How to help 
Have students do sketches on regular paper before drawing their creature on black paper. Use 
Capture to make images and edit out the backgrounds using the background tool, and place them 
on one black background in the Create app. Have students help you size them correctly using the 
information they gave (use the same thumbs up for a “make larger” signal and language of “times 
longer”, “cm longer than.”) Ask students how their organism is suitable for darkness, pressure, 
and cold. Students should include a paragraph about their organism, including its size and why it is 
suitable for living in the deep sea habitat.

A designed 
deep-sea fish
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60 
mins.

3
Student prompt
With the whole class, place your organisms in the sea.

• Use Capture to add a photo of your drawing into Images.

• Swipe images of your organisms from Images to the class project in Create. 

• Change sizes to show how big or small your fish is in comparison to others.

How to help 
Prepare by tapping Create and making a black background with the Paint tool or by 
scanning the black paper students will later use. Have students come up to Sprout Pro 
one group at a time to place their organisms. Help students think about relative sizes in 
terms of multiplication (3 times as long) and addition (20 cm longer). Their 3 organisms 
should be approximately sized appropriately—no need for perfect accuracy. Have the 
rest of the class use hand signals (thumbs up for bigger) to help those at Sprout Pro. 
Make sure that there are two organisms that are correct in relation to each other to help 
students with comparing other organisms to them. 

Placing fish in the sea
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60 
mins.

4(Optional)

Student prompt
Try your sea organisms in the Fish & Ships app to 
watch them move. It’s not exactly like the deep sea, 
but it’s fun. Why would your organisms not do very 
well in the regular sea?

• Tap Fish & Ships.

• Tap Fish.

• Place your drawing on the touch mat and follow the 
instructions to scan it and remove the background. 
When you are done, it will appear to swim in the 
sea on the screen.

Final product
A deep sea collage, with student-drawn sea 
organisms placed in approximate accurate scale to 
the sizes they dictated in the paragraphs about their 
organism. 

Two paragraphs about their organism that includes: 
why real organisms are suited to the deep sea 
environment and why the imaginary sea organisms 
are also well suited.

In progress. Students adding their resized 
fish to the deep sea.



24

1
Research 
Use the resources your teacher gave you to learn about deep sea organisms.

Choose three of the organisms in Images, answer the following questions:

1. What is the size of the organism?

2. What makes it well suited to living in the deep sea?

Deep Sea Life 
Collage
Student Handout 
Elementary Grades 
Ages 6-10
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A designed deep-sea fish

Placing fish in the sea

2
Design an organism
Design your own organism that can live in the deep sea. 

• Sketch it on plain paper.

• Draw a final version with chalk on black paper.

• Write a paragraph about your organism, including 

• Its size (with units)

• Why it is suited for living in the deep sea 

3
Place your organism in  
the sea
With the whole class, place your organisms in the sea.

• Use Capture to add a photo of your drawing into 
Images.

• Swipe images of your organisms from Images to 
the class project in Create.

• Change sizes to show about how big or small your 
fish is in comparison to others.



4(Optional)

Fish & Ships
Try your sea organisms in the Fish & Ships app to watch them move. It’s not exactly like the deep sea, but 
it’s fun. Why would your organisms not do very well in the regular sea?

• Tap Fish & Ships.

• Tap Fish.

• Place your drawing on the touch mat and follow the instructions to scan it and remove the background. 
When you are done, it will appear to swim in the sea on the screen.

26  Deep Sea Life Collage | Elementary Grades | Student Handout



Our Neighborhood 
Elementary Grades | Ages 6–10
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Standards addressed 
Social studies
• Demonstrate understanding that maps are tools to help us find where we are and 

where we are going.

• Identify the location and features of places in the immediate neighborhood of the 
student’s home or school.

• Interpret maps, including the use of map elements to organize information about 
places and environment.

• Bonus: Locate cardinal directions (i.e., north, east, south, and west) 
and apply them to maps and globes.

Arts
• Identify, describe, and visually document places and/or objects of personal 

significance.

Our  
Neighborhood 
Teacher guide 
Elementary Grades 
Ages 6–10



Prepare for your project
Materials
• Artifacts gathered from different locations in the school’s neighborhood

• Plastic bags for artifacts

• Student notebooks for taking notes on the field trip and when doing research

• Information on historical buildings or other buildings of interest in the neighborhood

Resources
• The National Geographic has information on age-appropriate map making.

• Mapmaking with Children: Sense of Place Education for the Elementary Grades Years by David 
Sobel is a book of hands-on mapping activities for Elementary Grades school students.

Sprout Pro resources
• Create app

What to do in advance
Scout out locations potentially important to students in the school’s neighborhood and consider 
what artifacts they will be able to take with them and what they will need to take photographs of. 

Show students simple maps and point out that they are top-down flat representations of the 
3Dimensional world. 

Ask students about the purposes of maps—finding your way around, learning about your 
surroundings, determining distances, documenting what’s there. 

Our Neighborhood | Elementary Grades | Ages 6–10 | Teacher Guide  29
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120-180 
min. field trip

90 
mins.

1
Student prompt
Visit your neighborhood and collect 
objects or photos from each place that is 
important to you.

How to help 
This will need to be done in a whole group 
unless you have parents/aides to take 
charge of small groups of students. 

Assign roles to students such as 
photographer, object collector, note taker, 
rough map maker. 

Provide plastic bags to contain objects 
separately. 

Optional: At each stop, point out to 
students N, S, E, and W. Have them name 
what direction they are walking as they 
go from one location to the other.

2
Student prompt
Use Sprout Pro Capture app to take a 
snapshot of your found objects. 

• Tap Capture, put the objects or papers 
on the touch mat, select Object Scan, 
and tap Capture.

How to help 
You can do some of this for students in 
advance to cut down on waiting time.
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120 
mins.

3
Student prompt
Make a map of your neighborhood.

• Tap the Create app, and swipe a 
rectangle from Image Gallery (Images/
Sample Images) to the touch mat to use 
as a city block on your map. Resize the 
block as necessary. (For neighborhoods 
that don’t have square blocks, use the 
Punch tool under the Edit menu to cut 
out the right shape.)

• Save your project using the name of  
your team. 

• Copy and paste using the Clipboard 
menu to make your blocks, and then 
arrange them on the screen. The spaces 
between blocks are streets.

• Swipe your images from Gallery 
(Images/Captured Images) to the touch 
mat and shrink them to fit onto their 
locations. Place the images on the map 
at the correct locations.

 
How to help 
Optional: Students can draw maps on 
paper and scan them in. Then you can do 
steps 2 and 3 at stations. You can create 
the underlying map if the shapes are 
complicated.

Have students work together at the touch 
mat, collaboratively arranging the images.

Help students draw their map by asking 
questions such as these: 

• What was between the school and the 
park? 

• Can you show that on the map? 

• Which feature was farthest from the 
school?

Once students have started their projects, 
prompt them to save them, by default in 
the Projects folder.

City blocks in Create Images of objects placed in Create



4
Student prompt
Add details to your map. Put in street 
names and other places that you did not 
collect objects from. 

• In Create, tap the Text button, type in 
street names, and then place them on 
the appropriate streets.

• Add premade images or shapes 
from Gallery for other locations you 
remember but where you did not collect 
objects.

How to help 
Ask students to remember what 
connected one place to another. You can 
have them draw in Create or use premade 
shapes from Gallery to represent other 
buildings they remember from their walk.

32  Our Neighborhood  | Elementary Grades | Ages 6–10 | Teacher Guide

60 
mins. 

30 
mins.

Street labels in Create

5
Student prompt
Using the resources your teacher 
provided, find information on another 
special place in your neighborhood. Place 
it on the map. Don’t forget to Save.

How to help 
Provide resources on the history or 
special features of a building or buildings 
in the neighborhood. Help students read 
and understand the material. 
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45 
mins,

6
Student prompt
Design a tour on your map.

• In Create, tap the Paintbrush, choose a painting tool and select a color. Then use your finger to 
draw your tour, which is a line that shows people where to walk.

• Write a paragraph describing the tour and print it out.

How to help 
Ask students to imagine taking a newcomer on a tour through the neighborhood by using the map. 
Help them plot the tour on the map and then write a paragraph describing what the newcomer will 
see as they take the tour. Ask the students to include the additional special place on the tour and 
add what they learned about it to their write-up.

A tour in Create
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30 
mins. 

30 
mins.

7
Student prompt
Share your map.

• Title your map and put your names on it.

• Print and display your map and tour 
paragraph in the school.

How to help 
Arrange for students to print their maps 
and tours and display them on a bulletin 
board in the school. 

8
Student prompt
Where in your city is your neighborhood?

Where in the country is your city?

Where in the world is your country?

How to help 
Provide students with appropriate maps 
or a globe to answer each question. They 
can add specifics such as latitude and 
longitude or other measurements, as 
appropriate. 

Final product
A map with at least four features 
and artifacts arranged in the correct 
relationship to one another. Relative 
size can be indicated by the shapes, but 
spatial relationships among locations are 
more important at this stage in learning 
about maps.
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1
Neighborhood field trip 
Visit your neighborhood and collect objects or photos from each 
place that is important to you.

2
Neighborhood field trip 
Use Sprout Pro Capture to take a snapshot of each object. For 
different objects or photo print outs:

• Tap Capture, put the object or paper on the touch mat, select 
Object Scan, and tap Capture.

Our 
Neighborhood 
Student Handout 
Elementary Grades 
Ages 6-10
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3
Make a map
Make a map of your neighborhood.

• Tap the Create app and swipe a square from 
Image Gallery to the touch mat to use as a city 
block on your map. Save your project using the 
name of your team. (For neighborhoods that don’t 
have square blocks, use the Punch tool to cut out 
the right shape.)

• Copy and paste to make your blocks, and then 
arrange them on the screen. The spaces between 
blocks are streets.

• Swipe your images from Gallery to the touch mat 
and shrink them to fit onto their locations (like 
putting an apple on a grocery store location). Place 
the images on the map to show how their locations 
are related.

4
Make a map
Add details to your map. Put in street names and 
other places that you did not collect objects from or 
take photos of. 

• In Create, tap the Text button, type in street 
names, and then place them on the appropriate 
streets.

• Add premade images or shapes from Gallery for 
other locations you remember but where you did 
not collect objects.
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5
Additional Research
Using the resources your teacher provided, find 
information on another special place in your 
neighborhood. Place it on the map. 

Don’t forget to Save.

6
Additional Research
Design a tour on your map.

• In Create, tap the Paintbrush and select a color. 
Then use your finger to draw your tour, which is a 
line that shows people where to walk.

• Write a paragraph describing the tour and print it out.

7
Share
Share your map.

• Title your map and put your names on it.

• Print and display your maps and tour paragraphs  
in the school.

8 (Optional)

Where I live
• Where in your city is your neighborhood?

