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Abstract

Biomimicric implementations provide positive contributions to the development of many
abilities such as problem solving, creative thinking and productivity by enabling students to
look at nature from a different perspective. For this reason, in this study, it was investigated
how the biomimicric applications of the macro, micro, and sub-micro nature of freshwater
creatures were reflected in their arguments with special gifted students. The research was
planned as a summer workshop in an institution that teaches with special gifted students in
Ankara in the 2017-2018 academic year, and was carried out on the basis of case study from
qualitative research patterns with eight gifted students. In a two-stage study, gifted students
conducted microscopic and literature research on freshwater creatures in the first stage and
made drawings about the macro, micro, and sub-micro nature of living things. In the second
phase, they discussed their biomimicric prototypes in groups and explained them with their
arguments. In the study based on document analysis, the data were obtained from students'
worksheets and analyzed by content analysis. As a result of the research, it can be said that the
concept images of gifted students develop with macro, micro, and sub-micro drawings and the
quality of the arguments they construct has become more qualified during the process, and the
application contributes to their creative and analytical thinking.

Keywords: Gifted students, science education, biomimicry, creativity, blending

Introduction

Countries that are in competition in science and technology have given more importance to the
education of gifted students in their education policies in recent years. For nearly a hundred
years, researchers have been trying to understand, define and measure the concept of special
ability. (Subotnik et al., 2011). The concept of special talent is a sociological as well as a

psychological concept. For this reason, the definition of special talent varies between
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individuals, between disciplines and societies. (Sak, 2017). Special gifted students are defined
as "students who have extraordinary potential ability in at least one of the fields of general
mental, special academic, creative-productive, leadership, art or psychomotor or who have
achieved extraordinary success in at least one of these fields" (Sak, 2017). Again, gifted
students can make a difference in creativity with their superior memory abilities and strong
imagination, can use their knowledge effectively for different situations and be highly
motivated for challenging tasks (Cavilla, 2019). In this respect, the education of these students,
who can have a positive effect on the development levels of societies due to their characteristics,
should be outside the standards. Therefore, two important features come to the fore in the
education of gifted students. One of these is the acceleration of the higher level comprehension
of gifted students, the other is the enrichment to provide mental development for these students
who are outside the normal distribution (Renzulli, 2012).

Acceleration is based on taking into account the rapid development of gifted students and
passing their classes earlier than their peers. Since only mental development is taken into
account in this practice, the most commonly thought negative effect is that the student may
experience physical, social and emotional problems. The student cannot meet the
communication needs with their peers. Besides these negativities, the best part of speeding up
is that it does not allow the child to get bored (Darga, 2018). Enrichment, on the other hand, is
a strategy used to diversify educational opportunities and curriculum and to extend education
beyond the content of the general education program (Schiever & Maker’dan akt., Sak, 2017).
Enrichment types can be carried out with the transfer of course contents from upper classes,
using the remaining time for different disciplines by narrowing the curriculum, long-term
hands-on independent studies, field trips or after school programs (Sak, 2017). Thus,
enrichment will help meet the needs of specially gifted students (Brevik vd., 2018). However,
in the literature, it is seen that there are some myths about the education of gifted students. For
example, it is emphasized that these students are already talented, there is no need for extra
education for them, and they can improve themselves in any environment (Ataman, 2018). On
the other hand, the continuity of special talent is the other myths in the education of gifted
students in the literature where intelligence can be measured directly, special talent can be
detected with a single scale, creativity cannot be measured, and gifted students do not have
social and emotional needs. It is important common myths in the instructional context that
differentiation from the myths in the literature can replace special talent programs, that there is
only one curriculum for gifted students, and that the teacher can overcome the education of
gifted students alone in normal classrooms (Borland, 2009; Hertberg-Davis, 2009; Kaplan,
2009; Reis & Renzulli, 2009; Sisk, 2009; Sunde-Peterson, 2009; Treffinger, 2009; Worrell,
2009). Contrary to these myths, gifted students need education in teaching environments
enriched with their analogous peers who show high performance in subjects they do not see in
their regular schools (Rogers, 2007).

