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About, Aims and Scope

Hakkinda, Amag¢ ve Kapsam

International Journal of Education and Artificial Intelligence (IJEDAI) is an
international, peer-reviewed journal published twice a year (in May and
November), whose publication languages are English and Turkish. It publishes
original and review studies in the field of education and artificial intelligence.
All the manuscripts submitted to the IJEDAI are reviewed in a double blind
review process. The aim of IJEDAI is to convey the current developments in
the fields of education and artificial intelligence in the world and to be
beneficial to science and humanity by sharing original studies. Articles to be
accepted for JEDAI may be from education and artificial intelligence studies,
as well as from scientific fields related to education and artificial intelligence
in a multidisciplinary manner.

Articles published in the IJEDAI reflect only the views of the author(s).
Responsibility for the published content and articles belongs to the author.
Editor, editorial board and publisher; accepts no responsibility or liability for
the content of the authors' articles and opinions. IJEDALI is an "open access"
journal and adopted the “open access policy”. Authors have their copyrights
under the "Creative Commons Attribution-NonCommercial 4.0 International

International Journal of Education and Artificial Intelligence (IJEDAI) yayin
dili Ingilizce ve Tiirke olan, yilda iki kez (Mayis ve Kasim aylarinda)
yayimlanan uluslararasi, hakemli bir dergidir. Egitim ve yapay zeka alaninda
orijinal ve derleme c¢alismalarin1 yaymlamaktadir. IJEDAI, gonderilen
makaleler icin en az iki hakem tarafindan degerlendirilen ¢ift-kor hakem
degerlendirme siirecini benimsemektedir. IJEDAI 'nin amac diinyadaki egitim
ile ilgili ¢alismalarda ve yapay zekanin egitim alanindaki uygulamalarinda
kaydedilen giincel gelismeleri aktarmak; 6zgiin ¢alismalarin paylasiimasini
saglayarak bilim ve insanhiga faydali olmaktir. IJEDAI igin kabul edilecek
makaleler egitim ve yapay zeka ¢aligmalarinin yani sira, multidisipliner olarak
egitim ve yapay zeka ile ilgili gesitli bilim alanlarindan olabilir.

Dergide yaymlanan makaleler yalmizca yazar(lar)in goriislerini yansitir.
Yayinlanan makale ve igeriklerdesorumluluk yazara aittir. Editor, yayin kurulu
ve yayincl; yazarlarin makale ve igeriklerine yonelik sorumluluk ya da
yiikiimlilik kabul etmemektedir. IJEDAI "agik erisim" dergisi olup, "agik
erigim politikasin" benimsemistir. IJEDAI, "Creative Commons Attribution-
NonCommercial 4.0 International Licence" ile lisanslanmistir. Yaym

Licence". Details of the publication policies are available on the journal's
website.

The template for manuscript is not mandatory for articles submitted for review.
The template have to be used for accepted papers.

politikalarinin detaylarina dergi web sayfasinda yer verilmistir.

Degerlendirmeye gonderilen makaleler igin makale yazim Word dosyasi
format1 baslangicta zorunlu degildir, fakat yayin i¢in kabul edilen makalelerde
zorunlu olarak kullanilmas: gerekmektedir.

Indexing:


https://www.ijedai.com/
mailto:ijedaieditor@gmail.com
https://www.webofscience.com/wos/author/record/I-9700-2019
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

International Journal of Education and Artificial Intelligence, 1(1), 2024

CONTENTS (iGCINDEKILER)

Title Authors Type Pages
(Bashk) (Yazarlar) (Tiirii) (Sayfalar)
Education and artificial intelligence Nail Tlhan Editorial 1-3
Thematic content analysis of STEM studies published in the field of science Inang Kose Research 424
education in Tiirkiye Hiilya Dede Article
. o : Esra Ozeler
The effect of virtual laboratory applications on the achievement of secondary Research
. ) Yagar Genel . 25-38
school students in learning the granular structure of matter : Article
Salih Genel
Dilara Asci
Reflections of artificial intelligence on science education in Tiirkiye Nail lThan Regearch 39-58
Emre Harun Article
Karaaslan
An alternative teaching tool: Creative comics Mehmet Sentiirk gcsearch 59-74

Article




International Journal of Education and Artificial Intelligence

Publishing Policy & Ethics

Yayin Politikas1 & Etik

International Journal of Education and Artificial
Intelligence (IJEDAI) is a peer-reviewed, electronic, and scientific
journal which adheres to the following ethical principles and
considerations in order to publish articles in the field of education and
artificial intelligence. The aim of IJEDAI is to convey current
developments in education and artificial intelligence in education in
the world, and to benefit science and humanity by sharing original
studies. Articles to be accepted for IJEDAI can be from various
scientific fields related to education and artificial intelligence, as well
as multidisciplinary studies.

Articles sent to IIEDALI for publication are reviewed through a double-
blind process and published online. For the [IJEDAI Journal, the ethical
responsibilities, roles and duties for the journal editor, authors,
reviewers and publisher are explained below.

The ethical duties and responsibilities in [JEDAI have been prepared
by taking into account the ethical and publication policies of
internationally journals and the guidelines published by
the “Committe on Publication Ethics” - COPE as open access. In other
matters not mentioned in IJEDAI, COPE's ethical principles are taken
into account.

