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Abstract

Effective implementation of basic hygiene and hand washing trainings in schools and monitoring of their results are
important for child health. Basic trainings are important in preventing many infectious diseases that cause childhood deaths
and ensuring continuity of education and training. Although the basic hygiene problem in schools is a problem of
underdeveloped and developing countries, it is also considered in the foreground in developed countries. The effectiveness
of the trainings, which are also accepted as an intervention, is measured quantitatively and qualitatively, contributing to the
determination of subsequent educational interventions. In this study, a comprehensive training in Izmir Province 10 years
ago, where different educational techniques were applied, was evaluated qualitatively. In the qualitative study, a focus group
interview was conducted and the people who took part in the training event participated. The recorded interview was
analyzed with content analysis. In the analysis; interviews were collected under 6 themes. Four of the themes were
determined as positive, while the themes of useful, interactive, student-focused different educational techniques, the
characteristics of schools (basic hygiene education is very necessary for schools), cooperation and sustainability were
determined as negative themes. The qualitative study revealed the creation of collaboration protocols and training manuals
on basic hygiene as targets for further work.

Keywords: Basic hygiene, hand washing, school training, active training techniques, qualitative study.
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INTRODUCTION

Globally, 2.4 million deaths occur in developing countries due to diarrhoea and related malnutrition.
These deaths can be prevented by good hygiene practices, adequate and safe sanitation and access to
clean drinking water. One meta-analysis reported that effective handwashing reduced lower and upper
respiratory tract infections by 21% and gastrointestinal diseases by 31%, while another study reported
that soap-related handwashing reduced the risk of diarrhoeal diseases by 42% to 47% (Rabbi, 2013).
Hand hygiene is one of the most important actions for the prevention of infectious diseases and the
protection of health (WHO, 2009). Basic hygiene rules are important in areas such as food preparation,
toilets and bathrooms at home and in common living areas, where pathogens are likely to be
transmitted and ingested orally.

Access to drinking water, sanitation and hygiene (WaSH) in schools has been shown to improve
child health, educational outcomes and teacher satisfaction (Jasper, 2012). Providing water,
sanitation, general hygiene and menstrual hygiene management for girls in schools reduces school
absenteeism rates, diarrhoea and other gastrointestinal diseases, especially among girls (Hunter,
2014; Ellis, 2016). Access to basic hygiene and safe drinking water (WaSH) in schools is a
universal issue and is addressed in the Sustainable Development Goals (Goals 4 and 6) in
national water and education policies in many countries (Glass, 2018; Hunton, 2016). Despite the
health, education and development benefits of effective WaSH application in schools, service levels
remain inadequate in many countries, particularly in rural areas (WHO, 2018). Primary school is the
developmental stage for children, where they learn basic life and behavioral skills. Health behavior
formation programs in the school environment have been shown to have a significant impact on
later life (Lee, 2010). If health and prevention programs are integrated into the education system
at an early stage, the results can be promising (Mbakaya, 2020; Gizaw, 2020).

It is possible to measure the effectiveness of education given at school on hand washing and basic
hygiene in the field of health quantitatively. Qualitative studies also contribute differently in
determining the effectiveness of education and the remarkable issues in education. Qualitative
research is carried out with methods such as observation, interview, and document review to explain
the individual or social events experienced by individuals and to investigate their perception on the
individual. The aim of qualitative research is to understand the tendencies and experiences of
individuals or society on a certain subject (McCusker, 2015). It focuses on “why and how” questions
rather than results explained by numerical data. Purposive sampling (typical, outlier, unverifiable
cases, etc.) is preferred in qualitative research (Devers, 2000; Sarfo, 2021).

Evaluating the status of hand washing and basic hygiene trainings reaching the desired goals, their
determinants, and how future planned trainings should be structured, especially a qualitative study in
which trainers will share their experiences and perceptions with their participation, will contribute to
these trainings. Basic hygiene information is provided within the scope of routine training programs in
primary schools. However, supporting these trainings with trainers from the health field and
intersectoral cooperation issues for the trainings to be permanent cannot be provided.

In this study; It was aimed to evaluate the education qualitatively with the trainers in the hand washing
and basic hygiene trainings carried out in Izmir Province Boarding Regional Schools 10 years ago.
With the results of the qualitative study; It is aimed to define the need for future studies planned
together with health and education, deficiencies related to education, and issues that need to be
drawn attention.

MATERIAL and METHODS

This study was planned as a qualitative study investigating the experiences, perceptions and
evaluations of hand washing and basic hygiene education trainers regarding the training. Purposeful
sampling method was applied with typical cases in the study. For example, typical cases are; trainers
who actively participate in the training and establish dialogue with the trained children and people
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who are involved in the planning and implementation of the training. Six people who participated in
the training conducted 10 years ago were included in the study. Two researchers who helped manage
and record the focus group interview. Semi-structured form was used with the trainers in the
interview. Content analysis of the responses was performed.

The method and data content are reported in detail below.

Qualitatively asked about the characteristics of hand washing and basic hygiene education
conducted 10 years ago:

The education program was supported by the TUBITAK 4005 program. It was carried out in
Izmir Province Boarding Regional Schools. The reason for choosing boarding regional schools is that
they are schools attended by children from families with low socioeconomic status and are
located in rural areas, they are 7/24 communal living areas, and the support of the Provincial
Directorate of National Education is provided for the implementation of education outcomes.

Selection criteria; includes both the difficulties and advantages related to this education. 5367 students
participated in the education in 6 schools, and different approaches were applied in the education.
Education methods were student-centered, learning by active experience, theater-composition
competition, rewarding for hygiene, and learning by gamification. In addition, teachers who could
continue the effectiveness of the education in these schools were contacted after the education, and
willing teachers were included in the education.

Implementation steps of qualitative evaluation of training

1. Purposeful sampling: For the purpose of the study, 6 of the trainers who were trainers of the training
10 years ago were reached, one of the people reached was an active project manager in the past.
These people were allowed to take part in the qualitative study.

2. Interview technique: A focus group interview was conducted with the trainers who agreed
to participate in the qualitative study. Semi-structured questions were applied by the manager who
had knowledge and experience about the trainings and qualitative studies that were the subject of
the focus group interview.

3. Data collection: A data collection form was created that included semi-structured and/or open-
ended questions. Although the personal information of the trainers was not included in the data
collection form, their basic demographic characteristics, their participation in similar trainings in the
last 10 years and their current job status were recorded. 8 questions were created about the training
10 years ago to encourage their participation. The focus group interview manager was the trainer who
did not take part in the trainings. The administrator asked questions asking about the experiences of
the educators regarding education, their impact on students and perceptions of change in the school,
and their implications for structuring subsequent education. The answers and reactions in the
environment were recorded by an assistant assisting the administrator. The focus group interview
duration was planned as a maximum of 2 hours and was carried out in accordance with this duration.

4. Analysis of the responses: The records and notes kept by the assistant and the administrator
regarding the 2-hour focus group interview were transferred to the database in an orderly manner
according to the interview order. Codes were created from the opinions obtained from the
participants, themes were created from the codes and interpreted with the participant opinions. First,
the main themes were determined with thematic analysis. The sentences listed under the themes were
determined with descriptive analysis and how they described which themes. Content analysis was
performed in the final stage. In the content analysis; the research team interpreted the data, which
was first themed and then given meaning with descriptions. In the interpretations, attention was paid
to descriptions that were repeated or different from all descriptions.

This study was approved by the Non-Interventional Ethics Committee of Dokuz Eylul University
Faculty of Medicine with approval number 2025/20-30.
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RESULTS

The descriptive characteristics of the 6 individuals who participated in the focus group interview in
the study are presented below. Of the 4 educators who participated in the training evaluated in the
focus group interview, 2 were from the health field and 2 were from the education and theater
field. In addition, 2 educators who were involved in the organization and education processes were
also in the focus group. The manager was from the education field, and the researcher who assisted
was from the health field.

Table 1. Characteristics of the participants in the focus group interview

Characteristics Group n
Gender female 2
male 4

50 years old and
Age group under 2
50 years old over 4
graduate 2
Education postgraduate 1
academic 3
. 25 years and under 1
Working Year 25 years over 5
Having participated in such trainings in school  yes 4
before no 2

All 6 people in the focus group interview have postgraduate education. 2 of the trainers are professors
and associate professors in the academic staff. All trainers have long years of experience in the fields
of education, health, and theater arts.

Except for the education evaluated in the interview, all participants reported that they had worked on
similar topics in different school educations from time to time. It was thought that all the people in the
focus group were experienced with school educations and could observe the educations well and make
inferences. The semi-structured questions recorded in the interview provided the structuring of
the themes determined by the coding in the Table 2.

Table 2. Determination of themes through coding of participants' statements

Themes Codes

All training is useful
Training is very effective and Different and detailed training techniques
useful Training content, techniques are interesting

Theatre, games and learning by doing are permanent

Participatory active learning

Learning with games together

Encountering a theater play for the first time

The duration of training allows interaction

Age-appropriate interesting games

Messages were conveyed with theater and drama

Competitions, active learning encountered for the first time
Encountering different training techniques for the first time

Boarding regional school, has problems with hygiene

Students have probleaetic families or without families

Encountering different training techniques for the first time

Perception of trainers as inspectors

Support and participation of school  Limited participation of teachers in trainings

management-trainers in trainings  Inability to carry out training of trainers

Positive return of teachers at the end of trainings

Theatre, games, active trainings, competitions are effective in a short time
Theatre, games, active trainings, competitions have limited permanence
Continuous trainings-problem of integration into curriculum

Interaction in training is mutual

Different training techniques are
effective
Evaluation of trainings

Characteristics of students and
schools

Effect of trainings, permanence
and sustainability

OO OO M OO0 WO U110 WIN BB OO 01 O|5
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Some descriptive sentences for the themes:

“The most important feature of these trainings was that the children felt the value given to them and
we touched their lives.”

“The trainings were not ordinary, those who saw theater for the first time, we made a song about
germs and hand hygiene with the children, those who repeated the song would show by imitating
them by saying “look, | learned”.”

“We were learning a lot from the children. When we asked what they wanted to be, there were those
who wanted to be theater actors. We saw that touching the children got an immediate response.”

In a definition that concerns many themes; a participant working as a project expert in the R&D team
of the Provincial Directorate of National Education; “We decided on the selection of boarding schools.
Because there was a need to raise awareness for hygiene, there was a great need for these trainings
in a family-free, distant, collective boarding living area.”

A participant from the national education department said, “The training content was appropriate for
the age of the trainees and the curriculum. It was compatible with the curriculum by taking into
account the manual skills, visual abilities and interests that the age group could understand and apply.
Therefore, the success of the project was very high.”

“We spent all day in schools during trainings, but we did not observe the situation of creating
behavioral change in a single day. Behavioral change can be observed by teachers who see children

every day. | had an observation about active learning, they learned that microbes grow in media other
than microscopes, and that useful microbes leaven bread with very interesting experiences.”

“School administrators and teachers were supportive, but some were also anxious. When we visited
the school and made suggestions for school cleaning outside of the trainings, they perceived it as
criticism and became anxious. There was no teacher participation who would constantly and willingly
participate in the trainings and ensure the continuity of these trainings. There were also curious and
interested teachers, but there was no cooperation for the continuity of the trainings.”

The statement “Since we went to the regional boarding school in the morning and came back in the
evening, we had more interaction with teachers, administrators and students” emphasized the
importance of the interaction period.

An educator who participated in these trainings reported that a pre-test was applied for knowledge
level before some trainings. However, when asked about the test evaluations and whether it was
applied to all children, he reported that the test results were not evaluated and the test was not
applied to all classes. In the interview regarding this issue, all participants agreed that the most
important problem was not measuring the effectiveness of the training and the other important
problem was ensuring the continuity of these trainings.

When the motivations and outcomes of this qualitative study were evaluated together; The main
objective was to develop training guidelines for basic hygiene in schools at the regional level
(Izmir Province) through cooperation between sectors, primarily in the field of education and health,
and to ensure continuity of education. These results are visually presented in the figure below.
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Figure 1. From motivation and results of qualitative study to the target
DISCUSSION and CONCLUSSION

There are a lot of many studies, including large-scale intervention studies, on the prevention of
oral-fecal transmitted diseases through hand washing (Chittleborough, 2013; Mbakaya, 2017; Lee,
2015). These intervention studies also include educational interventions. Studies on hand washing
and basic hygiene generally focus on practices in underdeveloped countries (Null, 2018).

However, studies on handwashing education are limited compared to intervention studies. However,
one of the important points in the study estimating the global oral-fecal transmitted disease burden

and handwashing is that in 2015, globally, handwashing with soap was estimated to be approximately
26% after possible fecal contact events, 51% in areas with high access to handwashing facilities, and
approximately 22% even after possible fecal contact in areas with limited access (Wolf, 2019).

In other words, although there are opportunities for hand washing, the practice is lacking. All these
evaluations show the necessity of trainings on hand washing. The evaluation of handwashing trainings
with qualitative studies is very limited. Qualitative studies on the subject may provide important clues
for educational interventions. In our study, it was found that although information about hand washing
and basic hygiene was given in classical education in schools, effective education methods were not
applied. The educational activities evaluated in the qualitative study showed that the trainings were
effective when intersectoral cooperation was made and student-oriented, active interactive learning
methods were applied. In the literature, it is reported that it is important to use interpersonal
communication as part of the communication strategy in a comprehensive study, and that studies
using one-way communication and hygiene-sanitation messages are not sufficient to achieve long-
term effects (De Buck, 2017).

As shown in the figure presented at the end of the findings; the motivations and results of our
gualitative study shaped the goals of planning for effective school education and developing education
guides to ensure continuity of education. The results of this qualitative study, in which we evaluated
hand washing education, are important in terms of guiding future studies and collaborations on basic
hygiene and hand washing education in schools.
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Oz

Bu ¢aligmanin amaci yapay zeka destekli deney tasarim siirecinde fen bilimleri 6gretmen adaylarinin tasarimlarina yonelik
ChatGPT degerlendirmelerinin incelenmesidir. Nitel arastirma yontemlerinden durum c¢alismast deseninde yiiriitiillen
caligmani drneklemini 2024 — 2025 egitim-6gretim yilinda Izmir’de bir devlet iiniversitesinin Egitim Fakiiltesinde 6grenim
goren 32 fen bilimleri 6gretmen adayr olusturmaktadir. Caligmanin verileri yaklasik bir saat slren bireysel uygulama
oturumlar1 sirasinda goniillilliik esasina dayali olarak toplanmistir. Veri toplama siirecinde aragtirmacilar tarafindan
gelistirilen Microsoft Excel makrolar ile yapilandirilmis dijital formlar kullanilmustir. Ogretmen adaylarinin 6zgiin deney
tasarimlari, ChatGPT doniitleri dogrultusunda gergeklestirilen diizenlemeler ve katilimcilarin  ChatGPT ile olan
etkilesimlerine ait metinlerden elde edilen veriler MAXQDA 24 yazilimi kullanilarak icerik analiziyle ¢dziimlenmis,
kodlama siireci uzman goriisii dogrultusunda gdzden gegirilerek arastirmacilar arasi uyum saglanmustir. Iki kodlayici
tarafindan yapilan kodlamalar arasindaki puanlayicilar arasi giivenirlik katsayisi 0.91 olarak belirlenmistir. Calismanin
bulgulart 6gretmen adaylarmin ChatGPT’yi deney tasarim siirecinde danisma, dogrulama ve gelistirme amaciyla
kullandiklarmi gostermekte ve Ogretmen adaylarinin deney tasariminin degisken belirleme, uygulama basamaklarini
belirleme ve STEM entegrasyonu saglama asamalarinda ChatGPT degerlendirmelerinden yararlanmakta olduklarini ortaya
koymaktadir.

Anahtar Terimler: ChatGPT, deney tasarimi, fen bilimleri 6gretmen adaylar, nitel aragtirma, yapay zeka araglari.
Abstract

The aim of this study is to examine ChatGPT’s evaluations of pre-service science teachers’ designs within an Al-supported
experiment design process. The study was conducted using a case study design, one of the qualitative research methods. The
sample consisted of 32 pre-service science teachers enrolled in the Faculty of Education at a public university in lzmir
during the 2024 — 2025 academic year. Data were collected on a voluntary basis during individual sessions lasting
approximately one hour. In the data collection process, digitally structured forms developed by researchers using Microsoft
Excel macros were utilized. Data obtained from the participants’ original experiment designs, the revisions made in line with
ChatGPT feedback, and the textual records of their interactions with ChatGPT were analyzed through content analysis using
MAXQDA 24 software. The coding process was reviewed based on expert feedback, and inter-researcher agreement was
established. The inter-rater reliability coefficient between the two coders was determined to be 0.91. The findings of the
study reveal that pre-service science teachers used ChatGPT for consulation, validation, and refinement during the
experiment design process, and that they benefited from ChatGPT’s evaluations particularly in the stages of identifying
variables, determining experimental procedures, and ensuring STEM integration in experiment design.

Keywords: ChatGPT, experiment design, pre-service science teachers, qualitative research, artificial intelligence tools.
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GIRIS

Gegmiste gerceklesen cesitli sosyal olaylar ve teknolojik gelismeler egitimde dijitallesmeyi ve
teknoloji kullanimini 6nemi giin gectikce artan bir durum haline getirmistir. Bununla birlikte sanal
Ogrenme ortamlar1 ve igerikleri, teknolojik araglarin egitim 6gretim ortamlarinda kullanimi, glinliik
hayatta kullanilan ¢esitli uygulamalarin egitime entegrasyonu gibi bu gelismelerle dogrudan baglantil
uygulamalarin 6grenme ortamlarinda nasil kullanilabilecegi toplumun her kesimini ilgilendiren
onemli bir merak Ogesi haline gelmistir. Bu teknolojik gelismeler kapsaminda yapay zekadnin ve
ChatGPT gibi biiyiik dil modellerinin giinliik hayatta dnemli yer tutan yapilar arasinda yer almakta
oldugu goriilmektedir. Yapay zekd; 6grenme, uyum saglama, sentezleme, kendini gelistirme ve gok
yonlil iglem gorevleri igin veri kullanimi gibi insan zekasinin yeteneklerine benzer goriilen gesitli
eylemleri gergeklestirecek ve benimseyecek bigimde gelistirilmekte olan makineleri igeren bir
kavramdir (Jia, Sun, & Lool, 2024; Salas-Pilco, Xiao & Hu, 2022; Popenici & Kerr, 2017; Kok,
Boers, Kosters, Van der Putten, & Poel, 2009; Dobrev, 2005; Simmons & Chappell, 1988). OpenAl
tarafindan gelistirilmig, dogal dil yamitlarim islemek ve iiretmek i¢in derin 6grenme teknikleri
dogrultusunda kullanici girdisine dayali olarak insan benzeri metinler tireten bir blyik dil modeli olan
ChatGPT, 6zellikle GPT-4 iizerine insa edilmis olan GPT (Uretken Onceden Egitilmis Doniistiiriicii -
Generative Pre-trained Transformer) mimarisinin katkisiyla insan anlama yetenegini simule etmekte
ve gercek akil yiirlitme yetenegi bulunmamasina ragmen ¢esitli konular hakkinda baglamsal olarak
uygun ve faydali olarak degerlendirilebilecek yanitlar sunmaktadir (Zeng, Gan, Wang, & Yu, 2025;
de Souza, Serrano, & Roazzi, 2024; Fijacko vd., 2024; Playfoot, Quigley, & Thomas, 2024; Suleiman
vd., 2024; Javaid, Haleem, Singh, Khan, & Khan, 2023; Song & Wang, 2023).

Bilgi okuryazarligi ve igerik olusturma gibi dijital yetkinliklerin gelistirilmesinde rol oynayan,
teknolojinin gelismesi ile birlikte bir¢ok farkli aragla hayatimiza giren yapay zeka ogrencilerin dijital
diinyada yer alabilmeleri igin gerekli dijital becerilerini ve problem ¢dzme yeteneklerini bu siirece
dahil ederek egitim Ogretim siirecinin 6nemli bir pargasi haline gelmektedir (Galindo-Dominguez,
Delgado, Campo, & Losada, 2024; Li, Lowell, Wang, & Li, 2024). Literatiirde yer alan ¢aligmalarda
yapay zekanin Ogretme ve Ogrenme siireclerine entegre edilerek ders plani tasarimi ya da deney
tasarimi gibi cesitli materyaller tasarlanmasini, oyunlastirmayi, etkilesimli ve ilgi ¢ekici 6grenme
deneyimlerinin yaratilmasini desteklemesi ile &grencilerin motivasyonunu ve tasarim siireclerine
katilmini artirdigi goriilmektedir (Zhang & Huang, 2024). Akilli 6gretim platformlar1 gibi g¢esitli
yapay zeka destekli sistemler egitim igerigini ve geri bildirimi bireysel dgrenci ihtiyaglarina gore
uyarlayip katilimi ve o6grenme sonuglarmi iyilestirirken ayni zamanda &gretimin hizini, zorluk
derecesini ve stilini ayarlama imkani1 sunmaktadir (Kovari, 2025; Madanchian & Taherdoost, 2025;
An, Yang, Xu, Zhang, & Zhang, 2024; Li & Fu, 2024). Ancak yapay zekadan egitim Ogretim
siirecinde alinacak destek ve bu destegin boyutu ile veriminin biiyiik oranda kullanicilara bagli oldugu
gorulmektedir (Jayawardena, Gunathilake, & lhalagedara, 2025; An vd., 2024; Galindo-Dominguez
vd., 2024).

Literatiirde yer alan 6grenme Ogretme siireclerinde ve Ozellikle 6gretmen egitiminde ChatGPT
kullanimi ile ilgili caligmalar incelendiginde kullanicilarin danigma amaciyla ChatGPT den
yararlandiklar1 goriilmektedir. Cai, Han, Sun, Li, ve Wong (2025) tarafindan yiriitiilen ¢aligmada
ChatGPT destekli ders plani tasarimlarinin 6gretmen adaylarinin ders planlama becerileri {izerindeki
etkisini incelemek amaglanmistir. Yar1 deneysel desen bigiminde yiiriitilen ¢alismanin bulgulari
ChatGPT degerlendirmelerinin katilimeilarin ders planlama becerilerinin bilissel ve duyugsal
dongiilerinde anlamli fark goriildiigiinii ancak iistbiligsel dongiide anlamli bir fark goriilmedigini
gostermekte ayrica ChatGPT degerlendirmelerinin 6gretmen adaylarinin ders plani tasarimlarinda
ogretim hedefleri, kullanilan pedagojik yaklasimlar, 6grenme siireci etkinlikleri ve materyalleri
arasinda daha biitiinciil iliski kurmalarina katki sagladigi goriilmektedir (Cai, Han, Sun, Li, & Wong,
2025). Chellappa ve Luximon (2024) tarafindan iiriin tasarimi ve kullanict deneyimi tasarimi alani
ogrencilerinin ChatGPT’ye yonelik algilarin1 ve algilarin 6gretim programi, cinsiyet ve akademik
diizeye gore nasil degistigini incelemeyi amaglayan nicel ¢alismasinin bulgularina gore katilimcilar
ChatGPT’yi kullanimi kolay ve ilgi ¢ekici bir arag olarak gérmektedir. Ayrica ¢alismanin katilimcilari
ChatGPT’nin destekleyici bir 6grenme kaynagi olarak baglama uygun, iyi yapilandirilmig, detayl
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yanitlar sundugunu diistinmekte ancak ChatGPT yanmitlarinin dogruluk diizeyine iliskin alginin orta
dogruluk dizeyinde oldugunu belirtmektedir (Chellappa & Luximon, 2024). Zhu, Li, Yao, Li, & Zhu
(2025) tarafindan yiiriitillen ¢alismada ise ChatGPT geri bildiriminin katilimcilarin geri bildirimi
anlama, kullanma ve 6grenmeye doniistiirme becerileri lizerindeki etkilerini inceleme amaglanmgtir.
Karma ¢alisma olarak yiiriitiilen arastirmanin bulgulan katilimcilara gore ChatGPT geri bildiriminin
acik, yapilandirilmis ve baglama uygun goriilirken bireysellesme ve derinlik acisindan siirh
bulundugunu ve katilimeilar tarafindan ChatGPT geri bildiriminin yiizeysel bi¢imde kullanildigini
gostermektedir (Zhu, Li, Yao, Li, & Zhu, 2025).

