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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 

studentsô 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 yapē fonksiyon iliĸkisi sorgulanarak 

biyomimikri STEM etkinliĵi geliĸtirilmesi 

¥Z Doĵa bilimlerini anlamada en ºnemli mihenk taĸlarēndan biri yapē fonksiyonu belirler 

temasēdēr. Diĵer taraftan T¿rkiye'de yakēn zamanda revize edilen fen programēnda ise 

ºĵrencilerin feni diĵer disiplinlerle b¿t¿nleĸtirerek teoriyi pratiĵe ve ¿r¿ne 

dºn¿ĸt¿rebilmelerine yardēmcē olacak fen ve m¿hendislik uygulamalarēna vurgu yapēlērken; 

doĵada ya da tasarlanmēĸ d¿nyada tekrar eden ºr¿nt¿lere ve yapē ve iĸlev arasēndaki 

iliĸkilere herhangi bir sēnēf d¿zeyinde vurgu yapēlmamēĸtēr. Bu a­ēĵē kapatmak i­in 

­alēĸmada, beĸinci sēnēf fen bilimleri dersi Canlēlar D¿nyasē ¿nitesinde yapē ve fonksiyon 

iliĸkisine dayanan b¿t¿nleĸtirilmiĸ biyomimikri STEM etkinliĵi geliĸtirmek ama­lanmēĸtēr. 

Bu ­alēĸma, 21 beĸinci sēnēf ºĵrencisinin insanlēĵa ait bir problemi ­ºzmek i­in 

organizmalara ait bir yapēyē taklit ederek m¿hendislik tasarēm s¿reci ile ilgili deneyimlerini 

aktaran bir durum ­alēĸmasēdēr. ¢alēĸmanēn ­arpēcē bir sonucu ise, ºĵrencilerin 

organizmalardaki yapē ve fonksiyon arasēndaki tamamlayēcē iliĸki yoluyla biyomimikriyi 

tasarēm ­ºz¿mlerine dahil etmeyi baĸarabilmeleridir. 

Anahtar Sºzc¿kler: Biyomimikri, Fonksiyon, STEM Eĵitimi, Tasarēm, Yapē 
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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 ñthe way in which an object 

or living thing is shaped and its substructure determine many of its properties and functionsò (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 StructureïBehaviorïFunction (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 

structureôs 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 ñengineers make such inferences when examining structures in nature as inspirations for 

designs to meet peopleôs needsò (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 ñthe 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 madeò (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 (¢orlu, 

Capraro, & Capraro, 2014; ¥ner 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 (Aĸēk, Doĵan­a K¿­¿k, Helvacē & ¢orlu, 2017). In parallel to this pedagogy as proposed by Aĸēk 

et al., (2017), the current study is an example for the use of the engineering design process or 

engineering-based learning in science classes. 
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Structure and Function as a Crosscutting and Core Concept 

The Framework (NRC, 2012) defines crosscutting concepts as to ñbridge disciplinary boundaries, 

having explanatory value throughout much of science and engineeringò (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 bridgeôs diagonal brace or mechanical function such as wheels, axles, and gears. As 

studentsô 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 

K-2 

Examine relationships of structure and function in 

accessible and visible natural and human built 

systems.  

All organisms have external parts that they use to perform 

daily functions. 

3-5 

Matter has a substructure that is related to properties 

of materials. Begin study of more complex systems 

by examining subsystems and the relationships of the 

parts to their functions. 

Organisms have both internal and external macroscopic 

structures that allow for growth, survival, behavior, and 

reproduction. 

6-8 

Visualize, model, and apply understandings of 

structure and function to more complex and less 

easily observable systems and processes. The concept 

of matter having submicroscopic structures is related 

to properties of matter. 

All living things are made up of cells. In organisms, cells 

work together to form tissues and organs that are 

specialized for particular body functions. 

9-12 

Apply the knowledge of structure and function when 

investigating unfamiliar phenomena; when building 

something or deciphering how a system works, begin 

with examining what it is made of and what shapes its 

parts take. 

