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Abstract

This study aims to describe the validity of the SiPjBL model developed from the PjBL model based on the development
needs and the sophistication of science. The method in this study is the development method of Borg and Gall, which is
modified according to the needs of model development. The data collection technique is carried out using the model
validation method. This research instrument uses a model validation sheet. The validation sheet contains statements that refer
to aspects of development needs and aspects of the sophistication of science. Three validators then fill in the validation sheet
according to their respective fields of expertise. Data analysis is carried out quantitatively descriptively by calculating the
score on each component of each aspect of the model. The validation results by three validators obtained an average score of
3.92 with a very valid category, and the percentage of the feasibility of the SiPjBL model reached 97%. Thus, the SiPjBL
model is feasible to implement in higher education's learning process.

Keywords: validity, SiPjBL model, scientific creativity.

INTRODUCTION

Along with advances in science and technology, educators must be able to adapt and compete in
creating learning innovations to solve problems, create new things, and make life easier. This aligns
with the objectives of the Industrial Revolution 4.0 (Rahayu et al., 2022; Wibowo, 2023). With the
advent of this era, humans are required to have various skills to produce various scientific and
technological innovation products, especially in the world of education (Andres & Rosalinda, 2023).
For individuals who are not creative, the complexity and diversity of problems resulting from
scientific and technological innovation can become obstacles and threats to their survival (Suradika.,
Dwi., 2023). However, for creative individuals, each of these problems can inspire creative ideas for
success in life and career. The development of scientific creativity is an alternative to facing the rapid
development of science and technology in formal and non-formal institutions or on a local and global
scale (Maharani Putri Kumalasani & Kusumaningtyas, 2022). The development of scientific creativity
can start from within the classroom when we teach (Mukhopadhyay, 2013; Ayas et al., 2014). The
products of scientific creativity can be ideas or real work (Sidek et al., 2020). The product of scientific
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creativity, whether in the form of technology or creative ideas, turns out to be a double-edged sword.
Technology can lead to benefits or destruction or positive benefits for life; this depends on each
individual’s personality. Technological development must be accompanied by human development;
humans have an essential role in directing technology or are holders of total authority over
technological obstacles. Developing people will make it easier to welcome society 5.0 (Andayani,
2020).

Scientific creativity is one part of 21st-century skills known as the 4 C skills (Critical thinking,
Creative thinking, Communication, and Collaboration) (Wahyuni & Rahayu, 2021). Among all the
competencies mentioned, creative thinking is a core part of scientific creativity (Cirkony, 2023).
Thinking creatively plays a vital role in learning, especially in physics learning, because this helps
students analyze and solve problems related to scientific phenomena scientifically (Hu & Adey, 2010).
Scientific creativity in the context of physics learning involves students’ ability to analyze scientific
phenomena, build in-depth scientific knowledge, solve scientific problems, the ability to think
creatively, improve the ability to design products, and improve the technical quality of products. With
several aspects of scientific creativity, students can better understand and apply physics concepts to
the real world (Hu & Adey, 2002).

However, the research results show that students’ scientific creativity is still relatively low. On a
national scale, the low level of scientific creativity is shown by the 2018 and 2022 P.I.S.A. results as
well as the O.E.C.D. report, which shows that Indonesian students’ mastery of science is in the
understanding level category (PISA, 2023; Pusat Penilaian Pendidikan Balitbang Kemendikbud,
2019). To master scientific creativity, students must at least be at the analytical level. Apart from that,
preliminary research results from 2022 to 2023 were on 30 physics education students at the Islamic
University of Madura (UIM) Pamekasan, with results as shown in Figure 1.
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Figure 1. Initial research results diagram

Based on the preliminary research results above, the indicators of scientific creativity, especially
flexibility and originality, are relatively low, with an average score of 9.1 and 2.0 from a maximum
score of 4.0, equivalent to 100 if converted into tens. This research's results align with the study
conducted by P.I.S.A., which was previously explained.
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Previous researchers have made several efforts, such as those conducted by Prahani et al., (2021) and
Suyidno et al., (2018) However, there are still limitations, including that students have not been
taught how important it is to master knowledge before solving problems and the importance of
management—the time during the scientific investigation. Based on the results of the study, experts
have agreed upon the importance of knowledge that students must master, including Arend, (2012),
Moreno, (2010), and Slavin, (2015). Several experts recommend a meaningful learning process, while
a meaningful and authentic learning process can be built from the learning model used. In this
research, we develop a learning model as a solution to the problem of students’ low scientific
creativity. The learning model developed is a project-based learning model that is enhanced with the
scientific creativity model, called scientific creativity project-based Learning (SiPjBL).

This research is supported by previous research, which shows that prior knowledge can help students
solve problems, especially those related to project-based learning, can improve their ability to think
systematically and structure, can improve their ability to make products technically, and ultimately
can solve problems with scientific reasons for every activity they do. This research aims to produce a
valid and reliable SiPJBL model learning tool.

METHOD

This research was conducted on undergraduate physics education students at universities in East Java,
Indonesia. The research sample was 90 students taking introductory physics courses. The
development of the SiPjBL model is based on adopting the development model of Borg & Gall,
(1983). The development flow is as in Figure 2.

[ Needs analysis ] |::>[ Model development ]
Implementasi <: [ Validation ]
model SiPjBL

Figure 2. SiPjBL model development flow

Based on Figure 2 above, before being developed, the SiPjBL learning model first carried out a
learning needs analysis. This was done to discover the strengths of creating the model and the learning
tools that accompanied the model. After obtaining data from the needs analysis, a PjJBL model was
studied to find its limitations. After the survey, the model syntax and learning tools that support the
model are developed after the study. The model and learning tools, including model books, are
validated in the final stage. In the final stage, a learning model is implemented to increase the
scientific creativity of physics education students.

The instruments to validate the SiPjBL model are model validation sheets and learning tools. The
feasibility of the model and learning tools was assessed by three validators who are experts in physics
learning and learning tool development. The validity assessment of learning models and tools uses a
scale range of 1 to 4 with minimum valid criteria at a score of 2.5 from a maximum score of 4.0. The
data analysis technique in this research is collecting model validation data and supporting devices.
After validation, the data is analyzed by calculating the score obtained using the formula:

Score obtained

Score = . X 4
Maximum score
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The results of the validation score calculation are then adjusted to the validity score criteria as in
Table 1.

Table 1. Data validity criteria

Score Intervals

Assessment criteria

3,25-4,00 Very valid
2,50-3,25 Valid
1,75-2,50 Poor Valid
1,00 - 1,75 Not valid

Adapted from Sumo et al., (2024)

A learning device's reliability is valid if the reliability value reaches a minimum of 60% (Prahani et al.,
2021). After obtaining data on the validity of the model and supporting devices, the reliability
percentage is calculated using the formula:

R= (1-(A-B)/(A+B)) x 100%
Information:
R: Percentage of instrument reliability
A: Highest score
B: Lowest score

RESULTS

The results of this research are a valid and reliable SiPjBL model learning tool. The results of the
revisions from the three validators are in the form of suggestions and improvements. These
suggestions and improvements are used as a reference for researchers to improve learning tools to
reach a minimum valid and reliable category. The results of suggestions and improvements to the
SiPjBL model learning tools by the three validators are presented in Table 2.

Table 2. Suggestions and Improvements to the SiPjBL model

Suggestions

No Analysis results from three experts

Repair

The goals of the SiPjBL model are outlined
against both instructional goals and sender
impact goals.

The objectives in the SiPjBL model have been described into two
objectives, namely instructional objectives which were included in the
research, and companion impact objectives which were not examined
in this research.

It is recommended that phase 1 of the
SiPjBL model syntax be able to explore
student knowledge

Phase 1 of the SiPjBL syntax has been improved by exploring students'
knowledge and thinking through scientific phenomena

In the syntax of the SiPjBL Model, it is best
to write down the objectives to be achieved
for each phase

Each phase in the SiPjBL model syntax has written objectives to be
achieved

Phase 1 is changed according to previous
input.

In phase 1, initially "presenting examples of creative products" was
changed to "creative knowledge exploration".

CPL and CPMK in RPS basic physicsl
with the SiPjBL Model are formulated with
operational verbs in accordance with the
objectives of the model

The CPL and CPMK RPS have been improved with the SiPjBL model,
which is moreoperational and easy to understand

Student Textbook plus Glossary and Index

The design has been supplemented with a Glossary and Index

For scientific creativity tests, the images or
phenomena presented should not be the
same as textbooks, so the impression is not
like memorizing

The images in the Scientific Creativity Test have been changed to fit
the same context.

International Journal of New Trends in Arts, Sports &Science Education
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The suggestions in Table 2 are used to improve the SiPjBL model learning tools. Once corrected, it is
then assessed by three operating validators. The results of the assessment by three validators are as in
Table 3.

Table 3. Results of the SiPjBL Model Validity Assessment

Validity Assessment

Rated aspect

Average Score category
SiPjBL Model: 3.92 Very Valid
Model Development Needs ’
The latest scientific knowledge 3,83 Very Valid
Learning tools: .
Content suitability 3.67 Very Valid
Use of language 3.92 Very Valid
Device design 4.00 Very Valid
Completeness of required information 4.00 Very Valid
Response questionnaire:
New learning models 4.00 Very Valid
Clarity of lecturers in teaching with the SiPjBL model 3.83 Very Valid
Ease of understanding lessons 4.00 Very Valid
Completeness of test instructions 4.00 Very Valid

The validation results are in Table 3. Then the reliability coefficient is calculated and the calculation
results can be seen in Table 4 and Table 5.

Table 4. Learning device reliability results

Aspect Reount R table 0,05 Category
Model Development Needs .999 .997 Valid
Model Development Updates 998 998 Valid

Table 5. Results of reliability statistical calculations

Cronbach’s Alpha N of items

.857 10

Based on the results of the validity analysis of learning tools in Table 5. Learning tools in terms of
model development are very valid. Meanwhile, the sophistication of learning tools with the SiPjBL
model is also very valid. The results of calculating the reliability of learning devices are as follows: R
calculated .999, and R table .997, where R calculated is greater than the table. This indicates that the
SiPjBL learning model has proven to be up-to-date in meeting model development needs. This is
confirmed by the results of statistical tests on the model’s reliability by obtaining a Cronbach’s Alpha
score of .857, more significant than .05. This indicates that the SiPjBL model is feasible and reliable.

DISCUSSION and CONCLUSIONS

Based on the validation results from three validators, the SiPjBL model seen from the content and
construct aspects has met aspects of development needs, while the average score is 3.92 with very
valid criteria. Meanwhile, the model's sophistication aspect has fulfilled the validity aspect with an
average score of 3.83 in the very valid category. Based on this data, all aspects of the SiPjBL model
are categorized as very valid with a validity percentage of 97%, so it is very feasible. This is the
opinion expressed by (Wicaksono, 2020) that scientific creativity cannot just appear, so the role of
lecturers here is very much needed in class management and designing the learning process.

Meanwhile, the reliability of the model and supporting devices is categorized as reliable and valid;
this can be seen from the results of the R count, which is greater than or equal to the R table. This
result is strengthened by the results of statistical tests, which obtained a Cronbach’s Alpha value of
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0.857, which is greater than .05. This means that the SiPjBL model is suitable both in content and
construct to be implemented in the physics learning process to increase scientific creativity. This is
the opinion of Arend, (2012) and Moreno, (2021), Which states that valid and reliable learning
instruments or tools will make it easier for lecturers to practice so that they positively impact
improving students’ high-level thinking. This opinion is in line with (Plomp & Nieveen, 2010) who
stated that instruments that meet the validity aspect will always make it easier for teachers to carry out
the task of the learning process in the classroom.

Conclusions

Based on the results of research on the validity of the SiPjBL model in increasing the scientific
creativity of undergraduate students in physics education, the SiPjBL model developed from the PjBL
model has fulfilled valid aspects. With a validity score reaching 97%, it is very valid. This can be seen
from content validity and construct validity. Together, this development research only reaches the
validity of the model that has been developed; therefore, it is necessary to test the level of practicality
and effectiveness of this SiPjBL model.
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Abstract

Students tend to consider “Chemistry” as a course difficult to perceive. In order to eliminate this perception, we thought that
it would be important to use concept cartoons activities that include interesting and entertaining elements in line with the
abilities of the students. From this point of view, the study aims to investigate the effect of the concept cartoons in teaching
"Liquids" unit on the level of conceptual understanding of the ninth-grade students. The participants of the study included 29
students who were enrolled in a Fine Arts High School in the Aegean Region. The study was designed according to one
group pre-test/post-test modeling. Concept Cartoons Conceptual Understanding Test (CCCUT), Scenario Drawings (SD) and
semi-structured interview were used as data collection tools. The findings of the study revealed that activities based on
concept cartoons made a significant difference in students' conceptual understanding levels. Besides, as a result of the
interviews, we established that the concept cartoons are interesting, increase motivation, create a discussion environment and
encourage students to think came to the fore. Consequently, positive views emerged that concept cartoons provide benefits in
many respects and should be used in courses.

Keywords: Concept cartoons, conceptual understanding level, scenario drawings, liquids, fine arts, high school students.
INTRODUCTION

According to the philosophy of constructivism, knowledge is subjective. Information is interpreted
and structured by the individual (Driver & Erickson,1983; Wittrock, 1974). The quality of this
formation is determined by the individual's current thinking styles. Learning in constructivism is a
process in which the individual actively constructs the new information in the light of his/her existing
knowledge and even uses the creativity of the individual. It is necessary to use learning materials and
activities that will allow the teacher to reveal the mentality of each student in the classroom, to discuss,
inquiry and research for accuracy in the classroom environment during teaching (Driver, Guesne, &
Tiberghien, 1985). Students learn most effectively when they are exposed to a variety of learning
materials. One of the learning materials that are used in students' meaningful learning and encourage
students to engage in active scientific thinking are concept cartoons (Keogh & Naylor, 2000).

Concept cartoons created to reveal students’ ideas about a topic, to challenge their thoughts, and to
support the development of their understanding are a new approach to teaching, learning and
assessing in science (Keogh, Naylor, & Wilson, 1998; Naylor & Keogh, 2013). Concept cartoons,
which are suggested as a way to acquire a constructivist understanding of learning in the classroom,
have been applied by many researchers (Abrahams, 2019; Kusumaningrum, Ashadi & Indriyanti,
2018; Pekel, 2021; Say & Ozmen, 2018; Strande & Madsen, 2018; Yurtyapan& Kandemir, 2021).
These studies indicate that cartoons have high attention-grabbing and motivational features due to

International Journal of New Trends in Arts, Sports &Science Education 199



K""IJTASE ISSN: 2146 - 9466
=TS www.ijtase.net

International Journal of New Trends in Arts, Sports &Science Education — 2024, volume 13, issue 4

their visual nature, significantly increase motivation even in students with learning disabilities, and
create in-class discussions with high active participation.