Fen egitimi baglaminda deney tasariminin temeli bilimsel ve gunliik hayat gozlemleri sonucunda
olusan merak duygusuna dayanmaktadir. Bu merak olgusu g6z éniinde bulundurularak zihinde onunla
ilgili olusan gbzlem sonuglarini ve tahminleri gesitli bilimsel bilgiye ulasma adimlarin takip ederek
test etmek igin laboratuvar ortaminda veya gercek hayat sartlarinda gesitli sinama uygulamalar
yapilabilir. Bir fen kavramini sinamay1 ya da kesfetmeyi saglayabilen deneyler kisaca veri toplama
ortamlarinin, objelerinin ve takip edilecek olan uygulama proseddriinin sistematik olarak detaylica
planlanmasi ve yapilandirilmasi olarak agiklanabilir. Bu sinama veya kesfetme  siirecinde
g6zlemlenmesi planlanan parametrelerle ilgili degisikligi tanimlayan verileri elde etmeyi amaglayan
deney tasarlama prosediiri dikkatli bir planlama surecini gerektirmektedir. Literatiirde yer alan
caligmalar incelendiginde deney tasarlama siirecinin igerdigi ana basamaklarin olusturulan hipotezleri
degerlendirmek igin gerekli verileri tretmek amaciyla uygulanacak yontemlerin belirlenmesi,
incelenecek degiskenlerin, kontrollerin, yapilacak denemelerin igeriginin sayisinin ve adimlarinin
tanimlanmasi, sonuglarin degerlendirilmesi i¢in kullanilacak 6lgiit ya da araglarin tasarlanmasi olarak
siralanabildigi goriilmektedir (Millar, 2004; Hudson, 1988; Hofstein & Lunetta, 1982).

Fen bilimleri alanlarinda tasarlanan deneylerin 6l¢meyi amagladiklar1 seyi Olcen, tutarli sonuglar
tireten, tekrarlandiginda benzer sonuglar ortaya ¢ikan yani gegerli, glivenilir ve tekrarlanabilir olmasi
deney sonucunda elde edilen bulgularin gilivenilirligi i¢in son derece Onemlidir. Deney tasarimi
strecinde gozlemlenen etkilerin deneysel mudahaleden kaynaklanmasi, deney sonucu elde edilen
bulgularin belirli bir popiilasyona genellenebilmesi ya da istatistiksel olarak anlamli sonuglarin elde
edilmesi gibi cesitli i¢ gegerlik, dis gecerlik, istatistiksel sonug¢ gegerligi ve yapisal gegerlik olarak
siiflandirilabilecek gegerlik ile ilgili giigliiklerle karsilagilabilinmektedir (Aguinis & Lawal, 2012).
Bu gucluklere ek olarak literatiirde yer alan ¢alismalar incelendiginde deney tasarimi sirasinda
katilimcilarin - problemin tanimlanmasi, deney tasarlanmasi amaglanan simif diizeyine uygun
prosediirel adimlarin, malzemelerin ve teorik arka planin olusturulmasi sirasinda kayda deger bigcimde
zorlandiklar1 bunlarla birlikte ¢oklu degiskenlerin etkilesiminin ydnetilmesi gibi ¢esitli yalnizca
deneyin gergeklestirildigi sirasinda meydana gelebilecek zorluklarin da deney tasarimu siirecinde goz
ontinde bulundurulmasi gerektigi ve deney tasarimu siirecinde karsilasilabilinecek durumlara gore
degisiklik ya da giincelleme yapmaya hazirlikli olunmasi gerektigi vurgulanmaktadir. Literatlirde
yapay zeka destekli egitim teknolojisinin 6grenme siireglerini kolaylastiran ve tasarim etkinliklerini
destekleyen igbirlik¢i bir ara¢ olarak kavramsallagtirilmakta oldugu goriilmektedir. Yapay zeka
araclar1 deney tasariminda 6grenme hedefleriyle uyumlu ve bilingli bir sekilde kullanilmali ve deney
stirecine yapay zeka araclarmin entegrasyonu, bilingli yapay zeka kullanimm yoluyla &grenme
deneyimlerini desteklemekle ilgili olmalidir (Huang, Chen, Lee, Sandnes, & Wu, 2025; Li & Fu,
2024).

Kullanicilarin  herhangi bir kavram ile ilgili akillarina takilan seyleri danisip tartisabilecegi,
kavramlar1 gorsellestirebilecegi, deney tasarimi gibi 6gretim siirecinde kullanilabilecek materyalleri
olusturabilecegi, degiskenleri giivenli bir ortamda kontrollii olarak manipiile edebilecegi etkilesimli
O0grenme ortamlar1 ve deneyimleri saglayan ChatGPT gibi iiretken yapay zeka araglari 6gretmen
egitiminde teknolojinin geleneksel 6grenme igin yardimer arag olarak kullanilmasina ek olarak surekli
gelisim ve yasam boyu 6grenme icin destek saglayan bir arag olarak 6grenme siirecine ve glinlilk
hayata entegre edilip 6gretmen adaylarinin yansitici diisiinme becerilerini desteklerken ayni zamanda
problem ¢6zme gibi {ist diizey biligsel yetenekleri destekleyebilir (Liu, Sun, Sun, Wang ve Yu, 2025;
Wei, Wang, Koszalka, Lee, & Liu, 2025; Fischer, Sommerhoff, & Keune, 2023; Hovardas, Ter
Vrugte, Zacharia, & de Jong, 2023; Hamaldinen & Oksanen, 2012; Martin-Villalba, Urquia &
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Dormido, 2012; Alvarez, Alarcon, & Nussbaum, 2011). ChatGPT gibi uretken yapay zeka modelleri
kullaniciya sundugu anlik geri bildirimlerle 6grenme siireglerine yeni bir yaklagimin entegre edilmesi
firsatint  sunmaktadir. Literatiirde yer alan calismalar incelendiginde ChatGPT’nin 6gretmen
adaylarinin 6zgilin tasarimlarina yonelik degerlendirmelerini merkeze alan ve bu degerlendirmelerin
tasarimin hangi yonii ile iligkili oldugunu inceleyen sinirli sayida ¢alismanin yer aldigi ve bu durumun
ChatGPT degerlendirmelerini deney tasarimi siireci baglaminda incelenmesi ihtiyacini ortaya
cikardigr goriilmektedir. Bu dogrultuda mevcut calisma fen bilimleri 6gretmen adaylarinin deney
tasarimina yonelik ChatGPT degerlendirmelerini incelemeyi hedeflemektedir.

Problem Cumlesi

Bu calismanin amaci yapay zeka destekli bir sohbet robotu olan ChatGPT destegi ile cesitli fen
bilimleri alt disiplinleriyle ilgili deney tasarimi yapan fen bilimleri dgretmen adaylarinin deney
tasarimi siirecinde ChatGPT ile olan etkilesimlerinin incelenmesi ve dgretim ¢iktisi igerigi ile siif
seviyesi dikkate alinarak bu deney tasarimlariyla ilgili ChatGPT goriisiiniin incelenmesidir. Bu
dogrultuda ¢aligmanin alt problemleri su sekilde siralanabilir:

1. Fen bilimleri 6gretmen adaylar1 0zgiin deney tasarlama siirecinde hangi asamalar hakkinda
ChatGPT’ye soru sormakta ve hangi asamalarda deney tasarimlarini gelistirme destegi almaktadir?

2. ChatGPT’nin fen bilimleri 6gretmen adaylarinin uygulama sirasinda olusturmus olduklar1 6zgiin
deney tasarimlart hakkindaki goriisleri ve gelistirme Onerileri nelerdir?

YONTEM
Arastirmanin Modeli

Bu g¢aligmada nitel arastirma yontemlerinden durum c¢aligmasi kullanilmigtir. Durum ¢alismalart sinirli
sayidaki olayin veya kosulun ve bunlarin iligkilerinin ayrintili baglamsal analizini vurgulayan,
derinlemesine arasgtirmaya olanak saglayan nitel bir aragtirma yontemidir (Savin-Baden & Major,
2023; Frankael & Wallen, 2012). Durum c¢alismalart esnek dogasi geregi genis yelpazedeki
yaklagimlardan beslenir ve bu tip calismalart yiirliten aragtirmacilarin hem belirli bir olguya
odaklanmasini hem de farkli bakis agilarini inceleyerek literatiirde biitlinciil yaklagim olarak belirtilen
yaklagimin gerceklestirilmesini saglar (Savin-Baden & Major, 2023).

Calisma Grubu / Katihmeilar

Mevcut ¢alisma katilimcilarin uygulama sirasinda tesadiifi bir 6gretim ¢iktisina yonelik 6zgiin bir
deney tasarimi yapilmasini gerektirdiginden calismanin O6rneklemi amacgl O6rnekleme yontemi ile
secilmistir. Amacli drnekleme, arastirma katilimeilarinin aragtirma problemine uygun olarak belirli bir
amag¢ dogrultusunda belirlenmesi olarak tanimlanabilir. Arastirmacilarin daha Onceki bilgilere
dayanarak c¢alisma kapsaminda elde edilmesi hedeflenen verileri saglayacagini diistindiikleri
orneklemi segcmek igin kendi yargilarini kullandiklar1 amagli 6érnekleme yontemi ile belirlenmis olan
mevcut calismanin katilimeilarimi izmir’de bir devlet iiniversitesinin Egitim Fakiiltesinde 2024-2025
egitim 6gretim yilinda Fen Ogretimi Laboratuvar Uygulamalar1 2 dersini almis 6gretmen adaylari
olusturmaktadir (Frankael & Wallen, 2012).

Veri Toplama Araglari ve Veri Toplama Sireci

Bu ¢alismada veri toplama araci olarak arastirmacilar tarafindan gelistirilen Yapay Zeka Araglarn ile
Deney Tasarlama Formu, S-FeTeMM Formu ve katilimcilarin ChatGPT ile olan konusmalarina ait
metinler kullanilmistir.

Yapay Zeka Araglar ile Deney Tasarlama Formu ve S-FeTeMM Formu &gretmen adaylarinin 6zgiin
deney tasarimlarini, 6zgiin deney tasarimlarinin STEM entegrasyonunu ve katilimeilarin 6zglin deney
tasarimlari iizerinde ChatGPT doniitlerine gore yaptiklari degisiklikleri incelemek amaciyla Microsoft
Excel iizerinde gelistirilen makrolar araciligiyla tasarlanmig dijital formlardir. Katilimeilarin
derinlemesine gorliglerini ifade edebilmelerini saglamak amaciyla agik uglu olarak gelistirilen bu
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formlar 6gretmen adaylarinin yanitlarini dogrudan hiicrelere kaydetmekte ve makrolar araciligiyla
verileri otomatik olarak diizenlemekte, kontrol etmekte ve analiz i¢cin uygun formatta saklamaktadir.

Yapay Zekd Araglari ile Deney Tasarlama Formu sirasiyla; giinliik hayat senaryosu tasarlama,
problem durumu ya da durumlarini belirleme, deney tasariminin bagimli degiskenlerini belirleme,
deney tasariminin bagimsiz degiskenlerini belirleme ve deney tasariminin kontrol edilen
degiskenlerini belirleme basamaklarindan olusmaktadir. S-FeTeMM Formu ise sirasiyla; uygulama
basamaklari, deney tasariminin fen bilimleri entegrasyonu, teknoloji entegrasyonu, miihendislik
entegrasyonu ve matematik entegrasyonu adimlarindan olusmaktadir.

Kargilenu Exan x | & -

|

= ChatGPT

ANGUASAYY DAGLATDE,

Bugun akhinda ne var?

Ecfo-@=oade ~w

Gorsel 1. Veri toplama aracinda yer alan giris ekranina ait ekran gérintisa.

Bigheriime Lormm x| ® 2

Degerli Katilimey, ChatGPT
Bu calisne kapsamnca size verilen fen biimleri dersi dgrenme cikhisin 052 Gnunde dulurdurarak

giinliik hayata dayal bir densy tasarim yepmaniz beldenmaktadin

Her bir sayfada yer alon yonergelerdehi agiklaralurt dikkate akorak deney tasariminz:

gerceklestirinz. Ekranmizda ecéan penzerelerde sirasiyl ctndik hayata doyalt serarye,

olugturdugunuz seraryede ortaya gkan dency da leullanab leceginiz problem durumi

deney tasarminiza alt degiskenler ve taserladigine deneyin S-FeTeMM Medell hekkirde blgl

vermeniz isterecek olup bu adimlars gercekiestirdikten sonra deney tasarimiz ile llgili ChatGPT ile

iletigime geemenx istenecektis,

Lutfen yénergede belirtilen kisme kada~ Chat6PTYi kulawray iz, Urgulame yorergesinde Chat6PT

ile iletizime gecebileceqiniz keim belirtilecektir. Belirtilen kisma kedar yalmzca yénerge ekreninda -

e e bt st iz Bugiin aklinda ne var?
Desey tazsarmi veya gercekiesTirilen sireg de ilgili sormek istediginiz seyleri ek clarak ChatePTye

sorabilinsniz

Kahliminz ve vokit ayiedidiniz igin tegekhiirler.

ITTEN UTEULAIYA SAVIT OLARA DAAFD

HQfB_@wodEe B D Cam

Gorsel 2. Veri toplama aracinda yer alan uygulama yonergesine ait ekran goérintdso.
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SENARNO FKRANI x Em
KAZANIM NGO (- REERY

cietamiak olugtiean yan: v oreaniarn ritoikdarini tsnimlar b) Sindinin Setmin alugturan yaps ve spantan modol
lizarind gbzom werilsrial kaydeodar Istaminl oighuran yag ve ergantann gérestecinl agikdar

DU KAZANIMA UYGUN SENARYONU YAZ

SENARYQYU KAYDET VE LERLE

HeeB=6e=oae

ChatGPT

Bugiin aklinda ne var?

A® 5 Torte

160025
ZR105.2005

Gorsel 3. Veri toplama aracinda yer alan giinliik hayat senaryosu olusturma asamasina ait ekran

TROHLEM COMLEST OLLISTUSML x 16 [ 2
KAZANINANG  FB1.1 !
= ChaeGPT 4 o
FB.1.3.1.1. Sindirkn sisteninl cugiuran yap: ve orgarlaen uzerinde Sindiden
sstemini olusteran yaps va organlene ntedklenal tanimlar. b} Si clugturar yapt el modei

iizerinde nosleyerek gazlem vederin kaydecer o) Sindrim sistemii olugturan yap: ve organkann gorevieeiri apkiar

BU SENARTOYAUYGUN PRODLEM YAZ.

+ 2 dagu

PROBLEM: KAYDET VE LERLE ]

HQaeB=Gw6aEC

Bugln aklinda ne var?

A® L FTow

182028
28052529

Gorsel 4. Veri toplama aracinda yer alan problem cilimlesi olusturma asamasina ait ekran goriintiisii.
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TR S 1e
KAZAMM NG FRTE1Y
= ChasGRT
FR.LI1.1. Shakm sl aksran yapi v u.-nm eenvierivd podel Uzerinds gidiswleyetimesz) Sedrtm
hakHlaci cliugtran 1 ve cepanen model
Lasring insceyaren géviem varkarn Kaycedeee| St e chughurn yaps ve erasalann goreti ogedar.

SENARYCNA UYGUN DEGIENLER] BELRLE

UL A AL | RS A4

e I st pents LI A e 2
+ 2 rad

AR VAR AT L AT AT

DECEKEN ERI KAYOET VE ILERLE ‘

dcecpzes6a?

Bugln aklinda ne var?

+ @

- 8¢ caw

Gorsel 5. Veri toplama aracinda yer alan deney degiskenlerini olusturma agsamasina ait ekran

goruntasa.

F11 4 SASLCPIN I U8 2 LMK x 16

HAZAMM FET3I14 SENARYCHA poLcuR |

ChatGPT

I e Sodim
st clistocan fap v v acganhan wodd
Garende ncseyered gtsde verdedn htyd-du o) St st cegaras Y25 ve gl gooeviein sl

v s ssronenan | oo uswcacses | momes tscuroavessaone_|

+ 2 b

samona waveen 3 06 | J

Y PR T

Bugtin aklinda ne var?

Ae 0 Qmm 258

1

Gorsel 6. Veri toplama aracinda yer alan deney tasariminin uygulama basamaklari ve STEM
entegrasyonunu saglama asamasina ait ekran goriintiisii.

| ®
MAZANMNO  FBTIAY
FE731 4, Sndiiw .mmm m.mm yact v organtams gicevdery minm«mmmwu Snarin i
o) Sieim ve srpariury mosd
Towad b yersh g v et byt 11 o tertt otmen e ve Grgeetant giverinl ahie oy gt
BU SENARYUYA UYGUN PROGLEMI YAZ
1 ez e ve bagreagn re cidgums merak ebies
2 Niss'n el vo bay sy habasns sommass
3 Wizt intacnaci sincliin sistobein yaptanms arastrmss: 10
4 Maa Sowads it den ey yapalstp sormas)
R Tee——
+ Searyers baghaipor mu?
o e geesisren ra ckabie?
TN WOTR T yobbnide anal ppscaen Gonderdsbasins
KOSVALA G0y s
YAMISTIR
PTAL

PROBLEM KAYDET VE LERLE |
Qo0 wsa@

+ Q@

~® 3 Que o0

Gorsel 7. Yapay zeka destekli deney tasarim siirecine ait ekran goriintiisii.
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Aragtirmanin verileri nitel olarak 2024-2025 egitim Ogretim yili bahar donemi boyunca her bir
katilimei ile bireysel gerceklestirilen yaklasik bir saat siiren oturumlar sirasinda bilgisayar ortaminda
cevrimic¢i olarak yazili bir sekilde toplanmistir. Uygulama oturumlart siirecinde 6gretmen adaylari
oncelikle 2024 Fen Bilimleri Dersi Ogretim Programi (MEB, 2024)’nda yer almakta olan ve
bilgisayar ortaminda tesadiifi olarak katilimciya atanmis olan bir 6gretim ¢iktisim goz Oniinde
bulundurarak 6zgiin deney tasarimlarin1 gergeklestirmiglerdir. Uygulama oturumlarinin ikinci
asamasinda ise katilimcilar deney tasarimlarimin 6gretim ¢iktisi ile olan uygunlugunu ChatGPT’ye
cesitli sorular sorarak degerlendirmis ve ek olarak ChatGPT’ye deney tasarimu ile ilgili kendi
belirledigi sorular1 sorup tasariminda gerekli gordiigii degisiklikleri yapmustir. Katilimcilarin
uygulama siirecinde etkilesimde bulundugu ChatGPT versiyonu c¢alismanin veri toplama siirecinin
gerceklestigi donemde giincel ChatGPT versiyonu olan ChatGPT 4o versiyonu plus Oyelik ile
kullanilmustir.

Verilerin Analizi

Nitel arastirmalar derinlemesine galigsma ile degiskenlerin incelenmesini icerir ve nitel analizler sosyal
durumlarin, olaylarin ya da fenomenlerin nasil meydana geldigini anlamamiza yardimei1 olan teknikler
olarak tanimlanabilir (Savin-Baden & Major, 2023; Fraenkel & Wallen, 2012). Bu dogrultuda mevcut
caligmanin veri analizi kapsaminda yiiriitiilen igerik analizi siireci katilimci sorularina verilen
ChatGPT yanitlarinin kodlanmasi ile baslamistir. Calisma kapsaminda veri toplama araglari ile elde
edilen veriler bilgisayar destekli nitel veri analizi yazilim olan MAXQDA 24 iizerinden icerik analizi
kullanilarak ¢oziimlenmistir. Fen bilimleri egitimi alan uzmani iki arastirmaci tarafindan bagimsiz
olarak MAXQDA 24 iizerinden gerceklestirilen icerik analizi siireci sonrasi arastirmacilar arasi uyum
incelenmistir ve uzmani goriisii dogrultusunda icerik analizine son hali verilmistir. 1ki kodlayici
tarafindan yapilan kodlamalar arasindaki puanlayicilar arasi giivenirlik katsayist 0.91 olarak
belirlenmistir. Nitel veri analizi silirecinde verilerin kodlanmasi arastirmacinin verileri anlamli
bolgelere ayirmasi ile baglamistir. Ardindan her bir bolgenin kavramsal olarak ifade ettigi anlamin
elde edilen diger bolgelere ve kavramlara gore ifade edilmeye caligildigi bu siiregte verilerin
kodlanmas1 tiimevarim yontemi ile ortaya c¢ikan kodlarin siniflandirilmas: ve elde edilen verilerin
aragtirmaci tarafindan uygun bicimde derlenip ifade edilmesi ile ger¢eklesmistir. (Savin-Baden ve
Major, 2023).

BULGULAR

Ogretmen adaylarinin deney tasarimlarina dair ChatGPT degerlendirmelerine yonelik icerik analizi ile
elde edilen bulgular tablolar halinde sunulmustur. ilk olarak dgretmen adaylarmin bireysel olarak
gerceklestirdikleri deney tasarimi siirecinin ardindan ChatGPT’ye 6zgiin tasarimlarina dair yoneltmis
olduklart “Mevcut deney tasariminin giinliik hayat senaryosu Ogretim c¢iktisina uygun mudur,
gelistirilmesi gereken herhangi bir sey var midir?” sorusuna yonelik ChatGPT degerlendirmesi Tablo
1’de sunulmustur.

Tablo 1. Giinliikk hayat senaryosu tasarlama adiminda ChatGPT’nin katilimcilarin deney tasarimina
yonelik degerlendirmelerinin dagilimu

ChatGPT Degerlendirmesi f %
Yetersiz 2 6,25
Kismen yeterli, dneri var 24 75
Yeterli 8 25

Tablo 1’de ChatGPT’nin 6gretmen adaylarimin 6zgiin deney tasarimlarinda yer alan giinliik hayat
senaryolarini kismen yeterli buldugu ancak c¢esitli gelistirme 6nerileri sundugu goriilmektedir.

Katilimci tasarimini yetersiz olarak degerlendiren ChatGPT goriislerinden biri “Paylastiginiz senaryo
baslangi¢ asamasi olarak kazanima potansiyel olarak uygun olsa da su anki haliyle eksik goriiniiyor
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¢linkii hedef kazanimin tiim davranis diizeylerini kapsamiyor.” seklindedir (Ogretmen Adayr 28
tasarimina ait ChatGPT gorist).

