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Student manual

Are you not afraid to take on a challenge? Ready to create an innovative
design as a solution to a question? To use the knowledge that we can find in
nature? Then you are ready to tackle this/biomimicry challenge!

The word biomimicry is a combination of the Greek words bios, meaning 'life’, and ‘mimesis’
which means imitating. So, biomimicry means 'imitating life' or you could also say; following
successful strategies from nature.

Thesemateriak are developed by biomimicryNgawww.biomimicrynl.orgin collaboration
with the Peelland College in Deur(¥L) This Challengés meant for the firstevel VWO
(special top class @econdary schoal)

Thetotal packageconsists of two separate part$his is Part kfirst introduction to
biomimicry.Part Il assumes that you know a number of basic concepts and the assignments
are freer.You will be challengechore!

biomimicry/NL
/


http://www.biomimicrynl.org/
http://www.biomimicrynl.org/

Introduction to the challenge

The challenge

In biology you learabout nature; how animals live and what type of trees there are.
biomimicry we learrirom nature, and we view it as a model and a ment#s.amodel
because plants and animals have developed numegamsussolutionsthat can inspire us
As amentor, becausan biomimicrywe alwaysaskthe question:"how would nature solve
that?". Biomimicry isabout how we can translate knowled@®m nature into sustainable
solutions for outhumanchallengeslt requiresa differentapproach With this challenge you
get acquainted with biomimicry, what you can do with it and how youusait. As fa as

we are concerned, biomimicry is the future and it will help us to solve a large number of
social issues and challengasd make the world more sustainable

What do we hope to achieve

This challenge aims to give yauot of hsighs and hopefullynakes you enthusiastic about
biomimicry.We have drawn up a number of leangi objectivesYour‘grade is determined
on the basis of achieving these learning objectives.

Learning goals
After doing this challenge:
0 Youunderstand what biomimicry is and you can apply the methodology.

You can on the basis of a ‘challenge’, investigate a specific problenyeigolutions
andwork with this method.

You areable to make a design based on biological design principles

You andyour groupwill haveexperience with creating and presenting yalesign
with the aid of aposter collage.

O¢ Ox O« O

Thisaloneis probably already excitinghis masterclass consists of two challenges in total.
Both challengs are structured in 6 modules of two hours eachou needapproximatelyone
hour of selfstudy per module tgetyour design readyWhat else do you need® notebook,
pencil, colored pens, etc.

Module 1 Lesson 1 and 2 | Introduction to biomimicry

Module 2 Lesson 3 and 4 | Formulating a question

Module 3 Lesson 5 and 6 | Do research

Module 4 Lesson 7 and 8 | The best solutiofirom nature

Module 5 Lessons 9 and 1{ Create a design

Module 6 Lesson 11 and 1| Preparing for the presentation (design)

What information can you use and where can you find it?
During the lessons the theory is explained by the teactér.also made an introduction
video for you A special website helps you fitide answers you are looking forou are also
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free to use other sourcdike the library or the internetln short, we have selected a number
of sourcedor you, but there is enough space to make new discoveries as a real scientist!

sesAonly the energy it needs '
ts form to function .
‘Nature recycles everythmg
‘Nature rewards cooperation
Nature banks on diversity

' Nature demands local expertise

Nature curbsexcesses from within
Nature taps the power of limits
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Use of Icons
In thischallengewe use three different types of iconBelowyou can findthe meaning:

This icon indicates where you can find information, or what is good to view lfiow.
you follow this, it will help you to understand tlienceptsbetter.

This iconmeansthere is a question or a though&top here and think about this.
The question helps you to get a et understanding of the substance.

Nowyou are going to do somethingin assignment or an acti@n your ownor
—J with your group.

CE

See this icor? You have a homework assignment.

B>
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Module 1 Introduction to Biomimicry

Lessonl module 1
1. The challenge

The teacher will make grous 3-4 students Each group receives a research questtbat
you are going to investigaia the comingchallenge. You will alsmeatea desigras a
solutionfor 'the problem'.Eventually you make m@ice'visual' (poster) of how your solution
works, for which design problem, and on which organisms your solution is inspired
Your design will be assessed by your teacher on the basis of a number of criteria (see
appendix I).

EN  Go sit with your groupThink abouta nice appropriate name for your groamd tell
your teachemwhy you chose this name.

2. Bio-what?

We have mentioned it a number of times, but what is 'BiomimicBy&mimicry(pronounced
in English ashaajoomihmihkrwie and in Dutch asbiejoomiemiekrie) comes from the Greek
words 'bios' meaningife and 'mimesis' which means imitating fmlowing. Soyou follow
nature's ideagor resolvinghuman challenges.