Systems of specialized cells within organisms help 

perform essential functions of life. Any one system in an 

organism is made up of numerous parts. Feedback 

mechanisms maintain an organismôs internal conditions 

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 ñdevelop explanations for 

functions based on structures and reciprocal-to explain the complementarity of structures and 

functions among an organismôs systems and subsystemsò (p.26). Likewise, the life sciences (LS) in 

the Framework focus on patterns, processes, and relationships of living organisms. The first core idea 

óLS1: From molecules to organisms: Structures and processesô addresses the characteristic structures 

of organisms to live, grow, respond to their environment, and reproduce. As the first subcomponent 

óLS1.A: Structure and functionô explains how the structures of organisms enable lifeôs 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 
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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 ña creative form of 

technology that uses or imitates nature to improve human livesò (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 Benyusôs in 1997 titled ñBiomimicry: Innovation Inspired by Natureò. In her 

book, biomimicry is defined as ña new science that studies natureôs models and then imitates or takes 

inspiration from these designs and processes to solve human problems e.g., a solar cell inspired by a 

leafò (Benyus, 2002, p.0). In other words, biomimicry as an approach ñseeks sustainable solutions to 

human challenges by emulating natureôs time-tested patterns and strategiesò (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 Benyusôs theory of biomimicry. 

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

da Vinciôs (1452ï1519) work designed a ñflying machineò by mimicking a bird and Wright brothersô 

(1867ï1948) 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 kingfisherôs 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 dogôs 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 

  
Figure1. Biomimicry top-down and bottom-up approaches (Adapted from Aziz & El 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-LS1-1 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-LS1-1. 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 

3ð5 builds on Kð2 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 ð2 

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 Kð2 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 problemõs 

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) 

 

http://www.nap.edu/openbook.php?record_id=13165&page=74
http://www.nap.edu/openbook.php?record_id=13165&page=74
http://www.nap.edu/openbook.php?record_id=13165&page=74
http://www.nap.edu/openbook.php?record_id=13165&page=74
http://www.nap.edu/openbook.php?record_id=13165&page=74
http://www.nap.edu/openbook.php?record_id=13165&page=74
http://www.nap.edu/openbook.php?record_id=13165&page=74
http://www.nap.edu/openbook.php?record_id=13165&page=74
http://www.nap.edu/openbook.php?record_id=13165&page=74
http://www.nap.edu/openbook.php?record_id=13165&page=74
http://www.nap.edu/openbook.php?record_id=13165&page=74
http://www.nap.edu/openbook.php?record_id=13165&page=67
http://www.nap.edu/openbook.php?record_id=13165&page=67
http://www.nap.edu/openbook.php?record_id=13165&page=143
http://www.nap.edu/openbook.php?record_id=13165&page=143
http://www.nap.edu/openbook.php?record_id=13165&page=143
http://www.nap.edu/openbook.php?record_id=13165&page=143
http://www.nap.edu/openbook.php?record_id=13165&page=143
http://www.nap.edu/openbook.php?record_id=13165&page=143
http://www.nap.edu/openbook.php?record_id=13165&page=143
http://www.nap.edu/openbook.php?record_id=13165&page=143
http://www.nap.edu/openbook.php?record_id=13165&page=143
http://www.nap.edu/openbook.php?record_id=13165&page=143
http://www.nap.edu/openbook.php?record_id=13165&page=143
http://www.nap.edu/openbook.php?record_id=13165&page=204
http://www.nap.edu/openbook.php?record_id=13165&page=204
http://www.nap.edu/openbook.php?record_id=13165&page=85
http://www.nap.edu/openbook.php?record_id=13165&page=85
http://www.nap.edu/openbook.php?record_id=13165&page=85
http://www.nap.edu/openbook.php?record_id=13165&page=85
http://www.nap.edu/openbook.php?record_id=13165&page=85
http://www.nap.edu/openbook.php?record_id=13165&page=96
http://www.nap.edu/openbook.php?record_id=13165&page=96
http://www.nap.edu/openbook.php?record_id=13165&page=96
http://www.nap.edu/openbook.php?record_id=13165&page=96
https://www.nextgenscience.org/pe/1-ls1-1-molecules-organisms-structures-and-processes
https://www.nextgenscience.org/pe/1-ls1-1-molecules-organisms-structures-and-processes


SAVRAN GENCER, DOĵAN, & BķLEN; Developing biomimicry STEM activity by querying the relationship between 

structure and function in organisms 

70 

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

METHOD OLOGY  

 

