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ABSTRACT The theme that structure determines function is one of the most significant cornersti
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understanding natural sciences. On the other hand, recently revised stigmmdum in
Turkey has emphasized science and engineering pradticeslp students be able 1
convergesciencewith the other disciplines bgpplying theory into practice and produdtut
there is not an emphasis on the repeating patternsedatibnships between structure a
function for natural and built systems at any grades. In order to close this gap, th
objective of this study is to develop an integrated biomimicry STEM activity about the
of Living Things World at grade fivelhis paper reported on a case study of 21 -fifthde
studentsd gaining experiences about th
from the organisms to solve a human problem. Even more striking result is that stude
manage to incorpate biomimicry into their design solutions by the way of complemen
relationship between structure and function in organisms.
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INTRODUCTION

The understanding of the relationship between structure and function has been recognized both as a
crosscutting and disciplinary core concepts in the current reform documarfiramework for K12

Science Education: Practices, Crosscutting Concepts, aote Gdeas (Framework)National

Research Council [NRC], 2012). Amongst the seven crosscutting concepts as unifying themes across
all the disciplines and grade | evels, structure
or living thingisshapd and its substructure determine many
2012, p. 84)The theme that structure determines function is one of the most significant cornerstones

in understanding natural sciences. Structure is the way that an organgmpisd as a whole.
Functions are the processes that help an organism to survive. The structure and function of an
organism work complementarily in nature to meet the needs of the organism. Understanding these
causal relationships between structure andtfan through the identification of mechanisms like
behaviors in life sciences can be delineated by Striudeteavioi Function (SBF) theory. The SBF

theory makes it explicit how structure and function causally related with a bridge of behaviors/actions
(Hmelo, Holton, & Kolodner, 2000; HmelBilver, Marathe, & Liu, 2007)n this way, the SBF theory

may account for coherent science learningproviding students tanderstand the purposes and
processes of the structurtesachieve their function (Hmel8ilver et al., 2008)Also, when biological

function is used in the same meanagpdaptation, it may account for understanding the ogia
struct ur e 6amerhad mthe evautionarytpeotess (Kohn, Underwood, & Cooper, 2018).

As related to theextent in which students understand the functions of structures by querying
organisms or molecules in the natural world requires making causal inferences. This is a similar way

by which fAengineers make such i nf esrinspratiensforwhen e
designs to meet peopleds needsd ( Next Generatio
p.89). Engineers learn from studying nature; so they observe nature to get brilliant ideas for design
solutions to solve human problems. Thigplains why technological tools we use in our daily life
usually work in the same way as something in nat
and built systems alike depends on the shapes and relationships of certain key parts amviieél as
properties of the materials from which they are
of the relation between structure and function in natural systems can be further delineated by
mimicking the translation of these observation® idesign solutions to solve human problems for

STEM (Science, Technology, Engineering, and Mathematics) education. Therefore, understanding the
purpose or mechanical function of structures in nature as a learning outcome in science courses should
beconsicred in STEM education.

STEM education proposes an interdisciplinary integration of knowledge, skill, and beliefs relate to
more than one STEM disciplines through the coll
Capraro, & Ca p rah,r2@4). Ta acdomplish ¥his gaal, eadineering and engineering

design proceseriented integration for science teaching has been appreciated in the current reform
documents (e.g., NRC, 2012) and related literature (e.g., Guzey, Thank, Wang, Roehigre& M

2014; Moore et al., 2014). Amongst the scope of Integrated Teaching Framework (ITP), which is
considered as an effort for the pedagogical interpretation of STEM for Turkish context, the
methodological integration means to use both the disciplinettaanethods of a particular field

education in the teaching of other fields depending on the interests of teachers and students. The four
main principles of integrated STEM education are defined as equity, relevance, interdisciplinarity and
rigor f{Awék, KRoe ¢k, Hel vacé & ¢orlu, 2017). I n pes
et al.,, (2017), the current study is an example for the use of the engineering design process or
engineeringbased learning in science classes.
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Structure and Function asa Crosscuttingand Core Concept

The Framework(NRC, 2012) déf nes cr os s cut t bridgg disciplinacyebpundarieas s t o
having explanatory value throughout much of scC
provide students useful lenses fecognizingsimilarities among disciplinary core ideasd practices

in science and engineerinhus, crosscutting concepts are common themes emerging across all
science and engineering disciplines to help students better undepstendmenaAs the NGSS

document points outhere is no need to teach and assess these concepts as a separate vocabulary from
practices or disciplinary context. Rather, the crosscutting concepts should be embedded in the science
curriculum from beginning in the early grades oth®oling and growing in complexity and
sophistication across theagtes (NGSS Lead States, 2013b).

Therelationship between structure and functama crosscutting concegan sometimes be essential

to make causal inferences as adal case of cause aeffect (NGSS Lead States, 2013bable 1

indicates that exploration of the relationship between structure and function should begin in the early
grades and progress in complexity across the grades both as crosscutting and disciplinary core
concepts. In arly grades students can relate the shape and stability of structures for a variety of
functions | i ke a obmechanga firctiosuchaagvbeerls bxled) and gears. As
studentsd progress through t tow frampgeenizing padicilars t h e\
structures or substructures observed in the visible systems to a more complex, small soakbleon

systems are related to their functions (NRC, 2012).

Table 1.
Progression of ideas for the structure and function lastta crosscutting concept and disciplinary core idea
(Adapted fronDusch| 2012; NGS$&ead States, 2013b

Grades Structure and function as a crosscutting concept  Structure and function as a core idea in the life science

Examine relationships sfructure and functioim All organisms have external parts that they use to perf
K-2  accessible and visible natural and human built daily functions.
systems.

Matter has a substructure that is relategraperties  Organisms have both internal and external macroscop
of materials. Begin study of mos®emplex systems  structures that allow for growth, survival, behavior, and
by examining subsystems ati relationships of the reproduction.
parts to their functions.
Visualize, model, and applynderstandings of All living things are made up of cells. In organisms, el
structure and function to more complex desk work together to form tissues and organs that are
6-8 easily observable systems and procesEas.concept specialized for particular body functions.
of matter having submicroscoptructures is related
to properties of matter.
Apply the knowledge of structure and functiwhen  Systems of specialized cells within organisms help
investigating unfamiliar phenomena; when building perform essential functions of life. Any one system in a
9-12  something or deciphering how a system works, be¢ organism is made up of numerous parts. Feedback
with examining what it is made of and what shapes me c hani s ms ma i nintarmaihconditonso
parts take. within certain limits and mediate behaviors.

3-5

In this respect, understanding the structure and function as a topic for the life sciences should be
emphasized as well. Bybee (201ates the main goal dfiologyas t o fAdevansforp expl
functions based on structures and recipré@akxplain the complementarity of structures and
functions among an organismés systems and subsy
the Frameworkfocus on patterns, processes, and relationships of living organismsrstloetfe idea

d_S1: From molecules to organisms: Structures and pro@esses d dtheechasaetexistic structures

of organisms to live, grow, respond to their environment, ancbdepe.As thefirst subcompnent

d.S1.A: Structure and functi@e x pl ai ns how the structures of org
beginning from cells as the basic structural units to structural systems and subsystems of organisms
that perform speciaed functions (NRC, 2012). As it can be seen in Tapkutlents at elementary
gradesare expected to investigate the relationships between the external and internal structures of
organisms and their functions in growth, survival, behavior, and reproduati the macroscale

systems. Students in middle grades are expected to investigate explanations for the structure and
function of cells as the basic units of life at microscale systems. Students at higher levels demonstrate
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an understanding of how systern§ cells function together to support the life processes, the
hierarchical systems of organisms, and the role of specialized cells for maintenance and growth.