Katilimei tasarimini kismen yeterli olarak degerlendiren ChatGPT goriislerinden biri “Senaryonun ana
fikri giizel ancak giivenlik, Ol¢lim araci ve birim agisindan eksikleri var. Yukaridaki gibi yeniden
yazarak hem pedagojik uygunluk hem de kazanim tamlig1 saglanabilir.” seklindedir (Ogretmen Aday1
7 tasarimina ait ChatGPT goriisii).

Katilimer tasarimini yeterli olarak degerlendiren ChatGPT goriislerinden biri “Bu deney senaryosu
hem igerik hem uygulama hem de pedagojik yaklasim agisindan FB.7.3.1.1 kazanimiyla tamamen
uyumludur.” seklindedir (Ogretmen Aday1 8 tasarimina ait ChatGPT goriisti).

Ogretmen adaylar1 bireysel olarak gerceklestirdikleri deney tasarimu siirecinin ardindan ChatGPT’ye
Ozgiin tasarimlarina yonelik “Mevcut deney tasariminin problem durumu O6gretim ¢iktisina uygun
mudur, gelistirilmesi gereken herhangi bir sey var midir?” sorusunu yoneltmistir. Katilimcilarin 6zgiin
deney tasarimlarina yonelik degerlendirmeler Tablo 2’de sunulmustur.

Tablo 2. Problem durumu tasarlama adiminda ChatGPT nin katilimcilarin deney tasarimina yonelik
degerlendirmelerinin dagilimi

ChatGPT Degerlendirmesi f %
Yetersiz 4 12,50
Kismen yeterli, 6neri var 19 59,38
Yeterli 8 25
Bir fikir belirtmeyip ChatGPT'den oneri istenmis 5 15,63
Bununla ilgili soru sorulmamisg 2 6,25

ChatGPT’nin 6gretmen adaylarinin 6zgiin deney tasarimlarinda yer alan problem durumlarini kismen
yeterli buldugu ancak cesitli gelistirme Onerileri sundugu goriilmektedir. Katilimeilarin herhangi bir
fikir belirtmeyip dogrudan ChatGPT’den bu basamak hakkinda fikir sunmasmin istendigi ve
katilimecilarin bir kisminin 6zgiin deney tasarimlarmin problem durumu hakkinda ChatGPT’ye
herhangi bir soru sormadig1 goriillmektedir.

Katilimc1 tasarimini yetersiz olarak degerlendiren ChatGPT goriislerinden biri “Neden uygun degil?
Ciinkii bu haliyle sadece ne oldugu anlatiliyor, ama neden oldugu sorgulanmyor. Iyi bir problem
climlesi, dgrenciye diisinme alani birakmali ve ¢dziim arayigina yonlendirmelidir.” seklindedir
(Ogretmen Aday1 20 tasarimina ait ChatGPT goriisii).

Katilimer tasarimini kismen yeterli olarak degerlendiren ChatGPT goriislerinden biri “Evet, ‘Enes
viicudundaki bu sisteminin nasil ¢alistigini anlayabilecek mi?’ sorusu problematik (problem ciimlesi)
olarak ele alindiginda kazanima uygundur, ancak daha agik ve hedefe odakli hale getirilebilir.”
seklindedir (Ogretmen Aday1 2 tasarimina ait ChatGPT goriisii).

Katilime1r tasarimini yeterli olarak degerlendiren ChatGPT goriislerinden biri “Evet, verdigin 4
problem sorusu senaryoya ¢ok uygun ve dogrudan FB.7.5.3.2 kazaniminin alt kazanimlarin
karsiliyor.” seklindedir (Ogretmen Aday1 16 tasarimina ait ChatGPT goriisii).

Deney tasariminin problem durumuna ait herhangi bir igerik belirtmeyip ChatGPT’den tasarim Onerisi
istenmesi durumunda ChatGPT’nin katilimciya verdigi doniitlerden biri “Elbette! Asagida, senaryoya
tamamen uygun, kazanima dayali bir problem durumu hazirladim. Bu problem, &grencinin hem
kavramsal anlayisini hem de bilimsel ¢ikarim yapma becerisini dlgmeyi amagclar.” seklindedir
(Ogretmen Aday1 4 tasarimina ait ChatGPT goriisii).

Ogretmen adaylar1 bireysel olarak gerceklestirdikleri deney tasarim siirecinin ardindan ChatGPT’ye
0zgilin tasarimlarina yonelik “Mevcut deney tasariminin bagimli degiskeni 6gretim ¢iktisina uygun
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mudur, gelistirilmesi gereken herhangi bir sey var midir?”” sorusunu yoneltmistir. Katilimeilarin 6zgiin
deney tasarimlarina yonelik degerlendirmeler Tablo 3’te sunulmustur.

Tablo 3. Bagimli degisken tasarlama adiminda ChatGPT’nin katilimcilarin deney tasarimina yonelik
degerlendirmelerinin dagilim

ChatGPT Degerlendirmesi f %

Yetersiz 6 18,75
Kismen yeterli, dneri var 6 18,75
Yeterli 9 28,13
Bir fikir belirtmeyip ChatGPT’ den 6neri istenmis 11 34,38
Katilimci sormadan ChatGPT 6neri vermis 1 3,13
ChatGPT'den direkt sunulan sablonun gelistirilmesi istenmis 1 3,13
Bununla ilgili soru sorulmamisg 2 6,25

Katilimcilarin deney tasariminin bagimli degisken tasarlama asamasinda herhangi bir fikir belirtmeyip
ChatGPT tarafindan fikir 6nerisine basvurduklar1 goriilmektedir. Bununla birlikte deney tasariminin
bagimli degiskeni hakkinda ChatGPT goriisiine bagvuran Ogretmen adaylarimin 6zgiin deney
tasarimlarinda yer alan bagimli degiskenlerin bir kisminin yeterli buldugu biiyiik bir kisminin ise
kismen yeterli bulunup ChatGPT tarafindan gelistirme Onerisi sunuldugu ya da direkt olarak yetersiz
bulundugu goriilmektedir.

Katilimec1 tasarimini yetersiz olarak degerlendiren ChatGPT goriislerinden biri “Hayir, ‘uygulanan
kuvvet’ bu senaryo i¢in bagimli degisken degildir, bu bir bagimsiz degiskendir.” seklindedir
(Ogretmen Aday1 5 tasarimina ait ChatGPT goriisii).

Katilime1 tasarimini kismen yeterli olarak degerlendiren ChatGPT goriislerinden biri “Senin yazdigin
bagimh degisken tanimi dogru yone isaret ediyor, fakat biraz daha bilimsel ve net ifadelerle yazilirsa
daha saglam olur.” seklindedir (Ogretmen Aday1 32 tasarimina ait ChatGPT goriisii).

Katilimer tasarimini yeterli olarak degerlendiren ChatGPT géruslerinden biri “Evet, ampul parlakligi
bu kazanim kapsaminda bagimli degisken olmaya kesinlikle uygundur.” seklindedir (Ogretmen Aday1
29 tasarimina ait ChatGPT goriisii).

Deney tasariminin bagimli degiskenine ait herhangi bir igerik sunmayip ChatGPT’den tasarim Onerisi
istenmesi durumunda ChatGPT’ nin katilimciya verdigi doniitlerden biri “Tabii! Asagida senaryoya
uygun olacak sekilde, ‘yogunluga bagli olarak degisen’ farkli bagimli degiskenler gelistiriyorum.”
seklindedir (Ogretmen Aday1 27 tasarimina ait ChatGPT goriisii).

Ogretmen adaylar1 bireysel olarak gergeklestirdikleri deney tasarimi siirecinin ardindan ChatGPT’ye
0zgilin tasarimlarina yonelik “Mevcut deney tasariminin bagimsiz degiskeni 6gretim ¢iktisina uygun
mudur, gelistirilmesi gereken herhangi bir sey var midir?” sorusunu yoneltmistir. Katilimcilarin 6zgiin
deney tasarimlarina yonelik degerlendirmeler Tablo 4’te sunulmustur.

Tablo 4. Bagimsiz degisken tasarlama adiminda ChatGPT nin katilimcilarin deney tasarimina yonelik
degerlendirmelerinin dagilim

ChatGPT Degerlendirmesi f %

Yetersiz 7 21,88
Kismen yeterli, oneri var 6 18,75
Yeterli 11 34,38
Bir fikir belirtmeyip ChatGPT’den 6neri istenmis 11 34,38
ChatGPT’den direkt sunulan sablonun gelistirilmesi istenmis 1 3,13
Katilime1 sormadan ChatGPT 6neri vermis 1 3,13
Bununla ilgili soru sorulmamig 3 9,38
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Katilimeilarin  deney tasarimimin bagimsiz degisken tasarlama asamasinda herhangi bir fikir
belirtmeyip ChatGPT tarafindan fikir 6nerisine bagvurduklar1 gériilmektedir. Bununla birlikte deney
tasariminin bagimsiz degiskeni hakkinda ChatGPT goriisiine bagsvuran 6gretmen adaylarinin 6zgiin
deney tasarimlarinda yer alan bagimsiz degiskenlerin bir kisminin yeterli buldugu biiyiik bir kisminin
ise kismen yeterli bulunup ChatGPT tarafindan gelistirme Onerisi sunuldugu ya da direkt olarak
yetersiz bulundugu goriilmektedir.

Katilimc1 tasarimini yetersiz olarak degerlendiren ChatGPT goriislerinden biri “Hayir, ‘su ve yag’
ifadesi bu haliyle bagimsiz degisken olarak eksik veya hatalidir. Dogru ifade: Kullanilan siv1 tiirii
bagimsiz degiskendir. Bu siv1 tiirleri 6rnek olarak ‘su’ ve ‘yag’ olabilir.” seklindedir (Ogretmen Aday1
32 tasarimina ait ChatGPT goriisii).

Katilimci tasarimimi kismen yeterli olarak degerlendiren ChatGPT goriislerinden biri ““Cok su igmesi’
bagimsiz degisken olarak kazanima uygun, ancak modelle desteklenen bir etkinlik ya da gozlem
siireciyle iliskilendirilirse daha etkili olur.” seklindedir (Ogretmen Adayi 2 tasarimina ait ChatGPT
goriisil).

Katilime tasarimini yeterli olarak degerlendiren ChatGPT goriislerinden biri “Evet, ‘lamba sayis1” bu

kazanim kapsaminda deneyin bagimsiz degiskeni olarak uygun, anlamli ve &gretici bir se¢imdir.”
seklindedir (Ogretmen Aday1 1 tasarimina ait ChatGPT gorisii).

Deney tasariminin bagimsiz degiskenine ait herhangi bir igerik sunmayip ChatGPT’den tasarim
Onerisi istenmesi durumunda ChatGPT nin katilimciya verdigi doniitlerden biri “Bagimsiz degisken:
Ali’nin sicak tencereye ya da buhara temas etmesi. Ciinkii bu degisken, sonucu (elinin yanip
yanmamasi) etkileyen dis etkendir. Ali bu davranis1 yapinca sonug degisiyor.” seklindedir (Ogretmen
Adayi 3 tasarimina ait ChatGPT goriisii).

Ogretmen adaylar1 bireysel olarak gerceklestirdikleri deney tasarimi siirecinin ardindan ChatGPT’ye
Ozgiin tasarimlarina yonelik “Mevcut deney tasariminin kontrol edilen degiskeni Ogretim ¢iktisina
uygun mudur, gelistirilmesi gereken herhangi bir sey var midir?” sorusunu yoOneltmistir.
Katilimcilarin 6zgiin deney tasarimlarina yonelik degerlendirmeler Tablo 5’te sunulmustur.

Tablo 5. Kontrol edilen degisken tasarlama adiminda ChatGPT nin katilimcilarin deney tasarimina
yonelik degerlendirmelerinin dagilimi

ChatGPT Degerlendirmesi f %

Yetersiz 5 15,63
Kismen yeterli, oneri var 11 34,38
Yeterli 12 37,5
Bir fikir belirtmeyip ChatGPT den 6neri istenmis 11 34,38
Katilimci sormadan ChatGPT Oneri vermis 2 6,25
Bununla ilgili soru sorulmamig 4 12,50

Katilimcilarin deney tasariminin kontrol edilen degiskeni hakkinda ChatGPT goriisiine bagvuran
Ogretmen adaylarinin 6zgiin deney tasarimlarinda yer alan kontrol edilen degiskenlerinin énemli bir
kisminin yeterli buldugu biiylik bir kisminin ise kismen yeterli bulunup ChatGPT tarafindan
gelistirme Onerisi sunuldugu ya da direkt olarak yetersiz bulundugu goriilmektedir. Bununla birlikte
cesitli 6gretmen adaylariin deney tasariminin kontrol edilen degisken tasarlama asamasinda herhangi
bir fikir belirtmeyip ChatGPT tarafindan fikir nerisine bagvurduklar: gortilmektedir.

Katilimei tasarimini yetersiz olarak degerlendiren ChatGPT goriislerinden biri “‘Kullanilan asit ve baz
maddeleri’ ifadesi, kontrol degiskeni olarak uygun degildir — ¢lnk{ bu ifade deneyde sabit tutulan
degil, degistirilen bir unsuru ifade ediyor. Yani bu ciimle aslinda bagimsiz degiskeni tarif eder”
seklindedir (Ogretmen Aday1 21 tasarimina ait ChatGPT goriisii).

Katilime1 tasarimini kismen yeterli olarak degerlendiren ChatGPT goriislerinden biri “Harika bir
noktaya degindin! Yazdigin kontrol degiskenleri temel olarak dogru ama bilimsel netlik, tekrar
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edilebilirlik ve anlamlilik acisindan biraz daha iyilestirilebilir.” seklindedir (Ogretmen Aday1 32
tasarimina ait ChatGPT goriisii).

Katilimei tasarimini yeterli olarak degerlendiren ChatGPT goriislerinden biri “Evet, devre anahtar1 bu
deneyde kontrollii degisken olmaya kesinlikle uygundur. Ciinkii deney siiresince sabit tutulan, test
edilmeyen ama etkili olabilecek bir degiskendir.” seklindedir (Ogretmen Aday1 29 tasarimina ait
ChatGPT goriisti).

Ogretmen adaylar1 bireysel olarak gergeklestirdikleri deney tasarimu siirecinin ardindan ChatGPT’ye
Ozgilin tasarimlarina yonelik “Mevcut deney tasariminin uygulama basamaklari 0gretim ¢iktisina
uygun mudur, gelistirilmesi gereken herhangi bir sey var midir?” sorusunu yoneltmistir.
Katilimcilarin 6zgiin deney tasarimlarina yonelik degerlendirmeler Tablo 6’da sunulmustur.

Tablo 6. Uygulama basamaklar1 tasarlama adiminda ChatGPT’nin katiimcilarin deney tasarimina
yonelik degerlendirmelerinin dagilimi

ChatGPT Degerlendirmesi f %

Yetersiz 2 6,25
Kismen yeterli, 6neri var 21 65,63
Yeterli 5 15,63
Bir fikir belirtmeyip ChatGPT’den 6neri istenmis 3 9,38
ChatGPT’den direkt sunulan sablonun gelistirilmesi istenmis 1 3,13
Genel bir gablon verip ChatGPT'den uygulama basamaklarini yazmast istenmis 2 6,25
Bununla ilgili soru sorulmamisg 5 15,63

ChatGPT’nin 6gretmen adaylarinin 6zgiin deney tasarimlarinda yer alan uygulama basamaklarinin
biiyiik bir kismini kismen yeterli buldugu ve gesitli gelistirme Onerileri sundugu goriilmektedir.
Katilimcilar tarafindan dogrudan ChatGPT’den 6zgiin uygulama basamaklarini gelistirip sunmasinin
istendigi ve bazi katilimcilarin 6zglin deney tasarimlarinin uygulama basamaklari hakkinda
ChatGPT’ye herhangi bir soru sormadig1 goriilmektedir.

Katilimc1 tasarimini yetersiz olarak degerlendiren ChatGPT goriislerinden biri “Bu ii¢ maddelik
uygulama basamaklar1 temel bir siray1 vermekte, ancak kazanimin gerektirdigi ‘deney yapma, analiz
etme’ hedeflerine tam olarak uygun degildir.” seklindedir (Ogretmen Aday1 5 tasarimina ait ChatGPT
goriisii).

Katilimer tasarimini kismen yeterli olarak degerlendiren ChatGPT goriislerinden biri “Evet, verdigin 6
adimlik deney basamaklari genel olarak anlamli ve senaryoya uygun; ancak bilimsel dogruluk,
kazanim uyumu ve deneysel mantik agisindan bazi noktalar1 iyilestirmek gerekiyor.” seklindedir
(Ogretmen Aday1 7 tasarimina ait ChatGPT goriisii).

Katilimer tasarimimi yeterli olarak degerlendiren ChatGPT goriislerinden biri “Bu deney, hem
timevarimsal akil yiiriitmeyi destekleyen bir yapidadir hem de giinliikk yasam oriintiileri iizerinden
sirtinme kuvveti kavramini somutlagtirir. Bu nedenle, belirttiginiz kazanima tam anlamiyla
uygundur.” seklindedir (Ogretmen Aday1 22 tasarimina ait ChatGPT goriisii).

Ogretmen adaylar1 bireysel olarak gerceklestirdikleri deney tasarimu siirecinin ardindan ChatGPT’ye
Ozgiin tasarimlarma yonelik “Mevcut deney tasariminin fen bilimleri entegrasyonu &gretim ¢iktisina
ve deney tasarimina uygun mudur, gelistirilmesi gereken herhangi bir sey var midir?” sorusunu
yoneltmistir. Katilimcilarin 6zgiin deney tasarimlarina yonelik degerlendirmeler Tablo 7’de
sunulmustur.
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Tablo 7. Tasarimin fen bilimleri entegrasyonunu saglama adiminda ChatGPT nin katilimcilarin deney
tasarimina yonelik degerlendirmelerinin dagilimi

ChatGPT Degerlendirmesi f %

Yetersiz 1 3,13
Kismen yeterli, 6neri var 13 40,63
Yeterli 15 46,88
Katilimci sormadan ChatGPT 6neri vermis 2 6,25
Bir fikir belirtmeyip ChatGPT'den oneri istenmis 6 18,75
Bununla ilgili soru sorulmamig 4 12,50

ChatGPT’nin 6gretmen adaylarimin 6zgiin deney tasarimlarinin fen bilimleri entegrasyonunun 6nemli
bir kismini yeterli buldugu goriilmektedir. Bununla birlikte katilimcilarin deney tasarimlarinin fen
bilimleri entegrasyonunun onemli bir kismmin ise ChatGPT tarafindan kismen yeterli olarak
degerlendirildigi ve cesitli gelistirme Onerileri sunuldugu goriilmektedir. Katilimcilar tarafindan
dogrudan ChatGPT’den deney tasariminin fen bilimleri entegrasyonu igin fikir sunmasininin istendigi
ve baz1 katilimcilarin 6zgiin deney tasarimlarinin fen bilimleri entegrasyonu hakkinda ChatGPT’ye
herhangi bir soru sormadig1 da goriilmektedir.

Katilimec1 tasarimimi yetersiz olarak degerlendiren ChatGPT goriislerinden biri “Bu climle, STEM
kapsaminda fen bilimleri ile disiplinleraras: iligkilendirme amaci tasiyorsa, eksik ve yiizeysel
kalmaktadir.” seklindedir (Ogretmen Adayi 1 tasarimina ait ChatGPT goriisii).

Katilimer tasarimini kismen yeterli olarak degerlendiren ChatGPT goriislerinden biri “Giizel bir
baslangi¢c yapmigsin ama yazimin bilimsel dili a¢isindan biraz daha netlestirilmesi ve giiglendirilmesi
gerekiyor. Yazdigin ifade, fen bilimleriyle iliski kuruyor ama hedef kazanimi ve deneysel siireci
aciklama konusunda eksik kaliyor.” seklindedir (Ogretmen Aday1 32 tasarimina ait ChatGPT goriisii).

Katilime1 tasarimini yeterli olarak degerlendiren ChatGPT goriislerinden biri “Evet, fen bilimleri ile
iliskilendirmen hem pedagojik hem de kazanim temelli olarak son derece uygun ve yerindedir.”
seklindedir (Ogretmen Aday1 27 tasarimina ait ChatGPT goriisii).

Ogretmen adaylar1 bireysel olarak gerceklestirdikleri deney tasarim siirecinin ardindan ChatGPT’ye
0zgiin tasarimlarina yonelik “Mevcut deney tasariminin teknoloji entegrasyonu 6gretim ¢iktisina ve
deney tasarimina uygun mudur, gelistirilmesi gereken herhangi bir sey var mudir?” sorusunu
yoneltmistir. Katilimeilarin  6zglin deney tasarimlarina yonelik degerlendirmeler Tablo 8’de
sunulmustur.

Tablo 8. Tasarimin teknoloji entegrasyonunu saglama adiminda ChatGPT’nin katilimcilarin deney
tasarimina yonelik degerlendirmelerinin dagilimi

ChatGPT Degerlendirmesi f %

Yetersiz 4 12,50
Kismen yeterli, oneri var 11 34,38
Yeterli 7 21,88
Bir fikir belirtmeyip ChatGPT’ den 6neri istenmis 7 21,88
Katilime1 bu STEM asamasinin entegrasyonu olmadigini belirtmis 1 3,13
Katilimc1 sormadan ChatGPT 6neri vermis 2 6,25
Deney tasariminda bu STEM asamasinin entegrasyonu bulunmamaktadir 1 3,13
ChatGPT'den direkt sunulan sablonun gelistirilmesi istenmis 1 3,13
Bununla ilgili soru sorulmamig 4 12,50

ChatGPT’nin dgretmen adaylarinin 6zgiin deney tasarimlarinin teknoloji entegrasyonunun biiyiik bir
kismint kismen yeterli buldugu ve cesitli gelistirme Onerileri sundugu goriilmektedir. Katilimcilar
tarafindan dogrudan ChatGPT’den deney tasariminin teknoloji entegrasyonu igin fikir sunmasininin
istendigi ve bazi katilimcilar tarafindan 6zgiin deney tasarimlarinin teknoloji entegrasyonu hakkinda
ChatGPT’ye herhangi bir soru sorulmamis oldugu goériilmektedir.
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Katilime1 tasarimuini  yetersiz olarak degerlendiren ChatGPT gériislerinden biri “‘Ogretmenin
sOylediklerini telefonuna not alma’ ifadesi, teknoloji iliskilendirmesi acisindan kazanima sinirh
6lciide uygundur; yani yiizeysel bir iliski kurulmus, ancak teknolojik diisiinme, ara¢ kullanimi veya
veri isleme gibi daha derin unsurlar agisindan zayiftir.” seklindedir (Ogretmen Aday1 2 tasarimina ait
ChatGPT goriisii).

Katilimer tasarimint kismen yeterli olarak degerlendiren ChatGPT goriislerinden biri “Senin ifaden
dogru yolda ve deneyinle uyumlu. Ama ben olsaydim, 6gretim kazanimlarina uygun ve STEM diline
entegre olmasi agisindan soyle yazardim: ‘Maddelerin sicakliklarmi diistirerek donma olayini
baglatmak i¢in teknolojik araglar (buzluk vb.) kullanir ve bu araglarin deneysel gozlemlerdeki
katkisini degerlendirir.”" seklindedir (Ogretmen Aday 6 tasarimina ait ChatGPT goriisii).