Concept cartoons are visual tools in which the ideas and discussions of cartoon characters regarding
the cause or solution of an event from daily life are presented in written form through speech bubbles
(Coll, France, & Taylor, 2005; Keogh & Naylor, 2000; Martinez, 2004; Sexton, 2010; Stephenson &
Warwick, 2002). While one of the aforementioned ideas in the concept cartoons contains scientifically
correct knowledge, the other ideas are included statements containing misconceptions or alternative
conceptions (Chin & Teou, 2009; Kabapinar, 2005; Morris, Merritt, Fairclough, Birrell, & Howitt,
2007; Naylor, Downing & Keogh, 2001; Stephenson & Warwick, 2002). The ideas in the cartoon may
be related to the misconceptions or alternative conceptions of the students, as well as different
perspectives on an event or an experiment in daily life. The opinions in question are presented to the
students at different stages of the course, and the students explain their reasons by determining the
appropriate one among them or by writing their own opinions. In this context, various opinions that
emerge in the classroom create an environment of cognitive conflict (cognitive imbalance) in the
minds of the students. As Naylor, Downing and Keogh (2001) stated in their studies; concept cartoons
are used as a stimulus to reveal different views as a result of students' discussions. Thus, it can be
said that concept cartoons are designed to enhance scientific thinking and reasoning. Another
important feature of concept cartoon is that it enables students to practice using their communication
skills through group discussions and lead them to think, thus creating scientific argumentation
environments among students (Dabell, 2004; Kabapmar, 2009; Kinchin, 2004; Naylor, Keogh, &
Downing, 2007; Webb, Williams, & Meiring, 2008). Creating discussion environments is necessary to
engage students in higher order thinking skills, to enable them to interpret scientific events and
explore to construct knowledge by discussing it in social environments. In this regard, concept
cartoons act as an effective stimulus for argumentation by inviting students to express their views and
thoughts (Naylor & Keogh, 2013). Concept cartoons are one of the important evaluation tools in the
science education literature in ensuring active participation of the students (Naylor & Keogh, 2009),
revealing and increasing their conceptual understanding, identifying and eliminating misconceptions
(Naylor & Keogh, 1999; Parkinson, 2004; Sexton, Gervesoni & Brandenburg, 2009; Sasmaz Oren,
2009). There are many studies on the concept cartoons, especially in the field of science
(Atasoy, Tekbiyik, Calik, & Yilmaz-Tiiziin, 2022; Pekel, 2021; Siong, Tyug, Phang, & Pusppanathan,
2023; Tiirkoguz & Cin, 2013). For instance, Balim, inel, and Evrekli (2008) investigated the effect of
using concept cartoons in science teaching on students' academic achievement and inquiry learning
skills. In their study, it was concluded that the students in the experimental group had higher
perception scores on inquiry learning skills than the students in the control group. There was no
significant difference between the academic achievements of the two groups. In the study conducted
on fifth graders in the unit of living and life from biology subjects, Baysar1 (2007) reported that
concept cartoons did not cause a significant difference on achievement and attitude. Ozyilmaz-
Akamca, Ellez, and Hamurcu (2009) investigated the effectiveness of computer-assisted concept
cartoon applications on learning achievement in their study on fourth grade students at primary school
level. They found that the use of concept cartoons had a positive effect on students' academic
achievement. In the study conducted by Webb et al. (2008), the effectiveness of using concept
cartoons and written drafts was investigated in terms of using concept cartoons to improve discussion
in science classes in Africa. The study was carried out with a total of 96 students in two 9th grades.
Students in each class were divided into six groups of eight, and three groups were determined in the
study, one of which was video recording, another one was audio recording, and the third was
observation and field notes. Within the scope of the study, some of the students stated that the use of
written drafts together with concept cartoons caused an increase in the students' in-class discussion
levels (Webb et al., 2008). In their research, Chen, Ku, and Ho (2009) tried to determine the effects of
discussion-based concept cartoons on the students' discussions. In the study, in which a single group
pre-test and post-test design was used, the applications lasted for six weeks with 21 students studying
in a primary school. According to the results of the research, they determined that the use of concept
cartoons could increase the discussion skills of the students. In addition to all these studies, there are
also various studies in the field of chemistry education. Especially when the aforementioned features
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of concept cartoons are considered studies indicate that concept cartoons might be used in chemistry
teaching and learning for enabling students to assess their own level of understanding, elicit their own
ideas and alternative conceptions and reinforce their meaningful learning (Gafoor & Shilna, 2013;
Ozmen, Demircioglu, Burhan, Naseriazar, & Demircioglu, 2012; Roesky & Kennepohl, 2008; Ultay,
2015). Studies examining the understanding, comprehension and conceptions show that students at all
levels struggle with chemistry concepts and cannot be successful at the desired level. While students
learn various fundamental chemistry concepts, they encounter several cognitive conflicts due to
alternative concepts (Taber, 2020). In this context, concept cartoons help students to construct their
knowledge, eliminate alternative concepts, if any, and improve their conceptual understanding. Since
chemistry holds rich volume of abstract concepts that requires substantial time and effort
commitments from the students, the use of concept cartoons is extremely important so that students do
not have difficulty in learning new concepts (Gafoor & Shilna, 2013). In this regard, students'
conceptual understanding levels on “Liquids”, one of the basic and abstract subjects of chemistry,
were examined in this study. Within this framework, the research focused on whether the use of
concept cartoons has a positive impact on increasing students' conceptual understanding. When
studies on the effectiveness of concept cartoons in chemistry education are examined, it is seen that
concept cartoons lead the students to clarify their thinking, consider alternative explanations and
provide them learning meaningful and permanently (Kabapinar, 2005; Kusumaningrum et al., 2018;
Say & Ozmen, 2018; Ozmen, Demircioglu, Burhan, Naseriazar, & Demircioglu, 2012). For instance,
Ozmen et al. (2012) examined the effectiveness of concept cartoons enhanced laboratory activities for
teaching of concepts of acid-base chemistry in primary school and found that concept cartoons help
students improve their understanding and reduce their alternative conceptions. Similarly,
Kusumaningrum et al. (2018) have tried to identify the effectiveness of concept cartoon on detection
student’s misconception in the topic of buffer solution. They suggested that concept cartoons can be
used in science learning especially in chemistry because it makes student active in learning, increases
motivate to discuss and inquire their knowledge. In fact, apart from the studies examining the
effectiveness of concept cartoons alone, there are also studies claiming that concept cartoons have
remained a part of various teaching approaches. One of the studies conducted with this perspective in
mind was the effect of concept cartoons embedded within context-based learning approach on 8th
grade students’ alternative conceptions of “chemical bonding” (Ultay, 2015). In another study,
investigating the students' misconceptions about "gas pressure", concept cartoons, animation and
diagnostic branched tree supported conceptual change texts were developed and point out that concept
cartoon was an appropriate tool to enable students to express their prior knowledge clearly (Sahin &
Cepni, 2011). All of these studies indicate that concept cartoons help students discuss their opinions in
classrooms, reveal their misconceptions and improve their conceptual understandings.

Concept cartoons also facilitate conceptual understanding with their visual aspects. Dempsey and Betz
(2001) claimed that "an excellent way to describe an object is to draw it". Through drawing, students
learn to see natural phenomena and scientific concepts in their minds from an aesthetic point of view
(Pugh & Girod, 2007). This shows that the content of scientific education is not far from art, and that
art supports it in many ways.

As a result; the difference of this study is that the concept cartoon technique has been used in the
teaching of the subject of liquids, and it has been tried to ensure that the knowledge is structured by
the student, considering the special talents and interests of the students studying at the Fine Arts High
School painting department. Hence, the aim of this study was to investigate the effect of concept
cartoons on the conceptual understanding of the liquids of Fine Arts High School 9th grade students.
For this purpose, answers were sought to the following sub-problems in this study:
o [s there a significant difference between the pre-test and post-test mean scores of the students
for the concept cartoons test?
e [s there a significant difference between the pre-test and post-test mean scores of the students'
scenario drawings on liquids test for determining the level of conceptual understanding?
¢ What are the students' views on concept cartoons activities?
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METHOD

Pattern of the Research

This research was carried out using a single-group pretest-posttest experimental design, which is one
of the quantitative research approaches. In experimental studies, researchers observe the effects of at
least one independent variable on one or more dependent variables (Cohen, Manion, & Morrison,
2005; Gay & Airasian, 2000). In the study, a single group pre-test post-test experimental design,
which is one of them was used and the measurements were evaluated by considering the pre-test and
post-test scores on a single group (Tablel). The measurements of the dependent variable of the
experiments were applied to the students as a pre-test before the application and as a post-test
afterwards, using the same measurement tools.

Table 1. Research design of the study

Pre-test Process Post-test

T1: Concept Cartoon Conceptual Teaching process with T1: Concept Cartoon Conceptual Understanding
Understanding Test (CCCUT) concept cartoons Test (CCCUT)

iviti
T2: Scenario Drawings (SD) activities T2: Scenario Drawings (SD)

T3: Semi-structured Interview

Study group

In order to determine the participants of the research, the convenience sampling method, a kind of
non-probability sampling procedure in which the sample is obtained from a group of individuals
easily accessible or reachable, was used. This method is expressed as including the closest
individuals in the sample on a voluntary basis in the selection of the participants to be included in the
research (Dornyei, 2007). The study group of the research consisted of 29 students studying in the
ninth grade of a Fine Arts High School located in the Aegean Region of Turkey.

The reason for conducting this study on fine arts high school art department students is to see to what
extent they can associate chemistry with their fields. Fine arts painting department students take
chemistry as a common course in the 9th grade. For 4 years, they take courses in subjects such as
basic art, sculpture, graphic design, art history, drawing studies and charcoal drawing. For example,
within the scope of the basic art education course, they learn subjects such as point-line, stain, texture,
shape and form, color information, and gouache paint, oil paint, watercolor techniques in the two-
dimensional art workshop course. These subjects require students to comprehend the general
properties of liquids. As a result, their conceptual understanding of "liquids" in chemistry classes is
critical. Members of the target population were included in the sample because they met practical
criteria such as easy accessibility, availability at a given time, and willingness to participate. The ages
of the participants vary between 14-15, and 65.52% (n=19) of the participants are female and 34.48%
(n=10) are male students.

Data Collection Tools

Concept Cartoon Conceptual Understanding Test (CCCUT), Scenario Drawings (SD) and semi-
structured interview were used as data collection tools in the research.

Concept Cartoon Conceptual Understanding Test (CCCUT)

In order to determine the effectiveness of concept cartoon-supported activities on the conceptual
understanding of the subject of "Liquids" of the "States of Matter" unit, a concept cartoon test
consisting of open-ended questions was developed by the researchers. CCCUT were prepared in
accordance with the learning outcomes within the scope of the curriculum and it consisted of 9
concept cartoons with open-ended questions on the subject of "Liquids" of the "States of Matter" unit.
While preparing the concept cartoons, the related literature was reviewed and concept cartoons were
designed according to the instruction prepared by Atasoy (2017). This instruction, which consists of
six stages, is presented in Figure 1.
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Figure 1. The process of designing concept cartoons

At the stage of determining student thoughts about concepts, studies on the misconceptions on the
subject of liquids were examined and common misconceptions were identified. In the second stage,
concept cartoons were prepared for each learning outcome in order to determine the concept to be
created and design the cartoon. While preparing the concept cartoons, the expert opinion of the art
teacher at the school was consulted in terms of suitability for the level of the student, character
selection and attractiveness. The learning outcomes of concept cartoons on the subject of liquids are
presented in the Table 2. Cartoons were prepared based on the learning outcomes in the 2017 fine arts
secondary education curriculum.

Table 2. Learning Outcomes of CCCUT

Cartoons Learning Outcomes
C1 Relates the surface tension, viscosity, vapour pressure of liquids with intermolecular interaction.
C2 Relates the viscosities of different liquids to temperature.

a. Viscosities of different liquids such as water, glycerine, olive oil, honey, jam, molasses are compared.
b. Examples from daily life are given for the variation of viscosity with temperature.

C3 Uses concepts related to fluids and their properties to explain natural phenomena.

C4 The presence of water vapour in the atmosphere is associated with the concept of humidity.

Cs The concepts of real and felt temperature given in meteorology news are associated with relative
humidity.

C6 Explains the concept of equilibrium vapour pressure through the evaporation-condensation processes in
closed vessels.

C7 It is emphasized that boiling is an event that depends on external pressure (pressure above the

liquid)/geographical altitude;
Examples of industrial applications of boiling/evaporation under low/high pressure are given.
C8 Explains that boiling and evaporation are different from each other.
C9 Explains the capillary effect of liquids and the tendency of liquids to form drops through the concept of
surface tension.
a. The transport of water to tree/plant stems is explained with examples of mercury's non-wetting.

In the third stage, which is “creation of speech bubbles” in preparing concept cartoons, three or four
student thoughts were formed in each cartoon. While one of these thoughts consists of valid thought;
the other thoughts include the misconception. Alternative ideas about the concept in the concept
cartoons were created equally, and it was paid attention that there were no signs that would direct the
students to the valid idea. In the fourth stage, since the written expressions of the students will be
examined, concept cartoons in the style of the worksheet containing the student responses were used.
At the stage of naming the characters, attention was paid to give names that the students might
encounter in their lives. In the stage of determining the images of the characters in the concept
cartoons, concept cartoons were prepared by paying attention to the fact that the visuals that the
students could encounter in their lives, that would attract their attention and were convincing. After
the cartoons were created, views from professionals in the field of chemistry education were sought to
determine whether the cartoons were appropriate for the learning outcomes and whether they
accurately reflect the content. In line with expert opinions, changes were made in three questions in
the test, and these were in the sections of relating to daily life or in the speech bubbles of the
characters. Four students who were not part of the study group were interviewed about the questions
after the necessary modifications had been made in order to determine the concept cartoon test and the
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questions' clarity. The final version of the CCCUT on the subject of liquids, which consists of 9
questions, was developed after certain modifications were made in response to the students' comments.
Sample concept cartoons are given in Figure 2.

Asphalt needs to be /
poured in summer. As the asphalt
b As the temperature material is hot while
increases, the viscosity pouring, it increases
increases. the fluidity.

The fact that
water is concave
is.not a matter of

the surface

There is no relationship Mercury s convex because the Mercury is convex because the
hetween viscosity a

temperaturg.

adhesive force overcomes the cohesive force overcomes the , tension.,
- adhesive force.

Semih Senol

Whose opinion do you think is correct? Please tick the box you think is correct.
®  Whose opinion do you think is correct? Please tick the box you think is correct.

[ ] Mete 1 semin L1 senol
[ FATIH ] oOsMAN ] DERIN

Explain why you think so.

Explain why you think so.

Figure 2. Sample cartoons from the CCCUT.

The scoring of the concept cartoons was done by taking into account the scoring of Ormanci and

Sasmaz-Oren (2011). The categories and scores related to the concept cartoons test are given in
Table 3.

Table 3. Category and scoring for the CCCUT

Categories Points

Correct Answer - Correct Explanation (CA-CE) 3

Correct Answer -Partly Correct Explanation (CA-PCE) 2

Wrong Answer - Correct Explanation (WA-CE) 2
Correct Answer - Incorrect Explanation (CA-IE) 1
Wrong Answer - Partially Correct Explanation (WA- 1
PCE)

Wrong Answer -Wrong Explanation (WA-WE) 0
Null 0

Scenario Drawings

Considering the interests and abilities of the students studying at the Fine Arts High School Painting
Department, the scenario drawings in which the students could reflect their thoughts on the subject of
liquids were evaluated. As a data collection tool, the scenarios created by the researchers on the
subject of 'Liquids' were presented to the students before and after the application, and they were
asked to reflect the events related to the subject of liquids in the scenarios as drawings. The
researchers created scenarios, and at this point, scenario preparation procedures were followed. First
of all, attention has been paid to the fact that there are three main sections in the structure of the
scenario: introduction, development and conclusion. To ensure that the content of each scenario is
appropriate for the achievements of the subject of liquids, that there is a constant development and
progress in the scenarios, and that they are fluent and understandable, care was taken not to include
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long and complex sentences. Also taken into consideration were the choice of words, the way physical
events related to liquids were handled in the script, the existence of a specific plot, characters, and
setting. The story was intentionally kept brief. All of these factors are useful in assisting pupils in
simply visualizing the scenarios. The appropriateness of the content of each scenario in light of the
achievements in the subject of liquids was discussed and necessary corrections were made after
consulting relevant experts. The students were instructed to draw a total of 9 scenarios that were
provided to them. Example Scenario is given in Figure 3.

Melis and Filiz go home to cook because they are very hungry after school. They decide to make pasta on the way. When
they come home, they see that the pot is dirty in the kitchen. While thinking about how to remove the dirt, Filiz
remembers what she saw from her mother and says that the pot should be washed with detergent and then rinsed with
water. They decide to wash in this way and see how easily the dirt is separated with detergent during washing. After
washing, she sees that the water droplets are stuck on the pot. She asks Melis why this happened. Then, to boil the pasta,
they fill the pot with water and wait for it to boil on the stove. Filiz says she wants to eat her pasta with ketchup and Melis
with grated tomato sauce. Filiz poured ketchup on her pasta and ate it with pleasure, while Melis poured tomato sauce and
ate her pasta with pleasure.

a) How do you think the detergent interacts with the water and removes the dirt from the pot? Please explain.

b) After rinsing the pot with water, what do you think might be the reason why the water droplets cling to the spherical
pot? Please explain.

c) If we closed the lid of the pot while boiling the pasta water, do you think the boiling point would decrease? Please
explain.

d) How would you explain the concepts of boiling and evaporation? Are they both the same concept? Please explain.
e) If we added salt to water, what do you think would change the boiling time? Please explain.
f) What kind of difference do you see between the grated tomato sauce and the fluidity of the ketchup? Explain why.

Describe the events mentioned above by drawing them and explaining their causes.

Figure 3. Example scenario.

Drawings of scenarios were scored based on the categories of conceptual understanding. Data
analyzes related to scenario drawings are given in Table 4.

Table 4. Scoring of the scenario drawing

Categories Explanation Points

Sound Understanding (SU) Drawing and explanation are scientifically correct 3

Understanding (U) Drawing is incorrect and explanation is scientifically 2
correct

Partial Understanding (PU) Drawing and explanation are partially correct 1

Conceptual Misunderstanding (CM) Although there are drawing and description; but they are 0
not related to the concept and mixed with other concepts.

No Response (NR) Drawing is incorrect-No explanation 0
No drawing — No explanation

Semi-structured Interview

In the research, an interview was held after the application in order to get the opinions of the students
about the concept cartoons activities. Interviews can take different forms depending on the availability
of resources and the characteristics of the data to be collected in the research. These are structured
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interview, semi-structured interview, unstructured interview, ethnographic interview, and focus group
interview. In our study, a semi-structured interview was used. Semi-structured interview is applied in
order to obtain both fixed-choice answering and in-depth data in the relevant field. It has advantages
such as ease of analysis, opportunity to express oneself to the interviewee, providing in-depth
information when necessary, and disadvantages such as loss of control, spending too much time on
unimportant matters, and decreased reliability because the interviewees are not approached with
certain standards. In the preparation phase, an interview form consisting of 6 open-ended questions
was prepared by the researchers for the purpose of semi-structured interview. Expert opinion was
sought while forming the interview questions. During the implementation process, each interview
lasted 15 minutes and the interviews were conducted with 12 volunteers. Data analysis of semi-
structured interviews was done by content analysis (f and %) and the percentage of agreement was
found.

Implementation Process

Since the school where we carried out the application were the students of the Fine Arts High School
Painting Department; the concept cartoon technique was chosen in accordance with the interests and
abilities of the students. The implementation process took 4 weeks and the process is explained in
Table 5.

Table 5. Application process

Weeks Applications

1.Week First of all, the students were met. Permission was obtained from the teachers and students to carry
out the application. In order to implement the process, information was given about the subject,
concept cartoon, scenario drawing and the process. It was emphasized that the study would be
implemented without any grade concerns. Our aim was to make the students feel comfortable
during the application. When the pre-test papers were distributed to the students, the concept
cartoons first caught the attention of the students. Extra blank papers were distributed so that
students could make free drawings in the scenario drawing in order to benefit from their painting
skills. The pre-test process was applied.

