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BIOMIMICRY

Institute






	Name of lesson:
Introduction to Biomimicry 

	Subject(s):
Biology, Chemistry, General Science, Social Studies

	Grade level(s):
6th – 8th
	Prepared by…

   Name:  Sam Stier
   Contact info:  

      sam@biomimicryinstitute.org

	Overview and purpose:  

To provide young students with an introduction to what biologically-inspired technology is, why it can be both important and fascinating, and to provide them with an exercise in researching their own biomimetic solutions to human challenges. 


	Relevance: 

Biomimicry is growing field of scientific inquiry and technological application to the real world. Lessons about biomimicry simultaneously inspire young students’ interest in science, the natural world, and the human-built environment, while teaching them skills in observation, research, critical thinking, and social development.



	Content standards met: 

1. Science Content Standard C for Grades 5-8: Structure and Function in Living Systems
2. Science Content Standard E for Grades 5-8: Science and Technology
3. Science Content Standard F for Grades 5-8: Science in Personal and Social Perspectives


	Duration/time required…

   Prep time: 20 minutes per day

   Class time: 5 day unit (50 minute class periods). Stand alone 1 or 2-day lessons can be used out of the 5 day unit provided.
	Materials needed:
· Power point projector

· An outdoor area (grass lawn can work)

· Blindfolds

· Natural objects, either found outside or brought into the classroom (e.g., pine cones, leaves, etc.)

· Power point presentation (provided)

· Species information (provided)

· Internet (optional)
	Media used:
· Power point

· Lecture

· Internet (optional)

	Brief procedure description:
Day 1:  Class discussion and power point presentation introducing biomimicry.

Day 2:  Exercises for awakening the senses and exploring the functions of natural objects.

Day 3:  Group (or individual) work and species research.

Day 4:  Continued species research and presentation preparation.

Day 5:  Presentations.


	Detailed procedure description:

Day 1:  Begin the class by handing out the questionnaire (“Biomimicry for MS Questionnaire”). The questionnaire is designed to achieve several things simultaneously, namely, start the students thinking about the concept of sustainability, create interest in the powerpoint presentation as the powerpoint touches on questions they answered in the questionnaire, and provide a baseline for assessing students’ learning during the unit.
Present the powerpoint provided called “Introduction to Biomimicry for Middle Schools”. Lecture notes are provided for each power point slide. Note that opportunities to discuss Science Content Standard C for Grades 5-8: Structure and Function in Living Systems, are presented in the powerpoint presentation.
Day 2:  Conduct the “Awakening the Senses” exercise and “Finding Objects” exercises described below.

Awakening the Senses. Get the group outside in as natural a setting as possible (a grass lawn can work) and have the students close their eyes. Spend a moment just being quiet, and then have them turn around three times with their eyes closed and then point north. Have everyone open their eyes -- everyone will likely be pointing every which way, which is the idea. Have everyone close their eyes again, turn around three times, and tell them to point to two sounds they’re hearing.  Now, with their eyes still closed, begin to talk them through paying attention to what they’re hearing, smelling, the way the air feels against their skin (it’s temperature, how much water is in the air, the direction it’s blowing from, where you feel it on your body and where you don’t, etc.), the feel of the ground beneath their feet, the strength of the sunshine on their faces, and so forth. Now make the point that if we want to learn from nature, we have to try and learn what other organisms are responding to; we have to get out of our own minds and try to get into the mindset of theirs. As humans we tend to let our eyes dominate our awareness, but really we have all of these senses, and other animals are using all of these senses to stay aware and in touch with their environment. In short, they’ve evolved in response to all of these stimuli, and we cannot begin to understand what we can learn from them without understanding the world they live in. 