Why Teach Biomimicry?

The termbiomimicry originates from Greek roots bios that means life amhicry that means to

i mitate. Beyond its simple meaning of imitation
technology that uses oOor Iimitates natureTheo i mpr
origin of the term coined as biometics, bionics, bignspired design that are all used usually in the

same meaning ithe scientific literature. i has beeronsidered as a new discipline of scieatating

fromthe bookofl ani ne Benyuso6s in 1997 ti tbhlye dNaft Biircendi.milcni
book, biomimicry is defihredaa new sci ence that studies naturebo
inspiration from these designs and processes to solve human prabteres solar cell inspired by a

l eaf 0 ( Be nylnsther wards) @mimicpy.aampproacii s ee ks sustainabl e
human <challenges bytesmué¢adtpagt aansaraend st mat egi
2010). According to Benyus (2002) billions of years of evolutionary process have gwieg |

organisms an amazing diversity of structures, shapes and their related functions to $higve.

learning from studying nature for perfection, accuracy and sustainability of natural mechanisms is the
underlying phil osophymicoyf Benyusoés theory of bion

There are well known examples of biomimicry in the history of human industrialization like Leonardo

da Vincildd9()1wm2 k designed a dAflying machined b
(1867 1948) airplane designed by mimicking the gsrof eagles. Nowadays, transpdidn vehicles

may become faster, more stable, and more aerodynamic but still nature gives inspiration like Japanese
bull et train mimicking a kingfisherés beak to re
biomimetic technology is applied in many different fields including material science,iambot
nanotechnology, product, design, innovation, inventions, systems design, architecture, agriculture,
chemistry, medicine, communication and mechanics. One obdke known product examples of
biomimicry is Velcro, a common hoedndloop fastener, invented in 1948 by Swiss engineer George

de Mestr al who inspired from the fruit of the b
hiking (Hwang et al.2015 Pauw,Kandachar, Karana, Peck, & Wev2§10).

There are three levels to mimic a natural system as regard to the increasing complexity from the
organism level, to behavior level and ecosystem level. Biomimicry at the organism level indicates the
mimicry of a specified organism or a part from the whole organism. Biomimicry at the behavior level
indicates the mimicry of behavior in a specified organism. Biomimicry at the ecosystem level
indicates the mimicry of whole ecosystem. At each level biomimicrytalea place as a form about

how it looks, material about what it is made from, construction about how it is made, process about
how it works, and function about what is the capability. For example, building that mimics termites in
architecture is a good regsentative of three levels and their glilmensions. At the organism level

the building looks like a termite. At the behavior level the building looks like such a termite mound
that is made by termites. At the ecosystem level the building looks likeosgstem such terites

would live in (Aziz & El derif, 201§.

While learningfrom studying natur¢here are two main approaches suggested for a biomimicry design
process as indicated in Figure 1. Tagwn approach or challenge to biology begins with antified
human need or problem atigenlooks intentionally into nature how organisms or ecosystems solve
this problem for better design solutions. Conversely, bottprapproach or biology to design begins
by examining nature to identify a particular sture, behavior or function belongs to an organism or
ecosystem for transmitting this kilespired design solution into a human problem (AziERsherif,
2016).
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Top- Down Bottom-Up
1-Design problem
2-Searc h for hinlogical
analngies
3-Id entification of &-Desicn sohudion
app ropriate principles
5-Technical .
4 Absiraction, detachment Inp lemeniation
from b inlogical model
4 Ahgiraciion, deiach i

5-Testing, analysis, and fromhiological model

feedback: 3-Understanding the
principles

6-Desien sohution
2-Biomechanirs, funciiomal
mworpholozy and anatomy
1-Biologic al research

Figurel Biomimicry topdown and bottorup approache?dapted fromAziz & El sherif, 2016)

It is inevitable that using nature as a model for soabde design solutions hasitiated the
conceptualization of biomimicry in science education. Biomimicry can be viewade®lution in
education by offering teachers a wayinspire students of all ages by blendiifigy sciences, STEM,
creative problem solving, design, and systems thinking (Biomimicry Institute, 2010). Teaching
biomimicry in STEM education can provide a context by intersecting nature with science, teghnolog
engineering andnath Consequently, being inspired by nature requires understanding how nature
works by identifying various functional and environmental adaptamechanisms of organisms and
their sustainability in basic science courses at early stage

Rationale for the Study

As proposed in th&rameworkwhen the students develop an understanding about the relationships
between structure and function, they can apply this knowledge to learn an unfamiliar scientific
phenomenon and solve how a systemknas a critical element of successful engineering designs
(NRC, 2012). Similarly, recently revised science curriculum in Turkey has emphasized science and
engineering practices to help students be able to converge science with the other didmplines
appling theory into practice and product; but there i$ @ emphasisn the repeating patterns and

the relationships between structure and function for natural and built systems at any grades (Ministry
of National Education [MoNE], 2038 On the other handstudents are expected to classify living
things according to their similarities and differences as microscopic organisms, fungi, plants, and
animals within the context of the unit of Living Things World at grade five. In order to close this gap
in scienceeducation, the main objective of this study is to develop integrated biomimicry STEM
activity based on the relationship between structure and function in organisms both as an engineering
design principle and core component of life sciences for fifth geatdeachieve learning outcomes
about the classification of living things. In the line with this main aim, the research questions are: (a)
How students develop a deep understanding of structure and function about living things? (b) How
students develop adp understanding about the role of biomimicry in engineering design principles?

For this purpose the performance expectations related to the topic of structure and function in the life
sciences from the NGSS were adapted to develop biomimicry STEMtactGSS Lead States
(2013a) emphasizes biomimicry as a performance expectation linked to the structure and function as
one of the main component ideas in the life sciences of the first grade numbeiiefila® 4nd fourth

grade numbered asl41-1 as indcated inFigure2. TheFigure 2displays examples of performance
expectations for elementary school life sciences with supporting content from the foundation box
which combines practices, core ideas and crosscutting concepts.
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within plant and animal systems.]

1-LS1-1. Use materials to design a solution to a human
external parts to help them survive, grow, and meet their needs.*
that can be solved by mimicking plant or animal solutions could include designig clothing or equipment to protect bicyclists by
mimicking turtle shells, acorn shells, and animal scales; stabilizing structures by mimicking animal tails and roots on plast
keeping out intruders by mimicking thorns on branches and animal quills; and, dtecting intruders by mimicking eyes and ears.]