This study employed a case study in which ñthe researcher develops an in depth analysis of a case, 

often a program, event, activity, process, or one or more individualsò (Creswell, 2014, p.13). The case 

involves studentsô 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
th
 grade at the public lower secondary school in Antalya, Turkey. According to Yēldērēm and ķimĸek 

(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 (Yēldērēm & ķimĸek, 

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 studentsô reflections about the engineering design process on 

open-ended questions and semi structured interviews, teacherôs observations and field notes and 

participant studentsô portfolios were evaluated by descriptive analysis. The participant teacherôs 

observations and field notes were used to increase the verification by guiding studentsô learning and 

behavior in the process. The abbreviations T for team, S for student and numbers were used to 

introduce the studentôs 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 childrenôs 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 ï 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 organismsô adaptations.  

Part 2 ï 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 ñFirst Reading Series: Bees, Elephants, Spiders, 

Penguins, Bears, Owls, Caterpillars and Butterflies, Dogs, Trees etc.ò 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. Teachersô 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 ñthe 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 functionò (Lederman, 2019). 

Part 3 ï Obtaining, evaluating, and communicating information. Designing Imaginary Organism 

activity is given students to enhance the understanding the organismsô 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 organismsô 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 Organismôs Adaptations given 

in Appendix 3. After they identify their imaginary organismsô 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 ï 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 plantsô 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 

http://www.nap.edu/openbook.php?record_id=13165&page=67
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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 organismsô 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 studentsô 

achievement on engineering design steps.  

http://www.nap.edu/openbook.php?record_id=13165&page=67
http://www.nap.edu/openbook.php?record_id=13165&page=67
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Description of Evaluation Form  

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

questions to realize studentsô 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 

studentsô science learning through the worksheets completed during the whole process and created 

imaginary model organismsô 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 

studentsô understanding the role of the structure-function relationship in organismsô adaptations. When 

the presented imaginary organisms were considered, students were able to describe their organismsô 

structures, feeding type, predators, and habitat, physical and behavioral adaptations.  

Table 2. 

Imaginary organism assessment rubric scores 
Dimension Criteria Team 1 Team 2 Team 3 Team 4 Team 5 Team 6 

Developing and using models 

Name and classification 3 3 2 3 2 1 

Drawings 2 2 2 3 2 3 

Description 3 3 3 3 3 3 

Structure and Function  

Nutrition 3 3 2 3 3 3 

Defending from predators 2 3 2 3 3 3 

Communication 2 2 3 3 2 3 

Mating 0 3 2 2 3 3 

Habitat 2 3 3 3 3 3 

Total Score  é/24 17 22 19 23 21 22 

Findings 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 organismôs 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 studentsô 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 studentsô scores on the categories of óIdentify the 

need or the problemô including identifying constraint and criteria and óResearch the need or the 

problemô 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 1ôs biomimicry model 

named as fishing-net aims to help people fish inspired from pelicanôs beak. The Team 2ôs biomimicry 

model named as non-slip socks aims to prevent people from slipping inspired from geckoôs toe pads. 

The Team 3ôs biomimicry model named as trap aims to help people hunt inspired from Venus flytrap. 

The Team 4ôs biomimicry model named as batôs ear headset aims to help deaf people hear or use in 

sound insulation inspired from batôs ears. The Team 5ôs biomimicry model named as hook aims to 

help people carry out heavy things inspired from falconôs claw. The Team 6ôs biomimicry model 

named as sew-burry aims to help people plant seed easily inspired from chickenôs beak. 

Table 3. 

The biomimicry design task assessment rubric scores 
Engineering Design 

Process 
Criteria 

Team 

1 

Team 

2 

Team 

3 

Team 

4 

Team 

5 

Team 

6 

Identify the need or 

the problem 

Identification of need/problem   2 1 2 2 3 2 

Identification criteria and constraints 1 1 1 1 1 2 

Research the need 

or the problem 

Identifying the information needed to solve 

the need / problem 
1 1 2 2 1 1 

Identifying how the information obtained 

will be used to solve a human needs / 

problem 

1 1 2 1 1 2 

Develop possible 

solution(s) 

Suggestion of solution for needs / problem  1 1 3 2 1 3 

Drawing blueprint for solution proposal  2 2 2 2 2 3 

Select the best 

solution(s) 