When the enrichment / differentiation studies conducted in the literature in the education of
gifted students were examined, Kim (2016) evaluated the effectiveness of enrichment programs
developed for gifted students between 1985 and 2014. In the meta-analysis of 26 studies, it was
determined that mostly enrichment environments have a positive effect on the academic
achievement and socio-sensory development of gifted students. Again, Altintas and Ozdemir
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(2015) found that the academic achievement of gifted students who received differentiation-
based education was higher than the students in the control group. In another study, it was
determined that enrichment activities positively contributed to the scientific literacy levels of
gifted students (Komek et al., 2015). In another study, it was shown that the STEAM-based
enrichment program significantly improved the creative thinking abilities and emotional
intelligence of gifted students at the primary level (Oh et al., 2016). Tiiziin and Tiiysiiz (2019a)
found that the black-box experiments they use as an enrichment medium in the education of
gifted students contribute positively to the development of their critical thinking abilities. It is
understood from the studies conducted in the literature that the enrichment environments
integrated into the education of gifted students contribute positively to their cognitive and
affective development. Gifted students can find the environment in which they can show their
high-level qualities and develop these qualities in science lessons (Taber, 2007) because
enrichment environments that develop their abilities, interests and motivations to do science in
the real world and provide a full understanding of scientific concepts can be offered to them. .
However, enrichment environments prepared in science are very important for gifted students
to acquire scientifically correct images, conceptual pictures, and scientifically correct
submicroscopic perception. Because, learning becomes difficult when submicroscopic
perception is not developed (Nakhleh, 1992). In addition, although it is difficult to define,
determine and evaluate creativity, developing creativity, which is shown as one of the most
important abilities of the 21st century in the education of gifted students, should not be ignored
(Robinson et al., 2014). In this way, it can be thought that the granular nature of the concepts
of science can be processed with the superior creativity abilities of gifted students, and they can
contribute to both their reinterpretation of these concepts and the development of their own
creativity features. Related to this, a gifted student designing a meteor detection device using
his own creativity from the organism structure examined under the microscope of Daphnia
creature can be cited (Tiiziin & Tiiysiiz, 2019b). Studies in the literature emphasized that
enrichment environments in science education are important in supporting the cognitive and
affective development of gifted students (Stake & Mares, 2001). For example, in their study,
Erdem-Giirlen and Ozdemir (2019) determined that when sixth grade students with special
talent process the electricity transmission unit with an enriched education program, they
contribute positively to the students' scientific process abilities development and their success
increases. Again, the participants stated that they enjoyed the enrichment program more because
of the activities they had not encountered before. In another study, it was determined that the
enrichment education, which was realized by integrating the STEM approach of gifted students
into the 5E model, positively contributed to the scientific creativity, scientific process abilities
and engineering abilities of the students (Ayverdi, 2018). However, in the literature, it is stated
that the number of enrichment studies for science education of gifted students is insufficient
(Dénmez & Idin, 2017) In this respect, the ability of gifted students, who will assume the most
important role in the scientific and economic development of countries, to learn science
concepts at high level, it is more It requires further enrichment studies.

In this research, enriched applications that are created by blending the macro, micro, and sub-
micro nature of freshwater creatures for students with special abilities; their effect on creating
concept images and developing their creativity based on biomimicric of freshwater creatures
has been investigated. In this context, "How can the concept images and creativity of gifted
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students be developed in an enriched science teaching environment?" and "How to monitor the
creativity development of gifted students in biomimicric-based enriched science teaching
environment?" research questions were sought. It is thought that the detailed description of the
research process will contribute to guiding researchers and teachers working in the field of
education of gifted students to construct their teaching environments in a similar way.

Method

Research Design

In this study, one of the qualitative research methods, case study design was used. Case study
is defined as “the method in which one or more events, settings, programs, social groups or
other interconnected systems are examined in depth” (Biiyiikoztiirk et al., 2010, p. 20). While
examining the situation under study in depth, it is very important to study the context of the
situation and to examine its relationship with connected systems (Stake, 1995). In this study,
the process of enhancing the concept images and creativity in enriching the teaching
environments of gifted students was determined as a situation to work in depth.

Participants

The study was planned as a summer workshop in the 2017-2018 school year, and was carried
out with a total number of eight volunteer students at the age of 10 (six girls and two boys) in
an institution offering education for gifted students in Ankara, Turkey. The participants were
selected via purposive sampling method.