Let's start at the beginning

Manisaccustomed to getting things out of nature for his own uselit on the treeseggs of
the chickens, leather for clothes, wood for houses, oil for.fuekope knew that nature
carries many useful things and aksdot ofwisdom.For example, the first people usedamy
herbs and plantso cure disease$?eople are connected to and part of natuBaut
nowadays we think more and more in (people) andthey (the rest outside, nature)Due to
the industrial revolution, the arrival of cities, we have forgotten that we are alpart of
nature. For centuries the economy continued to grow, man became richemand
increasingly lived with the idea thate are not a part of nature, buta better and greater
power. Peopleuse everything from natudeBut, wait a minute..

What is nature?

Nice story abounhature, but what is that actually, nature®/e see nature as all the life and
norntlife around us that is not made by peophature includes both living thingsich as
bacteria, trees, birds, and also néiming things such as stones, water and wind that interact
with living thingsWe also see people as nature, we are alt@f nature, but sometimes we
forget that. We forget that we are all part of the same system, and that it is our
responsibility to treat each other and all things as we want to be treated ourseites,do

you think?
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LN What do you think of nature?
g Are people nature?his is an interesting question, because people give different
answers heg. Many scientists and biologists say thpegople are part of an
evolutionary process and are certainly part of nature, while others will say that people are
separate from the rest of nature&o again, what dgou think ? What does belong toature
andwhat is not natur@ Are people natureAnd the things we make®/hat makes us people
and what is the relationship between people and (the rest of) nature?

Answer these questionsith your groupin a maximum of 250 word3hen discuss this in
class Alsoconsider the following questionslo you think the same about natureé&hd the
role / place of peoplen it? If not, what are the differences?ou have 10 minutes for this
assignmentTip: create a mind map to organize your thoughts

We are a young species

Werealize that people might have taken away too much from natuké.sorts of animals

and plantsget extinctand the climate is warming up due to an increase ini€@e air.

We humans arenly'just around 200000 years on this planeThat sounddike a long time,

but if you consider that the first life on earth already exists for 3.8 billion years, man is only a
baby in relation to other plants and animals that have existed for a long tigemay

already think we know everything, but nature idlfof smart solutions that have proven
themselves over time, and where we can still learn drlatn.

Many plants and animalsavethrough their longerexstence learnedow to adaptand
survive.Can we learn from nature, see natureateacher / mentor and give ourselves the
modest role of an eager pupil?

What is the difference between 'using' something from nature and 'applying’
Q biomimicry? And what then is the difference between learning about nature and
learning from nature?

A solution with biomimicry

We at biomimicryNL want people to be inspired by nature and go back into nature to get
answers to ousocial questios. You can safely say that there is an answer to every question
to be foundin nature, youonly have to find it!
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Super fast train
The Japanese super train Shinkansen suffered from noise, loss of energy
and counter pressure when entering and leaving tunnels. For the design of
a new nose the kingfisher was taken as an example. The kingfisher dives
and cuts through the surface of the water. The shape of its beak was the
key to minimize resistance at high pressure transitions. You can see that
the beak is already in the water, but no ripples to be seen.

Biomimicry aplies natural solutions to 'human' questior’s.nice example is thieain in
Japan whose nose is an imitation of the beak of a kingfigkredt.naturally, when applying
the solution, we also want to usetural (and therefore nopolluting) materials.

Life's Principles

When using Biomimicry we use the-called'life’s. These principles help ydao find
solutionsthe waynature does.The more you incorporate these principles into your solution,
the better your result will beWhy?Becausell organisms imature make use of atlf these
principles.So by using them ajiou knowfor sure that you mimic nature as well as possible!

The 6 'life'gorinciples' are (see module 2 lesson 3 for the scheme):

. Use lifefriendly chemistry

. Be well attuned to your local environment
. Integrate development with growth

. Adapt to changing circumstances

. Deal efficiently with raw materials

. Evolve to survive

In thenext module the 'life's principles’ will be discussed in detail.
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Introductory filmbiomimicry
l© Look at thisnovieabout a'Spiral’
https://www.youtube.com/watch?v=BwCKJ9bTgvw
You can alsogjto: www.biomimicryNL.org

Now that you have received more background, it is timetterfirst assignmentThe
assignment wilimake clear what you already know and what questions you still héve.
can do this assignment at home.

2. Tell it at home

To learn to understand biomimicry well, it heligstell someone who does not know
anything about it yetSo it does not make much sense to explain it to someone in your class
(although you may warb practice it).Give it a try during your evening meal to your
parents / brothers / sistersMaybe they ask very good questions, and you can figure this
out together.Write down all your gastions and take them to the next lesson, who knows
who else could answer that question, or do you come out with the whole class!

