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Theme:  Biomimicry
Title:  “Biomimicry’s Greatest Hits!” 
Overview:  Our usage of biomimicry or biomimetics has only covered the last decade and a half; however, some pretty neat ideas have been taken from nature as the inspiration.  True to the definition of biomimicry, the inventions and technologies created have helped us solve our problems:  adhesive without chemicals, cleaning without detergents, breaking Olympic records, etc.  Nature has given us some incredible insight so far, and the future holds even more promise.
Grade Level:  5-8
Subject Matter:

· Biomimetics

· Engineering

· Biology

· Physics

· Chemistry

Duration:

· 2, 50-minute periods

· Additional time for checking progress
National Standards Addressed:

Science As Inquiry

· Abilities necessary to do scientific inquiry

· Understandings about scientific inquiry
Life Science

· Diversity and adaptation of organisms

Science and Technology

· Abilities of technological design

· Understandings about science and technology
Personal and Social Perspectives

· Personal health

· Populations, resources, and environments

· Natural hazards

· Risks and benefits

· Science and technology in society
Science and Nature of Science

· Science as a human endeavor

· History of science

· Nature of science
Objectives:
By the end of the lesson the student should be able to:

· Describe how nature can inspire new technologies

· List several examples of the result of the study of biomimicry.
Materials:

· Velcro

· Large envelopes

· 10x loops or strong magnifying glasses

· Chalkboard
Procedure:

1. Hook
a. Ask somebody with a particularly nasty cut or injury to come up to the front of the class.

b. Tell them that their body is helping the aerospace industry to develop a technologies that will save money and create safer flights.

c. Ask them if they know what you are talking about (they probably won’t).

d. Then, reveal that actually, it’s their cut/injury that is inspiring the new technology.

e. Project this article on the screen:  http://www.wired.com/autopia/2008/05/airplane-heal-t/
f. Discuss that their bodies are actually inspiring incredible new technologies.

2. Biomimicry’s greatest hits:

a. Introduction

i. Ask students to get in pairs.

ii. Give each pair a large envelope with a piece of Velcro (both hook and loop) and a 10x loop (or magnifying glass).  The Velcro can be obtained at a craft store.

iii. Reveal that Velcro’s design came from something in nature.  Give the students a few minutes to talk between themselves to guess where in nature the design came from and what evidence they have.

iv. The students must submit their answer on a half-sheet of paper to you.

v. Optional:  

1. Give points based on good responses – this will promote good answers.

2. Give a prize or bonus points to the winners.

b. Research and Report

i. Students will select two technologies from biomimicry to research.

ii. The students will use a prescribed research form.

iii. The students will use their research to write short one-page reports.

iv. Implementation:

1. Students will work alone on this project.

2. Handout two research forms to each student.

3. Instructions for this project are on the research form.  Here they are in general:

a. Students are to research two technologies and fill out the research form.

b. From the information on the research form, the students are to write a one-page research report.

c. The students may get their information from any source they choose.  Since this is a new field the best information will be the internet followed by journals, periodicals, and newspapers.

d. Be sure to set a due-date for the reports.

e. Suggested method for handing out the topics:

i. Let each student pick the technology that they want to research.

ii. Once done, put all the rest of the items in a “hat” except for the most common ones selected by the students.

iii. Have students draw out of the “hat” for their second research topic.  When a topic is pulled, set is aside until they are all selected.  If there are students left but no topics in the hat, put all the topics back in and let the remaining students pick from the refreshed batch.

f. Set guidelines for the report format.  For example:  title, 12 pt font, 1 inch margins etc.

g. The following is a list of biomimicry technologies

i. Velcro

ii. Passive cooling (termites)

iii. Gecko tape

iv. Whale powered turbine

v. Lotus effect

vi. Friction-reducing sharkskin

vii. Color without pigment

viii. Self cleaning coat of paint

ix. Anti collision system in a car – locusts

x. Store vaccines without refrigeration

xi. Developing a better spray technology

xii. Toxic-free glue from mussels

xiii. Bacterial defence – red seaweed

xiv. Collecting water from fog

xv. Self cleaning paints

4. Announce that if anyone has any questions at any time, or they need some help with direction, that they can see you for help.

Handouts:

Biomimicry Research and Report

Directions:  Research the technology you selected by answering the questions on this form.  You might not be able to answer every question, but you should attempt to get as much information as possible.  I want to check your progress on these questions so I will announce a due-date.  Lastly, you can use any resource you want to answer the questions, but your best bet is finding information on the internet. 