Data Collection and Analysis

Worksheets were used as data collection tools in the data collection process. The worksheets
used in the first stage are worksheets that enable gifted students to draw by blending macro,
micro, and sub-micro nature of freshwater creatures. An example of the worksheets used in the
first stage is presented in Figure 1.
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Please, draw blending macro, micro, and sub-micro nature of a shrimp.

Please, explain your drawing below.

Figure 1. A sample activity sheet in the first stage

The worksheets used in the second stage are worksheets that enable students to draw
biomimicric drawings inspired by the organisms of freshwater creatures and then construct their
arguments about their biomimicric designs. An example of the worksheets used in the second
stage is presented in Figure 2. In addition, gifted students noted their views on the activities in
one sentence on their worksheets.

Please, make biomimicric drawings of your inspiration by the nature of shrimps.

Please, construct your arguments below:

1. Assumption :
2. Data

3. Rationale

4. Support

5. Disproof

Figure 2. A sample activity sheet in the second stage
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The content validity of the data collection tools was checked by four experts in field education,
and the reliability was ensured by the harmony between the data analysis.

The data collected in the study were analyzed by content analysis. Content analysis can be
defined as a set of methodological tools and techniques applied to a wide variety of discourses.
These tools and techniques gathered under the name of content analysis can be described above
all as a controlled interpretation effort and generally as a deductive "reading" tool. This reading
is based on the analysis of discourse examples with defined boundaries (Bilgin, 2006).

* The drawings made by the students by blending macro, micro, and sub-micro nature
were coded under the specified categories and frequency-percentage calculation was
made.

* In arguments structured by students, Toulmin (2003) argument model components
(claim, data, reason, support, rebuttal) were taken as codes, combinations of these codes
with those in the student worksheets were calculated on the basis of the structures
argumentation levels and the quality of the arguments was determined ak (Erduran et
al., 2004).

* In the literature, the claim code Level 1, data, justification or support codes in addition
to the claim code, Level 2, Level 2 codes as well as weak rebuttal code Level 3, Level
2 code as well as Level 4, Level 2 codes The rebuttal codes are structured as Level 5
(Erduran et al., 2004).

Implementation process activities and information about the process are given in Table 1.

Table 1. Implementation content
Session Content

1 Introducing students to basic concepts:

Explanation of the macro, micro and sub-micro nature of matter with examples.
Explaining the holistic images that will be revealed by blending the macro-micro-
submicro nature of freshwater creatures (Atasoy, 2004). Explanation of
argumentation worksheet applications (Toulmin, 2003) and the activity process.
2 Introducing the use of pocket microscope.

Explanation of biomimicric applications with examples:

Speed train inspired by the beak of the bird

Self-cooling buildings inspired by termite nests

Helicopter inspired by dragonfly

Sunshades made from orchid

Jellyfish water purifiers

Shrimps activity

Snail activity

Fish activity

Leech activity

Frog larva activity

Freshwater pinworm activity

Algae activity

OoNO|OID|W
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The procedure of the activities was as follows:

Stage one:

e to observe the creature in its natural habitat
e examination of the creature preserved in ethyl alcohol by pocket microscope
o literature on the sub-micro nature of living things

making macro, micro, and sub-micro drawings of the living creature on the work sheet

Stage two:

a. Student group discussions

In these discussions, students followed their own and their friends' thinking by presenting their
arguments about the functions of biomimicric designs inspired by the organism of the creature
in their minds, and supported or made counter-arguments to each other's arguments.

b. Drawing the biomimicric designs on the worksheet

Students also individually structured the function of biomimicric designs on the worksheet as
an argument on the basis of Toulmin's (2003) argument model components.

Findings
Gifted Students’ Abilities of Blending Macro, Micro, and Sub-Micro Nature

The drawings of gifted students about blending the macro, micro, and sub-micro nature of each
freshwater creature were coded and then categorized and frequency-percentage calculation was
made. Accordingly, the drawings that contain all the codes of depicting any molecule in a living
thing, depicting the microscopic image of the living thing, and depicting the living thing are
included in the full scientific drawing category. Drawings that contain the code of depicting the
living thing, but also either contain the code for depicting the microscopic image of the living
thing or that contain the code for depicting any molecule in a living thing, are partially classified
as scientific drawing. In addition, the code of depicting the living thing and the code of depicting
the microscopic image of the living thing, as well as the code for the incorrect depiction of any
molecule in a living thing, are partially included in the scientific drawing category. In case the
drawing only contains the code of depicting the living thing, the category of insufficient
drawing is applied.