Determining the pros and cons of solution 

proposals 11 
1 1 2 2 2 3 

Explanation of the reasons (positive 

/negative aspects, criteria and constraints) of 

the selection the best proposal 

1 1 2 2 2 2 

Construct a 

prototype 

Building a model / prototype for the solution 

proposal 
2 2 3 3 2 3 

Using the materials that meet the criteria and 

constraints for the model / prototype 
3 3 3 3 3 2 

Test and evaluate 

the solution(s) 

Testing how the model or prototype solves 

the problem/need 
1 2 3 3 2 3 

Explanation of the test results using a 

scientific language 
1 2 3 2 2 2 

Communicate the 

solution(s) 

Explaining how designs can solve human 

needs / problems 
2 2 3 2 2 3 

Determining the structures of living things in 

their designs and how they are used in their 

functions 

1 2 3 2 2 3 

Redesign 

Describing the required improvements for 

their design 
2 2 3 2 2 2 

Improving designs according to the data and 

evaluations obtained as a result of testing 

and sharing solutions 

1 2 3 2 1 2 

Total Score é/48 23 26 40 33 29 38 

Findings on the Reflective Evaluation Form 

The prominent findings on the examination of the studentsô reflection by applying open-ended 

questions 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 ñthe mechanism inside our design that is the 

point we had difficulty choosing which material to useò (T6.S4). As an example for group challenges 

T1.S6 reported that ñWe had a lot of difficulty because each design solution was very goodò Similarly, 

T2.S2 reported that ñWe could not make a decision in the team.ò Another student member in the same 

group explained the reason for the problems that they had faced in the group work as ñBecause 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 groupò (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 ñTwo 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.ò 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 ñWe were in trouble while choosing the best solution. We used the criteria and constraints to 

choose the best solution.ò 

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 studentsô answers indicates that they work in a harmony in their group are as follows. 

T3.S4 stated that ñWe were debating, but we worked very well.ò Similarly, T5.S1 reported that ñWe 

worked very well in our team. Only we had a trouble while choosing which structure of the animal we 

used to design task.ò According to the teachersô 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 ñWe used structure and function in order to find a solution for human needs. 

Engineers use biomimicry as we use.ò Similarly, T1.S2 stated that ñWe learned species of living 

things, engineering and entrepreneurship.ò The students indicated that their skills to learn science and 

scientific inquiry in obtaining scientific knowledge developed. For example, T2.S2 reported that ñWe 

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 Geckoôs structure and 

function we inspired to design not-slip socks.ò Also, students reported that they learned working in the 

team. As an example, T2.S1 reported that ñWe learned how we can make a decision together and 

working together.ò 

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 ñThis activity is both fun and 

instructive.ò Another student (T3.S2) pointed that ñThe idea of the design task was very beautiful. To 

bring the life the idea made us very happy.ò Although majority of the studentsô 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 studentsô 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 ñThe design task was very hard. It would be 
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better if it would be easier.ò Another student T2.S2 reported that ñI would like to change my team 

members.ò 

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, Ke­eci, Alan, and Kērbaĵ 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 organismôs structure to solve the human problem for the engineering design 

process. But, the studentsô 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, 

Yantērē, Yēlmaz, and Yēlmaz (2019) in their study with primary students emphasized shortage of time, 

materials and information as the problems in the realization of STEM activities. Studentsô 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 studentsô responses to reflective open-ended questions and 

transcribed interviews also confirm these findings such that level of studentsô 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, Canbazoĵlu-Bilici, & Mesutoĵlu, 2015; Duban, Aydoĵdu, & Kolsuz, 2018; 

Erg¿n & K¿lek­i, 2019; ¥zcan & 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, ¥zcan 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 studentsô 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
st
 century skills that students acquired 

through the design process (Bolatlē & Korucu, 2018; Karakaya et al., 2019; ¥zcan & Koca, 2019; 

¥z­elik & Akg¿nd¿z, 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. Thatôs 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; Yakēĸan & Velioĵlu, 2019; 

Yēldērēm, 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; 
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APPENDIX 2 

Structure and Function Worksheet 

Name-Surname: ééééééééééééé. 

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 

collected the 

information 

Name of the 

organism 

Structure belonging 

to the organism and 

its characteristics 

Function of 

the structure 

Benefits of 

this function 

for the 

organism 

Which humanity problem 

you can solve by using the 

characteristic of this 

structure? 

