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 Toxic Beans – Sample Project 
 

Purpose 

Earlier, you learned how John Deere used the engineering design process to develop a moldboard that 
efficiently plowed the soil. People use the engineering design process to solve problems in agricultural 
mechanics to develop new and improved materials, tools, and machines that make complex or time-
consuming tasks easier to accomplish. The process requires communication and teamwork to come up 
with the best solution. 

 
When you encounter a problem, how can you use the engineering process to solve a problem while 
working as a team? 

 

Materials 

Per group of four students: 

• (2) Cans, coffee 

• Dry beans 

• Hula hoop 

• Inner tube, bike tire, 18” 

• (8) Clothesline pieces, 4’ 

• Device with timer 

Per student: 

• Pencil 

• Agriscience Notebook 

• APT Engineering Report Template 

 

Procedure 

Use the engineering design process to develop a tool to complete a simple task in a challenging 
environment. Use your creativity and communicate with your team to complete the challenge and solve the 
problem. 

 

Part One – The Challenge 

A container of beans with a highly toxic chemical has contaminated an area. The container holding the 
beans is not stable and cannot hold the contaminated beans. The beans have contaminated an area that 
includes a two-foot radius around the container. You cannot enter this area on the ground or in the air 
without being contaminated. Luckily, there is a container in the toxic zone that can safely hold the beans. 
This container will prevent any more contamination from occurring. Your team’s job is to use the materials 
provided to develop a tool that can lift the container of beans and pour them into the safe container. 

 
Your instructor will review the APT Engineering Report Template and APT Engineering Evaluation Rubric 
outlining the expectations of this project. 

 
Remember the following limitations. 

• You can only use the materials provided to you by your instructor. 

• You cannot physically go into or over the contaminated zone at any time. 

• You must use the design process with your team to complete the project. 

• You have only five minutes to complete the task once your tool is in the contaminated area. 

• Use the engineering design process with your team to complete the project 
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Part Two – Using the Engineering Process 

1. The first part of the process is to identify the problem. Record the problem you and your team identify 
on the APT Engineering Report Template. 

2. Next, your team must agree on the requirements to solve the problem. Discuss the requirements your 
design must meet and record them in the space provided on the APT Engineering Report Template. 

3. You and your teammates need to develop solutions that meet the requirements. Sketch and describe 
your solution to this problem on the APT Engineering Report Template. You will share your idea in the 
next step. You can use the following materials. 

• 18-inch inner tube bike tire 

• 8 four-foot pieces of clothesline 

4. Discuss your solution with your team to decide on a design. Discuss all team member’s ideas with your 
teammates and determine your prototype features. 

5. Draw and describe the prototype your team will be constructing, including a list of materials on the APT 
Engineering Report Template. 

6. Once you have decided on a 
prototype, have your teacher 
approve it and provide you with 
the materials you listed. 

7. Build the prototype with your 
team and record the procedure 
for construction. 

8. Set up the scenario with the 
hula-hoop marking the 
contaminated area along with 
the container of toxic beans 
and the safe empty container 
placed in the center of the hula-
hoop, as seen in Figure 1. 

 

Figure 1. Scenario Setup 

9. Test your prototype to see if it meets all requirements. Use the stopwatch to measure the time it takes 
your team to complete the task. Record the time it takes for you to complete the task. 

• Time:__________ 

10. Discuss with your team how well the prototype worked. Decide what changes your team should make 
to improve your prototype. 

11. Make and record those changes on the APT Engineering Report Template. 

12. Test your team’s prototype again and record the time it takes to complete the task and how well your 
tool works. 

• Time:__________ 

13. Return all materials as instructed by your teacher. 

14. Use the APT Engineering Report Template to write a final report for your team’s design. Your final 
report is due in two days. 
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 APT Engineering Report Template 
 

Title 

What is the name or title of the problem for your report? 

Problem 

What is the problem you are trying to solve? How will the solution be measured? 

Criteria 

What requirements are needed to determine if you have solved the problem? 

Solution 

What is your solution to the problem? Describe your prototype. 

Materials for Prototype 

• List the supplies need to construct the prototype. 

Procedure for Building Prototype 

1. List the steps for constructing your prototype here. 

Test and Evaluation 

Explain how you will test your prototype to determine if it meets your criteria. 

Analysis and Results of Tests 

Explain your results of testing your prototype. Compare your results to the criteria. Be descriptive and 
complete in your discussion. 

Conclusion 

Based on the results, what inferences can you make? Describe how your prototype did or did not meet your 
set criteria. What were the possible sources of error? What new design problems or solutions arise based on 
your results? 
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 Sample Teacher Notes 
 

Students practice using the engineering design process to develop a tool to lift a container of beans and 
pour them into another container while meeting specific criteria. 

 
Teacher Preparation 
1. Before class, cut the clothesline into forty 4′ lengths. 

2. Students use hula-hoops to mark a contaminated zone they cannot enter. If you do not have hula-
hoops to mark the contaminated zone, you can use masking tape. 

3. Assign students to groups of four to complete the project. 

 
Student Performance 
Part One 
Students review the APT Engineering Report Template before starting. Set the scenario and limitations for 
completing this task. 

• Students can only use the materials you provide. 

• Students cannot physically go into or over the contaminated zone at any time. 

• Students have only five minutes to complete the task once their tool is in the contaminated area. 

• Students use the engineering design process with their team to complete the project. 
 

Part Two 
Emphasize the engineering design process during the project. Students use the APT Engineering Report 
Template to record their notes and draw their prototypes. Do not provide the materials to the groups until 
you approve a design. 

 
Once you have approved the design, students construct and test their design. They have one chance to 
improve their design. You should explain that the redesign process is continuous, but for this project, they 
only get one chance for improvement. The first design serves as the prototype. 

 
Results and Evaluation 
The solutions for this project vary. The tool needs to lift and tip 
the container to spill the beans into the empty container. 
Students can use the tire tube like a rubber band to compress 
around the container by attaching ropes to the tire tube and 
stretching it with the ropes. They could also fold the tube into 
smaller circles until it is smaller than the container and then use 
the ropes to stretch the tube around the container. Students can 
maneuver the ropes tied to the tube to tip the container over and 
pour the beans into the empty container. Figure 2 shows a 
possible solution. 

 
After the students have completed the project, they complete a 
report using the APT Engineering Report Template. 

 

Figure 2. Example Toxic Beans 
Solution 

 

 Sample Project 
This sample is a modified version of Project 1.1.5 Toxic Beans from the CASE 4 Learning Ag Power and 
Technology (APT) curriculum. For more information about the course visit www.case4learning.org. The 
sample has been modified for time and material simplification to fit a workshop format and is not for resale 
or profit. Teachers are permitted to use this sample in their classroom without certification. 

 
Contact CASE 4 Learning to receive permission to use this sample at a teacher professional development. 

http://www.case4learning.org/
https://app.smartsheet.com/b/form/bf1ab9ac0c5441098a0d9e8511df3159
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