2.Week According to the constructivist approach, the subject of Liquids was handled by using concept
cartoons. In order for the students to be active during the process, worksheets containing concept
cartoons were distributed. A discussion environment was created by reflecting the concept
cartoons in the worksheet on the smart board and the misconceptions were tried to be eliminated.

3.Week CCCUT and SD were applied as the post-test on the subject of Liquids.

4.Week Considering the scores of the students in the post-tests, 12 students at lower, middle and upper
levels were selected for the interview. Semi-structured interviews were conducted to collect
students' thoughts on the concept cartoons activity.

Data Analysis

Normal distribution is checked with Shapiro-Wilk test in order to use parametric tests in the analysis
of the data, and test distribution is found normal. After determining the conformity of the data to the
normal distribution, independent groups t-test was used to compare the pre-test-post-test scores.
Descriptive statistics such as frequency and percentage distribution were used in achievement tests.
SPSS statistical package program was used in the analysis.

The data obtained from the interview data were subjected to content analysis. This method is based on
the creation of concepts and themes related to data. With this method, the semantic contents of the
participants' expressions are systematically defined (Altunisik, Coskun, Bayraktaroglu, & Yildirim,
2010: 322; Yildinm & Simgek, 2008: 89). In the data analyzed question by question, repetition
statements with the same meaning were combined and considered as a single statement. In the next
stage, the data were coded according to the key concepts created by considering the relevant literature,
and these key concepts were gathered under the themes determined by the researchers. Attention was
paid to the fact that the data collected under the determined themes for the internal consistency of the
research constitute a meaningful whole, and for the external consistency, the themes provide integrity
within each other (Denzin & Lincoln, 1998; Silverman, 2000). The reliability of the coding process
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of the data was calculated using the percent agreement percentage formula of Miles and Huberman
(1994) between the three raters. The reliability calculation of the study was determined using the
Percent Agreement Formula [ P = (Na / Na + Nd ) x 100] (P: Percent Agreement, Na: Amount of
Agreement, Nd: Amount of Discord). When the percentage of agreement in the reliability calculation
is 70%, the percentage of reliability is considered to have been reached (Yildinm & Simsek, 2008).
According to the data we obtained, the percentage of agreement in the reliability calculation was
determined as 88% and it was accepted that the percentage of reliability was reached. The themes
determined as a result of the content analysis were presented as frequency and percentage analysis.
Sample student sentences were also quoted in order to directly reflect the thoughts on the determined
themes. In the light of the analyzed data and themes identified, the findings are presented in tables for
each question separately for each question in the results section.

RESULTS

In this part, the findings and interpretations obtained from the research are given in line with the
problems addressed in order to determine the effectiveness of the use of concept cartoons together.

Findings Related to First Sub-Problem

The first sub-problem of the study, “Is there a significant difference between the pre-test and post-test
average scores of the students in the CCCUT?” was sought to be answered. Findings related to the
first sub-problem are presented in the Table 6 and in the Table 7. The scores that the students got from
the concept cartoons pre-test and post-test are given. While the students had an average of 1.92% and
8.04% in the pre-test, CA-CE and CA-PCE, respectively, these rates increased from 33.34% and
20.69% in the post-test. Similarly, a decrease was observed in the WA-WE category in terms of
percentage (33.72% to 12.64%) in the post-test. Additionally, the number of students who left the
questions blank decreased considerably and students answered the questions in the post-test.

Table 6. Results from the pretest of the CCCUT

CATEGORY CA-CE CA-PCE WA-CE CA-IE WA-PCE WA-WE Null
CARTOON f % f % f % f % f % f % f %

1 1 345 4 13.79 0 0.00 15 51.72 0 0.00 2 6.90 7 24.14
2 1 345 5 1724 0 0.00 1 345 0 0.00 9 31.03 13 44.83
3 0 0.00 3 1034 0 0.00 17 5862 0 0.00 8 2759 1 3.45
4 1 345 0 0.00 O 0.00 3 1034 3 1034 22 75.87 0 0.00
5 0 0.00 2 690 0 0.00 24 82.76 0 0.00 2 6.90 1 3.45
6 0 0.00 O 0.00 0 0.00 15 51.72 0 0.00 13 4483 1 3.45
7 2 6.90 6 20.69 O 0.00 17 58.62 0 0.00 4 13.79 0 0.00
8 0 0.00 1 345 0 0.00 17 58.62 0 0.00 10 3448 1 345
9 0 0.00 0 0.00 0 0.00 10 3448 0 0.00 18 62.07 1 345
TOTAL 5 192 21 8.04 0 0 119 4559 3 1.15 88 33.72 25 9.58
Table 7. Results from the posttest of the CCCUT

CATEGORY CA-CE CA-PCE WA-CE CA-IE WA-PCE WA-WE Null
CARTOON f % f % f % f % f % f % f %

1 4 13.79 9 31.03 0 0.00 14 4828 0 0.00 2 690 0 0.00
2 16 55.17 8 2759 0 0.00 3 1034 1 3.45 1 3.45 0 0.00
3 9 31.03 2 690 2 690 9 31.03 5 17.24 2 690 0 0.00
4 12 4138 1 345 0 0.00 2 6.90 4 13.79 10 3448 0 0.00
5 7 24.14 17 24.14 0 0.00 12 4138 0 0.00 2 6.90 1 3.45
6 7 24.14 6 20.69 0 0.00 4 13.79 2 6.90 10 3448 0 0.00
7 15 51.72 4 1379 0 0.00 10 3448 0 0.00 0 0.00 0 0.00
8 9 31.03 11 3793 0 0.00 7 2414 0 0.00 2 690 0 0.00
9 8 2759 6 20.69 0 0.00 7 24.14 4 13.79 4 13.79 0 0.00
TOTAL 87 33.34 54 20.69 2 0.77 68 26.05 16 6.13 33 12.64 1 0.38

Sample scoring for the analysis of the concept cartoon test given in Figure 2 is presented in Table 8. It
shows some examples of the students' responses to the CCCUT.
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Table 8. Example scoring for the CCCUT

Category Explanation Point
CA-CE Osman — Cohesion force is the force of attraction between 3
molecules within the substance itself. Mercury is a non-wetting

substance and is convex because its cohesive force overcomes the
adhesion force. (S9).

CA-PCE Osman — It is convex because it has cohesive force (S7). 2

WA - CE Fatih and Derin — The cohesive force is between molecules of the 2
same kind, the adhesion force is between molecules of different
kinds. (S4).

CA-1E Osman — It is convex because it is a mercury-wetting substance. 1
(S25)

WA - PCE Fatih and Derin — It is concave because it is a water-wetting 1

substance, and convex because it does not wet mercury. (S16)

WA -WE Fatih and Derin — Surface tension is not related to mercury (S18). 0
Null - 0

In order to answer the question “Is there a significant difference between the pre-test and post-test
average scores of the students' concept cartoon test on liquids?”, an independent t-test analysis of the
pretest-posttest scores of the students related to the CCCUT was conducted and the results are given
in Table 9.

Table 9. Independent t-test results of students' pre-test and post-test scores of CCCUT

Test N Mean S sd t p*
Pre-test 29 3.069 2.250 56 -6.309 .00
Post- test 29 9.172 4.698

p<.05

According to the results of the Table 9, a significant difference was found according to the pretest-
posttest scores of the students on the CCCUT. However, the findings also show that the scores did not
increase significantly. This may be due to the low chemistry background of the fine arts high school
students who enter high schools with the talent exam.

Findings Related to Second Sub-Problem

The second sub-problem of the study is as follows: "Is there a significant difference between the pre-
test and post-test mean scores of the students' scenario drawings test on liquids?". Findings related to
the second sub-problem are given in Table 10 and Table 11. The scores of the students in the scenario
drawing test pre-test and post-test are presented. While the students had an average of 1.53% and
5.36% in the SU and U categories, respectively, in the pre-test, these rates increased to 13.79% and
12.64% in the post-test.

Table 10. The results of pre-test of scenario drawing test

CATEGORIES  SU U PU CM IR
QUESTIONS f % f % f % f % f %
1A 0 0.00 0 0.00 4 13.79 2 6.90 23 79.32
1B 0 0.00 1 3.45 6 20.69 1 3.45 21 72.42
1C 0 0.00 2 6.90 4 13.79 13 44.83 10 34.48
1D 2 6.90 3 10.34 5 17.24 9 31.03 10 34.48
1E 1 345 3 10.34 12 41.38 5 17.24 8 27.59
1F 0 0.00 4 13.79 10 34.48 6 20.69 9 31.04
2A 0 0.00 0 0.00 3 10.34 3 10.34 23 79.31
2B 0 0.00 1 3.45 5 17.24 5 17.24 18 62.07
2C 1 3.45 0 0.00 4 13.79 7 24.14 17 58.62
Total 4 1.53 14 5.36 53 20.31 51 19.54 139 53.26
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Table 11. The Result of post-test of scenario drawing test

CATEGORIES  SU U PU CM NR
QUESTIONS f % f % f % f % f %
1A 0 0.00 2 6.90 6 20.69 1 3.45 20 68.97
1B 2 6.90 5 17.24 9 31.03 5 17.24 8 27.59
1C 3 10.34 7 24.14 5 17.24 9 31.03 5 17.24
1D 11 37.93 7 24.14 4 13.79 3 10.34 4 13.79
1E 4 13.79 3 10.34 9 31.03 4 13.79 9 27.59
1F 4 13.79 5 17.24 8 27.59 2 6.90 10 37.93
2A 7 24.14 3 10.34 7 24.14 1 3.45 11 34.48
2B 2 6.90 0 0.00 10 34.48 1 3.45 16 55.17
2C 3 10.34 1 3.45 7 24.14 0 0.00 18 62.07
Total 36 13.79 33 12.64 65 24.90 26 9.96 101 38.7

Sample scoring for the scenario drawing test is given in Table 12. Here, students' drawings were
evaluated according to their conceptual understanding levels and a sample evaluation table was
presented, which included student statements along with the drawings.

Table 12. Sample scoring for the scenario drawing
Category Explanation Point
SU 1b) Drawing Correct — After the pot is rinsed, the reason why the droplets stick in the pot 3
in the form of a sphere is the cohesion force arising from the attraction force between the
molecules... The tendency of water to form drops is related to surface tension (S11).
U 1f) Drawing Wrong — Tomato sauce is thicker because of its higher viscosity.. Ketchup is 2
more fluid (S2).
1f) Drawing Correct - Grated tomato sauce has pulp. Not fluid. Since it is made by hand,
there is no additive (S15).

PU 1¢) Drawing Partially Correct — If we close the lid of the pot while boiling the pasta water, 1
the boiling point will not decrease. (S29)

CM 1e) Drawing Wrong - When we add salt to the water, the water boils slower. Because if the 0
amount of salt increases, the density of the water increases.(S13)

Null la) Drawing Incorrect — No explanation. 0

How would you explain the concepts of 1d) Boiling and evaporation in the scenario drawings of the
students in the Figure 3a below? Are they both the same concept? Please explain. The cartoons they
made in the pre-test and post-test and their answers were given to the question.

Pre-test Post-test
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S.4 “Not the same concept but similar.” S.4 “Boiling happens all over the liquid,
evaporation happens on the surface..”
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Figure 3a. Some examples of students' test and posttest answers from the scenario drawing
Students lc) If we closed the lid of the pot while boiling the pasta water, do you think the boiling
point would decrease? The caricature they drew in response to the question and the answer they gave

to the question are given in Figure 3b.
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S.2 “I think it decreases. Because the S.2 “The boiling time decreases, not the

vapors cannot be separated and condensation boiling point. Because there is a dense steam.”
increases. This lowers the boiling point.”
Figure 3b. Some examples of students' test and posttest answers from the scenario drawing

The independent t-test results of the students' pretest-posttest scores related to the Scenario Drawing
Conceptual Understanding Level Determination Test are given in Table 13.

Table 13. Independent t-test results of students' pre-test and post-test scores for the scenario drawing
test on liquids

Test N Mean S sd t p*
Pre- test 29 7.035 1.592 56 -9.090 .00
Post- test 29 15.965 5.046

*p<.05

According to the results of the analysis, a significant difference was found between the scenario
drawings and concept comprehension levels of the students from the pre-test to the post-test. While
the mean score was 7.035 in the pre-test, this value increased to 15.965 in the post-test.

Findings of the Third Sub-problem

In the third sub-problem, semi-structured interviews with six open-ended questions were applied to
get the opinions of the students on the applied activity, and the student answers were analyzed by
content analysis and categories were determined. The data obtained from the open-ended questions
are given in the tables 14, 15, 16,17,18 and 19. Six open-ended questions are presented consecutively.

st open-ended question: Have you ever encountered concept cartoons before? How

Table 14. Frequency (f) and percentage (%) distribution of the answers given to the 1st open-ended
question

Category f % Sample student opinions
Yes 8 66.6 Yes. An outside teacher taught a lesson like this in primary and
secondary school. (S.1)
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No 4 333 1did not meet (S.2)

While 66% of the students said “yes” to the question of whether they had encountered concept
cartoons before, 33.3% of the students stated that they had not encountered them before.

2nd open-ended question: What caught your attention most in concept cartoons? Why?

Table 15. Frequency (f) and percentage (%) distribution of the answers given to the 2nd open-ended
question

Category f % Sample student opinions

Visuality 12 100.0  There were coloring and shapes, and it caught my attention that it was
made so that those who could not perceive it audibly could understand
it better with visual memory. (S.3).

All of the students stated that concept cartoons attracted their attention in terms of visuality and this
would contribute to visual memory.

3rd open-ended question: What are your views on the use of concept cartoons in chemistry class?

When the opinions of the students about the concept cartoons were analyzed, some of the students
thought that concept cartoons help to increase motivation (f: 5; 41.6%); they were interesting (f: 6;
50.0%) and funny (f: 7; 58.3%). Besides that, all of the students' responses indicated that concept
cartoons were memorable and facilitated learning (See Table 16).

Table 16. Frequency (f) and percentage (%) distribution of the answers given to the 3rd open-ended

question

Category f Y% Sample student opinions

Facilitating learning and 12 100.0 I think it was very good, I am a person who does not understand
ensure memorable chemistry lessons, formulas or something required memorization.

Because what they presented to us was more visual and easier to
understand (S.7).
It should be used in every lesson, not just chemistry. Colorful things
draw attention and make it easier for me to learn. (S.9).
It's fun and more memorable for a student. (S.4)
Funny 7 58.3 A fun and enjoyable narration awaits us. (S.2)
It was very nice, it was a fun and different experience, seeing things
that would interest me made me adapt to that subject easily (S.11)
Interesting 6 50.0 Yes. Because I'm studying in the painting department, I liked learning
about chemistry by cartooning the liquids topic of the chemistry
course. (S.6).
Increasing motivation 5 41.6 It increased my motivation. Otherwise, there was not much visual in
the chemistry class, it was more beautiful like that. (S.10)

4th open-ended question: Were the events or cases in the concept cartoons the ones you encountered
in your daily life? If your answer is yes, how do you establish the relationship between these cases or
events in your cartoon and your daily life?”

Table 17. The frequency (f) and percentage (%) distribution of the answers given to the 4th open-

ended question
Category f % Sample student opinions
10 83.3  Most of the characters you give us are events we encounter in everyday
life. That's why it allowed me to relate. (S.5)
For example, it makes us think more about a weather event such as
rain or hail (S. 12)

Reflecting daily life

6 50.0
Facilitating understanding 1t allows us to better analyze the events that take place in daily life and

of facts thus understand them more easily. (S.8)

The students thought that they could encounter the cases in the cartoons in daily life, that they could
reflect them to situations in daily life (f: 10; 83.3%), and that cartoons provided convenience in
understanding and phenomena (f: 6; 50,0%).
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Sth open-ended question: Did the teaching of the lesson with concept cartoons affect your drawings
about the events in the scenarios given to you? If so, how?

Table 18. The frequency (f) and percentage (%) distribution of the answers given to the 5th open-
ended question

Category f % Sample student opinions

Attracting 8 66.6 Yes, it had an effect because it caught my attention, you just changed to good
attention places. It made my drawing easier, more memorable. (S.12).

Facilitation 4 333 Yes, since my visual memory is slightly better than auditory memory, drawing

something came to me rather than writing or reading it, it made it easier for
me to learn (S.10).
Improving 3 25.0 The elements I formed in my mind in the explanation of boiling and
modelling skills evaporation events have changed.(S.11)
At first, I thought that mercury's non-wetting property was similar to water; 1
thought that both substances showed similar behaviours, so I showed it
incorrectly in my drawing. However, after discussing it in the cartoons, I
think I drew correctly about adhesion and cohesion forces.(S. 2)
Yes, my drawing contained creative elements just like an art activity (S.4)

In Table 18, it has been tried to determine whether explaining the subject of liquids using concept
cartoons is effective in their learning. While some of the students stated that it attracted their attention
(f:8, 66.6%), another part emphasized that it facilitated their understanding (f:4, 33.3%). Additionally,
a few students (f:3, 25.0%) also expressed that the application improved their modelling skills.

6th open-ended question: "Did the concept cartoons in chemistry lesson have any shortcomings for
you? If yes, what are they? In another open-ended question, students were asked to indicate their
deficiencies in the applied concept cartoons.

Table 19. The frequency (f) and percentage (%) distribution of the answers given to the 6th open-
ended question.