In addition, at the end of the literature, gifted students used the B vitamin molecule for shrimp,
ziconotide or genuanine molecule for water snail, vitamin A or ammonia molecule for fish,
human blood hemoglobin for leech, melanin or methane molecule for frog larva, fresh water
hair. They decided to paint the protein for the worm and the cellulose molecule for the algae.
Since some molecules are very complex and although participants have passed abstract thinking
earlier than their peers with special talent, the participants' portrayal of one or two specific
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functional groups in the molecule was considered a sufficient code for the full scientific drawing
category. The categories, frequency (f) and percentages (%) obtained are given in Table 2.

Tablo 2. Gifted Students’ Abilities of Blending Macro, Micro, and Sub-Micro Nature

Full Partial Yetersiz cizim

Freshwater Scientific Scientific
creatures drawing drawing

% % %
Shrimps 37.5 62.5 -
Snail 50.0 50.0 -
Fish 87.5 12.5 -
Leech 50.0 50.0 -
Frog larva 50.0 37.5 125
Freshwater 62.5 25.0 12.5
pinworm
Algae 50.0 50.0 -

When Table 2 is examined, the percentage of gifted students who make full scientific drawings,
that is, blend the macro, micro, and sub-micro nature of living things, did not fall below 50%
in other activities, except for the first activity. Therefore, it can be said that students are
sufficient in forming a concept image. The first activity can be considered as the process of
getting used to. In addition, in the mini semi-structured interviews held with the students before
the application, it was observed that the students did not have microscopic visual experience of
living things and they did not know the molecules in living things. From here, it can be said
that students' concept images developed in the process.

Sample drawings from student worksheets are presented in Figures 3, 4 and 5 in order to
strengthen the findings given in Table 2.

Figure 3. Full scientific drawing of algae by gifted student, S1.
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: Smuo

Figure 4. Partly scientific drawing of a gifted student with the code of S7 on fresh water
pinworm (In the molecule, the amine functional group is correctly portrayed, but the carboxyl
functional group is wrong.

Figure 5. The insufficient drawing of the gifted S5 student about frog larvae
(The molecule is not pictured.)

Arguments Structured by Gifted Students on Biomimicric Designs

First of all, a description was made of the biomimicric designs that the gifted students
constructed for freshwater creatures. Findings are presented in Table 3.
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Tablo 3. Biomimicric Designs of Gifted Children

8(2), 604-621.

Student | Shrimps | Snail Fish Leech Frog larva | Freshwater | Algae
pinworm
S1 Garbage | Vacuumed | Fish Surgery Cleaning Nano-robot | Water
collector | bac collector | robot robot chlorinating
boat ship robot
S2 Space Caravan Magnetic | Smell Laughter | Water Fish nest
ship scanner vacuuming | device collector
S3 Shopping | Surgery Airplane | Vacuum Earthquake | Hook Sea
basket tool cleaner safety robe garbage
collector
S4 Lost TV Poisonous | Vacuum Medicine | Bacteria Home robot
property | antenna gas cleaner dosage collector
finder collector adjuster robot
rabot
S5 Sheltered | Mobile Sheltered | Medicine | Sea Surgery Sea
vehicle pharmacy | sea robot garbage robot garbage
vehicle collector collector
S6 Dust Fly Exploring | Surgery Surgery Nano-robot | Hazardous
cleaner collector | submarine | recording | tool water
device plants
collector
S7 Garbage | Dust - Surgery Cleaning Nano-robot | Feet
collector | collector robot robot defender
submarine | robot water robot
S8 Car Mini car Under- Blood Under- Horse See-weed
water purifier water man
camera camera

Table 4 presents the findings obtained by analyzing the arguments that gifted students have
structured on biomimicric designs through content analysis.

