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Unit 5: Parts Working Together 
Topic: Designing a Bridge  
Subject/ Grade level: STEM/ Grade 2 

Materials 
Suggested for teams of 2-3 students unless indicated otherwise 

 Book in English, Three Billy Goats Gruff by Paul Gadone or  

 Book in Spanish, Los Tres Chivitos Gruff by Mary Finch 

 “Math Connection Pictograph” handout 

 “Bridge” handout 

 Building blocks for abutments 

 A pretend “river,” blue paper is suggested 

 Cups are suggested to represent boats 

 Centimeter cubes to make billy goat representations 

 Index cards for bridge building material (5"x8" index cards suggested) 

 1 meter of masking tape per team 

 Website, http://www.pbs.org/wgbh/buildingbig/bridge/index.html  

 Optional: fan for “hurricane” (differentiation strategy) 

 Optional: art materials for making creative billy goats (extension activity) 

 Optional: string, books, and a ruler ( extension activity) 

 Optional: design logs to record all written reflections associated with this design. 

 21 Century Skills rubric for grading project 
 

TEKS  
Science 
SCI.2.5C Demonstrate that things can be done to materials to change their physical properties such as cutting, folding, 
sanding, and melting. 
*SCI 2.5D Combine materials that when put together can do things that they cannot do by themselves such as building 
a tower or a bridge and justify the selection of those materials based on their physical properties. 
 
Math  
MATH.2.4D Generate and solve problem situations for a given mathematical number sentence involving addition and 
subtraction of whole numbers within 1,000.  
MATH 2.10B Organize a collection of data with up to four categories using pictographs and bar graphs with intervals of 
one or more. 
 

ELPS 
C1A Use prior knowledge and experiences to understand meanings in English. 
C1E Internalize new basic and academic language by using and reusing it in meaningful ways in speaking and writing 
activities that build concept and language attainment. 

 

CCRS 
Science 
5C1F Use graphs, symbolic equations, and other techniques for depicting and analyzing patterns of change. 
8A5 Understand the concepts of gravitational force and weight. 

 

http://www.pbs.org/wgbh/buildingbig/bridge/index.html
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Cross-Disciplinary 
1C1A Represent and/or restate the problem in one or more ways showing recognition of important details and 
significant parameters. 
1E2C Work in small groups to investigate a problem or conduct an experiment. 
 
Math 
2D1 Interpret multiple representations of equations and relationships. 
10A2 Connect mathematics to the study of other disciplines. 
 

Lesson objective(s):  
Students will design a bridge to demonstrate how combining materials can do things they cannot do by themselves. 
 
Differentiation strategies to meet diverse learner needs: 
 Allow students some individual think time prior to the team planning time.  

 Allow teams to choose how they want to reflect e.g., responses can be written, answered orally, or drawings. 

 In the Redesign stage, pose scenarios to help generate new ideas for bridge redesign. 
 

IDENTIFY NEED 
This design challenge has students take a closer look at bridges to demonstrate how 
combining materials can do things that they cannot do by themselves. The teacher will 
begin the design challenge by reading “The Three Billy Goats Gruff” to the class. The 
teacher should ask the class the following questions to prime them for the design 
challenge.  
 
Formative Assessment: 
1. Besides the troll, what other problem do the billy goats have? (need a bridge to cross the stream) 
2. How can you help? (build them a bridge)  
3. Can you build a bridge strong enough for the little billy goat to cross safely and avoid the troll lurking below?  
4. Strong enough for the middle sized billy goat or the big billy goat?  
5. For the whole family to cross together?  
6. Why did the bridge in the story not collapse? (Hopefully, students will say the bridge was sturdy, well-assembled, 

etc.) 
 
Design Challenge: 
“You are an engineer and must help the billy goats get to the other side of the stream. Your engineering project is to 
design a bridge.  Using the least number of cards needed, it must support the following groups to cross it:  
 
Trial 1- One little billy goat (5 grams)  
Trial 2- One medium billy goat (10 grams)  
Trial 3- One big billy goat (20 grams)  
Trial 4- The entire goat family of 3 
 
You may only use the materials provided to build the bridges. You may use a maximum of FIVE index cards. Scoring will 
be based on the number of cards you used AND the weight supported.” 
 
Show students the materials they will be using to tackle the bridge challenge. Each design team should have blocks for 
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abutments, something to represent a “river,” something to represent a “boat,” gram weights to represent billy goats, 1 
meter of tape, and index cards for bridge building material (5"x8" index cards are suggested). 
 
The class should agree on a definition for success.  Possible questions to help with this follow: 

 What does “support” mean? 

 If the bridge sags, but doesn't fall is that support? 

 Does the bridge need to be level?  
 