Katilimer tasarimini yeterli olarak degerlendiren ChatGPT goriislerinden biri “Degerlendirme: Tam
uygun. Bu ifade STEM kapsaminda teknoloji boyutunu net ve dogrudan karsiliyor. Ciinkii teknoloji
boyutu, Ogrencilerin arag-gere¢ kullanarak veri toplamasi, giinlik yasamda kullanilan teknolojik
cihazlar1 bilimsel amagla kullanmasi, gozlemlerini destekleyecek dijital araglardan yararlanmasi gibi
durumlar1 kapsar.” seklindedir (Ogretmen Aday1 12 tasarimina ait ChatGPT goriisii).

Ogretmen adaylar bireysel olarak gergeklestirdikleri deney tasarimi siirecinin ardindan ChatGPT’ye
0zgiin tasarimlarina yonelik “Mevcut deney tasariminin mithendislik entegrasyonu 6gretim ¢iktisina
ve deney tasarimina uygun mudur, gelistirilmesi gereken herhangi bir sey var mudir?” sorusunu
yoneltmistir. Katilimcilarin  6zgiin deney tasarimlarina yonelik degerlendirmeler Tablo 9’da
sunulmustur.

Tablo 9. Tasarimin mithendislik entegrasyonunu saglama adiminda ChatGPT nin katilimcilarin deney
tasarimina yonelik degerlendirmelerinin dagilimi

ChatGPT Degerlendirmesi f %

Yetersiz 3 9,38
Kismen yeterli, oneri var 16 50

Yeterli 5 15,63
Katilime1 bu STEM asamasinin entegrasyonu olmadigini belirtmis 1 3,13
Katilimci sormadan ChatGPT Oneri vermis 2 6,25
Bir fikir belirtmeyip ChatGPT'den 6neri istenmis 7 21,88
Bununla ilgili soru sorulmamig 7 21,88

ChatGPT’nin 6gretmen adaylarinin 6zglin deney tasarimlarinin miihendislik entegrasyonunun biiyiik
bir kismini1 kismen yeterli buldugu ve ¢esitli gelistirme Onerileri sundugu goriilmektedir. Katilimcilar
tarafindan dogrudan ChatGPT’den deney tasariminin mithendislik entegrasyonu i¢in fikir sunmasinin
istendigi ve bazi katilimcilar tarafindan 6zgiin deney tasarimlarinin miihendislik entegrasyonu
hakkinda ChatGPT’ye herhangi bir soru sorulmamis oldugu goriilmektedir.

Katilime1 tasariminmi yetersiz olarak degerlendiren ChatGPT goriislerinden biri “Verdigin metin,
miihendislik acisindan deneyle baglanti kurma niyeti agisindan yerinde bir giris yapiyor. Ancak bu
haliyle fikirler giizel ama daginik yapilandirilmig, miihendislik siireci (tasarim, test, iyilestirme gibi)
acikca ifade edilmemis, teknik netlik ve dilsel biitiinliik eksik kalmis.” seklindedir (Ogretmen Aday1
18 tasarimina ait ChatGPT goriisii).

Katilimei tasarrmimi kismen yeterli olarak degerlendiren ChatGPT goriislerinden biri “Ifade ok genel
kaliyor. Miihendislik ile daha giiglii bir iliskilendirme yapilabilmesi i¢in 0grencinin bir problemi
¢ozmek amaciyla model tasarlamasi, malzeme secimi, islevsellik, sunum gibi siireglere girmesi,
tasarimi yaparken bilimsel bilgiyle desteklenen kararlar almasi gibi yonler vurgulanmalidir.”
seklindedir (Ogretmen Aday1 8 tasarimina ait ChatGPT goriisii).

Bir diger katilimei tasarimini kismen yeterli olarak degerlendiren ChatGPT goriislerinden biri ise “Bu
ifade STEM yaklasimi agisindan kabul edilebilir ve dogrudur, ¢linkii miihendislik bileseni, genellikle
bir sorunu ¢6zmek veya bir sistem/arag/ortam kurmak ile iligkilidir. Deney diizenegi kurmak da bu
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kapsamda yer alir. Ancak ifade fazla genel kaliyor. Ogrencinin miihendis gibi diisiinme becerisini
(tasarlama, lgarar verme, malzeme secme, sistem kurma) yansitmak acisindan gelistirilebilir.”
seklindedir (Ogretmen Aday1 12 tasarimina ait ChatGPT goriisii).

Katilimer tasarimini yeterli olarak degerlendiren ChatGPT goriislerinden biri “Tam isabet! Bu sureg
miihendislik tasarim dongiisiine (planla — uygula — test et — gelistir) birebir uygundur. Test edilen
farkli malzemelerle sorun c¢ozme ve yeniden tasarlama becerisi de gosterilmistir.” seklindedir
(Ogretmen Aday1 24 tasarimina ait ChatGPT goriisii).

Deney tasarimimin miihendislik entegrasyonuna ait herhangi bir igerik belirtmeyip ChatGPT’den
tasarim oOnerisi istenmesi durumunda ChatGPT’nin katilimciya verdigi doéniitlerden biri “Harika bir
noktaya geldik! Simdi deneyini miihendislik disipliniyle iliskilendirelim. Mihendislik 6grencilerin
gergek diinya problemlerine ¢dziim iiretmesini, tasarim yaparak dgrenmesini saglar. liskilendirme
sayesinde Ogrenciler fen bilgisini problem c¢6zmeye doniistiiriir, Yogunluk kavraminin gercek
diinyadaki etkisini muhendis bakis agisiyla analiz eder, hayal giicii ve elestirel diisiinmeyle somut bir
{iriin tasarlar” seklindedir (Ogretmen Aday: 11 tasarimina ait ChatGPT goriisii).

Ogretmen adaylar1 bireysel olarak gerceklestirdikleri deney tasarim siirecinin ardindan ChatGPT’ye
0zgiin tasarimlarina yonelik “Mevcut deney tasariminin matematik entegrasyonu 6gretim ciktisina ve
deney tasarimma uygun mudur, gelistirilmesi gereken herhangi bir sey var mudir?” sorusunu
yoneltmistir. Katilimcilarin 6zgiin deney tasarimlarina yonelik degerlendirmeler Tablo 10°da
sunulmustur.

Tablo 10. Tasarimin matematik entegrasyonunu saglama adiminda ChatGPT’nin katilimcilarin deney
tasarimina yonelik degerlendirmelerinin dagilim

ChatGPT Degerlendirmesi f %
Yetersiz 2 6,25
Kismen yeterli, 6neri var 16 50
Yeterli 4 12,5
Katilimci sormadan ChatGPT Oneri vermis 2 6,25
Deney tasariminda bu STEM asamasinin entegrasyonu bulunmamaktadir 1 3,13
Bir fikir belirtmeyip ChatGPT'den Oneri istenmis 7 21,88
Bununla ilgili soru sorulmamis 8 25

ChatGPT’ nin 6gretmen adaylarinin 6zgiin deney tasarimlarinin matematik entegrasyonunun énemli
bir kismin1 kismen yeterli buldugu ve ¢esitli gelistirme onerileri sundugu goriilmektedir. Katilimcilar
tarafindan herhangi bir tasarim fikri sunulmadan dogrudan ChatGPT’den deney tasariminin
matematik entegrasyonu igin fikir sunmasinin istendigi ve bazi katilimcilar tarafindan 6zgiin deney
tasarimlarinin matematik entegrasyonu hakkinda ChatGPT’ye herhangi bir soru sorulmamis oldugu
goralmektedir.

Katilimci tasarimimi yetersiz olarak degerlendiren ChatGPT goriislerinden biri ““Asit ve bazlarim pH
degerlerini periyodik cetvelde belirleme’ ifadesi, matematiksel siire¢ler agisindan dogrudan uygun
degildir. Ciinkii pH # periyodik cetvel iligkisi dogrudan degildir. Matematiksel olarak pH degeriyle
islem yapilabilir ama bunu periyodik cetvel iizerinde gostermek fen kavramidir, matematik siireci
degil.” seklindedir (Ogretmen Aday1 21 tasarimina ait ChatGPT goriisii).

Katilimer tasarimint kismen yeterli olarak degerlendiren ChatGPT goriislerinden biri “Guzel bir
diisiince ortaya koymussun! Matematikle iliskilendirme denemen 6ziinde dogru bir yaklagim igeriyor,
¢linkii deneydeki sivi-kati iligkisi iizerinden oran, miktar ve islem kavramlarina dayali bir
matematiksel bag kuruluyor. Ancak ifadeni hem daha netlestirebiliriz hem de matematiksel tutarlilig
ve akademik dili gii¢lendirebiliriz.” seklindedir (Ogretmen Aday1 9 tasarimina ait ChatGPT goriisii).

Bir diger katilimci tasarimini kismen yeterli olarak degerlendiren ChatGPT goriisii ise “Metnin niyeti
oldukga dogru; sayisal verilerin anlasilmay1 kolaylastirdigi, ses frekansi Ol¢limiiniin matematiksel
karsilig1 oldugu gibi noktalar yerinde. Ancak su anki haliyle metin dil agisindan biraz karmasik ve
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tekrar iceriyor, matematiksel islem veya kavram igerigi net belirtilmemis, 6grencinin matematiksel
becerisiyle neyi gelistirdigi dogrudan yazilmamis.” seklindedir (Ogretmen Aday1 18 tasarimina ait
ChatGPT goriisti).

Katilmer tasartmini  yeterli olarak degerlendiren ChatGPT goriislerinden biri  “Matematik
entegrasyonu: Tam uygun. Zaman dlgme ve karsilastirma icerdigi icin uygun.” seklindedir (Ogretmen
Adayi 25 tasarimina ait ChatGPT goriisti).

Deney tasariminin matematik entegrasyonuna ait herhangi bir igerik belirtmeyip ChatGPT’den
tasarim Onerisi istenmesi durumunda ChatGPT’nin katilimciya verdigi doniitlerden biri “Matematik
Kazanimi: Hal degisim siiregleri ile ilgili sicaklik ve siire verilerini toplar, tabloya aktarr,
karsilastirma ve ¢ikarim yapar. Termometre ile sicaklik 6l¢iimii, siire takibi, tablo olusturma ve
yorumlama igerir.” seklindedir (Ogretmen Aday1 6 tasarimina ait ChatGPT gériisii).

TARTISMA, SONUC ve ONERILER

Aragtirmada Ogretmen adaylarinin ChatGPT’yi deney tasarimlarimin ¢esitli basamaklarina dair
danisma, dogrulama, gelistirme, Oneri sunma ve diizeltme gibi amaglarla yogun bigimde kullandiklari
goriilmektedir. Katilimeilarin degiskenlerin belirlenmesi, uygulama basamaklarinin ChatGPT 0Onerisi
dogrultusunda giincellenmesi ve deney tasarimmin STEM entegrasyonunun saglanmasi ya da
giiclendirilmesi basta olmak {izere deney tasarimlarinin en az bir bileseninde ChatGPT
degerlendirmesi dogrultusunda degisiklik yapmis oldugu saptanmustir. Katilimeilar tasarimina ait
ChatGPT degerlendirmeleri incelendiginde katilimcilarin ¢ogunlugunun kontrol edilen degisken
tasariminin diger bilesenlere gore daha yiksek oranda ChatGPT tarafindan yeterli bulundugu
goriilmektedir. Ogretmen adaylarmin 6zgiin deney tasarimlarmin STEM entegrasyonuna dair
ChatGPT degerlendirilmeleri incelendiginde ise tasarimlarin fen bilimleri entegrasyonunun yuksek
oranda ChatGPT tarafindan yeterli bulundugu tespit edilmistir. Bununla birlikte ChatGPT nin
katilimeilarin 6zglin deney tasarimlarinin giinlik hayat senaryosu, problem durumu, uygulama
basamaklari, deney tasariminin teknoloji entegrasyonu, deney tasariminin mithendislik entegrasyonu
ve deney tasariminin matematik entegrasyonu adimlarini kismen yeterli olarak degerlendirdigi bu
dogrultuda tasarimlara yonelik cesitli gelistirme Onerileri sundugu goriilmektedir. Ayrica 6gretmen
adaylarinin deney tasariminin bagimsiz degisken belirleme basamaginin ChatGPT tarafindan en sik
yetersiz olarak degerlendirilen basamak oldugu dikkat c¢ekmektedir. Katilimcilarm O6nemli bir
kisminin bagimli degisken, bagimsiz degisken ve kontrol edilen degisken belirleme basamaklarinda
herhangi bir fikir sunmadan direkt ChatGPT onerisine basvurmus olduklari tespit edilmistir.
Katilimcilarin ChatGPT goriisiine en az oranda basvurduklar1 basamagin ise deney tasarimlarinin
matematik entegrasyonunu saglama adimi oldugu goriilmekte, katilimcilarin tasarimlarinin matematik
entegrasyonu hakkinda ChatGPT’ye herhangi bir soru yoneltmedikleri ve bu asama i¢in ChatGPT
goriisiine diger adimlara gore daha az diizeyde bagvurmus olduklar1 dikkat ¢ekmektedir.

Cai ve digerleri (2025) tarafindan vurgulanan, yiiksek on bilgi diizeyine sahip kullanicilarin ChatGPT
destegiyle daha nitelikli bir gelisim sergiledigi sonucu, bu aragtirmanin sonuglariyla teorik bir uyum
igerisindedir. Arastirma kapsaminda, 6gretim ¢iktisina dair taslak fikirlerini sisteme sunan 6gretmen
adaylarinin, yapay zekanmn degerlendirmelerini mevcut tasarimlarini pedagojik ve bilimsel acidan
iyilestirmek i¢in birer gelistirme firsat1 olarak kullandiklari goriilmiistiir. Buna karsin, siirece dair
herhangi bir igerik sunmayan adaylarin; degiskenlerin belirlenmesi, milhendislik ve matematik
entegrasyonu gibi teknik uzmanlik gerektiren asamalarda dogrudan hazir tasarim talep ederek yapay
zekay1 birincil liretici roliinde konumlandirdiklart saptanmistir. Bu durum, Ogretmen adaylarinin
sundugu girdilerin niteligi ve derinligi arttikga ChatGPT’nin "sifirdan igerik iireten bir kaynaktan",
mevcut tasarimi teknik hatalar (6rnegin; bagimli-bagimsiz degisken karmasasi veya fen kavramlarinin
matematiksel siireclerle hatali iligkilendirilmesi) agisindan rafine eden bir "elestirmen ve gelistiriciye"
doniistiigiinii kanitlamaktadir. Sonug olarak, yapay zekanin tasarim siireci iizerindeki doniistiiriicii
etkisi, kullanicinin siirece dahil ettigi akademik hazirlik diizeyi ve sorgu niteligiyle dogrudan
iligkilidir.
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Chellappa ve Luximon (2024) tarafindan yiiriitilen ¢aligmanin bulgular1 ChatGPT yanitlarinin
katilimcilar tarafindan baglama uygun yapilandirilmis orta dogruluk diizeyinde yanitlar olarak
degerlendirildigini bununla birlikte ChatGPT’nin Ogrenmeye etkili destek saglayabilecek bir
tamamlayic1 ara¢ olarak goriildiigini ifade etmektedir. Mevcut calismada katilimcilarin deney
tasarimi siirecinin bagimli, bagimsiz ve kontrol edilen degisken belirleme adimlarinda herhangi bir
fikir belirtmeden ChatGPT oOnerisine deney tasarimi siirecinin diger adimlarina gore daha fazla
bagvurduklari tespit edilmistir. Bununla birlikte 6gretmen adaylarinin deney tasariminin uygulama
basamaklarini belirleme asamasinda diger asamalara gore daha az ChatGPT Onerisine bagvurmusg
olduklar saptanmistir. Deney tasariminin STEM entegrasyonu gerceklestirilirken ise en az matematik
bileseni hakkinda ChatGPT’ye soru sorulmus olmasi dikkat gcekmektedir. Ogretmen adaylarmin
ChatGPT Onerisine bagvurduklari ve bagvurmadiklari tasarim asamalart g6z Oniinde
bulunduruldugunda katilimcilarin literatiirde yer alan galigmalara uyumlu bigimde ChatGPT’yi
tamamlayici bir ara¢ olarak kullanma egiliminde olduklar1 goriilmektedir.

Arastirmadan elde edilen veriler, 6gretmen adaylarinin deney tasarimi siireglerinde sergiledikleri
pedagojik performans ile Zhu ve ark. (2025) tarafindan vurgulanan "yapay zeka destekli gelisim"
ihtiyact arasinda giiclii bir bag oldugunu gostermektedir. Adaylarin hazirladig1 6zgiin senaryolarin
biiyiik bir ¢ogunlugunun ChatGPT tarafindan ¢esitli revizyon Onerileriyle karsilanmasi, adaylarin
heniiz bagimsiz materyal iiretiminde tam bir pedagojik yetkinlige ulasamadiklarina dair 6nemli bir
gostergedir. Bu durum, Zhu ve ark. (2025) calismasinda ifade edilen; 6gretmen adaylarimin sinif igi
pratik eksikligi ve degerlendirme okuryazarligindaki sinirliliklar nedeniyle geri bildirim siireglerinde
yasadiklar giigliikleri bizzat uygulama diizeyinde kanitlamaktadir. Yapay zekanin adaylara sundugu
giivenlik, birim kullanimi ve kazanim uyumu gibi teknik miidahaleler, literatiirde savunulan "6lgiit
temelli geri bildirim" mekanizmasinin islevselligini ortaya koymaktadir. Ozellikle adaylarmn
tasarimlarindaki matematiksel tutarlilik ve akademik dil eksikliklerinin ChatGPT tarafindan
raporlanmasi, yapay zekanin adayin bilissel siireglerinde fark edemedigi kor noktalar: aydinlatan bir
"pedagojik iskele" islevi gordiigiinii dogrulamaktadir. Ote yandan, bazi adaylarin kendi fikirlerini
sunmak yerine dogrudan yapay zekadan ¢6ziim talep etme egilimi, literatiirde "yapay zekaya asirt
bagimlilik" olarak tanimlanan ve adayin 6z-yeterlik gelisimini tehdit edebilecek bir risk faktorii olarak
one c¢ikmaktadir. Sonug olarak bu bulgular, 6gretmen egitiminde yapay zekanin stratejik kullanimina
yonelik hedefli egitimlerin gerekliligini vurgulayan giincel literatiirle (Zhu vd., 2025) tam bir uyum
sergilemekte ve teknolojinin elestirel bir siizgecten gegirilerek mesleki siirece dahil edilmesinin
Onemini pekistirmektedir.

Katilimeilar deney tasarimlarinin degisken belirleme asamalarinda ChatGPT Onerilerine siklikla
basvurmuslardir. Ogretmen adaylarinin kontrol edilen degisken tasarimlar1 ChatGPT tarafindan
genellikle yeterli olarak degerlendirilirken bagimsiz ve bagimli degisken tasarimlarinin kismen yeterli
olarak degerlendirildigi ve ChatGPT tarafindan katilimcilara tasarimlarini gelistirmeye yonelik
onerilerin sunuldugu goriilmektedir. Ogretmen adaylarinin 6zgiin deney tasarimlarinin degiskenleri
hakkindaki ChatGPT goriisleri ve oOnerileri incelendiginde katilimeilarin bir deneyin degiskenlerini
belirlerken degiskeni dogru siniflandirmakta yeterli olmadiklar1 goriilmektedir. Ates (2005) tarafindan
yiiriitiilen ¢aligmanin bulgulan 6gretmen adaylarmin deneysel calismalarda degiskenleri tanimlama,
degiskenler arasi iliskileri kurma ve diger degiskenleri siire¢ boyunca kontrol etme konusunda
yetersiz olduklarini1 gostermektedir. Ates (2005) tarafindan yiiriitiilen ¢alismanin bulgularina benzer
bicimde mevcut calisma ile elde edilen bulgular 6gretmen adaylarinin bagimli degisken, bagimsiz
degisken ve kontrol edilen degisken kavramlar1 hakkinda yanilgilara sahip olduklarini, deney tasarimi
sirecinde ozellikle bagimli degisken ve bagimsiz degisken kavramlarini tanimlamakta ve bu
kavramlar arasinda ayrim yapmakta giiclik yasadiklarini gostermektedir. Bu durum degiskenleri
belirleme ve kontrol etme becerilerinin temel slre¢ becelerine gore daha karmagik ve iist diizey
bilissel beceriler gerektirdigine isaret etmektedir (Ates, 2005; Brotherton & Preece, 1995). Kilig,
Yardimci1 ve Metin (2009) tarafindan gerceklestirilen ¢alismanin bulgular1 6gretmen adaylarinin en
cok kontrol edilen degisken belirleme asamasinda hata yapmakta olduklarmi belirtmektedir. Kontrol
edilen degiskeni ifade etmeleri gereken tasarim asamasinda ¢ogunlukla deneyin bagimli degiskenini
belirten 6gretmen adaylarinin kontrol ifadesini giinliik hayatta kullandiklar1 haline gore algilayip
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deney boyunca degisken iizerine etkisinin ne oldugu incelenen degisken oldugu goz Oniinde
bulundurularak tasarlandig1 dikkat ¢ekmektedir. Ayni ¢alismanin bulgular1 6gretmen adaylarinin
cogunlukla bagimli degisken tasarlamalar1 gereken tasarim asamasinda bagimsiz degiskeni tasarlamis
olduklarin1 gostermektedir. Bunun nedeninin bagimli degisken ifadesinin bir seye baghi olmak
anlamiyla algilanarak 6gretmen adaylari tarafindan bu asamada goézlenen degisimin neye baglh
olacaginin ifade edilmesi istendiginin diisiiniilmiis olabilecegi ifade edilmektedir. Bu calismanin
bulgularina benzer bi¢imde mevcut ¢aligmanin bulgulari da 6gretmen adaylarinin deneysel siireglerde
degiskenler arasindaki iliskileri bilimsel baglamda yapilandirmakta zorlandiklarina isaret etmektedir
(Kilig, Yardime1, & Metin, 2009).

Ogretmen adaylarnin 6zgiin deney tasarimlariin fen bilimleri entegrasyonunun genel olarak
ChatGPT tarafindan yeterli bulundugu gorulmektedir. Calismanin bulgulart ChatGPT’nin 6gretmen
adaylarinin 6zgiin deney tasarimlarinin matematik entegrasyonunu matematiksel islem veya kavram
iceriginin net belirtilmesi, 6grencinin matematiksel becerisiyle neyi gelistirdiginin dogrudan
yazilmasi, matematiksel tutarliligin eksiligi ve zayif akademik dil kullanilmasi gibi agilardan
giiclendirilmesi gerektigine dikkat ¢ekmektedir. Bu bulgularin STEM uygulamalarinda matematik
entegrasyonunun yiizeysel veya ortiik bicimde yer aldigini belirten calisamalarla uyumlu oldugu
goriilmektedir. Fitzpatrick ve Leavy (2025) tarafindan yiiriitiilen c¢alismanin bulgulari 6gretmen
adaylarinin mithendislik tasarim siirecine odaklanirken matematigi daha cok ikincil veya tesadiifi
bilesen olarak ele alip matematiksel Ogrenme hedeflerini acgik¢a yapilandiramadiklarini
gostermektedir. Ayrica mevcut ¢alismada katilimcilarin matematik entegrasyonuna yonelik ChatGPT
degerlendirmeleri 6gretmen adaylarinin matematiksel islem, kavram ve beceri hedeflerini net bigimde
tanimlayamadiklarin1 gostermektedir. Bu bulgu literatirde yer alan Cibik ve Boz-Yaman (2025) ile
Kewalramani, Devi ve Ng (2025) tarafindan yiriitilen c¢alismalarin STEM uygulamalarinda
matematik entegrasyounun agik 6grenme hedefleri agisinan eksik ve diger bilesenlere gore daha zayif
bi¢imde temellendirilen bir bilesen oldugu bulgulart ile uyumludur.