Table 4. Analysis of the arguments that gifted students have structured about their biomimicric

designs
Freshwater %
creatures Level 2 Level 4

- AD AR ADR ADU ADRU

Shrimps 12.5 12.5 75.0
Snail 25.0 37.5 37.5
Fish 12.5 375 50.0
Leech 62.5 37.5
Frog larva 12.5 25.0 25.0 375
Freshwater 12.5 12.5 50.0 25.0
pinworm
Algae 12.5 25.0 50.0
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In Table 4, Toulmin argument model components are used as assumption (A), data (D),
rationale (R), support (S) and unproof (U) codes, combinations are made with existing codes in
student arguments, the categories are leveled and the frequency (f )-Percentage (%) calculations
have been made. For example, an argument in the IVVD category in Table 4 contains the claim,
data and justification codes from the Toulmin argument model components. Likewise, an
argument in the category of IVGC includes claim, data, justification and rebuttal codes from
the Toulmin argument model components. In Table 4, the quality of IV, IG and IVD arguments
is defined as Level 2, and the quality of IVF and IVAF arguments as Level 4. There is no Level
1 category in Table 4, as there is no category consisting only of claims. In addition, there is no
Level 5 category, as students do not have the status of submitting weak rebuttal to their claims,
data, justifications, supports, and Level 3 category, claim, data, reason, and support. In Table
4, 75.0% for the first activity, 75.0% for the second, 50.0% for the third, 37.5% for the fourth,
37.5% for the fifth, 25.0% for the sixth, and the last 50.0% of them structured level 4 quality
arguments. From here, it can be said that gifted students can make a robotic design (claim)
using the organism (data) of each living thing, construct a function, function (justification) of a
limb of an organism in their robotic designs (justification), and question situations where
robotic design may be inadequate (refutation). However, the students were insufficient in
providing support for their justifications, that is, constructing different functions and functions
to different limbs of the creature in their robotic designs. It is here that the students' claims are
contributed to the development of their creativity by providing data justification and refutation;
it can be said that the quality of students' arguments is Level 4. Sample drawings and arguments
from student worksheets are presented in Table 5 to support these findings.

Table 5. Sample biomimicric designs and arguments of gifted students

The argument of the gifted student coded S2:

My biomimicric design is spacecraft (claim).

| designed a spacecraft similar to the organism of the shrimp

/ (data).

e There are experiments on the arms of the shrimp, and there are
different experiments on each arm (rationale).
If the software of my spacecraft is corrupted, the execution of
the experiments | designed in space will be unfinished
(refutation).
The argument of the gifted student coded Sé6:
My biomimicric design (that can be used at home) is a snail-
swallowing snail machine (claim).
I was inspired by the snail organism (data).
Mosquitoes go towards the snail with light in its mouth at
night.
The machine stores them alive, and then the mosquitoes are
released into nature (justification).
Mosquitoes cannot be collected (rot) if the software of the
machine is corrupted.
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The argument of the gifted student coded S2:

My biomimicric design is a fish scanner (claim).

I made a design similar to the fish's organism (data).

| cover the surface of the fish with metal-sensitive sensors, for
example when the magnetic perception of the magnet changes,
the detector sounds (justification).

The argument of the gifted student with code O1:

My biomimicric design is the surgical robot (claim).

It looks like the organism of the leech (data).

It has a functional tip and a camera (justification).

If the software crashes, my robot will also not be able to
complete the surgery (bruising).

The argument of the gifted student with S3 code:

My biomimicric design is rope (claim).

| was inspired by the organism of the frog's larva (data).

It saves lives in earthquakes with sensors sensitive to sound
and temperature (justification).

The argument of the gifted student coded S4:

My biomimicric design is a robot collecting bacteria (claim).
Similar to the organism of a pinworm (data).

It collects harmful bacteria in the body with its hook during
operations (justification).

If the selectivity of the software is not good, my robot may
also collect beneficial bacteria (rot) despite the software.

The argument of the gifted student with code O1:

My biomimicric design is a water robot (claim).

Similar to algae organism (data).

Thanks to the software, it makes chlorination from the ends
(justification).

If my software crashes my robot will not work either (rot).