As a class, demonstrate a successful bridge design (criteria for success):  

 Span the river. Show a paper river. 

 Be high enough for boats to pass under. Demonstrate cup boats going under. 

 Abutments in place. Show the blocks. 

 A bridge. Show 1 index card suspended over the blocks. 

 Must support the billy goats. Don’t show this. 
 

Teacher Note:  Centimeter cubes weigh one gram each, so these are a great resource 
for representing billy goats. Be sure to organize students into engineering teams and 
provide hands-on, free exploration time before building.   
 

 
Differentiation:  
Wrap-up this stage by making a class list of student discoveries made during free exploration time. 
 
Extension: 
Have students creatively design representations that are the correct weight for each billy goat 
using other materials of your choice, e.g. marshmallows, clay, pipe cleaners, etc.   

 
RESEARCH THE PROBLEM 
What have others done? Have students sketch what their bridge might look like or draw a bridge they’ve seen.   
Tell students, “You might think that bridges come in an infinite variety of forms. But if you get right down to the 
structural elements of a bridge, there are really only three kinds: beam, arch, and suspension bridges.” 

Explore bridges with photos (see “Bridges” handout) and/or by using children's books. Conduct research as is 
appropriate for the primary grades. The kid-friendly PBS Building BIG website is an excellent resource for bridge photos 
and background information:  
 
http://www.pbs.org/wgbh/buildingbig/bridge/index.html 

Teacher Note: The simplest kind of bridge is a beam bridge. A log that has fallen across a river makes a beam bridge. A 
board lain across a puddle, a span of steel across a body of water, and a file card across two books also makes one. A 
beam bridge relies on the stiffness of the building material. If the log across the river sags, it doesn't make a very good 

bridge. Arches have been common features in buildings since 1,000 B.C., but they didn't appear 
in bridges for another thousand years. Roman roads were often supported by stone arches.  
 
Guide students as they explore two of these designs by saying the following, “Using just an index 
card, you can make two of the three different kinds of bridges. When you lay an index card 

http://www.pbs.org/wgbh/buildingbig/bridge/index.html
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across two books-even if you've folded the card into pleats first you've made a simple beam bridge. If 
you cut 2 slots into a card, tuck the flaps under the edges of the book covers, and push the books 
slightly together, you'll make an arch bridge.”  

Formative Assessment:  
Have students demonstrate a beam and arch design according to the directions above and illustrate 
each design. 

Extension #1:  
Suspension Bridges, Option 1- Suspension bridges like the Golden Gate Bridge in San Francisco, rely on a cable or rope 
for their support. Each end of the cable or rope must be anchored by a tree, a boulder, or (in modern suspension 
bridges) a massive block of concrete called an anchorage. The cable or rope pulls on the anchors, but as long as they 
don't move and the cable or rope doesn't snap, the bridge is stable 

 
Take a 4-foot long piece and place a stack of textbooks on top of one end. The string 
represents the cable of your suspension bridge. Place another stack of textbooks on 
the other end. These piles of books serve as a bridge anchors. Using two, 1-inch thick 
textbooks, place them under the string standing on end. These standing books 
represent your bridges towers. Try to position the distance between the towers 
equally. 

 
Formative Assessment:  
Have teams complete the following questions: 
1. Push down on the cable between the two towers with a ruler. What happens? (Answer: The towers should not fall 

very easily.) 
2. Are the towers being pushed on or pulled? (Answer: pushed)  
3. Do the anchors push or pull on the cable (Answer: The anchors pull on the cable. They 

help to stabilize the bridge) 

Extension #2:  
Have older students or adults demonstrate a human suspension bridge. This activity will 
introduce advanced students to feel the concept of forces (pushing or “compression” and pulling or “tension”) and how 
they help to support bridges. In this example, 16 students can be used to form a human suspension bridge. 

http://teachers.egfi-k12.org/activity-build-a-human-suspension-bridge/  

DEVELOP POSSIBLE SOLUTIONS  
Share the design problem again with students.  
 

“Find out the least number of cards needed to design a bridge to support the following groups across it:  

 One little billy goat (5 grams)  

 One medium billy goat (10 grams)  

 One big billy goat (20 grams)  

 The family of 3 
 
Constraints: You may only use the materials provided to build the bridges. You may use a maximum of FIVE index 
cards. Scoring will be based on the number of cards you used AND the weight supported.” 

http://teachers.egfi-k12.org/activity-build-a-human-suspension-bridge/
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Teacher Note: Talk with students about why using fewer cards might be a better/more efficient solution. Relate this to 
the cost of buying materials to build a real bridge. 
 