Ogretmen adaylarinin deney tasarimlarmin STEM entegrasyonu tasarlama asamalarinda teknoloji ve
miihendislik entegrasyonunu saglama adimlarinda ChatGPT degerlendirmelerine basvurduklar1 ve
ChatGPT’nin tasarimin bu bilesenleri ile ilgili nemli onerilerde bulundugu gortilmektedir. ChatGPT
deney tasariminin STEM entegrasyonunun teknoloji bilesenini verilerin teknolojik arag-gereg
kullanarak toplamasi, giinliik yasamda kullanilan teknolojik cihazlarin bilimsel amagla kullanilmasi
ve gozlemleri destekleyecek dijital araglardan yararlanilmasi gibi durumlar1 kapsayan bir bilesen
olarak tanimlamaktadir. Bu bulgu Ogretmenlerin teknoloji igerik ve Ogretim tasarimini
biitiinlestirmekte zorlandiklarin1 ve teknoloji entegrasyonunu saglamaya dair yeterli giivene sahip
olmadiklarin1 ortaya koyan Ali, Younis, Ahmad, Saba ve Ullah (2025) tarafindan yiiriitiilen ¢alisma
ile elde edilen bulgularla ortiismektedir. Dockendorff ve Zaccarelli (2025) tarafindan yiiriitiilen
calisma sonucunda elde edilen bulgular dijital teknolojinin kavramsal 6grenmeyi destekleyen ve
gercek yasam baglamlariyla 6grenme siireci arasinda iliski kurmayi saglayan bir arag olarak
kullanildiginda anlamli &grenme ¢iktilart sagladigini vurgulamaktadir. Bu baglamda ChatGPT’nin
Ogretmen adaylarinin deney tasarimlarina yonelik degerlendirmeleri literatiirde Onerilen dijital
teknoloji entegrasyonu anlayisim yalnizca kuramsal diizeye ek olarak uygulamaya doniik somut
Onerilerle goriiniir kilmakta ve dgretmen adaylarinin STEM entegrasyonunu yapilandirma stireclerini
destekleyici bir rol Ustlenmektedir.

STEM entegrasyonunun mithendislik bileseni ile ilgili degerlendirmelerinde ise ChatGPT’nin bu
bileseni literatiir ile ortlisen bigimde genellikle bir sorunu ¢6zmek veya bir sistem, ara¢ ya da ortam
kurmak ile iligkili olarak tamimladigi ve bilesenin amacini deney tasarimini uygulayan bununla
birlikte 6grencinin miihendis gibi diisinme becerisini tasarlama, karar verme, malzeme se¢gme ve
sistem kurma gibi becerileri uygulamasi1 ve gelistirmesi yoluyla yansitmasini saglamak olarak
acikladigi goOrilmektedir. Bununla birlikte O6gretmen adaylarmmin 6zglin deney tasarimlarinin
miihendislik entegrasyonunu degerlendirme asamasinda ChatGPT’nin katilimcilarin tasarimlarinin bu
asamasini planla, uygula, test et, gelistir adimlar takip edilerek uygulanan miihendislik tasarim
dongiisiine uygunlugu ile test edilen farkli malzemelerle sorun ¢6zme ve yeniden tasarlama
becerilerine gore degerlendirmis oldugu gorilmektedir. ChatGPT tarafindan miihendislik
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entegrasyonunun yeterli olarak goriilmesi igin tasarimin 6grencinin bir problemi ¢6zmek amaciyla
model tasarlamasi, malzeme se¢mesi, tasarimin islevselligini degerlendirmesi, bilimsel bilgiyle
desteklenen kararlar almasimin gerekmesi gibi yoOnlerin vurgulanmasi gerekliligini belirttigi
gorilmektedir. Oztiirk, Aydin-Giinbatar ve Roehrig (2025) tarafindan yiiriitillen ¢alismanin bulgulart
test etme ve yeniden tasarlama gibi miithendislik tasarim dongiisiiniin ileri asamalarinin buna yonelik
uygulama siireci sonrasinda Ogretmenler tarafindan gerceklestirilen tasarimlarda yer almaya
bagladigin1 dolayisiyla entegrasyonun bu boyutunun zaman ve deneyim ile gelisen bir dogaya sahip
oldugunu gostermektedir. Ayrica mevcut calismayla elde edilen ChatGPT’nin miihendislik
entegrasyonunu yeterli olarak degerlendirebilmesi icin 6grencinin bilimsel bilgiye dayali kararlar
almasin1 ve mithendislik tasarim dongiisiinii deneyimlemesini beklemesi bulgular1 Garcia-Carmona,
Mufioz-Franco ve Cruz-Guzman (2025) tarafindan yiiriitiilen ¢alismanin mithendislik entegrasyonuna
yonelik bulgulariyla paralellik gostermektedir. Zou, Kuek, Feng ve Cheng (2025) tarafindan yiiriitiilen
calismanin bulgular dijital araclarin geleneksel 6gretim yontemleriyle birlikte kullanildiginda
Ogrenme deneyimlerini anlamli bicimde doniistiirme ve gelistirme potansiyeline sahip oldugunu
gOstermektedir. Caligmanin bulgularina gore sanal Ggretim asistanlart ve otomatik degerlendirme
sistemleri gibi yapay zek& destekli araglar egitimcilerin kisisellestirilmis Ogretime daha fazla
odaklanmalarina olanak tanimaktadir. Bu ¢alismalarin bulgularina paralel olarak mevcut calismanin
bulgulart 6gretmen adaylarinin deney tasarimui siirecinde ihtiya¢ duyduklari asamalarda ChatGPT
destegine basvurmus olup uygulama siirecini kisisellestirmis olduklarini1 gostermektedir.

Bu calismada fen bilimleri 6gretmen adaylarinin &gretim ¢iktilarimi g6z Oniinde bulundurarak
hazirlamig olduklar1 deney tasarimlart hakkindaki ChatGPT degerlendirmeleri incelenmistir. Gelecek
caligmalarda ChatGPT degerlendirmelerinin alan uzmani degerlendirmeleriyle benzer ve farkli
yonlerinin neler oldugu incelenebilir. ChatGPT ve alan uzmani gorisleri karsilastirilarak yapay zeka
temelli geri bildirimin ne kadar gecerli ve giivenilir oldugu incelenebilir.

Caligmanin STEM entegrasyonunun miihendislik bileseni ile ilgili bulgular1 6gretmen adaylarinin bu
bileseni fen 6grenimini destekleyecek bigimde miihendislik adimlarini bilimsel kavram ve ilkelerle
iliskilendirmesi gerektigini ortaya koymaktadir. Bununla birlikte o6gretmen adaylarinin deney
tasarimlarinda farkli malzemeleri karsilastirmaya, basarisiz sonuglar1 tekrar degerlendirmeye ve
tasarim iyilestirmeye yonelik etkinliklere daha fazla yer vermelerinin faydali olacagin
gostermektedir. ChatGPT gibi yapay zeka destekli araglarin hazir yanit alma amaciyla kullanim
yerine var olan tasarimi sorgulama, gelistirme ve alternatifleri tartisma gibi amaglarla kullanmalari
onerilmektedir. Bu dogrultuda gelecek calismalarda oOgretmen adaylarinin STEM bilesenleri
arasindaki entegrasyonu saglama ile ilgili yasadiklar1 zorluklarin giderilmesine yonelik d6gretimsel ve
uygulama temelli ¢alismalar tasarlanabilir.

Yapay zeka geri bildirimlerinin bazen ylizeysel kalabilecegi veya bireysellesme/derinlik agisindan
sinirhi olabilecegi g6z Onlinde bulundurulmali, bu araglar tamamen 6gretmenin yerini alan degil,
stireci destekleyen isbirlik¢i birer yardime1 olarak konumlandirilmalidir.

Ogretmen egitiminde yapay zeka kullanimi, adaylarm yansitic1 diisiinme ve problem ¢dzme gibi iist
diizey bilissel yeteneklerini desteklemek amaciyla gilinlik hayata ve Ogretim siireclerine entegre
edilmelidir.

Etik ve Cikar Catismasi

Bu calisma, Dokuz Eyliil Universitesi Egitim Bilimleri Enstitiisii Matematik ve Fen Bilimleri Egitimi
Anabilim Dali Fen Bilgisi Ogretmenligi yiiksek lisans programinda yiriitilmekte olan “Yapay Zeka
Araglartyla Deney Tasarlayan Fen Bilimleri Ogretmen Adaylarinin Goz Hareketlerinin ve Yapay
Zekaya Yonelik Tutumlarinin Incelenmesi” baslikl1 yiiksek lisans tezi dogrultusunda IV. Uluslararasi
Bilim, Egitim, Sanat ve Teknoloji Sempozyumu’'nda sunulan “Yapay Zekd Aracglariyla Deney
Tasarlayan Fen Bilimleri Ogretmen Adaylarinin ChatGPT ile Etkilesimlerinin Incelenmesi” baghkl
bildiriden {iretilmistir. Calismanin yiriitiillmesi stirecinde katilimecilardan goniillii onam alinmig tim
etik ilke ve kurallara uyulmustur. Yazarlar arastirmanin tiim siireclerinde etik Kkurallara uygun
davranildigini ve yazarlar arasinda herhangi bir ¢ikar ¢atigmasinin olmadigini beyan eder.
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EXTENDED ABSTRACT

The aim of this study is to examine the interactions of pre-service science teachers with ChatGPT, an
artificial intelligence—based conversational agent, during the process of designing experiments in
various sub-disciplines of science, and to analyze ChatGPT’s evaluations of these experiment designs
by considering the instructional outcome content and grade level. In this context, the sub-problems of
the study can be stated as: ‘At which stages of the original experiment design process do pre-service
science teachers ask questions to ChatGPT, and at which stages do they receive support to improve
their experiment designs?’ and ‘What are ChatGPT’s evaluations and development suggestions
regarding the original experiment designs created by pre-service science teachers during the
implementation process?’ This study employed a case study design, one of the qualitative research
methods that emphasizes in-depth investigation by focusing on a limited number of events or
conditions and their relationships through detailed contextual analysis. Since the study required
participants to design an original experiment based on a randomly assigned instructional outcome
during the implementation process, the sample was selected using purposive sampling. Accordingly,
the participants of the study consisted of pre-service science teachers who were enrolled in the course
Science Teaching Laboratory Applications Il during the 2024-2025 academic year at the Faculty of
Education of a public university in lzmir. The data collection tools of the study included the
Experiment Design with Artificial Intelligence Tools Form, the S-FeTeMM Form, and the textual
records of the participants’ interactions with ChatGPT. The Experiment Design with Artificial
Intelligence Tools Form and the S-FeTeMM Form are digital forms designed using macros developed
in Microsoft Excel to examine pre-service teachers’ original experiment designs, the STEM
integration of these designs, and the modifications made based on ChatGPT feedback. These forms
were developed as open-ended tools to enable participants to express their views in depth.
Participants’ responses were recorded directly into spreadsheet cells, and the macros automatically
organized, checked, and stored the data in a format suitable for analysis. The Experiment Design with
Acrtificial Intelligence Tools Form consists of the following stages: designing a daily-life scenario,
identifying the problem situation(s), determining the dependent variables of the experiment design,
determining the independent variables, and identifying the controlled variables. The S-FeTeMM Form
consists of the following stages: implementation steps, science integration, technology integration,
engineering integration, and mathematics integration of the experiment design. The data were
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collected qualitatively through online, written responses in a computer-based environment during
individual sessions lasting approximately one hour with each participant throughout the spring
semester of the 2024-2025 academic year. During the implementation sessions, pre-service science
teachers created original experiment designs based on a randomly assigned instructional outcome
from the 2024 Science Curriculum. In the second stage, they evaluated the alignment of their
experiment designs with the instructional outcome by posing questions to ChatGPT and made
revisions when deemed necessary. The version of ChatGPT used during the implementation process
was ChatGPT-40, which was the current version at the time of data collection and was accessed via a
plus subscription. The data obtained through the data collection tools were analyzed using content
analysis with the computer-assisted qualitative data analysis software MAXQDA 24. Following
independent content analysis conducted by two researchers who are experts in science education using
MAXQDA 24, inter-rater agreement was examined, and the content analysis was finalized in line
with expert opinion. The inter-rater reliability coefficient between the two coders was determined to
be 0.91. The findings revealed that pre-service science teachers frequently used ChatGPT for purposes
such as consultation, verification, improvement, suggestion generation, and correction across various
stages of experiment design. Analysis of ChatGPT’s evaluations of the participants’ designs indicated
that the majority of controlled variable designs and science integration components were assessed as
sufficient. However, ChatGPT evaluated the daily-life scenario, problem situation(s), implementation
steps, technology integration, engineering integration, and mathematics integration components as
partially sufficient and provided various development suggestions. In addition, the independent
variable identification stage emerged as the most frequently evaluated as insufficient by ChatGPT. It
was observed that participants directly relied on ChatGPT’s suggestions without proposing their own
ideas during the stages of variable identification. It was also observed that during the STEM
integration design stages of the pre-service teachers’ experiment designs, they consulted ChatGPT
evaluations particularly in the steps related to ensuring technology and engineering integration, and
that ChatGPT offered significant recommendations regarding these components of the designs. In this
study, ChatGPT evaluations of experiment designs prepared by pre-service science teachers by
considering learning outcomes were examined. In future studies, the similarities and differences
between ChatGPT evaluations and subject-matter expert evaluations may be investigated. By
comparing ChatGPT and expert opinions, the extent to which Al-based feedback is valid and reliable
can be examined.
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(074

21. Yiizyil becerilerini sahip bireyleri yetistirmeyi amaglayan Milli Egitim Bakanligi (MEB), fen bilimleri 6gretim
programinda yapilan degisikliklerle birlikte, bireyleri STEM egitiminin kazandirdig1 beceriler ile donatilmasini, bilimsel
arastirma ve bilimsel siireg becerileriyle birlikte iiretken, giinliik hayatta karsilasilan sorunlara ¢6ziim iiretebilen, toplumsal
sorumluluk bilincine sahip bireyler yetistirmeyi 6énemli bulmustur. Bu ¢aligmanin amaci, 2020-2024 yillar1 araliginda fen
egitiminde STEM egitim yontemi lizerinde yapilan yurt i¢i ve yurt dist kaynakli toplam 436 makaleyi ¢6ziimlemek ve bir
biitiin iginde ilgili paydaslara sunulabilecek sistematik derleme yapmaktir. Derlemedeki arastirmalarin Makalelerin 156
tanesi %36 oranla en gok YOKTEZ veri tabaninda yer aldig1 goriilmektedir. Bulgularin gésterdigi sonuca gdre arastirma
kapsaminda bulunan makalelerin 60’1 %14 oranla en az Dergipark veri tabaninda yer aldig1 goriilmektedir. Makalelerin 106
tanesi %24 oranla ERIC veri tabaninda, 114 tanesi %26 oranla Web of Science veri tabaninda bulanmaktadir. Sistematik
derlemede makaleler; 6rneklem, konu, kullanilan ydntemler, veri toplama araglar1 ve veri analiz yontemleri bakimindan
incelenmistir. STEM egitim alaninda 2020-2024 yillar arasinda gergeklestirilen arastirmalarin incelendigi bu sistematik
derleme ¢aligmasi, aragtirmalarin genel egilimlerini bizlere kapsamli olarak sunmustur.

Anahtar Terimler: Sistematik derleme, STEM, STEM egitimi yaklagimi.
Abstract

The Ministry of National Education (MEB), which aims to educate individuals equipped with 21st-century skills, considers it
important to cultivate individuals who are equipped with the skills gained through STEM education, scientific research and
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scientific process skills, and who are productive, capable of solving problems encountered in daily life, and possess a sense
of social responsibility, in line with the changes made to the science teaching program. The purpose of this study is to
analyze a total of 436 domestic and international articles on the STEM education method in science education between 2020
and 2024 and to produce a systematic review that can be presented to relevant stakeholders as a whole. Of the articles in the
review, 156 (36%) were found to be in the YOKTEZ database. According to the findings, 60 of the articles included in the
study, representing 14%, were found in the Dergipark database. 106 articles, representing 24%, were found in the ERIC
database, and 114 articles, representing 26%, were found in the Web of Science database. The articles were examined in the
systematic review in terms of sample, subject, methods used, data collection tools, and data analysis methods. This
systematic review study, which examined research conducted in the field of STEM education between 2020 and 2024,
comprehensively presented the general trends of the research to us.

Keywords: Systematic review, STEM, STEM education approach.

GIRIS

21. yiizyil ile birlikte bilgiyi ezberleyen, emek ve kas giicii ile ¢alisan bireylerin yerini arastiran,
sorgulayan ve Ogrendikleri bilgileri giinlilk hayatla iligkilendirebilen bireylere birakmistir. Yeni
teknolojiler ve icatlar odaginda gelisen flilkeler aralarindaki yarisin hizi 21. Yizyil ile artig
gostermektedir. Geligsmis iilkeler, ortaya ¢ikan bu rekabet¢i yaris i¢in bilim, miithendislik ve yeni
teknolojilere yatirim yaparak tim yeni hamlelerini {ilke ekonomisiyle biitiinlestirmeye
yoneltmektedir. Bu degisimlerin etkisiyle gelismis iilkeler egitim politikalarinda yenilesmeye gitmek
zorunda kalmuislardir. 21. Yiizyil ihtiyaglarina ulasacak egitimi olusturmak adina yeni planlamalar ve
programlar olusturulmustur (Akgiindiiz vd., 2015). Egitimin kalitesini bir iist basamaga ¢ikaracak
yeni ve guncel yaklagimlarin kullanilmasi, tlkelerin kiiresel rekabet ortaminda kendilerine bir yer
edinebilmeleri igin gereklidir (KwakDeok-joo vd., 2011). Amerika Birlesik Devletleri (ABD)
diinyada bu yenilik¢i yaklagimlara 6ncii olmustur ve Yapilan planlama ve programlar; yaraticilik,
yenilikgilik, is birligi yapma, iletisim kurma, problem ¢dzme, dijital okuryazarlik, elestirel diigiinme,
kariyer ve yasam gibi siralanan 21. Yiizyil becerilerinin 6grencilere aktarimi ve Ol¢limiiniin nasil
yapilacagi temelinde ilerlemektedir (Altunel, 2018). ABD'de baslayan ve tiim diinyaya yayilan bu
akimla, 21. ylizy1l becerileri ve is hayatinin gereksinimlerini biitiinlestiren egitim yaklagimi
olusturmay1 hedefleyen projeler baslatilmistir. STEM egitimi yaklagimi bu akimin bir sonucu olarak;
Fen, Teknoloji, Matematik ve Miihendislik (STEM) egitimi, ekonomik ve kiiltiirel kalkinmaya destek
olabilecek nitelikli bireyleri yetistirmeyi hedefleyen disiplinler arasi bir egitim yaklagimi olarak ortaya
cikmustir (Bybee, 2009; NAE & NRC, 2009)

Ulkemizde 2004 yilinda yapilandirmaci yaklagimla yenilenen fen bilimleri dgretim programina 2013
yilinda aragtirma sorgulamaya dayali fen 6gretimi yontemi de eklenerek giincellenmistir (Milli Egitim
Bakanlig1, 2013). Ulkemizin 2023 Vizyonu ve MEB 2015-2019 Stratejik Planinin ortaya koydugu
amaglar dogrultusunda STEM’i olusturan disiplinlerin biitiinlestirici bir yaklagimla okullar ve
tiniversite miifredatina kaynastirilmasi  hedeflenmistir. 21. Yiizyil becerilerini sahip bireyleri
yetistirmeyi amaglayan MEB, fen bilimleri 6gretim programinda yapilan degisikliklerle birlikte,
bireyleri STEM egitiminin kazandirdig1 beceriler ile donatilmasini, bilimsel arastirma ve bilimsel
siire¢ becerileriyle birlikte iiretken, giinliikk hayatta karsilasilan sorunlara ¢6ziim iiretebilen, toplumsal
sorumluluk bilincine sahip bireyler yetistirmeyi onemli bulmustur (TUSIAD, 2014). 2018 yili
itibariyle uygulamaya koyulan Fen Bilimleri Ogretim Programinda bilim, miihendislik ve
matematigin programa dahil edildigi gériilmektedir (MEB, 2018). Bu programla birlikte bireylerin 21.
ylizy1l becerilerini kazanabilmeleri ve STEM egitiminin basariya ulasabilmesi i¢in uygulamalarin
dogru ve sistematik bir sekilde ilerlemesi gerekmektedir.

STEM egitimi yaklasgiminin tanimi, éneminin gerekgeleri ve kiiresel Olgekteki yayilim siireci alan
yazin c¢ergevesinde ele almmustir. STEM yaklagiminin egitim sistemine entegrasyonu ve bu
entegrasyonun cesitli boyutlara etkisi, literatiirde ¢ok sayida calismada incelenmistir. Ancak, bu
caligmalarin hangi degiskenleri etkiledigi ve yeterliligi, arastirma sayisimin fazlaligi nedeniyle
biitlinciil olarak degerlendirilmekte giicliikler yasanabilmektedir. Bu nedenle, belirli 6lgiitlere gore
siniflandirilmig derleme ¢alismalari, alandaki genel egilimleri ve ulasilan sonucglar1 daha sistematik
bicimde ortaya koymak agisindan 6nem tagimaktadir. Bu nedenle aragtirmalari belirlenen amaglara
gore inceleyen derleme tiiriinde ¢alismalara bakilmasi yapilacak incelemeleri kolaylastirmaktadir.
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Derleme tiiriinde c¢aligmalar sayesinde arastirilacak alanin yildan yila nasil egilim gosterdigi ve
ulasilan sonuglarin neler oldugu bilgisine ulagsmak kolaylagsmaktadir.

Bu c¢alismanin amaci, 2020-2024 yillar1 araliginda fen egitiminde STEM egitim yontemi iizerinde
yapilan yurt i¢i ve yurt dis1 kaynakli ¢oziimlemek ve bir biitiin icinde ilgili paydaslara sunulabilecek
sistematik derleme yapmaktir.