Category f % Sample student opinions
No 10 83.3 1t had no shortcomings, it was a successful study(S.7).
Yes 2 16.6 They don't explain the subject in detail, they just took it superficially, maybe you

did it on purpose, I don't know (S.2).
Sample cartoons that relate the topic of liquids to the field of painting could have
been used (S.10)

In Table 19, it was tried to determine whether there were any deficiencies in the applied study. Most
of the students thought that there was no deficiency (f:10, %:83.3). Few students stated that the
cartoons were superficial and not related to the field of painting (f:2, %:16.6).

DISCUSSION and CONCLUSIONS

In this study, considering the abilities and interests of 9th grade students of Fine Arts High School
Painting Department, the effects of concept cartoons on the conceptual levels of the unit of states of
matter "liquids" and their views on the method were examined. At the end of the research, when the
findings obtained from the concept cartoons and scenario drawings of the students were examined, it
was seen that the activities of concept cartoons significantly affected their conceptual understanding
of liquids. The research was carried out with a single group of 29 students based on the pre-test-post-
test model. Although there was a significant difference between the scores of the students in the
concept cartoons test, the scores are quite low. There are many studies in the literature that the
concept cartoons based on the constructivist approach increase the success of students due to their
features such as ensuring active participation of students in the lesson and increasing conceptual
understanding (Balim et al., 2008; De Lange, 2009; Kabapar, 2009; Naylor & Keogh, 2009; Roesky
& Kennepohl, 2008; Yilmaz, 2020). The results obtained in this study on concept cartoons can be
compared with the results obtained in some studies in the literature in various aspects. For example,
the results of this study are consistent with the studies indicating that they play a constructive role in
detecting and eliminating misconceptions in students (Chin & Teou, 2009; Kabapinar, 2005;
Mindrechova, 2016; Ultay, 2015). For example, Minarechové (2016) determined that it is possible to
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develop/change children's naive ideas by applying the concept cartoon method to science teaching. In
our study, for example, in relation to the items comparing intermolecular forces in concept cartoons,
some student answers in the pre-test included statements such as "fat molecules hold on tighter than
honey", but these were replaced by statements such as "honey is less fluid than milk due to the
intermolecular attractive force" in the post-test. Similarly, Chin and Teou (2009) used concept
cartoons, learners' own drawings and students' discussions with each other while explaining the
inheritance unit in their research. When the students' drawings were examined, it was revealed that
they had many misconceptions. They argued that concept cartoons can be used as a vital assessment
tool to reveal learners' ideas about the subject.

When the students' interview findings about concept cartoons were examined, in summary; it could be
grouped under the categories of facilitating learning, reflective daily life, entertaining, facilitating
understanding of facts, visual, increasing motivation and improving modelling skills. These findings
are related to another important aspect of concept cartoons, functional role of student
enthusiasm/motivation of further learning (Keogh & Naylor, 1999). Studies in the literature show
parallelism with our results of the study (Balim et al., 2008; Martinez, 2004; Naylor & Keogh, 2009;
Ultay, 2015; Stephenson & Warwick, 2002; Yilmaz, 2020). These studies show that cartoons have
high attention-grabbing and motivational features due to their visual nature, significantly increase
motivation even in students with learning disabilities, and create in-class discussions with high active
participation. Finbraten, Grenlien, Pettersen, Foss, and Guttersrud (2022) in a study investigating
undergraduate nursing students' experiences with concept cartoons as an active learning strategy and
formative assessment to improve conceptual understanding in anatomy and physiology, they found
that the use of concept cartoons led to thinking and deeper understanding, which may be associated
with deep learning. Cartoons can be used effectively in teaching because they do not only provide
information, they also capture the students’ attention; stimulate the active involvement of the students
in the learning process (Dalacosta, Kamariotaki-Paparrigopoulou, Palyvos, & Spyrellis, 2009). Beside
this, it was seen that concept cartoons contributed to the development of students’ mental modeling.
By modeling, individuals reflect their thoughts, personal ideas, or internal representations about
concepts or facts. Therefore, models can describe abstract concepts, and the entities that emerge as a
result of modeling can be treated as if they have object properties. Norman (1983) defined models as
schematic representations of a fact. In our study, the scenarios presented after the subject of “liquids”
processed with concept cartoons were schematized by the students, and how they described the
concepts emerged through the models in their minds.

Another remarkable result was that the average scores of the students in the test of scenario drawings
are higher than the average scores they got from the concept cartoons test. This indicates that students
can express themselves better with drawings. Scenario drawings that allowed the students to express
themselves due to their inclination towards drawing better revealed their understanding of the subject
of liquids. For example, as in other questions, they made drawings on the following questions "Are
boiling and evaporation both the same concept?", “If we closed the lid of the pot while boiling the
pasta water, do you think the boiling point would decrease?”” and wrote texts related to the subject on
their drawings. At this point, some students made various metaphors by stating that boiling and
evaporation are “sister events”, and some students made comments about the relationship between
boiling point and boiling time by showing boiling and evaporation events with their drawings. In this
context, we encounter the integration of chemistry and art in the study. Bautista, Tan, Ponnusamy, &
Yau (2016) emphasize the integration of art with other disciplines as an emotional way to create a
pleasant learning atmosphere in the classroom and state that it serves as a secondary method to
increase the quality of social interactions between teachers and students and for teachers to see
students' understanding of the subject matter. Therefore, art could be used as a tool to stimulate
students’ interest in learning and exploring, as well as a tool for understanding subject knowledge.
Additionally, art is also a way for students to express and exchange their ideas as they make artistic
creations and appreciate artworks. Through this research, students were able to express scenarios with
physical expressions and artistic forms and easily reveal information and feelings that they could not
convey in words. The results of the research obtained at this point also evoke the STEAM integrated
learning model approach, which aims to systematically establish meaningful and holistic connections
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between disciplines based on science, technology, art and storytelling. Firmansyah (2019) states that
the STEAM integrated learning model, which is a student-centered model, increases students' concept
learning and offers them new learning environments. Our suggestion is to design STEAM integrated
learning model activities to fill the gaps in this study and to conduct future research examining the
effectiveness of fine arts high school students' comprehension of the subject of liquids.

On the other hand, although concept cartoons have been found to be powerful tools for teaching or
remediating abstract concepts, they did not show a remarkable effect in our study. There are also
findings in the relevant literature that studies conducted solely with concept cartoons are not effective.
For example, Baysar1 (2007) revealed in his study in a fifth-grade science and technology course that
the use of concept cartoons did not create a significant difference in students' achievement. Balim et al.
(2008) also determined in their study that the use of concept cartoons alone did not create a significant
difference in achievement. This also suggests that more than one intervention method should be used
to effectively teach concepts related to liquids. For example, Ozyilmaz-Akamca et al. (2009)
determined that computer-assisted concept cartoon applications in science and technology lessons
caused a significant difference in the achievements of fourth grade students. In their study, they
revealed that the use of concept cartoons together with analogy and prediction-observation-
explanation (POE) techniques caused a significant difference in the achievement and permanence of
fifth grade students. There are also studies on the use of concept cartoons with parallel findings with
different methods and techniques. The use of concept cartoons on the subject of liquids, supported by
various teaching methods or techniques, can further reduce misconceptions and increase the level of
sound understanding. Additionally, understanding the subject of liquids can be facilitated through
experiment-based activities. For example, simple experimental activities to compare the viscosities,
surface tensions and vapor pressures of liquids can be conducted in the classroom and then concept
cartoons can be presented to provide a better understanding of the subject of intermolecular
interaction. Similarly, conceptual understanding of other acquisitions in the subject of liquids can be
ensured by having students conduct experiments and think and discuss within the context of cartoons.
This, in turn, affects conceptual change and results in the conceptual change being stored in the long-
term memory of students (Ultay, 2015). Additionally, one of the limitations of this study is that the
lack of a control group may prevent us from observing the effects of the teaching method alone on
conceptual understanding.

Implications

Based on the results of the research, a large number of concept cartoon activities should be provided
in the classroom environment so that students can improve their conceptual understanding. In such
environments, students can first understand the concepts in the subjects correctly, visualize the
concepts in their minds, give correct and explanatory answers to the questions, make connections
between the subjects, reconcile the subjects with current case studies and increase their visual skills.
This study also provides a clue about how students studying visual arts perceive chemistry. Especially,
understanding chemistry topics such as liquids and solutions related to chemical substances such as
paints etc. that they use in daily life correctly is also important in applying their own painting
techniques correctly. Therefore, knowing the properties of intermolecular interactions such as
evaporation, adhesion, cohesion, surface tension, viscosity and capillarity can be reflected in their
technical applications. It can be ensured that the motivation of the fine arts high school painting
department students to the chemistry lesson increases. Students who realize their own learning
deficiencies and misconceptions can correct themselves.
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Oz

Bu aragtirmada, kiiltiirel matematiksel bilginin ilkdgretim matematik egitimine entegrasyonu kapsaminda ilkogretim
matematik Ogretmenligi 2. sinifa devam etmekte olan dgretmen adaylarmin olusturduklari etnomatematiksel etkinlikler
irdelenmistir. Arastirmanm amaci; ilkdgretim matematik 6gretmen adaylarmin kiiltiirel baglamlart matematik derslerine
entegre etmede kullanmayi planladiklart ve etkinlik tasarim ilkelerini de gdz 6niinde bulundurarak hazirladiklar: etkinlikleri
stire, siif seviyesi, 6grenme alani ve kiiltiirel baglam bakimindan incelemektir. Bu ¢alismada nitel arastirma yontemi
kullanilmigtir. Bu ¢alismanin 6rneklemini ise bir devlet tiniversitesinde 2. sinifa devam etmekte olan 50 ilkogretim matematik
O0gretmen aday1 olusturmaktadir. Calismada 6gretmen adaylarinin olusturduklar etkinliklerde vermeyi planladiklar siirelerin
15 dakika ile 1 giin siire zarfinda degistigi goriilmiistiir. Ogretmen adaylarimin en ¢ok 5. sinif diizeyinde, Geometri ve Olgme
ogrenme alaninda, Anadolu kiiltiirii baglaminda hazirlandigi tespit edilmistir. Arastirmanin sonucu ilkdgretim matematik
ogretmen adaylarimin etnomatematiksel etkinlik hazirlarken genis bir yelpazede ¢aligmalar yaptigim1 gdstermektedir. Ancak,
bazi 6grenme alanlarmin ve kiiltiirel baglamlarin daha az temsil edildigi goriilmektedir.

Anahtar Terimler: Ogretmen adayi, etnomatematiksel etkinlik, matematik egitimi.
Abstract

In this research, ethnomathematical activities created by second-year primary mathematics teacher candidates were examined
within the scope of the integration of cultural mathematical knowledge into primary mathematics education. Purpose of the
research; The aim of this study is to examine the activities that primary school mathematics teacher candidates plan to use to
integrate cultural contexts into mathematics lessons and prepare by taking the activity design principles into consideration in
terms of duration, grade level, learning area and cultural context. The sample of this study, which uses qualitative research
method, consists of 50 primary school mathematics teacher candidates who are attending the second grade at a state
university. In the study, it was observed that the durations specified by the teacher candidates in the activities they created
varied between 15 minutes and 1 day. It has been determined that teacher candidates are mostly prepared at the 5th grade
level in the field of learning Geometry and Measurement, in the context of Anatolian culture. The result of the research
shows that primary school mathematics teacher candidates carry out a wide range of studies while preparing
ethnomathematical activities. However, some learning areas and cultural contexts appear to be less represented.

Keywords: Teacher candidate, ethnomathematical activity, mathematics education.
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GIRIS
Matematik, soyut kavramlarla dolu bir bilim dali olarak bilinir, ancak bu kavramlarm giinliik yasamla
ve kiiltiirel baglamlarla i¢ ige gectigi pek ¢ok oOrnek bulunmaktadir. Matematiksel etkinlikler,
oynar. Bu etkinlikler, matematigi somutlastirarak, soyut kavramlarin daha anlasilir hale gelmesine

yardimc1 olur. Matematiksel etkinlikler, 6grencilere problem ¢ézme becerileri kazandirmanm yam
sira, matematigin giizelliklerini kesfetme firsat1 da sunar (Smith, 2010).

Matematiksel etkinlikler, 6grencilere soyut matematiksel kavramlari somut deneyimlerle anlama
firsat1 sunar. Bu etkinlikler, problem ¢6zme, mantik yiiriitme, yaratict diisiinme ve is birligi yapma
gibi becerilerin gelisimini destekler. Matematiksel etkinlikler genellikle oyunlar, projeler, deneyler
ve gercek hayat problemleri iizerinde yogunlasir. Bu tiir etkinlikler, dgrencilerin matematige olan
ilgisini artirarak, matematik Ogrenme siireclerini daha eglenceli ve anlamli hale getirir (Johnson,
2015). Ornegin, ilkokul seviyesinde bir etkinlik olarak, ¢ocuklar ¢esitli geometrik sekilleri kullanarak
yapbozlar olusturabilir. Bu etkinlik, 6grencilere sekillerin 6zelliklerini 6gretmenin yan1 sira, problem
cozme becerilerini ve motor becerilerini gelistirme firsat1 verir. Ortaokul ve lise seviyelerinde ise,
daha karmasik projeler ve deneyler yapilabilir. Ogrenciler, istatistiksel analizler yaparak toplumdaki
cesitli konular hakkinda veri toplayabilir ve bu verileri analiz edebilir. Béylece, matematigin gercek
diinyadaki uygulamalarini kesfetmis olurlar (Lee, 2018).

Etnomatematik ise, matematigin kiiltiirel baglamlarda nasil gelistigini ve kullanildigini inceleyen bir
disiplindir. Bu alan, farkl kiiltlirlerin matematiksel bilgi ve uygulamalarini, tarihsel ve sosyokiiltiirel
perspektiflerden degerlendirir. Etnomatematik, yerel halklarin geleneksel bilgi sistemlerinden
modern matematige kadar genis bir yelpazede incelenir ve bu bilgilerin nasil harmanlandigini ortaya
koyar. Bu disiplin, matematigin evrensel bir dil oldugu kadar, kiiltiirel bir fenomen oldugunu da
vurgular (D'Ambrosio, 2001). Etnomatematik kavrami, 1970'lerde Brezilyali matematik¢i Ubiratan
D'Ambrosio tarafindan ortaya atilmistir. D'Ambrosio, matematigin sadece soyut bir bilim degil, ayni
zamanda kiiltiirel bir olgu oldugunu vurgulamistir. Etnomatematik, farkli kiiltiirlerin matematiksel
bilgi ve uygulamalarini inceler ve bu bilgilerin nasil ortaya ¢iktigini, gelistigini ve kullanildigini
arastirir. Bu disiplin, yerel ve geleneksel matematiksel bilgi sistemlerini modern matematikle
biitiinlestirir ve bu bilgilerin egitimde nasil kullanilabilecegini arastirir (D' Ambrosio, 2001).

Etnomatematik, matematigin evrensel bir dil olmasinin yani sira, kiiltiirel ¢esitlilik i¢cinde nasil
zenginlestigini ve gesitlendigini gosterir. Ornegin, Afrika'daki bazi topluluklarin geleneksel sayi
sistemleri, Hint matematigindeki sifirin kesfi veya Cin'deki antik matematik metinleri,
etnomatematigin incelenen konulari arasindadir. Bu tiir ¢aligmalar, farkli kiiltlirlerin matematige
yaptig1 katkilar1 ve bu katkilarin modern matematik {izerindeki etkilerini ortaya koyar (Ascher, 1991).
Farkli  kiiltirel baglamlarda yapilan matematiksel uygulamalar, matematik egitiminin
zenginlesmesine ve cesitlenmesine olanak tanir. Ogrenciler, kendi kiiltiirel baglamlarindan yola
¢ikarak matematiksel kavramlar1 daha iyi anlar ve bu kavramlar1 giinliik yasamlarinda daha etkin
kullanabilir. Ornegin, Japonya'da origami sanati, geometrik kavramlarin 6gretilmesinde etkili bir arag
olarak kullanilmaktadir. Benzer sekilde, Afrika'daki bazi toplumlarda, geleneksel dokuma desenleri,
fraktal geometrinin anlagilmasinda kullanilmaktadir (Gerdes, 1999). Bu tiir kiiltiirel uygulamalar,
Ogrencilerin matematige olan ilgisini artirirken, matematiksel kavramlarm kiiltiirel ve tarihsel
baglamlarda nasil evrildigini de anlamalarina yardimeci olur. Ayrica, bu yaklasimlar, dgrencilerin
farkl kiltiirlere ve perspektiflere olan saygi ve anlayisini gelistirir (Barton, 2004).

