
STEAM Build a Pop-Up Card or Book 
 

Summary 

In this activity, students will learn about applied forces and elements of the 
engineering design process by creating a pop-up card or book. 

Grade level: 3-12 

Time: 50 (for card) – 120 minutes (for book) 

Engineering Connection 

Just like forces travel from your hand to move an object, engineers want forces to 
“travel” in their designs as well. For example, in the construction of buildings and 

bridges, engineers make sure the forces acting upon the structures (people, 
washing machines, trucks, wind, snow, etc.) will be safely transferred to 

foundations in the ground. During the engineering design process, they do this by 
adding up all the potential forces that could be applied to a structure and drawing 
free-body diagrams — drawings that help to visualize how forces act upon an object 

— to ensure that the structure will not collapse. 

Learning Objectives 

After this activity, students should be able to: 
• Define a force and identify several forces in their environment. 
• Understand how forces work in a pop-up book. 

• Use brainstorming as a means to generate ideas for a work of art. 
• Use the engineering design process to create a product for a client. 

Standards 

International Technology and Engineering Educators Association 

• H. Modeling, testing, evaluating, and modifying are used to transform ideas 

into practical solutions 
• H. Apply a design process to solve problems in and beyond the laboratory-

classroom. 
• J. Make two-dimensional and three-dimensional representations of the 

designed solution. 

Next Generation Science Standards 

• Generate and compare multiple possible solutions to a problem based on how 

well each is likely to meet the criteria and constraints of the problem.  

 

http://teachers.egfi-k12.org/build-a-pop-up-card-or-book/


 

 

 

 

Introduction/Motivation   

 

Have you ever read a pop-up book? How do they work? When were they invented? 
The first movable books were created for educational purposes as early as the 15th 

century, almost 500 years ago! One of the first books was an anatomy book that 
used flaps for each layer of the human body. This book was created in 1553 by 

Andreas Vesalius. People start creating movable books for recreational purposes 
hundreds of years later. This time, the books used flaps to reveal different 
adventure scenes in a story. 

During the 19th century, the London publishing house of S. & J. Fuller mass-
produced the first paper dolls. Lotha Meggendorfer, a German artist created the 

first multiple and simultaneously moving parts book. He used an intricate system of 
copper wires and paper tabs to create this effect. 
Three-dimensional books, in which the images stood up from the pages, were 

created after 1929. 
Engineers and artists think about forces when designing or building something. 

What is a force? (Answer: A push or pull on an object.) Not all forces occur 
naturally like wind and gravity. People can create forces using energy that 

originates from the food they eat. This occurs when we push someone on a swing, 
use our feet to push a skateboard or pull someone in a wagon. When we read pop-
up books we apply very small forces (pushes or pulls) to tabs and flaps to make 

them move. 
Engineers and artists take into consideration the impact of man-made forces on an 

object they design, as well as natural ones. For example, is it important for an 
engineer to consider the impact of the accumulated weight of many people as they 
walk across a floor on the second story of a building? Even the smallest forces need 

to be taken into account. Any push or pull that affects the balance of a structure, 



large or small, must be thought about by engineers and artists during the design 
and creation process. In making pop-up or moving books, the creators are called 

“paper engineers.” 

 

Materials  

• Paper (8.5 x 11 inch copier or construction paper) 

• Tape 
• Scissors 

• Glue stick 
• Ruler 
• General art supplies for decorating & writing messages 

For the entire class to share: 

• Several pop-up or movable books from the library or home 

• Stapler (or needle and thread to stitch through several sheets of paper) 
• How to  

Make Tabs (PDF) 

• How to Make Flaps (PDF) 

Procedure (For Card) 

1. Fold the paper in half. On the crease side of the paper, make two straight, inch-
long cuts. 

2. Define the tab: Bend the tab up and over, and fold it flat. 

3. Make the box: Push the tab into the card. This turns it into a box that sticks into 
the card. Once the box is in the card, close the card and press the box flat. • 

Open the card and check that the box pops up. 
4. Add a character: Glue a drawing or photo onto the box. 
5. Add a cover and message: Glue on a cover to hide the cut you made. Add a 

message and decorate your card. 

https://www.teachengineering.org/collection/cub_/activities/cub_art/cub_art_lesson01_activity2_attach1.pdf
https://www.teachengineering.org/collection/cub_/activities/cub_art/cub_art_lesson01_activity2_attach1.pdf
https://www.teachengineering.org/collection/cub_/activities/cub_art/cub_art_lesson01_activity2_attach2.pdf


Activity Extension 

Make a fancier design by using two or more boxes. Or make several boxes that are 

different lengths and widths. This lets characters pop up in different places, like 
near the front and near the back of the card. 

Procedure (For Book) 

This activity is suggested to take place during two, one-hour class periods on two 
different days. Day 1 is for research, writing, drawing, brainstorming, planning and 

organizing. Day 2 is for construction of the pop-up book. 

Before the Activity 

• Gather materials and bring to class example pop-up books from the library or 
home. 

• Divide the class into teams of two students each. 

• Research: Have the student teams browse through the pop-up books, paying 
careful attention to why and how parts of the book move, and where the forces 

are applied. 
• The Design Process. Write on the board the main steps in the engineering 

design process, and discuss with the students. 

Show Video-https://www.youtube.com/watch?v=srpzCFA8uMc 

Fold, Pull, Pop & Turn. [YouTube 7:50] The making of a pop-up book, featuring 
book artist Chuck Fischer and paper engineer Bruce Foster from the Smithsonian’s 
Paper Engineering: Fold, Pull, Pop & Turn exhibition, which was on display in the 

Libraries Exhibition Gallery in the National Museum of American History through 
September 2011. 

