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ABSTRACT The theme that structure determines function is one of the most significant cornerstones in
understanding natural sciences. On the other hand, recently revised science curriculum in
Turkey has emphasized science and engineering practices to help students be able to
converge science with the other disciplines by applying theory into practice and product; but
there is not an emphasis on the repeating patterns and relationships between structure and
function for natural and built systems at any grades. In order to close this gap, the main
objective of this study is to develop an integrated biomimicry STEM activity about the unit
of Living Things World at grade five. This paper reported on a case study of 21 fifth-grade
students’ gaining experiences about the engineering design process by mimicking a structure
from the organisms to solve a human problem. Even more striking result is that students can
manage to incorporate biomimicry into their design solutions by the way of complementary
relationship between structure and function in organisms.
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Organizmalarda bulunan yapi1 fonksiyon iligkisi sorgulanarak
biyomimikri STEM etkinligi gelistirilmesi

0z Doga bilimlerini anlamada en onemli mihenk taglarindan biri yap:1 fonksiyonu belirler
temasidir. Diger taraftan Tirkiye'de yakin zamanda revize edilen fen programinda ise
ogrencilerin  feni diger disiplinlerle biitinlestirerek teoriyi pratige ve {iriine
doniistiirebilmelerine yardimci olacak fen ve miihendislik uygulamalarina vurgu yapilirken;
dogada ya da tasarlanmig diinyada tekrar eden oOriintiilere ve yapi ve islev arasindaki
iligkilere herhangi bir simf diizeyinde vurgu yapilmamistir. Bu ac¢if1 kapatmak icin
calismada, besinci sinif fen bilimleri dersi Canlilar Diinyas1 iinitesinde yap1 ve fonksiyon
iligkisine dayanan biitiinlestirilmis biyomimikri STEM etkinligi gelistirmek amaglanmuistir.
Bu calisma, 21 besinci sinif Ogrencisinin insanliga ait bir problemi ¢ézmek igin
organizmalara ait bir yapiy1 taklit ederek mithendislik tasarim siireci ile ilgili deneyimlerini
aktaran bir durum ¢alismasidir. Calismanin ¢arpict bir sonucu ise, Ogrencilerin
organizmalardaki yap1 ve fonksiyon arasindaki tamamlayici iliski yoluyla biyomimikriyi
tasarim ¢oziimlerine dahil etmeyi bagarabilmeleridir.
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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 document of A Framework for K-12
Science Education: Practices, Crosscutting Concepts, and Core Ideas (Framework) (National
Research Council [NRC], 2012). Amongst the seven crosscutting concepts as unifying themes across
all the disciplines and grade levels, structure and function are defined as “the way in which an object
or living thing is shaped and its substructure determine many of its properties and functions” (NRC,
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 organism is shaped 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 and function through the identification of mechanisms like
behaviors in life sciences can be delineated by Structure—Behavior—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; Hmelo-Silver, Marathe, & Liu, 2007). In this way, the SBF theory
may account for coherent science learning in providing students to understand the purposes and
processes of the structures to achieve their function (Hmelo-Silver et al., 2008). Also, when biological
function is used in the same meaning as adaptation, it may account for understanding the origin of a
structure’s function that emerged in the evolutionary process (Kohn, Underwood, & Cooper, 2018).

As related to the extent 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 “engineers make such inferences when examining structures in nature as inspirations for
designs to meet people’s needs” (Next Generation Science Standards [NGSS] Lead States, 2013b,
p.89). Engineers learn from studying nature; so they observe nature to get brilliant ideas for design
solutions to solve human problems. This explains why technological tools we use in our daily life
usually work in the same way as something in nature. As it can be seen that “the functioning of natural
and built systems alike depends on the shapes and relationships of certain key parts as well as on the
properties of the materials from which they are made” (NRC, 2012, p.96). Such scientific explanations
of the relation between structure and function in natural systems can be further delineated by
mimicking the translation of these observations into design 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
be considered in STEM education.

STEM education proposes an interdisciplinary integration of knowledge, skill, and beliefs relate to
more than one STEM disciplines through the collaborative efforts of students and teachers (Corlu,
Capraro, & Capraro, 2014; Oner et al., 2014). To accomplish this goal, engineering and engineering
design process-oriented integration for science teaching has been appreciated in the current reform
documents (e.g., NRC, 2012) and related literature (e.g., Guzey, Thank, Wang, Roehrig, & Moore,
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 discipline and the methods 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 (Asik, Doganca Kiigiik, Helvaci & Corlu, 2017). In parallel to this pedagogy as proposed by Asik
et al., (2017), the current study is an example for the use of the engineering design process or
engineering-based learning in science classes.

65

Turkish Journal of Education TUR 2020, Volume 9, Issue 1 www.turje.org



SAVRAN GENCER, DOGAN, & BILEN; Developing biomimicry STEM activity by querying the relationship between
structure and function in organisms

Structure and Function as a Crosscutting and Core Concept

The Framework (NRC, 2012) defines crosscutting concepts as to “bridge disciplinary boundaries,
having explanatory value throughout much of science and engineering” (p. 83). These concepts
provide students useful lenses for recognizing similarities among disciplinary core ideas and practices
in science and engineering. Thus, crosscutting concepts are common themes emerging across all
science and engineering disciplines to help students better understand phenomena. As the NGSS
document points out, there 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 of schooling and growing in complexity and
sophistication across the grades (NGSS Lead States, 2013b).

The relationship between structure and function as a crosscutting concept can sometimes be essential
to make causal inferences as a special case of cause and effect (NGSS Lead States, 2013b). Table 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 early grades students can relate the shape and stability of structures for a variety of
functions like a bridge’s diagonal brace or mechanical function such as wheels, axles, and gears. As
students’ progress through the upper grades they are expected to improve from recognizing particular
structures or substructures observed in the visible systems to a more complex, small scale, non- visible
systems are related to their functions (NRC, 2012).

Table 1.
Progression of ideas for the structure and function both as a crosscutting concept and disciplinary core idea
(Adapted from Duschl, 2012; NGSS Lead States, 2013b)

Grades  Structure and function as a crosscutting concept Structure and function as a core idea in the life sciences
Examine relationships of structure and function in All organisms have external parts that they use to perform
K-2 accessible and visible natural and human built daily functions.
systems.
Matter has a substructure that is related to properties Organisms have both internal and external macroscopic
3.5 of materials. Begin study of more complex systems structures that allow for growth, survival, behavior, and
by examining subsystems and the relationships of the  reproduction.
parts to their functions.
Visualize, model, and apply understandings of All living things are made up of cells. In organisms, cells
structure and function to more complex and less work together to form tissues and organs that are
6-8 easily observable systems and processes. The concept  specialized for particular body functions.
of matter having submicroscopic structures is related
to properties of matter.
Apply the knowledge of structure and function when Systems of specialized cells within organisms help
investigating unfamiliar phenomena; when building perform essential functions of life. Any one system in an
9-12  something or deciphering how a system works, begin ~ organism is made up of numerous parts. Feedback

with examining what it is made of and what shapes its

mechanisms maintain an organism’s internal conditions

parts take. within certain limits and mediate behaviors.

In this respect, understanding the structure and function as a topic for the life sciences should be
emphasized as well. Bybee (2013) states the main goal of biology as to “develop explanations for
functions based on structures and reciprocal-to explain the complementarity of structures and
functions among an organism’s systems and subsystems” (p.26). Likewise, the life sciences (LS) in
the Framework focus on patterns, processes, and relationships of living organisms. The first core idea
‘LS1: From molecules to organisms: Structures and processes’ addresses the characteristic structures
of organisms to live, grow, respond to their environment, and reproduce. As the first subcomponent
‘LS1.A: Structure and function’ explains how the structures of organisms enable life’s functions by
beginning from cells as the basic structural units to structural systems and subsystems of organisms
that perform specialized functions (NRC, 2012). As it can be seen in Table 1, students at elementary
grades are expected to investigate the relationships between the external and internal structures of
organisms and their functions in growth, survival, behavior, and reproduction at 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

66

Turkish Journal of Education TUR 2020, Volume 9, Issue 1 www.turje.org



SAVRAN GENCER, DOGAN, & BILEN; Developing biomimicry STEM activity by querying the relationship between
structure and function in organisms

an understanding of how systems of 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 term biomimicry originates from Greek roots bios that means life and mimicry that means to
imitate. Beyond its simple meaning of imitation of life, biomimicry is defined as “a creative form of
technology that uses or imitates nature to improve human lives” (Hwang et al., 2015, p.5701). The
origin of the term coined as biomimetics, bionics, bio-inspired design that are all used usually in the
same meaning in the scientific literature. It has been considered as a new discipline of science starting
from the book of Janine Benyus’s in 1997 titled “Biomimicry: Innovation Inspired by Nature”. In her
book, biomimicry is defined as “a new science that studies nature’s models and then imitates or takes
inspiration from these designs and processes to solve human problems e.g., a solar cell inspired by a
leaf” (Benyus, 2002, p.0). In other words, biomimicry as an approach “seeks sustainable solutions to
human challenges by emulating nature’s time-tested patterns and strategies” (Biomimicry Institute,
2010). According to Benyus (2002) billions of years of evolutionary process have given living
organisms an amazing diversity of structures, shapes and their related functions to survive. Thus,
learning from studying nature for perfection, accuracy and sustainability of natural mechanisms is the
underlying philosophy of Benyus’s theory of biomimicry.