PERFORMANCE EXPECTATIONS

Students who demonstrate understanding can:
4-LS1-1. Construct an argument that plants and animals have internal and external structures that function to support
survival, growth, behavior, and reproduction.
roots, colored petals, heart, stomach, lung, brain, and skin.] [Assessment Boundary: Assessment is limited to macroscopictsires

[Clarification Statement: Examples

problem by mimicking how plants and/or animals use their
[Clarification Statement: Examples of human problems|

of structureould include thorns, stems,

Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

Engaging in Argument from Evidence

Engaging in argument from evidence in
305 builds on Ka2 experiences and
progresses to critiquing the scientific
explanations or solutions proposed by
peers by citing relevant evidence about
the natural and designed world(s). (4-
LSt1)

Construct an argument with evidence,
data, and/or a model.

Obtaining, Evaluating, and
Communicating Information

Obtaining, evaluating, and
communicating information in K 82
builds on prior experiences and uses
observations and texts to communicate
new information.

Read grade-appropriate texts and use
media to obtain scientific information to
determine patterns in and/or evidence
about the natural world. (4-LS%1)

Constructing Explanations and
Designing Solutions

Constructing explanations and
designing solutions in K&2 builds on
prior experiences and progresses to the
use of evidence and ideas in
constructing evidence-based accounts
of natural phenomena and designing
solutions.

Make observations (firsthand or from
media) to construct an evidence-based
account for natural phenomena. (4-LSt
1)

Use materials to design a devicethat
solves a specific problem or a solution
to a specific problem. (1-LS%1)

LS1.A: Structure and Function

Plants and animals have both internal
and external structures that serve
various functions in growth, survival,
behavior, and reproduction. (4-LS%1)

LS1.A: Structure and Function

All organisms have external parts.
Different animals use their body parts in
different ways to see, hear, grasp
objects, protect themselves, move from
place to place, and seek, find, and take
in food, water and air. Plants also have
different parts (roots, stems, leaves,
flowers, fruits) that help them survive
and grow. (1-LS%1)

LS1.D: Information Processing

Animals have body parts that capture
and convey different kinds of
information needed for growth and
survival. Animals respond to these
inputs with behaviors that help them
survive. Plants also respond to some
external inputs. (1-LS%1)

ETS1.A: Defining and Delimiting an
Engineering Problem

Asking questions, making observations,
and gathering information are helpful in
thinking about problems. (1-LS11)

ETS1.B: Developing Possible Solutions

Designs can be conveyed through
sketches, drawings, or physical models.
These representations are usefliin
communicating ideas for a problemd s
solutions to other people. (1-LS%1)
ETS1.C: Optimizing the Design Solution

Because there is always more than one
possible solution to a problem, it is
useful to compare and test designs. (1-
LSt1)

Patterns

Patterns in the natural and human
designed world can be observed, used
to describe phenomena, and used as
evidence. (4LS%1)

Structure and Function

The shape and stability of structures of
natural and designed objects are related
to their function(s). (1-LS%1)

Systems and System Models
A system can be described in terms of
its components and their interactions.
(4-LS11)

Connections to Engineering, Technology,
and Applications of Science

Influence of Science, Engineering and
Technology on Society and the Natural
World
Every humanmade product is designed
by applying some knowledge of the
natural world and is built using
materials derived from the natural
world. (1-LS1-1)

Connections to Nature of Science

Scientific Knowledge is Based on
Empirical Evidence

Scientists look for patterns and order
when making observations about the
world. (4-LS11)

Science is a human endevor
Scienceaffects everyday life. (1-LS%:1)

Most scientist and engineers work in
teams. (1-LS%1)

* The performance expectations marked with an asterisk integrate traditional science content with engineering throiosghoa gisaiplinary core idea.

Figure 2.The performance expectations fd1: From molecules to organisms: Structures and
processeAdapted from NGSS Lead States, 2013a)
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METHOD OLOGY
This study employed a case study in which fdfthe
often a progr am, event , activity, process, or or

i nvol ves student s By pdrteipating innttge bieminpcey r SIT Elvh actevity about
organisms. The participants of the study werd1§eas old 21 students (11 boys, 10 girls) attending

5" grade at the public lower secondary school in Antalya, Tutkey.c or di ng t omre&k dér ér
(2016), "if the researcher wants to introduce a new application or a novelty, he/she can identify them

by determining one or more of the most typical among a series of case in which this application has
been done dnasinnovativeness (p.120). For shpurpose, the study group was determined in line with

the typical case sampling which is one of the n
2016) that emerged within the qualitative research tradition.

Biomimicry STEM activity worksheets, refttive operended questions, sefsiructured interviews,

rubrics were utilized in collertg data to evaluate the performances of the studantsthe
effectiveness of the STEM activityhe data collection tools focused on obtaining the data in order to

reveal how students develop a deep understanding of structure and function about living things and the
role of biomimicry in engineering design principles. Students' learning experiences, difficulties which

were experienced and how they overcame theseulifés, likes and dislikes, what they learned and

how they worked in a team were investigated.

The qualitativecollectedthroughoutst udent sé6 refl ections about t he
openended questionand semi structured interviews, teacéhasbservations andield notes and
participantst udent s6 portfolios were Thealpwmattedi pgntdet
observations and field notes were used to incre
behavior in the proess.The dbreviatiors T for team S for sudent and numbergere used to
introducethes t udent 6 s t e anmambarsuchthatT4.&1 nseangtd team tbt student.

Ethical Approval

The typical case sampling aims to describe and illustrate what is typical to those unfamiliar with the
setting, not to make generalized statements about the experiences of all participants (Patton, 2014).
Prior to the implementation of the research, theeasary permission was obtairatording to board
decision, dated 05/02/2019 and 2439445 numbered, from the Research Evaluation and Investigation
Committee of the Antalya National Education Director&tkitten informed prental consent forms
including options of optout and opin for their childrei® participaton in the research and collecting

data from them were sent home to signatlite students were volunteer and had the signed parental
consent forms involved in the study.

Description of Biomimicry STEM Activity

Biomimicry STEM activity provides students the learning opportunity to explore the relationship
between structure and function in organisms both as an engineering design principleeaed
component of life sciences for 5th graders in whé of Living Things World. For this study some
parts especially involving structure and function activities are described here in detailed. The activity
consists of four main parter science and engineering practicegarallel to the science standaras
described below:

Part 17 Asking Questions and Defining Problemsscenario about biomimicry design task is given

students (see Appendix 1) to introduce a problem or need for the engindesign task. After
completingthe next stages studentsnsaer how a human problem can be solved by mimicking a
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structure from the organisms that has similar purpose for the engineering design process. Students then
identify a human problem and develop thensr own d

Part 27 Engaging in Argument from Evidendeis expected that students get to know different kinds

of organisms, determine the structures belonging to these organisms and explain how these structures
help them to continue their lives by utilizingientific resources or throughout their individual
investigations. Using the scientific popular books like publishgdScientific and Technological

Research Council of Turkey (TUBITAK) i t 1 ed AFi r st Reading Series:
Penguins, Bear, Oowl s, Caterpillars and Butterflies, Do ¢
understanding of how particular features help animals and glastgvive. Students then complete

the worksheet of Structure and Function as individually given ineAgix 2to keepthe observed

structures and their functis in different organisms from different resource® acher sd wuse of
talk along within these texts can promote students to obtain scientific information in examining
structures and inferrintheir functions. To reinforce and extend this understanding as a core idea of

life sciences teachers can have students engage in constructing arguments that plants and animals have
internal and external structures functioning to support survival, gronghatior, and reproduction

with evidence, data, and/or a model. Similarly, as a crosscutting concept of structure and function at
this stage it is explicitly emphasized that fth
related to use, operah, or function. Scientists infer function by referring to form and also explain
form by ref ernbedemmgn2tl® f uncti ono