• Where in the country is your city?

• Where in the world is your country?
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Structured Light: 
Learning to 3D Scan

Upper Elementary to Lower Secondary Grades  |  Ages 9–13 
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Standards addressed 
Technology
• Apply current knowledge to understand new technologies.

• Troubleshoot systems and applications.

Structured Light: 
Learning to  
3D Scan
Upper Elementary to  
Lower Secondary 
Grades 
Ages 9–13 



Prepare for your project 
Materials
• Transparent plastic or glass cups, one per pair of students

• Masking tape, paper, rubber bands for covering cup

• Textbooks (of any type, to stack on desk)

• Flashlights, one per pair of students

Resources
• Video on 3D scanning Scanning Using the 3D Capture Stage on Sprout by HP 

 https://www.youtube.com/watch?v=UgkIL6NnnpI or a visual diagram that explains 
structured light and its use in 3D scanning

Sprout resources
• 3D Scanner

What to do in advance
Gather supporting materials on structured light, either a video or graphics that show the 
process of using structured light for 3D modeling. Prepare materials for the two parts of the 
lesson: 

1. learning the basics of structured light through using a ruler and flashlight to see how objects 
cause shadows’ lines to bend and 

2. covering a clear cup to make it scannable. 
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50 
mins.

1
Student prompt
Your ruler and flashlight can be used to create a straight line of light and shadow. 

• Shine the flashlight onto your ruler. Notice that the edge of the ruler makes a straight-line shadow. 

• Point your flashlight/ruler onto your desk. You should see a line on your desk where the light meets the 
shadow. 

• Take three textbooks and add them to the desk one at a time, each time pointing your flashlight/ruler line at 
the book. 

• Notice the changes in the shadow line as your stack of textbooks gets higher. 

How to help 
Be prepared to help students see how a shadow’s line changes on the desk as they add textbooks. The lower 
the stack, the easier it is to believe you are looking at a straight line, even when the line itself is actually bent. 
Extend the learning by asking students to explore what happens to the line when curved objects are used 
instead of textbooks (for example, a ball) or by having pairs of students project their ruler/flashlight lines onto 
different areas of the same object.
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25 
mins.

2
Student prompt
Recall what you learned about the changes to the shadow line when you 
pointed a flashlight on your textbooks. Keep this in mind as you learn 
how to 3D scan an object using Sprout Pro. 

• Predict what will happen when you project your ruler/flashlight line 
onto a plastic cup. What will the line look like? Use your ruler and 
flashlight to make a shadow line on the cup and write down what you 
notice.

• Watch a demonstration of how 3D Capture works on Sprout Pro. 
How does the way the scanner works compare to your flashlight 
experiments?

• With your classmates, brainstorm a list of the types of surfaces that 
will be best and worst to scan. Think about transparency, depth, color, 
and texture. 

How to help 
In step 1, students explored how to create a shadow line that molds to 
the contours of an object. In step 2, students will learn that Sprout Pro 
and 3D Capture rely on many of those shadow lines in various patterns 
to collect information about the shape of the object being scanned. 

Begin the lesson by showing the video of how to 3D scan using Sprout 
Pro. This video mentions the best types of surfaces for scanning, but it 
does not explain why they are the best. Your class or group discussions 
should help describe why different surfaces are better than others for 
scanning.

After they experiment with the plastic cup, demonstrate how 3D 
Capture works so that all the students can see the patterns of light that 
are used in the scan. The scan is done using structured light and you can 
introduce this term to students. A complete scan is not necessary. Then 
encourage student conversations and predictions about what makes for 
ideal and less ideal conditions for 3D scanning—for example, why very 
dark or very light colors might make scanning difficult and why different 
textures might scan better than others. 
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50 
mins.

3
Student prompt
Use the materials your teacher has supplied to modify your 
transparent cup so that it will scan well. 

When your cup is ready, use 3D Capture to see if it does produce 
a good 3D scan. 

How-To

1. Tap or double-click 3D Capture.

2. Watch the Automatic Scan & 3D Capture Stage tutorial.

3. Set up the object on the 3D Capture Stage.

4. Follow the directions on the screen to create a 3D scan.

5. Use Export as .obj to export the 3D scan.

How to help 
The scanning can take a while, so be patient as you use the 
capture stage. If time is an issue, have a class discussion about 
the different cups and vote on the best one to 3D scan.  

Final product
A 3D image that preserves the size and shape of the  
scanned cup. 



1
Learning about shadows 
Your ruler and flashlight can be used to create a straight line of 
light and shadow. 

• Shine the flashlight onto your ruler. Notice that the edge of the 
ruler makes a straight-line shadow. 

• Point your flashlight/ruler onto your desk. You should see a line 
on your desk where the light meets the shadow. 

• Take three textbooks and add them to the desk one at a time, 
each time pointing your flashlight/ruler line at the book. 

• Notice the changes in the shadow line as your stack of 
textbooks gets higher. 

Structured Light: 
Learning to  
3D Scan
Student Handout 
Upper Elementary to Lower  
Secondary Grades  
Ages 9–13
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2
See how Sprout Pro 
uses shadows
Recall what you learned about the 
changes to the shadow line when you 
pointed a flashlight on your textbooks. 
Keep this in mind as you learn how to 3D 
scan an object using Sprout Pro. 

• Predict what will happen when you 
project your ruler/flashlight line onto a 
plastic cup. What will the line look like? 
Use your ruler and flashlight to make a 
shadow line on the cup and write down 
what you notice.

• Watch a demonstration of how 
3D Capture works on Sprout Pro. 
How does the way the scanner 
works compare to your flashlight 
experiments?

• With your classmates, brainstorm a 
list of the types of surfaces that will be 
best and worst to scan. Think about 
transparency, depth, color, and texture. 

3
Make your cup easier 
to 3D scan
Use the materials your teacher has 
supplied to modify your transparent cup 
so that it will scan well. 

When your cup is ready, use 3D Capture 
to see if it does produce a good 3D scan. 

How-To

1. Tap or double-click 3D Capture.

2. Watch the Automatic Scan and 3D 
Capture Stage tutorial.

3. Set up the object on the 3D Capture 
Stage.

4. Follow the directions on the screen to 
create a 3D scan.

5. Use Export as .obj to export the 3D 
scan.
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Animating 
Characters
Teacher guide 
Lower Secondary  
Grades 
Ages 11–13

Standards addressed 
Mathematics
• Model real-world situations with mathematics.

• Use scale, ratio, and rate reasoning to solve real-world and mathematical problems.

• Use transformations to understand similarity.

Arts
• Develop, present, and test ideas, plans, models, and proposals for media arts 

productions, considering the artistic goals and audience.

• Create content and combine components to convey expression, purpose, and meaning 
in a variety of media arts productions.

• Appraise how elements and components can be altered for 
intentional effects.



Prepare for your project
Materials
• Prepare a handout with a table where students can record and organize measurements,  

if needed.

• Background images (road, sky, space, ocean, etc.)

• Cartoon characters (from the web) or a drawing of an object that will demonstrate motion 
such as driving, flying, or running (e.g., car, plane, space battleship, ship, fly)

Resources
Search the internet for videos on flip books and stop motion animation. 

Sprout Pro resources
• Stop Motion app

What to do in advance
If you don’t want students to spend time searching for images, select some background images 
and popular cartoon characters as resources they can use in their animation.

Prepare a handout with a blank table so students can write down measurements.
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15 
mins.
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1
Student prompt
Discuss real-world contexts where you can observe moving objects. 
For example:

• A rocket shooting for the moon 

• A car moving on a road

• A baseball player throwing a ball

• A Minion running away from villains

How to help 
Show a short animation to give some ideas about motion contexts 
(for example, http://www.minionsmovie.com/despicableme2.html).

Lead a short discussion for students to brainstorm on storyline and motion in groups.

http://www.minionsmovie.com/despicableme2.html


15 
mins.
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2
Student prompt
Make a plan: 
Sketch a series of pictures to depict a motion, as in a flip book.

How to help 
Lead discussion to brainstorm on how to make an animation using a flip book.

If students are not familiar with making a sequence of pictures, search the internet for an example of 
a flip book.

Help the students consider the important features of the motion they want to demonstrate. For 
instance, a discussion of how to make pictures of a fly coming toward you should include the 
following points:

• An object looks bigger and bigger as it comes closer to me. 

• The size an object appears is related to the distance between me and the object.
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30 
mins.

3
Student prompt
Make a movie using Stop Motion to see if your plan 
works. If needed, revise your plan and try again.

How-To

1. Tap Stop Motion.

2. Click on Background to add a background, if needed.

3. Click on Asset to add an image of an object or 
character to animate.

4. Place the images on the touch mat where your 
objects or characters will appear at the beginning of 
the animation.

5. Take a few photos using Frame Grab; these will 
be the first few frames of your movie. You will see 
these frames appear under the stage area.

6. Tap the object that you want to change size. Click on 
Effects on the left menu.

7. Select Scale to choose what percentages to use 
for the object in the current frame by dragging the 
dot on scale. Drag the resized object to change its 
location.

8. Take photos using Frame Grab.

9. Repeat steps 6–8 until you want your animation to stop.

How to help
You can ask students:

• What did your movie show? 

• Did the motion appear the way you wanted? 

• If not, what went wrong? 

• How should you modify your original plan?

3.

5.

7.
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4
Student prompt
1. Choose two characters.

2. Write a story plot that involves one character moving twice as fast as the other character.

3. Sketch a series of pictures that shows this plot.

How to help 
Encourage the students to be creative—their plot can be humorous.

For example: A fly is flying toward you, but in the end it hits a window in front of you. 

Pay attention to how students plan to show “moving twice as fast”: 
Do they consider time and distance or the size of an object? 
For example, if one object is running toward you twice as fast, it should look twice as large as the 
other object in each frame. In contrast, if objects are moving away from you, the faster object should 
be half the size of the slower object. 

30 
mins.
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15 
mins.

Frame Measurements of 
faster object, radius

Measurements of 
slower object, radius

1
2
3

5
Student prompt
Determine the size of two objects for each frame so that an animation will show that one is moving twice as fast 
as the other. Fill in the table with the size of the object you are going to use for each frame. Continue the table 
on your own paper if needed.
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How to help 
Lead a discussion on how to determine the appropriate sizes of objects. 

Make sure students do not start with objects that are too big or too small to make smaller or larger 
over 20–30 frames. 

If students can make only a limited number of sizes, help them think about rerouting the objects. 
Objects don’t necessarily need to keep moving in one direction. 

Help students decide what measurements to look for. For example, for circular objects, students need 
to consider radius. For rectangular objects, they need to consider both length and width. 