)p\ 3. Nature experience
At the end of this modulgou will do another assignmenthis assignment is
intended to connect with nature.

You will carry out a proje@ssignment in which yowill experience nature in a place that
you may not expectear schoolThe basis of this assignment comes from a philosophical
movement called 'phenomenologyrhe word phenomenon is derived from Greek and
literally means 'something that can be seefihis movement is based on direct experiences
and through these experiences gives meaning tatyou observe (phenomenon).

Phenomenology has a lot to do wigxperiencinghature. It givespeace and attention to the
beauty around youlf you open up to that, think about what you like, and try to put it into
words, you are involved in phenomengh Not everything is understandable, and certainly
not everything can be put into wordBut in trying and experiencing it outside you will also
learn a lot about yourself and your own feelings.

Goal

The purpose of this assignment:

'‘By using your different senses when you experience natywa,also learn about yourself
and your feelings'

Method
Work alone or with someone with whom ydeel comfortable It should not cost more than
half an hour.So do not think too long and go weork quickly!

Necessities

T This student manual
1 A pencil, eraser and a pen
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1 Two separate A4 sheefw lay out your drawings / skiehes)
1 Something on which you can make the drawings (eg a book that serves as an
underlay)

Exercises
Find a nice place that has to do with nature.

Exercise 1 Where are you? Describe this in a few sentences.
Exercise 2 Why did you choose this location? Explain your choice.
Exercise 3 Sit down and look around and listefegl, if possibleStart looking eound

and don’t f or get.Whadolyou acticeWleatdb yoy likeX¥hatsse by
bothering you?Try to observehis with different senses and pittin words or drawings.
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Assignment 4: Nowmake a sketch or drawing of something that yeallylike or
what stands out for youExplain your choicdt does not matter if you do not know the
name of the organism!

Assignment 5:  With othersenses: smelfeel or experience: choos&Vrite something
about it.

Good luck!
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Lesson 2 module 1
3. Get started!

We discussed the challenge, the learning objectives, theoready we present this
challenge to youWe havaliscussed the theory behind biomimicand you have explored
what you yourself mean by naturBlowi t imetodo to work!

1. Check-in and discuss findings

To understand biomimicry wejlou were askedo tell other people about it How

did it go?What questions didgu receive or do you still havéfow did your family
or friends react to this topic®iscuss the questions you have written down in response to
the homework assignment in the classroom.

Besides talking about biomimicry, you will of course also do somethimghextassignment
you can put into practice this week any case, bringour findings to the next lesson!

-~ 2. Starbursting: Observe and ask questions
. An important part of biomimicry is observing. Those who want to learn from nature
will have to learn to look at plants and animals in a different way. Becoming curious
about the natural world is about learning to ask good questions.

'Starbursting' is a tehnique for generating questions about a new idea, or in this case, an
organism thatcan form the basis for (natural) scientific researchorder to get the most

out of this approach, it is important that the questions are asked in a systematic and
comprehensive wayGo out and findan organism to focus on andvithout trying to answer
something, can youwlevelop different specific questions for each point of the gtae next

page)?

Good luck!
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Module 2 Formulating a question

Lessor8 module?2
1. Check-in and discuss findings

The st lessonsvere an inroductionto biomimicry.You havealso donesomeassignments
that helpsyou understand biomimicrDiscuss the findings and the sketches you made in
the classroom.

@ Watch thsvideoabout Dolphins
https://www.youtube.com/watch?v=14TOcSGKmgN Dutch)
Can you think of the questiamat led to the solutioryou see intisvideo?

2. Agood research question is half the work

In this challenge you wilind a solution for a 'human' challenge your group using
biomimicry.In thisfirst challenge, there are foyossiblechallenges whergou can choose
from. Youand your groughave ten minutes to abose a challengdnform your teacher
about your choice

Do you want to know what a good research question is?

Take dook atpart 2: what was a good research questigdfPwatchthis movie from the
'‘Questions MachineThe questiomrmachine helps you to investigate whether a question is a
good research questiorY.ou will beguided through various criteridlhe question falls from
the machine once it does noteet one of the criteriaThe question can then be adjusted
and retrieved by the machine, or a new question cannserted Here the criteria of the
Question Engine:

Does it fit with the theme?
Can you learn from it?

Is it a precise question?
Can you do this?