Part 37 Obtaining, evaluating, and communicating informati@esigning Imaginary Organism
activity is given students to enhance the wunde
structure and function. It is expected that students get to design their own imaginary organism within

their groups by usingthpr evi ously gathered data from the ot
structure and their function. They decide structures and their functions that the organisms need to
survive by describing their adapt at iptatorsgivem t he
inAppendi x 3. Af ter they i1identify their i magi nalil
habitat, physical and behavioral adaptations etc., they draw their imaginary organism on the worksheet

of Drawing and Labelling the Imaginafrganism given in Appendix 4 by describing the traits and
adaptations on it. By using the worksheet of Introducing Imaginary Organism given in Appendix 5
groups decide the scientific name and other characteristics to classify their organisms. Tdieg can

write a story or news about the investigation of their imaginary organism in the given part of
Appendix 4. In order to introduce their organism for the rest of the class, groups make the model of

their imaginary organism by depicting on one of their filerby using provided materials in the
classroom. During the presentation of the model organisms of the groups, stunlddt®e asked to

present what functions their organisms have and why they interpret particular structures in that way.
Another way of pesenting the model organisms would be audience students asked to infer what the
function might be from the structure of organisms. Students can also be asked why they used
particular materials for the structure that they infer. At this moment, itép@nopriatetime to discuss

the distinction between observation and inference. The structure would directly be observable using

our senses, but its function is not direailyservablgLederman, 2010 During the presentations, the

teacher evaluates the nabdorganisms that each group has by using the Imaginary Organism
Assessment Rubric (see Appendix 6).

Part 41 Constructing Explanations and Designing SolutidBsidents are introducesith the great

design task through a scenario given at first that defines biomimicry and how bioengineers inspire
nature to develop new ideas for innovations. Using the scientific knowledge and models learned in the
previous steps in which students makecsh obser vations about ani mal s
survival, growth and meeting their needs, they can translate this information in a larger study to design

a solution to a human need. In reverse relation, students would be asked to give exgmples b
identifying and comparing designed objects related to natural shapes and structures. This investigation
provides students to connect how observations of the natural world aid human survival. Then, they are
asked to identify a human problem to develomssible solution by using biomimicry which may be
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an imitation of the relation between structure and function that belongs to organisms. As bioengineers
students draw their prototype design solutions and describe how their design solutions solve the
humanproblem on the worksheet of Great Design Task Draft Dragingn in Appendix 7. After
deciding on the best desigolution, students appled with materials to design a prototypeodel

that solves a specific problem or a solution to a specific prolitethe last step students test, evaluate

and analyze theirdesign solutions within their groupge improve their model. Once the process is
completed, groups present their biomimionpdels in respect to the relations between the design and
inspirations from the natural world by providing an analysis of the design process. During the
presentations, the teacher evaluates the biomimicry models that each group hasgbyheaisi
Biomimicry Design Task Assessment Rubric (see Appendix 8).

Implication Steps of BiomimicrySTEM Activity

Biomimicry STEM activity was planned to cover all the outcomes about the classification of living
things within a larger dissertation study based on enginedésign based unit phases (Wendell et al.,
2010) and eight step engineering design process of Massachusetts Department of Education (2006).
The studywas conducted for twelve hours during the science lessons at the first term of the school
year of 2018019 by the second author of this researdthe activity was started with the
identification of the need or the problem. During the tagson hour, students identified the human
need or problem which was given in the scenario. They described the criteGarestichints. After
identification of the needs/problem, they were researching the need/ problem in the second step. In this
phase, students investigated the scientific knowledge needed for solving the problem phase. During
the fourlesson hour, the sciefi knowledge collected from books and mini activity, imaginary
organism activity implemented to understand structure and functions in nature. Collected scientific
knowledge was used for developing possible solutions in the step three. During-thesoméour,
students developed solutions individually in their team for thehowe lesson. They explained their
solution proposals by using criteria and constraints. The developed possible solutions were discussed
in their team in order to choose the bedtitson proposal. In the step of selecting the best possible
solution, students used a decisimaking matrix to decide the best one by using criteria and
constraints during the odesson hour. The chosen solution by the team used for constructing a
modelprototype in the step five. In this period, students developed their models in tihesson

hour. Developed models were tested/controlled by using a checklist according to the criteria and
constraints in the step of test and evaluate the solution hérrthey presented their models in the
phase of communicate the solution during the-lesson hour. In the last step of redesign, each team
improved its solutions regarding the feedback from teacher and students duringliggsonéour.

Description of Performance Assessment Rubrics

The Imaginary Organism Assessment Rubric (see Appendix 6) was developed for assessing the
model s that students developed to describe the
mechanism between structure and functiarthe range of 0 and 24 points. The first-dihension of

the rubric titled Developing and Using Models indicates the progression of students from level 0 to 3

for developing an accurate model in terms of drawing, description and identification dfmgimary

organisms. The second sdimension of the rubric titled Structure and Function indicates the
progression of students from level 0 to 3 for accurately explaining the relation between proposed
structure and function that an imaginary organismftvasach adaptation.

The Biomimicry Design Task Assessment Rubric (see Appendix 8) was developed for assessing the
prototype biomimicry models that students developed to solve a human problem as regards to eight
categories that indicates the progressminstudents from level 0 to 3 providing analysis of the
engineering design process on the range of 0 and 48 pohescategories of the rubric developed

based on the engineering design steps of Massachusetts Science and Technology/Engineering
CurriculumFr amewor k (Massachusetts Department of Edu
achievement on engineering design steps.
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Description of Evaluation Form

Biomimicry STEM Activity Reflective Evaluation Form (see Appendix 9) consists of -epeed

quest ons t o realize studentsd perceptions and opi |l
task. The form was applied for all the studeots21 at the end of the studysix students were

interviewed with the similar questiobgcause of theshortor unclear answers.

FINDINGS

Findings on the Imaginary Organism Assessment Rubric

Through the science activities as performance expectations, students are expeapiedy tthe

structures of organisms and relate their functions, create an imagngarysm, and communicate the

way of thinking by drawing, labeling, and explaining. Students developed an imaginary model
organism by describing the traits and adaptations on it as well as by describing its scientific group and
scientific name. The drawisgand created imaginary organisms that each group developed are
displayed in Appendix 10. The Imaginary Organism Assessment Rubric was used for assessing
student sd s throvghthe evorkdsheetsr completgd during the whole process and created
imagnary model organismsoO adaptations. After each
the teacher completed the rubric.€Thable 2ndicates the overall score that each group gets for their
imaginary model organism. As regard to the table eaahn te@s average high score that indicates
studentsd under st anediumge ttihoen rroell eatao fo ntshhe ps tirnu cotrugr
the presented i maginary organisms were consi der
structures,deding type, predators, and habitat, physical and behavioral adaptations.