Finding Objects. Next have students find a partner and give each pair a blindfold. Have them take turns being blindfolded and led by their partner to some natural object (a bush, a tree, etc.), which they will feel carefully and then provide adjectives for. Have them speculate about what functions they think are being served by the objects or parts of objects they feel. Do this for 2 or 3 objects and then switch. Note: This exercise can be done indoors or on a school lawn if an appropriate natural area is not available. Natural objects can be brought into the classroom and placed on a table or scattered around a school lawn. Finally, with blindfolds off, have each person take their partner to the objects they discovered and explored so that each person can examine these objects again without blindfolds. Back in the classroom, give the students a brief description of the exercise they will be doing for the next three days (see below). Ask them to start thinking about what kind of challenges humans need solved.

Day 3: Give a more detailed description of the exercise the students will be doing over the next three days. Tell them that this is a group project, and that they will form into a number of small teams (e.g., 6 groups of 5 students each for a 30 student classroom). 
Note that there are opportunities to discuss Science Content Standard E for Grades 5-8: Science and Technology in the following part of the unit. Specifically, there are opportunities here to develop their technological design capacity, such as in identifying appropriate problems for technological design, and in designing a solution or product. There are also opportunities for developing their understanding about science and technology here, specifically, how scientific inquiry and technological design are similar but different, how they are related, and how technological solutions are not perfect, have constraints, and can have unintended consequences. There are also opportunities to discuss Science Content Standard F for Grades 5-8: Science in Personal and Social Perspectives, specifically science and technology in society.

There are 2 options for this part of the unit:

Option A (Challenge Provided) -

The class will be shown a list of challenges facing the human race (see below) and each group will choose one challenge to try and solve using biomimicry. Once each group has its challenge, the class will be set free to research which organisms might be able to inspire a solution to their challenge. Groups can consult the organism information sheets (provided) and/or search through other resources, such as the internet  (extra credit can be offered for groups coming up with inspiring organisms not provided in the organism information sheets to encourage greater initiative and creativity in the research process). Each group will then prepare a presentation to share with the rest of the class in which they describe the challenge, explain which organisms they think may inspire solutions to these challenges, and why (i.e., what about the organism suggests a solution). This last part should include a relatively specific description of how the organism functions and how this adaptation is applicable to the challenge.

The challenges to present the class with are as follows:

· How could you improve the energy efficiency of boats and airplanes?

· How could you create color without using toxic pigments and dyes?

· How could you create adhesives without using toxic chemicals and which allow for easy disassembly?

· How could you create vaccines that do not spoil without refrigeration?

· How could you provide fresh, clean water, particularly in dry environments?

· How could you remove carbon dioxide from the atmosphere?

· How could you create anti-biotics without causing bacterial resistance?

Option B (Own Challenge Selected) -

This option can be done in groups or individually. In this option, each group or individual selects their own challenge to solve through biomimicry, which can range from small or large in scope (e.g., a small challenge might be a way to keep mice from coming through the cat door). Each group or individual then tries to identify one or more organisms or other natural element (e.g., an ecosystem) that provides ideas for a solution to the challenge. Each group or individual will then prepare a presentation to share with the rest of the class in which they describe the challenge, explain which organisms they think may inspire solutions to these challenges, and why (i.e., what about the organism suggests a solution). This last part should include a relatively specific description of how the organism functions and how this adaptation is applicable to the challenge.
Day 4:  Research and presentation preparation.

Day 5:  Classroom presentations. Optional: invite community members from outside the school to hear these presentations and, in so doing, become more educated themselves about biomimicry. Invite local company owners, investors, parents, etc.

	Scalability ideas: This unit could be scaled for both younger and older students. For example, a teacher could do all parts of the unit with 5th grade students but modify the group/individual research component to be a class exercise in which the teacher walks the students through a challenge and search for a biologically-inspired solution. For high school students, a teacher could do all parts of the unit but require greater rigor in the research and presentation component, e.g., more depth in the explanation of the relevant biological mechanism, demonstration of greater understanding vis-à-vis the sustainability challenge, and greater detail in the application of the biological model to solving the challenge. In addition, high school students could be asked to include a new component to their research and presentation, for example, evaluation of their proposed solution according to certain guidelines (e.g., Life’s Principles).