      

    

    

    

    

      

    

    

    

    

      

    

    

    

    



SAVRAN GENCER, DOĵAN, & BķLEN; Developing biomimicry STEM activity by querying the relationship between 

structure and function in organisms 

82 

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

APPENDIX 3 

Imaginary Organismôs Adaptations 

Name of your Team: éééééééééééééééé 

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 

 

 

 

Structures 

Name and 

characteristic of the 

structure (wing, tail, 

mouth, teeth, root, leaf, 

trunk, eye, etc.) 

Function of the 

structure 

Explain why you chose this 

structure (What kind of 

benefit this structure 

provides for the survival of 

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 addé    
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APPENDIX 4 

Drawing and Labeling the Imaginary Organism 

Name of your Team: éééééééééééééééé 

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: 
 

----------------------------------------------------------------------------------------------------------------------------- -------

------------------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------- -------

------------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------------  

------------------------------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------------------------------------------- -------

---------------------------------------------------------------------------------------------------------------------------------- --

----------------------------------------------------------------------------------------------------------------------------- -------

------------------------------------------------------------------------------------------------------------------------------------  



SAVRAN GENCER, DOĵAN, & BķLEN; Developing biomimicry STEM activity by querying the relationship between 

structure and function in organisms 

84 

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

APPENDIX 5 

Introducing Imaginary Organism  

Name of your Team: éééééééééééééééé 

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 Team: éééééééééééééééé 

Dimension Criteria 
Imaginary Organism Assessment Rubric 

0 1 2 3 

Developing 

and using 

models 

Name and 

classification of 

organism 

No evidence 

of the name or 

classification 

of the 

organism 

The organism is 

named but not 

classified.  

The organism is 

classified but 

not named. 

The organism is 

named and 

classified 

Drawing and 

labeling 

No evidence 

of drawing of 

the organism 

Drawing of the 

organism is 

unclear and lack 

of finer details. 

Drawing of the 

organism is 

clear but lack of 

finer details. 

Drawing of the 

organism is 

clear and has 

finer details. 

Description  

No evidence 

of description 

of the 

organism  

Description of 

the organism 

does not match 

the drawing. 

Description of 

the organism 

does not exactly 

match the 

drawing. 

Description of 

the organism 

matches the 

drawing. 

Structure 

and 

function 

Nutrition 

No evidence 

of relation 

between 

structure and 

function 

The organism 

cannot consume 

nutrients with 

its modelled 

structures. 

The organism 

hardly 

consumes 

nutrients with 

its modelled 

structures. 

The organism 

consumes 

nutrients easily 

with its 

modelled 

structures. 

Defending from 

predators 

No evidence 

of relation 

between 

structure and 

function 

The organism 

cannot protect 

itself from its 

predators with 

its modelled 

structures. 

The organism 

hardly protects 

itself from its 

predators with 

its modelled 

structures. 

The organism 

can protect 

itself easily 

from its 

predators with 

its modelled 

structures. 

Communication 

No evidence 

of relation 

between 

structure and 

function 

The organism 

cannot 

communicate 

with its 

modelled 

structures. 

The organism 

can hardly 

communicate 

with its 

modelled 

structures. 

The organism 

can 

communicate 

easily with its 

modelled 

structures. 

Mating 

No evidence 

of relation 

between 

structure and 

function 

The organism 

cannot find a 

mate with its 

modelled 

structures. 

The organism 

hardly finds a 

mate with its 

modelled 

structures. 

The organism 

can find a mate 

easily with its 

modelled 

structures. 

Habitat 

No evidence 

of relation 

between 

structure and 

function 

The organism 

cannot survive 

with its 

modelled 

structures in its 

habitat. 

The organism 

hardly survives 

with its 

modelled 

structures in its 

habitat. 

The organism 

can survive 

easily with its 

modelled 

structures in its 

habitat. 

Total Score é/24     
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APPENDIX 7 

Great Design Task Draft Drawing 

Name of your Team: éééééééééééééééé 

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 

Steps 

0 1 2 3 

Identify the 

need/problem 

The need/problem was 

not identified. 

The need/problem was 

defined superficially. 

The need/problem was 

identified. 

The need/problem was 

identified clearly with all 
details.  

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 

need or the 

problem 

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.  