Table2.
Imaginary organism assessment rubric scores
Dimension Criteria Team1l Team?2 Team3 Team4 Team5 Team 6
Name and classification 3 3 2 3 2 1
Developing and using model Drawings 2 2 2 3 2 3
Description 3 3 3 3 3 3
Nutrition 3 3 2 3 3 3
Defending from predator: 2 3 2 3 3 3
Structure and Function Communication 2 2 3 3 2 3
Mating 0 3 2 2 3 3
Habitat 2 3 3 3 3 3
Total Score é /24 17 22 19 23 21 22

Findings onthe Biomimicry Design Task Assessment Rubric

Through the engineering design activities as performance expectations, students are expected to
describe how they would adapt an organi smbdés st
displays the sample dréngs of great designs for the biomimicry models that each group proposed to
solve a human problem. The biomimicry models that each group developed are displayed in Appendix
12. The Biomimicry Design Task Assessment Rubric was used to evaluate the étudgntsot ot y p e
biomimicry models at eight categories. After each team presented their biomimicry designs to the
class, the teacher completed the rubrable 3indicates the scores for eight categories and for overall
that each group has for their biomimienodel. The studeatd s cor es o n Identifgthec at e g o
need or thep r o b lineudifg identifyn g constr ai nt Researdh theméed errthea and
p r o b hre lowier than other steps of the engineering design process. Although all groups have the
lowest score in identifying and research the problem, they seem to develop an understanding about
engineering design as a whole process. When the developed bigmimoidels were considered, they
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were able to reflect the complementary relationship between structure and function in relation to the

behaviors of organism in their design solutions
named as fishinget aims to help peopléshi nspi red from pelicanbés beak.
model namedasnem|l i p socks aims to prevent people from
The Team 306s bi omitmpamsio helpmpeoplé hunspiredeamn Vanss flytrap.
The Team 406s biomimicry model named hearerugedant 6 s e a
sound insulation inspired from batds ears. The
help people carry out heavy things inspired in f al conédés cl| aw. The Team ¢
named as sewurry aims to help peopleplaste ed easi ly inspired from chi
Table 3.
The biomimicry design task assessment rubric scores
Engineering Design Criteria Team Team Team Team Team Team
Process 1 2 3 4 5 6
Identify the need or Identification of need/problem 2 1 2 2 3 2
the problem Identification criteria and constraints 1 1 1 1 1 2
Identifying the information needed to solve 1 1 5 5 1 1
the need / problem
Research the need o . . .
or the problem Id_entlfylng how the information obtained
will be used to solve a human needs / 1 1 2 1 1 2
problem
Develop possible  Suggestion of solution for needs / problem 1 1 3 2 1 3
solution(s) Drawing blueprint for solution proposal 2 2 2 2 2 3

Determining the pros and cons of solution
proposals 11

Selectthe best Explanation of the reasons (positive

solution(s) /negative aspects, criteria and constraints) 1 1 2 2 2 2
the selection the best proposal
Building amodel / prototype for the solutior > > 3 3 2 3
Construct a proposal
prototype Using the materials that meet the criteria a 3 3 3 3 3 5
constraints for the model / prototype
Testing how the model or prototype solves 1 2 3 3 2 3
Test and evaluate the problem/need
the solution(s) Explanation of the test results using a
e 1 2 3 2 2 2
scientific language
Explaining how designs can solve human 5 2 3 2 2 3
. needs / problems
Communicate the S L . .
solution(s) Determining the structures of living things i
their designs and how they areed in their 1 2 3 2 2 3
functions
Descrlblr_lg the required improvements for > 2 3 2 2 >
their design
Redesign Improving designs according to the data at
evaluations obtained as a result of testing 1 2 3 2 1 2
and sharing solutions
Total Score é /48 23 26 40 33 29 38

Findings onthe Reflective Evaluation Form

The prominent findings on the examinatendedn of t
questions and semsiructured interviews about the activity are summarized under the four themes as
following; chdlenges, team working, learning activity, and likes and dislikesThe students

expressed that they faced with the challenges while building their model/prototype (n=11) and team
working such as indecisions (h=4) and disputes (n=2) within the team (n=9), and the selection of the
best solution (n=3). Students usually eegwed difficulties while practicing the mechanism in their
model . For exampl e, 0 n etheonfechanisne insglé aurddesmgh that is k@ or t e
point we had difficulty(T&S4)oAs aniexamplevion graumchateasgee r i a |
T1l. S6 r e pWerhade tbt of diffiaulty bécause each design solution was verpgo&@li mi | ar | vy
T2. S2 r e pWercdule dot makeaatdeciion in the tetam.Anot her st udent memb
group explained the reason for the problems thatthdhad f aced i n Béchusewgr oup
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have a lot of ideas in our mind. Which one we should apply? Which one is more beautiful? Which one
works well ? So, we had(adSime confusion in the gro

On the other hand, they explained how they oveecohe challenges while working within team

members including collaborating, brainstorming, generating new ideas, discussing, helping each other
and finding a solution toget h@&wofriemsiridur)groupklidr e x a |
not work wé at the first. They were working as if thegd beerin another group. It frustrated me.

We could not work well. But we had an agreement with them. After agreement we would work together
harder0 Besi des they expressed)bhtying (ned,iplangingdstudy f er e n 1
(n=1), using criteria (n=1) and working without giving up (n=1) helps them to cope with the
challenges. In the probing interview about how they cope with an unstable condition T4.S1 reported

t h aMe wdre in trouble whilehoosing the best solution. We used the criteria and constraints to

choose the best soluti@n.

Students were also asked how they worked as a team in the separate question. Although the students
mainly explained they work in a harmony as a team with catiper and helping with each other

(n=15), some of them explained they could not work in a team because of struggling with team
members and failing to decide together (n=6) in parallel to the statements in the theme of the
challenges.m e st u d e nindsabestratrtheywenk & a harmony in their group are as follows.

T3. S4 s t\detwerd debatira,tbut five worked very well. Si mi | ar | vy, TWe. S1 r e
worked very well in our team. Only we had a trouble while choosing which structurearfiting we

used to dAstcgmditmgkt ® the teachersé6é field notes
disputes in team working. Even though six students stated that they could not work as a team only two
students wanted to change their group.

The students in the theme of learning in the activity pointed that they learnt about the engineering
including how engineers work and nature of engineering (n=6), structure and function in organisms
(n=9), working in a team (n=3), scientific inquiry (n=3), lding a model/prototype (n=3), knowledge

about the living things (n=1), importance of doing research (n=1), decision making (n=1), finding
imperfection in design (n=1), understanding project (n=1) and entrepreneurship (n=1). For example,
T3.S2 stated thai We wused structure and function in orde
Engineers use biomimicry as we @se. Si mi | ar | vy, Wé leeBn2d speciestoklidingt h at
things, engi neer i nThe sudedts indicdted that theairsiddslears dtienoe aad

scientific inquiry in obtaining scientific knowledge developed. For example, T2.S2 reploaitéd \We

learned structures of the animals from TUBITAK books. There was a worksheet that we were used for

writing what we learn from the book Usi ng t hat knowl edge, for e X a
function we inspired to design retl i p Alspcstudentdreported that they learned working in the
team. As an example, T2.S1 reported fhalve | earned how we can make a

working together. o

About the themes of likes versus dislikes about the activity the findings indicated that students liked
everything in the activity (n=17), the design task and building model/prototype (n=6), learning about
animals (n=5), team working (8% and brainstorming (n=2). Overall, the students seem to have
positive perceptions towards the activity. The collected data by usingssewctured interview

supports this finding. For example, one of students (T3.S1) state th&t i s act fuvand y i s |
i nst r vAootherstedend (T3.S2) pointedtiafT he i dea of the design tas
bring the life theAltdkhaughdmapuerveyyohapbg. ot ude

they like every section in the activityew of them stated unfavorable sections of the activity including
difficulties on some parts of worksheet (n=1), building a design solution (n=1) and drawing of the
model / prototype (n=1). Examination of the stud
implementation of the activity indicates that the majority of students did not to change anything
(n=15). On the other hand, few students wanted to change such as their team (n=2), design task (n=2)
and writing task (n=1). Thé design¢agskavaspverg hard. TtivouBide st a't
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better if it would be easi@&. Anot her st udentl woll@liké&td changepnoyrteare d t h a
members

