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AL — i/ NEEH R AT - ARG N B T B ) BB RS A RV
EE) o JARIRAITEIT SRR - A DUEREER A (constructivism ) {EREEERIEAS -
RSB BRI T AR E AT RT B R 3 & P A AE R EFAE - R RTALZ #5%
sTREEE) > B R ERUGERRE A A o YA R INRETEE BRI -

A B FH

F4lJenkins (2001) FE : “It has become almost impossible to escape any reference to
constructivism among the papers published in the research journals” » FEREEHH G 2RSS

B4 B AR SRSV E S 0 BT iR RN E R T NS RTE T AR A R R B A
3k o (Pines & West, 1986; Driver & Easley, 1978)

A B ol T B B2 AL WY BT B RIS 15 TR B B 7 R a2 I B i a0 oy & B B A B TR R
i > B IR RO RN A A HYZE S (schema) > SEHERERE Ky [F]{b(assimilation) @
IARMER > QIS B UORA AR AN B i B DITF S AMERET - 5T &R E
(accommodation) (5RFAFH - 2001) » [IEAESIEIL T S8 ] g5 RS2 E AR A B AL -
ABIEEEE A LRI » AT LU A ERIhE « EEE B EHICFAEE N FERIBES: - miEh
S AT RE 2 H SRR R MRk FE (misconception ) - BIAIFEERE T 8L | A -
RERTTEEAE SR R — (RSB - LET B2 —ERATHY (OF) 17 B R Mt
e — b A B AT A AEER - BB GPEEE  WHEEZRAN —HaaH R
WESHIER | SEAETERE — (R EERRERT T TS B AR LS EABIEEEE
PHEVERBRELEE) - B BIER AR A IERAEAY A, -

ARG A E RRTH - BRVE TR N B TEY) ) BRI - MG REA L2
TEEIE o B2 R AR T R AR B R PR RHE S EY) > BTN G G (B A
ek > #E—F THEMS -

ATNBURATA AR HRAAEEY) (R B (BERETEER AN ZEY) -
tERVEAER R AMB A ZEY) (A0e - i) - REEA2EY) CAE) - SHE
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AVEFZEAH{EL (Osborne & Freyberg, 1985; Bell, 1985) ©

z® 1 ARG EERDAE BRI AR E o tE (N=26 A)

| & | B | A W4 A | 4 | il | k| e | BAEE | 3%
EEY | 77% |100% | 92% | 19% | 85% | 88% [100% | 50% | 58% | 88% | 58% | 96%
REFY | 23% | 0% | 8% | 81% | 15% | 12% | 0% | 50% | 42% | 12% | 42% | 4%
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1+ R AAE AT EIYIERRIRT 3 EE (N=26 )

RSB > BEE R HHASEBRAINE AR A B S8 - W58k N EF A AEEARE
fa (M), () WA BT ZE (ERIW) ) K TANER - @
PUEERIYEZENY) ) BTN AR R B AR Rl A IR EE B E ST 2B - IRfATTER
FiB B AEYILEBYIERNIRE > WEEIA - TUEME -

BEAN - BRAIETD 12 glE > 24t HE —E BITRIFRHTaaESNY) - DUE TR 5
VIERRRE > SERERBAR YRV EEMSEC LS —IH - (LS HIREEINE
(&2

22 BAAEN SEEIEE. (N=26 )
HiR BFR ErE | BRE | AW B RES
152 EENE L 96% 62% 19% 85% 65% 100%

RIS AR A TS BSALH DA EIFRB L > S8 Gilbert & Watts (1983) HUSESHARDL - £
MIESIEAGBYIT @A 2 TR () SREATE.. BT GFHP (197]) ...
AR Gk > RORFR) o o A RO ERGIRAOBEEES - R e BRI BN
SRCHATEEE - TS TR AR -
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CGRraM iRt > N - 2 £ B)

R AR R A AW T AT BRI [(E AR B AR
WHEREEN LA TS » 1992) - HNEER S Ry N_F2 4 8EH
TTERFEAIE » By T (BRI AR Byl - AT S B S MR - DU Eh e A T 8h4H
RHIEE > MEENE T BEES [BEAELLE: - thi A EEHEENHTT - A B 5E 5 M

('Variation Theory ) EEAV¥FEE (contrast) F2EEE ( generalization ) ( BEHFS - BEK T ~ FEIMEL -
2006 ) « DUT SFafifi st S Wi (i 1 ZEaY Lhi & E)

FETA FH RS AR B 58 R e BV A RIRAEDI T - BEERAESEEAY) (PRI BIRAEY)