Result, Discussion, and Suggestions

In this study, the processes of developing creativity by specially talented students creating a
concept image by blending the macro-micro-submicro nature of freshwater creatures, depicting
biomimicric designs inspired by living things and structuring their designs as arguments were
investigated.

As indicated in the content given in Table 5, the students questioned the organisms and
determined the behavior, functions and other characteristics of an organism and structured their
designs on them. Here, like a designer, students firstly defined what the content is, and
discovered natural models for design. The process done here overlaps with the engineering
design process in the STEM approach. In the STEM approach, it is emphasized that practices
such as research and inquiry by students, developing problem solving and critical thinking
abilities, and creating an original product design in collaboration using effective
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communication abilities make significant contributions to the development of 21st century
abilities (Kong, YT, & In-Cheol, J. 2014).

It can be said that gifted students are creative in forming concept images from the analysis of
their drawings. In the literature, Atasoy (2004) states that the importance of creating an image
in students is extremely important in science teaching primarily in order to have an accurate
perception of the nature of science. He emphasizes that acquiring an image about concepts in
science teaching will cause the concepts to be remembered more easily, that student images
also reflect their creativity and such practices contribute to the development of their creativity
(Atasoy, B., Kadayif¢i, H., & Akkus, H. 2007). The fact that the students' macro-micro-
submicro perception of freshwater creatures was studied with the applications made in the
study, in fact, formed the theoretical basis for the images they will use in their biomimicric
designs based on their creativity. In this context, the application process includes a spiraling in
order to develop images and creativity.

In the development of creativity, the literature suggests teaching students to identify and explain
problems and new ideas, reorganize information, seek alternatives purposefully, evaluate ideas
and solutions, and follow themselves (cited in Runco & Nemiro, Robinson et al., 2014). In this
study, as a problem situation, the students were presented to develop biomimic designs from
the organisms of living things in habitats, they were experienced group discussions in
organizing information and looking for alternatives, and they were provided with argument
structuring to evaluate ideas and criticize their own thinking processes. According to the
findings obtained from the determination of the quality of the arguments structured following
the biomimicric designs of the students in the study, on the basis of the components of the
Toulmin argument model, it can be said that the development of creative thinking abilities was
contributed (Aljarrah, 2017; Hennessey, 2005; Hertzog, 2003; Jamali, 2019; Nicholas, & Ng,
2008). It can also be said that this whole process plays an active role in developing creativity
as a whole (Avct, 2019).

In addition, it is stated in the literature that such practices have a positive effect on students’
motivation, especially as they enrich the educational environment (Fortus & Vedder-Weiss,
2014). These activities, especially in the classroom, increase the interest of students by
facilitating their learning in different areas and make the lessons fun (Demircioglu, Ozmen &
Demircioglu, 2004; Gelici & Bilgin, 2011).

Some of the expressions in the worksheets of the students about the applications show that they
learned by having fun in the process. For example;

O1 coded student said, “I had not studied these creatures with a microscope before. The process
was very enjoyable to me. | learned better by studying and researching the dimensions of the
creature that | can see and cannot see. "

02 coded student "The process of learning by drawing was very enjoyable because visual arts
is my hobby."

03 coded student "I learned by having fun in the process of examining freshwater creatures and
making robotic designs."
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04 coded student "The learning process also made me happy."

O5 coded student said, “It made me very happy that freshwater creatures are in the learning
process. | love animals."”

06 coded student "I learned by having fun in the process."

07 coded student "The learning process felt very different to me." They summarized the process
with their statements.

Thanks to the detailed description of the process, this research is expected to guide researchers
and teachers working in the field of education of gifted students in terms of structuring teaching
environments similarly.

However, it is obvious that there is a need for teaching environments where students can
actively participate in the teaching process, use their imagination abilities, make original
designs and showecase their creativity. It is extremely important to enrich the teaching
environment by including studies that encourage students to research, produce and make
inventions and reveal their talents and interests in these subjects.

Biomimicric applications in schools will increase students' interest and curiosity in nature and
contribute to the development of engineering process abilities by making positive effects on
their creativity abilities, which are among the 21st century abilities. At the same time, such
studies should provide opportunities for students to develop their potential abilities to develop
their creativity and design new technological products, inspired by nature in a real world,
beyond the walls of the school.
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