DISCUSSION AND CONCLUSION

In achieving science goals, students were expected to make observatioosdud investigations to

build an understanding of animal behaviors and adaptations. Overall, the students expressed positive
science experiences and they were able to identify the structure and its function properly for coherent
science learning. In deemeag their understanding about nature, the imaginary organism activity it is

an effective and fun way to display the relationship between structures and function in organisms for
5th graders. I n the similar | i n asizedkhe role ofinquiryAl a n,
learning to help students integrate STEM disciplines by involving them actively and enjoyable in the
science learning process. Another study by Tekerek and Tekerek (2018) supported that instructional
materials developed by inteding different disciplines provide an efficient teaching and learning tool.

The results on the biomimicry design task assessment rubric indicate that students can describe how
they would adapt the organi smés s nhghneedngueasign t 0 S
process. But , the studentsd scores on the firs
determining criteria and constraints and what they need to know about scientific knowledge to realize

their design task are lower than otlsteps of the engineering design procésisewise, Karakaya,
Yantéeré, Yeéel maz, and Yélmaz (2019) in their stuc
materials and information as the probl aggses i n t h
while identifying constraints and criteria were also realized on written documents such that they mixed

them and used interchangeably.

The qualitative data obtained f-ended quedtianslendt so r
transcribed interéd ws al so confirm these findings such tha
and function, perception of the engineering and understanding engineering design process were
improved. Related with the engineering design process they gained maiallilian to build a
model/prototype. These outcomes are consistent with many studies in attempt to further development

of students engineering design process skills and understanding engineering throughout STEM

i mplications (-HBlairé&aMesut €hhbaz@jOollb; Duban, Aydo] di
Ergen & K¢ ¥ ek aKocad2R1®)1Bren more striking result is that students can manage

to incorporate biomimicry into their design solutions by the way of the complementary relationship
between struatre and function in organisms. Structfiuection model to translate biomimicry into
bio-inspired design solutions has been pointed in growing large body of the design based educational
literature (Cohen, Reich, & Greenberg, 2014; Hmelo et al., 2000;&tebe Vries, Bos, & Kopnina,

2019).

As a result of the examining the further findings on the qualitative data we can conclude that they had
challenges most with working in a team due to the conflicts and building model/prototype for
engineering design pcess. The challenges may stem from background of the students. It can be seen

that it is inevitable for students to face these difficulties because they may have experienced STEM
activity and teamwork for the first time in their educational lives. Examgitihe related literature in

the similar cont ext usually support this findir
problems faced with engineering design process as troubles in utilizing the technology, troubles in
putting the designs into pracél and not respecting the ideas in the gr&@umilarly, Karakayeet al.,

(2019) reported as the most revealed problem by the students as the designing and implementing.

The current study also revealed thainhatamemas t he s
challenging, they coped with these challenges by working in a harmony as a team. Another supporting
idea is that only two students wanted to change their teams when they were asked what you would like
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to change in this study. It can be interfed that they were learning in the process how to work
effectively with their peers in the team. As it is supposed to be they discussed each design solution
regarding pros and cons by considering criteria and constrains. This gave them an opporsenity to
weakness versus strengths of their design solutions. This finding is consistent with the previous STEM
studies in which collaboration has been emerged as promiriénegtliryskills that students acquired
through the design [R018kKaakayae( Ball at | 0& 9 Ko¥azc@a,n ¢
¥z-eli k & Akge¢ndegz, 2018).

Based on the overall findings of the study, it can be concluded that the biomimicry STEM activity
provides student actively involved in science and engineering practices. Stwdaet defined the
problem, collected data about living things by reading scientific books or watching documentaries or
observing living things, collected and interpreted data, developed models, explained their design
solutiors by using scientific knowledge, and communicating ideas and their findings with their peers.
As a core result of the study, biomimicry STEM activity provided students conceptualize the
adaptations of living things based on the relationship between swuerna function while
experiencinghe engineering design proce$sh a t 0, $iominficyy should be considered precisely

in science teaching curriculum in terms of providing an opportunity to integrate interdisciplinary
STEM into the classroom environmerGé&r dner |, 201 2; Paul s, 2017 ; Y ¢
Yél derém, 2019).

Taking considerationadvantage of the features of biomimicry in STEM education can provide a
unique learning opportunity for students to understand both scientific concepts and ravgohesign
principles. Moreover, using the relationship between structure and function is an effective way to
understand biomimicry and engage students as a bioengineer into engineering design process because
of the natural connections between natural designed world. So, much more research should be
needed to explore biomimicry strategies to inspire students in solving human made problems for more
sustainable future.
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APPENDIX 1
Biomimicry Design Task

Nature has been an inspiration for art, design, and innovation for a long time. For example, the wing
structure of birds was a guide for humankind who had dreamt of flight and led Wright brothers to
invent the plane. The science that brings solutionsdbl@ms by mimicking the models and systems

in nature or different characteristics of living things is called Biomimicry. Today, applications of
biomimicry are used in various fields such as science, technology, art, architecture, artificial
intelligence, manotechnology, robotics, industry, military research, and transportétibromimicry
company is looking for solutions to human problems by using the characteristics of living things.
Company officials in need of new ideas in this field are organizingnapetition. As a biomimicry

expert, you are expected to solve one of humanity problems by mimicking how plants and animals use
their internal and external structures to grow, survive, and meet all their other needs.

To this end, you and your team are expdcto observe the structures of living things, collect
information about the functions of these structures, and then develop a design to solve a human
problem using the complementary relationship between structure and function in org@rismgou
havecompleted your design, you will present your work to a board of scientists and engineers. In your
presentation, you will explain how you created your design by describing the structure of the living
thing you have determined and the function of this strectand how you used these to solve
humanity's problems. The specifications of the competition are given below:

Specifications of thecompetition

1) Your design must be created by mimicking at least one structure belonging to the organism.
2) Your desigmmust address at least one of human problems.
3) No harmful substances should be used in your design.

4) You can use all kinds of materials in your design, especially recycled materials.

*Through direct observation, watching documentaries or reading Sidmoks such as publications by TUBITAK, you

will determine which organism you will use in your design, the structures belonging to the organism and how they use these
structures to survive based on evidence. You can also use other resources (wabpidags, printed resources).