There are well known examples of biomimicry in the history of human industrialization like Leonardo
da Vinci’s (1452—-1519) work designed a “flying machine” by mimicking a bird and Wright brothers’
(1867-1948) airplane designed by mimicking the wings of eagles. Nowadays, transportation vehicles
may become faster, more stable, and more aerodynamic but still nature gives inspiration like Japanese
bullet train mimicking a kingfisher’s beak to reduce sonic boom and air resistance. It can be seen that
biomimetic technology is applied in many different fields including material science, robotics,
nanotechnology, product, design, innovation, inventions, systems design, architecture, agriculture,
chemistry, medicine, communication and mechanics. One of the best known product examples of
biomimicry is Velcro, a common hook-and-loop fastener, invented in 1948 by Swiss engineer George
de Mestral who inspired from the fruit of the burr that sticks to his clothes and his dog’s fur while
hiking (Hwang et al., 2015; Pauw, Kandachar, Karana, Peck, & Wever, 2010).

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 biomimicry can take 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 representative of three levels and their sub-dimensions. 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 like an ecosystem such termites
would live in (Aziz & El sherif, 2016).

While learning from studying nature there are two main approaches suggested for a biomimicry design
process as indicated in Figure 1. Top-down approach or challenge to biology begins with an identified
human need or problem and then looks intentionally into nature how organisms or ecosystems solve
this problem for better design solutions. Conversely, bottom-up approach or biology to design begins
by examining nature to identify a particular structure, behavior or function belongs to an organism or
ecosystem for transmitting this bio-inspired design solution into a human problem (Aziz & El sherif,
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 top-down and bottom-up approaches (Adapted from Aziz & EI sherif, 2016)

It is inevitable that using nature as a model for sustainable design solutions has initiated the
conceptualization of biomimicry in science education. Biomimicry can be viewed as a revolution in
education by offering teachers a way to inspire students of all ages by blending life 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, technology,
engineering and math. Consequently, being inspired by nature requires understanding how nature
works by identifying various functional and environmental adaptation mechanisms of organisms and
their sustainability in basic science courses at early stages.

Rationale for the Study

As proposed in the Framework when 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 system work as 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 disciplines by
applying theory into practice and product; but there is not an emphasis on the repeating patterns and
the relationships between structure and function for natural and built systems at any grades (Ministry
of National Education [MoNE], 2018). On the other hand, students 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 science education, 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 graders to achieve 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 a deep 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 STEM activity. NGSS 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 numbered as 1-LS1-1 and fourth
grade numbered as 4-L.S1-1 as indicated in Figure 2. The Figure 2 displays 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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PERFORMANCE EXPECTATIONS

Students who demonstrate understanding can:

4-1LS1-1. Construct an argument that plants and animals have internal and external structures that function to support
survival, growth, behavior, and reproduction. [Clarification Statement: Examples of structures could include thorns, stems,
roots, colored petals, heart, stomach, lung, brain, and skin.] [Assessment Boundary: Assessment is limited to macroscopic structures

within plant and animal systems.]

1-LS1-1. Use materials to design a solution to a human problem by mimicking how plants and/or animals use their
external parts to help them survive, grow, and meet their needs.* [Clarification Statement: Examples of human problems
that can be solved by mimicking plant or animal solutions could include designing clothing or equipment to protect bicyclists by
mimicking turtle shells, acorn shells, and animal scales; stabilizing structures by mimicking animal tails and roots on plants;
keeping out intruders by mimicking thorns on branches and animal quills; and, detecting intruders by mimicking eyes and ears.]

Science and Engineering Practices

Disciplinary Core Ideas

Crosscutting Concepts

Engaging in Argument from Evidence

Engaging in argument from evidence in
3-5 builds on K-2 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-
LS1-1)

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

Obtaining, Evaluating, and
Communicating Information

Obtaining, evaluating, and
communicating information in K-2
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-LS1-1)

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-LS1-
1)

Use materials to design a device that
solves a specific problem or a solution
to a specific problem. (1-LS1-1)

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-LS1-1)

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-LS1-1)

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-LS1-1)

ETS1.A: Defining and Delimiting an
Engineering Problem

Asking questions, making observations,
and gathering information are helpful in
thinking about problems. (1-LS1-1)

ETS1.B: Developing Possible Solutions

Designs can be conveyed through
sketches, drawings, or physical models.
These representations are useful in
communicating ideas for a problem’s
solutions to other people. (1-LS1-1)
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-
LS1-1)

Patterns

Patterns in the natural and human
designed world can be observed, used
to describe phenomena, and used as
evidence. (4-LS1-1)

Structure and Function

The shape and stability of structures of
natural and designed objects are related
to their function(s). (1-LS1-1)

Systems and System Models
A system can be described in terms of
its components and their interactions.
(4-LS1-1)

Connections to Engineering, Technology,
and Applications of Science

Influence of Science, Engineering and
Technology on Society and the Natural
World
Every human-made 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-LS1-1)

Science is a human endeavor
Science affects everyday life. (1-LS1-1)

Most scientist and engineers work in
teams. (1-LS1-1)

* The performance expectations marked with an asterisk integrate traditional science content with engineering through a practice or disciplinary core idea.

Figure 2. The performance expectations for LS1: From molecules to organisms: Structures and
processes (Adapted from NGSS Lead States, 2013a)
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METHODOLOGY

This study employed a case study in which “the researcher develops an in depth analysis of a case,
often a program, event, activity, process, or one or more individuals” (Creswell, 2014, p.13). The case
involves students’ learning experiences by participating in the biomimicry STEM activity about
organisms. The participants of the study were 10-11 years old 21 students (11 boys, 10 girls) attending
5" grade at the public lower secondary school in Antalya, Turkey. According to Yildirim and Simsek
(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 or has innovativeness (p.120). For this purpose, the study group was determined in line with
the typical case sampling which is one of the methods of purposeful sampling (Yildirim & Simsek,
2016) that emerged within the qualitative research tradition.

Biomimicry STEM activity worksheets, reflective open-ended questions, semi-structured interviews,
rubrics were utilized in collecting data to evaluate the performances of the students and the
effectiveness of the STEM activity. The 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 these difficulties, likes and dislikes, what they learned and
how they worked in a team were investigated.

The qualitative collected throughout students’ reflections about the engineering design process on
open-ended questions and semi structured interviews, teacher’s observations and field notes and
participant students’ portfolios were evaluated by descriptive analysis. The participant teacher’s
observations and field notes were used to increase the verification by guiding students’ learning and
behavior in the process. The abbreviations T for team, S for student and numbers were used to
introduce the student’s team and the student member such that T4.S1 means 4th team 1st 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, the necessary permission was obtained according to board
decision, dated 05/02/2019 and 2439445 numbered, from the Research Evaluation and Investigation
Committee of the Antalya National Education Directorate. Written informed parental consent forms
including options of opt-out and opt-in for their children’s participation in the research and collecting
data from them were sent home to signature. The 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 principle and a core
component of life sciences for 5th graders in the unit 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 parts for science and engineering practices in parallel to the science standards as
described below:

Part 1 — Asking Questions and Defining Problems. A scenario about biomimicry design task is given

students (see Appendix 1) to introduce a problem or need for the engineering design task. After
completing the next stages students consider 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 their own design solutions inspired by organisms’ adaptations.

Part 2 — Engaging in Argument from Evidence. It is 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 utilizing scientific resources or throughout their individual
investigations. Using the scientific popular books like published by Scientific and Technological
Research Council of Turkey (TUBITAK) titled “First Reading Series: Bees, Elephants, Spiders,
Penguins, Bears, Owls, Caterpillars and Butterflies, Dogs, Trees etc.” would help students develop an
understanding of how particular features help animals and plants to survive. Students then complete
the worksheet of Structure and Function as individually given in Appendix 2 to keep the observed
structures and their functions in different organisms from different resources. Teachers’ use of science
talk along within these texts can promote students to obtain scientific information in examining
structures and inferring their 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, growth, behavior, 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 “the structure or shape of an object or system is frequently
related to use, operation, or function. Scientists infer function by referring to form and also explain
form by referring to function” (Lederman, 2019).

Part 3 — Obtaining, evaluating, and communicating information. Designing Imaginary Organism
activity is given students to enhance the understanding the organisms’ adaptations in relation to
structure and function. It is expected that students get to design their own imaginary organism within
their groups by using the previously gathered data from the observation of organisms’ particular
structure and their function. They decide structures and their functions that the organisms need to
survive by describing their adaptations on the worksheet of Imaginary Organism’s Adaptations given
in Appendix 3. After they identify their imaginary organisms’ structures, feeding type, predators,
habitat, physical and behavioral adaptations etc., they draw their imaginary organism on the worksheet
of Drawing and Labelling the Imaginary Organism 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. They can also
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 friends by using provided materials in the
classroom. During the presentation of the model organisms of the groups, students would be asked to
present what functions their organisms have and why they interpret particular structures in that way.
Another way of presenting 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, it is an appropriate time to discuss
the distinction between observation and inference. The structure would directly be observable using
our senses, but its function is not directly observable (Lederman, 2019). During the presentations, the
teacher evaluates the model organisms that each group has by using the Imaginary Organism
Assessment Rubric (see Appendix 6).