Provide a table so that the students can organize the size of objects. For example, when two circular 
objects are running toward you, their sizes can be represented as:

Frame Measurements of 
faster object, radius

Measurements of 
slower object, radius

1  1 unit 1 unit
2 4 units 2 units
3 6 units 3 units



15 
mins.

56  Animating Characters  |  Lower Secondary Grades  |  Ages 11-13  |  Teacher Guide

6
Student prompt
Make a movie of your story.

How-To

1. Tap Stop Motion.

2. Click on Background to add a background, if needed.

3. Click on Asset to add images of objects or characters to animate.

4. Place the images on the touch mat where your objects or characters will appear at the beginning of the 
animation.

5. Take a few photos using Frame Grab; these will be the first few frames of your movie. You will see these 
frames appear under the stage area.

6. Tap the object that you want to change size. Click on Effects on the left menu.

7. Select Scale to choose what percentage to use for the object in the current frame by dragging the dot on 
scale. Drag the resized object to change its location.

8. Take a photo using Frame Grab.

9. Repeat Steps 6–8 until the end of the motion.

10.  Save your project by clicking on the File menu icon on the top right (three lines) and clicking on Save. Name 
your project.

11.  Export your project.

How to help
Encourage the students to make 20–30 frames. 

Make sure that students import the objects of the correct size for each frame. 

Help the students decide which scale to use based on the table they created in step 5. For example, if the faster 
object is twice as large as the slower object, the faster object should be scaled at 200% when the slower object is 
at 100%.
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30–45 
mins.

7
Student prompt
Movie time! Share your movies with your classmates.

How to help 
Encourage students to discuss what they like the most about other teams’ work. 

Ask: Did they represent “twice as fast” correctly? How do you know?

Final product 
Characteristics: An animation with 20–30 frames that shows one object moving twice as fast 
as the other. This could be shown from the side, from the front, or from above. The animation 
should demonstrate the following:

• At the end of the animation, the faster object should appear twice as large (coming toward), 
twice as far away from starting point (covering distances), or twice as small (moving away) as 
the slower object, depending on contexts used. 
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Animating 
Characters
Student Handout 
Lower Secondary Grades 
Ages 11–13

1
Discuss 
Discuss real-world contexts where you can observe moving objects. 

For example:

• A rocket shooting for the moon. 

• A car moving on a road.

• A baseball player throwing a ball.

2
Make a plan
Sketch a series of pictures to depict a motion, as in a flip book.



3
Try it out
Make a movie using Stop Motion to see if your plan works. If 
needed, revise your plan and try again.

How-To

1. Tap Stop Motion.

2. Click on Background to add a background, if needed.

3. Click on Asset to add an image of an object or character to 
animate.

4. Place the images on the touch mat where your objects or 
characters will appear at the beginning of the animation.

5. Take a few photos using Frame Grab; these will be the first 
few frames of your movie. You will see these frames appear 
under the stage area.

6. Tap the object that you want to change size.  
Click on Effects on the left menu.

7. Select Scale to choose what percentages to use for the object 
in the current frame by dragging the dot on scale. Drag the 
resized object to change its location.

8. Take a photo using Frame Grab.

9. Repeat steps 6–8 until you want your  
animation to stop.

3.

5.

7.
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Frame Measurements of 
faster object, radius

Measurements of 
slower object, radius

1
2
3

4
Create a story
1. Choose two characters.

2. Write a story plot that involves one character 
moving twice as fast as the other character. 

3. Sketch a series of pictures that shows this plot.

5
Plan your animation
Determine the size of two objects for each frame so 
that an animation will show that one is moving twice 
as fast as the other. Fill in the table with size of the 
object you are going to use for each frame. Continue 
the table on your own paper if needed.
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6
Make a movie of your story
1. Tap Stop Motion.

2. Click on Background to add a background, if 
needed.

3. Click on Asset to add images of objects or 
characters to animate.

4. Place the images on the touch mat where your 
objects or characters will appear at the beginning of 
the animation.

5. Take a few photos using Frame Grab; these will 
be the first few frames of your movie. You will see 
these frames appear under the stage area.

6. Tap the object that you want to change size. Click 
on Effects on the left menu. 

7. Select Scale to choose what percentage to use for 
the object in the current frame by dragging the 
dot on scale. Drag the resized object to change its 
location.

8. Take a photo using Frame Grab.

9. Repeat Steps 6–8 until the end of the motion.

10.  Save your project by clicking on the File menu icon 
on the top right (three lines) and clicking on Save. 
Name your project.

11.  Export your project.

7
Movie time! 
Share your movies with your classmates.
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Collage

Lower Secondary Grades | Ages 11–13
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Standards addressed 
Mathematics
• Derive and use a scale to represent real-world objects in a  

scale drawing.

• Reason with a ratio table.

Arts
• Demonstrate persistence in developing skills in various methods of creating works of 

art or design: composition.

Sea Habitat 
Collage
Teacher guide 
Lower Secondary  
Grades 
Ages 11–13



Prepare for your project 
Materials
• Rulers

• Notebooks

Resources
• Websites such as It’s Not Just a Fish can provide your class 

with average lengths of fish. 

• The Smithsonian Ocean Portal is a great resource for 
images of ocean life.

• Whale Times is an organization that helps youth 
understand the ocean.

• The MarineBio Conservation Society (MarineBio) has the 
goal of educating the public about sea life.

• A helpful resource on asymmetrical composition is found 
on The Helpful Art Teacher website.

• Information on the fish in this example comes from the 
Monterey Bay Aquarium.

Sprout Pro resources
• Capture app

• Create app

• Fish & Ships app

What to do in advance
Choose images of fish from the recommended websites or 
books and magazines. Make sure students have access to 
information about the lengths of the different kinds of fish.

For photos from the Internet, launch Create. Then, touch your 
desired image in the browser. Select Copy from the menu. 
Then, tap the touch mat and select Paste. Your image will now 
be ready for editing in Create. With your fish selected, mask 
any backgrounds using the Punch or Background tool under 
Edit (on the right side of the page).
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30 
mins.

1
Student prompt
• Read the resources your teacher gave you and notice the variety of sizes of fish.

• Tap Create on the touch mat to open a new project. 

• Make a sea background by using the painting tools in Create or choosing a background from Gallery.

• Save your project and give it a name.

• Swipe images of five fish from Images into Create on the touch mat.

Photo of moving image of a fish from Images into Create
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30 
mins.

2
Student prompt
• Using the resources your teacher gave you, record the real-world length of each fish in the table below.

• Choose one fish to be your anchor fish. This fish will be the one to size correctly first, and all other fish 
will be larger or smaller in relation to it.

• Use a ruler on the touch mat to measure the length of the image of the anchor fish in Create. Record 
the length in the table.

How to help 
Have students do this in small groups. Make sure they can match the image in the library to the 
description of it in the resources. Have them fill in the real-world fish length column, as well as record the 
length of the image of the anchor fish. Optionally, you can choose a mid-sized anchor fish for them for 
their collection of fish. The students should leave the gray cells blank for now.

Fish name Real-world  
fish length

Length of the image 
of the fish 

Anchor fish name: 
Pacific Bluefin Tuna 10 ft 5 in

Dolphinfish 7 ft 3.5 in
California Sheephead 3 ft 1.5 in

Galapagos Shark 12 ft 6 in
Big Skate 8 ft 4 in

Sample from student table. Gray cells are filled in during step 3.

Using a ruler to measure the 
length of the image of the 
anchor fish
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25 
mins.

3
Student prompt
Size your fish. Assume your anchor fish is the right size already. Use its measurements to find the right sizes 
for the other images, as follows. 

First, find the scale for your project. Using your anchor fish, write the ratio of touch-mat cm : real-world cm. 
Divide to find the scale: How many touch-mat cm are there per real-world cm?

• Answers for this anchor fish, Pacific Bluefin Tuna: 
Touch mat : real world = 5 in : 10 ft  
The scale is 0.5 touch-mat in per 1.0 real-world ft.

Next, select any of your fish in Create.

• Use the scale to find out how long, on the touch mat, the new fish should be. Fill in the gray cell in the table.

• Resize the new fish correctly on the touch mat using a ruler.

• Keep doing this for all the fish, filling in the gray cells.

Arrange your fish to create an appealing composition and to reflect whether they live near the surface or 
bottom of the sea.

How to help 
Help students see that they need to know how many real-world cm each cm on the touch mat represents. 
This is a little different than how we usually think of a scale. Have the students do the division with a calculator 
if needed. The anchor fish example here turned out to have an easy scale. Have students round as appropriate 
(to the nearest cm is fine). Students should fill in the table as they work and then can double-check the size of 
their fish after they place them all. 

Using a ruler to 
measure the 
length of the 
image of a fish

Example of a 
collage with five 
fish properly sized



4
Student prompt
Write a brief paragraph describing the sea habitat of your 
collage. Write a sentence or two in your notebook about 
each of your fish.

For fun, use the Fish & Ships app

• Tap Fish & Ships.

• Tap Fish.

• Place objects on the touch mat to make the shape of a 
fish and follow the instructions to scan them. Follow the 
instructions to customize them with color and pattern. 
When you are done, your “fish” will appear to swim in the 
sea on the screen.

How to help 
Help students do their write-ups in their notebooks, asking 
questions such as, “What is special about this sea habitat?” 

Using this app is for fun, to see the “fish” swim. You can 
have students review the parts of a fish as they choose, for 
example, a paint brush to represent the dorsal fin. 

Final product
One sea habitat collage, with correctly scaled fish and  
a pleasing composition. A write-up that includes a 
paragraph about the sea habitat and a sentence or two 
about each fish. 
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Sea Habitat 
Collage
Student Handout 
Lower Secondary Grades 
Ages 11–13

1
Setup the project 
• Read the resources your teacher gave you and notice the variety of sizes of fish.

• Tap Create on the touch mat to open a new project. 

• Make a sea background by using the painting tools in Create or choosing a 
background from Gallery.

• Save your project and give it a name.

• Swipe images of five fish from Images into Create on the touch mat.
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2
Figure out the sizes of the fish
• Using the resources your teacher gave you, record the real-world length of each fish in 

the table below.

• Choose one fish to be your anchor fish. This fish will be the one to size correctly first, 
and all other fish will be larger or smaller in relation to it.

• Use a ruler on the touch mat to measure the length of the image of the anchor fish in 
Create. Record the length in the table.

Fish name Real-world  
maximum fish length

Length of the image 
of the fish 
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3
Size the fish
Size your fish. Assume your anchor fish is the right 
size already. Use its measurements to find the right 
sizes for the other images, as follows. 

• First, find the scale for your project. Using your 
anchor fish, write the ratio of touch-mat cm : 
real-world cm. Divide to find the scale: How many 
touch-mat cm are there per real-world cm?

• Next, select any of your fish in Create.

• Use the scale to find out how long, on the 
touch mat, the new fish should be. Fill in the 
gray cell in the table.