You will use the following engineering cycle while performing your design task

Step 8 Stapis
Research The
Redesign Need or Problem
Step 7 ENGINEERING Step 3
Communicate the DESIGN Develop Possible
Solution(s) PROCESS Solution(s)

N ¥
- -
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APPENDIX 2
Structure and Function Worksheet

s sz 7z 7z 7 7z 7z oz

NameSurnameé é é é ¢ é ¢ éé é é é é.

Summarize the structures that help the survival of organisms yoddunein your research and their
functions in the table below.

The source vou Structure belongin Benefits of Which humanity problem
collected ttz/e Name of the to the or anismgangc Function of | this function | you can solve by using the
information organism its chargcteristics the structure for the characteristic of this

organism structure?
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APPENDIX 3

| magi nary Organi sméos Adaptations

s s 2z 7z 1z 2z 1 7 7z 7 7z =z

Name ofyour Teané é € € é € é 6 é e e ééeééé

Think of an imaginary organism with your teammates. You can use the structures and functions of
different organisms each of you learned in the first stage while deciding the characteristics of the
imaginary organism. Explain the structurgsu have chosen for your imaginary organism, the
functions of these structures and their benefits to the organism using the table below.

Explanations Name and Explain why you chose thig
characteristic of the : structure (What kind of
: . Function of the o
structure (wing, tail, structure benefit this structure
mouth, teeth, root, leaf provides for the survival of
Structures trunk, eyegetc.) your organism?)

What external structures will
your imaginary organism have

What internal structures will
yourimaginary organism have]

What structures will your
imaginary organism have to
find and eat its food?

What structures will your
imaginary organism have to
protect itself from its enemies?

What structures will your
imaginary organism have to
communicate with its friends
and offspring?

What structures will your
imaginary organism will have
to find a mate?

You can al so 8
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APPENDIX 4

Drawing and Labeling the Imaginary Organism

s 7

Name of your Team é é é é é é é

D
()
(¢}
(¢}
(¢}
()
(¢}
(¢}
(¢}

Draw the picturedf your organism you have imagined. While drawing your picture, be sure to
the structures of the organism you have imagined in detail.

Scientific name of your imaginary organism:
Write a story or news that introduces your imaginary organism to the world of science:
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APPENDIX 5

Introducing Imaginary Organism

,,,,,,,,,,,,,,,,

NameofyourTeam eeeeeeeeeeeeececece

You will introduce your imaginarprganism to the world of science. To do this, you will form the
following species tag. In this tag, you can mention the structures and characteristics of your organism,
the group its scientifically belong, habitat, nest, food sources, enemies, etc.

Scientific name of our organism:

(It must be a Latin name called binomial
nomenclature consisting of two names. The fir,
name definegenusand the second a name
definesspeciesThe entire name is italicized
(e.g.,Homo sapiensand abbreviated by the firs
letter of the genus name capitalized (&.,
sapiens.

The scientific groupour organism belongs
Specify whether it is a plant, an animal, a
microscopic organism or fungi. If it is a plant, i
it vascular or nonvascular? If it is an animal, is
vertebrate or invertebrate? If it is vertebrate, is
a mammal, a fish, a frog, a reptile or a bird? If
is invertebrate, is it an insect, a spider, a worm
snail, etc.? If it can be in multiple groups,

specify.

Body parts of our organism have:
(Tall, wing, trunk, mouth, beak, leaf, root, legs,
ears, etc.)

The habitat of our organism lives:
(Desert, sea, forest, poles, etc.)

The nest and its characteristics of our
organism:

The nutrient sources of our organism:

The dangers awaiting our organism:

The strongest feature of our organism:

The weakest feature of our organism:

84

L e R A = e eI U E 2020, Volume 9, Issue 1www.turje.org



SAVRAN

GENCER,

DOj] AN, &

BKLEN;

structure and function in organisms

Developing

bi omi micry

APPENDIX 6

Imaginary Organism Assessment Rubric

Name of Team

sz

s sz

s 7z 7

s 7 7

Dimension Criteria Imaginary Organism Assessment Rubric
0 1 2 3
No evidence
Name and of the name or| The organism i§ The organism i§ The organism is
classification of | classification | named but not | classified but named and
organism of the classified. not named. classified
organism
. . Drawing of the | Drawing of the | Drawing of the
Developing . No evidence 2 c 2 9
and usin Drawing and of drawing of | erganismis organism is organism is
9 labeling g unclear and lack clear but lack of{ clear and has
models the organism : . . . . .
of finer details. | finer detalils. finer details.
No evidence | Description of Ezsg:'p;r(\)igrgf Description of
- of description | the organism g the organism
Description does not exactly
of the does not match matches the
organism the drawing match the drawing
' drawing. '
No evidence | The organism :]'gredlc;rgamsm Igsszﬁizlsm
of relation cannot consume : .
Nutrition between nutrients with | CONsUMes nutrients easily
. nutrients with | with its
structure and | its modelled .
function Structures its modelled modelled
) structures. structures
. The organism | The organism Theorganism
No evidence can protect
: cannot protect | hardly protects | . :
. of relation ) : . . itself easily
Defending from itself from its itself from its .
between ; . from its
predators predators with | predators with .
structure and | : ! predators with
. its modelled its modelled ;
function its modelled
structures. structures.
structures.
Structure No evidence The organism | The organism | The organism
: cannot can hardly can
and of relation . . .
. L communicate communicate communicate
function Communication | between s o oo
with its with its easily with its
structure and
. modelled modelled modelled
function
structures. structures. structures.
No evidence | The organism | The organism | The organism
of relation cannot find a hardly finds a | can find a mate
Mating between mate with its mate with its easily with its
structure and | modelled modelled modelled
function structures. structures. structures.
. The organism | The organism | The organism
No evidence . : ,
. cannot survive | hardlysurvives | can survive
of relation o o I
. with its with its easily with its
Habitat between
modelled modelled modelled
structure and o o -
function struptures In Its stru_ctures in its stru_ctures Inits
habitat. habitat. habitat.
Total Score el 24
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APPENDIX 7
Great Design Task Draft Drawing

s 7

Name of your Team é é é é é é é

D
()
(¢}
(¢}
(¢}
()
(¢}
(¢}
(¢}

At the beginning othe unit, read the great design task you were given again. You will apply the scientific
knowledge you have learned up to this stage on your great designing task. Answer the following questions and
draw the sketch of the design you have made with your bedaony.

While creating your design, which organisms did you use the structure and the function of?

What human problerwill your design solve, and how?

Which materials will you use in which part of your design?
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APPENDIX 8
Biomimicry Design Task Assessment Rubric
Engineering
Design Process 0 1 2 3
Steps
The need/problem was | The need/problem was The need/problem was H;tri]ﬁe:(?gg;?:en&ima:”
. not identified. defined superficially. identified. : Y
Identify the details.

need/problem

The criteria and
constraints were not
identified.

Some of the criteria and
constraints were identified.

Most of the criteria and
constraints were
identified.

All the criteria and
constraints were identified.

Research the

The information needed
for thesolution of the
need/problem was not
determined.

Some of the information
needed for the solution of th
need/problem was defined.