Part 4 — Constructing Explanations and Designing Solutions. Students are introduced with 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 make such observations about animals and plants’ adaptations for
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 examples by
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 develop a possible 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
human problem on the worksheet of Great Design Task Draft Drawing given in Appendix 7. After
deciding on the best design solution, students are supplied with materials to design a prototype model
that solves a specific problem or a solution to a specific problem. In the last step students test, evaluate
and analyze their design solutions within their groups to improve their model. Once the process is
completed, groups present their biomimicry models 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 has by using the
Biomimicry Design Task Assessment Rubric (see Appendix 8).

Implication Steps of Biomimicry STEM Activity

Biomimicry STEM activity was planned to cover all the outcomes about the classification of living
things within a larger dissertation study based on engineering design based unit phases (Wendell et al.,
2010) and eight step engineering design process of Massachusetts Department of Education (2006).
The study was conducted for twelve hours during the science lessons at the first term of the school
year of 2018-2019 by the second author of this research. The activity was started with the
identification of the need or the problem. During the two-lesson hour, students identified the human
need or problem which was given in the scenario. They described the criteria and constraints. 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 four-lesson hour, the scientific 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 the one-lesson hour,
students developed solutions individually in their team for the one-hour 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 best solution proposal. In the step of selecting the best possible
solution, students used a decision-making matrix to decide the best one by using criteria and
constraints during the one-lesson hour. The chosen solution by the team used for constructing a
model/prototype in the step five. In this period, students developed their models in the two-lesson
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 after then they presented their models in the
phase of communicate the solution during the one-lesson hour. In the last step of redesign, each team
improved its solutions regarding the feedback from teacher and students during the one-lesson hour.

Description of Performance Assessment Rubrics

The Imaginary Organism Assessment Rubric (see Appendix 6) was developed for assessing the
models that students developed to describe their imaginary organisms’ adaptations based on the
mechanism between structure and function on the range of 0 and 24 points. The first sub-dimension 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 of their imaginary
organisms. The second sub-dimension 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 organism has for each 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 progression of students from level 0 to 3 providing analysis of the
engineering design process on the range of 0 and 48 points. The categories of the rubric developed
based on the engineering design steps of Massachusetts Science and Technology/Engineering
Curriculum Framework (Massachusetts Department of Education, 2006) in order to assess students’
achievement on engineering design steps.
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Description of Evaluation Form

Biomimicry STEM Activity Reflective Evaluation Form (see Appendix 9) consists of open-ended
guestions to realize students’ perceptions and opinions about the whole process of engineering design
task. The form was applied for all the students of 21 at the end of the study. Six students were
interviewed with the similar questions because of their short or unclear answers.

FINDINGS

Findings on the Imaginary Organism Assessment Rubric

Through the science activities as performance expectations, students are expected to query the
structures of organisms and relate their functions, create an imaginary organism, 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 drawings and created imaginary organisms that each group developed are
displayed in Appendix 10. The Imaginary Organism Assessment Rubric was used for assessing
students’ science learning through the worksheets completed during the whole process and created
imaginary model organisms’ adaptations. After each group presented their imaginary model organism,
the teacher completed the rubric. The Table 2 indicates the overall score that each group gets for their
imaginary model organism. As regard to the table each team has average high score that indicates
students’ understanding the role of the structure-function relationship in organisms’ adaptations. When
the presented imaginary organisms were considered, students were able to describe their organisms’
structures, feeding type, predators, and habitat, physical and behavioral adaptations.

Table 2.
Imaginary organism assessment rubric scores
Dimension Criteria Team1l Team2 Team3 Team4 Team5 Team6
Name and classification 3 3 2 3 2 1
Developing and using models  Drawings 2 2 2 3 2 3
Description 3 3 3 3 3 3
Nutrition 3 3 2 3 3 3
Defending from predators 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 ...[24 17 22 19 23 21 22

Findings on the Biomimicry Design Task Assessment Rubric

Through the engineering design activities as performance expectations, students are expected to
describe how they would adapt an organism’s structure to solve a human problem. Appendix 11
displays the sample drawings 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 students’ prototype
biomimicry models at eight categories. After each team presented their biomimicry designs to the
class, the teacher completed the rubric. Table 3 indicates the scores for eight categories and for overall
that each group has for their biomimicry model. The students’ scores on the categories of ‘ldentify the
need or the problem’ including identifying constraint and criteria and ‘Research the need or the
problem’ are lower 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 biomimicry models 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 for a human problem. The Team 1’s biomimicry model
named as fishing-net aims to help people fish inspired from pelican’s beak. The Team 2’s biomimicry
model named as non-slip socks aims to prevent people from slipping inspired from gecko’s toe pads.
The Team 3’s biomimicry model named as trap aims to help people hunt inspired from Venus flytrap.
The Team 4’s biomimicry model named as bat’s ear headset aims to help deaf people hear or use in
sound insulation inspired from bat’s ears. The Team 5’s biomimicry model named as hook aims to
help people carry out heavy things inspired from falcon’s claw. The Team 6’s biomimicry model
named as sew-burry aims to help people plant seed easily inspired from chicken’s beak.

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 2 5 1 1

the need / problem

Research the need Identifying how the information obtained

or the problem

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
Explanation of the reasons (positive

=
[ERN
N
N
N
w

Select the best

solution(s) /negative aspects, criteria and constraints) of 1 1 2 2 2 2
the selection the best proposal
Building a model / prototype for the solution 2 2 3 3 2 3
Construct a proposal
prototype Using the materials that meet the criteria and 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
S 1 2 3 2 2 2
scientific language
Explaining how designs can solve human 2 2 3 2 2 3
. needs / problems
Communicate the L L L
solution(s) Determining the structures of living things in
their designs and how they are used in their 1 2 3 2 2 3
functions
Degcrlbmg the required improvements for 2 2 3 2 2 5
their design
Redesign Improving designs according to the data and
evaluations obtained as a result of testing 1 2 3 2 1 2
and sharing solutions
Total Score ...148 23 26 40 33 29 38

Findings on the Reflective Evaluation Form

The prominent findings on the examination of the students’ reflection by applying open-ended
guestions and semi-structured interviews about the activity are summarized under the four themes as
following; challenges, team working, learning in activity, and likes and dislikes. The students
expressed that they faced with the challenges while building their model/prototype (n=11) and team
working such as indecisions (n=4) and disputes (n=2) within the team (n=9), and the selection of the
best solution (n=3). Students usually expressed difficulties while practicing the mechanism in their
model. For example, one of the students reported that “the mechanism inside our design that is the
point we had difficulty choosing which material to use” (16.54). As an example for group challenges
T1.S6 reported that “We had a lot of difficulty because each design solution was very good” Similarly,
T2.S2 reported that “We could not make a decision in the team.” Another student member in the same
group explained the reason for the problems that they had faced in the group work as “Because we
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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 some confusion in the group” (T2.S1).

On the other hand, they explained how they overcome the challenges while working within team
members including collaborating, brainstorming, generating new ideas, discussing, helping each other
and finding a solution together (n=11). For example, T3.S3 stated that “Two friends in our group did
not work well at the first. They were working as if they had been in another group. It frustrated me.
We could not work well. But we had an agreement with them. After agreement we would work together
harder.” Besides they expressed that using different materials (n=1), by trying (n=1), planning study
(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
that “We were in trouble while choosing the best solution. We used the criteria and constraints to
choose the best solution.”

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 cooperation 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. The students’ answers indicates that they work in a harmony in their group are as follows.
T3.S4 stated that “We were debating, but we worked very well.” Similarly, T5.S1 reported that “We
worked very well in our team. Only we had a trouble while choosing which structure of the animal we
used to design task.” According to the teachers’ field notes, only in two groups there were serious
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), building 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 that “We used structure and function in order to find a solution for human needs.
Engineers use biomimicry as we use.” Similarly, T1.S2 stated that “We learned species of living
things, engineering and entrepreneurship.” The students indicated that their skills to learn science and
scientific inquiry in obtaining scientific knowledge developed. For example, T2.S2 reported that “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. Using that knowledge, for example Gecko’s structure and
function we inspired to design not-slip socks.” Also, students reported that they learned working in the
team. As an example, T2.S1 reported that “We learned how we can make a decision together and
working together.”

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 (n=2), and brainstorming (n=2). Overall, the students seem to have
positive perceptions towards the activity. The collected data by using semi-structured interview
supports this finding. For example, one of students (T3.S1) stated that “This activity is both fun and
instructive.” Another student (T3.S2) pointed that “The idea of the design task was very beautiful. To
bring the life the idea made us very happy.” Although majority of the students’ answers indicated that
they like every section in the activity, few 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 students’ respond in the theme of suggestions for
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). For example, T1.S2 stated that “The design task was very hard. It would be
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better if it would be easier.” Another student T2.S2 reported that “I would like to change my team
members.”

DISCUSSION AND CONCLUSION

In achieving science goals, students were expected to make observations and conduct 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 deepening 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. In the similar line, Kegeci, Alan, and Kirbag Zengin (2017) emphasized the role of inquiry
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 integrating 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 organism’s structure to solve the human problem for the engineering design
process. But, the students’ scores on the first steps of identifying a need or problem including
determining criteria and constraints and what they need to know about scientific knowledge to realize
their design task are lower than other steps of the engineering design process. Likewise, Karakaya,
Yantiri, Yilmaz, and Yilmaz (2019) in their study with primary students emphasized shortage of time,
materials and information as the problems in the realization of STEM activities. Students’ struggles
while identifying constraints and criteria were also realized on written documents such that they mixed
them and used interchangeably.