Bu makalede, 6gretmen adaylar tarafindan hazirlanan etnomatematiksel etkinlikler ele alinmustir.
Ogretmen adaylarimin hazirladiklar1 bu etkinliklerde vermeyi planladiklari siire, simf seviyesi,
ogrenme alani ve kiiltiirel baglam incelenmistir. Yapilandirmaci yaklasimda 6grenci etkilesimini 6n
plana ¢ikaran etkinliklerin 6nemi bir kez de bu ¢alisma ile egitime yansimasi gozler dniine serilmistir.
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YONTEM
Arastirma Modeli

Bu aragtirmada, ilkdgretim matematik &gretmenliginde okuyan 2. simuf 6gretmen adaylarinin
hazirladiklar1 etnomatematiksel etkinlikler incelenmistir. Aragtirmanin amaci, 6gretmen adaylarinin
kiiltiirel baglamlar1 matematik derslerine entegre etmede kullanmay1 planladiklan ve etkinlik tasarim
ilkelerini de g6z 6niinde bulundurarak hazirladiklar etkinlikleri siire, sinif seviyesi, 6grenme alani ve
kiiltiirel baglam bakimindan degerlendirmektir. Arastirma nitel arastirma yontemi kullanilarak
gerceklestirilmistir. Nitel arastirma, olgularm dogal ortamlarinda anlamlandirilmasimi saglayan,
katilimcilarin perspektiflerinden verilerin toplandigi ve yorumlandigi bir yaklasimdir (Merriam,
2009). Bu baglamda, arastirmanin 6rneklemini, bir devlet iiniversitesinde 2. sinifa devam etmekte
olan 50 ilkdgretim matematik 6gretmen aday1 olusturmaktadir. Arastirmada, 6gretmen adaylarmin
hazirladiklar1 etnomatematiksel etkinlikler dokiiman inceleme yoOntemi ile analiz edilmistir.
Dokiiman analizi, onceden var olan yazili materyallerin sistematik olarak incelenmesi ve
yorumlanmasi siirecidir (Bowen, 2009).

Evren ve Orneklem

Bu arastirmanin evrenini, Tiirkiye'deki devlet {iniversitelerinin Egitim Fakiiltelerinde Ilkdgretim
Matematik Ogretmenligi programinda Ogrenim géren tiim ogretmen adaylari olusturmaktadir.
Aragtirmanin 6rneklemini ise, bir devlet iiniversitesinde Ilkdgretim Matematik Ogretmenligi 2. sinifa
devam etmekte olan 50 Ogretmen adayr olusturmaktadir. Orneklem, amagl drnekleme yontemi
kullanilarak segilmistir ve ¢alisma grubu, arastirmanin amacina uygun veriler elde edebilecek yeterli
cesitlilige sahip katilimcilardan olusmaktadir. Orneklemde 12 erkek ve 38 kadn &gretmen aday:
bulunmaktadir. Bu katilimeilar, kiiltiirel matematiksel bilgiyi matematik egitimine entegre etme
konusunda etkinlikler olusturmak icin gerekli egitim ve donanima sahiptir. Bu 6rneklem sayesinde,
ogretmen adaylarinin  kiiltiirel baglamlar1 matematik derslerine entegre etme konusundaki
yaklagimlarin1 ve hazirladiklar1 etnomatematiksel etkinliklerin 6zelliklerini derinlemesine inceleme
firsat1 elde edilmistir.

Tablo 1. Arastirmadaki Calisma Grubunun Cinsiyete Gére Dagilimi

Ogretmen Adaylarmn Cinsiyetleri f %
Kadin 6gretmen aday1 sayisi 12 24
Erkek dgretmen adayi sayisi 38 76
Toplam 0gretmen aday1 sayisi 50 100

Veri Toplama Araglarn

Calismadan elde edilen veriler dokiiman analizi ydntemiyle toplanmustir. ilkogretim Matematik
Ogretmenligi 2. Smifta 6grenim gérmekte olan 50 ogretmen adayinin hazirladign her bir
etnomatematiksel etkinlik, bu ¢aligmanin veri toplama aracidir. Bu etkinliklerin bilgisayar ortamina
aktarilmis halleri, ¢aligmanin temelini olusturmaktadir.

Verilerin Toplanmasi ve Analizi

Bu aragtirmadan elde edilen veriler nitel arastirma yoluyla elde edilmistir. Calismadaki veriler
toplanirken O6gretmen adaylarmin hazirladiklar1 etnomatematiksel etkinlik formlarmin bilgisayar
ortamina aktarilmig hallerinden yararlanilmistir. Bu dokiimanlar, etkinliklerin yapisini, i¢eriklerini ve
kiiltiirel baglamlarin nasil entegre edildigini anlamak i¢in analiz edilmistir. Bu veri toplama araglari,
Ogretmen adaylarmin etnomatematiksel etkinlik hazirlama siirecini ve bu etkinliklerin 6zelliklerini
detayli bir sekilde inceleme olanagi saglamistir. Ogretmen adaylarinin kiiltiirel matematiksel bilgiyi
entegre ederek hazirladiklar1 etnomatematiksel etkinlikler; 6gretmen adaylarinin etkinlik tasarim
stireclerini, sectikleri kiiltiirel baglamlari, hedeflenen sinif seviyelerini, 6grenme alanlarini ve tahmini
siireleri ayrintili bir sekilde belgelemelerine olanak tammmustir. Ogretmen adaylarmin hazirladiklart

International Journal of New Trends in Arts, Sports &Science Education 220



> ISSN: 2146 - 9466
LT IJ I ASE www.ijtase.net

International Journal of New Trends in Arts, Sports &Science Education — 2024, volume 13, issue 4

etkinlik formlar1 ise dokiiman analizi ile ayrintili bir sekilde analiz edilmistir. Etkinliklerin analizi
yapilirken oncelikle 6gretmen adaylarinin etkinlik siirelerini ne kadar siire olarak belirlediklerine
bakilmistir. Incelenen etkinliklerde belirtilen siirelerin 15 dakika ile 1 giin arasinda degistigi
goriilmiis ve toplam 13 kategori altinda simiflandirilmigtir. Sonrasinda 6gretmen adaylarinin
etkinlikleri yapmay1 planladiklart siif seviyelerine bakilmistir. Ortaokul diizeyindeki her smif
seviyesinde yapilmayi planlanan etkinlikler oldugu gibi 1. Simifta da etkinlik yapmay1 planlayan
Ogretmen aday1 oldugu goriilmiis ve bunlar 5 kategori altinda toplanmistir. Daha sonra 6gretmen
adaylarinmn  hazirlamis olduklar1 etkinliklerde kullanmay1 planladiklar1  6grenme alanlar
kategorilestirilmistir. En son ise Ogretmen adaylarinin etkinliklerine konu edindikleri kiiltiirel
baglamlar dikkate alinarak 13 kategori olusturulmustur. Her kategoriye dahil edilen yanitlarin
frekanslar1 tablolar yardimiyla sunulmustur.

BULGULAR

Bu ¢alismada 6gretmen adaylarmin hazirladiklar1 etnomatematiksel etkinlikler siire, sinif seviyesi,
O0grenme alani ve kiiltiirel baglam bakimindan incelenmistir. Incelenen etkinlikler, kategorilestirilerek
asagida sunulmustur:

Ilkogretim Matematik Ogretmen Adaylarinin Hazirladiklar1 Etnomatematiksel Etkinliklerdeki
Siireler

[Ikdgretim matematik 6gretmen adaylari, etnomatematiksel etkinlikleri hazirlarken siireyi en az 15
dakika, en fazla 1 giin olarak belirledikleri goriilmiistiir. Ogretmen adaylarmin en fazla kullanmay1
diisiindiigii siireyi 40 dakika olarak diisiindiikleri dikkat ¢ekmistir. Asagi verilen tabloda 6gretmen
adaylarinin belirledikleri etkinlik siireleri ve bunlarin dagilimlar1 gosterilmistir.

Tablo 2. Ogretmen adaylarmin belirledikleri etkinlik siirelerinin dagilimi

Etkinlik Siiresi f
15 dakika 2
20 dakika 6
25 dakika 2
30 dakika 6
35 dakika 8
40 dakika 15
45 dakika 1
50 dakika 2
80 dakika 1
1 ders saati 2
2 ders saati 2
1 giin 1
Siire belirtilmemis 2

IIkogretim Matematik Ogretmen Adaylarinin Hazirladiklar1 Etnomatematiksel Etkinliklerdeki
Sinif Seviyeleri

[Ikogretim matematik dgretmen adaylarinin hazirladiklar1 etnomatematiksel etkinliklerde farkli simif
seviyelerini g6z oniinde bulundurarak kurguladiklar1 goriilmiistiir. Hazirlanan etkinlikler 1., 5., 6., 7.
ve 8. smif seviyelerine gore farklilagmistir. Hazirlanan etkinliklerde 1. smif seviyesine uygun etkinlik
hazirlayan 1 kisi, 5. sinif seviyesine uygun etkinlik hazirlayan etkinlik hazirlayan 15 kisi, 6. sinif
seviyesine uygun etkinlik hazirlayan 7 kisi, 7. sinif seviyesine uygun etkinlik hazirlayan 13 kisi ve 8.
sinif seviyesine uygun etkinlik hazirlayan ise 12 kisi oldugu belirlenmistir. Asagidaki tabloda
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Ogretmen adaylarinin hazirladiklar: etkinliklerdeki smif seviyeleri ve bunlarin dagilimlar: verilmistir.

Tablo 3. Ogretmen adaylarmin hazirladiklar: etkinliklerin sinif seviyelerine gore dagilimi

Sinif seviyesi f
1.simuf 1
S.smif 15
6.smif 7
7.smf 13
8.siuf 12

i"lkiigretim Matematik Ogretmen Adaylarimin Hazirladiklar1 Etnomatematiksel Etkinliklerdeki
Ogrenme Alanlar

[Ikdgretim matematik 6gretmen adaylarmin  kurguladiklar - etkinliklerdeki 6grenme alanlar
incelendiginde ise Sayilar ve Islemler, Cebir, Geometri ve Olgme ile Olasilik dgrenme alalarinda
etnomatematiksel etkinlikler hazirladiklarn tespit edilmistir. Etkinlik hazirlarken hicbir 6gretmen
adaymi Veri Isleme 6grenme alanindan yararlanmadigi goriilmiistiir. Ogretmen adaylar1 tarafindan
kurgulanan etkinliklerin 9’unda Sayilar ve Islemler, 7°sinde Uzunluk ve Zaman Olgme, 23’iinde
Geometri ve Olgme, 2’sinde ise Olasilik §grenme alanmin goz éniinde bulunduruldugu belirlenmistir.
Asagida verilen tabloda Ogretmen adaylarmin hazirladiklar etkinliklerdeki 6grenme alanlarinin
dagilimlan verilmistir.

Tablo 4. Ogretmen adaylarmin hazirladiklar etkinliklerin 6grenme alanlarina gore dagilimi

Ogrenme alami f
Sayilar ve islemler 19
Cebir 7
Geometri ve 6lgme 23
Veri isleme 0
Olasilik 2

IIkogretim Matematik Ogretmen Adaylarinin Hazirladiklar1 Etnomatematiksel Etkinliklerdeki
Kiiltiirel Baglamlar

[Ikogretim matematik 6gretmen adaylarinin hazirladigi etnomatematiksel etkinlikleri bir kiiltiirle
iligkilendirmeleri istenilmistir. Bu dogrultuda hazirlanan etkinliklere bakildiginda ise 6grencilerin
biiyiik bir kismmin en az bir kiiltiirel baglam etkinliklerinde kullandiklar1 goriilmiistiir. Ogretmen
adaylarinin hazirladiklan etkinliklerden sadece 4’tinde herhangi bir kiiltiirel baglama rastlanmamastir.
Ogretmen adaylarimin 2’sinin ise hazirladig1 etnomatematiksel etkinliklerde, birden fazla kiiltiirden
yararlandiklar1 goriilmiistiir. Hazirlanan etkinliklerin 13'iiniin Anadolu, 9’unun Osmanli, 6’smin
Misir, 4’iiniin Yunan, 3’{iniin Cin, 3’{iniin Inka, 2’sinin Maya ve 1’inin de Babil kiiltiirii ile ilgili
oldugu tespit edilmistir. Ogretmen adaylarimin hazirladiklar1 etnomatematiksel etkinliklerin kiiltiirel
baglama gore dagilimlar asagidaki tabloda 6zetlenmistir.
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Tablo 5. Ogretmen adaylarmin hazirladiklar etkinliklerin kiiltiirel baglama gore dagilim1

Kiiltiirel Baglam f
Anadolu 13
Osmanl 9
Misir 6
Yunan 4
Cin 3
Inka 3
Maya 2
Babil 1
Roma 1
Orta Asya 1
Afrika 1
Birden fazla 2
Yok 4

Arastirmadan elde edilen tiim bu bulgular ile 6gretmen adaylarinin etnomatematiksel etkinliklerin
tasariminda siire, simnif seviyesi, 0grenme alanlar1 ve kiiltiirel baglam gibi 6nemli faktorleri dikkate
aldiklar gozler oniine serilmistir.

TARTISMA, SONUC ve ONERILER

Aragtirma sonucunda ilkogretim matematik 6gretmen adaylarinin hazirladiklart etnomatematiksel
etkinliklerin siire, sinif seviyesi, 6grenme alani ve kiiltiirel baglam acisindan ¢esitli 6zellikler tasidigi
gOriilmistiir. Bu galisma, bu 6zellikleri detayli olarak ele almistir.

Ogretmen adaylarmin etnomatematiksel etkinlikleri icin belirledikleri siirelerin dagilimi genis bir
yelpazeye yayilmaktadir. Ogretmen adaylari tarafindan etkinliklere en az 15 dakika, en fazla 1 giin
stire verdigi goriilmiis ve bu siireler iginde en yaygin verilen siirenin 40 dakika oldugu tespit
edilmistir. Bu durum, etkinliklerin 6gretim siirecinde nasil entegre edilecegine dair farkli yaklagimlar
ve esneklik saglama egilimlerini yansitmaktadir (Holman & Pilling, 2004; Kilig, Pekkan, &
Karatoprak, 2013).,

Aragtirmaya konu olan etnomatematiksel etkinlikler; farkli sinif seviyelerine gore hazirlanmis olup
etkinliklerin 1., 5., 6., 7. ve 8. simf seviyesindeki dgrenciler i¢in tasarlandig1 goriilmiistiir. Ogretmen
adaylarinin ¢cogunun (%30) 5. smif seviyesini goz énlinde bulundurarak bir etkinlik hazirladig ortaya
cikmustir. Ogretmen adaylarinin ortaokul seviyesinin yani sira ilkokul 1. Sinifi géz Oniinde
bulundurarak bir etkinlik hazirlayabildigi géze ¢arpmistir. Bu dagilim, 6gretmen adaylarinin ortaokul
seviyesindeki matematik 6gretimine daha fazla odaklandigini gostermektedir (MEB, 2009; Olkun &
Ucgar, 2012).

Hazirlanan etnomatematiksel etkinliklere Ogrenme alanlar1 agisindan bakildiginda, G6gretmen
adaylarinin yiizde 46’smin Geometri ve Olgme, yiizde 38’inin Sayilar ve Islemler 6grenme
alanlarinda etkinlik hazirladig1 gériilmiistiir. Ogretmen adaylarmin Veri Isleme 6grenme alaninda hig
etkinlik hazirlanmadiklar1 géze carpmistir. Bu bulgu, 6gretmen adaylarinin genellikle daha somut ve
gorsel temalar iceren Ogrenme alanlarma odaklandiklarimi isaret etmektedir (Jazuli vd., 2017,
Parchmann vd., 2015).

Ogretmen adaylarinin etkinliklerinde kullanmay tercih ettikleri kiiltiirel baglamlar incelendiginde ise
Anadolu, Osmanli ve Misir gibi kiiltiirel baglamlarin en fazla kullanilan baglamlar arasinda yer aldig
goriilmiistiir. Ogretmen adaylarinmn biiyiik gogunlugunun etkinliklerinde en az bir kiiltiirel baglami

International Journal of New Trends in Arts, Sports &Science Education 223



b - ISSN: 2146 - 9466
LT IJ I ASE www.ijtase.net

International Journal of New Trends in Arts, Sports &Science Education — 2024, volume 13, issue 4

kullandig1, sadece 4 etkinlikte kiiltiirel baglam kullanilmadigr belirlenmistir. Bu durum, &gretmen
adaylarinin  kiiltiirel zenginlikleri matematik Ogretiminde nasil entegre edebilecegine dair
farkindaligin1 géstermistir (Kdse & Tosun, 2015; Saenz, 2009).

Ogretmen adaylarmm en ¢ok 5. smif diizeyinde, Geometri ve Olgme 6grenme alanlarinda ve
Anadolu kiiltiirii baglaminda etkinlikler hazirladiklart tespit edilmistir. Bu bulgu, 6gretmen
adaylarinin "matematiksel kavramlan kiiltiirel baglamlarda somutlastirma ve bu yolla 6grencilerin
matematiksel anlayisini derinlestirme"” kapasitesine isaret etmektedir (Ascher, 1991).

Arastirmanin sonucunda, ilkogretim matematik 6gretmen adaylarmin etnomatematiksel etkinlikler
hazirlarken genis bir yelpazede calismalar yaptiklari ortaya cikmistir. Ancak, bazi Ggrenme
alanlarimin ve kiiltiirel baglamlarin daha az temsil edildigi belirlenmistir. Bu durum, 6gretmen
adaylarinin bazi kiiltiirel unsurlar1 matematik 6gretimine entegre etmede daha az deneyime sahip
olduklarin1 géstermektedir (D'Ambrosio, 2001).

Sonug olarak; 6gretmen adaylarinin etnomatematiksel etkinliklerinin siire, sinif seviyesi, 6grenme
alan1 ve Kkiiltiirel baglam acisindan g¢esitlilik gosterdigi, ancak belirli alanlarda yogunlastigi
goriilmiistiir. Elde edilen bu bulgular, etnomatematiksel yaklagimin 6gretmen adaylan tarafindan
benimsendigini, farkli kiiltiirel ve egitimsel baglamlarda kullanilabilirligini ortaya koyabilmektedir.