• Resize the new fish correctly on the touch mat 
using a ruler.

• Keep doing this for all the fish, filling in the 
gray cells.

Arrange your fish to create an appealing composition 
and to reflect whether they live near the surface or 
bottom of the sea.

4
Write about it
Write a brief paragraph describing the sea habitat 
of your collage. Write a sentence or two in your 
notebook about each of your fish.

For fun, use Fish & Ships!

• Tap Fish & Ships.

• Tap Fish.

• Place objects on the touch mat to make the shape 
of a fish, and follow the instructions to scan them. 
Follow the instructions to customize them with 
color and pattern. When you are done, your “fish” 
will appear to swim in the sea on the screen.
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Standards addressed 
Mathematics
• Solve real-world and mathematical problems involving area, volume, and surface 

area of two- and three-dimensional objects composed of triangles, quadrilaterals, 
polygons, cubes, and right prisms.

• Know the formulas for the volumes of cones, cylinders, and spheres and use them to 
solve real-world and mathematical problems.

Arts
• Design or redesign objects, places, or systems that meet the identified needs of 

diverse users.

Design a 
Game Set
Teacher guide 
Lower Secondary  
Grades 
Ages 11–13



Prepare for your project
Materials
• HP Sprout Pro

• 3D printer

• 3D scan attachment (optional)

• Modeling clay (optional)

Resources
• You can find videos on YouTube on how to use the 3D Builder software.

Sprout Pro resources
• 3D Builder software

• 3D printer

• 3D Capture app (optional)

What to do in advance
Familiarize yourself with the 3D Builder software and how to use the 
3D printer.
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1
Student prompt
In some board games, players need to be 
able to put multiple game pieces on the 
same square at the same time. Your friend is 
making a game like this and has asked you 
to help her design game pieces that will fit 
together on the same board game space. 
She asks you to design a set of three or four 
game pieces that will all fit together on a 
single square that is 3 cm by 3 cm. The pieces 
should take up the entire square or as much 
of the area of the square as possible. Each 
piece must be different from the other ones in 
height, shape, and/or area that it occupies on 
the square. 

How to help 
Use the student prompt to introduce the 
project. Make sure students understand the 
requirements for their game pieces. You may 
need to remind them of the meaning of area 
on the board and how it is different from 
height.

2
Student prompt
Learn, with your teacher, about using the 
 3D Builder software. 

How to help 
Demonstrate how to use 3D Builder software. 
Search YouTube for helpful videos on how to 
use 3D Builder. 

Your demo should cover:

• How to add objects to the space

• How to move objects around the space

• How to change the size or proportion of an 
object

• Locking or unlocking the ratio of the 
dimensions 

• Changing the color of pieces

• Embossing designs or words onto pieces

• Three types of manipulation with two objects:

• Merge

• Intersect

• Subtract

20 mins.

DAY 1

30 mins.

DAY 1

Merge Intersect Subtract
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50 mins.

3
Student prompt
Work in groups to design your game pieces. Use paper and pens or pencils to come up with some 
designs of the pieces and decide as a group which one will work the best. Think about how you 
will create each game piece in the 3D Builder software. You should be creative, but remember 
that the pieces will be printed, so there are some limitations that you need to consider.

How to help 
Groups will begin by designing their game pieces on paper. Each group should draw what they 
want their pieces to look like and how they will be arranged in the square. The drawing should 
include their ideas about the dimensions of each piece.

Students might need some ideas about how to incorporate different elements. Have them start 
thinking about how they will implement their ideas in the 3D Builder software.

Go over limitations of the 3D printed objects: Cannot have large overhangs, must fit on the 
printer bed.

DAY 1
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30 
mins. per 

group

4
Student prompt
Once you have finished designing on paper, you can use Sprout Pro and 3D Builder to create a 
digital version of your game pieces. 

In your notebook, document how you created each game piece, including the methods you 
used to edit the basic shapes and the dimensions of each piece. In addition, for each piece 
you create, make sure to calculate the surface area and volume. 

How to help 
Students will create the game pieces in this step. Some groups may still be working on their 
designs. When groups are finished, they can start working on creating their game pieces on 
Sprout Pro.

Each group will need approximately 30 minutes to create their set of game pieces. If there 
are more groups than Sprout Pros in the classroom, you can cycle groups onto Sprout Pro 
while other groups are still working on their designs on paper. 

Students should take turns on Sprout Pro if possible to create the different pieces. One 
student in each group could be in charge of making a particular piece, or one person could 
“drive” while others take notes, check their design documents, do calculations, and help use 
the software. 

Design note: If pieces are intended to completely fit inside one another, make sure students 
adequately leave a small amount of room between the pieces so that they can easily fit 
together once printed.

Note: Make sure to save the 3D objects as an .obj file; this is not the default option in  
3D Builder.

Optional: Instead of starting with the 3D objects already in the 3D Builder software, students 
can use modeling clay to create their own game pieces. Students will then use 3D Scan to get 
the shapes into the 3D Builder software. Students can manipulate the models they created 
instead of the basic shape objects.

DAY 2
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several 
hours

5
Student prompt
Print the game pieces. 

To print: Open Dremel 3D Idea Builder. Load the saved .obj file and select the pieces to print. 
Export files for printing. 

If your 3D printer is not directly connected to Sprout Pro via USB, do the following: Save the .obj 
files to an SD card and then transfer the SD card to the 3D printer. Find your file on the 3D printer 
and select Print.

How to help 
You will need to monitor the printing after class as the game pieces will take a few hours to print. 
Objects might take a few hours to print; it might be a good idea to load multiple projects in one 
scene in the program and leave it to print overnight. 

Make sure the base of the printed object adheres to the printer plate. 

DAY 2
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30 
mins. 

40 
mins. 

6
Student prompt
Once you have finished designing on 
paper, use Sprout Pro 3D Create to make 
a poster to explain your designs to the 
rest of the class. Be sure to include an 
explanation of your design process and 
the mathematical properties that you 
calculated for each of your game pieces.

How to help 
Have each group of students create a 
small poster explaining the idea behind 
their game pieces, their design process, 
and the mathematical properties 
(dimensions, area, volume) of each of 
their game pieces. 

Help them focus on the mathematical 
properties of the game pieces by asking 
about measurements and shapes. 
Discuss whether they took the game user 
into account in their design of the objects.

7
Student prompt
Have a Gallery Walk. Half the class stands by their 
posters, while the other half visits the posters 
and asks questions, and then each group trades 
places.

How to help 
Encourage the students to ask questions both 
about the mathematical features of the pieces 
and about the design process. Ask:

• Did the students meet the design criteria? 

• Are all pieces a different height?

• Do all pieces have a different shape and/or base 
surface area?

• How well do pieces fill up the base square as 
a set? (More points if they fill up more of the 
square.)

• How well did students calculate the total 
surface area and volume of their pieces? 

Also consider:

• Did the students work well as a team?

• How well did the students explain their design 
decisions and document their design process?

• How well did the students document their 
paper-based designs?

DAY 3 DAY 3
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Final product
Here is an example of one possible set of game pieces that meet the design criteria. The three pieces are each 
a different height. They take up the entire 3 cm by 3 cm base square. One piece (the tallest) fits into a hole that 
was created in another piece (by using a duplicate of that tall piece). 
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1
Prompt 
In some board games, players need to 
be able to put multiple game pieces on 
the same square at the same time. Your 
friend is making a game like this and has 
asked you to help her design game pieces 
that will fit together on the same board 
game space. She asks you to design a set 
of three to four game pieces that will all 
fit together on a single square that is 3 cm 
by 3 cm. The pieces should take up the 
entire square or as much of the area of 
the square as possible. Each piece must 
be different from the other ones in  
height, shape, and/or area that it  
occupies on the square. 

2
Learn how to use  
3D Builder
Learn, with your teacher, about using the 
3D Builder software.

3
Design a game piece
Work in groups to design your game pieces. 
Use paper and pens or pencils to come up 
with some designs of the pieces and decide 
as a group which one will work the best. 
Think about how you will create each game 
piece in the 3D Builder software. You should 
be creative, but remember that the pieces 
will be printed, so there are some limitations 
that you need to consider.

Design a 
Game Set
Student Handout 
Lower Secondary Grades 
Ages 11–13

DAY 1
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4
Design digitally
Once you have finished designing on paper, 
you can use Sprout Pro and 3D Builder to 
create a digital version of your game pieces. 

In your notebook, document how you created 
each game piece, including the methods 
you used to edit the basic shapes and the 
dimensions of each piece. In addition, for each 
piece you create, make sure to calculate the 
surface area and volume. 

5
3D Print
Print the game pieces. 

To print: Open Dremel 3D Idea Builder. 

Load the saved .obj file and select the pieces 
to print.

Export files for printing. 

If your 3D printer is not directly connected to 
Sprout Pro via USB, do the following: Save the 
.obj files to an SD card and then transfer the 
SD card to the 3D printer. Find your file on the 
3D printer and select Print.

DAY 2
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6
Make a poster
Create a poster to explain your designs to the rest of the class. Be sure to include an explanation of your 
design process and the mathematical properties that you calculated for each of your game pieces.

7
Learn about classmate’s game pieces
Have a Gallery Walk. Half the class stands by their posters, while the other half visits the posters and asks 
questions, and then each group trades places.

DAY 3
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Standards addressed 
Mathematics
• Use ratio and rate reasoning to solve real-world and  

mathematical problems.

• Make and use scale drawings.

• Convert units.

Social studies
• Use location terms and geographic representations such as maps.

• Use graphical scales to determine distances on a map.

Our School 
Teacher guide 
Lower Secondary Grades  
Ages 11–13



Prepare for your project
Materials
• A floor plan or map of the school, with scale obscured 

• Measuring tools: yard or meter stick or tape measure; ruler

• Stopwatch or stopwatch phone app

Resources
• National Geographic has many geography resources.

• Khan Academy offers a series of video tutorials on scale drawings from a mathematical point 
of view.

Sprout Pro resources
• Create app

• Capture app

What to do in advance
Arrange with other teachers to have students in each classroom select an object that represents 
that classroom. Do the same with the librarian, office personnel, etc.

Obtain a map of the school and use Capture to add it to Gallery. Edit in Create to obscure the 
scale. Tap Capture, put object on the touch mat, select Object Scan, and tap Capture. You can 
drop a screenshot of the digital map onto Sprout Pro workspace icon on the desktop to import 
it into the Create app. 
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60 
mins.

40 
mins. 

per group 
 of students

1
Student prompt
Collect objects from different rooms in 
the school. (Help arrange this.) Use the 
Capture app to make snapshots of the 
objects:

• Tap Capture, put objects on the touch 
mat, select Object Scan, and tap 
Capture.

How to help 
Send small groups of students to collect 
objects from different locations in the 
school. If an object is not movable, 
removable, or small enough to scan, 
students can take a photograph of it. 