The qualitative data obtained from students’ responses to reflective open-ended questions and
transcribed interviews also confirm these findings such that level of students’ literacy about structure
and function, perception of the engineering and understanding engineering design process were
improved. Related with the engineering design process they gained mainly an ability 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
implications (Baran, Canbazoglu-Bilici, & Mesutoglu, 2015; Duban, Aydogdu, & Kolsuz, 2018;
Ergiin & Kiilekgi, 2019; Ozcan & Koca, 2019). Even more striking result is that students can manage
to incorporate biomimicry into their design solutions by the way of the complementary relationship
between structure and function in organisms. Structure-function 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; Stevens, De 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 process. 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. Examining the related literature in
the similar context usually support this finding. For example, Ozcan and Koca (2019) stated the
problems faced with engineering design process as troubles in utilizing the technology, troubles in
putting the designs into practice and not respecting the ideas in the group. Similarly, Karakaya et al.,
(2019) reported as the most revealed problem by the students as the designing and implementing.

The current study also revealed that even the students’ answers pointed that working in a team was
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 interpreted 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 opportunity to see
weakness versus strengths of their design solutions. This finding is consistent with the previous STEM
studies in which collaboration has been emerged as prominent 21 century skills that students acquired
through the design process (Bolath & Korucu, 2018; Karakaya et al., 2019; Ozcan & Koca, 2019;
Ozgelik & Akgiindiiz, 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. Students were 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
solutions 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 structure and function while
experiencing the engineering design process. That’s why, biomimicry should be considered precisely
in science teaching curriculum in terms of providing an opportunity to integrate interdisciplinary
STEM into the classroom environment (Gardner, 2012; Pauls, 2017; Yakisan & Velioglu, 2019;
Yildirim, 2019).

Taking consideration advantage of the features of biomimicry in STEM education can provide a
unique learning opportunity for students to understand both scientific concepts and engineering design
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 and 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 solutions to problems 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, nanotechnology, robotics, industry, military research, and transportation. A biomimicry
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 organizing a competition. 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 expected to 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 organisms. Once you
have completed 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 structure, and how you used these to solve
humanity's problems. The specifications of the competition are given below:

Specifications of the competition

1) Your design must be created by mimicking at least one structure belonging to the organism.
2) Your design must 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 scientific books 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 (webpages, available printed resources).

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

Step 8 Step2
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

Name-Surname: .........covvviii e,

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

The source you Structure belongin Benefits of Which humanity problem
collected t?\/e Name of the to the or anismgang Function of | this function you can solve by using the
: . organism . ganism the structure for the characteristic of this
information its characteristics .
organism structure?
81
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APPENDIX 3

Imaginary Organism’s Adaptations

Name of your Team: ......ccoviiiiiiiie e,

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 structures you 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 this
characteristic of the . structure (What kind of
- . Function of the L
structure (wing, tail, structure benefit this structure
mouth, teeth, root, leaf, provides for the survival of
Structures trunk, eye, etc.) your organism?)

What external structures will
your imaginary organism have?

What internal structures will
your imaginary 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 also add...
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APPENDIX 4

Drawing and Labeling the Imaginary Organism

Name of your Team: ......c.oiiiiiiiiiiee e,

Draw the picture of your organism you have imagined. While drawing your picture, be sure to label
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

Name of your Team: ......c.oiiiiiiii e,

You will introduce your imaginary organism 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 first
name defines genus and the second a name
defines species. The entire name is italicized
(e.g., Homo sapiens) and abbreviated by the first
letter of the genus name capitalized (e.g., H.
sapiens).

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

specify.

Body parts of our organism have:
(Tail, 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:
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APPENDIX 6

Imaginary Organism Assessment Rubric

Name of TeamM: ....ooiiii e

Dimension Criteria Imaginary Organism Assessment Rubric
0 1 2 3
No evidence
Name and of the name or | The organismis | The organismis | 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 Lo .9 L9
and usin Drawing and of drawing of | °rganism is organism is organism is
models g labeling the or ani%m unclear and lack | clear but lack of | clear and has
9 of finer details. | finer details. finer details.
No evidence Description of Ezsg:lgr:?:m()f Description of
I of description | the organism g the organism
Description does not exactly
of the does not match matches the
. . match the .
organism the drawing. - drawing.
drawing.
No evidence The organism ;’:rzlc;rgamsm I:ﬁsgrﬁsglsm
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 The organism
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 g ' 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 L . s
with its with its easily with its
structure and
functi modelled modelled modelled
unction
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 | hardly survives | can survive
of relation s o . o
. with its with its easily with its
Habitat between
modelled modelled modelled
structure and - . -
function strug:tures inits struptures Inits struptures inits
habitat. habitat. habitat.
Total Score .24
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APPENDIX 7
Great Design Task Draft Drawing
Name of your Team: ......c.oiiiiiiiiiiee e,

At the beginning of the 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 team below.

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

What human problem will 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 The qegd/ problem was
S - g N identified clearly with all
. not identified. defined superficially. identified. -
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 the solution of the
need/problem was not
determined.

Some of the information
needed for the solution of the
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 : - ;
- - how the collected collected information detail on how the collected
information would be . - . .
information would be used to | would be used to solve information would be used
used to solve the
solve the need/problem. the need/problem. to solve the need/problem.
need/problem.
. The proposed solution for The proposed solution for | The proposed solution for
No solution was
ronosed for the the need/problem was met the need/problem was met | 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 were
not defined.

Some of the pros and cons of
proposed solutions were
defined.

Most of the pros and cons
of proposed solutions
were defined.

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
the chosen 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 o The materials that meet part - The materials that meet all
the criteria and of the criteria and restrictions most Of the criteria and the criteria and restrictions
restrictions for the restrictions for the
for the model/prototype were 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 the :;Zfedmﬁgs\l/ﬁr\?\/tg:)l/gesg\llsz the tested how it would solve | tested how it would solve
model/prototype solves the need/problem. Part of | 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 the | Most of the data related to | All the data related 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
structures 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 structures are
utilized were identified.

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

The need of
improvement for designs
was not identified.

The need of improvement for
design was partly identified.

The need of improvement
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 and | improved in the light of the
the data and feedbacks data and feedbacks from the feedbacks from the test data and feedbacks from the
from the test results 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 .../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 model / prototype?
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APPENDIX 10

Drawings and Created Imaginary Organisms

Modelling the imaginary Presentation of the

Introducing the imaginary organism . e :
organism imaginary organism

The flying reptile belongs to reptiles and birds in taxonomy. It has got a
tail, wings, a mouth, and legs. It lives in rain forest, nested in shrubs,
crawls on the ground and can fly. It has sticky legs like Gecko’s pads. It
fishes for feeding. The strongest features are poisoned thorn and eyes to
help for defending from its predators. The weakest feature is walking
slowly. It can hear with sensitive ears and communicate by howling. Its
beautiful eyes and mouth, and the capabilities to build a nest can help
him to find a mate.

Team 1

The lion-headed cheetah belongs to mammals in taxonomy. It has a tail,
a mouth, a nose, ears, and legs. It has fur to keep itself warm and
breathes with lungs. It lives in desert and nested on trees, and hunts for
feeding. The strongest features are sharp teeth, paws and legs for
hunting and defending from its predators. The greatest danger is human
for it. It can communicate using by olfactory ability. This ability also
helps to find a mate.

Team 2

The laying mammal, Babacan has a tail, a mouth, horns, teeth, paws,
ears, and black speckles. It is a vertebrate with thick bones. It has a
hairy body and thick layer of fat that help for defending its predators. It
lives in the forest, and nests in a cave placed on top of the hill. It eats
fish and meat. Hunters and its kind of species are hazardous for
Babacan’s life. While the strongest structures are its poisoned teeth,
camouflage, and horns, having a long tail is the weakest. Having eye-
catching colors and the feature of changing the 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 in the
sea and overland. It is a carnivore and lives in the forest. Its predator 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 so it
can see everything. The weakest characteristic is being a coward.
Having a beautiful voice helps him find a mate.

Team 4

Tekakdomeji is a reptile and carnivore. It has got big eyes to see better
and hunt, and shred to its prey with sharp teeth. It has got a big shell to
be protected by its predators. It lives in a forest and nested in a tree
cavity. The strongest structure is its poisoned thorns and the weakest is
toenails. The poisoned thorns help to protect its 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 lives in
the forest and nested in a cool place. It has got paws like wolves, and
poisoned teeth like bats for hunting. It can change its colors like
chameleons and it has got strong shells like a turtle, and flexible spine
like a snake. The stronger structures are paws and poisoned teeth, the
weakest is its tail. The fishes are its prey. The carnivores are its
enemies. The Red Head communicates by barking like dogs. It looks
fancy so, it can find a mate.

