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Engineering FROM Animals:
Southern Tamandua Biomimicry Design Challenge

Grades: 6-12

Type of Lesson
Adapted for delivery in distance learning settings or self-guided instruction. 

Overview
Animals have many amazing physical and behavioral adaptations that allow them to survive and solve problems in the wild. Scientists and engineers are now turning to nature to learn how to solve common human problems through the process of biomimicry. While studying the adaptations of the Southern tamandua, students will act as biomimicry engineers to develop a solution to solve a problem at their home. This lesson is aligned to state and national science standards (see Appendix A). 

Objectives
· Students will recognize that engineers and scientists use nature to create sustainable solutions to human problems (biomimicry).
· Students will analyze the current design and constraints of simple household tools and identify how they improve our everyday lives.
· Students will observe adaptations of the Southern tamandua and identify how each contributes to its survival in the wild.
· Students will practice thinking like engineers and scientists by redesigning a household tool through the study of Southern tamandua adaptations.
· Students will explain how new and old design solutions to human problems come with both benefits and disadvantages.

Materials Needed
	All Students
	Students Without Access to Digital Platforms
	Students With Access to Digital Platforms

	· Engineering FROM Animals Activity Resources  
· Bur Inspires Velcro Design Graphic (pg.1)
· Southern Tamandua Biomimicry Design Sheet (pg.2-6)
· Minnesota Zoo’s Southern Tamandua Adaptations and Functions Video 
	· Pencil
· Crayons/markers
· Optional:  Craft materials to build a 3D prototype of the design solution (Ex: string, cardboard, tape, paper, craft sticks, model magic, etc.)
	· Tinkercad  - Free 3D Design Platform    www.tinkercad.com 

Or download video and pdf into the digital platform of your choice



Procedure
What is an engineer?
1. Have students define the word engineer. What do they do? What skills do they need? What type of problems do they solve?  
a. An engineer is a person who solves problems through research, planning, design, testing, and building. They also need to be creative and be able to work with others to solve problems. Have students give an example of something that was engineered (bridges, computers, cell phones, cars, etc.).

How do engineers find solutions to problems? 
2. The toughest part of being an engineer is coming up with ideas on how to solve the problem.  There are often many ideas, but it is tough to figure out which solution is the best.  
3. Does anyone know where the idea for Velcro came from? Nature! Velcro® brand was invented by a Swiss engineer named George de Mestral in the 1940s while hunting in the Jura Mountains in Switzerland. He realized that the tiny hooks of the cockle-burs were stuck on his pants and in his dog's fur and wondered how they attached themselves. He observed that the burs had many hooks and loops that allowed them to attach.  He used this idea to design Velcro, a material used by humans to attach things together, just like burs! Demonstrate this by sharing the Engineering FROM Animals Activity Resources: Bur Inspires Velcro Design graphic.

Introduction to Biomimicry—Sustainable Problem Solving 
4. When nature inspires design ideas for humans, this is called biomimicry. “Bio’ means ‘life’ while ‘mimic’ means ‘to copy’.  We can copy how plants and animals solve problems to solve our own problems. In other words, we can engineer FROM nature using biomimicry.
5. Besides coming up with new ideas, engineers also use biomimicry because the ideas that come from nature are sustainable. Sustainable means ‘to keep the same.’ Some ideas that engineers come up with end up hurting our planet more, such as pollution from cars or packaging waste from our food.  By studying nature, we can develop ideas that do not hurt the planet. Example: Solar panels use the sun to make the energy to light up our houses the same way plants use the sun to make energy/food for themselves.  
6. When in the process of designing new solutions and products with biomimicry’s goal of sustainability in mind, it is important to consider how it will ultimately be manufactured, packaged, and transported to be sold in stores.  How will people dispose of the product once they do not need it anymore? What materials should be used to have the least impact on the environment?

Studying Animal Adaptations
7. Using biomimicry as an engineer is not easy! There are many plants and animals we can learn from!  Engineers study everything about the animal to see how every part of it helps it to survive in the wild.  Engineers look for how each part of the animal works by asking many questions.
· How does it catch food?
· How does it protect itself?        
· How does it climb?                   
· How does it hide?  
                   
8. Each animal and plant has specialized features on its body called adaptations that are used to help it solve problems in the wild to survive.  It is our jobs as biomimicry engineers to observe each adaptation and then determine what its function is, or how the adaptation helps the animal to survive.  For example, the function of a turtle shell is to help the turtle hide or camouflage itself from predators. Using this process, we can then see how we can copy the function of the adaptation to help solve a problem in our own lives.