 

 

Show Video: https://vimeo.com/98760774 

German paper engineer Peter Dahmen creates magical, moving sculptures out of 

paper. 

 With the Students 

1. On Day 1, start a discussion about pop-up books by asking if anyone has read a 
pop-up book. Do you know how they work? Take guesses on when they were 
first invented. (Answer: 500 years ago.) 

2. Information gathering. List on the board all the different design techniques found 
in the example pop-up books. (Possible techniques: Revolving disks, push/pull 

tabs, lifts/flaps.) Also note that some books create movement only by the reader 
moving a disk, tab or flap, while others move simply with the motion of turning a 
page. 

https://www.youtube.com/watch?v=srpzCFA8uMc
https://www.youtube.com/watch?v=srpzCFA8uMc
https://vimeo.com/98760774


3. Understand the science. Review with the students how the forces travel from the 
student’s hands along the tabs or through the book pages to cause movement. It 

may be helpful to draw arrows that represent these forces on the board (see 
Figure 1). 

Figure 1. A gentle force with a hand causes 
movement in a pop-up book. 
4. With the remaining class time, have the student teams write a short story 

that they will illustrate in their pop-up book. Decide if the book will be a simple 
children’s story created for a child they know, or perhaps a comic book designed for 
themselves. The story length can be five sentences to five pages. Remind students 

that some books have no words or very few words; paper engineers design books 
so the pictures (illustrations and movement) tell the story. 

5. An important part of the engineering design process is creating a diagram of 
your design. This step helps make the project real so decisions can be made and 

refined for a better end product. Have the students divide their story into 
approximately five pages, and draw rough sketches (words and pictures) to lay 
out each page. 

6. Brainstorming is important in the engineering design process. Working in a team 
helps everyone come up with creative ideas. Have the students brainstorm 

unique ways to make their pictures move. Which illustrations will move? In what 
way? What movement(s) help to tell the story best? Find ideas in the example 
pop-up books and talk with other students about possible ideas. Brainstorm 

creative and silly ideas that use the materials available. 
7. Planning ahead is a very important part of the engineering design process. Why? 

(Answers: It helps with the collection of materials, prevents the wasting of 
materials, saves time during the construction phase, and keeps projects 
organized so other people can understand what is going on.) Have the student’s 

plan how they will make some of their illustrations move. What will be on the 
page background? What will be on the flap or tabs? What will be the tab/flap 

shapes? Where will be the folds? How will the moving pieces be attached? 
Practice with a prototype (or mock-up), until it works the way you want. Use the 
suggestions provided in the How to Make Tabs and How to Make Flaps 

attachments. 
8. On Day 2, continue with the pop-up book making process. After the students 

have shown they have a good grasp on how they want to complete their project, 
they can begin the construction phase. 

9. Share the construction tasks among the team members. The first step is to 

create the base pages of the book. Have each student team figure out how many 
pieces of paper they need based on the number of finished pages in their book 

when the 8.5 x 11″ paper is folded in half. Plan to include a cover page and a 

https://www.teachengineering.org/collection/cub_/activities/cub_art/cub_art_lesson01_activity2_attach1.pdf
https://www.teachengineering.org/collection/cub_/activities/cub_art/cub_art_lesson01_activity2_attach2.pdf


title page. For instance if a story is six pages long, the team needs three pieces 
of copy paper for the story, one piece for the title page and one piece of colored 

construction paper for the cover. 
10.Have students stack their book page papers, placing the construction piece on 

the bottom (see Figure 2). 
11.Next, have students fold the stack of papers in half so that the construction 

paper is on the outside, creating a front and back cover (see Figure 2). 

Figure 2. Construction details 
for the pop-up book. 
12. To make a binding, either staple the fold of the book, or use a needle and 
thread to stitch the pages together (see Figure 2). 

13.Next, the students may proceed to add the story, illustrations and moving parts 
to the blank book. Create a title page that includes the components found on the 

title page of other books (title, author(s), illustrator(s), location, date). 
14.When all students have completed their books, have each team present them to 

the class. They should be able to describe the type of forces that cause their 

book parts to move. Discuss the creative ideas used in the pop-up books. Do 
they function well? Do they have any ideas for improvement? Who is the end 

user of their book? How did the steps of the engineering design process work for 
your team? Deliver the pop-up books to younger students and see how they are 
received. 

Safety Issues 

• Students should be careful when handling scissors. 

• If needle and thread are used, students should be careful when handling the 
needles. 

Troubleshooting Tips 

Since some students get frustrated coming up with their own designs, it may be 
helpful to check out some “how-to make your own pop-up books” from the library 

or search the Internet for helpful ideas to supply to students. See the Reference 
section for some book suggestions. 

  

 



Activity Extensions 

Ask the students where else engineers want forces to “travel.” For example, in the 

construction of buildings and bridges, engineers want to make sure the forces 
(people, desks, cars, snow, wind, weight of the walls and roof, etc.) can be safely 

transferred to solid foundations. They do this by adding up all the potential forces 
that could be applied to a structure and drawing free-body diagrams — drawings 
that help visualize how forces act upon an object, This method helps engineers 

design structures that do not collapse under the impact of many forces. Ask 
students to research free-body diagrams on the Internet and report back to class 

with an example. 
Have the student research the history of pop-up books and write a one-page paper. 
Have the students brainstorm about other art forms that use moving pieces. For 

homework, have them create a piece of moving art, and explain which forces make 
it move and why. 

Invite a “paper engineer” to speak to your class. 
Activity Scaling 

• For younger students (grades 3-4), print out instructions from one of the how-

to books and stick to simpler flap designs. 

  

 