2
Student prompt
Use the Create app to place the objects on the map, 
swiping them from Gallery. Expand or shrink each 
object to fit in its location. 

How to help 
Groups of students can work collaboratively on the 
map to accomplish this, or you can lead this activity 
as a whole class, displaying from Sprout Pro.
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3
Student prompt
Make a scale for your map. A scale tells you 
how much each inch or centimeter on the 
map represents in the real world. You may 
need to measure distances in the real world to 
accomplish this.

• Measure the length of your classroom.

• Use graph paper to create a scale that 
includes the length of your room, say 50 feet.

• Open your project in the Create app. Use the 
Capture function (camera icon) to make an 
image of your scale.

• Now that the scale is on your map, you may 
need to crop and resize it. Use the Edit menu 
and choose Crop. Line the scale up against 
the classroom wall on the map and shrink it 
to make it so that it shows that the classroom 
wall is the length of your classroom.

• Use your scale to estimate: 

• the length of the cafeteria

• the length of the hallway your  
classroom is on

• Do these estimates seem reasonable?  
If not, check your calculations.

How to help 
• Show scales from other maps or drawings 

and have students explain what they mean.

• Ask students how they can find out the scale 
of the school map. Prompt with:

• How long is one wall in our classroom?

• Use graph paper to draw a line and label 
each square as feet or meters. Make sure 
the length of your classroom is included.

• Capture the scale as an image on your 
project.

• How do you have to shrink the scale 
image to show the length of your 
classroom wall on the map?

60 
mins.
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A scale that needs resizing 
in Create



4
Student prompt
Design a tour of the school, including an estimate of 
how long it will take. 

• Draw the tour on the map using Create. Tap the 
Paintbrush, select a drawing tool and color, and 
then draw the tour as a line leading around the 
map.

• Create a table on paper to suggest stops on the 
tour to look at some of the objects on the map in 
their “native habitat.” Include times in your table.

How to help 
Ask students how they can figure out how much time 
it takes to walk from one end of the school to the 
other. Prompts:

• How long does it take you to walk the length of the 
room at a comfortable pace?

• Based on this time, at what rate can you walk? Try 
to find this in feet or meters per second.

• Students can set up a rate: length of room / time 
taken. They should use the proper unit. They can 
do the division to find the unit rate.

• Ask students how they can use the scale of the 
map and their walking rate to determine times 
between stops.

• Students can measure each distance on the map, 
use the scale to convert that distance to feet/
meters, and then use the walking rate to determine 
the time. They may also have to convert from 
seconds to minutes.

Help students organize the tour into a table on their 
handouts. 

60 
mins.
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Instruction Time taken What to notice:  
What will they see along the way?

Walk from Room 201 
to Room 302 3 minutes and 

30 seconds

Stop at the bulletin board outside the main 
office to see what games the school teams have 

recently won.
Stop at Room 302 5 minutes See the light-up globe in Ms. Jackson’s (the 

social studies teacher’s) room.

Example Tour Table



5
Student prompt
Make your map and your tour available on  
the school website.

How to help 
Work with the school webmaster to provide  
the files.

6(Optional)

Student prompt
Where in your city is your school?

Where in the country is your city?

Where in the world is your country?

How to help 
Provide students with appropriate maps or a 
globe to answer each question. They can add 
specifics such as latitude and longitude or other 
measurements, as appropriate.

Final product
A map of the school with an accurate scale, with 
representative objects placed on classrooms 
and other rooms in the school. 

A tour of the school that gives stops and 
walking times and explains the significance of 
objects on the map’s points of interest along 
the way.

20 
mins.
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1
Collect objects
Collect objects from different rooms in the school. (Your teacher 
will help you arrange this.) Use the Capture app to take a 
snapshot of each object:

• Tap Capture, put the objects on the mat, select Object Scan, 
and tap Capture.

2
Place objects on map
Use the Create app to place the objects on the map, swiping 
them from Gallery. Expand or shrink each object to fit in its 
location. 

Our School 
Student Handout 
Lower Secondary Grades 
Ages 11–13
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3
Scale your map
Make a scale for your map. A scale tells you how much each inch or centimeter on the map represents in the real 
world. You may need to measure distances in the real world to accomplish this.

• Measure the length of your classroom.

• Use graph paper to create a scale that includes the length of your room, say 50 feet.

• Open your project in the Create app. Use the capture function (camera icon) to make an image of your scale.

• Now that the scale is on your map, you may need to crop and resize it. Use the Edit menu and choose Crop. 
Line the scale up against the classroom wall on the map and shrink it to make it so that it shows  
that the classroom wall is the length of your classroom.

• Use your scale to estimate 

• the length of the cafeteria

• the length of the hallway your classroom is on

• Do these estimates seem reasonable? If not, check your calculation.
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4
Plan a tour
Design a tour of the school, including an estimate of 
how long it will take. 

• Draw the tour on the map using Create. Tap the 
Paintbrush, select a drawing tool and color, and 
then draw the tour as a line leading around the 
map.

• Create a table on paper to suggest stops on the 
tour to look at some of the objects on the map in 
their “native habitat.” Include times in your table.

5
Add it to the web
Make your map and your tour available  
on the school website. 

6(Optional) 
Where are you?
• Where in your city is your school?

• Where in the country is your city?

• Where in the world is your country?

Instruction Time taken What to notice:  
What will they see along the way?
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Standards addressed 
Mathematics
• Solve real-world and mathematical problems involving surface area of three-

dimensional objects.

• Apply geometric methods to solve design problems.

Arts
• Create content and combine components to convey expression, purpose, and meaning 

in a variety of media arts productions.

Gift Box
Teacher guide 
Lower or Upper Secondary  
Grades 
Ages 11–18



Prepare for your project
Materials
• Students should bring to class a small object (a gift) that they want to design a gift box for.

Resources
• Planet Calc has online calculators, including one for an ellipsoid. 

Sprout Pro resources
• 3D Capture app

• 3D Builder app

• Print Studio app

• 3D Capture Stage

What to do in advance
Brainstorm with the students a list of objects for scanning that they can bring from home that 
are light in color, have a matte finish, and will fit onto the scanner and printer.

Just in case students don’t bring a gift, have some small objects available. 
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1
Student prompt
Design an aesthetically interesting  
gift box that:

• can contain a small object (a gift)

• prevents the gift recipient from knowing 
what is inside

• minimizes surface area

How to help 
Make sure students understand the challenge. 
Have them brainstorm on possible boxes that 
could meet the criteria. 

2
Student prompt
Scan a real object (the gift) using 3D Capture 
and 3D Capture Stage.

How-To

1. Tap or double-click 3D Capture.

2. Watch the Automatic Scan & 3D Capture 
Stage tutorial.

3. Set up the object on the 3D Capture Stage.

4. Follow the directions on the screen to create 
a 3D capture.

5. Use Export as .obj to export the  
3D capture.

How to help 
Make sure students choose an object that  
will scan well (light colored, matte finish,  
not too big).

Help students think about how to position and 
rotate the object so that Sprout Pro captures 
all of its faces properly. See the tutorials in  
3D Capture for further information. 

30 
mins.

30 
mins.
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3
Student prompt
Use 3D Builder to create a 3D model of a gift box 
for your object.

Remember that your gift box must be visually 
interesting and meet all three design challenge 
criteria. 

How-To

1. Tap or double-click 3D Builder.

2. Select New Scene from the menu on the left.

3. On the menu on top, Insert >Add > Load. 
Select the scanned 3D image (the modeled gift) 
from the list.

4. Click the check mark on top.

5. On the menu on top, Insert and Select a three-
dimensional math shape you want to use for 
your gift box.

6. Left-click and Drag to rotate the view.

7. Select Scale to scale the shape bigger or smaller. 
Use the locked mode for proportional scaling or 
unlocked mode for non-proportional scaling.

8. Click on the double arrows to get measurements

9. Roll over to the objects on the right menu so 
that you can see both the gift and gift box at the 
same time.

90 
mins.
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2.

5.

7.

8.

9.
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How to help 
Help students try out two or three geometric shapes 
that will completely enclose the gift but still be small 
enough to print on the 3D printer (criteria 1 and 2) 
before they select one shape as their model. 

Ask students to think about which shape would result 
in less surface area: a rounded shape or a rectangular 
shape (criterion 3)? Hint: A rounded shape does not 
have corners sticking out. 

Help students discuss which measurement they would 
need in order to calculate the surface area of the 
model. Ask students to record relevant information 
about the measurements of their model.

For students who use ellipsoid as their model, ask 
them to go to the Planet Calc web site to figure out 
which measurements they need to record.



30 
mins.

30 
mins.

Examples of partially printed 3D objects

2 units

5 units
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4
Student prompt
Calculate the surface area of your 3D 
geometric model for the gift box. Explain 
how your model fits the criteria of the 
design challenge. 

How to help 
Help students discuss what surface 
area means and how to calculate it. For 
example, for a rectangular prism with 
measurements 2 x 3 x 5 (length x width 
x height), students should be able to 
recognize that the surface area is the 
sum of the areas of six rectangles: two 2 
x 3’s (top and bottom faces), two 5 x 2’s 
(front and back faces), and two 5 x 3’s 
(left and right faces). 

The formula for the surface area of an 
ellipsoid is not accessible for students 
who haven’t taken calculus. Ask students 
who create an ellipsoid as their gift box 
model to go to the Planet Calc web site 
which calculates the surface area when 
the relevant measurements are entered.

5
Student prompt
Use Print Studio to print out the model 
you created. Then make sure your box 
actually encloses your gift. 

How-To

1. Tap Print Studio.

2. Import your project.

3. Find out whether your model can be 
printed or not. Repair your model if 
necessary.

4. Send the file to a 3D printer.

Final product
The gift box should be of a shape that 
both encloses the gift and has the 
smallest surface area to minimize the 
cost for wrapping.
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Gift Box
Student Handout 
Lower or Upper Secondary Grades 
Ages 11–18

1
Design a box
Design an aesthetically interesting gift box that:

• can contain a small object (a gift)

• prevents the gift recipient from knowing what is inside

• minimizes surface area



Gift Box | Lower or Upper Secondary Grades | Student Handout 103

2
Scan the object
Scan a real object (the gift) using 3D Capture and  
3D Capture Stage.

How-To

1. Tap or double-click 3D Capture.

2. Watch the Automatic Scan & 3D Capture Stage 
tutorial.

3. Set up the object on the 3D Capture Stage.

4. Follow the directions on the screen to create a 3D 
Capture.

5. Use Export as .obj to export the 3D capture.

3
Build a model box
Use 3D Builder to create a 3D model of a gift box for 
your object.

Remember that your gift box must be visually 
interesting and meet all three design challenge 
criteria. 