Bu arastirma, ilkdgretim matematik 6gretmen adaylarinin kiiltiirel baglamlari matematik egitimine
entegre ederken dikkat ettikleri degiskenlere yonelik 6nemli bulgular agiga ¢ikarmistir. Elde edilen
veriler, matematik Ogretmenligi egitim programlarinin gelistirilmesinde ve etnomatematiksel
yaklasimlarin egitim slireclerine daha etkin bir sekilde dahil edilmesinde rehberlik edici olabilir
(Barton, 2004). Bu dogrultuda, ilkdgretim matematik Ogretmen adaylarmin etnomatematiksel
etkinlikler hazirlarken daha dengeli ve kapsamli bir yaklasim benimsemeleri gerektigi onerilebilir.
Ogrenme alanlar1 arasinda Veri Isleme gibi ihmal edilen konulara daha fazla dikkat edilmesi,
ogrencilerin kapsamli bir matematiksel anlayis gelistirmelerine yardimci olabilir. Ayrica, 6gretmen
egitim programlarmin bu alanlara yonelik farkindaligi artiracak iceriklerle zenginlestirilmesi
onemlidir (Holman & Pilling, 2004; Jazuli vd., 2017).

Ogretmen adaylarinin farkli sinif seviyelerine yonelik etkinlikler hazirlarken 1. sinif gibi daha diisiik
seviyelerde de etkinlikler gelistirmesi tesvik edilmelidir. Bu, kii¢iik yastaki 6grencilerin matematiksel
kavramlarla erken tanigmalarini ve kiiltiirel baglamlar da erken yaslarda tamimalarim saglayabilir
(MEB, 2009; Olkun & Ugar, 2012).

Kiiltiirel baglamlari kullanimi agisindan, adaylar daha genis bir kiiltiirel perspektif gelistirmeleri
onemlidir. Ozellikle farkli kiiltiirel baglamlardan etkinlikler hazirlanarak, 6grencilerin diinya
genelindeki matematiksel mirasi1 tanimalar1 saglanabilir. Bu amagla, 6gretmen adaylarma yonelik
kiiltiirel gesitlilik ve kiiresel perspektif kurslart diizenlenebilir (Kose & Tosun, 2015; Saenz, 2009).

Son olarak, 6gretmen adaylarinin etkinlik planlama ve uygulama siireclerinde siire yonetimi
becerilerini gelistirmeleri i¢in verilen egitimin daha kapsamli bir hale getirilmesi yararli olabilir. Bu
egitimler, etkinliklerin sinif i¢i uygulamalarda daha etkili bir sekilde kullanilmasmi ve &gretim
stirecinin verimliligini artirabilir (Kili¢, Pekkan & Karatoprak, 2013). Tiim bu oneriler ile 6gretmen
adaylarinin daha kapsamli, dengeli ve etkili etnomatematiksel etkinlikler gelistirmelerine ve
uygulamalarina olanak saglayabilir.

Etik ve Cikar Catismasi

Yazar aragtirmanin tiim siireclerinde etik kurallara uygun davrandigini beyan eder. Herhangi
bir sekilde ¢ikar ¢atigmasi s6z konusu degildir.
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EXTENDED ABSTRACT

Mathematics education often grapples with the challenge of making abstract concepts tangible and
relatable for students. Ethnomathematics, as a field of study, explores the ways in which mathematics
is developed and applied within various cultural contexts, offering a means to enrich the educational
process by embedding mathematical activities in cultural narratives (Ascher, 1991; D'Ambrosio,
2001). This study examines the integration of cultural contexts into mathematics education through
ethnomathematical activities, emphasizing their role in enhancing students' understanding of abstract
concepts via concrete experiences. These activities support the development of problem-solving,
reasoning, and cooperative skills, making mathematics more accessible and engaging (Gerdes, 1999;
Barton, 2004). The focus of this study is on the ethnomathematical activities prepared by second-year
primary mathematics teacher candidates, assessing how these activities incorporate constructivist
approaches and cultural perspectives to facilitate effective mathematics education. This study adopts
a qualitative research design to investigate the ethnomathematical activities developed by second-
year primary mathematics teacher candidates at a state university. The sample consists of 50 teacher
candidates who prepared activities aimed at integrating cultural contexts into mathematics lessons.
The research employs document analysis to evaluate the ethnomathematical activity forms created by
the prospective teachers. These forms, in their computerized versions, were analyzed based on
several criteria including the duration of the activities, the targeted grade levels, the learning areas,
and the cultural contexts they addressed. Data analysis involved coding the activities to identify
patterns in their design processes and characteristics. The duration of each activity, ranging from 15
minutes to a full day, was noted, along with the grade levels they targeted, which included Ist, Sth,
6th, 7th, and 8th grades. The learning areas covered by the activities—Numbers and Operations,
Geometry and Measurement, Algebra, and Probability—were also examined. The cultural contexts
used in the activities, notably influences from Anatolian, Ottoman, and Egyptian cultures, were
assessed to understand how well they connected with the mathematical content. The analysis of the
ethnomathematical activities revealed a diverse range of characteristics in terms of duration, grade
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level, learning area, and cultural context. The duration of the activities varied significantly, with most
designed to fit a 40-minute class period. This variation in duration reflects the flexibility and
adaptability of ethnomathematical approaches in the teaching process, accommodating different
teaching schedules and classroom dynamics (Holman & Pilling, 2004). Activities were
predominantly prepared for the 5th grade, though there were also activities designed for 1st, 6th, 7th,
and 8th grades. This focus on middle school levels suggests a need for teacher candidates to extend
their activity planning to include lower grade levels, providing a more comprehensive educational
experience across the primary spectrum (Johnson, 2015). In terms of learning areas, the activities
concentrated on Numbers and Operations, Geometry and Measurement, and Algebra, with fewer
activities addressing Data Processing. This indicates a preference for areas with more tangible and
visual elements , which may be easier to contextualize culturally. However, it also highlights a gap in
incorporating Data Processing into ethnomathematical activities, suggesting a need for broader
representation of learning areas (Kilig, Pekkan, & Karatoprak, 2013). The cultural contexts used in
the activities were predominantly drawn from Anatolian, Ottoman, and Egyptian cultures,
demonstrating the teacher candidates' ability to connect mathematics with specific cultural heritages.
However, there is room for expanding the range of cultural contexts to offer students a more diverse
understanding of mathematical heritage globally (Kdse & Tosun, 2015). The findings from this study
indicate that ethnomathematical activities designed by primary school mathematics teacher
candidates exhibit varied characteristics in terms of duration, grade level, learning area, and cultural
context. While there is a broad range in activity duration, suggesting flexibility in instructional
approaches, a concentration on middle school grades indicates a need for encouraging more activity
development for lower grade levels. The focus on tangible and visual learning areas such as
Geometry and Numbers suggests a need to diversify into areas like Data Processing, which are
currently underrepresented. The use of cultural contexts, primarily from Anatolian, Ottoman, and
Egyptian influences, underscores the importance of integrating cultural perspectives in mathematics
education. Expanding these contexts can enrich students' mathematical experiences by providing a
broader cultural perspective. To enhance the effectiveness of ethnomathematical activities, teacher
training programs should focus on improving candidates' skills in time management and activity
planning, ensuring that they are well-equipped to incorporate diverse cultural contexts into their
teaching practices. By addressing these areas, future research can contribute to more inclusive and
culturally responsive mathematics education, fostering a deeper connection between students and
mathematical concepts.
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0z

Teknolojik gelismeler ile birlikte teknolojik araglar giinliik yasantimizin vazgegilmez bir parcasi haline gelmistir. Teknolojik
gelismelere paralel olarak teknoloji destekli uygulamalarin egitimde farkli alanlarda kullanildigi goriilmektedir. Kimya
Egitimi alaninda da teknolojik araglarin kullanildig: ¢esitli uygulamalar bulunmaktadir. Bu calismada, Teknoloji Destekli
Kimya Egitimi Uygulamalar1 konusunda 2020-2024 yillar1 arasinda Tiirkiye’de yapilmis tezlerin ve makalelerin incelenmesi
amaglanmistir. Arastirmada nitel arastirma modeli olarak meta-sentez yontemi secilmis ve ¢alismalarin incelenmesinde
kullanilmugtir. Verileri toplamak amactyla Google Akademik, Dergipark, Ulakbim ve YOK-Ulusal Tez Merkezi veri
tabanlart kullanilmis ve 2020-2024 yillar: arasinda Tiirkiye’de Kimya Egitimi alaninda teknoloji destekli uygulamalarin yer
aldig1 tez ve makaleler arastirma kapsamina alinmustir. Altis1 makale besi tez olmak {izere toplam on bir ¢alisma arastirma
kapsaminda meta-sentez yontemiyle incelenmis ve bu calismalar sekiz ana tema altinda siniflandirilmistir. 2023 yilinda
yapilmuig daha fazla tez oldugu, yar1 deneysel desen seklinde yiiriitiilen ¢aligmalara daha fazla yer verildigi, veri toplama
araci olarak ¢cogunlukla test ve dlgek kullanildigl, uygulamalarda Web 2.0 araglarindan yararlanildigi goriilmiistiir.

Anahtar Terimler: Kimya egitimi-6gretimi, artirilmis gerceklik, mobil oyun, simiilasyon, web 2.0
Abstract

With technological advancements, technological tools have become an indispensable part of our daily lives. Parallel to these
developments, technology-supported applications are being used in various fields of education. In the field of Chemistry
Education, there are also various applications that utilize technological tools. This study aims to examine the theses and
articles published in Turkey between 2020 and 2024 on Technology-Supported Chemistry Education Applications. A
qualitative research model, specifically the meta-synthesis method, was chosen and employed for analysing the studies. To
collect data, databases such as Google Scholar, Dergipark, Ulakbim, and the Council of Higher Education National Thesis
Centre were used, and theses and articles on technology-supported applications in Chemistry Education in Turkey between
2020 and 2024 were included in the scope of the research. A total of eight studies, five articles and three theses, were
analysed using the meta-synthesis method, and these studies were classified under eight main themes. It was observed that
more theses were conducted in 2023, more emphasis was placed on quasi-experimental designs, tests and scales were
frequently used as data collection tools, and Web 2.0 tools were utilized in the applications.

Keywords: Chemistry education-teaching, augmented reality, mobile game, simulation, web 2.0

GIRIS

Cagimizda gelisen teknoloji ile egitim-0gretimde farkli teknolojik araglar yerini almaktadir.
Teknolojik araglarla egitim-6gretimde verimliligin artmasi hedeflenmektedir. Yeni teknolojik
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araglarin egitim-6gretimde kullanilmasi, bilgisayar ve bilgisayar sistemlerini egitim-6gretimin
kac¢inilmaz bir pargasi haline getirmistir (Akkagit, 2012).

Kimya dersi konularinin ¢ogunda soyut kavramlarim yer almasi dgrencilerin kimya dersini zor
bulmalarina neden olmaktadir. Bu tiir soyut kavramlar1 6grencilerden hayal etmelerini beklemek
yerine, soyut kavramlarin somutlastirilabilmesi 6énemlidir. Kimya derslerinde yer alan kavramlarm
giinliik yasamda da karsilarina ¢ikmasi, 6grencilerin kimya dersini sadece matematiksel islemlerden
olusan bir ders olarak gormelerini engelleyecektir. Son yillarda teknolojik gelismelerin artisiyla,
giinliik yasamla baglant1 kurulmasi ve soyut kavramlarin somutlastirilmasinda teknolojik araglardan
yararlanilmaktadir (Ekmekgioglu, 2007).

Kimya alaninda soyut kavramlar oldukga fazla yer almakta ve Kimyanin 6grenilmesinde bu tiir soyut
kavramlarin anlagilmasinin olduk¢a onemli oldugu disiiniilmektedir (Alyar & Doymus, 2020).
Molekiiler seviyede gerceklesen kimyasal olaylar1 Ogrencilerin zihinlerinde canlandirabilmeleri ve
somutlagtirabilmeleri zor olmaktadir. Bu tiir giicliiklerin teknoloji destekli araglarla giderilmesi i¢in
farkli caligmalar mevcuttur. Son yillarda animasyon, simiilasyon, video, multimedya vb. gibi
teknolojik araglarin kimya egitiminde kullanimi alternatif &grenme yollar1 olarak kargimiza
cikmaktadir (Pekdag, 2010). Kimya Egitimi alanm1 ve pek ¢ok egitim alaninda bilisim teknolojileri
farkl1 amaclarla kullanilmaktadir. Bilgisayarlarm yani sira mobil cihazlar ile gesitli uygulamalarin
egitimde kullanildig1 goriilmektedir. Bu tiir uygulamalar arasinda yer alan artirtlmis ve sanal ger¢eklik
teknolojilerinin egitimde kullanimi dikkat ¢ekmektedir. Artirilmis ve sanal gergeklik teknolojileri
laboratuvar imkani bulunmayan okullarda bir alternatif olarak degerlendirilmektedir. Teknoloji
destekli uygulamalar ile farkli O6grenme ortamlarinin olusturulmasi ve ogrencilerin 6grenme
diizeylerinin artirilmasi 6nem arz etmektedir (Avci, 2019).

Alan yazinda Kimya Egitimi alaninda yapilmis teknoloji destekli uygulamalarin yer aldig
caligmalarin incelenmesi ve sistematik olarak siniflandirilarak degerlendirilmesi dikkat gekici
olacaktir. Bu amagla meta-sentez yonteminin kullanilmasi uygun bir yontem olmaktadir. Meta-sentez,
nitel bir arastirma yontemi olup veri analiz bulgularini ifade etme ve yorumlama siireci olarak
tammlanmaktadir. Meta sozciligii, analiz edilen arastirmalarm derinlemesine incelenmesini ifade
ederken sentez kavramu ise incelenen ¢aligmalarin birlikte bir araya getirilmesini ifade eder (Giines &
Erdem, 2022).

Meta-sentez calismalari, belirli bir kategoride yapilan ¢aligmalarin nitel bulgular ile incelenmesi,
benzerlik ve farkliliklarmin ortaya koyulmasi, analiz edilmesi ve edinilen bilgilerle farkli yorumlar
gelistirmeyi hedefleyen aragtirmalar olarak tanimlanmaktadir (Polat & Ay, 2016).

Bir arastirmada daha Onceki ¢aligmalardan elde edilen sonuglar her biri ayr1 ayr1 simiflandirildiktan
sonra konu {izerinde bir degerlendirme yapiliyorsa bu bir meta-sentez calismasidir. Incelenen
caligmalarin y1l, arastirma deseni, arastirma ydntemi, veri toplama araglart gibi kriterlere yer verilip
nicel verilere de yer verilmisse bu ¢alismanin meta-sentez ¢aligmasi olmadigini sdylemek yanlig bir
sOylem olmaktadir. Neticede meta-sentez ¢aligsmasi tutarsiz olan ifadeleri ortaya koymak, dnceden
yapilan ¢aligmalarn belirli parametreler ve kurallar ile yorumlanmasi ve bu yorumlarm benzerlik ve
farkliliklarmi karsilastirmay1 hedefleyen bir amag ortaya koymaktadir (Dinger, 2018)

Yapilan bir¢ok caligma sonuglarinin bir biitiin haline getirilmesi ve degerlendirilmesi ile meta-sentez
aragtirma yonteminin 6nemi giin gectikce artmaktadir. Meta-sentez yonteminin alan yazinda yer alan
arastirmalarin geligkili ifadelerini de ortaya ¢ikarmasi ve saglam bilimsel kanitlar ile birlikte yol
gostermesi meta-sentez yonteminin en 6nemli 6zelligidir (Goktas, 2017). Meta-sentez yonteminin
kullanildigr bu arastirma sonucunda; Tiirkiye’de yapilmis Teknoloji Destekli Kimya Egitimi
Uygulamalarinin yer aldigi ¢aligmalarin belirlenen kriterler dogrultusunda detayli incelenmesi ile
daha sonra bu alanda ¢aligsacak aragtirmacilara yol gosterici olacagi diistiniilmiistiir.
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Arastirmanin Amaci

Bilgi ¢ag1 olarak da adlandirdigimiz 21. yiizy1lda hemen hemen her bir bireyin teknolojiyi etkili bir
sekilde kullanmasi teknoloji ile i¢ ice oldugumuzu gostermektedir. Degisen teknoloji ile birlikte
teknoloji destekli uygulamalar egitim ortaminda kullanilmaktadir. Snif i¢inde kullanilan teknoloji
destekli bu uygulamalarm egitimdeki niteligi ve igerigini incelemek icin ¢alismalar yapilmaktadir
(Sar, 2019). Bu calismada Teknoloji Destekli Kimya Egitimi Uygulamalar1 konusunda 2020-2024
yillar1 arasmda Tiirkiye’de yapilmis tezlerin ve makalelerin meta-sentez yontemiyle incelenmesi
amaglanmustir.

Problem ciimlesi

Bu aragtirmada Teknoloji Destekli Kimya Egitimi Uygulamalart konusunda 2020-2024 yillan
arasinda Tirkiye’de yapilmis ¢alismalarin basim yillarna, Orneklem diizeylerine, arastirma
desenlerine, veri toplama araglarina, veri analiz yOntemlerine, arastirma yontemlerine, Kimya
konularma ve teknoloji destekli uygulamalara gore dagilimlari nasildir? sorusuna cevap aranmistir.

Arastirmanmin Sinmirhliklar

Bu arastirma, 2020-2024 yillart arasinda Tiirkiye’de yapilmis calismalar ile siirhidir. Teknoloji
Destekli Kimya Egitimi Uygulamalart konusunda Tiirkiye’de yapilmis olan alti adet makale ve beg
adet tez olmak {izere toplam on bir ¢alisma ile sinirlidir.