Most of the information
needed for the solution of
the need/problem was
defined.

All the information needed
for the solution of the
need/problem was defined,

No blueprint drawn for
proposed solution.

the solution proposal
superficially.

reflected the solution
proposal.

need or the It was not defined how It was superficially defined | It was defined how the It was clearly defined in
problem the collected : : :
h . how the collected collected information detail on how the collected
information would be . . . -
information would be used t{ would be used to solve | information would be used
used to solve the
solve theneed/problem. the need/problem. to solve the need/problem.
need/problem.
. The proposed solution for | The proposed solution foff The proposed solution for
No solution was
ronosed for the the need/problem was met | the need/problem was m¢ the need/problem was met
Develop prop the some of the criteria and | most of the criteria and | the all the criteria and
- need/problem. . . '
possible constraints. constraints. constraints.
solution(s) The blueprint was reflected | The blueprint was The blueprint was reflected

the solution proposal in
detail.

Select the best
solution(s)

The pros and cons of
proposed solutions werg
not defined.

Some of the pros and cons
proposed solutions were
defined.

Most of the pros and con
of proposed solutions
weredefined.

All the pros and cons of
proposed solutions were
defined with details.

Whether the chosen
solution meets the
criteria and constraints
were not explained.

Some of the reasons for the
chosen solution were
explained.

Most of the reasons for
thechosen solution were
explained.

All the reasons for the
chosen solution were
explained with details.

Construct a

A model/prototype for
the solution proposal
was not created.

A partially appropriate
model/prototype for the
solution proposal was
created.

An appropriate
model/prototype for the
solution proposal was
created.

A completely appropriate
model/prototype for the
solution proposal was
created.

The materials that meet

The materials that meet

test results were not
explained by using
scientific language.

test results were partly
explained by using scientific|
language.

the test results were
explained by using
scientific language.

prototype - The materials that meet part Lo The materials that meet all
the criteria and of the criteria and restriction most OT the criteria and the criteria and restrictions
restrictions for the restrictions for the
for the model/prototype wereé for the model/prototype
model/prototype were used model/prototype were were used
not used. ) used. )
The model/prototype was| The model/prototype was
It was not tested how thq ;Z?eg%%?/vv?tr\?vtgggig}l\?: the tested how it would solve| tested how it would solve
model/prototype solves the need/problem. Part off the need/problem. All the
need / problem. Test results
Test and the need/problem. the test results were test results were analyzed
were not analyzed.
evaluate the analyzed completely.
solution(s) The data related to the | Part of the data related to th] Most of the data related t¢ All the data elated to the

test results were explained
by using scientific language
completely with details.

Communicate
the solution(s)

It was not explained
how the designs would
solve the need/problem.

It was partly explained how
the designs would solve the
need/problem.

It was explained how the
designs would solve the
need/problem.

It was explained completely
how the designs would
solve the need/problem
with details.

The structure/structures
belonging to living
things and how the
functions of these
structues are utilized
were not identified.

The structure/structures
belonging to living things
and how the functions of
these structures are utilized
were partly identified.

The structure /structures
belonging to living things
and how the functions of
these stictures are
utilized were identified.

The structure /structures
belonging to living things
and how the functions of
these structures are utilizeq
were completely identified
with details.

The need of
improvement for designy
was not identified.

The need of improvement fo
design was partly identified.

The need of improvemen
for design was identified.

The need of improvement
for design was identified
with details.

The design was not

The design was partly

The design was improved

The design was optimally

Redesign improved in the light of | improved in the light of the | in the light of the data anq improved in the light of the
the data and feedbacks | data and feedbacks from th¢ feedbacks from the test | data and feedbacks from th
from the testesults and | test results and the results and the test results and the
the communication of communication of the communication of the communication of the
the solutions. solutions. solutions. solutions.

Total Score é/ 48
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APPENDIX 9
Biomimicry STEM Activity Reflective Evaluation Form

Write your answers to the following questions in the gaps. You can add drawings to explain. You can use the
backside of the paper or a separate paper for your drawings.

1. What kind of difficulties did you face when designing your mogebfotype?
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APPENDIX 10

Drawings and Created Imaginary Organisms

Modelling the imaginary Presentation of the

Introducing the imginary organism ; . . .
organism imaginary organism

The flying reptile belongs to reptiles and birds in taxonomy. It has ¢
tail, wings, a mouth, and legs. It lives in rémest, nested in shrubs,
crawlson t he ground and can fly.

fishes for feeding. The strongest features are poisoned thorn and €
help for defending from its predators. The weakest featwralleng
slowly. It can hear with sensitive ears amminmunicate by howling. Its|
beautiful eyes and mouth, and the capabilities to build a nest can h|
him to find a mate.

Team 1

The lionheaded cheetah belongs to mammals in taxonomy. It has {
a mouth, a nose, ears, and legs. It has fur to isepwarm and
breathes with lungs. It lives in desert and nested on trees, and hun|
feeding. The strongest features are sharp teeth, paws and legs for
hunting and defending from its predators. The greatest danger is hi
for it. It can communicatasing by olfactory ability. TH ability also
helps to finda mate.

Team 2

The laying mammal, Babacduas a tail, a mouth, horns, teeth, paws,
ears, and black speckles. It is a vertebrate with thick bones. It has i
hairy body and thick layer of fat that help for defending its predators
lives in the forest, and nests in a cave placed on top of thé kdits
fish and meat. Hunters and kimd of speciesre hazardous for
Babacandés | ife. While the strd
camouflage, and horns, having a long tail is the weakest. Havirg e}
catching colors and the feature of chamgihe colors help him find a
mate.

Team 3

Ulti-bear is an amphibian. It has mouth, lungs and gills, ears, legs,
teeth, paws and eyes. Thanks to its lungs and gills, it can breathe il
sea and overland. It &scarnivore and lives in the forests ppredator is
falcon. Its paws and teeth help for defending. The thick fur helps to
keep him from the cold weather. The stronger part is gecko eyes s(
can see everything. The weakest characteristic is being a coward.
Having a beautiful voice helps hinmél a mate.

Team 4

Tekakdomeji is a reptile and carnivore. It has got big eyes to see by
and hunt, and shred to its prey with sharp teeth. It has got a big sh¢
be protected by its predators. It lives in a forest and nested in a treq
cavity. The strongest structureits poisoned thorns and the weakest
toenails. The poisoned thorns hedgprotecits life. Also, it can run
fast with its long legs. Tekakdomeji howls like a wolf for
communication. With its interesting semblance, it can find a mate
easily.

Team 5

The Red Head belongs to one than more groups in taxonomy. It liv
the forest and nested in a cool place. It has got paws like wolves, g
poisoned teeth like bats for hunting. It can change its colors like
chameleons and it has got strong shidtsa turtle, and flexible spine
like a snake. The stronger structures are paws and poisoned teeth,
weakest is its tail. The fishes are its prey. The carnivores are its
enemies. The Red Head communicates by barking like dogs. It loo|
fancy so, it ca find a mate.

Team 6
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APPENDIX 11

Sample Drawings of Great Design

Team3 Team 4
Blueprint of theTrap Bluepr i nt of the Bat ¢
Team 5 Team 5
Blueprint of the Sewvburry Blueprint of theHook
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