Team 6
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APPENDIX 11

Sample Drawings of Great Design

' Team 3 Team 4

Blueprint of the Trap Blueprint of the Bat’s Ear Headset
Team 5 Team 5
Blueprint of the Sew-burry Blueprint of the Hook
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APPENDIX 12

Developed Biomimicry Models

Team

The model

Team 1
Fishing-
net

Team 2
Non-
slip
socks

Team 3
Trap

Team 4
Bat’s
Ear
Headset

Team 5
Hook

Team 6
Sew-
burry

The name What kind
of the Structure . of human . What
. Function of | problems How it improvement
organism | of the .
- . the structure| solved by works? needs in your
used in organism desian?
the design your esign:
design?
. Water The drainage
Scooping - drains from
8 d holes for water
. up fish with|  To help the holes
Pelican Beak - : : were too small.
its large | people fish. | and fishes
A It needs to be
shape. remain in larger
the net. ger.
Climbing The slip-proof
on surfaces| To prevent Sipped material under
without | people from silicone the stocking
Gecko Toe-pads slipping or |  slipping prevents was thick. It
falling and falling. slipping. needs to be
down. thinner.
When the
Catching animal steps | Need to expand
;1;;35 Leaves the bugs ezolzeriﬁnt on the trap, the rim of
P and flies | PP two leaves model
are closed.
To enable It sends
deaf
Seeing with|  people sound Size of the
Bat Ears j waves to
ears hear and for h headset
uman
sound brai
. . rain.
insulation.
The load
Hunting To help can be hung
Falcon Claws their prey people on the hook
and carry | carry heavy | and people
out. things hold in
high.
S The one of
Flgfslgng chicken’s
rotectin To help beak digs In our model
. P ng, people the hole and | the beak did
Chicken Beak Breaking .
plant seed | another puts | not looks like a
grass and . .
digging the easily the seed and | chicken beak.
. closes the
soil.
hole.
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TURKCE GENISLETILMIiS OZET

Doga bilimlerini anlamada en 6nemli mihenk taglarindan biri ‘yapr fonksiyonu belirler' temasidir.
Ulusal Arastirma Konseyi (National Research Council [NRC], 2012) tarafindan gelistirilen K-12 Fen
Egitimi Cercevesi: Uygulamalar, Kesisen Kavramlar ve Oz Fikirler reform belgesinde, yap1 ve islev
arasindaki iliski bilim ve miihendislik uygulamalar1 yoluyla hem kesisen hem de disiplin temel
kavramlar1 olarak kabul edilmektedir. Tiim disiplinlerde ve sinif seviyelerinde temalar1 birlestiren
kesisen kavramlar arasinda yer alan yap1 ve islev “bir nesnenin ya da canlinin olusma bigimi ve alt
bilesenleri, 6zelliklerini ve fonksiyonunu belirler” seklinde tanimlanmaktadir (NRC, 2012, s. 84). Bu
cercevede fizik ve yasam bilimlerindeki disiplin temel fikirlerinin ana bilesenleri olarak ise yapi ve
islev, sirastyla ‘Maddenin yapist ve Ozellikleri’ ve ‘Yapi ve islev’ igeriginde yer almaktadir. Diger
taraftan iilkemizde yakin zamanda revize edilen fen programinda ise Ogrencilerin feni diger
disiplinlerle biitiinlestirerek teoriyi pratige ve iriine doniistiirebilmelerine yardimer olacak fen ve
miihendislik uygulamalarina vurgu yapilirken; dogada ya da tasarlanmis diinyada tekrar eden
ortlintiilere ve yapi ve islev arasindaki iligkilere herhangi bir sinif diizeyinde vurgu yapilmamustir.

Doga uzun zamandir sanat, tasarim ve yenilik icin bir ilham kaynag1 olmustur. Ornegin, ugma hayali
kuran insanogluna kuslarin kanat yapilari en biiyiik yol gosterici olmus ve bu sayede Wright kardesler
ucagl icat etmislerdir. Benyus'a (2002) gore milyarlarca yillik evrimsel siire¢, organizmalara
canliliklarini siirdiirebilmeleri i¢in inanilmaz cesitlilikte yapilar, sekiller ve bunlarla ilgili islevler
kazandirmistir. Bu nedenle, yap1 ve fonksiyon arasindaki iliskiyi anlamak miihendislik tasarimlari ve
ozellikle de biyomimikri tasarimlari i¢in kritik bir 6neme sahiptir (Cohen, Reich ve Greenberg, 2014).
Biyomimikri “doganin zaman iginde test edilmis kaliplarin1 ve stratejilerini taklit ederek insanlarin
sorunlarina siirdiiriilebilir ¢oziimler arayan yenilikgi bir yaklagimdir” (Biomimicry Institute, 2010).

Ogrencilerin dogal diinyadaki organizmalar1 sorgulayarak yapilarin islevlerini ne dl¢iide anladiklariyla
ilgili olarak nedensel ¢ikarimlar yapmalar1 gerekir. Bu, “miihendislerin dogadaki yapilar insanlarin
ihtiyaglarmi karsilayacak tasarimlar i¢in ilham kaynagi olarak incelerken bdyle c¢ikarimlar
yapmalarina” benzer bir yontemdir (Yeni Nesil Fen Standartlar1 [NGSS] Lead States, 2013b, s.89).
Miihendisler dogay1 inceleyerek 6grenirler. BU yiizden yeni tasarim ¢oziimleri i¢in daha miilkemmel
fikirler elde etmek igin dogay1r gozlemlerler. Bu durum, giinlik yasamimizda kullandigimiz birgok
teknolojik aracin neden dogadaki bir mekanizma ile ayni sekilde calistigini agiklar. “Dogal ve insan
yapimi sistemlerin benzer sekilde isleyisinin, bazi kilit pargalarin sekillerine ve iligkilerine bagh
oldugu kadar fretildikleri malzemelerin 6zelliklerine de bagl oldugu” goriilebilir (NRC, 2012, 5.96).
Bu nedenle, dogadaki yapilarin amacinin veya mekanik fonksiyonunun fen bilgisi derslerinde bir
ogrenme ¢iktisi olarak anlagilmasi STEM egitiminde 6nemsenmelidir.

STEM egitiminde biyomimikrinin 6zelliklerinden yararlanmak, dgrencilere hem bilimsel kavramlari
hem de miihendislik tasarim ilkelerini anlamalarinda egsiz bir 6grenme firsati sunmaktadir. Yap1 ve
fonksiyon arasindaki iligkiyi kullanarak biyomimikriyi anlamak, dogal ve insanoglu tarafindan insaa
edilen diinya arasindaki baglantilar nedeniyle Ogrencileri bir biyomiihendis olarak miihendislik
tasarimina dahil etmenin etkili bir yoludur. Bu c¢alisma, besinci sinif fen bilimleri dersi Canlilar
Diinyas1 tlinitesinde yap1 ve fonksiyon iligkisine dayanan biyomimikri STEM etkinligi gelistirmeyi
amaglamaktadir. Calismada durum calismasi yontemi kullanilmuis, sosyo ekenomik diizeyi diisiik bir
devlet ortaokulunda 12 ders boyunca 21 6grenci ile yiiriitiilmiistiir. STEM uygulamalar1 kapsaminda
ogrencilerden giinliik yasamdan bir problem belirleyerek canlilara ait yap1 ve islev arasindaki iliskinin
bir taklidi olabilecek biyomimikriyi kullanarak olasi bir tasarim ¢oziimii gelistirmeleri istenmistir.
Veriler, agik-uglu sorular, yar1 yapilandirilmis goriismeler ve miithendislik siirecinin degerlendirilmesi
icin rubrik kullanilarak toplanmistir.
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Bu calismada, oOgrencilerin tasarladigi biyomimikri modellerine dayali veriler, tasarim ve dogal
diinyadan alinan ilham arasindaki iliskilere dayali olarak tasarim siirecinin bir analizi seklinde
sunulmustur. Ogrencilerin gelistirdikleri biyomimikri modelleri géz 6niine alindiginda, dgrencilerin
bir organizmayla ilgili yap1 ve fonksiyon arasindaki tamamlayici iliski yoluyla biyomimikriyi bir
insanlik problemine yonelik tasarim ¢oziimlerine yansitmayr basardiklarini gostermektedir. Sonug
olarak, biyomimikri STEM etkinlikleri 6grencilerin miihendislik tasarim siireciyle ilgili deneyimler
yasarken canlilarin adaptasyonlarini, yapi1 ve fonksiyon iligkisine dayali olarak daha 1iyi
kavramsallagtirmalarini  saglamistir.  Ogrenciler biyomimikri tasarim siirecinde bazi zorluklar
yasamalarina ragmen, ¢ogu tasarim gorevi ve model/prototip yapma dahil olmak iizere etkinlikle ilgili
her seyi begendiklerini ifade etmislerdir.