How-To

1. Tap or double-click 3D Builder.

2. Select New Scene from the menu on the left.

3. On the menu on top, Insert >Add > Load. 
Select the scanned 3D image (the modeled gift) 
from the list.

4. Click the check mark on top.

5. On the menu on top, Insert and Select a three-
dimensional math shape you want to use for your 
gift box.

6. Left-click and Drag to rotate the view.

7. Select Scale to scale the shape bigger or smaller. 
Use the locked mode for proportional scaling or 
unlocked mode for non-proportional scaling. 

8. Click on the double arrows to get measurements.

9. Roll over to the objects on the right menu so that 
you can see both the gift and gift box at the  
same time.
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4
Find surface area
Calculate the surface area of your 3D geometric model for the gift box. Explain how your 
model fits the criteria of the design challenge.

5
3D print
Use Print Studio to print out the model you created. Then make sure your box actually 
encloses your gift. 

How-to

1. Tap Print Studio.

2.  Import your project.

3. Find out whether your model can be printed or not. 
Repair your model if necessary.

4. Send the file to a 3D printer.
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Standards addressed 

Physics
• Design a solution using laws of lever and center of mass. 

Mathematics
• Solve real-world problems using density, weight, and volume of 3D figures.

Engineering 
• Optimize a design based on criteria and constraints. 

Design a  
Toothbrush  
Stand
Teacher guide 
Lower or Upper  
Secondary Grades 
Ages 11–18



Prepare for your project
Materials
• Toothbrushes (or pens or other long skinny objects that are usually kept upright).  

Make sure they are light in color and matte. 

• Food scale

Resources
• Physics Textbook

• Search the internet for “center of mass” and “laws of lever”

Sprout Pro resources
• 3D Capture app

• 3D Builder app

• Print Studio app

What to do in advance
Print out a unit cube and weigh it to establish the weight for the material to be used for 3D 
printing. This weight can be used to approximate the weight of the stands students will design.
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1
Student prompt
Design Challenge

Design a toothbrush stand that:

• Holds a toothbrush upright but not 
perpendicularly to the base. 

• Is minimal in size for travel use.

How to help 
Make sure students understand the design 
challenge. Have them brainstorm on basic 3D 
shapes they could begin with. For example, 
could a sphere be a good model for a stand? 
What about half a sphere? What about the hole 
the toothbrush will fit in—what shape and size 
should it be? Can the hole be the exact size 
and shape of the toothbrush? At what angle 
should the hole be? How should the mass and 
size of the stand relate to the mass and size of 
the toothbrush?

Differentiation for High School 

Add additional design constraints to the 
challenge that could include things like a base 
of a certain (small) size, setting the total mass 
or volume of the stand to a certain amount, 
and/or having multiple toothbrushes fit into 
the stand.

2
Student prompt
Scan a toothbrush using 3D Capture and  
HP 3D Capture Stage.

How-To

1. Tap or double-click 3D Capture.

2. Watch the Automatic Scan and 3D Capture 
Stage tutorial.

3. Set up the object on the 3D Capture Stage.

4. Follow the directions on the screen to create 
a 3D capture.

5. Use Export as .obj to export the  
3D capture.

How to help 
Help students think about how to position  
and rotate the object so that Sprout Pro captures 
all faces of the object properly. 

See the tutorials inside 3D Capture for further 
information. For best results, scan toothbrushes 
that are light in color and have a matte handle.

30 
mins.

30 
mins.
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Toothbrushes with a matte 
finish will scan best



3
Student prompt
Use 3D Builder to create a 3D model of a stand for 
your toothbrush.

Remember, your stand must meet all design 
criteria.

How-To

1. Tap or double-click 3D Builder.

2. Select New Scene from the menu on the left.

3. On the menu on top, Insert >Add > Load. 
Select the scanned 3D image (the modeled 
toothbrush) from the list.

4. Click the check mark on top.

5. On the menu on top, Insert and Select the three-
dimensional math shape you want to use for 
your stand. 
•  To split the part of the object, go to Edit 
     and select Split. Choose which part to use by 
     selecting Keep the…

6. On the menu on top, select the object to use as 
the shape of the hole in your stand. Change its 
size to fit the toothbrush. Drag it to the position 
you want in the stand.

90 
mins.
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5.

6.
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7. To manipulate objects, 
•   Left-click and Drag to rotate the  
     view of objects.  
•   Select Scale to scale an object up or 
     down. Use the locked mode for 
     proportional scaling and unlocked 
     mode for non-proportional scaling. 
•   Click on the double arrows to get 
     measurements. 
•   Roll over to the objects on the right 
     menu so you can see both the 
     toothbrush and the stand at the  
     same time.

8. To make the hole in the stand, 
from the menu on top use Edit and 
Subtract. 

9. Roll over to the objects on the right 
menu so you can see the hole through 
the stand. 

10. Save your project using Save As from 
the menu on top. Save the file either 
in .stl or .obj format.

7. 8.

9.



How to help 
Help students try out two or three geometric 
shapes to use as a stand and think about 
their dimensions so that the stand meets the 
design criteria. 

Students need to consider the mass of the 
stand based on the dimensions of the model 
they select. Students can use the mass of the 
unit cube to calculate the mass of the stand, 
once they calculate the stand’s volume.  

Help students think about the size and shape 
of the hole they should make so that the 
toothbrush will stand up. Also, the hole should 
be considered in determining the mass of the 
stand. 

Help students find the center of mass for 
each object by trying to place the object on a 
fingertip without it tilting or falling. 

Help students consider such ideas as:

• Where is the approximate center of mass of 
the toothbrush and stand together? (Have 
students draw a diagram of where the 
center of mass is and see whether it is over 
the base of support of the stand.)

• The longer the part of the toothbrush 
sticking out, the more the mass probably 
needed for the stand. 

• The more mass the stand has, the less likely 
the toothbrush is to fall down.

• The less steep the angle of the hole, the 
more likely the toothbrush is to fall down (or 
the stand to tip over).

Differentiation for High School 

Have students draw force-body diagrams of 
the toothbrush in the stand and talk about 
how they designed the stand to help keep the 
toothbrush at rest in it.
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4
Student prompt
Use Print Studio to print out the model you 
created as a real stand. 

How-To

1. Tap Print Studio.

2.  Import your project.

3. Find out whether your model can be printed 
or not. Click Repair on the left menu to 
repair your model to make it printable, if 
necessary.

4. Send the file to the 3D printer.

5
Student prompt
Test your toothbrush stand. Discuss why it 
did or did not work. Come up with a plan to 
improve the model. 

How to help 
Here, students can empirically find the center 
of mass for the stand and the toothbrush to 
figure out why their design did or did not work. 
If their design didn’t work, have them write 
a plan in a paragraph or create a diagram for 
improving the design.

Final product 
The center of mass of the stand plus the 
toothbrush should be over the base of support 
of the stand.  

30 
mins.

30 
mins.
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1
Design challenge

Design a toothbrush stand that:

• Holds a toothbrush upright but not perpendicularly to the base. 

• Is minimal in size for travel use.



2
3D scan the toothbrush
Scan a toothbrush using 3D Capture and HP 3D 
Capture Stage.

How-To

1. Tap or double-click 3D Capture.

2. Watch the Automatic Scan and 3D Capture Stage 
tutorial.

3. Set up the object on the 3D Capture Stage.

4. Follow the directions on the screen to create a 3D 
capture.

5. Use Export as .obj to export the 3D capture.
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3
Create a 3D model
Use 3D Builder to create a 3D model of a stand for your toothbrush.

Remember, your stand must meet all design criteria.

How-To

1. Tap or double-click 3D Builder.

2. Select New Scene from the menu on the left.

3. On the menu on top, Insert >Add > Load. Select the scanned 3D image (the modeled 
toothbrush) from the list.

4. Click the check mark on top.

5. On the menu on top, Insert and Select the three-dimensional math shape you want to 
use for your stand. 
•  To split the part of the object, go to Edit and select Split. Choose which part to use by 
    selecting Keep the…

6. On the menu on top, select the object to use as the shape of the hole in your stand. 
Change its size to fit the toothbrush. Drag it to the position you want in the stand.

7. To manipulate objects, 
•   Left-click and Drag to rotate the view of objects.  
•   Select Scale to scale an object up or down. Use the locked mode for proportional  
     scaling and unlocked mode for non-proportional scaling. 
•   Click on the double arrows to get measurements. 
•   Roll over to the objects on the right menu so you can see both the toothbrush and the 
     stand at the same time. 

8. To make the hole in the stand, go to the menu on top and use Edit and Subtract. 

9. Roll over to the objects on the right menu so you can see the hole through the stand. 

10. Save your project using Save As from the menu on top. Save the file either in .stl or .obj 
format.

3.

5.
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7.

8.

9.

6.



4
3D print your stand
Use Print Studio to print out the model you 
created as a real stand. 

How-To

1. Tap Print Studio.

2.  Import your project.

3. Find out whether your model can be printed 
or not. Click Repair on the left menu to 
repair your model to make it printable, if 
necessary.

4. Send the file to the 3D printer.

5
Test your stand
Test your toothbrush stand. Discuss why it 
did or did not work. Come up with a plan to 
improve the model. 
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Standards addressed 

Mathematics
• Solve real-world and mathematical problems involving the area, volume, and surface area 

of two- and three-dimensional objects composed of cylinders, triangles, quadrilaterals, 
polygons, cubes, and right prisms.

• Know the formulas for the volumes of cones, cylinders, and spheres and use them to solve 
real-world and mathematical problems.

Arts
• Design or redesign objects, places, or systems that meet the identified needs of diverse 

users.

Science 
• Define the criteria and constraints of a design problem with sufficient precision to ensure a 

successful solution, taking into account relevant scientific principles and potential impacts 
on people and the natural environment that may limit possible solutions.

• Analyze data from tests to determine similarities and differences among several design 
solutions to identify the best characteristics of each that can be combined into a new 
solution to better meet the criteria for success.

Design a  
Prosthetic Leg
Teacher guide 
Lower or Upper  
Secondary Grades 
Ages 11–18



Prepare for your project
Materials
• 3D printer

• 3D Capture Stage (optional)

• Action figure (about 6 inches tall; best is one that has articulated joints and is easily 
disassembled)

• Building materials such as tape, cardboard, modeling clay, paper clips, tongue 
depressers, and toothpicks

Resources
• To learn how to use the 3D Builder software, visit the Microsoft 3D Builder 

Community, which offers multi-part tutorials.

Sprout Pro resources
• 3D Builder app

• 3D Capture app

What to do in advance
Familiarize yourself with the project: Using an action figure or similar toy that is 
missing a leg as a model, student teams design prototype prosthetics. The teams 
emulate the engineering design process that biomedical engineers follow. 