=A =4 =4 =4

Research topic 1: Function shoes

Problem: For different sports you need different sho8Boes for idoors on a tennicourt,
football or hockey fieldShoes for athletics, ballet and even 'shoes' for in the water (surfing,
sailing, swimming)Depending on theport you doyour shoe must be able to do certain
things.It must be able tdreak or absorlshocls, have grip, be ght, be wateproof, or able

to slide (think of skates)hey must beeasily akenon and off, stay firmly in placé&nd they
must of coursébe comfortabk. In top sport, people are always looking for better material
and better designs to be able to deliver a better performance.
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Challenge: What can we learn from nature for a properly functioning sports shoe?

In this reseech question you will look at how other animals move (over lakidw they
walk,jump, run, climb, turn, slide, stop, etc. In mud, water, mountains, rocks, grass etc. For
some inspiration look at this video from Feshdtps://www.sciencedoc.eu / documentary /
festowhat-we-canlearnfrom-a-kangaroo /

Tip: choose a specific spoiithink about invhat kind of sporimovement ishe most
important(which is supported by sports shoes) and try to khatout what 'a better sports
shoe' could mean for that sportWhere should it bemproved? Or go for a sports shoe that
you could usevell for multiple sportsWhich functions must it meet?

Research topic 2: Material Sport shoes

Most sports shoes are made of materials that are not degradable or recyct&dneetimes
eventoxic substances anesed diring the production proces@naking the shoe9)r at least
unhealthy substances, or a lot of energy or waterganisms usually use as little material
and energy as possibte provide certain functionsAnd the materials used to ‘'work’ are
degradablen particles that are not bad for the environmem.o n ’e tvantwhat tod?

Challenge: How would nature make an environmental friendly sports shoe?

For inspiration: example sport shoes

Below you see an example of a natuinspiredshoe.Researchers from Nike, Irdesigned
Goatek Traction after studying the feet of mountain goats in the OregonQGoatek

Traction is a showith asole that mimics the soft fat pad in the ddile of the goat's foot, the
surrounding nail that digs in soft surfaces, and an articulated toe that allows the animal to
jump safely between narrow rocky ridgédhe sole was removed from the market after one
season due to poor sales, despibe fact thatthe shoe functioneds intended.

How does nature create grip? Nike Goatek

Research topic 3 : Packaging and Waste

Problem: In the Netherlands we produce almost 500 kilos of waste per person per year
(that's about 5660 garbage bags per person per year, imagine that they would all be in your
room!). More than half of our waste isollectedin separatel partsso that it can be recycled.
The rest is burnedA large part of our waste consists of packagh lot of those packages
areonly usedbriefly and then thrown away,sometimeson the street or in the forest so it
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ends up in rivers and the sea and pollutes the environminhature there is also a lot of
‘packaging'But there is naesidual wasteEverything is used again for something without
polluting the environmentWhat can we learn from this?

Challenge: What can we learn from nature about packaging with regard to the prevention of
waste and stimulate re-use?

Research topic 4: Functions of Packaging

Qur skin, the armor of a crab, the skin of a banana, the shell of an oyster, the bark of a
coconut, a pine cone (seed packaging) and every cell in our body basitsackagingAnd

all those packaging must meet many, sometimes contradictory requiremtrggmust be
resealable, airor waterproof, they must not tear, they must be easy to open, they must be
sturdy, they must be able to communicate the contents (product information), they must be
able to change in size, etc.

In this challenge yopickone or more functions o package and you search in nature for
organisms that are champions in getting this function done.

Challenge: How would nature (waterproof, reseal ...... fill in a function ..... ) package?

Inspiration: packaging

When a company was looking for better resealable packaging, they asked biomimicry
experts "What would nature do in thisse?" The innovation process then started with
biologists and designer3hey found more than 60 biologicalrategiesand mechanisms
that can help resealable packagingwhich everyone immediately understands how it
works, which is not too expensive aadsures that the product cannot come into contact
with other substancedOne of the ideas and designs was inspiredhay'venus flyrap'; a
carnivorous plant thashuts its leaveso catchaprey.

Challenge 1 pagel5



Lesson 4 module 2
3. Life's Principles

During the last lessotiey were briefly discussedthe life's principlesYou had already read
that the more of these life'principles come back in your design, the better your desigh
be! Nature always uses these principlégt's take a closer look at these principles.

O

LIFE CREATES
CONDITIONS

CORDUCIVE
TO LFE

Q'

Life's Principles can be seen a$/mnual forLife On Planet Eartl&cientists haveesearched
how many things can be doney plants and animalas they haveften beenliving
successfully on eartfor millions of years How do they do that®e want that too!

Below we explain the life's principles on the basiamexampleWith each principle there is
an example from nature and its applicatiokfter the example you will receive an
assignmentDo all six assignments together with the gragfar as you camot in the
lessonComplete the assignments at home.