Doganin siirdiiriilebilir tasarim ¢o6ziimleri i¢in bir model olarak kullanilmasi fen egitiminde
biyomimikrinin kavramsallagtirilmasini kaginilmaz kilmaktadir. Biyomimikri, 6gretmenlere yasam
bilimleri, STEM, yaratici problem ¢6zme, tasarim ve sistem diislincesini harmanlayarak her yastan
Ogrencilere ilham verecek bir yol sunarak, egitimde bir devrim olarak goriilebilir (Biomimicry
Institute, 2010). Biyomimikri, disiplinlerarast STEM'i sinif ortamina entegre etme firsati saglamasi
acisindan fen bilgisi 6gretim programinda yer almalidir. STEM egitiminde biyomimikriyi dgretmek
dogay1; bilim, teknoloji, miithendislik ve matematikle kesistirerek biitlinlesik bir baglam saglayacaktir.
Daha siirdiiriilebilir bir gelecek i¢in, insan kaynakli sorunlarin ¢dziimiinde 6grencilere ilham verecek
biyomimikri stratejilerini 6gretmek icin daha fazla arastirmaya ihtiyag vardir.
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EK1
Biyomimikri Tasarim Gorevi

Doga uzun zamandir sanat, tasarim ve yenilik igin bir ilham kaynag olmustur. Ornegin, ugma hayali
kuran insanogluna kuslarin kanat yapilari en biiyiik yol gosterici olmus ve bu sayede Wright kardesler
ucagi icat etmislerdir. Insanlarin ihtiyag duydugu problemlere dogadaki modelleri, sistemleri ya da
canlilara ait farkli 6zellikleri taklit ederek tasarim ¢oziimleri gelistiren bilim dalina Biyomimikri adi
verilir. Biyomimikri uygulamalar1 giliniimiizde bilim, teknoloji, sanat, mimari, yapay zeka,
nanoteknoloji, robotik, endiistri, askeri arastirmalar, ulasim gibi bir¢ok alanda kullanilmaktadir.

Bir biyomimikri sirketi canlilarin 6zelliklerini kullanarak insanlarin sorunlarina ¢6ziim aramaktadir.
Bu alanda yeni fikirlere ihtiya¢ duyan sirket yetkilileri bir yarigma diizenler. Bir biyomimikri uzmani
olarak sizden beklenen; bitkilerin ve hayvanlarin sahip olduklar i¢ ve dis yapilarimi biiylimek, hayatta
kalmak ve diger tiim ihtiyaclarini karsilamak icin nasil kullandiklarini taklit ederek insanligin bir
problemi i¢in ¢6ziim liretmenizdir.

Bu amagla sizlerden takiminizla birlikte canlilarin sahip olduklar1 yapilar1 gézlemlemeniz, bu yapilarin
islevlerine iliskin bilgi toplamaniz sonra bu yapilan ve iglevleri kullanarak insanlarin bir problemini
¢dzmek i¢in tasarim yapmaniz beklenmektedir.

Tasariminizi tamamladiktan sonra yaptiginiz ¢aligmay1 bilim insanlar1 ve miihendislerden olusan bir
kurula sunacaksiniz. Sunumunuzda canliya ait yap1 ve bu yapimin islevini agiklayarak tasariminizi
nasil olusturdugunuzu, bunlari insanlarin sorunlarini1 ¢6zmek i¢in nasil kullandiginiz1 agiklayacaksiniz.
Yarigma sartnamesi asagida verilmistir:

Yarisma Sartnamesi

1- Tasarmminiz bir canliya ait en az bir yapinin iglevini taklit ederek olusturulmalidir.

2- Tasariminiz insanlarin sorunlarindan en az bir tanesine ¢6ziim getirmelidir.

3- Tasariminizda insan sagligina zararli madde kullanilmamalidir.

4- Tasarmminizda geri doniisim malzemeleri basta olmak {izere her tirlii malzemeyi

kullanabilirsiniz.
**Tasarimmzda dogrudan gézlemleyerek ya da izlediginiz belgesellerden, TUBITAK yaymlari gibi okudugunuz bilimsel
kitaplardan canlilar1, canlilara ait yapilari ve canlilarin bu yapilari hayatta kalmak icin nasil kullandiklarini kanita dayali
olarak belirleyeceksiniz. Bununla birlikte diger kaynaklardan da (¢evrimi¢i sayfalar, ulasabileceginiz basili kaynaklar)
yararlanabilirsiniz.

Tasarim gorevinizi gergeklestirirken asagidaki miithendislik dongiisiinii kullanacaksiniz;

-

Adim8 ihtiyacin ya da
Yeniden Tasarim Problemin
Arastinimasi
Adim 7 MUHENDISLIK 3'0‘:‘""'
Céziim/Céziimlerin TASARIM el
Paylasilmasi SUREC “’é‘:‘"/’g‘:fl“:;""

Ly v
- -
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EK 2

Yap ve Islev Cahsma Kagidi

Adimiz Soyadimiz: ...,

Okudugunuz ve arastirdiginiz kaynaklardan canlilarin hayatta kalmasina yardimci olan yapilar1 ve bu
yapilarin iglevlerini asagidaki tabloda 6zetleyiniz.

Bu iglevin Bu yapimin 6zelligini
B,I I iyl elde Canlmin ad1 Canliya ait yapl ve ngln}n c%nhyz} kullanarak insanlarin hangi
ettiginiz kaynak bu yapinin 6zelligi islevi sagladigi lemini cdzebilirsiniz?
yararlar problemini ¢6zebilirsiniz?
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EK3

Hayali Canlinin Adaptasyonlari

Takimunmizin Adv: .......ccoooeeneni

Takim arkadaslarinizla birlikte hayali bir canli diisiiniin. Hayali canlinin sahip olacagi 6zelliklere karar
verirken her birinizin birinci asamada bilgi sahibi oldugu farkli canlilara ait yapilar ve bu yapilarin
islevlerini kullanabilirsiniz. Hayali canliniz i¢in sectiginiz yapilari, yapilarin islevlerini ve canliya
sagladigi yararlar1 agagidaki tabloyu kullanarak agiklayiniz.

Aciklamalar

Yapilar

Yapinin adi ve 6zelligi
(Kanat, kuyruk, agiz,
disler, kok, yaprak,
hortum, géz, vb.)

Yapinin iglevi

Neden bu yapiy1 sectiginizi
aciklayiniz?

(Bu yap1 canlinizin hayatta

kalmasi i¢in ne tiir bir yarar
saglayacak?)

Canliniz hangi dis yapilara
sahip olacak?

Canlimiz hangi i¢ yapilara sahip
olacak?

Canlmiz besinlerini bulmak ve
yemek i¢in hangi yapilara sahip
olacak?

Canliniz diigmanlarindan
korunmak i¢in hangi yapilara
sahip olacak?

Canliniz arkadaslariyla ve
yavrulariyla haberlesmek i¢in
hangi yapilara sahip olacak?

Canliniz es bulmak i¢in hangi
yapilara sahip olacak?

Siz de ekleyebilirsiniz...
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EK 4
Hayali Canlinin Cizimi ve Etiketlenmesi

Takiminizin Adu: ..o

Hayal ettiginiz canlinin resmini ¢iziniz. Resminizi ¢izerken hayal ettiginiz canliya ait yapilart
detayl olarak gostermeye dikkat ediniz.

Canlimizin bilimsel adi:

Canlimizi bilim diinyasina tanitan bir hikdye ya da haber yaziniz:
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EK5

Hayali Canlimz1 Tanmitimz

Takimmizin Adi: ..o

Hayali canliniz1 bilim diinyasina tanitacaksiniz. Bunun igin asagidaki tiir kiinyesini olusturacaksiniz.
Bu kiinyede genel olarak canlinizin sahip oldugu yapilar ve 6zellikleri; bu 6zellikleri dikkate alarak

bilimsel olarak ait oldugu grup, yasam alani, yuvasi, besin kaynaklari, diismanlar1 vb. yer
verebilirsiniz.

Canlimizin bilimsel adi:

(iki isimden olusan ikili isimlendirme ad1 verilen
Latince bir isim olmalidir. 11k isim cinsi, ikinci
isim ise tiir olarak tanimlanir. ismin tamamu italik
yazilmalidir (6r., Homo sapiens) ve cins adinin
ilk harfi biiyiik biiyiik yazilarak kisaltilmalidir
(or., H. sapiens).

Canlimizin ait oldugu grup:

Bitki-hayvan- mikroskobik canli- mantar m1
oldugunu belirtiniz. Bitki ise ¢icekli/¢cigeksiz
hayvan ise omurgali/omurgasiz mi1? Omurgalt
canli ise memeli-balik-kurbaga-siiriingen-kus
mu? Omurgasiz canli ise bocek-Oriimcek-
solucan-salyangoz vb. mi? ya da birden ¢ok
gruba girebilir seklinde 6zellikleriyle
tanimlayiniz.

Canlimizin sahip oldugu viicut kisimlar:
(Kuyruk, kanat, hortum, agiz, gaga, yaprak, kok,
bacaklar, kulaklar vb. seklinde 6zellikleriyle
tanimlayiniz)

Canlimizin yasadigi yer:

(Col/deniz/orman/kutuplar vb. seklinde
ozellikleriyle tanimlayiniz.)