Specifically, the engineering design process consists of: 

1. Define the challenge and constraints

2. Brainstorm solutions

3. Plan a solution (sketch it out, select materials)

4. Create and test a prototype

5. Improve the design.

Familiarize yourself with the 3D Builder app and how to use the 3D printer. 

Remove a leg or lower leg from the action figure. 
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15 
mins.

1
Student prompt
For various reasons, many people and even animals need artificial body parts. These are called 
prosthetics. In this project, you will design an artificial leg for an action figure. Like a biomedical engineer, 
you will try to design the best prosthetic leg given a number of constraints.

Complete this sentence in five different ways to outline your design goals: Our prosthetic leg will... (be 
able to, weigh, last, cost, etc.).

How to help 
Use the student prompt to introduce the project and the engineering design process. 

Make sure students understand the requirements for real prosthetics. Among the most important are 
how well they interface with the amputee’s body and their strength, durability, flexibility, and usability.

Improve

Prototype

Brainstorm

Plan

Define
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2
Student prompt
Brainstorm and Plan

Work in groups to brainstorm designs for your prosthetic leg. Use paper and pencils to sketch some 
designs. Then decide as a group which one you think will best meet your design goals. Build a quick 
mock-up using simple building materials like cardboard to try out the design. 

How to help 
Students will design the prototype prosthetics. Groups will begin by designing their prototypes 
on paper. Each group should draw what they want their prosthetic to look like. The drawing 
should include their ideas about the dimensions of the prosthetic. If a group is building a multipart 
prosthetic, they should consider how the parts will be fastened together.

Students might need ideas about how to meet some of their design goals. 



3
Student prompt
Prototype I

Learn, with your teacher, about using the  
3D Builder app. Think about how you will 
create your prototype prosthetic in the 3D 
Builder app. You should be creative, but 
remember that the pieces will be printed so 
there are some limitations that you need to 
consider.

How to help 
Demonstrate how to use the 3D Builder app.  

Have students start thinking about how they 
will implement their ideas in the 3D Builder 
app. Go over the limitations of the 3D printed 
objects: for example, cannot have large 
“overhangs,” must fit on the printer bed.

Your demo should include:

• How to add objects to the space

• How to move objects around the space

• How to change the size or proportion of an 
object

• Locking or unlocking the ratio of the 
dimensions

• Three types of manipulation with two 
objects:

• Merge

• Intersect

• Subtract

• Changing the color of pieces

30 
mins.
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Merge

Intersect

Subtract
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35 
mins.

4
Student prompt
Prototype II

Using your simple mock-up as a guide, use Sprout Pro and 3D Builder to create a digital version of 
your prosthetic design. 

Write down how you created each piece of the prosthetic; include the methods you used to edit the 
basic shapes and the dimensions of each piece.

How to help 
Students will translate their prosthetic designs and mock-ups into 3D models in this step. Some 
groups may still be working on their designs. When groups are finished, they can start working on 
creating their prosthetics on Sprout Pro.

If there are more groups than Sprout Pros in the classroom, you can cycle groups onto the computer 
while other groups are still working on their designs on paper. Each group will need approximately 
30 minutes to create the 3D model of its prosthetic. 

If possible, students should take turns on Sprout Pro to create the different elements of their group’s 
prosthetic. One student in each group could be in charge of making a particular piece, or one person 
could “drive” while others take notes, check their design documents, do calculations, and help use 
the software.

Note: Make sure to save the 3D objects as an .obj file (which is not the default option in 3D Builder).

Design note: If pieces are intended to completely fit inside one another, make sure students leave an 
adequate amount of room between the pieces so that they easily fit together once printed.
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20 
mins. 

+ print 
time

5
Student prompt
Print the prosthetic legs. 

Objects might take a few hours to print; you may want to load multiple projects in one scene in the 
app and leave it to print overnight. 

How-To

1. Tap Dremel 3D Idea Builder. Load the saved .obj file and select the pieces to print. 

2.  Export files for printing. 

3.  Save the .obj files to an SD card and then transfer the SD card to the 3D printer. (If the printer is 
connected directly via USB, you do not need to do this step.)

4. Find your file on the 3D printer and select Print. 

How to help 
You will need to monitor the printing after class because the objects will take a few hours to print. 
Make sure the base of the printed object adheres to the printer plate. 

1. 4.



35 
mins.

35 
mins.

6
Student prompt
Improve

Create a poster to explain your design to 
the rest of the class. Be sure to include 
an explanation of how your design does 
or does not meet your design goals. 
Describe how you would improve your 
design if you were to build another 
version.

How to help 
Students will create a small poster 
explaining the idea behind their prosthetic 
design, their design process, and how 
their design does or does not meet their 
design goals. Discuss whether the design 
took into account the interface with the 
amputee’s body, strength, durability, 
flexibility, and usability.

7
Student prompt
Gallery Walk

Half the class stands by their posters 
while the other half visits the posters 
and asks questions, and then they trade 
positions.

How to help 
Encourage students to ask questions 
about the design process. 

Did the students meet the design criteria?

• Interface with the amputee’s body

• Strength

• Durability 

• Flexibility

• Usability

Make sure that the students think about 
how they would improve their design if 
they were creating a subsequent version.

Also consider:

• Did the students work well as a team?

• How well did students explain their 
design decisions and document their 
design process?

• How well did students document their 
paper-based designs?
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Final product
Here is an example of one possible prototype that 
meets the design goals. The piece fits the action 
figure’s body and allows it to stand up.

Optional
Instead of starting with the 3D objects already 
in the 3D Builder app, students can use 3D Scan 
to capture their mock-ups in order to get the 
shapes into the 3D Builder app. Students can then 
manipulate the models they created instead of the 
basic shape objects.
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1
Define the design goals 
For various reasons, many people and even animals need 
artificial body parts. These are called prosthetics. In this project, 
you will design an artificial leg for an action figure. Like a 
biomedical engineer, you will try to design the best prosthetic leg 
given a number of constraints.

Complete this sentence in five different ways to outline your 
design goals: Our prosthetic leg will... (be able to, weigh, last, 
cost, etc.)

Design a 
Prosthetic Leg
Student Handout 
Lower or Upper Secondary Grades 
Ages 11–18
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2
Brainstorm and Plan
Work in groups to brainstorm designs for your 
prosthetic leg. Use paper and pencils to sketch 
some designs. Then decide as a group which 
one you think will best meet your design goals. 
Build a quick mock-up using simple building 
materials like cardboard to try out the design.

3
Prototype I
Work in groups to brainstorm designs for your 
prosthetic leg. Use paper and pencils to sketch 
some designs. Then decide as a group which 
one you think will best meet your design goals. 
Build a quick mock-up using simple building 
materials like cardboard to try out the design. 
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4
Prototype II
Using your simple mock-up as a guide, use Sprout 
Pro and 3D Builder to create a digital version of your 
prosthetic design.

Write down how you created each piece of the 
prosthetic; include the methods you used to edit the 
basic shapes and the dimensions of each piece.

5
Print the prosthetic legs
Objects might take a few hours to print; you may want 
to load multiple projects in one scene in the app and 
leave it to print overnight. 



6
Improve
Create a poster to explain your design to the rest of the class. Be 
sure to include an explanation of how your design does or does 
not meet your design goals. Describe how you would improve 
your design if you were to build another version.

7
Gallery Walk
Half the class stands by their posters while the other half visits 
the posters and asks questions, and then they trade positions.
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Standards addressed 
Mathematics
• Model real-world situations mathematically.

• Construct exponential functions in tables and equations given descriptions of the 
functions.

Arts
• Demonstrate deliberate choices in organizing and integrating content in media arts 

productions. 

Animating 
Exponential 
Growth
Teacher guide 
Upper Secondary  
Grades  
Ages 14–18



Prepare for your project
Materials
• Student notebooks or paper for sketching

• Background images 

• Cartoon characters (from web) 

Resources
• Resources for animation: Search the Internet for videos on data visualizations using 

population pyramids and bacteria growth.

Sprout Pro resources
• Stop Motion app

• Calculator

What to do in advance
If you don’t want students to spend time searching for images, select some background 
images and popular cartoon characters or art designs as resources that they can use for their 
animation.
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15 
mins.

1
Student prompt
In this project, you are going to make a movie that shows fast growth—where for each time period we observe, 
the number of objects doubles or the size of an object doubles. Check out the numbers for this kind of growth! 
Fill in the table:

Time period 1 2 3 4 5 6 7

Number of 
objects 1 2 4 8 16 32 64

This kind of growth is called exponential growth.

How to help 
This should prompt a short discussion of how fast the numbers grow and that the number increases by more 
and more for each time. Prompt students to think of situations from science class (such as the growth of 
bacteria) that are represented by exponential growth. You don’t have to introduce the equation yet; this will 
happen in step 5.



15 
mins.
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2
Student prompt
Brainstorm ideas for a Stop Motion video that shows exponential growth. Sketch on paper what 
some of the frames will look like. How many frames should you make to give viewers a good picture 
of this kind of growth?

How to help 
Students may choose a real-life situation, such as bacteria growth from science class, or they may 
choose something fanciful such as zombie population growth. Help students consider how to 
arrange objects in each frame or scale an object to best illustrate exponential growth. The animation 
will get crowded fast after seven or eight frames. 
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30-45 
mins.

3
Student prompt
Make an animation to see if your ideas work.  
Revise as needed.

How-To

1. Tap or double-click Stop Motion.

2. Click on Background to import a background 
image you want to add, if needed.

3. Use the Pen to draw images, or click on Asset to 
add images of objects or characters to grow in 
numbers. Determine the number of objects to 
draw or import.

4. Take a few photos using Frame Grab; these will 
be the first few frames of your movie. You will 
see these frames appear under the stage area.

5. Repeat steps 3 and 4 until the screen is 
completely filled up.

6.  Save your project by clicking on the File menu 
icon on the top right.

7.  Export your project (three lines). and clicking on 
Save. Name your project.

How to help 
Ask groups these questions:

• In your animation, what worked? What didn’t work 
the way you wanted?

• What are the things you should have considered to 
make it work better?

• How should you modify your animation?

Have students consider how to arrange a large 
number of objects. Or help students consider how big 
an initial object should be in order to best show as 
many frames for growth as possible. 

3.

3.

6.



4
Student prompt
Movie time! Share your movies with 
your classmates.

How to help 
Encourage the students to discuss 
what they like most about other 
groups’ animations. 

Ask them how they know that 
exponential growth was shown. 

Ask them to imagine what they would 
see if the movie continued.

5
Student prompt
Write an equation that says how 
many objects there will be (y) at time 
x. Hint: There is a reason they call it 
exponential growth.

y = _________

How to help 
Make sure students understand that 
the number grows exponentially, as a 
power of 2. This can be represented 
by the equations an+1 = 2 an or 
directly, as y = 2x-1. It is the latter that 
students should write for this project. 
The 2 represents the doubling and the 
exponent represents the time period.