YONTEM
Cahsmanin Modeli

Bu calismada Teknoloji Destekli Kimya Egitimi Uygulamalar1 konusunda Tiirkiye’de yapilmig
tezlerin ve makalelerin incelenip ortak bir tema altinda benzerlik ve farkliliklarinin ortaya konulmasi
icin meta sentez yontemi segilmistir. Meta-sentez arastirmalari, belirli bir alanda yapilan nitel, nicel
veya karma desen caligmalarin nitel bulgularimin; yorumlanmasini, degerlendirilmesini, benzer ve
farkli yonlerinin ortaya konulmasinmi ve yeni ¢ikarimlar yapilmasini amaglayan ¢aligmalardir (Polat &
Ay, 2016; Akiiziim & Ozmen, 2014 ).

Calismanin Orneklemi

Calismanin 6rneklemini 2020-2024 yillar1 arasinda Tiirkiye’de yapilmus, Tiirkce, Ingilizce ya da hem
Tiirkce hem de Ingilizce gevirisi seklinde basilmis olan, internet iizerinden tam metnine ulagilabilen
Kimya Egitimi alaninda ortadgretim ve liniversite diizeyinde uygulanmig alt1 adet makale ve bes adet
tez olusturmaktadir.

Veri Toplama Siireci

Teknoloji destekli kimya egitimi uygulamalarina yonelik gerceklestirilen bu calismada oncelikle,
arastirma sorusu ve veri toplama siirecinde kullanilacak anahtar kelimeler arastirmacilar tarafindan
belirlenmistir. Anahtar kelimeler “Kimya Egitimi, Kimya Ogretimi, Artirilmis Gergeklik, Mobil Oyun,
Simiilasyon, Web 2.0” olarak seg¢ilmistir. Bilimsel bulgularin giincel olma kriterini saglamasi igin
calisma 2000-2024 yil araligi ile sinirlandirilmistir.  Veri toplama siirecinde Google Akademik,
Dergipark, Ulakbim ve YOK-Ulusal Tez Merkezi veri tabanlari kullanilmis, anahtar kelimeler
dogrultusunda tam metinlerine ulasilabilen 2020-2024 yillar arasinda Tiirkiye’de yapilmis ¢aligmalar
aragtirmacilar tarafindan ¢aligmaya dahil edilme ve hari¢ tutulma kriterlerine uygunluk agisindan
degerlendirilmistir. Se¢ilen anahtar kelimelerden en az birisini anahtar kelimelerinde igeren ¢aligmalar
aragtirma kapsamina alinmigtir. Anahtar kelimelerinde “Kimya Egitimi” ya da “Kimya Ogretimi” olan
ancak teknoloji destekli uygulamalar icermeyen calismalar hari¢ tutulmustur. Teknoloji destekli
uygulamalar igeren ancak Fen Egitiminde uygulanmig ¢aligsmalar arastirma kapsamina alinmamustir.
Kimya Egitiminde yapilmis teknoloji destekli uygulamalar igeren, nitel, nicel ve karma desen olarak
yiiriitiilmis ¢alismalar aragtirmaya dahil edilmistir. Calismalarin kalitesi agisindan hakemli dergilerde
yaymlanmis olmasi, yiiksek lisans ya da doktora tezi olmasina dikkat edilmistir. Dahil edilme ve harig
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tutulma kriterlerine uygunluk acisindan yapilan degerlendirmeler sonucunda, altis1i makale besi tez
olmak iizere toplam on bir ¢alisma arastirmacilar tarafindan aragtirma kapsamia alinmugtir.

Veri Analizi

Calisma kapsamina alinan makaleler M1,M2,...; tezler ise T1,T2,... seklinde kodlanmistir (Ek 1).
Meta-sentez kapsaminda incelenen ¢aligmalarda ana tema ve alt temalar olusturulmustur. Olusturulan
ana tema ve alt tema sonuglar1 frekans ve ylizde seklinde tablo halinde verilmistir. Ana tema ve alt
temalar iki arastirmaci tarafindan ayr ayr olusturulmus ve giivenirlik analizi i¢in Giivenirlik = Goriig
Birligi Sayist / Toplam Goériis Birligi + Goriis Ayriligr Sayisi, formiilii kullanilmigtir.  Uyusum
yiizdelerinin % 80’den biiylik olmasi giivenirligin yiiksek olmasi seklinde kabul edilmektedir (Miles
ve Huberman, 2015). Giivenirlik analizi sonuglarina gore uyusum yiizdesi %96 olarak bulunmustur.
Sonuglar kodlayicilar arast uyusum yiizdesinin yiikksek ve giivenirligin 1iyi oldugu seklinde
yorumlanabilir.

BULGULAR
Calismanin aragtirma sorusu kapsaminda elde edilen bulgulara agagida sirasiyla yer verilmistir:

Meta-sentez kapsaminda ele alinan c¢alismalar basim yillarina, 6rneklem diizeylerine, arastirma
desenlerine, veri toplama araglarina, veri analiz yontemlerine, arastirma yoOntemlerine, Kimya
konularma ve teknoloji destekli uygulamalara gore dagilimlarma gore incelenmistir. Belirlenen ana
tema ve alt temalar dogrultusunda elde edilen veri analiz sonuglar1 frekans ve yiizde degerleri olarak
Tablo 1-8’de sunulmustur.

Incelenen ¢aligmalarm basim yillarina gére dagilimi asagida Tablo 1°de verilmistir.

Tablo 1. Calismalarin basim yillarina gore dagilima.

Ana Tema Alt Temalar Cahsma Kodlar1 Frekans Yiizde
2020 T5 1 9,1
2021 M1 1 9,1
Calismalarm 2022 T3, T4, M3 3 27,2
Basim Yillar
2023 T1,T2, M2, M5, M6 5 45,5
2024 M4 1 9,1
Toplam 11 100

Tablo 1 incelendiginde teknoloji destekli kimya egitimi uygulamalarinin en ¢ok 2023 yilinda yer
aldig1 (%45,5) goriilmektedir.

Incelenen ¢aligmalarm drneklem diizeylerine gore dagilimi asagida Tablo 2’°de verilmistir.

Tablo 2 incelendiginde 6rneklem diizeyleri ve sayilari igerisinde biiyiik cogunlugun 9. sinif (% 40), 10.
simif (% 20) ve lniversite 6grencilerinin (% 30) oldugu goriilmektedir. 11. Smf ve 12. Simf
diizeyinde yapilan ¢alismaya rastlanilmamistir.
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Tablo 2. Calismalarin 6rneklem diizeylerine gore dagilimi.

Ana Tema Alt Temalar Calisma Kodlar: Frekans Yiizde
9.Smif Ogrencileri T1 (209), T3 (34), T4 (63), M6 4 40

(28)
10.Smnif Ogrencileri M2 (48), MS5 (40) 2 20

11.Smnif Ogrencileri - - -

Orneklem

Diizeyleri 12.Smif Ogrencileri - ) )

Qniversite M3 (27), T2 (16), TS (40) 3 30

Ogrencileri

Ogretmenler T1(3) 1 10
Toplam 10 100

Incelenen ¢aligmalarin arastirma desenlerine gore dagilin asagida Tablo 3’te verilmistir.

Tablo 3. Arastirma desenlerine gére dagilimi.

Ana Tema Alt Temalar Calisma Kodlar: Frekans Yiizde
Yar1 Deneysel Desen M2, M5, T2, T4 4 36,4

Betimleyici Aragtirma Tasarimi M3 1 9,1

Szzzglre Tia Biitiinciil Tek Durum Deseni M6 1 9,1
Tasarim Tabanl Arastirma T1, M1 2 18,2

Eylem Arastirmasi T3 1 9,1

Dokiiman analizi/Igerik Analizi M4 1 9,1

Tarama Modeli T5 1 9,1

Toplam 11 100

Tablo 3 incelendiginde arastirma desenleri igerisinde yari deneysel desenin (% 36,4) daha cok
kullanildig: dikkat ¢ekmektedir.

Incelenen ¢aligmalarm veri toplama araglara gore dagilimi asagida Tablo 4’te verilmistir.

International Journal of New Trends in Arts, Sports &Science Education 231



" “IJTASE

International Journal of New Trends in Arts, Sports &Science Education — 2024, volume 13, issue 4

Tablo 4. Veri toplama araclarma gore dagilimi.
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Ana Tema Alt Temalar Cahisma Kodlar: Frekans Yiizde
Test T1, T2, T4, M2, M5 5 20
Olgek T2, T3, T4, T5, M2, M3 6 24
Video Kaydi T2 1 4
Gozlem Formu T1 1 4
Gozlem Notlar1 T2 1 4
Veri Toplama Calisma Kagitlar T2 1 4
Araglar
Goriisme Formu T1, T4, M3 3 12
Agik Uglu Sorular M5 1 4
Alan Taramasi M4 1 4
Arastirmaci Glinliikleri T3 1 4
Anket T3, TS5 2 8
Ogrenci Goriis Formu T3 1 4
Rubrikler Mé6 1 4
Toplam 25 100

Tablo 4 incelendiginde veri toplama araglari igerisinde en ¢ok test (% 20) ve 6lgek (% 24) kullanildig

goriilmektedir.

Incelenen galigmalarin veri analiz yontemlerine gore dagilimi asagida Tablo 5’te verilmistir.

Tablo 5. Veri analiz yontemlerine gére dagilimi.

Ana Tema Alt Temalar Calsma Kodlar1 Frekans Yiizde
Anova M5 8,3
Ancova T1, M2 16,7
T testi T2 8,3
Veri Analiz
Yontemleri Icerik Analizi T1, T4, TS 25
Betimsel Istatistiksel Analiz M3 8,3
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Tammlayici Istatistiksel Analiz M3 1 83
Betimsel Analiz T1, T3, M3 3 25
Toplam 12 100

Tablo 5 incelendiginde veri analiz yontemleri igerisinde 7 farkli analiz yontemi kullanildig
goriilmektedir. Caligmalarda en ¢ok kullanilan veri analiz yontemi ise betimsel analiz (% 25) ve igerik
analizi (% 25) oldugu belirlenmistir.

Incelenen calismalardan kullanilan arastirma yontemlerine gore dagilimi asagida Tablo 6’da
verilmistir.

Tablo 6. Arastirma yontemlerine gore dagilimi.

Ana Tema Alt Temalar Calisma Frekans Yiizde
Kodlar:

Nicel Arastirma M2, M3, M5 3 27,3
Nitel Arastirma M4, M6 2 18,2
Karma Aragtirma T1,T2, T4 3 27,3
Tasarim Tabanli Arastirma M1 1 9,1

Arastirma

Yontemleri
Eylem Arastirmasi T3 1 9,1
Tarama Aragtirmasi TS 1 9,1

Toplam 11 100

Tablo 6 incelendiginde caligmalarda bes farkli arastirma yonteminin kullanildigir goriilmektedir.
Calismalardan 3 tanesinin nicel arastirma (% 27,3), 3 tanesinin karma arastirma (% 27,3) ve diger
caligmalarin ise nitel arastirma (% 18,2) , tasarim tabanl arastirma (% 9,1) , eylem arastirmasi (% 9,1)
ve tarama arastirmasi (% 9,1) yontemi oldugu belirlenmistir.

Incelenen ¢aligmalarm Kimya konularma gére dagilimi asagida Tablo 7°de verilmistir.

Tablo 7. Calismalarm kimya konularina goére dagilimlari.

Ana Tema Alt Temalar Calisma Frekans Yiizde
Kodlar:
Kimyasal Tiirler Arast T1, T3, T4 3 14,3
Etkilesimler
Atom ve Periyodik Sistem T4, M3 2 9,5
Molekiil Geometrisi T2 1 4.8
Molekiil Polaritesi T2 1 4.8
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Simyadan Kimyaya

. Element ve Bilesikler
Kimya Konu

Dagilimlar:

Asit, Baz, Tuz

Elektrokimya

Hazir Gidalar

Cozeltiler

Kimya Bilimi

Imidazol Molekiilii

Sentezi
Maddenin Halleri

Doga ve Kimya

M3

M1, T3

M2, M3, M4, M5

M4

M5

M5

Mé6

T5

T3

T3

Toplam

1 4.8
2 9,5
4 19
1 48
1 4.8
1 48
1 4.8
1 4.8
1 48
1 48

21 100

Tablo 7 incelendiginde ¢aligmalarda en ¢ok asit, baz, tuz (% 19) konusunun islendigi goriilmektedir.

Incelenen galigmalarm teknoloji destekli uygulamalara gére dagilimi asagida Tablo 8’de verilmistir.

Tablo 8. Calismalarin teknoloji destekli uygulamalara gore dagilim.

Ana Tema Alt Temalar Calisma Kodlar: Frekans Yiizde

Artirtlmig Gergeklik T1, T3 20
Animasyon T3 7,7
Mobil Uygulama M1 7,7

Teknoloji Destekli 5 u13syon T2 7.7

Uygulamalar
Yapay Zeka M4 7,7
Web 2.0 Araglari T3, M2, M3, M6 30,8
QR Kod M5 7,7
3D Tasarim T4 7,7
Sanal Gergeklik TS 7,7
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Toplam 13 100

Tablo 8 incelendiginde teknoloji destekli uygulamalar igerisinde en ¢ok Web 2.0 araglarinin (% 30,8)
kullanildig1 goriilmektedir.

SONUC, TARTISMA ve ONERILER

Calismada meta-sentez kapsaminda incelenen tez ve makalelerden elde edilen bulgulardan yola
cikarak; teknoloji destekli kimya egitiminde artirilmig gergeklik, simiilasyon, mobil uygulamalar,
Web 2.0 araglar1 (Powtoon, Phet Colorado, Wordwall, Learning Apps, Mindomo, Make Beliefs
Comix) ve yapay zeka uygulamalarindan (Open Al Kimya, Cognii, Querium, Carnegie Learning
Platformlar1) yararlanildig1 goriilmektedir.

Calismalarin basim yillarina gore dagilimi incelendiginde makalelerin ve tezlerin en ¢ok 2023 yilinda
yayimlandigi bulunmustur. 2022 yilinda iki tez ve bir makale ¢aligmasi ile toplamda {i¢ adet calisma
bulundugu belirlenmistir. 2020, 2021 ve 2024 yillarinda ise teknoloji destekli uygulamalar ile ilgili
kimya egitimi alaninda birer adet ¢aligma bulundugu gériilmiistiir. 2023 yilinda daha fazla calisma
olmasinin nedeni, teknoloji destekli uygulamalarin pandemi siirecinde kimya egitiminde daha fazla
kullanilmig olmasi ile iligkilendirilmistir. Teknoloji destekli kimya egitimi uygulamalarinin siire¢
icerisinde daha fazla 6nem kazandig1 goriilmiistiir.

Calismalarin 6rneklem diizey ve sayilarina gére dagilimi incelendiginde teknoloji destekli kimya
egitimi uygulamalar1 en ¢ok ortaggretim 9. Simif, 10. Smif 6grencileri ve liniversite dgrencileri ile
birlikte uygulandigr goriilmektedir. Teknolojiyi sinif ortaminda etkili kullanabilmek igin
Ogretmenlerin egitimi ve teknolojik yeterliliklerinin artirilmasi 6nemli olmasina ragmen en az
calismanin dgretmenler ile birlikte uygulandigi goriilmektedir. Ortadgretim 11. Smif ve 12. Smf
Ogrencileri ile yapilan bir ¢alisma ise bulunamamistir. T1 kodlu g¢alismada &grencilerin konuyu
animasyonlar ile anlamlandirmaya ¢aligmalar1 ve QR kodlarin1 okutarak kimya konularini daha rahat
bir sekilde Ogrendikleri goriilmiistiir. 3B Ogretim teknolojileri ile hazirlanan ders anlatim
materyallerinin Ogrencilerin akademik basarilarinin artmasinda olumlu bir sonug¢ elde edildigi
goriilmiistlir. Artirilmig gergeklik destekli materyallerin, 6grencilerin derse yonelik motivasyonlarmi
artirdid1 belirlenmistir. Ogrencilerin teknolojiyi sinif ortaminda kullanmanimn dersleri daha ilgi gekici
ve eglenceli hale getirdigini ifade ettikleri goriilmiistiir. Kimya derslerinde kullanilan 3B 6gretim
materyalleri ile dgrencilerin motivasyonlarinin énemli Sl¢lide arttigi ve derse katilimin yiikseldigi
sonucuna ulasgilmistir. T2 kodlu c¢alismada, artirilmis gerceklik ve simiilasyon gibi teknolojilerin,
ogrencilerin soyut kimya kavramlarim anlamalarina 6nemli 6l¢iide yardimci oldugunu belirttikleri
tespit edilmistir. Molekiil geometrisi gibi karmagik konularin gorsel igerikli desteklerle daha anlasilir
hale geldigini ifade ettikleri belirlenmistir. PhET simiilasyonlarinin smif i¢i uygulamalarda
ogrencilerin anlamli 6grenmelerini destekledigi ve kimya kavramlarini daha iyi kavradiklarm
gostermistir. M2 kodlu calismada ise, Web 2.0 araglar1 (Powtoon, PhET, Quizizz) gibi uygulamalarin
Ogrencilerin kimya dersi konularina olan ilgilerini artirdig1 sonucuna ulasilmigtir. Caligmada, Web 2.0
araglarinin kullanimi ile 6grencilerin kimya dersine daha aktif katilim gosterdigi ve kimya dersinin
daha eglenceli hale geldigi tespit edilmistir. T3 kodlu eylem arastirmasina dayali calismada,
Ogrencilerin teknoloji destekli uygulamalar1 kullanirken c¢esitli teknik sorunlarla karsilastiklar
belirlenmistir. Bilgisayar veya internet baglantisindaki aksakliklarm, simiilasyon ve artirilmig
gerceklik uygulamalariin kullantmim zorlastirdigi tespit edilmistir. Bu tiir sorunlarin teknoloji
destekli uygulamalarin verimli ve etkin bir sekilde kullanimini engellemesi nedeniyle 6grenme
stirecini olumsuz etkiledigi sonucuna varilmistir. M5 kodlu ¢alismada, 6grencilerin teknoloji destekli
uygulamalar sirasinda zaman yonetimi zorluklar yasadiklar tespit edilmistir. Bazi Ogrenciler,
teknoloji destekli uygulamalarin dikkatlerini dagittigini ve dersin ana temasina odaklanmay1
giiclestirdigini belirttikleri goriilmiistiir. Mobil oyun uygulamalar1 bazi 6grenciler tarafindan zaman
alic1 ve dikkat dagitici olarak degerlendirildigi tespit edilmistir. M3 kodlu ¢alismada ise, 6grenciler
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bazi Web 2.0 araglarmin karmagik yapida oldugunu ve bu araglarla calismanin giic oldugunu
belirttikleri goriilmiistiir. Teknoloji destekli bu tiir uygulamalarda; teknolojiye aligkin olmayan
Ogrencilerin 0grenme silirecinde zorlandiklarmi1 ve uyum siirecinde sikintilar yasadiklarimi dile
getirdikleri goriilmiistiir.