It was not defined how 

the collected 
information would be 

used to solve the 

need/problem. 

It was superficially defined 

how the collected 

information would be used to 

solve the need/problem.  

It was defined how the 

collected information 

would be used to solve 

the need/problem. 

It was clearly defined in 

detail on how the collected 

information would be used 

to solve the need/problem.  

Develop 

possible 
solution(s) 

No solution was 

proposed for the 
need/problem. 

The proposed solution for 
the need/problem was met 

the some of the criteria and 

constraints.  

The proposed solution for 
the need/problem was met 

most of the criteria and 

constraints.  

The proposed solution for 
the need/problem was met 

the all the criteria and 

constraints.  

No blueprint drawn for 
proposed solution. 

The blueprint was reflected 

the solution proposal 

superficially. 

The blueprint was 

reflected the solution 

proposal. 

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 
prototype 

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 criteria and 

restrictions for the 
model/prototype were 

not used. 

The materials that meet part 
of the criteria and restrictions 

for the model/prototype were 

used. 

The materials that meet 

most of the criteria and 

restrictions for the 
model/prototype were 

used. 

The materials that meet all 
the criteria and restrictions 

for the model/prototype 

were used. 

Test and 
evaluate the 

solution(s) 

It was not tested how the 

model/prototype solves 

the need/problem. 

The model/prototype was 

tested how it would solve the 
need / problem. Test results 

were not analyzed. 

The model/prototype was 
tested how it would solve 

the need/problem. Part of 

the test results were 
analyzed  

The model/prototype was 
tested how it would solve 

the need/problem. All the 

test results were analyzed 
completely. 

The data related to the 

test results were not 

explained by using 
scientific language. 

Part of the data related to the 

test results were partly 

explained by using scientific 
language. 

Most of the data related to 

the test results were 

explained by using 
scientific language. 

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. 

Redesign 

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 

improved in the light of 
the data and feedbacks 

from the test results and 

the communication of 
the solutions. 

The design was partly 

improved in the light of the 
data and feedbacks from the 

test results and the 

communication of the 
solutions. 

The design was improved 

in the light of the data and 
feedbacks from the test 

results and the 

communication of the 
solutions. 

The design was optimally 

improved in the light of the 
data and feedbacks from the 

test results and the 

communication of the 
solutions. 

Total Score é/48    
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APPENDIX 9 

Biomimicry STEM Activity Reflective Evaluation Form 

Write your answers to the following questions in the gaps. You can add drawings to explain. You can use the 

backside of the paper or a separate paper for your drawings.  

1. What kind of difficulties did you face when designing your model / prototype? 

..................................................................................................................................................................................... 

..................................................................................................................................................................................... 

2. How did you overcome these difficulties? 

..................................................................................................................................................................................... 

..................................................................................................................................................................................... 

3. What did you learn in this activity? 

..................................................................................................................................................................................... 

..................................................................................................................................................................................... 

4. What did you do to improve your model/prototype?  

..................................................................................................................................................................................... 

..................................................................................................................................................................................... 

5. What did you like in this activity? 

..................................................................................................................................................................................... 

..................................................................................................................................................................................... 

6. What did you dislike in this activity? 

..................................................................................................................................................................................... 

..................................................................................................................................................................................... 

7. Explain how did you work as a team? 

..................................................................................................................................................................................... 

..................................................................................................................................................................................... 

8. What would you like to change in this activity? 

..................................................................................................................................................................................... 

.....................................................................................................................................................................................  
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APPENDIX 10 

Drawings and Created Imaginary Organisms 

 Introducing the imaginary organism 
Modelling the imaginary 

organism 

Presentation of the 

imaginary organism 

T
e

a
m

 1
 

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 Geckoôs 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. 

 
 

T
e

a
m

 2
 

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. 

 
 

T
e

a
m

 3
 

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 

Babacanôs 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. 

 

 

T
e

a
m

 4
 

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. 

 
 

T
e
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m

 5
 

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. 

 
 

T
e

a
m

 6
 

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.  
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APPENDIX 11 

Sample Drawings of Great Design 

  
Team 3 

Blueprint of the Trap 

Team 4 

Blueprint of the Batôs Ear Headset 
  

  
Team 5 

Blueprint of the Sew-burry 
Team 5 

Blueprint of the Hook 

  