Canlimizin yuvasi ve ozellikleri:

Canlimizin besin kaynag:

Canlimiz1 bekleyen tehlikeler:

Canlimizin en giiclii 6zelligi:

Canlimizin en zayif 6zelligi:
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EK 6

Hayali Canh Degerlendirme Rubrigi

Takim Adi: ........ccooviiiii i
. Hayali Canli Degerlendirme Rubrigi
Boyut Kriter 0 1 > 3
Canlinin Canh
adlandirilm | Canlhi Canli simiflandirilm Canli
as1 ve adlandirilmamis ve adlandirilmigtir fakat fakat $ adlandirilmis ve
siniflandiril | simiflandirilmamagtir. | siniflandirilmamigtir. smiflandirtlmistir.
mas1 adlandirilmamstir.
Model Cizim ve Canlinin ¢izimi net Canlinin ¢izimi Canlinin ¢izimi
gelistirme ve etlizkletlgme Canli ¢gizilmemistir. degildir ve ince nettir fakat ince nettir ve ince
kullanma detaylar eksiktir. detaylar eksiktir. detaylara sahiptir.
Canli Canlimin Canlinin Canlinin
Betimleme | betimlenmemistir. betimlemesi ile bgt!m!eme5| l'le K bgt}m]g;mg ile
izim ile uyusmuyor ¢izimi tam olara ¢izimi ile
¢ " | uyusmuyor. uyusuyor.
Yapi ve islev Canli modellenen Canli modellenen Canli modellenen
RS . yapilartyla yapilariyla
Beslenme agakstllrjlrda bir iliski if};flia;ylza besin giicliikle besin kolayca besin
yoxdur. ctemez. tiiketebilir. tiiketebilir.
Canli modellencn Canli modellenen Canli modellenen
. Yapi ve islev yapilariyla yapilartyla
Diismanlard RS yapilariyla
an korunma arasinda bir iligki aveilarmdan avcilarindan avcilarindan
yoktur. korunamaz giigliikle kolayca
' korunabilir. korunabilir.
Yapi ve islev Canli modellenen Canli modellenen Canli modellenen
Yapi ve Islev Haberlesme | arasinda bir iligki yapilartyla gzgilﬁirllzla K?)El?cr;yla
yoktur. haberlesemez. haberlesebilir. haberlesebilir
Yapi ve islev Canli modellenen Canli modellenen Canli modellenen
Es bulma arasinda bir iliski yapilariyla es yap 1{21 niyla yapilartyla
yoktur bulamaz giicliikle eg kolayca e
' ' bulabilir. bulabilir.
Yapt ve islev Canli modellenen Canli modellenen Canli modellenen
Yasam alan1 | arasinda bir iliski yapilariyla yagam yapilariyla yasam yapilariyla yasam
oktur alaninda hayatta alaninda giigliikle alaninda kolayca
Y ' kalamaz. hayatta kalabilir. hayatta kalabilir.
Toplam Puan ...[124
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EK7
Biiyiik Tasarim Gorevi Taslak Cizim
Takiminizin Ady. ..........coooiiiiiiiiiiiiiii e,

Uniteye baslarken size verilen biiyiik tasarim gorevinizi tekrar okuyunuz. Bu asamaya kadar 6grendiginiz
bilimsel bilgileri biiylik tasarim goreviniz i¢in uygulayacaksinmiz. Takiminizla birlikte olusturacaginiz
tasariminiza iliskin olarak taslak ¢iziminizi asagiya ¢izerek asagidaki sorular1 yanitlaymiz.

Tasariminizi olustururken hangi canlinin yap1 ve 6zelligini kullandiniz?

Tasariminiz insanlarin hangi sorununa nasil ¢éziim iiretecek?

Hangi malzemeleri tasarimimizin hangi bdliimiinde kullanacaksiniz?
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EK 8

Biyomimikri Tasarim Gorevi Degerlendirme Rubrigi

Problemin ya da
IThtiyacin
Aragtirilmast

¢Ozlimiine yonelik
gereksinim duyulan bilgi
belirlenmemis.

¢Ozlimiine yonelik
gereksinim duyulan
bilginin bir kismi
belirlenmis.

yonelik gereksinim duyulan
bilginin ¢ogunlugu
belirlenmis.

Muhendlsl.}k ) 0 1 2 3

Tasarim Siireci
_— T . Thtiyag/problem tiim

Problemin ya da Ihtiyag/problem Ihtiyag/problem yiizeysel Ihtiyag/problem tanimlanmis. detaylartyla agik¢a

o tanimlanmamus. olarak tanimlanmis.

Ihtiyacin tanimlanmus.

Tanimlanmasi Kriterler ve kisitlamalar Kriter ve kisitlamalarin Kriter ve kisitlamalarin Kriterler ve kisitlamalarin
tanimlanmamis. bir kismi tanimlanmis. cogunlugunu tanimlanmis. tamami tanimlanmis.
Ihtiyag/problemin Thtiyag/problemin Ihtiyag/problemin ¢oziimiine

Ihtiyag/problemin ¢oziimiine
yonelik gereksinim duyulan
bilginin tamami belirlenmis.

Elde edilen bilginin
insanlarin
ihtiyacini/problemlerini
¢6zmek igin nasil

Elde edilen bilginin
insanlarm ihtiyacini /
problemlerini ¢ézmek igin
nasil kullanilacagi

Elde edilen bilginin insanlarin
ihtiyacini/problemlerini
¢6zmek i¢in nasil kullanilacagi

Elde edilen bilginin insanlarin
ihtiyacini/problemlerini ¢c6zmek
i¢in nasil kullanilacagi tiim

Olas1 Coziimlerin

kullanilacagt ylizeysel olarak belirlenmis. detgylarlyla gglkga
. . . . belirlenmemis.
belirlenmemis. belirlenmemis.
Ihtiyag/problemin Ihtiyag/problemin Ihtiyag/problemin Ihtiyag/problemin giderilmesine

giderilmesine yonelik
¢0ziim 6nerisi

giderilmesine yonelik
sunulan ¢dziim Onerisi
kriterler ve kisitlamalarin

giderilmesine yonelik sunulan
¢Oziim Onerisi kriterler ve
kisitlamalarin ¢ogunlugu

yonelik sunulan ¢oziim Onerisi
kriterler ve kisitlamalarm

ve kisitlamalari karsilayan
malzeme kullanilmamis.

ve kisitlamalari kismen
karsilayan malzeme
kullanilmus.

kisitlamalarin ¢ogunlugunu
karsilayan malzeme
kullanilmis.

Gelistirilmesi sunulmamis. bir kismu kargilanmus. kargilanmis. tamami eksiksiz karsilanms.

Coziim Onerisine yonelik Tasla}k_ glzim gozum Taslak ¢izim ¢6ziim Onerisini Taslak ¢izim ¢6ziim Onerisini
. ) Onerisini yiizeysel olarak -
taslak ¢izilmemis. yansitmis. tiim detaylartyla yansitmus.
yansitmis.
Coziim Onerilerinin Ocl(l)lzr’:]llrS 3:31&?]1;3; Coziim oOnerilerinin olumlu ve Coziim oOnerilerinin olumlu ve
olumlu ve olumsuz P, olumsuz yonlerini gogunlukla olumsuz yonleri tam ve
.- 1 yonlerini yiizeysel olarak o
En Iyi yonleri tanimlanmamus. tanimlanmis. eksiksiz olarak tanimlanmis.
o . tanimlanmis.
Coziimlerin - —— - -
. . Segilen ¢oziimiin kriterleri . e . e

Segilmesi Segilen ¢6ziim igin Segilen ¢oziim igin . PR .

ve kisitlamalari karsilayip L . o - Segilen ¢dziim i¢in gerekgelerin
< gerekgelerin bir kismu gerekgelerin cogunlugu
karsilamadig1 tamamu detaylartyla agiklanmus.
aciklanmis. aciklanmus.

aciklanmamis.
Coziim Onerisine yonelik Coziim 6nerisine yonelik Coziim Onerisine yonelik Coziim Onerisine yonelik
bir model / prototip kismen uygun bir model / uygun bir model / prototip tamamen uygun bir

Prototip olusturulmamis. prototip olusturulmus. olusturulmus. model/prototip olusturulmus.

Olusturulmas Model/ prototip icin kriter Model/ prototip i¢in kriter | Model/ prototip igin kriter ve Model/ prototip igin kriter ve

kisitlamalarin tamamint
karsilayan malzeme
kullanilmus.

Coziimlerin test

Model/ prototipin ihtiyaci/
problemi nasil ¢ozecegi
test edilmemis.

Model/ prototipin ihtiyaci
/ problemi nasil ¢6zecegi
test edilmis. Test
sonuglari analiz

Model/ prototipin ihtiyaci /
problemi nasil ¢ozecegi test
edilmis. Test sonuglar1 kismen
analiz edilmis.

Model/prototipin ihtiyaci/
problemi nasil ¢ozecegi test
edilmis. Test sonuglarinin
tamami analiz edilmis.

fonksiyonlarindan ne
sekilde yararlanildigt

fonksiyonlarindan ne
sekilde yararlanildigt

fonksiyonlarindan ne sekilde
yararlanildig: belirtilmis.

edilmesi ve edilmemis.

degerlendirilmesi | Test sonuglarina iliskin Test sonuglarina iligkin Test sonuclarna iliskin Test sonuglarina iliskin
veriler bilimsel bir dil verilerin bir kismi v:rsilestf?nug & n? - Sbilim ) verilerin tamamu bilimsel bir dil
kullanilarak bilimsel bir dil STiierin goguniugu se kullanilarak detaylariyla

bir dil kullanilarak agiklanmus.
aciklanmamis. kullanilarak agiklanmis. aciklanmus.
Tasarimlarin ihtiyaci/ Tasarimlarin ihtiyaci/ Tasarimlarin ihtiyact/ Tasarimlarn ihtiyact/ problemi
problemi nasil ¢ozecegi problemi nasil ¢ozecegi problemi nasil ¢ozecegi nasil ¢ozecegi tam ve eksiksiz
aciklanmamis. kismen agiklanmis. aciklanmus. aciklanmus.
- . Canli/canlilara ait Canli/canlilara ait .