Bu baglamda ¢aligmada asagidaki sorulara cevaplar aranmistir:

Fen egitimi alaninda, 2020-2024 yillar1 araliginda fen egitiminde STEM egitim yontemi konulu
calismalarin;

 Veri tabanina gore dagilimi nasildir?
 anahtar Kelimelere ve yayim yillarina gére dagilimi nasildir?
» arastirma yaklasimlar1 ve veri toplama araglaria gore dagilimlari nasildir?
* Veri tabanlarina ve veri analizine gore dagilimlari nasildir?
* calisma grubunun veri tabanlarina gére dagilimi nasildir?
YONTEM

Bu calisma bir derleme calismasidir ve sistematik derleme yontemi kullanilarak hazirlanmistir.
Sistematik derleme, ilgili alanyazinda bulunan biitiin ¢aligmalarin genis bir gercevede taranarak
belirlenen eklenme ve diglanma olgiitleri dogrultusunda incelenmesiyle olusturulan derleme kapsami
altindaki calismalara ait verilerinin sistematik sentez edilmesidir (Higgins & Green, 2011; Karagam,
2013). Sistematik derlemeler hatayr ve taraflihgi daha az igerirler. Belirlenen kriterler temelinde
tarama yapildigindan kapsayiciligr yiiksektir. Alan yazin taramasinda kullanilan metotlar1 ve derleme
kapsaminda secilen calismalarin kriterleri sistematik derlemelerde agikga belirtilir. Sistematik
derlemeler aragtirmacilara kullanilan metotlar1 tekrar edip sonuclari dogrulama imkani tanir. Bu
ozellikleri bulunduran sistematik derlemeler bilimsel bilgi igermesinden dolay1 daha giiclii kanitlar
barindirmasi agisindan énem tasimaktadir (Karagam, 2013). Bu ¢caligmada Karagam (2013) tarafindan
sistematik derleme metodolojisinin tanimlandigi arastirmada Onerilen sistematik derleme hazirlama
asamalar1 kullanilmistir. Bu asamalar: 1) Isin Tanimlanmasi, 2) Bilgi I¢in Tarama Yapma, 3) Kanit
Kalitesinin Degerlendirilmesi ve Analiz, 4) Kanitin Sunumu ve Ozetlenmesi, 5) Kanitin Tartismast, 6)
Sistematik Derlemenin Sunumu ve 7) Dis Hakemler ve Yayinlama.

Alan yazin taramast 2020-2024 yilllar1 igerisinde Eric, Web of Science, DergiPark ve YOKTEZ veri
tabanlarinda yayimlanan makaleleri icermektedir. Caligmada derleme kapsamina eklenme o0l¢iitii;
makalelerin hakemli dergide yayimlanmig, 2020-2024 yillarina ait, tam metinlerine veri tabanlarindan
ulagilabilir olmasi ve calismalarin STEM egitiminin, fen egitimiyle bagdastirilmis c¢aligmalar
olmalidir. Caligmada derleme kapsaminin disinda kalan makalelerin dislanma o6l¢iitii; belirlenen
anahtar kelimelerin 6zette veya tam metinde etraflica yer almamasi, anahtar kavramlarin ¢aligmanin
sadece belli yerinde bir kez ele alinmasi, STEM kisaltmasinin tip alani igerisinde “Kok™ kavramu ile
iligkilendirilmesi ve miihendislik alanmi igerisinde “Buhar” kavrami yerine iliskilendirilmesi, veri
tabanlarinda listelenmesine ragmen tam metnine ulagilamamasidir.

Sistematik derleme kapsaminda incelenen makaleler belirtilen amacglar dogrultusunda analiz
edilmistir. Calisma Web od Science, Dergipark, Eric ve YOKTEZ veri tabanlarinda 2020-2024 yillart
arasinda yayimlanan STEM egitim yaklasimiyla ilgili 436 makaleyi kapsamaktadir.

Arastirmaya ait veriler betimsel bulgular seklinde sunulmustur. Sekil 1°deki sistematik derlemede yer
alan makalelerin veri tabanlarinda gore dagilimlar1 gosterilmektedir. Makalelerin 156 tanesi %36
oranla en ¢ok YOKTEZ veri tabaninda yer aldig1 goriilmektedir. Bulgularm gdsterdigi sonuca gore
aragtirma kapsaminda bulunan makalelerin 60’1 %14 oranla en az Dergipark veri tabaninda yer aldig
goriilmektedir. Makalelerin 106 tanesi %24 oranla ERIC veri tabaninda, 114 tanesi %26 oranla Web
of Science veri tabaninda bulanmaktadir.
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Sekil 1: Sistematik derlemede bulunan ¢alismalarin veri tabanlarina gore dagilimi
BULGULAR

Sistematik derlemede incelenen makalelerin en fazla 2022 yilinda yayimlandig: tespit edilmistir. Sekil
2’de verilen grafikte incelenen makalelerin yillara gore dagilimi verilmistir. Grafik incelendiginde en
az makalenin ise 2020 yilinda yayimlandigi sonucuna ulasilmistir. Yine de 6zellikle 2021-2023 yillar
arasinda makale sayilar1 arasinda ¢ok fark olmadigi goriilmektedir. Ayrica inceleme yaptigimiz veri
tabanlarin yillara gore dagilimlar: da incelenmistir. Sekil 3’e bakildiginda 2020-2024 yillar1 arasinda
incelenen veri tabanlari igerisinde en fazla makale YOKTEZ veri tabaninda bulundugu sonucuna
ulagilmistir. 2020 yilinda 23 makale, 2020 yilinda 28 makale, 2021 yilinda 35 makale, 2023 yilinda 32
makale ve 2024 yilinda 38 makale yayimlandigi goriilmektedir. Ayrica en az makale 2020 yilinda
Eric veri tabinda yayinlandigi gézlemlenmistir.
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Sekil 2: Sistematik derlemede bulunan ¢alismalarin yillara gore dagilim
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Sekil 3: Sistematik derlemede bulunan galigmalarin veri tabanlarindaki yillarina gére dagilimi

Stem egitimi lizerinde yapilan sistematik derlemede incelenen makalelerin, nitel, nicel ve karma
desenlerinde oldugu tespit edilmistir. Sekil 4’te verilen siitun grafigi iizerinde dagilimlan
gosterilmistir. Sekildeki dagilim incelendiginde nitel nicel ve karma yontemler veri tabanlarina gore
farklilik gdstermesine ragmen aralarinda yiiksek oranda bir fark bulunmadigl goriinmektedir. Yoktez
veri tabaninda incelenen Stem egitimi ile ilgili ¢alismalarin ¢ogunlugunun karma arastirma deseni
oldugu, en az ¢aligmanin ise nitel aragtirma deseni oldugu goriilmektedir. Ayni sekilde Sekil 4’te
bulunan tabloya bakildiginda Eric veri tabaninda 46 makalenin nicel arastirma deseniyle yapilarak en
fazla kullanilan arastirma deseni olarak goriilmektedir. Dergipark’ta en fazla nitel aragtirma yontemi,
Web of Science’de ise en fazla nitel arastirma yontemi 6n plana ¢ikmaktadir.
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Sekil 4: Makale desenlerinin veri tabanlarina gore dagilimi

Sekil 5’te sistematik derlemede yer alan caligmalarin 6rneklem (caligma gruplari) dagilimlan
verilmistir. Incelemeye alinan makaleler farkl1 veri tabanlarindaki makaleler eklendigi icin cok gesitli
calisma gruplarinin tespit edildigi bulgulariyla karsilagilmaktadir. Caligma gruplart dgrenciler (%51),
ogretmenler (%22), 6gretmen adaylar1 (%17), akademisyenler (%1) ve diger (%9) olmak iizere bes
ana c¢ercevede incelenmistir. Belirtilen genel gruplar iginde en c¢ok calismanin Ogrenciler (%51)
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grubuyla yapildig1 tespit edilmistir. Yayimlanan calismalarin &rnekleminde Ogrenciler grubunun
ardindan ogretmenler (%22) grubunun yer aldig1 goriilmektedir. Akademisyenler (%1) grubu ile
yapilan caligmalar ile diger (%9) grubuyla yapilan calisma sayilarinin 6grenci ve Ogretmen
orneklemine gore daha diisiik oldugu tespit edilmistir.

diger Ogretmen

9% adaylan
17%

dgretmenler

Y.
22%

Sekil 5: Sistematik derlemede 6rneklemin (¢alisma gruplariin) Dagilimi

Sistematik derlemede incelenen makalelerde kullanilan veri toplama araglari Sekil 6’daki pasta
grafiginde verilmigtir. Pasta grafigi incelendiginde, makalelerde kullanilan veri toplama araglarinin
Olgek (%24), goriisme (%16), test (%15), form (%13), anket (%10), dokiiman (%7), rubrik (%2),
belirtilmemis (%2) ve diger (%11) olmak {izere dokuz ana ¢ergevede gruplandirildig1 goriilmektedir.
Elde edilen bulgular dogrultusunda, incelenen makalelerde en cok tercih edilen veri toplama aracinin
Olcekler (%24) oldugu belirlenmigtir. Bu durum, aragtirmalarda Olgiilebilir degiskenlerin
degerlendirilmesine yonelik nicel verilerin 6n plana ¢iktigini gostermektedir. Olgeklerin yogun olarak
kullanilmasi, arastirmacilarin tutum, algi, yeterlik veya basar1 diizeylerini belirleme egiliminde
olduklarini da ortaya koymaktadir. Olgcekleri takiben goriisme (%16) ve test (%15) araglarinin siklikla
tercih edildigi gorilmektedir. Bu bulgu, sistematik derlemede yer alan calismalarin yalnizca sayisal
verilerle smirli kalmayip, katilimeilarin deneyim, goriis ve bilgi diizeylerini de anlamaya yonelik
karma yontem yaklasimlarina yer verdigini gostermektedir. Formlar (%13) ve anketler (%10) ise
genellikle yapilandirilmig veri toplama siireglerinde kullanilmis olup, arastirmacilarin hem standart
hem de duruma o6zgii 6lgme araglarmi tercih ettiklerini gostermektedir. Dokiiman analizi (%7)
yonteminin ise daha sinirh oranda kullanildigi goriilmektedir. Bu oran, caligmalarda ikincil veri
kaynaklarina dayali igerik ¢oziimlemesinin nispeten daha az tercih edildigine isaret etmektedir. En az
tercih edilen veri toplama araci olarak rubrikler (%2) dikkat ¢ekmektedir. Rubriklerin diisiik orani,
degerlendirme oOl¢iitlerinin ¢ogunlukla 6znel veya nicel araglarla Olgiilmesi egilimine isaret
etmektedir. Son olarak, bazi aragtirmalarda belirtilmemis (%2) veri toplama araglarinin yer almasi,
metodolojik raporlamada eksiklikler oldugunu diisiindiirmektedir. Diger (%]11) kategorisi ise belirli
bir simifa dahil edilemeyen veya arastirmanin Ozel baglamina 0Ozgii araglarin kullanildigim
gostermektedir.

Genel olarak bulgular, sistematik derlemede yer alan arastirmalarda nicel veri toplama araglarmin
baskin, nitel yontemlerin ise destekleyici bir role sahip oldugunu ortaya koymaktadir. Bu durum, alan
yazinda Ol¢iilebilir degiskenlerin 6nemsendigini, ancak arastirmacilarin veri gesitliligini saglamak
amaciyla farkli araglar1 da kullandiklarini gostermektedir.
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Sekil 6: Sistematik derleme incelenen ¢aligsmalarda kullanilan veri toplama araglarmin dagilimi

Sekil 7°de yer alan veriler, incelenen arastirmalarda kullanilan veri analiz yontemlerinin dagilimini
gostermektedir. Bulgulara gore, ¢alismalarin 6nemli bir kism1 (%45) istatistiksel analiz yontemlerini
tercih etmistir. Bu durum, aragtirma orneklemlerinin nicel nitelikte oldugunu ve verilerin 6l¢iilebilir
degiskenler iizerinden degerlendirildigini gdstermektedir. Ikinci en yaygin yéntem olan igerik analizi
%28 oraninda temsil edilmistir. Bu bulgu, nitel aragtirmalarin da dikkate deger bir yer tuttugunu ve
ozellikle metin, belge ya da gorlisme verilerinin derinlemesine ¢oziimlenmesine odaklanildigini ortaya
koymaktadir. Betimsel analiz yontemi %11 oraninda kullanilmig olup, bu tiir ¢alismalarin verileri
dogrudan yorumlamaya ve mevcut durumu agiklamaya yonelik oldugunu gostermektedir. Tematik
analizin %5 oraninda tercih edilmesi, arastirmalarin bir kisminda anlamli temalar ve oOriintiiler
tizerinden nitel bir ¢oziimleme yapildigin1 gostermektedir. Ayr1 kategori olarak siniflandirilan analiz
tirleri %4 oraninda yer almakta, diger yontemler ise %7 oraninda temsil edilmektedir. Detayli
inceleme sonucunda, “Diger” kategorisinde yer alan caligmalarin alt tiirlerine bakildiginda, dokiiman
analizi %3, meta-analiz %1 ve belirtilmemis analiz tirii %3 oraninda goriilmektedir. Bu dagilim,
genel olarak calismalarin biiyiik boliimiiniin sistematik ve istatistiksel yontemlere dayandigini; ancak
belirli bir kisminin nitel yaklagimlara da yer verdigini gostermektedir.

Sonug olarak, veriler, arastirma alaninda nicel yontemlerin baskin, nitel ve karma yaklagimlarin ise
destekleyici bir rol iistlendigini ortaya koymaktadir. Bu durum, arastirmacilarin genellikle 6l¢iilebilir
degiskenlere dayali sonuglara ulasmayi tercih ettigini, ancak belirli konularda derinlemesine anlam
arayisini da siirdiirdiigiinii gostermektedir.
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Sekil 7: Sistematik analiz yapilan ¢aligsmalarin veri analiz yontemlerine gore dagilimi

Arastirmada kullanilan yontem tiirlerinin  dagilimlart  Sekil 7’de  verilmektedir. Bulgular
incelendiginde en fazla tercih edilen arastirma yontemi deneysel yontem(n=161) oldugu sonucuna
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ulasilmaktadir. Bu durum, arastirmacilarin nedensel iliskileri test etmek ve degiskenler arasindaki etki
dogrudan inceleme egilimi oldugunu gostermektedir. Deneysel yontemleri sirasiyla tarama(n=66),
durum ¢alismasi(n=63) ve i¢ i¢e karma (n=61) yontemleri takip etmektedir. Bu yontemleri, nitel ve
nicel yontemlerin birlikte ve ayri ayri kullanimina yonelik ¢esitliligi ortaya koymaktadir. Bu
yontemlerin goérece yiiksek orani, arastirmacilarin hem nitel hem de nicel desenleri kullanma
egiliminde olduklarin1 gostermektedir. Buna karsilik paralel karma(n=21), dokiiman analizi(n=20),
metasentez(n=10), fenomoloji(n=9), eylem arastirmasi(n=8) ve vaka calismasi (n=2) yontemlerinin
tercih edilme oraninin diigiik oldugu goriillmiistir. Bu durum, nitel arastirma desenlerinin
arastirmalarda daha sinirh yer aldigin1 géstermektedir.

8
m Tarama ® Durum Calismasi icice Karma Diger
® Fenomenoloji ® Fylem Arastirmasi ® Vaka Calismasi m \Vetasentez
m Metaanaliz w Paralel Karma ® Dokiiman Analizi = Deneysel

Sekil 8: Sistematik analiz yapilan ¢alismalarin arastirma desenlerine gore dagilimi

Stem egitimi iizerinde yapilan caligmalardaki drneklem biiyiikliiklerine iliskin dagilim Sekil 9’da
sunulmustur. Analiz sonucglarina gore, incelenen aragtirmalarin biiylik bir kismi 11-50 katilimer
araliginda yer almaktadir ve bu gruptaki ¢alismalar toplamin %32’sini olusturmaktadir. Bu veriler,
STEM egitimi alaninda gergeklestirilen aragtirmalarda yiiksek oranda kiigiik 6l¢ekli uygulamalarin
tercih edildigi gozlemlenmektedir. Bu tiir Orneklemler, genellikle simif veya okul temelli
uygulamalarda, deneysel tasarimlar ya da durum calismalarinda yaygin olarak ve 6zellikle eylem
aragtirmalari kullanilmaktadir.

100 ve tizeri katilimciya sahip ¢aligmalar %25 olup, STEM egitimi arastirmalarinda daha genis
katilime1 gruplarina ulagan ¢aligmalarin da 6zellikle yer aldigi goriilmektedir. Bu tiir arastirmalarim
genel olarak nicel ve karsilastirmali desenlerle yiiriitiildiigii ve sonuglarin genel bir alana varsayma
oranini artirma amaci tagidigi diisiiniilmektedir.

Diger yandan, 51-100 katilimcili ¢aligmalar %18, 0—10 katilimcili ¢aligmalar ise %10 oraninda
gosterilmektedir. Bu bulgular, 6zellikle nitel ve kesfedici arastirmalarin STEM egitimi literatiiriinde
belirli oranda yer aldigi, fakat cogunlugun orta o6lgekli nicel arastirmalardan olustugunu
gostermektedir.

Farkli olarak, drneklem biiyiikliigii belirtilmemis ¢alismalarin oram1 %15 olarak belirlenmistir. Bu
durum, bazi aragtirmalarda yontemsel raporlama konusunda eksiklikleri bulundugunu ve o6zellikle
orneklem ozelliklerinin uygun ve seffaf bir sekilde ifade edilmedigini gdstermektedir. Bu tir
eksiklikler, sistematik derleme siireclerinde karsilagtirmali analiz yapmay1 zorlagtirmaktadir.
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Genel olarak degerlendirildiginde, STEM egitimi alanindaki ¢aligmalarin ¢ogunlukla kiigiik ve orta
Olgekli orneklemler {izerinden yiiriitiildiigii, bunun da uygulama temelli, siif i¢i veya deneysel
caligmalarin agirlikta oldugunu gosterdigi sdylenebilir. Bununla birlikte, genis Orneklemli nicel
arastirmalarin da alana katki sundugu ve STEM egitimi literatiiriiniin giderek daha gesitlenmis bir
yontemsel yapiya dogru degistigi goriilmektedir.
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Sekil 9: Sistematik analiz yapilan ¢alismalarin drneklem biiytlikligiine goére dagilim

STEM egitimi {izerine yapilan c¢alismalarin konu alanlarina goére dagilimi Sekil 10°da
gosterilmektedir. Verilerden yola cikarak, arastirmalarin en biiyiik oranda biligsel alana odaklandigi
gorlilmektedir (%35). Bu durum, STEM egitimi literatiiriinde 6grencilerin bilissel siiregleri, kavramsal
anlamalar1 ve akademik basarilar1 {izerinde yogun bir arastirma ilgisi bulundugunu bizlere
sunmaktadir. Ozellikle problem ¢c6zme, elestirel diisiinme, kavramsal gelisim ve bilimsel akil yiiriitme
gibi biligsel boyutlara yonelik ¢alismalarin alandaki temel yogunlugu olusturdugu sdylenebilir.

Ikinci sirada yer alan duyussal alan (%28) ise, STEM egitimi cercevesinde dgrencilerin tutumlari,
motivasyonlari, ilgileri ve 6z yeterlik algilarini inceleyen calismalari temsil etmektedir. Bu veriler,
STEM egitiminin sadece biligsel kazanimlara degil, 6grencilerin 6grenme siirecine yonelik duygusal
tepkilerine ve Ogrenme istekliliklerine de odaklanan biitiinciil bir yaklagimla ele alindigin
gostermektedir.

Beceri temelli calismalarin oran1 %22 olup, STEM egitimi aragtirmalarinda uygulama, deneyim ve
iiretim odakli ¢alismalarin da dikkate deger bir paya sahip oldugu anlasilmaktadir. Bu tiir aragtirmalar
genellikle yaraticilik, problem ¢6zme becerileri, mithendislik tasarim siireci veya igbirlikli 6grenme
gibi pratik ve strec temelli yeterlikleri incelemektedir.

Farkli bir ¢ergeveden, fen, teknoloji, mithendislik ve matematik (FTTC) alanlarinin bir arada ele
alindig1 biitiinctil ¢alismalarin  oran1 %15 olarak gozlemlenmistir. Bu oran, STEM egitimi
literatiiriinde disiplinler arasi entegrasyonun giderek artmakla birlikte héld gelismekte oldugunu
gOstermektedir.

Genel olarak degerlendirildiginde, STEM egitimi aragtirmalarinin biligsel ve duyussal odakl
caligmalarda yogunlastigi, fakat beceri ve disiplinler arasi entegrasyonu ele alan caligmalarin da
giderek 6nem kazandigi sdylenebilir. Bu bulgu, alandaki egilimin dgrencilerin diisiinme siireglerinden
duygusal ve pratik yeterliklerine uzanan cok boyutlu bir perspektife yoneldigini gostermektedir.
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H Bilissel B Duyssal B Beceri FTTC

Sekil 10: Sistematik analiz yapilan ¢alismalarin konu alanlarina gore dagilimi
TARTISMA, SONUC ve ONERILER

Bu calismada, Stem egitimi iizerinde yapilan calismalar kapsaminda, 436 akademik calismanin
incelenmesinde sistematik derleme ydntemi kullanilmistir. Calismada, Dergipark, YOKTEZ, Web of
Science ve Eric veri tabanlarinda yayimlanmig olan akademik galismalari ¢esitli degiskenler agisindan
incelemis ve elde edilen bulgular ¢ergevesinde STEM egitimi yaklasimiyla ilgili yiiriitiilecek bir
rehber niteligi tagimasi amaglanmistir. Caligmanin giris kisminda bahsedilen makalelerdeki ortak
nokta, STEM egitim yaklasimi lizerinde yapilan ¢aligmalarin yillar gectikge artmasi durumudur.
STEM alaninda yapilan ¢aligmalara kars1 ilginin artmasi farkl tilkelerin STEM yaklagimmi kendi
iilkelerindeki egitim sistemlerine entegre etme amaclari, alanda arastirma sayilarimin zamanla
artmasinin kaynagi olarak gosterilebilir. Yapilan sistematik derleme sonucunda ulusal ve uluslararasi
dort veri tabaninda toplam 436 akademik calismanin yaymlandigi tespit edilmistir. Elde edilen
bulgular, STEM egitimi alamindaki aragtirma egilimleri, ¢alisilan konu alanlarim1 ve yontemsel
yonelimlerin yillara ve 6rneklem ¢esitliligine gore dagilimimi ortaya koymaktadir.

Arastirmada elde edilen bulgulara gére, inceleme yapilan galismalarin biiyiik bir ¢ogunlugu YOKTEZ
veri tabaninda bulundugu ve Tiirkiye’de 6zellikle STEM egitimi alaninda lisansiistii tez ¢alismalarina
dayali oldugu goriilmektedir. Bu duruma karsilik, Dergipark, Eric, veri tabanlarinin gdrece olarak
daha diisiik sayilarda oldugu gozlemlenmektedir. Bu sayilardin istenilen diizeyde olmamasi ulusal ve
uluslararas1 hakemli dergilerde yeterli akademik ¢aligmamizin olmadigi sonucuna ulastirmistir. Bu
durum, alanda yapilan ¢aligmalarin uluslararasi literatiire daha fazla katki saglayacak ve goriiniir bir
bigimde yayimlanmasi gerektigini ortaya koymaktadir.

Yapilan ¢alismalarin yillara gore dagilimi incelendiginde, Stem alanindaki yayin sayisimin 6zellikle
2021-2023 yillar1 arasinda diizenli bir artig gosterdigi, 6zellikle alan ¢alismalarinin en yiiksek diizeyde
oldugu yilin 2022 oldugu gorilmektedir. Bu artis, STEM yaklasimiin egitim politikalari, 6gretmen
yetistirme siirecleri ve 6gretim programlarinin bir yansimasi olarak degerlendirilebilir. Ancak, kiiresel
dlcekte yasanan COVID-19 pandemisinin akademik (retkenlik (izerinde olumsuz bir etkisi
degerlendirildiginde 2020 yilinda yaym sayisiin gorece diisiik olmasi anlamli bir agiklama ylizeyi
sunmaktadir.