1. Use life-friendly chemistry

i Degradable and edible
4 Animals and plants use natural resourcéiis also applies to thelue
mussel Musselsghemselves make a glue with which they can stick to
rocks so that they are not washed away by wawsgsselglueworks

: on almost every surfaceyvenin water, and is biodegradabléOur glue
does not do well in water and is faf all kinds of toxic substanceéa/hat can we learn from
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that mussel glueMore and more products are degradablEhere are styrofoam granules of
potato flour, corn flour sticks and even edible coffee cups.

Assignment 1
Lifefriendly chemistry means that used substances are not harmful to organisms
(plants and animalsMakea list with the group of substances that often appear in
sports shoes or packaging (depending on your chosen assignmiairtk of the
different parts.Are they lifefriendly?Which substances are thetkat are not life
friendly?
Make a listof at least ten substances that you kndkat they are living friendly
and note why.

2. Be locally attuned and responsive (attuned to your environment)

Use what is available

The larvae oWvater stick damsedive on the riverbedThey do not

yet have a skeleton (armor).o protect themselvethey secretea
stickysubstancecausing grains of sand and gravel from the river
bottom to glue together providing hard shellin nature, most types
of material and energy use what is abundantly available locally, because it costs the least

effort!

Local product are becoming increasingly populltore and more products from the region
are available in (super) markets_ocal materials are also being usedre and morean
construction.

The Ecover company makes its packaging (cleaning product) from oceanagiasfididas
hasdeveloped 3 models of sneakersf ocean plasticThey want to sell a million pairs of
them - that works easily because there is unfortunately more than enough ocean plastic

available.

Assignment 2
= Making use of what is (locally) present is a good example of being locally attuned.

=) Can you as groupcome up withanother example from the nature of local
attunement.
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3. Integrate development with growth

Growth AND development

All vertebrates develop and grow bonasd they areuniquely adapted to
the individual in which they growBy integrating growth and development,
bone cells deglop material in response to pressure ati@mageso that
they only grow when needed, and where it is needed.

Almost 300 million children walk barefoot, because shoes :
simply too expensive for thenfhe American Kentoreke
came up with the solution: hmventedThe Shoe That Grows. Kenton came up
with the idea when he was in Kenya in 20Bl& saw a girl with too small shoe
and wanted to do something about Because many parents developing
countries do not have the money to buy new shoes every time, he developed a shoe that
grows with the foot of the childThe shoewill last for about 5 years and can grow tap5
sizes.The design is made so that the shoe can be enlarged in 3 different places.

Assignment 3

Integratingdevelopmentandgrowth is one of the life's principle§ounds logicéal
But do weapply that principle to the ésignof products?Can you with your group
come up withan exampl@

4, Adapt to changing conditions

The same idea in a different way

Octopus have very specialized skin cells that can adjust their
color to every situationBy adapting to changinguditions they
* can camouflage to protect themselves from predators and the
. other moment they switch to beautiful bright colors &ttract a

: - : partner.

Imagine that your shoes could adapt to changing weather conditiOnshata package can
grow bigger automatically if necessayhoever is going to look into nature will find
solutions that can make that possible!

Assignment 4
=n Animals are very good at adapting tmexpecteddisruptionslike aforest fire, for
example or an obstacle in their way. Fimdth your group twoother beautiful
exampleof this 'being able to adapt tehange'.
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5. Be resource efficiently

Endless using of what is valuable

In aforest, the 'waste' of one organism the food of the other Every
ecosystem recycles all materials and thus creates a very efficient and self
8 healingenvironment where nutrients flow and circulate constinthrough

i the system.

Taking back and resing orrecyclingof products such as washing machines,
cars,and material likeglass and plastic are good examples of efficient use of raw materials.
We use a lot of packaging for a vetyort time Theyare not bicdegradable and are not
very easy to recyclédow can we use them for a much longer time, or take them much more
quickly in a cyclePhere is good newskea has already régced many of its styrofoam
packaging with packaging made of mycelium (fungi / mushro@md)sports fields made of
ground sports shoes.

=n Assignment 5
Not everyAcornbecomes an oak tree agaiAnd not every seed of the sunflower will
produce another sunfloweiVhy not?And what anwe learn from this when it
comes to recycling?

6. Evolve to survive

Using the unexpected

In reproduction, both parents contribute to the gene pool of the next
generation.Whenmixing and transmittindnereditary material (DNA)
sometimes 'mistakes’ occuThese are calleghutations.Sometimes
these mutationsare harmful and cause diseases, sometirney
providesan advantageSorne birdsgot anotherbeakbecause oh
DNAmutation, so that they could eat other seeds than othmrds.