(st ) > FRTLLRE Ry iU Eh e it am - 5 B2 AR AV B Y X255 > &

RHAERE R AV (B TERA T EEE T RERY N T gEE T
TE Ry 5 M0 HUAREE

MR S B Y Ry ik B B T AR R IARI A (3255 ~ SRS » 1995)  #R
HEZIE AR SRR R N2 EIRIG1 T - Ak - o SEERA R AT ERHY
R HIETR S - i% - BETELIATHITA 81%2 4508 " A ) FEEWIRIEREIT
RRERAERALEN ~ B~ A~ R - BEEEVETHEIRVREL - iFH A2 @& -

EBpsy (%&A)

FEACEERE B ERA% - TR T AR AR A ERE R - 1R MRV T ERRT IR 2 E - B
JFAEHY 12 [REHPIE R SN - IO 4 SREAMEVIRIE R - BRI E FUEEY) R e T N B
g0 0 LT R AR LMY A B 2 S8 -

BMEREUR - KIS BNV IEMERES A Frie (8 2 - & 3) > HEEpthl > %
EEBIRIFIEREE Ry E dsoe BN (BSEE BN © A 58% ~ 1&1 92% ) » W8 Ry A Mt ZEY)EY
ELBIARAEA BT (RE 28 © Bl 77% ~ 1201 100% ) » 585 A2 BRI EL B R B (i
H19% ~ &M 85% )

%3 | RS IR E L (N=26 )

8| B | N W | A il ok | e B B |IER| BUE || BB

EE17|100%)| 100%[100%| 85% | 96% [100%]|100% | 88% | 88% [100%]| 92% | 100%| 96% |100%| 88% |100%
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el R | B | A |4 A | 4| dmdgl | Bk | G | BIEE | 9
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R SR L A SR B E R AL IR S B YIRIREAL A T R IRV - B
s BRI HARKIERE > FrMEBER AT ST T IR AL HIRTE AR, « A BB s 824
B ATEENY) > IRTE H H A4S TR A BN > AE B ER AR R T I B IE 2K
A B E B AV EBIRR EO IIEEAR A - (B2 WiRE) ~ 28
AR R RS - EFEPE T HR TRV RE THVERE - IHHh > =Ry
ARATRAR R BYER AL 35 FAE AR AR B P B P R Y I8 B 28 TR B (W AF%)
FIRE(RER A FE AR SRR - (HERABR LI U - ARSI EY) - LRI IR, - BT H
BEENCHRE R Er SRR PR ESEENH EMATEA R B8
A B TIREERS - PIANERAELE T 3EHVE R > BT SUBEE KAV BACHET A4 2 A FL sl
SRAVRES: - 18T B S i 7 AR B2 AR R IE RV HIES, » TS IR & T TR BB S B
HEFEMERFLAAEH - (Keeley,2008 ) ©
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FPEE (1988) © (ERBAIBIEERST B AR E2AVERE > (B 2R H) - 13 H 351378
T3R5~ AeE (1995) 1 (HER/NEBEAREMECE) - &0 LHHRREE -

TIHTE(1992) * B E A BER RIS AE R )N B AR RV E P - S B SR ATl 3 - C
/NI EE R MG ) 0 H 3-20 -

EEES ~ BN - HEIMEL(20006) © (EREEZETFT—A0n BRERER A (A2 ) - dbaT  BER
E2hpRAL -

FRAE(2001)  (FHHLEE - ZbEURAVEEREEE) - adb > WESRRAIRLEARE -
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Bobrrdn | (RSB ERIENEELER)
DLE B E S FELE 7
1. WEERIEMRARY) - 5 R ERN S FITE -
F+8 =—— &
2. BHEKRIEYIFIAERYIHEER -
N, + Hy NH;
3. SRR EREY— 7 SR TRV B A R — T RIAEEE
KIEY— i EMEEIRT > ERY— RE—EEET -
PRIt FfE4 77 NHs mifink "2 -
N,+H, =———= 2NH;
R IEY— A MEEIE T » ERY—ITAIE N ESEET -
L FAEATT Hy AN L T3, FEHFESCEr -
N, +3H, —— 2NH3

RNy P BB ER AR RS S B E 2R E A BEVE R - AoURE T - BIfEER
AREHIEE P EER TR (AT N BES ] F 8157 SR 2 IRk (R 2 5250 (Yarroch
1985) » fil4n: ALLEAE N EF I EERE SR B R BB B MBS 4
YR EVIE R T B E A (25ER 1) -
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[ F EXZ Journal of research in Science teaching , Vol22, p 454 (1985)]
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HErEEE R AIRRRY -

B4 RAANFIH—EERERIEE (35 78) - BREFEREARBIEE A H— R EE(L
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Biomimicry - How Nature Inspires Inventions