1. Name of the technology:

2. What does it do?

3. How does this help us?

4. Would you use this in everyday life, or is it designed for a special group of people or purpose?  Describe this.

5. What animal or plant (or otherwise) inspired this technology?

6. How does this new technology help us to live cleaner and be sustainable?

7. What kind of new processes does this technology use?  If the technology is fairly advanced, do your best on this.

8. What kinds of existing technology does this make use of?

9. Is this technology better than the one found in nature?

10. How long has it been in use?

11. Who (what company) invented it?  

12. In your opinion, what could be a possible future use of this technology?

Suggested Internet Web Sites:

You may use the ones listed below, but you may want to google your topic to get the best results.

· Biomimicry Institute 

http://www.biomimicry.net/
· Center for Bilogically Inspired Design – Georgia Tech

http://www.cbid.gatech.edu/
· What is Biomimicry – Ask the Planet

http://biomimicry.net/asktheplanet
· Termite-Inspired Air Conditioning – n100best.org

http://www.n100best.org/innovation/case01.html
· Oak Grove Middle School Biomimicry Study

http://polypedal.berkeley.edu/twiki/bin/view/PolyPEDAL/Oak_Grove/OG_home.html
· Biomimetic Millisystems Lab

http://robotics.eecs.berkeley.edu/~ronf/Biomimetics.html
· Why Folded Robots? – Biomimetic Millisystems Lab

http://robotics.eecs.berkeley.edu/~ronf/Prototype/index.html
· Design Process – MIT 

http://ocw.mit.edu/OcwWeb/Civil-and-Environmental-Engineering/1-012Spring2002/Projects/detail/design_process.htm
· How Would Nature Solve Green Building Challenges? – AskNature.org / Biomimicry Institute

http://www.asknature.org/#
· How Biomimicry Works – Howstuffworks.com

http://science.howstuffworks.com/evolution/biomimicry3.htm
· Cold Blooded Solutions to warm Blooded Problems – Exploratorium.edu

http://www.exploratorium.edu/frogs/woodfrog/index.html
· If the Suit Fits: Technology Vs. Athleticism At Heart Of Bodysuit Debate (7/2/00) – CNN / Sports Illustrated 

http://sportsillustrated.cnn.com/olympics/news/2000/07/02/bodysuit_craze_ap/
· The Suit’s the Thing (8/3/09) – The Wall Street Journal

http://online.wsj.com/article/SB10001424052970204313604574328372762265260.html
· Biomimickry: Practical Examples (8/04) – Sean Kennedy / The Science Creative Quarterly 

http://www.scq.ubc.ca/biomimicrybimimetics-general-principles-and-practical-examples/
· Biomimetic Building Uses Termite Mound As Model - Treehugger

http://www.treehugger.com/files/2006/08/biomimetic_buil_1.php
· “As Sticky as a Gecko ... but Ten Times Stronger!” – NSF

http://www.nsf.gov/news/news_summ.jsp?cntn_id=112445
Biomimicry Report

Now that you have done all the research on your topics, you will have to create a report on each.  Use the research that you collected to write the reports.  While you don’t have to follow the order of questions in your research, the order of the information must make sense.  Please see me if you have any questions.

Please keep in mind the following guidelines when you create your reports.

· You must create one report for each topic.  This equals two reports.

· Each report will be one page (typed) at the most.

· Your reports must be double-spaced.

· Use a font no larger than 14 point font.

· Keep your margins around 1 inch on all sides.

· Remember that your reports are due on:  __________
Additional Resources
Video

Kids Science Challenge – Scroll to Bio-Inspired Design for Video

http://www.kidsciencechallenge.com/html/sciencefair.php
“Float Like a Butterfly” (7:42) – Scribe Media / Janine Benyus

http://www.scribemedia.org/2008/10/22/float-like-a-butterfly-with-janine-benyus/
Biomimicry Videos (various – scroll down) - Big Picture TV / Biomimicry Guild

http://www.bigpicture.tv/videos/watch/45fbc6d3e
Enginnering and Evolution (20:22) – TED / Robert Fuller

http://www.ted.com/talks/robert_full_on_engineering_and_evolution.html
Prosthetics (5:09) – TED / Dean Kamen