Anotherexampleof birdsis that of the bearded vulturer the crow.Both have learned to
drop food (bones in the case of the bdad vulture and seeds, snails or shédisthe crow)
from a great height onto hard ground so that they op&his has probably happened
‘accidentally’ for the first timeCan you learn something about this for your own packaging
issue?

Andback to our shoes. What about a mal functioning stiw makes youslip alonga
surfaces?Are they perhaps suitable for something completely different?

Assignment 6

Whyisitusef ul for a bird to be abl e?Thiso eat
has to do withthe life principle'Evolveto survive'(and specific; usingnexpected
eventy. Considemanother example together.
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Preparation for the next lesson:

As indicated earlier, a good research question is half the wéol. have also become
acquainted with thdife's principles.For the next lesson we ask ytureformulate your
research questiorfwith a main question anthaybe sub questionsandfinishthe
assignments of théfe's principles(if youdid not completed that ye}.

Good luck!
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Module 3 Do research

Lesson nodule 3
1. Check-in and discuss findings

In the previous lesson you have immersed yourself in the pieiples and we discussed
the research question®id you succeed? Share yaesearch question with the clagsan
you also tell us why you have chosen tHs8cusghis in class.

Watch the video o&'Tsunami '
(https://www.youtube.com/watch?v=z749sZHImaU&Ilist=PL3yKJIO1tMjOmFr 4beh
hzy2tIToObAkr&index34

This video contains a nice example of how a need or desire that we like 'being alerted in time
for tsunamis' led to biological research (about how do dolphins communicate under water)

and how this is translated intoaproduc ( t sunami war rcoohtgbe sablesot e m) .
design something that can save lives? H&8R nature!

2. Applying the biomimicry method
In this challenge you will finally create a design; a biomimicry deBefore you can make
this and before preparing the presentation it is important to do good reseafoh.have

|l earned a | ot about biomi micry. It s time to

In this module we wilgo through a number of steps:

1. What do you want your solution tdo ?
2. Under whatcircumstances or conditions should your solutioroperate.
What is thecontext (weather, time, who is it, etc.)
3. Biologize the question (ask naturabout afunction, for example: How
would nature ‘filter water' on the nexpageare some examples )
4, Findnatural models
a. Think about different habitats (a habitat is a living environment
such as: desert, ocean, forest, mountains, etc.)
b. There arananyways to get information
C. find the 'champions' in nature.

ad 1) The mat important thing to starbiomimicryis to ask yourself: "What do | wanty
designto do? "So you wonder what thfunction your sports shoe or package shoblave
instead of whathey should look likeA function of a sports shoe can for example be: having
grip on a slippery surfac@r convert energy into jumping poweatith packaging you can
think of: 'keepingt water tight', or 'keeping it ai#tight'. Note: there must always be\dERB

in it Nowyou can ask the questipfiHow would nature fulfil thigunction?"

If your challenge concerns material umed / or waste (of shoes or packagingju can think

of functions such as: 'reusability’ or 'minimizing material use' or 'breaking down material'.
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ad 2) Thecontext of the use of the sports shoe tte packaging is also importanthat

does the environment look likeé®hat kind of surface is there®hat kind of movements are
involved in the sportHow often are they used?

And with packaging: How long does the actual product hawap fresh™How big should
the packaging beBoes it have to be transported? your productwet or dry?Who is the
product for ¢hildren, elderly)Under what limitations should the solutidanction?

= Function and context
Put function and context igour research questiohy makinga list of ‘funt¢ions' and
adding the characteristiasf the ‘context’.Sometimes it can help to make a quick
sketch.You have 10 minutes for this assignmeBihare some examples with the rest of the
class, maybgougiveeach other ideas.

Ad 3)Biologizing the question igeformulating yur research question (or questiorig)a ay

nature can understandHere are a few examples:

- How would naturecool a space?

- How would nature gently land on the ground?

- Howwould nature something waterprooto make?

- Howwould nature perishable truesave?

- Howwould nature seduceto be eaten?

- HowNature would keep gripn iceand snow?

- So: How would nature ... (and then fill in a verb, the function you are looking for a
solution for)

Tip: it is also interesting to check how nature does NOT do that function. That says a lot
about whether something is a good and sustainable solution or not.

See your question as a 'google searitht;is a very 'broad, general' question you geb
many answersand if you make it too 'narrow, too precise' you get very few answigys.
adding context you camake a question wider anore narrow. For example: 'how does
nature make something watertight under waterfakes the question more precisand
'how does natureclose somethindor water? makes the question wider.