Carole K. Lee and Marilyn Shea
University of Maine at Farmington, USA

Have you ever thought about where the Wright brothers, the aviation pioneers, found the solutions
to the problem of flight? They acquired their first idea by observing how birds control their wings.
As in many engineering processes, failures occurred. The Wright brothers built numerous
prototypes in various sizes to test different components. They performed many trials and made
repeated changes after each failure before they could claim even partial success. They had to
develop the wings, the motor, the struts, the seating, the balance and the relationships between
each of the components before the development of their first airplane. Likewise, think about the
technological development of drones. Based on the mechanisms learned from birds, bats, insects
and snakes, scientists and engineers continue to conduct numerous experiments to solve the
problems of smooth take-offs and landings, the techniques to avoid obstacles when drones
navigate, and the problems associated with different pay loads.

We admire the innovations of scientists and engineers. Many innovative ideas come from the
observation of nature. Whether it is the soaring beauty of a bird in flight or the power of a
waterfall crashing against the rocks, nature inspires us. The imitation of nature is called
biomimicry. Bio means “life” and mimicry comes from the word “mimic” (to copy). Biomimicry
can be applied to many branches of science.

In this article, we will introduce two books and several websites that we think are useful for
teachers to learn about biomimicry. We hope that after reading this article, you will (1) develop an
appreciation for the vast engineering feats of nature, (2) be better prepared to integrate engineering
design into your science teaching, and (3) benefit from some of the teaching resources that can be
used in your STEM (science, technology, engineering and math) lessons.

Figure 1: Two books of Biomimicry

/] S, Biomimicry — z Biomimicry —
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Biomimicry

When we explore nature, we come to appreciate the marvelous engineering underlying the systems
that allow animals and plants to survive in varied conditions and environments. They have
evolved an infinite variety of adaptive features to survive. When scientists and engineers take
inspiration from nature to solve problems we call that biomimicry.

According to Dora Lee, author of the book Biomimicry — Inventions inspired by Nature (Figure 1),
biomimicry is “a way of thinking that encourages scientists, inventors and ordinary people to study
nature and use ifs solutions to solve our problems” (Lee, 2011, p.5). This book provides a basic
understanding of biomimicry which is suitable for teachers and students of middle and high school
levels. The information she provides is comprehensive and she uses many examples of biomimicry
with illustrations. By the end of the book, we understand where and how in nature the inventors
are inspired and the principles behind the innovations.

From the book jacket: “What do robotic rescuers, biodegradable plastics and Velcro have in
common? They are some of the many human inventions that have been inspired by nature. In fact,
we humans have been looking to nature — even copying it — for thousands of years.” In the second
chapter Lee recounts that 40 years ago in Switzerland, George De Mestral, invented Velcro. He
noticed that seed cockleburs clung to his pants. He examined the cockleburs under the microscope
and was inspired to develop Velcro using loops on one side of the fastener and hooks on the other
side (Figure 2) to mimic the cockleburs.

Figure 2: Cockleburs and Velcro

Cockleburs Velcro

Photo by Enrico Blasutto - Own work, GFDL Photo by Carole K. Lee — Own work

https://commons.wikimedia.org/w/index.php?curid=14643796

In the last two chapters Sustaining our future and Nature, the teacher, Lee reminds us that as
humans we are greedy. We destroy our environment by cutting forests, growing one type of crop,
and over mining minerals and fuels. She goes on to maintain that nature is in a balanced state and
that only man disrupts that balance. A fanciful view! Finally, Lee concluded that “the biomimicry
movement is growing, as humans realize just how much nature has to teach us. Doing it nature’s
way promises to change the world — in a good way” (Lee, 2011, p.38).
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A second book Biomimicry — Innovation Inspired by Nature (Figure 1) by Janine M. Benyus
defined biomimicry as “an approach to innovation that seeks sustainable solutions to human
challenges by emulating nature’s time - tested patterns and strategies” (website of Biomimicry
Institute, 2017). She viewed nature from three different perspectives:

1) Nature as model: Photosynthesis as a model for the solar cell.

2) Nature as measure: This combines the philosophical agenda of sustainability with
biomimicry — innovative solutions will last if they are right.

3) Nature as mentor: That we should learn from the processes of the natural world rather than
simply using its products.

Compared with Lee’s book, Benyus’s book is dense and lacks illustrations. However, it is
informative and clearly explains the scientific principles behind the inventions. Benyus’s book is
written for educators and professionals. She described meeting and talking with many scientists
and engineers during visits to their labs. Readers should be intrigued by the vivid descriptions of
the creative process that allows you to share the joy of the inventive moments.