Differentiation: 
Have students find a partner or form their own engineering teams. Students with similar design ideas can work 
together. Allow students some individual think time prior to the team planning time.  

Formative Assessment:  
Have teams come up with two model designs. Each design should include a labeled drawing and a list of materials 
needed. Make sure teams don’t forget to plan for and include all materials, including the abutments, the river, the 
boat, the number of index cards, and weights needed in their 2 designs. 

Extension:  
Have students conduct research on bridges in the Houston area and identify the type of bridge each represents. They 
should pay attention to these bridge designs to note their similarities and differences, and inform their designs.  
Challenge students to find out when each was built and by whom. Possible starting places for research follow: 

http://www.houstonpress.com/news/the-bridges-of-texas-12-beauties-6718194  
http://bridgehunter.com/category/city/houston-texas/  
 

SELECT THE MOST PROMISING SOLUTION 

Based on the criteria for success and constraints, teams will decide which of the two model designs to develop and 
construct into their bridge.  
  
Formative Assessment: 
Have students use a graphic organizer like the one pictured below to organize information about their 2 ideas visually. 
 

 
 

CONSTRUCT A PROTOTYPE 
After identifying the best design, allow time for teams to create their final, ONE model.   
 
 

http://www.houstonpress.com/news/the-bridges-of-texas-12-beauties-6718194
http://bridgehunter.com/category/city/houston-texas/
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Formative Assessment:  
Teams should draw a picture of their final designed bridge, describe how they made it, and share information on the 
materials used and the assembly process in a reflection to share. 
 
Extension: 
For teams that finish early, encourage interested teams to find the maximum weight each of the following bridges can 
hold. Students can use any combination of billy goats but will need to find a total weight.  
 

 Arch bridge using TWO cards (only one way to construct this one)  

 Arch bridge using THREE cards (could use two cards for arch OR beam)  

 Beam bridge using THREE cards 
 

TEST AND EVALUATE PROTOTYPE  

MATH CONNECTION- Have teams test their bridge to see if they are meeting the design challenge and record their data 

using the headings below to create a table of their data. 
 

Type of Bridge Number of Cards Number of Goats on Bridge Total Weight Supported (grams) including math 
equation 

beam 1 card 3 small goats 5 + 5 + 5 = 15 

    

 
Formative Assessment: 
Evaluate teams on their bridge’s performance. Remember to score them based on the number of cards teams used 
AND the weight supported. 
 
Extension: 
Ask teams some evaluation-type questions as appropriate. A few suggestions follow:  
 

 Where was your bridge the weakest? 

 What do you think would happen if the abutments were farther apart? Closer together? Why? 

 What do you think would happen if you could anchor the bridges to the desks? Why? 

 How could you change an index card to make it stiffer?  
 

Differentiation:  
Allow teams to choose how they want to reflect on the questions above, e.g., responses can be written, answered 
orally, or depicted in drawings. 
 

COMMUNICATE THEIR DESIGN  
Have teams share their results with others. Plan an event so that students can show off their bridges. 
 
Formative Assessment:  
Consider inviting a buddy class or parents. Display bridges in school display case or make a bulletin board with photos 
and captions of their work. Teams should share with their audience about their design process. Assess the quality of 
their presentation.  
 
REDESIGN  

Discuss with teams the trade-offs between the number of cards used and the number of goats supported. Ask them the 
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following question to guide this stage of the design process: “What could you change to make your bridge better?” 
 
Formative Assessment:  
Have teams share their redesign idea either orally, written, or in a labeled drawing, but do not have them build it. 
  

Differentiation: 
Have teams share their answers to the following scenarios below to help them think of how they could make their 
designs better. 

 Could you build a bridge to span a lake? 
 Could your bridge be strong enough to hold a brick? 
 Could it hold together in an earthquake (simulated with shaking desks)? Why or why not? 
 What would be most important in designing a bridge for a hurricane area (simulated using a fan)? 

Extension #1:  
For altogether new redesign challenges, change the criteria for success. For example, pose student-generated billy goat 
challenges to solve. 
 
MATH CONNECTION 
Discuss the term “bridge span” with the class. Distribute “Largest Suspension Bridges in the United States” handout and 
have students make observations about the data. Explain that students will create pictographs representing the length 
of some bridges in the United States. Distribute several copies of the “Bridge Pictures” handout to pairs of students.  
The teacher may need to modify the bridges based on the size of the paper being used to create their pictographs.  
Students will work in pairs to determine the number needed to represent the span of each bridge in the table. Students 
will create a pictograph of the data.  
 
Formative Assessment:  
Students should complete a pictograph of the length of the four bridges. Completed pictographs should have a title, list 
of measured items, appropriate number of symbols to represent data, and key to show what each symbol represents. 

 