Now that you have a picture of the camtt and function for yourself, ydoave made big
steps Now i ttiinesto start researchindpr solutions that nature has fouhfor your design
problem.You do not yet have to find the best answer for your challer@efor as many
optionsas possibleAt this moment all ideas are welcomiéyou find possible solutions,
write them down.

Now ask yourself: is my research question clear, do | understand well what the
context and function look likeWhat search terms would | use?

Try using thesite: www.asknature.org Try to formulate a question together with
which you want to find an answer with this sitEhis may be for your research

leﬂ
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question, but this may also be another questiGimrmulate your questin in
English: How does nature ... (filtg@motect, cool,attract, etc.)You have 10 minutes
for this assignment

Ad 4) Fding natural models is perhaps the best parbadmimicry.Now you are looking for

examples from nature / biology that can help you with your resea¥@u will find out below
how this works.
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Lessort module 3
3. Doing research

It's time to get startedYou are looking for a many ideas from nature as possible that can
solveyour desigrproblem We will help yowet startedwith some examples that we have
collected for youOf course you can use it, but look for more possible solutions, especially
on the internet and in the libraryAnd do you have biologists or ecolsigiin your family and
at school?Askthem! Before you start divide the tasks and make agreememwis what every
group member has to do

Tip: share your desigmskon in severasub-questions

Example shoes

Main questior/ Main function: How does nature keep a grip on ice and snow?

Sub questiorfunctions: 'Keep grip on ice / snow during (fast) exercid&aking / coming

to a standstill on ice / snow'.

Derived question / functionHow does nature prevent from getting cold feet on ice / snow?
You see, you can go in all directio@fioose questions that have something to do with each
other and that you are interested iWhat are you curious about?

Example packaging

Main questior/ Main function: How does nature 'pack’' something waterproof?

Sub questior function : Howdoesnature make somethingvaterproof without usingextra
material? Additional function:Howdoes nature ensure that something can be opened and
closed repeatedly?

Lookon www.asknatureorg and use your English search terms for this.
Onwww.biomimicrynl.orgFocus orbeta’ you will find a number of examples per research
guestion(in Dutch)

Preparing for the next lesson:
Start researching with your groufhink of as many solutions as possible for your research
guestion, be creativeConsult varioa sources such, internet, the library etc.

Good luck!
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Module 4 The best solution from nature

Lesson module4
1. Check-in and discuss findings

The previous lessoyou havestarted doing the researchVe assume you have written down
a large number of possible solutions for your challenge / rese&toln. did the research go?
What did you encounter®ow did you solve this®/as it difficult to find the solutions and
have you been able to come up with solutions yours@éltrat did youéarn from this?
Discuss your progresstine classroom

Watch the videabout the'Giraf' (https : // www.youtube.comy watch? v=
@ Uul66KALOO70 & t=10s
The movie showsthat most plantsand animaldavemultiple smartstrategies
(adaptations}o achieve a goaWhat adjustments does the giraffe have so that enough
blood cangoall the way to his head?

2. The best solution from nature

Together as a groupy are going to choose the best solutiofifie questions
below will help you do that.

Make a list of althe solutionsyou havefound n module 3

Draw a large tabldike below)and fill in all found solutions.

Choose togethe or 3 solutions that you think are best suited to your challenge.
You have 15 minutes for this assignment

Here is arexample:

Idea Challenge Function Context Biologizedquestion Inspirational
no Organism

1 A sports shoe that Hold a grip on Cold, smooth, How would nature keep grip on Polar bear

does not slip on ice slippery wet surface, for a a slippery surface?
surfaces person standing  Or: How does nature prevent
on 2 legs slipping?

2

3

4
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Polar bears have legs with a rough Yes, we think so. The rough bottom is

underside that provide anti-slip
and sharp curved claws on their
front legs that work like hooks to
climb out of the ice.

easy to mimic, the
hooks maybe a bit
more difficult.

Yes,
depending on
the material.
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1 3. Apply to your challenge
& —
E—
= You are now going tdranslateé your solution to the design challengieis

important that youfill in table (from left to right) And then make drawingof each solution
(constructior). You have 15 minutes for this.

Solution 1

Solution 2

Solution 3

You have now examined three solutions andde onedrawing ofa possible desigmssess
the three designs igour group Do you want to use all three solutions or is one of the
solutions the best?

Make a choice and first setup for thepresentation of your solution in poster form
£=| that you want to useAlso think about which materials you would need if yoa
actuallygoing tomake the designUse this whole lesson, if it is not finished theris
is homework for your group.
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Lesson 8nodule4
4. Life's principles, there we go !