In Chapter 4 — How Will We Make Things, Benyus explained how the knowledge of
crystallography was used to investigate spider silk. Scientists wanted to develop a fiber that was
strong, cut resistant, water proof and protective that could be used for army clothing and
equipment. The excerpt below reflects the amazement Christopher Viney (materials scientist) had
in his discovery.

This made me curious about the refractive index of spider silk. I did a test and realized that it

was very high. Usually, a high refractive index points to some sort of crystallinity, and that’s

Jjust what we found in spider silk — small crystallites embedded in a rubbery matrix of organic

polymer. Somehow the spider had learned to manufacture a composite [two types of materials

in one], three hundred eighty million years before we decided composites would be all the rage!
(Benyus, 2002, p. 131)

Benyus discusses the detoxification process in How Will We Heal Ourselves (Chapter 5, p.153).
She illustrates a number of different natural healing systems found in the animal kingdom. Some
animals eat soil as a part of their diet, other animals self-medicate by changing diets after injury or
illness. Scientists are studying these behaviors to discover natural compounds that may be a more

sustainable solution than our current antibiotics or artificial compounds.

In the last chapter, Benyus described watching geese fly away and ended poetically and
philosophically by saying:

1 begin to imagine that their [flying geese] farewell song was a kind of prayer, similar to the
Mohawk [native Americans] blessing spoken by a midwife at the moment of birth: “Thank you,
Earth. You know the way.” Although the scientists and innovators I met might be hesitant to

phrase it this way, I could just as easily be their journeying song. Together, we biomimics are
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setting out on a voyage to learn what nature’s long and enchanted roster” already knows.
(p-297)

Both authors combine a sentimental view of nature with the pragmatics of biomimicry.
Biomimicry websites

There are numerous websites and YouTube videos about biomimicry. Among these four websites
stand out for clarity, depth, and applicability to the classroom.

1. Biomimicry Institute - https://biomimicry.org/

Biomimicry 101 provides an outline of biomimicry and many examples. Also, there is a webpage
about Janine Benyus, author of the book Biomimicry — Innovation Inspired by Nature and her
video. Teaching resources related with the Next Generation Science Standards (NGSS, Lead States,
2013) are featured. In addition, this website is connected to AskNature.org where you can find
other related resources.

2. Biomimicry Global Design Challenge - http://challenge.biomimicry.org/en/

Included within the above website, the Global Design Challenge hosts a competition for entrants to
solve real world problems with biometric solution. Whether or not you actually enter the
competition, the tools and questions provided can inspire thinking from a new perspective.
Review of materials produced by previous entrants and the tools they used can provide materials
for classroom applications. In fact, the entire concept could serve as a biometric competition
within a class, school, or district. A good place to start is the Biomimicry Toolbox which is found
by clicking “Tools” on the top bar. Then go to the “Nature’s Unifying Patterns” by clicking “Core
Concepts” (Figure 3). If you click on the yellow double arrows on the left, it will provide you with
detailed explanations and examples about each of the ten unifying patterns.

Figure 3: webpage downloaded from https://toolbox.biomimicry.org/core-concepts/natures-
unifying-patterns/

Nature's Unifying Patterns

Learning from nature’s overarching design lessons.

MNature uses only the energy it needs and MNature runs on information.
relies on freely available energy.

MNature recycles all materials. MNature uses chemistry and materials that
are safe for living beings.

MNature is resilient to disturbances. MNature builds using abundant resources,
incorporating rare resources only
sparingly.

MNature optimizes rather than maximizes.

MNature is locally attuned and responsive.

MNature rewards cooperation.
MNature uses shape to determine
functionality.
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3. TeachEngineering — www.teachengineering.org

This website provides K-12 curriculum materials and hands-on activities that are aligned with
NGSS, English Language Standards, Math Standards, and Technology Standards. The “Browse
Maker Challenges” has numerous project ideas that can be used for middle and high school
students.

4. Teaching resource from National Geographic
Deep Sea Challenge - https://www.nationalgeographic.org/activity/engineering-inspirations-nature/

Here you will find an authentic example of application of biomimcry within STEM education. In
this unit, science, technology and geography standards are fully integrated. Students will learn
about the history and the geographical features of Mariana Trench in the Pacific Ocean. A video of
the deep sea dive of James Cameron’s expedition to Mariana Trench in 2012 can be found on the
site. To accompany the video, National Geographic provides links to background information,
learning objectives, teaching approach, and assessment. The materials are easily modified to suit
students at different levels.

Wouldn’t it be fun to have one of your students become the inventor of something like Velcro?
That is the goal of inquiry based science learning. Biomimicry is one way to approach it.
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