Calismalarin arastirma desenlerine gore dagilimi incelendiginde; arastirma deseni olarak en ¢ok yari
deneysel desenin kullanildig1 goriilmiistiir. Bu tiir ¢alismalarda deney grubunda teknoloji destekli
uygulamalar ile ders anlatimi gerceklestirilmis, kontrol grubuna ise geleneksel 6gretmen merkezli diiz
anlatim uygulanmistir. Yar1 deneysel desenin kullanildigi ¢aligmalarda akademik basart son test puan
sonuglart deney grubu lehine anlaml1 bir fark oldugunu gostermistir.

Calismalarin veri toplama araglarina gore dagilimi incelendiginde; veri toplama araglar1 olarak
cogunlukla test ve 6lgeklerden yararlanildigi goriilmiistiir. T1, T2, T4, M2 ve M5 kodlu ¢alismalarda
veri toplama araci olarak test; T2, T3, T4, M2 ve M3 kodlu ¢alismalarda ise veri toplama araci olarak
Olgek kullamlmistir. T2 kodlu ¢aligmada tiim oturumlarda 6grencilerden izin alinarak video kayitlan
alimmis olup, yar1 yapilandirilmig goriismeler PhET interaktif simiilasyonlarinin dersteki
uygulamalarda kullanilmasinin anlamli  6grenmelerine etkisini, kimyaya ve kimya egitim
teknolojilerine olan tutumlarindaki farkliligi, gorsel-uzamsal zeka gelisimi ile ilgili diigiincelerinin
tespit edilmesi hedeflerine uygun sorular sorularak gergeklestirilmistir. T4 kodlu ¢alismada ise kimya
egitiminde atom ve molekiil yapilarinin 6gretiminde ii¢ boyutlu tasarim uygulamalar1 sonucunda
ogrencilere uygulanan teknoloji 6grenimine karsi motivasyon 6lgeginde On test puanlari arasinda
anlaml bir farklilik bulunmadigi, son test puanlar1 arasinda anlamli bir farklilik bulundugu sonucuna
ulastlmigtir.

Veri analizleri ve istatistiki yontemlerine goére ¢alismalarin dagilimi incelendiginde; ¢aligmalarda
cogunlukla betimsel analiz ve Ancova’nin kullanildigi goriilmiistiir. Betimsel analiz ve Ancova’nin
uygulanamadigi durumlarda ise Anova, t-testi, icerik analizi, betimsel istatistiksel analiz ve
tanimlayici istatistiksel analiz kullanildig1 gértilmiistir.

Calismalarin arastirma yontemlerine gore dagilimi incelendiginde en ¢ok kullanilan aragtirma yontemi
nicel arastirma yontemi ve karma arastirma yOntemi olarak karsimiza ¢ikmaktadir. Nicel aragtirma
yontemine gore yiiriitiilen galigmalar M2, M3 ve M5 kodlu ¢aligmalar olup M2 kodlu ¢aligmada
akademik basarrya bakildig1 saptanmistir. Karma arastirma yontemine gore yiiriitiilen ¢aligmalarin ise
T1, T2 ve T4 kodlu ¢alismalar oldugu belirlenmistir. Nitel aragtirma yonteminin kullanildigi M4
kodlu caligmada dokiiman analizi ile birlikte igerik analizi ile calisma gerceklestirilmistir. M1 kodlu
calismada ise mobil oyun Oykiisiiniin gelistirilip modellenerek uygulamaya doniistiiriilmesi
hedeflenmis olup, tasarim tabanli arastirma yontemi kullanilmistir. Bu arastirma ydntemlerinin
uygulanmadigi durumlarda ise T3 kodlu c¢alismada eylem arastirmasi yontemi kullanildigi
gorilmiistiir.

Calismalarin konularina gére dagilimi incelendiginde ¢alismalarda en ¢ok “Asit, Baz, Tuz” ve “Atom
ve Periyodik Sistem” konularinda teknoloji destekli uygulamalardan yararlanmildigi goriilmistiir. Bu
konular disinda; “Kimyasal Tiirler Arasi Etkilesimler, Molekiil Geometrisi, Molekiil Polaritesi,
Simyadan Kimyaya, Element ve Bilesikler, Elektrokimya, Hazir Gidalar, Cozeltiler, Kimya Bilimi,
Imidazol Molekiilii Sentezi, Maddenin Halleri ve Doga ve Kimya” konularina yénelik calismalarin da
oldugu gorilmiistiir.

Calismalarin teknoloji destekli uygulamalara goére dagilimi incelendiginde en ¢ok Web 2.0
araglarindan yararlanildigi tespit edilmistir. M2 kodlu ¢aligmada Web 2.0 araglarindan dersin girig
asamasinda Ogrencinin  ilgisini ¢ekmek amaciyla Powtoon uygulamasmin, Ogrenilenleri
anlamlandirmak i¢in Pixton, Storyjumper, Popplet ve Bubbl.us uygulamalarinin, Olgme ve
degerlendirme asamasinda Quizizz ve Cram uygulamalarmin kullanildigi goriilmiistir. M3 kodlu
calismada ise Powtoon, Mindomo, Make Beliefs Comix gibi Web 2.0 araglarindan yararlanildig
tespit edilmistir. Calisma sonucunda; Ogrencilerin bu uygulamalar1 ilk kez deneyimledikleri ve
deneyimleri sonucunda Web 2.0 araglan ile kimyada soyut kalan kavramlarin gorsellestirilmesiyle
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Ogrenimlerinin daha basarili bir sekilde gerceklestigi sonucuna ulasilmigtir. M6 kodlu ¢alismada Web
2.0 araclarindan Canva kullanilmistir. Calisma sonucunda 6grencilerin kimya konularini daha keyifli
isledikleri ve d6grendikleri, ayrica daha iyi anlamlandirip ifade edebildikleri gézlemlenmistir. T3 kodlu
calismada ise Quizizz, Quizlet, Kahoot, Wordwall gibi Web 2.0 araglarinin derslerde kullanildig:
goriilmis, egitimde faydali ve ilgi ¢ekici oldugu sonucuna ulasilmigtir. Teknoloji destekli kimya
egitimi uygulamalar ile ilgili ¢caligmalarda yapay zekad uygulamalarina da yer verildigi goriilmiistiir.
Yapay zeka uygulamalarinin kimya egitiminde kullanildigt M4 kodlu ¢alisma incelendiginde; Open
Al Kimya, Cognii, Querium, Carnegie Learning Platformlar1 gibi uygulamalarin oldugu goriilmustiir.
Yapay zekd uygulamalar1 ile oyunlastirma, interaktif simiilasyonlar ile O6grenme, uyarlanabilir
Ogrenme ve yordamaya dayali modelleme ile 6grenciye alternatif ders calisma segenekleri sundugu ve
kimya konularimi 6grenmeyi dikkat ¢ekici duruma getirdigi sonucuna varilmigtir. M1 kodlu ¢aligmada
ise mobil oyun uygulamalar1 kullanilarak 6grencilerin dersi eglenerek Ogrenmesi amaglandigi ve
dersin sikict ve ezbere dayali gibi elestirilerin ¢éziimiine yonelik gereksinimlerin karsilanmasinin
hedeflendigi sonucuna ulasilmistir. T4 kodlu c¢alismada, kimya egitimi konularinin 3D baski
teknolojisi destekli islenmesi Ogrencilerin derse karsi ¢ok yonlii bir bakis agis1 gelistirdigi ve ders
basarisint olumlu sekilde etkiledigi sonucuna ulasilmigtir. TS5 kodlu c¢alismada sanal gergeklik
teknolojisi ile katilimcilarin kimya konularimi eglenerek 6grendikleri goriilmiistiir. Kimya konu ve
kavramlarim1 somut hale getirerek, Ogrencilerin motivasyonlarini artirict etkisi oldugu sonucuna
vartlmistir. Sanal gergeklik teknolojisi kullanimi sonrasi katilimcilarin sorulara dogru yanit vermesi
nedeniyle, gérsel materyallerin kimya egitimi ve dgretiminde yiiksek diizeyde etkili oldugu sonucuna
ulastlmigtir. T1 ve T3 kodlu ¢aligmalarda kimya egitiminde artirillmis gergeklik uygulamalarindan, T2
kodlu ¢aligsmada ise simiilasyonlardan yararlamldigi goriilmiistiir.

Oneriler

Soyut kavramlarin yer aldig1 diger kimya konularinda da teknoloji destekli uygulamalar ile ¢alisilmasi
oOnerilebilir.

Teknoloji destekli kimya egitimi uygulamalarinin akademik basariyr artirdigi diisiiniildiigiinde
teknoloji destekli kimya egitimi uygulamalarina ¢alismalarda daha ¢ok yer verilmesi Onerilebilir.

Teknoloji destekli kimya egitimi uygulamalarinda yapilan c¢aligmalar ile daha kapsamli sonuglara
ulasabilmek icin birbirine es deger baska okullarda ve ayn1 simif diizeyinde ayri siniflarda
uygulamalarin denenebilecegi onerilebilir.

Teknoloji destekli kimya egitimi uygulamalarina 11. Smif ve 12. Smif diizeyinde de yer verilmesi
oOnerilebilir.

Ogretmenler ile yapilan teknoloji destekli ¢calismalarm artirilmasi dnerilebilir.

Ogrencilerin kimya ders konularmni sikilmadan ve keyifli bir halde 6grenmeleri icin, farkli simif
diizeylerinde PhET simiilasyonlar1 ile etkinlikler yaparak smif i¢i ders ortaminin zenginlestirilmesi
oOnerilebilir.

Artirllmig gerceklik uygulamalan ile ilgili hem Ogrencileri hem de 6gretmenleri bilinglendirme
caligmalarinin gerceklestirilmesi, uygulamalar ile ilgili hazirlayabilecekleri yazilimlar 6grenmeleri
oOnerilebilir.

Powtoon, Pixton, Quizizz, Canva gibi farkli Web 2.0 araglar1 kullanilarak kimya ders planlarinin
teknoloji ile birlestirilmesi 6nerilebilir.

Ogrenmeyi kalic1 hale getirmek igin, dgrencilerin dikkatini cekmek amaciyla dersin giris asamasinda,
Ogrenilenleri anlamlandirmak ve dersin degerlendirme asamasinda alternatif Web 2.0 araglarinin
kullanimina daha ¢ok yer verilmesi gerektigi onerilebilir.

Cognii, Querium, Carnegie Learning Platformlar1 gibi kimya egitiminde kullanilan yapay zeka
araglan ile ilgili 6grenci ve Ogretmenlere kimya egitiminde kullanilan yapay zekd araglariin
avantajlar1 ve dezavantajlar1 hakkinda seminerler diizenlenebilecegi 6nerilebilir.
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Sanal gerceklik uygulamalar ile islenen kimya ders konularinda 6grencilerin uygulamay1 daha iyi
tanimalari, sanal deneyim ile 6grenimlerini daha keyifli hale getirmek i¢in ders siirelerinin uzatilmasi
oOnerilebilir.

Ogretmenlerin egitici ve dgretici mobil oyunlarin kullanimina yénelik egitime katilimlar saglanarak,
bu uygulamalar ile kimya ders konularinin kazanimlarina gore egitici mobil oyunlar hazirlamalar1 ve
derslerinde yer vermeleri Onerilebilir.

Ortadgretim seviyesinde se¢cmeli ders seklinde Web 2.0 araglarina yonelik uygulamali dersler
acilabilir.

Web 2.0 araglar1 ve artirilmis gergeklik teknolojilerinin 6gretilebilecegi sekilde siniflar olusturulabilir
ya da bu uygulamalar ile ilgili 6grenme ortamlarinin sayisinin artirilabilecegi dnerilebilir.

Okullarinda kimya laboratuvari olmayan dgrencilere sanal laboratuvar uygulamasi ya da artirtlmis
gergeklik ile desteklenen 3B materyaller sunulmasi 6nerilebilir.

Teknoloji okuryazarliginin artirilmasi ve destekleyici egitimler verilmesi 6nerilebilir.
Etik ve Cikar Catismasi Beyani

Yazarlar; bu makalenin arasgtirilmasi, yazarlig1 ve/veya yayimlanmasina iligkin herhangi bir potansiyel
cikar catigmast beyan etmemistir. Yazarlar; bu makalenin arastirilmasi, yazarligi ve/veya
yayimlanmasi i¢in herhangi bir finansal destek almamistir. Bu arastirma igin katilimci noktasinda
herhangi bir veri toplanmamis yalnizca dokiimanlar incelenmistir. Arastirma sirasinda tim etik
kurallara uyulmustur.
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EXTENDED ABSTRACT

This study is a meta-synthesis research examining technologically supported applications in chemistry
education in Turkey between 2020-2024. While the role of technology in education increases day by
day, this research aims to reveal the impact of technology, especially in the field of chemistry
education. Within the scope of the study, a study analysis was made of six articles and five theses
obtained from databases such as Google Scholar, Dergipark, Ulakbim and YOK-National Thesis
Center. These studies are classified under eight main themes for sustainability in education. The fact
that most of the studies examined in the research were published in 2023 shows that technology-
supported applications have become more common in education with the pandemic process. It has
been observed that the use of technology increases students' success and motivation in a field such as
chemistry education, where abstract concepts are intense. Quasi-experimental research design was
most preferred in the studies, and tests and scales were widely used as data collection tools. These
studies show how effectively Web 2.0 tools (e.g. Powtoon, PhET Colorado, Wordwall, Learning Apps,
Mindomo) are used in chemistry education applications. Among the main applications used in
technology-supported chemistry education in the studies were augmented reality, simulation, mobile
applications, artificial intelligence platforms and 3D designs. While augmented reality and simulation
applications make it easier for students to understand abstract chemistry concepts, tools such as 3D
designs and mobile games have increased interest and motivation in lessons. In some studies, it has
been stated that augmented reality tools offer students the opportunity to concretize complex subjects,
and simulations make it easier to understand subjects such as molecular geometry. It has been stated
that PhET simulations, in particular, provide students with a more meaningful learning experience by
visualizing chemistry concepts. Study findings reveal that technology-supported applications offer
various advantages in teaching processes, but also encounter some difficulties. While students stated
that the use of technology made lessons more interesting, some of them stated that they experienced
time management problems and distraction in technology-supported applications. For example, while
mobile games distracted some students from the subject of the course, some of the Web 2.0 tools were
found complex by the students. The importance of teachers, as well as students, adapting to these
tools was emphasized. In addition, the study results offer various suggestions to ensure sustainability
of technology-supported applications in education. For example, adapting the technology-supported
materials used in chemistry lessons to different grade levels and chemistry subjects can make the
lessons more inclusive and interesting. In this context, integrating tools such as augmented reality and
simulation into more subjects will allow students, especially in the 11th and 12th grades, to benefit
from technology-supported applications. On the other hand, it has been suggested that the
opportunities offered by artificial intelligence tools in chemistry education should be introduced to a
wider audience and trainings should be organized for educators on the use of such technologies. More
applications of Web 2.0 tools and mobile games can contribute to making chemistry lessons more
interactive and entertaining. In addition to these suggestions, the study offers important
recommendations such as expanding virtual laboratories in schools and organizing technology literacy
training. This study shows that technology-supported chemistry education practices increase students'
interest in lessons, make abstract concepts more understandable, and turn lessons into a more
enjoyable learning process. Thanks to augmented reality and simulations, students can understand
chemistry topics more concretely; Web 2.0 tools enable students to participate more actively in the
lesson. However, developing solutions for problems such as distraction and time management can
increase the effectiveness of technology-supported applications. Organizing training to support
teachers' adaptation to technology, disseminating virtual laboratory applications and improving
students' skills in using technology effectively are important in terms of creating a sustainable
education model in this field. This meta-synthesis study provides important findings regarding
technology-supported chemistry education, comprehensively reveals the current situation in this field
and provides guidance for future studies.
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