Coziimlerin . Canli/canlilara ait yapi/yapilar
yapt/yapilar ve bu yapt/yapilar ve bu Canli/canlilara ait yap1/yapilar

Paylagilmasi ve bu yapilarin
yapilarin yapilarin ve bu yapilarin

fonksiyonlarindan ne sekilde
yararlanildigi tam ve
detaylariyla belirtilmis.

Yeniden Tasarim

belirtilmemis. kismen belirtilmis.

Tasarim i¢in gerekli Tasarim i¢in gerekli L. . Tasarim i¢in gerekli

S S Tasarim i¢in gerekli RS

iyilestirmeler iyilestirmeler kismen o iyilestirmeler detaylariyla
iyilestirmeler tanimlanmus.

tanimlanmamis. tanimlanmis. tanimlanmis.

Coziimlerin test edilmesi
ve paylasilmasi sonucunda
elde edilen veriler ve geri
bildirimler dogrultusunda
tasarimlar
iyilestirilmemis.

Coziimlerin test edilmesi
ve paylasilmasi
sonucunda elde edilen
veriler ve geri bildirimler
dogrultusunda tasarimlar
kismen iyilestirilmis.

Coziimlerin test edilmesi ve
paylagilmasi sonucunda elde
edilen veriler ve geri
bildirimler dogrultusunda
tasarimlar iyilestirilmis.

Coziimlerin test edilmesi ve
paylagilmasi sonucunda elde
edilen veriler ve geri bildirimler
dogrultusunda tasarimlar en iyi
sekilde iyilestirilmis.

Toplam Puan

.../48
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EK9
Biyomimikri STEM Etkinligi Ogrenci Yansitic1 Degerlendirme Formu

Asagidaki sorulart bogluklara cevaplayiniz. Ag¢iklamak i¢in ¢izim ekleyebilirsiniz. Bunun i¢in kagidin arka
yiizlinli veya ayr1 bir kagit kullanabilirsiniz.

1. Modelinizi/prototipinizi tasarlarken ne tiir zorluklarla karsilastiniz?
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EK 10

Cizimler ve Olusturulan Hayali Canhlar

Hayali organizmanin tanitilmast

Hayali organizmanin
modellenmesi

Hayali organizmanin
tanitimi

Ucgan siiriingen siiriingenler ve kuslar sinifindadir. Kuyrugu, kanatlari,
agz1 ve bacaklart vardir. Yagmur ormanlarinda yasar, ¢caliliklara yuva
yapar, yerde siirliniir ve ugabilir. Geko’nun ayaklar1 gibi yapiskan
ayaklar1 vardir. Beslenmek i¢in avlanir. En giiglii 6zellikleri zehirli
dikenleri ve gozleri, avcilarindan korunmasina yardimei olur. En zayif
ozelligi yavas yiirimesidir. Hassas kulaklarla duyabilir ve uluyarak
iletisim kurabilir. Giizel gozleri, agz1 ve yuva yapabilmeleri, ugan
stiriingenin es bulmasina yardimci olabilir.

Takim 1

Aslan basl ¢ita memeliler sinifindadir. Kuyrugu, agzi, burnu, kulaklar:
ve bacaklar1 vardir. Kendini sicak tutmak igin kiirkii ve nefes almak igin
akcigerleri vardir. Colde yasar, agaglarin lizerinde yuva yapar ve
beslenmek igin avlanir. Avlanmak ve avcilarindan korunmak igin en
giiclii dzellikleri keskin disleri, pengeleri ve bacaklaridir. En biiyiik
tehlike onlar igin insandir. Koku alma kabiliyeti ile iletisim kurar. Bu
yetenek ve bir es bulmasina da yardim eder.

Takim 2

Yumurtlayan memeli Babacan'm kuyrugu, agzi, boynuzu, disleri,
pengeleri, kulaklar1 ve kara benekleri vardir. Kalin kemikli bir
omurgalidir. Killi bir viicuda ve yirtict hayvanlardan korumaya yardimen
olan kalin bir yag tabakasina sahiptir. Babacan ormanda yasar ve tepenin
tizerindeki bir magaraya yuvasini yapar. Balik ve et yer. Avcilar ve
kendi tiirii Babacan’in hayati igin tehlikelidir. Babacan'mm en giiglii
yapilari zehirli disleriyken, uzun kuyruklari olan kamuflaj ve boynuzlar
en zayif yapilaridir. Goz alict renklere ve renk degistirme 6zelliklerine
sahip olmak Babacan'in es bulmasini saglar.

Takim 3

Ulti-ay1 iki yasamlidir. Agz1, cigerleri, solungaglari, kulaklari, bacaklari,
disleri, pengeleri ve gozleri vardir. Cigerleri ve solungaglari sayesinde
denizde ve karada nefes alabilir. Et¢ildir ve ormanda yasar. Avcist
sahindir. Pengeleri ve digleri savunmaya yardimei olur. Kalin kiirk, onu
soguk havalardan uzak tutmaya yardimeci olur. Daha giiclii olan kismu
Geko gozleridir. Bu sayede her seyi gorebilir. En zayif 6zelligi korkak
olmasidir. Giizel bir sese sahip olmasi es bulmasina yardimci olur.

Takim 4

Tekakdomeji siiriingen ve etoburdur. Daha iyi gérmek ve avlamak igin
biiyiik gozleri vardir ve keskin disleriyle avini pargalar. Avcilarindan
korunmak i¢in biiyiik bir kabugu vardir. Tekakdomeji ormanda agag
kovugunun i¢inde yasar. Tekakdomeji'nin en giiclii yapisi zehirli
dikenleridir, en zayif yapisi da ayak tirnaklaridir. Zehirli dikenler
yasamini korumasina yardimet olur. Ayrica, uzun bacaklari sayesinde
hizli kosabilir. Tekakdomeji iletisim i¢in kurt gibi ulur. Ilging goriisiiyle
ile kolayca bir es bulabilir.

Takim 5

Kizil kafa, birden fazla grupta siniflandirilabilir. Ormanda yasar ve serin
bir yerde yuvasini yapar. Kurt gibi pengeleri ve avlanmak i¢in yarasa
gibi zehirli disleri vardir. Bukalemun gibi renk degistirebilir ve
kaplumbaga gibi giiclii kabugu ve bir yilan gibi esnek omurgasi vardir.
En gii¢lil yapilar1 pengeleri ve zehirli dislerdir, en zayifi ise kuyrugudur.
Baliklar avlarlar. Etgiller diigmanlaridir. Kizil Kafa, kopekler gibi
havlayarak iletisim kurar. Siislii goriiniisii sayesinde es bulabilir.

Takim 6
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EK 11

Biiyiik Tasarim Gorevine Ait Taslak Cizimler

Takim 4
Tuzak Taslak Cizimi Yarasa Kulagindan Kulaklik Taslak Cizimi
Takim 5 Takim 5
Diker-Gomer Taslak Cizimi Kanca Taslak Cizimi
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EK 12

Gelistirilen Biyomimikri Modelleri

Takim

Model

Takim 1
Balik
yakalama
filesi

Takim 2
Kaymaz
Corap

Takim 3
Tuzak

Takim 4
Yarasa
Kulagindan
Kulaklik

Takim 5
Kanca

Takim 6
Diker-
GOmer

Tasariminiz Tasariminizin
Tasarimda . .
Canliya Yapinin ne tur insan Nasil ne tiir
kullanilan . - S o
ait yap1 |fonksiyonu| problemini calistyor? iyilestirmelere
canlinin adi o e o
¢cozdi? ihtiyaci var?
) Sular Su i¢in
Genis Insanlara balik | delikler-den bogaltma
Pelikan Gaga sekliyle avlamalar1 akar ve delikleri ¢ok
baliklar1 icin yardim baliklar kiigiiktii. Daha
yakalar. etmek iceride biiyiik olmasi
kalir. gerekiyor.
Corap altindaki
Diismeden Insanlart Siiriilen kaymaya
ve kaymaktan ve silikon dayanikh
Geko Ayaklar . malzeme
kaymadan diismekten kaymay1 kalind. Daha
tirmanir. korumak. onler. . :
ince olmasi
gerekir.
Hayvanlar
Bécekleri Insanlara adimint Modelin
Sinekkapan | Yaprak OSCKICI | avlanmalari tuzaga kenarini
o ve sinekleri| . .
Bitkisi akalar icin yardim atinca genisletmek
y ' etmek. yapraklar gerekiyor.
kapanir.
Duyamayan
insanlarin Ses
duymalarini dalgalarini -
Yarasa Kulak Kula.l.d?n saglamak. insan Kulakhigm
ile goriir. . boyutu
Ayrica ses beynine
yalitimi igin gonderir.
kullanilabilir
Yik
Insanlara agir kancaya
Avlarini evleri £ asilabilir ve
Sahin Pencge avlar ve seylert insanlar
tagimalari igin o
tasr. ardim etmek ylikii
y ' yiiksekte
tutarlar.
Tavugun
gagasindan
Kavga etme| biri deligi Bizim
Insanlarin A
lve korunma. kolavca tohum kazar, modelimizde
Tavuk Gaga |Otlar yolar ay . digeri gaga tavuk
dikmelerini
ve ¢ukur ~ tohumu gagasina
saglamak. )
acar. koyar ve benzemiyordu
deligi
kapatir.
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