Aragtirma desenleri acisindan elde edilen bulgular, STEM egitimi aragtirmalarinda en sik tercih edilen
nicel yontemler oldugunu gostermektedir. Ancak nitel ve karma yontemler de énemli Slgiide tercih
edilmektedir. Ozellikle YOKTEZ veri tabaninda karma yontemli ¢alismalarin agirlikla olmasin,
aragtirmacilarin STEM egitiminin ¢ok boyutlu yapisin1 daha derinlemesine inceleme egiliminde
olduklar1 sonucuna varmaktadir. Ayrica Eric ve Web of Science veri tabanlarinda nicel ve nitel
yontemlerin 6ne ¢ikmasi, STEM egitiminde yontemsel ¢esitliligin oldugunu, fakat nicel verilerin de
oncelikli olarak ortaya ¢iktigini géstermektedir.
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Orneklem gruplarina iliskin bulgular incelendiginde, arastirmalar cogunluklu olarak &grenci ve
ogretmenler iizerine odaklandigini gostermektedir. Ogrenci odakli ¢alismalarmn yiiksek bir orani,
STEM egitiminin 6grenme ¢iktilart {izerindeki etkilerini ele aldigi sonucunu ortaya koymaktadir.
Ogretmen ve oOgretmen adaylariyla yapilan calismalar Ozellikle Ogretim siiregleri, pedagojik
yetkinlikleri ve mesleki gelisim baglaminda 6nem tasimaktadir. Buna karsin, akademisyenler ve diger
paydaslarla yiiriitiilen c¢aligmalarm smirli olmasi, STEM egitim politikalarin1 gelistirme, program
tasarimi ve kurumsal yap1 boyutlarinin yeteri kadar ele alinmadigini diigiindiirmektedir.

Veri toplama araglar1 ve kullanilan analiz yontemleri ele alindiginda, nicel arastirma yonteminin alan
yazinda daha baskin oldugu agikca ortaya koymaktadir. Olgek ve istatistiksel analizlerin yaygin olarak
tercih edilmesi, STEM egitim yaklasimindaki c¢aligmalarinda olgiilebilir degiskenleri 6n plana
cikarmaktadir. Bu durum beraberinde goriisme ve icerik analizi gibi nitel ara¢ ve yontemlerin agirliga
sahip olmasi, aragtirmacilarin katilime1 deneyimleri ve baglamsal faktor anlama gabasinda olduklarini
gOstermektedir. Fakat bazi caligmalarda veri toplama araglar1 ve analiz yontemlerinin belirtilmemis
olmasi, yontemsel a¢idan raporlamada standartlasma gereksinimi ortaya koymaktadir.

Orneklem biiyiikliigiine iliskin bulgular incelendiginde, Arastirma alaninda biiyiik bir oranda kiiciik
ve orta Olgeli gruplar tercih edildigi sonucuna ulagilmistir. Bu durum, smif igi uygulamalara, deneysel
caligmalara ve eylem arastirmalarina verilen 6neminin gdstergesi olarak bizlere sunmaktadir. Bununla
birlikte, genis 6rneklemli ¢aligmalarin sinirli olmasi, elde edilen bulgularin genellenebilirligi agisinda
bir sinirlilik olarak degerlendirilebilir.

Konu alanlar1 incelendiginde, yapilan ¢alismalar ¢ogunluklu olarak bilissek ve duyussal alanlarda
odaklanildig1 gozlemlenmektedir. Bu durum, STEM egitiminin akademik basari, tutum ve kavramsal
anlama diizeyleri agisindan etkilerini incelemeye yonelik bir egilimin oldugu goriinmektedir. Beceri
temelli ve disiplinler arasi biitiinciil bir felsefeye saih olan uygulamalar STEM yaklagiminin temel
felsefesi, uygulamada heniiz yayginlagsmadigi da diisiiniilmektedir.

STEM egitim alaninda 2020-2024 yillar1 arasinda gercgeklestirilen arastirmalarin incelendigi bu
sistematik derleme g¢aligmasi, aragtirmalarin genel egilimlerini bizlere kapsamli olarak sunmusgtur.
Bulgular, alandaki ¢aligmalarin biiyiik bir 6l¢iide nicel yontemlere dayandigini, 6zellikle kiiglik ve
orta Olgekli orneklemlerle birlikte biligsel ve duyussal kazanimlara odaklandigini gostermektedir.
Bununla birlikte, nitel ve karma yéntemlere de zamanla artan bir egilimin olmasi, STEM egitiminin
¢ok boyutlu bir yapisinin oldugu ve derinlemesine ele alinmaya basladigini ortaya koymaktadir.

Elde edilen sonuglar dogrultusunda, gelecek donemlerde yapilacak STEM egitimi alanindaki
arastirmalarda disiplinler aras1 entegrasyonu ele alan, uygulamaya donuk ve beceri temelli
caligmalarin daha ¢ok iizerinde durulmasi Onerilmektedir. Ayrica, daha genis ve farkli paydas
gruplarini igeren 6rneklemlerin tercih edilmesi, elde edilen verilerin genellenebilirligini arttiracagi
distiniilmektedir. Yontemsel agidan ele alinirsa veri toplama araglari ce analiz yontemlerinin agik ve
tutarl bir sekilde raporlaniyor olmasi, alan yazinin bilimsel niteligini gli¢lendirir bir hale getirecektir.

Sonug olarak, yapilan bu sistematik derlemede, STEM egitimi alanindaki aragtirma egilimlerini ortaya
koyarak arastirmacilara ve uygulayicilara yol gosterici bir nitelikte bulgular sunmaktadir; alanda
giiclii yonlerin yani sira gelistirilmesi gereken alanlara da dikkat cekmektir.
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EXTENDED ABSTRACT

The aim of this study is to analyze domestic and international studies on the STEM education method
in science education between 2020 and 2024 and to create a systematic review that can be presented
to relevant stakeholders as a whole. In this context, the study sought answers to the following
questions: In the field of science education, how is the distribution of studies on the STEM education
method in science education between 2020 and 2024 according to: database?, keywords and
publication years?, research approaches and data collection tools?, databases and data analysis?, and
the study group's distribution according to databases?. This study is a review study and was prepared
using the systematic review method. A systematic review is the systematic synthesis of data from
studies within its scope, created by reviewing all studies in the relevant literature broadly and
examining them according to defined inclusion and exclusion criteria (Higgins & Green, 2011,
Karagam, 2013). Systematic reviews contain fewer errors and biases. Because the review is conducted
based on defined criteria, it has high comprehensiveness. The methods used in the literature review
and the criteria for the studies selected within the scope of the review are clearly stated in systematic
reviews. Systematic reviews allow researchers to repeat the methods used and verify the results.
Because they contain scientific information, systematic reviews are important for providing stronger
evidence (Karagam, 2013). In this study, the stages of preparing a systematic review, as suggested in
the research where Karacam (2013) defined the systematic review methodology, were used. These
stages are: 1) Job Description, 2) Information Search, 3) Evaluation and Analysis of Evidence
Quality, 4) Presentation and Summarization of Evidence, 5) Discussion of Evidence, 6) Presentation
of Systematic Review, and 7) External Peer Review and Publication. The literature review includes
articles published in the Eric, Web of Science, DergiPark, and YOKTEZ databases between 2020 and
2024. The criteria for inclusion in the review were: articles published in peer-reviewed journals,
between 2020 and 2024, full-text access to the databases, and studies that correlate STEM education
with science education. The exclusion criteria for articles outside the scope of the review were: The
reasons for the lack of comprehensive coverage of the identified keywords in the abstract or full text,
the mention of key concepts only once in a specific part of the study, the association of the
abbreviation STEM with the concept of "Root" in the medical field and with the concept of "Steam"
in the engineering field, and the inaccessibility of full text despite being listed in databases are all
problematic. The articles examined within the scope of the systematic review were analyzed in line
with the stated objectives. The study covers 436 articles related to the STEM education approach
published between 2020 and 2024 in the Web of Science, Dergipark, Eric, and YOKTEZ databases.
The research data is presented as descriptive findings. Figure 1 shows the distribution of the articles
included in the systematic review according to their databases. It is observed that 156 articles (36%)
are most frequently found in the YOKTEZ database. According to the findings, 60 articles (14%) are
least frequently found in the Dergipark database. Of the articles, 106 (24%) are found in the ERIC
database and 114 (26%) are found in the Web of Science database. This study utilized a systematic
review method to examine 436 academic studies on STEM education. The study analyzed academic
works published in Dergipark, YOKTEZ, Web of Science, and ERIC databases from various
perspectives, aiming to provide a guide for future research on the STEM education approach. A
common point in the articles mentioned in the introduction is the increasing number of studies on the
STEM education approach over the years. The growing interest in STEM studies, coupled with the
aim of different countries to integrate the STEM approach into their own education systems, can be
cited as the source of the increasing number of research studies in this field. The systematic review
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revealed that a total of 436 academic studies were published in four national and international
databases. The findings reveal the research trends in STEM education, the subject areas studied, and
the distribution of methodological orientations according to years and sample diversity. According to
the findings of the research, the vast majority of the studies examined are found in the YOKTEZ
database and are based on postgraduate dissertation studies, particularly in the field of STEM
education in Turkey. In contrast, the number of publications in databases such as Dergipark and Eric
is relatively lower. The fact that these numbers are not at the desired level leads to the conclusion that
there is a lack of sufficient academic work in national and international peer-reviewed journals. This
situation highlights the need for studies in this field to contribute more to the international literature
and be published in a more visible manner. When the distribution of studies by year is examined, it is
seen that the number of publications in the STEM field shows a steady increase, especially between
2021-2023, with 2022 being the year with the highest level of field studies. This increase can be
considered a reflection of the STEM approach in education policies, teacher training processes, and
curricula. However, considering the negative impact of the global COVID-19 pandemic on academic
productivity, the relatively low number of publications in 2020 offers a meaningful explanation.
Findings regarding research designs show that quantitative methods are the most frequently preferred
in STEM education research. However, qualitative and mixed methods are also significantly
preferred. The predominance of mixed methods studies, particularly in the YOKTEZ database,
suggests that researchers tend to examine the multidimensional nature of STEM education in greater
depth. Furthermore, the prominence of both quantitative and qualitative methods in the Eric and Web
of Science databases indicates methodological diversity in STEM education, but also highlights the
prioritization of quantitative data. When examining the findings regarding sample groups, research
predominantly focuses on students and teachers. A high proportion of student-focused studies address
the impact of STEM education on learning outcomes. Studies with teachers and prospective teachers
are particularly important in the context of teaching processes, pedagogical competencies, and
professional development. In contrast, the limited number of studies conducted with academics and
other stakeholders suggests that aspects such as developing STEM education policies, program
design, and institutional structure are not adequately addressed. When considering data collection
tools and analysis methods used, it is clear that quantitative research methods are more dominant in
the literature. The widespread preference for scales and statistical analyses highlights measurable
variables in studies on the STEM education approach. This, coupled with the emphasis on qualitative
tools and methods such as interviews and content analysis, shows that researchers are striving to
understand participant experiences and contextual factors. However, the lack of specification of data
collection tools and analysis methods in some studies highlights the need for standardization in
methodological reporting. When examining the findings regarding sample size, it is concluded that
small and medium-sized groups are largely preferred in the research area. This indicates the
importance given to classroom applications, experimental studies, and action research. However, the
limited number of studies with large sample sizes can be considered a limitation in terms of the
generalizability of the findings. When examining the subject areas, it is observed that the studies
mostly focus on cognitive and affective domains. This suggests a tendency to examine the effects of
STEM education on academic achievement, attitudes, and conceptual understanding levels. Practices
based on a holistic, skill-based and interdisciplinary philosophy are considered the fundamental
philosophy of the STEM approach, although it is thought that it has not yet become widespread in
practice. This systematic review, which examines research conducted in the field of STEM education
between 2020 and 2024, provides a comprehensive overview of the general trends in research. The
findings show that studies in the field are largely based on quantitative methods, focusing particularly
on cognitive and affective gains with small and medium-sized samples. However, the increasing trend
towards qualitative and mixed methods over time reveals that STEM education has a multi-
dimensional structure and is beginning to be addressed in depth. Based on the results obtained, it is
recommended that future research in the field of STEM education should focus more on
interdisciplinary integration, application-oriented, and skill-based studies. Furthermore, it is suggested
that broader and more diverse stakeholder groups should be included. Furthermore, it is believed that
preferring samples that include broader and more diverse stakeholder groups will increase the
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generalizability of the obtained data. From a methodological perspective, the clear and consistent
reporting of data collection tools and analysis methods will strengthen the scientific quality of the
literature. In conclusion, this systematic review presents findings that guide researchers and
practitioners by revealing research trends in STEM education; it draws attention to both the strengths
and areas for improvement in the field.
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Abstract

Metacognition, the ability to be aware of, monitor, and, when necessary, regulate one's own thinking processes, is crucial in
education as it enables students to manage their learning processes more consciously. In this study, articles related to
metacognition in the Web of Science database between 2009 and 2025 were identified for the purpose of a systematic
literature review of metacognition-themed research in science fields. These articles were screened according to inclusion and
exclusion criteria, and the remaining 32 articles were examined. Publications in the field of cognitive science in the natural
sciences have been found to be most prevalent in chemistry and science education, and least prevalent in physics and biology
education. The participating groups have been found to consist predominantly of university-level teacher candidates and
secondary school students. Sample sizes range from 30 to 950. In studies featuring quasi-experimental, experimental, and
causal comparative designs, the metacognitive awareness inventory (MAI), problem-solving tests, reflective thinking forms,
observations, and questionnaires are frequently used data collection tools. According to the findings of the study,
incorporating metacognitive strategies into teaching processes has been found to enhance students' academic achievement,
motivation, problem-solving, and self-regulation skills. Structured metacognitive activities have been found to be effective in
reducing misconceptions and improving students' attitudes towards learning. It has been observed that supporting the sub-
dimensions of metacognition, particularly planning, monitoring, evaluation and decision-making, in the educational process
contributes to the development of scientific thinking and learning responsibility in students. Furthermore, it is recommended
that metacognition-based teaching approaches in science subjects such as physics, chemistry and biology be systematically
structured and that practical examples targeting these skills be increased in teacher training.

Keywords: Science education fields, metacognitive awareness, systematic literature review, metacognition
INTRODUCTION

Cognition is the process by which knowledge is acquired in an individual's brain. It is a mental
process that encompasses the skills necessary for encoding, storing and retrieving information
(Anderson, 1990; Dokme & Koyunlu Unli, 2021; Hutner & Markman, 2016; Schraw et al., 2006).
The concept of metacognition has been systematically addressed in cognitive psychology alongside
Flavell's (1976; 1979) pioneering studies and has become a fundamental building block in explaining
the nature of learning. Flavell (1979) defined metacognition as an individual's awareness, monitoring,
and regulation of their own cognitive processes, emphasizing that this process plays a decisive role in
learning.

Brown (1978) also defined metacognition as the learner consciously managing their cognitive
strategies and controlling these processes according to their goals. Following these two foundational
approaches, metacognition has become a broad conceptual framework encompassing numerous
interrelated sub-dimensions in the literature, such as metacognitive awareness, metacognitive
knowledge, metacognitive experience, cognitive monitoring, self-regulation, and comprehension
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monitoring (Lai, 2011; Veenman, Van Hout-Wolters & Afflerbach, 2006). In the constructivist
approach to learning, how the process of structuring knowledge progresses is as important as the
student's structuring of knowledge in determining the quality of learning. For this reason,
metacognition emerges as an important concept in contemporary cognitive theories as a mechanism
that directs and regulates the learning process (Brown, 1987; Flavell, 1979). Metacognition, although
it gained a conceptual foundation in the 1970s through the work of Flavell and Brown, has been
defined in science education literature over the past twenty years as one of the most critical cognitive
processes that enhance the quality of learning (Flavell, 1979; Schraw & Moshman, 1995). Recent
studies indicate that metacognitive knowledge and metacognitive regulation strategies have a decisive
impact on students' problem solving, conceptual understanding, scientific explanation development,
and learning motivation (D6kme & Unlii, 2019; Gonzalez & Paoloni, 2020; Zion & Cohen, 2021).

The dimensions and components of metacognition have been identified by numerous researchers, but
in the most general sense, metacognition is classified into the dimensions of metacognitive knowledge
and metacognitive organization (Akin & Abaci, 2011; Brown, 1978; Degirmenci, 2025; Schraw &
Moshman, 1995). Metacognitive knowledge refers to an individual's awareness of the cognitive skills
they use while performing a task, their ability to monitor their progress in this process, and their
knowledge and beliefs about available resources. This type of knowledge encompasses all mental
stages that an individual plans and structures in relation to themselves and their environment, in
pursuit of a specific cognitive goal. Individuals with metacognitive knowledge know when, where,
and how to engage their metacognitive processes (Lucangeli & Cornoldi, 1997; Schraw & Moshman,
1995). The second dimension, which refers to metacognitive regulation, encompasses the decisions an
individual makes while performing a given task and all the strategic activities carried out during this
process. Metacognitive regulation consists of metacognitive skills such as predicting, planning,
monitoring and evaluating (Brown, 1978; Jacobs & Paris, 1987; Lucangeli & Cornoldi, 1997; Schraw
& Moshman, 1995; Veenman vd., 2020; Zepeda vd., 2020). Flavell (1979) addressed metacognition
and cognitive control under four fundamental dimensions. These dimensions are defined as
metacognitive knowledge, metacognitive experiences, goals (tasks) and processes (strategies).

Metacognitive knowledge refers to an individual's awareness of their own cognitive characteristics,
the requirements of tasks, and the strategies that can be used to accomplish these tasks. This
component encompasses individuals' understanding of what they know, how they learn, and which
strategies are most effective in specific contexts (Flavell, 1979; Schraw & Moshman, 1995).

Metacognitive experiences encompass the momentary awareness, emotions, and judgements that arise
during cognitive activities. These experiences reflect individuals' subjective evaluations of their
ongoing learning processes and play a critical role in regulating cognition by providing instantaneous
internal feedback (Efklides, 2006; Flavell, 1979).

Goals or tasks express the outcomes that individuals aim to achieve during cognitive engagement and
the expectations associated with these outcomes. The nature of these goals directly influences
individuals' levels of cognitive effort and strategy selection (Flavell, 1979; Pintrich, 2002).

Processes and strategies encompass the cognitive and metacognitive processes individuals use to
achieve their goals. These processes include planning, monitoring, evaluating, and revising the
approach when necessary; all of these are central to metacognitive regulation (Flavell, 1979; Brown,
1987; Schraw et al., 2006). Taken together, these four components form an integrated structure that
enables learners to manage their learning processes in a deliberate, controlled and goal-oriented
manner.
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Figure 1. Flavell (1979), Schematic of the dimensions of metacognition.

Following Flavell, one of the researchers who made significant contributions to the field of
metacognition was Brown. Brown (1987) addressed metacognition within the framework of two
fundamental components: cognitive knowledge and cognitive regulation. Cognitive knowledge
encompasses an individual's conscious reflection on their own cognitive abilities and mental activities,
while cognitive regulation refers to an individual's self-regulatory behaviors in learning or problem-
solving processes. According to Brown, although these two components are considered separately
conceptually, they interact closely with each other in the learning process and play a mutually
supportive role (Brown et al., 1983; Brown, 1987).

Brown's metacognitive model is presented in the diagram in Figure 2.

Cognitive Cognitive
knowledge Regulation

|| Explanatory - Planning
Information
Methodological —  Monitoring
Information
Conditional —{ Assessment
Information

Figure 2. Brown's metacognitive model
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Cognitive knowledge refers to an individual's awareness of their own cognitive processes, their
recognition of these processes, and their ability to express the knowledge they possess about them. In
other words, it is the ability to know what one knows and to consciously evaluate one's own
knowledge; in this sense, it is also defined as "awareness of knowing" (Brown, 1987).

Declarative knowledge encompasses information about factors that influence an individual's learning
process, their own learning characteristics, and their cognitive abilities. Procedural knowledge refers
to an individual's ability to select an appropriate strategy for a specific cognitive task and to know
how to implement the selected strategy (Schraw et al., 1995). In other words, it refers to the
knowledge of which strategies to use and how to implement them in order to complete a task
effectively and successfully (Aktirk et al., 2011). On the other hand, situational knowledge involves
the individual being aware of the conditions, timing and purpose for which declarative and procedural
knowledge should be used. This type of knowledge enables the individual to organise their cognitive
activities in a manner appropriate to the situation (Schraw et al., 1995). Cognitive regulation refers to
the process of controlling and directing an individual's cognitive processes. This process occurs
through the individual monitoring their own thoughts, adjusting and evaluating them when necessary,
and adapting the learning process accordingly. Cognitive regulation encompasses various cognitive
activities such as goal setting, resource planning, attention management, problem-solving strategies,
and performance evaluation. In this context, cognitive regulation offers a self-regulating structure that
helps individuals consciously control and sustain their learning processes (Brown, 1987). Planning,
monitoring and evaluation are considered fundamental metacognitive strategies in this process
(Nazarieh, 2016).

Planning is the process whereby an individual determines appropriate strategies for solving a problem
they encounter and makes the necessary arrangements for the learning process in advance. This
process represents the preparatory stage that determines the direction and scope of learning (Nazarieh,
2016).

Monitoring is the process of evaluating the effectiveness of the learning or problem-solving process
undertaken by the individual, questioning whether the strategies used are effective, and identifying
potential errors in the process (Schraw et al., 1995).

Evaluation, on the other hand, refers to the process of reviewing an individual's performance at the
end of the problem-solving process or throughout the process, thereby reorganizing the learning
process (Brown, 1987).

The Purpose of Research

The aim of this research is to systematically review Web of Science (WoS) indexed studies addressing
the concept of metacognition in science, physics, chemistry and biology education, thereby revealing
research trends, methodological characteristics and prominent findings in the field. In this context,
studies published between 2009 and 2025 were analyzed in terms of publication year, journal type and
index, institutional distribution of authors, keywords used, research methods and designs, sample
characteristics, data collection tools, and data analysis techniques. Furthermore, by evaluating the
general trends and recommendations in the results obtained from the studies reviewed, the aim is to
identify existing research gaps in the field of metacognition in the context of science education and to
present conclusions that will guide future studies.

Problem

The concept of metacognition in science education has attracted increasing interest in recent years and
has been the subject of numerous studies in the context of different age groups, teaching approaches
and learning environments. Metacognition has gained an important place in science education
literature because it involves the processes of planning, monitoring and evaluating learning. However,
studies providing a comprehensive and systematic overview of which sample groups metacognitive
research focuses on, which research designs are preferred, which data collection tools are used, and in
which indices and countries the studies are published are limited. The lack of systematic examination
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of methodological trends and research focuses on literature makes it difficult to identify the direction
of development and existing gaps in metacognitive research. This situation necessitates the
identification of current trends in the field of metacognition in science education and guidance for
future research. In this context, this study aims to examine the publication characteristics,
methodological preferences, participant groups, and data collection tools of metacognition research in
science education.

Sub-problems

This study sought to answer two important questions.

1) What are the defining characteristics of articles dealing with metacognition?
e What is the distribution of authors' affiliated institutions (Turkish/international)?
o What is the distribution of articles by journal?
o What is the distribution by year?

o What are the most frequently used keywords in articles?

2) What are the methodological characteristics of articles dealing with metacognition?
e How are the research methods and designs distributed?
e What data collection tools were used?
e What data analysis techniques were used?

3) How are the results and recommendations presented in the articles distributed?