Activity: Tamandua Biomimicry Design Challenge 
1. Now it is your turn to think like a biomimicry engineer. Provide a copy of the Engineering FROM Animals Activity Resources: Southern Tamandua Biomimicry Design Sheet to each student.
2. View the video overview of Southern tamandua adaptations and functions using the link below.  Students should fill out the chart to record each of the 7 adaptations and functions discussed in the video: Southern Tamandua Adaptations and Functions.
3. Once finished, discuss each of the adaptations and identify how each helps the Southern tamandua survive in the wild.
4. You are now going to use one of the Southern tamandua adaptations you observed to help inspire a new and improved design for a tool that you use in your everyday life. 
5. On the Southern Tamandua Biomimicry Design Sheet, brainstorm two simple tools that you use at home that help you in your everyday life.  Examples of tools might include a coat hanger, dish drying rack, rake, doorknob, keychain, etc.
6. While the tools that you listed have been thought through carefully by engineers, you might notice that there are still improvements to be made.  Take time to think about the design features of each tool and list the features that work well as well as features that could use a change.
7. Consider the materials of the tool you are analyzing and the goal of sustainable design through the process of biomimicry.   How does this tool rate in terms of its impact on the environment?
8. Now, look at the list of the Southern tamandua adaptations and functions.  Choose one adaptation and function that you think can help improve one of the household tool designs you just analyzed. 
9. Begin redesigning the tool you chose and incorporate the Southern tamandua adaptation into your design.  Students should sketch their design idea.
a. Non-Digital Design Planning - Students may build a 3D prototype of their design idea using crafting materials or just choose to sketch their prototype.
b. Digital Design Planning (Tinkercad)  - Students can design a virtual prototype of their design in Tinkercad.  Visit www.tinkercad.com to use the free, easy to use 3D design platform.
10. Once finished, have students record their answers to the questions at the bottom of their planning page, share their new design, and explain how they used biomimicry to improve a design of a tool they use at home.
11. Discuss the following questions to wrap up the activity: 
a. Were you able to improve every feature of the original design in your new prototype? Why or why not?
b. Consider how your design will be manufactured, sold in stores, and disposed of when people do not want it.  How can considering society and the people who use it impact a new design idea?
c. How might studying nature for design ideas help humans long term?
d. How might biomimicry be used to solve problems at your school? Library? Park?
e. What are the challenges of using biomimicry to solve human problems?


Extensions
To extend learning, have students find a new animal to study to help redesign the tool that was not chosen to be redesigned in the activity.  To do this, students may go on a walk through a park, go in their backyard, or look out the window to find examples of nature that might inspire them.  Students can also use the website www.asknature.org to find plants and animals in nature that might help solve a specific problem based on the adaptations they use to solve their own survival problems.

Lesson Resources
· Ask Nature   www.asknature.org 
· Biomimicry 3.8   https://biomimicry.net/

Biomimicry Background Videos
What is Biomimicry?
https://www.youtube.com/watch?v=FBUpnG1G4yQ

The World is Poorly Designed.  But Copying Nature Helps
https://www.youtube.com/watch?v=iMtXqTmfta0



APPENDIX A: Standards Connections

Minnesota State Science Standards
	6th Grade
	7th Grade
	8th Grade
	9th – 12th Grade

	6.1.2.1.1 Identify a common engineered system and evaluate its impact on the daily life of humans. For example: Refrigeration, cell phone, or automobile.

6.1.2.1.2 Recognize that there is no perfect design and that new technologies have consequences that may increase some risks and decrease others. For example: Seat belts and airbags.

6.1.2.1.4 Explain the importance of learning from past failures, in order to inform future designs of similar products or systems. For example: Space shuttle or bridge design.

6.1.2.2.1 Apply and document an engineering design process that includes identifying criteria and constraints, making representations, testing and evaluation, and refining the design as needed to construct a product or system to solve a problem. For example: Investigate how energy changes from one form to another by designing and constructing a simple roller coaster for a marble.


	7.1.3.4.2 Determine and use appropriate safety procedures, tools, measurements, graphs and mathematical analyses to describe and investigate natural and designed systems in a life science context. 

7.4.3.2.3 Recognize that variation exists in every population and describe how a variation can help or hinder an organism’s ability to survive. 
	8.1.3.3.1 Explain how scientific laws and engineering principles, as well as economic, political, social, and ethical expectations, must be taken into account in designing engineering solutions or conducting scientific investigations.

8.1.3.3.3 Provide examples of how advances in technology have impacted how people live, work and interact.

	9.1.2.1.1 Understand that engineering designs and products are often continually checked and critiqued for alternatives, risks, costs and benefits, so that subsequent designs are refined and improved. For example: If the price of an essential raw material changes, the product design may need to be changed.

9.1.2.1.2 Recognize that risk analysis is used to determine the potential positive and negative consequences of using a new technology or design, including the evaluation of causes and effects of failures. For example: Risks and benefits associated with using lithium batteries.

9.1.2.1.3 Explain and give examples of how, in the design of a device, engineers consider how it is to be manufactured, operated, maintained, replaced and disposed of.

9.1.2.2.1 Identify a problem and the associated constraints on possible design solutions. For example: Constraints can include time, money, scientific knowledge and available technology.

9.1.3.3.1 "Describe how values and constraints affect science and engineering. For example: Economic, environmental, social, political, ethical, health, safety, and sustainability issues.

9.1.3.3.2 Communicate, justify, and defend the procedures and results of a scientific inquiry or engineering design project using verbal, graphic, quantitative, virtual, or written means.





Next Generation Science Standards
	Middle School
	High School

	MS-LS2-5 
Evaluate competing design solutions for maintaining biodiversity and ecosystem services.

MS-LS4-4
Construct an explanation based on evidence that describes how genetic variations of traits in a population increase some individuals’ probability of surviving and reproducing in a specific environment.

MS-ESS3-3 
Apply scientific principles to design a method for monitoring and minimizing a human impact on the environment.

MS-ETS1-1
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.

MS-ETS1-2 
Evaluate competing design solutions using a systematic process to determine how well they meet the criteria and constraints of the problem.

	HS-LS2-7 
Design, evaluate, and refine a solution for reducing the impacts of human activities on the environment and biodiversity.

HS-ETS1-3 
Evaluate a solution to a complex real-world problem based on prioritized criteria and trade-offs that account for a range of constraints, including cost, safety, reliability, and aesthetics as well as possible social, cultural, and environmental impacts.
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