30-45 
mins.

15 
mins.
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30 
mins.

6
Student prompt
That growth was pretty fast! What if we slow it down a little bit? Think about growth where the number of 
objects or the size of an object increases by 50% each time. Fill in the table below.

The size of an object grows by 50% each time.

Time period 1 2 3 4 5

Size of  
object 100 mm 150 mm 225 mm 337.5 cm 506.25 mm

This kind of growth is still called exponential growth. Fill in the number in the equation.

Hints: What is 50% as a decimal? How did you use 50% to get the next number in the table?

y = 100 ∙ (___) x-1

How to help 
Help students see that the number has to be multiplied by 1.5 every time to represent 50% growth, because 
just multiplying by 0.5 would shrink the object.



30 
mins.
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7(Optional)

Student prompt
Make an animation that shows 50% growth of an 
object. The length does not have to be exact, but the 
viewer should get a sense of what this growth is like.

How to help 
Suggest that students just consider length to 
simplify the task. Encourage them to imagine fanciful 
situations for such growth. Help them estimate the 
length to use in their animations—what it means to 
show about 50% growth each time. 

Have students share their work with the class. This 
is an excellent way to promote peer mentorship and 
foster presentation skills for future career success.

Final product
A movie that shows exponential growth in at least 
seven stages.
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1
Exponential growth 
In this project, you are going to make a movie that shows fast growth—where for each 
time period we observe, the number of objects doubles or the size of an object doubles. 
Check out the numbers for this kind of growth!

Fill in the table:

Time period 1 2 3 4 5 6 7

Number of 
objects

This kind of growth is called exponential growth.



2
Brainstorm an animation
Brainstorm ideas for a Stop Motion video that shows 
exponential growth. Sketch on paper what some of 
the frames will look like. How many frames should 
you make to give viewers a good picture of this kind 
of growth?

3
Animate
Make an animation to see if your ideas work. Revise 
as needed.

How-To

1. Tap or double-click Stop Motion.

2. Click on Background to import a background image 
you want to add, if needed.

3. Use the Pen to draw images, or click on Asset to 
add images of objects or characters to grow in 
numbers. Determine the number of objects to draw 
or import.

4. Take a few photos using Frame Grab; these will 
be the first few frames of your movie. You will see 
these frames appear under the stage area.

5. Repeat steps 3 and 4 until the screen is completely 
filled up.

6.  Save your project by clicking  
on the File menu icon on the top right.

7.  Export your project. (Three lines) and clicking on 
Save. Name your project.
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3.

6.



144  Animating Exponential Growth | Upper Secondary Grades | Student Handout

4
Movie time
Movie time! Share your movies with  
your classmates.

5
Figure it out
Write an equation that says how many objects there 
will be (y) at time x. Hint: There is a reason they call it 
exponential growth.

y = _________

6
Fill it out
That growth was pretty fast! What if we slow it down 
a little bit? Think about growth where the number of 
objects or the size of an object increases by 50% each 
time. Fill in the table below.

The size of an object grows by 50% each time.

Time period 1 2 3 4 5

Size of  
object 100 mm

This kind of growth is still called exponential growth. 
Fill in the number in the equation.

Hints: What is 50% as a decimal? How did you use 
50% to get the next number in the table?

y = 100 ∙ (___) x-1 

7
Animate
Make an animation that shows 50% growth of an 
object. The length does not have to be exact, but the 
viewer should get a sense of what this growth is like.
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Standards addressed 
Mathematics
• Understand and use similar triangle relationships in creating perspective drawings.

Arts
• Choose from a range of materials and methods of traditional and contemporary 

artistic practices to plan works of art and design: single-point perspective, use of 
color to represent mood.

Perspective 
Collage
Teacher guide 
Upper Secondary  
Grades 
Ages 14–18



Prepare for your project
Materials
• Drawing paper

• Colored pencils, paints, or pastels

Resources
• Learn about single-point perspective on Wikipedia. 

• Math and Multimedia has information on the mathematics of single-point perspective. 

• Search the internet for cactus plants from the American Southwest.

Sprout Pro resources
• Capture app

• Autodesk Sketchbook app

• Collage app

What to do in advance
Use Capture to scan images of cactus plants to Gallery for students to scroll through as they 
choose one to draw. Make sure the students have access to drawing/painting materials. 
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50 
mins.

1
Student prompt
• The U.S. Southwest has many varieties of cacti. Choose one to draw.

• Make a detailed drawing or painting of your cactus plant on paper.

• Instead of depicting colors as you see them in nature, use color to convey a mood of your choosing. 
Have fun with your colors.

How to help 
Students will be using both traditional and digital media for this project; here, they use traditional 
materials. Encourage the students to select a mood to represent and help them decide what colors 
best represent that mood. Traditionally, cool colors represent sad emotions and warm represent happy 
emotions, but your students may have their own ideas.

A drawing of a saguaro cactus.



15 
mins.
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2
Student prompt
• In the Autodesk Sketchbook app, draw a horizon line about three-quarters of the way up the 

page.

• Above the horizon line, paint the sky; below, paint the desert. Instead of depicting colors as you 
see them in nature, use color to convey a mood of your choosing. Ensure that the background and 
the cactus are related in a color scheme.

• In Autodesk Sketchbook, use the ruler tool to place a vanishing point and draw lines (rays) coming 
from the vanishing point. Use the ruler’s angle measurements to create a symmetrical set of lines 
(rays).

• Save your desert as a .jpg image.

How to help 
Students will be using both traditional and digital media for this project; here, they use digital media. 
Across media, the colors should fit in one color scheme.

A desert with rays of perspective being drawn in.
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25 
mins.

3
Student prompt
• Use Create to make a digital image of your cactus. 

Capture a digital image of your cactus with the 
Capture tool (the camera icon at top left of the 
touchmat).

• Use the Edit tool and its Background tool to 
remove the background.

• Use the Clipboard tool and its Copy tool to place 
the image of your cactus onto the clipboard.

• Open the Collage app. Name your collage. Set your 
desert as your background. Then select Create. 

• Use the Content button and select Paste from 
Clipboard to paste in your cactus.

• Place your cactus in the foreground of the desert 
(close to the bottom of the touch mat), with its 
base at one of the rays of perspective, and make it 
fairly large.

How to help 
Discuss single-point perspective. A perspective 
drawing enables us to represent the 3D world on 
a flat surface. As things get farther away, they are 
shown as smaller in the picture. From a vanishing 
point, rays emanate out to the edges of the page.  
The farther on the line away from the vanishing point, 
the larger the object. Discuss how the rays can be 
interpreted as a road leading from the cactus to the 
vanishing point. Even though the sides of the road  
are parallel in the real world, they meet at the 
vanishing point. 

Advanced optional discussion and activity: In 
photography, the vanishing point is considered to 
be an infinite distance away. On a ray of perspective, 
a segment that is close to the vanishing point thus 
represents a greater distance in the real world than a 
congruent segment farther away from the vanishing 
point. To test this, students could take a photo of 
classmates on a field holding a meter stick a constant 
distance away from each other. 

Using the Capture tool. Using the Edit/Background tool. A collage with one cactus in the 
foreground.



25 
mins.
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4
Student prompt
In the Collage app, place several more of your cacti in your 
desert. Use the rays to help you get them the right size. 

Place a second cactus halfway between your first cactus 
and the horizon, along the rays to the vanishing point. 

• How much larger is the first cactus than the second? 

• What is the mathematical relationship between the 
triangles formed by the cacti and the rays to the horizon?

Place at least two more cacti in different parts of the desert. 
Use more rays to the horizon to determine how tall they 
should be.

• In general, how can you tell what size to make a 
cactus, depending on its location? 

• Make a geometric sketch of triangles in your notebook 
to explain.

How to help 
Ensure that students measure the distance along the 
lines to the horizon to determine “halfway.” Then the 
second cactus should be half the height of the first. The 
mathematical relationship: You can envision a triangle 
formed by the rays to the vanishing point and the height of 
the cactus. The triangles formed by the two cacti are similar 
because they have three congruent angles. So the ratios 
of corresponding sides are the same. That means you can 
measure the distance to the vanishing point from the first 
cactus and the distance to the vanishing point from the 
second cactus, and the ratio of those two segments tells 
you how much smaller the second cactus should be than 
the first. Have students sketch this geometrically (rather 
than in an artistic expression) in their notebooks. 

Final product
A collage of multiple images of the same kind of cactus 
plant on a desert background, with the cacti properly scaled 
for their locations. One cactus image should be half the 
height of another and be half as far from the vanishing 
point along a ray of perspective. Students should be able to 
explain their color choices to represent a mood. 

Two cacti Complete collage
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1
Draw a cactus
• The U.S. Southwest has many varieties of cacti. Choose one to draw.

• Make a detailed drawing or painting of your cactus plant on paper.

• Instead of depicting colors as you see them in nature, use color to convey a 
mood of your choosing. Have fun with your colors.
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2
Create a desert background
• In the Autodesk Sketchbook app, draw a horizon 

line about three-quarters of the way up the page.

• Above the horizon line, paint the sky; below, paint 
the desert. Instead of depicting colors as you see 
them in nature, use color to convey a mood of your 
choosing. Ensure that the background and the 
cactus are related in a color scheme.

• In Autodesk Sketchbook, use the ruler tool to place 
a vanishing point and draw lines (rays) coming 
from the vanishing point. Use the ruler’s angle 
measurements to create a symmetrical set of  
lines (rays).

• Save your desert as a .jpg image.

3
Create a desert background
• Use Create to make a digital image of your cactus. 

Capture a digital image of your cactus with the 
Capture tool (the camera icon at top left of the 
touchmat).

• Use the Edit tool and its Background tool to 
remove the background.

• Use the Clipboard tool and its Copy tool to place 
the image of your cactus onto the clipboard.

• Open the Collage app. Name your collage. Set your 
desert as your background. Then select Create.

• Use the Content button and select Paste from 
Clipboard to paste in your cactus. 

• Place your cactus in the foreground of the desert 
(close to the bottom of the touch mat), with its 
base at one of the rays of perspective, and make it 
fairly large.



4
Add more cacti
In the Collage app, place several more of your cacti in your desert. Use the rays to help 
you get them the right size. 

Place a second cactus halfway between your first cactus and the horizon, along the rays 
to the vanishing point. 

• How much larger is the first cactus than the second? 

• What is the mathematical relationship between the triangles formed by the cacti and 
the rays to the horizon?

Place at least two more cacti in different parts of the desert. Use more rays to the 
horizon to determine how tall they should be.

• In general, how can you tell what size to make a cactus, depending on its location? 

• Make a geometric sketch of triangles in your notebook to explain.
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Resources
Learn more about Sprout Pro and access an array of learning resources at hp.com/go/sproutforlearning. 
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