METHOD
Research Model

This research is a study based on a systematic literature review model. The study systematically
examined studies published in the Web of Science (WoS) database between 2009 and 2025 that
addressed the topic of metacognition in science, physics, chemistry, and biology education according
to specific criteria. The literature review and study selection process were structured in accordance
with the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) principles.

In this model, studies using the specified keywords were filtered according to inclusion and exclusion
criteria, and suitable articles formed the data source for the research. The studies examined were
analyzed in terms of their descriptive characteristics, methodological structures, and
results/recommendations to reveal general trends in the field. In this context, the research is a
descriptive systematic review study that aims to define and synthesize the existing literature.

Data Collection and Analysis

In this study, a total of 32 articles published in the Web of Science database between 2009 and 2025
were systematically reviewed. During data collection, 62 articles were accessed. The process followed
in the study was reported according to the PRISMA flow chart.
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Figure 3. PRISMA flow diagram.

Keywords used in the systematic literature review conducted in the Web of Science (WoS) database:
Metacognition, Science education, Physics education, Chemistry education, Biology education,
“Metacognition” AND “Science Education”.

Data Analysis

In the analysis of the articles included in the study, the "Postgraduate Thesis Review Form™ developed
by Acar (2023) was used. According to this form, the studies were examined in three main
dimensions: descriptive characteristics, methodological characteristics, and results-recommendations.
In the descriptive analysis, the publication year of the articles, the journals in which they were
published, the types of WoS indices, the institutional distribution of authors, and the keywords used
were evaluated. In the methodological analysis, research methods and designs, sample groups and
sizes, data collection tools, and data analysis techniques were considered. Finally, the findings,
conclusions, and recommendations presented in the articles were examined in terms of content, and
common trends and noteworthy themes were identified. The data obtained were analyzed using a
descriptive analysis approach; the findings were presented visually through tables and graphs. During
this process, "M" codes were assigned to each article to ensure a systematic review.

RESULTS

This section presents the findings of studies obtained from the Web of Science (WoS) database and
included in the scope of the research. The descriptive and methodological characteristics of the studies
examined, along with their conclusions and recommendations, are summarized with the aid of tables
and graphs.
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Descriptive Characteristics of the Studies
The question "What are the defining characteristics of articles dealing with metacognition?"
was addressed. Four sub-questions were answered in relation to this. Sub-questions:
» What is the distribution of the authors' affiliations (Turkish/international)?
» What is the distribution of the articles according to the journals in which they were published?
* What is the distribution by year?
» What are the most frequently used keywords in articles?

This sub-heading presents findings regarding the descriptive characteristics of the studies examined
within the scope of this research. The publication years of the studies, the journals in which they were
published, and the metacognitive focus areas they address are summarized in Table 1.

Table 1. The defining characteristics of the studies

Code Author(s) Journal Year Key Focus / Topic
M1 Chang, et al. JE%UJQ;tlig; Biological 2018 Inquiry-based learning, metacognition, central dogma
M2 Eticha, et al. Journal_ of Science 2024 Biology, cont_extual analysis, metacognitive support,
Education and Technology problem solving
M3 Zion & Cohen Sustainability 2021 Metacognitive awareness, healthy eating, biology
M4 Arjaya et al. Internat_lonal Journal of 2023 D|g|t_al literacy, metacognition, biology teacher
Instruction candidates
M5 Zulfiani et al. Jurnal Pgndldlkan dan 2020 Metacognitive attitudes, biology teacher candidates
Pembelajaran IPA
Dokme & Research in Science . . .
M6 Koyunlu-Unlii Education 2019  Metacognition, problem solving, quantum physics
M7 Dori et al. Int_e rnational Jo_urnal of 2018 Context-based learning, metacognitive cues
Science Education
M8 Parlan et al. Internat_l et Jowgnal of 2018 Metacognitive strategy, scientific explanation
Instruction
Heidbrink & Chemistry Education . . .
M9 Weinrich Research and Practice 2021 Metacognition, PCK, chemistry education
M10 Mathabathe & lnt_e rnational Jo_urnal of 2017  Collaborative learning, metacognitive regulation
Potgieter Science Education
M11  Chiayu Wang Resear(_:h in Science 2014  Metacognitive assessment, performance level
Education
M12 Gonzal_e z& Chemistry Educathn 2020  Self-regulation, expectation-value, metacognition
Paoloni Research and Practice
M13 Ry & lnternat_| onal Journal of 2018 Chemical text reading, metacognition
Partana Instruction
M14  Vogelzangetal.  Instructional Science 2021  Scrum methodology, context-based learning
M15  Fuchs et al. Journal_ ofjChemical 2024  Programming education, metacognition
Education
. Journal of Science . . .
M16  Eticha, et.al. Education and Technology 2024  Metacognitive support, biology teaching
M17 BOkmemOg]u ' Educational Studies 2020 Critical thinking, metacognitive self-regulation
M18 Sagun & Educational Action 2021 PDSA model, metacognition-oriented environment
Prudente Research
M19  Zhengetal. The Internet and Higher 2019  Group metacognition, collaborative learning
Education
Yerdelen-Damar  Research in Science . . .
M20 & Eryilmaz Education 2019  Conceptual understanding, metacognition, physics
M21  Zohar & Barzilai Studles_ in Science 2013  Metacognition, teacher knowledge
Education
M22  Chenetal. Educational Sciences 2024  Metacognition, science education
M23  Wangetal. Int_e mational Jo_urnal of 2025 Problem solving, metacognitive awareness
Science Education
M24  Kuvac & Kog Research in Science 2018 Metacognitive awareness, problem-based learning,
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Education teacher candidates, science education, teacher training
. Educational Sciences: . . . .
M25  Yenice Theory & Practice 2015 Epistemological beliefs, NOS, metacognition
M26  Tuononen et al. Higher Education 2022  Metacognitive awareness, learning profiles
Abd-El-Khalick International Journal of . -
M27 & Akerson. Science Education 2009 Metacognitive strategy training, NOS
M28  Etichaetal. The Journal of Educational 2024  Metacognitive framework, biology
Research
M29  Angell et al. CBE__L'fe Sciences 2024  Metacognitive assessment, exam success
Education

Inquiry-based learning - Metacognitive thinking skills -
2024  Perception of problem-solving skills - Scientific writing
intuitive method - Teaching experience

European Journal of

M30  Dincol-Ozgur Psychology of Education

Chemistry Education

M31  Blackford etal. Research and Practice

2023  Organic chemistry, metacognitive regulation

: Journal of Chemical . .
M32  Espinosa et al. Education 2024  Conceptual analysis, concept inventory

This table presents studies published in the Web of Science (WoS) database between 2009 and 2025
that address the topic of metacognition in the fields of science, physics, chemistry, and biology
education. The studies were coded M1-M32 during the analysis process.

Within the scope of the research, the diagram in Figure 4 answers the question, "What is the
distribution of the institutions to which the authors are affiliated (Turkish/international)?"

-
1 8

Figure 4. Distribution of authors' affiliated institutions by country.

Figure 4 shows that research on metacognition is concentrated in certain countries. It is particularly
noteworthy that Turkey has the highest number of publications. Turkey is followed by the United
States and some European countries. When the map is considered as a whole, it can be seen that the
studies are largely concentrated in North America and Europe, with other continents being represented
to a more limited extent. This distribution shows that metacognitive research is concentrated in certain
academic centers but is also addressed to a certain extent in different countries.

Based on the table, the distribution of journals in which the studies were published is shown in the
graph in Figure 5.
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Figure 5. Distribution of Journals in Which Articles Were Published

CFE ~Lifp Sciences Education

The findings indicate that research is predominantly concentrated in journals that hold a central
position in the field of science education, such as Research in Science Education, Education Sciences,
and the International Journal of Science Education. However, a significant number of studies are also
published in discipline-based journals such as Chemistry Education Research and Practice, the Journal
of Chemical Education, and the Journal of Science Education and Technology. Furthermore, the
presence of individual publications in numerous journals demonstrates that metacognitive research is
not limited to specific core journals; rather, it is disseminated through a broad network of publications
across different educational contexts and disciplines. It shows the distribution of studies related to
metacognition examined within the scope of the research according to Web of Science (WoS) index
types. The WoS indexes included in the studies are presented under three categories: SSCI, ESCI, and
SCI. These categories are shown in Figure 6.

W s5C! (Social Sciences Citation Index) [l ESCI (Emerging Sources Citation Index) [ll SCI (Science Citation
Index)

SCI
' (Science
\ Citation
' Index)

\ 2

ESCI (Emerging
Sources Citation

]"T _Ff‘) £ §5cC1 (Social Sciences
o Citation Index)
18

Figure 6. Distribution according to the Web of Science Index
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The review revealed that a significant proportion of the studies included in the research were indexed
in the SSCI (Social Sciences Citation Index). This finding indicates that metacognition is
predominantly addressed in the social sciences and particularly in science education. The fact that a
significant portion of the studies were indexed in the ESCI (Emerging Sources Citation Index) reveals
that metacognition research is also being addressed with increasing interest in new journals.
Conversely, the limited number of studies indexed in the SCI (Science Citation Index) indicates that
the topic of metacognition is primarily addressed in the context of education and social science-based
research.

The frequency distribution of studies on metacognition examined within the scope of the research is
shown according to keyword groups. Keywords used in the studies have been classified under specific
groups, taking into account their conceptual similarities. These classifications are shown in Figure 7.

Distribution of Data Collection Tools

Metacognition

-

Awareness
Science Education

Problem Solving / SSA / Jigsaw

3]

Planning / Monitoring / Control

Laboratory / Experiment / Preservice
Teacher

=1

Motivation / Attitude

I
iy
~

PBL / Strategy / Model

Figure 7. Frequency graph of keyword groups.

Figure 7 Shows the distribution of studies related to metacognition examined within the scope of the
research according to participant groups. Among the keyword groups, expressions focused on
"metacognition™ and "science education™ have the highest frequency. This finding indicates that the
studies examined are directly structured around the concept of metacognition and are predominantly
addressed in the context of science education. The high frequency of the keyword group "Awareness"
indicates that the cognitive awareness dimension is an important focus in metacognitive research. In
contrast, keywords involving metacognitive regulatory processes such as problem solving and
planning/monitoring/control are represented at a moderate level. Furthermore, the low frequency of
keyword groups focusing on application and instructional design, such as laboratory/experiment,
teacher candidate, and PBL/strategy/model, indicates that research on application and instructional
models in metacognitive studies is limited. Similarly, the relatively low frequency of
motivation/attitude-focused keywords reveals that the relationship between metacognition and
emotional variables is less addressed in literature.

Methodological Characteristics of Studies

A table has been created addressing the research question: "What are the methodological
characteristics of articles dealing with metacognition?"

The table seeks answers to the following questions:
* Who comprises the sample groups?
» How are they distributed according to research methods and designs?

*What data collection tools were used?
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Table 2. Methodological characteristics of studies

ISSN: 2146 - 9466
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Code  Participant Group Research Method / Design Data Collection Tools
Undergraduate students . - Problem-solving inventory, Metacognitive
M1 : . Quasi-experimental .
(chemistry/physics) awareness inventory
M2 tPe;eC-;(e:t;:ol children and their Mixed method Observation, questionnaire, reflection journal
M3 Science teacher candidates Experimental (controlled) Metacognitive Awareness Inventory
M4 Unde'rg.rad'uqte students Quantitative (descriptive) HowU Lez?r_n survey (approach +
(multidisciplinary) metacognitive items)
Secondary school pupils (5 and 9 . Metacognitive Awareness Scale, TIMSS-like
M5 Causal comparative
grade) test
M6 Science teacher candidates Causal comparative Rubric, survey, observation
M7 University students Quasi-experimental MAI, pre-test post-test
M8 Science teacher candidates Model design research Expert opinion (I0C)
M9 Science teacher candidates Experimental (comparative) VNOS-C, MAI
M10  Science teacher candidates Experimental SPST (skill test), reflection forms
Secondary school pupils (7th . - Academic achievement test, MAI, motivation
M11 grade) Experimental (jigsaw) scale
M12  High school students Experimental Motivation and achievement scales
M13  Undergraduate biology students Experimental Grade prediction, MAI, exam success
M14  High school chemistry students Case study Reflection routine, One Minute Paper
M15  Chemistry undergraduates Mixed method (program Student self-assessments, test predictions
development)
M16  Organic chemistry students Qualltatl_v e (interview + Think-aloud, strategy report
observation)
M17 ?ﬁ?g;ﬁgw chemistry students Correlational MAI, academic control focus scale
- . Measurement using a three- Three tail concept test + confidence
M18  Science teacher candidates stage test judgement
M19  Chemistry undergraduates Case study Program interview, observation, survey
M20  Prospective chemistry teachers Quasi-experimental Metacognition + problem-solving scales
M21 Science teacher candidates Mixed method xsltgcognltlon development application post-
M22  Science teacher candidates Experimental Post-laboratory questionnaire + interview
M23  Undergraduate biology students Experimental (comparative) qCS:Sri?é)r:Sknowledge + metacognitive exam
M24  High school students Qualitative case study Observation, report, student reflection
M25  Chemistry undergraduates Mixed method ;?:Ic; Z?SCK’ prediction, self-assessment, DK
M26  Organic chemistry students Qualitative interview Thinking of strategies and solution analysis
M27  Prospective chemistry teachers Three tail tests Qonceptual knowledge + confidence
judgement
M28  Undergraduate biology students Experimental Metacognitive preparatory assignments
M29 High school students Case study Reflective routines, post-intervention
interview
M30  Prospective chemistry teachers Mixed method Survey, interview, teaching activities
M31  Chemistry undergraduates Program development Task lists, confidence estimation, test

estimation
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Distribution of participant groups
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Figure 8. Distribution of relevant studies according to participant groups.
Figure 8 shows that most studies have been conducted on science teacher candidates. This group is
followed by undergraduate chemistry students and secondary school students. The findings indicate
that metacognitive research has focused predominantly on teacher candidates and students at the
higher education level.

Discipline-based groups such as organic chemistry students, secondary school chemistry students and
undergraduate biology students are moderately represented. In contrast, groups such as pre-school
children, secondary school students and general university students are represented in a more limited
number of studies.

In general, it is observed that metacognitive research sample preferences tend towards groups of
students with teacher training and subject expertise, while they are addressed to a more limited extent
in younger age groups and at different educational levels.

Figure 8 shows the distribution of studies related to metacognition examined in this research
according to their research model/design.
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Research Model Distribution
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Figure 9. Distribution of research models

Figure 9 shows that most studies employed a mixed-methods approach. This was followed by
gualitative research and experimental studies. This finding indicates that both process-oriented in-
depth data collection and intervention-based experimental designs play an important role in
metacognitive research. Descriptive studies are more limited in number, and studies in the "other"
category are relatively underrepresented. Overall, it is evident that no single methodological approach
dominates the field of metacognition; rather, there is a balanced methodological distribution involving
the combined use of quantitative, qualitative, and mixed designs.

Figure 10 shows the distribution of data collection tools used in metacognitive research in science
education.

Distribution of Data Collection Tools
Questionnaire/Form 4
Interview
Video Recording
Performance Task / Rubric

Test/Exam

‘

Other

Figure 10. Distribution of data collection tools

Figure 10 shows that the most frequently used data collection tool in metacognition research is the
questionnaire/form. Questionnaires are followed by interviews and tests/exams, respectively. This
finding indicates that self-report-based measurement tools are predominantly preferred in
metacognition studies. It is noteworthy that video recordings, performance tasks/assessment scales
and tools in the "other" category are used less frequently. This indicates that process-oriented and
performance-based measurements are relatively less common in literature. In general, it is understood
that quantitative and self-report-based data collection tools are predominant in metacognitive
research; conversely, observational and performance-based data collection methods are used to a more
limited extent. Within the scope of this research, data is presented in Table 3 to answer the third sub-
question: "How are the results and recommendations presented in the articles distributed?"
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Table 3. Results and recommendations of the studies.

Results Articles

Increased Metacognitive Awareness and Skills M12, M14, M16, M18, M22, M25, M31
Metacognition Positively Affects Success, Problem Solving and Scientific  M12, M21, M24, M26, M30

Process Skills

Metacognition Has a Greater Effect on Students with Low Achievement M24, M28, M31

Levels

Differences in the Use of Metacognitive Strategies M15, M16, M17, M28

Meaningful  Relationships  Exist Between Metacognition and M20, M29

Epistemological Beliefs and the Nature of Science

Reflection, Discussion and Structured Feedback are Effective for the M23, M25, M27, M31

Development of Metacognition

Metacognition Can Be Taught and Should Be Included in Teaching  The common conclusion drawn from all the
Programmes articles

Table 3 reveals the following findings. The majority of the studies aim to increase participants'
(students or teacher candidates) metacognitive awareness levels and develop their metacognitive
skills. (For example, M12, M14, M16, M18, M20, M22, M24, M25). Numerous studies have
investigated the effects of teaching approaches such as problem-based learning (PBL), jigsaw,
structured laboratory, model-based teaching, and reflective thinking on metacognition. (For example,
M12, M14, M18, M21, M22, M23, M25). Some studies examine how metacognition relates to
variables such as academic achievement, scientific process skills, problem solving, motivation and
attitude. (For example, M16, M20, M21, M24, M26, M30). Some studies aim to reveal the
relationships between metacognition and deeper cognitive structures such as epistemological beliefs,
socio-scientific argumentation, and understanding of natural sciences. (For example, M17, M20,
M29). A limited number of studies aim to develop models, programmes or measurement tools to
enhance metacognitive skills. (For example, M19, M27). A small number of studies have conducted
qualitative research aimed at gaining a deeper understanding of how and why students use
metacognitive strategies. (For example, M28, M31). The common recommendation of the studies is
that metacognition can be taught directly to both students and teacher candidates and should therefore
be explicitly and systematically incorporated into education programmes. (For example, a common
conclusion from all articles).

DISCUSSION, CONCLUSION, and RECOMMENDATIONS

This study examines trends in metacognition research in science education in terms of publication
distribution, country representation, research model, participant groups, and data collection tools. It
demonstrates that metacognition studies are concentrated in specific journals and sample groups (Chia
yu Wang, 2014; Dékme & Koyunlu Unlii, 2019; Kuvac & Kog, 2018; Yerdelen-Damar & Eryilmaz,
2019). Looking at the distribution of publications, it can be seen that the studies are predominantly
published in journals that hold a central position in the field of science education. This indicates that
metacognition has become an established field of research with a strong theoretical foundation in
science education literature. However, the concentration of publications in the SSCI index reveals that
the subject is addressed within a social sciences and education-based framework (Abd-El-Khalick, F.,
& Akerson, V. L., 2009; Chen et al., 2024; Chia yu Wang, 2014, Dori et al.,2018; Dékme & Koyunlu
Unli, 2019; Kuvac & Kog, 2018; Mathabathe & Potgieter, 2017; Wang et al., 2025; Yerdelen-Damar
& Eryilmaz, 2019). Looking at the country distribution, it can be seen that the studies are concentrated
in certain academic centres. This shows that, although metacognitive research is widespread globally,
it is addressed more systematically in certain research cultures (Dokme & Koyunlu Unli, 2019;
Dokmecioglu et al., 2020; Kuvac & Kog, 2018; Yerdelen-Damar & Eryilmaz, 2019).

Methodologically, mixed methods and qualitative studies are prominent (Eticha et al., 2024; Fuchs et
al. 2024; Kuvac & Kaog, 2018; Yenice, 2015; Zohar & Barzilai, 2013), while experimental studies
have an important but more limited share (Chang, et al., 2018; Chen et al., 2024; Chia yu Wang,
2014; Dori et al., 2018; Eticha et al., 2024; Heidbrink & Weinrich, 2021; Parlan et al., 2018; Wang et
al., 2025; Yerdelen-Damar & Eryilmaz, 2019; Zion & Cohen, 2021). This finding indicates that
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metacognition has been addressed using both process-based and intervention-based research
approaches. However, the predominance of questionnaire and self-report scales in data collection
tools is noteworthy (D6kme & Koyunlu-Unlii, 2019; Eticha et al., 2024; Fuchs et al., 2024; Yenice,
2015; Zheng et al., 2019). This demonstrates that these self-assessment tools are widely used in
measuring metacognition (Fuchs et al., 2024; Yenice, 2015).

In terms of participant groups, the research primarily focuses on teacher candidates and undergraduate
students (Abd-El-Khalick, & Akerson, 2009; Arjaya et al., 2023; Blackford et al., 2023; Chang et al.,
2018; Chen et al., 2024; Dori et al., 2018; Dokme & Koyunlu-Unli, 2019; Dingol-Ozgiir, 2024;
Eticha et al., 2024; Fuchs et al., 2024; Heidbrink & Weinrich, 2021; Mathabathe & Potgieter, 2017,
Parlan et al., 2018; Sagun & Prudente, 2021; Sawuwu & Partana, 2018; Tuononen et al., 2022; Wang
et al., 2025; Yerdelen-Damar & Eryilmaz, 2019; Yenice, 2015; Zheng et al., 2019; Zion & Cohen,
2021; Zohar & Barzilai, 2013). Early childhood (Eticha et al., 2024) and secondary school (Chia yu
Wang, 2014; Zulfiani et al., 2020) and high school (Angell et al., 2024; Dékmecioglu et al., 2020;
Gonzalez & Paoloni, 2020; Kuvac & Kog, 2018; Vogelzang et al., 2021) levels indicates a need for
further research in these areas.

The vast majority of studies aim to increase participants' (students or trainee teachers) metacognitive
awareness levels and develop their metacognitive skills (Chen et al., 2024; Eticha et al., 2024;
Gonzélez & Paoloni, 2020; Kuvac & Kog, 2018; Sagun & Prudente; 2021; Vogelzang et al., 2021;
Yerdelen-Damar & Eryilmaz, 2019; Yenice, 2015). Numerous studies have investigated the effects of
teaching approaches such as problem-based learning (PBL), jigsaw, structured laboratory, model-
based teaching, and reflective thinking on metacognition (Chen et al., 2024; Gonzalez & Paoloni,
2020; Sagun & Prudente; 2021; Vogelzang et al., 2021; Wang et al., 2025; Yenice, 2015; Zohar &
Barzilai, 2013). Some studies examine how metacognition relates to variables such as academic
achievement, scientific process skills, problem solving, motivation and attitude (Dingol-Ozgiir, 2024;
Eticha et al., 2024; Kuvac & Kog, 2018; Tuononen et al., 2022; Yerdelen-Damar & Eryilmaz, 2019;
Zohar & Barzilai, 2013). Some studies aim to reveal the relationships between metacognition and
deeper cognitive structures such as epistemological beliefs, socio-scientific argumentation, and
understanding of natural sciences (Angell et al., 2024; Dékmecioglu et al., 2020; Yerdelen-Damar &
Eryilmaz, 2019). A limited number of studies aim to develop models, programmes or measurement
tools to enhance metacognitive skills (Abd-El-Khalick, & Akerson, 2009; Zheng et al., 2019). A small
number of studies have conducted qualitative research aimed at gaining a deeper understanding of
how and why students use metacognitive strategies. (Blackford et al., 2023; Eticha et al., 2024).

The common recommendation of the studies is that metacognition can be taught directly to both
students and teacher candidates and should therefore be explicitly and systematically incorporated
into education programs. This study reveals that metacognitive research in science education has
developed in line with certain methodological and sampling trends. Although the field exhibits
methodological diversity, it largely relies on self-report-based approaches in terms of measurement
tools. Furthermore, teacher candidates and higher education graduates dominate the selection of
samples.
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