http://www.ted.com/talks/dean_kamen_previews_a_new_prosthetic_arm.html
Robotics (various movies + animations) – Biomimetic Millisystems Lab

http://robotics.eecs.berkeley.edu/%7Eronf/plenary.html
Gecko Takes a Picture of Himself Every Day for Two Years – YouTube

http://www.youtube.com/watch?v=Lw_yEmdisfw&NR=1
Interactive Graphics
Biomimicry: Innovation Inspired by Nature (Look Inside!) – Janine M. Benyus / Amazon.com

http://www.amazon.com/reader/0060533226?%5Fencoding=UTF8&ref%5F=sib%5Fdp%5Fptu
Design Tips From Mother Nature (informational slideshow) – Business Week

http://images.businessweek.com/ss/08/02/0209_green_biomimic/index_01.htm
Design By Nature (informational slideshow) – National Geographic 

http://ngm.nationalgeographic.com/2008/04/biomimetics/clark-photography
Articles
If the Suit Fits: Technology Vs. Athleticism At Heart Of Bodysuit Debate (7/2/00) – CNN / Sports Illustrated 

http://sportsillustrated.cnn.com/olympics/news/2000/07/02/bodysuit_craze_ap/
“As Sticky as a Gecko ... but Ten Times Stronger!” – NSF

http://www.nsf.gov/news/news_summ.jsp?cntn_id=112445
Other
Kids Science Challenge – Scroll to Bio-Inspired Design for Downloadable activities

http://www.kidsciencechallenge.com/html/sciencefair.php
Inspired by Nature Resources – Science News for Kids

http://www.sciencenewsforkids.org/articles/20041103/refs.asp
Educator Resources / K-12 Curricula - Biomimicry Institute

http://ben.biomimicry.net/curricula-and-resources/
Teach Engineering Teacher Resources K-12

http://www.teachengineering.org/view_activity.php?url=http://www.teachengineering.org/collection/cub_/activities/cub_bio/cub_bio_lesson05_activity1.xml
Photos and Graphics

Name: Speed Swimmer

URL: http://www.sti.nasa.gov/tto/Spinoff2008/ch_4.html
Caption: NASA helped Speedo reduce viscous drag in the new LZR Racer by performing surface drag testing and applying expertise in the area of fluid dynamics.

Credit: NASA
Name: LZR 1

URL: http://www.sti.nasa.gov/tto/Spinoff2008/ch_4.html
Caption: The LZR Racer provides extra compression in key areas to help a swimmer use less energy to swim more quickly.

Credit: NASA
Name: LZR 2

URL: http://www.sti.nasa.gov/tto/Spinoff2008/ch_4.html
Caption: The LZR Racer reduces skin friction drag by covering more skin than traditional swimsuits. Multiple pieces of the water-resistant and extremely lightweight LZR Pulse fabric connect at ultrasonically welded seams and incorporate extremely low-profile zippers to keep viscous drag to a minimum. 
Credit: NASA

Name: Termite Mound

URL: http://www.nma.gov.au/exhibitions/community/many_rhymes_one_rhythm/the_project/port_augusta_sa_slideshow/
Caption: Termites mix mud and saliva together to create a kind of cement. They use this to build mounds up to 6 meters in height.

Credit: National Museum of Australia

Name: Lotus 

URL: http://dnr.wi.gov/org/gmu/mississippi/lotus_thumb.htm
Caption: The self-cleaning, water repellant properties of the lotus plant is referred to as the “lotus effect.”

Credit: Wisconsin Dept. of Natural Resources

Name: Burrs

URL: http://en.wikipedia.org/wiki/File:Burrs.png
Caption: Thanks to their thorny, adhesive qualities, burrs became the inspiration for invention of Velcro.

Credit: Wikipedia / Huwmanbeing / PD

Name: Locusts

URL: http://earthobservatory.nasa.gov/Features/Locusts/locusts2.php
Caption: Locusts can consume roughly their own weight of vegetation each day—swarms of millions will strip crops bare in hours. However, their ability to see in several directions at once is being closely studied by scientists for medical and military technology applications.

Credit: NASA / GSFC / Compton Tucker

Name: Shark 1

URL: http://sanctuaries.noaa.gov/pgallery/pgstellwagen/living/living_7.html
Caption: Shark skin contains small scales called “dermal denticles” which scientists are studying to understand how to apply its friction reducing properties to marine technology and sports suit design.

Credit: NOAA
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Name: Gecko Foot

Credit: NASA