In module 2 we practiced with thieife's
Principles Themorel i franciptesyou can
applyto your designthe betterit will be. How
manyLife'sPrincipleshave already been
incorporated n your design®ake a very critical
look. Would you be able to process a few
more? You wiltertainly improve your design

=n Life's Principles in practice
E Go(with your group overall these
qguestions:

Are youusing materialefficienty?
Where do your materials come from?
Do you really use the minimum to this?
Are thematerialsnature-friendly or could you choosenore nature-friendly materials?
Have you taken the seasons into account?

Have you taken intaccountsomevariation inuse over the year?

Is your design completely fixed or can it take other forms?

Can your design fulfil multiple functions?

Can your design be easily recycled?
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A Preparing for the next lesson:

For the next lessoryou have to preparea list of requirementgcriteria)that the

design musmeet and try to find as much information as possible about the solution
you have choserilhe criteria should be based on thelLife'sPrinciples The better you
understandhow this works, the easier it becomestranslate itto agood design

Good luck!
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Module 5 A poster presentation of your solution

Lesson 9nodule5
1. Check-in and discuss findings

In the previous lessogou have chosen the best solution from naturé/as this difficult?
Why did you choose this solutiorould you translate it correctipto your challengand
what did you learn from that®iscusghis in class.

Watch the vide@bout'Carpet' (https : // www.youtube.conV watch? v=

irfhcYil884 & t=110s

What do you think of the solution that the company has chos@fif’ch organism
(or system) hamspired them2What was the working principlé®itch Life's Pinciples do
you recognize?

2. Making a poster to make; the preparation

You have deepened in finding solutions from nature, and you alsoradea list of
requirements that your design should medtis lessoryou are going tanake aposter of
your design.

During the research you have thought a lot about the function and context, now we are
going to think aboutvhat the design (oprototype) will look likeWe will summarize the
previous modulesCheck youfindings.

You have a research question and important (search) terms.

You have described the function.

You know in which context you have to pldbe whole.

You have found a solution from nature and investigated further.

You have examinedi t ch of the Li épplyteyol®r i nci p
design (you've beerhtnking about for example materials, resource, or

a variable shape or solid form, etc.).

aprwdE

Find a place with your group, and think about how yougoig to make the design.
E Use your building plan for thiay attentionthis lesson you wilave to finishall
the preparationof yourposter (first sketch, etc.)
Tip: experiment with this, make a few versions.

Lesson 1@nodule5
In thislessonyou aregoing to prepare your groupresenttion. Discuss the line of

the storyand how you can makeiniteresting and clear for youlass and the
teacher.Take a good look below which elements your poster should contain.
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A Preparing for the next lesson:
Make sure youposteris completely finishedor the next lessonThis is very
important, because you are going fwesentthe poster.

What doesyour poster look like@ But make sure that in any cagecontainsthe following

elements

- Design assignment

- Function / context

- Organism (s) that inspired you

- Colourful drawing showing how the working principle (or working principles if you have
combined ideas) can be applied from nature to solve your problem.

- Space in which yaospecify how you designmeets thelLife'sas possiblérinciples

- List of materials that you wouldse to make your design.

Also have a look at the assessment model in Appendix 1!
Other criteria foryour poster presentation
- Up to 10 minutes of presentation

- A good picture of the research and the results.
- Atranslation of the solution from nature to your challenge.

Good luck!
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Module 6 The presentation

Lesson 1 +12 module6
1. Check-in and discuss findings

The previous lessoyou have made a design based on the best solution from nateat
kind of design did yomake?Does it still look like the technique you have learned from
nature? Doest meet the Life'Principles? Bcuss what you have learned in class.

2. Presenting your design

The final step in thishallengefor your groupisthe present your posterln this lesson three
groups present their poster, the next lesson the other three.

Your poster containg each case the following elements

- Design assignment

- Function / context

- Organism (s) that inspired you

- Colourful drawing showing howou working principle (or principles) from natute
haveto you solve the problem.

- Howyour designmeetsas manyLife'sas possiblérinciples

- List of materialshat you would use to make your design.

Where should the poster presentation further meet

- Up to 10 minutes at presentation

- A good picture of the research and results.

- Atranslation of the solution from nature to your challenge.

3. The presentation round

Some more tips that you can pay attention to when evaluating the poster presentations:
1. Is the research question clea
2. Does the solution come from nature?
3. Does it work well? In other words: does it solve something, does it answer the
guestion?
4. Is it a sustainable solution?
5. Is the whole well presented?

Good luck!
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Appendix 1 Assessment model Poster

Challenge 1 page33