The editor-in-chief can take part in determining the of the editorial
board/Editor and improving the quality of the journal. If the Editor-in-
Chief sees necessary, he/she may assign an Editor for the article or
may conduct the scientific assessment of the article
himself/herself. Authors/Editors/Reviewers must be taken into
consideration the ethical codes: Authorship, Plagiarism (including
self-plagiarism), Data fabrication / data falsification, Duplicate
submission, Corrections and retractions, Human and Animal Rights,
Conflicts of interest / Competing interests, Intellectual property

Ethical Responsibilities of Author(s)

The authors should submit their original works to IJEDALI in the field
of education and artificial intelligence. All of sources used in the
articles must be cited in accordance with the latest published style of
the American Psychological Association (APA). Authors must certify
that their manuscripts are their original work. Authors are expected to
adheres to International Standards for Authors developed by the
Committee on Publication Ethic
(https://publicationethics.org/files/International%20standards_author

s_for%20website_11_Nov_2011.pdf)

'Copyright Transfer Form' must be filled out and upload by the
corresponding author for articles submitted to the journal. Individuals
who have not contributed to the study of a manuscripts must not be
indicated as authors. Any studies published in any journal or as a book
cannot be sent to [JEDAI. Authors cannot submit their study, which is
currently under review in another journal, to [JEDALI at the same time.
If there are any conflicting interests regarding the submitted article,
they must be declared. It should be stated whether the submitted
articles are derived from conferences/thesis/projects and similar
research. Articles published in full text (proceeding paper) at
conferences cannot be submitted for publication for IJEDAI. For
studies requiring human participation, authors are required to obtain
"Ethics Committee Approval" from the relevant institutions.

In giving ethics committee approvals, such as the Declaration of
Helsinki (https://www.wma.net/policies-post/wma-declaration-of-
helsinki-ethical-principles-for-medical-research-involving-human-

International Journal of Education and Artificial
Intelligence (IJEDAI) egitim ve yapay zeka alanindaki bilimsel
makaleleri yayimlamak amaciyla asagida belirtilen etik ilkeler ve
kurallara bagli olarak basilan hakemli bir dergidir. IJEDAI 'nin amact
diinyada egitim alaninda ve egitimde yapay zekanin kullanimu ile ilgili
kaydedilen giincel gelismeleri aktarmak; o6zglin calismalarin
paylasilmasini saglayarak bilim ve insanliga faydali olmaktir. [JEDAI
icin kabul edilecek makaleler egitim ve yapay zeka galigmalarinin yani
sira, multidisipliner olarak egitim ve yapay zeka ile ilgili ¢esitli bilim
alanlarindan olabilir.

IJEDAI ’ne yaymlanmak i¢in gonderilen makaleler ¢ift-kor hakem
stireciyle ~ degerlendirilmekte  ve  dergi  ¢evrimi¢i  olarak
yayimlanmaktadir. IJEDAI Dergisi’ne yonelik dergi editoriiniin,
yazarlarmn, hakemlerin ve yaymcinin etik sorumluluklari, rolleri ve
gorevleri agsagida agiklanmustir.

IJEDAI ’de yer alan etik gérev ve sorumluluklar, uluslararasi
dergilerin etik ve yayim politikalart incelenerek ve acik erisim
olarak “Committe on  Publication Ethics” - COPE tarafindan
yayimlanan yonergeler dikkate alinarak hazirlanmistir. IJEDAI’da
belirtilmeyen diger hususlar da COPE 'da belirtilmis olan etik
prensipleri dikkate almur.

Bas Editor, editor kurulu {iiyelerinin belirlenmesinde ve dergi
kalitesinin gelistirilmesinde her asamada gorev alabilir. Bag Editor
gerekli gordiigii takdirde makaleye bir editdr gorevlendirebilir veya
makalenin  bilimsel  degerlendirmesini  kendisi  yapabilir.
Yazarlar/Editorler/Hakemler in dikkat edecegi etik kurallar; Yazarlik,
Intihal, veri uydurma / veri tahrifati, tekrarli gonderim, diizeltmeler ve
geri ¢ekilme, insan ve hayvan haklari, ¢ikar c¢atigmalar1 / rekabet
menfaatler, fikri miilkiyet

Yazarlarin etik sorumluluklari

Yazarlarin IJEDAI Dergisi’ne gonderdikleri makalelerin egitim ve
yapay zeka alaninda 0zgiin caligmalar olmasi gerekmektedir.
Makalelerde yararlanilan tiim kaynaklar American Psychological
Association (APA)’nin yayinlanan son sitiline uygun bir sekilde
gosterilmelidir.  Yazarlar, yazilarinin kendilerine ait oldugunu
belgelendirmelidir. Yazarlarin Yaymn Etigi Komitesi tarafindan
gelistirilen  Yazarlar ig¢in Uluslararas1 Standartlara uymalar
beklenmektedir
https://publicationethics.org/files/International%20standards_authors
_for%20website _11_Nov_2011.pdf)

Dergiye gonderilen makaleler i¢in sorumlu yazar tarafindan 'Telif
Hakki Devir Formu' doldurulmali ve dergiye génderilmelidir.

Bir makale calismasinda katkist bulunmayan kisiler yazar olarak
belirtilmemelidir. Daha 6nce herhangi bir sekilde baska bir dergide
veya kitap olarak yayimlanmis ¢alismalar IJEDAI’ye gonderilemez.
Yazarlar, baska bir dergide heniiz degerlendirme agamasinda olan
caligmasini ayn1 anda IJEDAI *ye gdnderemez. Gonderilen makaleye
yonelik ¢ikar catigmalari durumlart varsa belirtilmelidir. Gonderilen
makalenin konferans/tez/proje arastirmalardan tiiretilme durumu
belirtilmelidir. Konferanslarda tam metin olarak yayinlanan makaleler
IJEDAI i¢in yayma gonderilemez. Yazarlar etik kurul onay1 gerektiren
caligmalart i¢in ilgili kurumlardan "Etik Kurul Onay1" almalari
gerekmektedir. Etik kurul onaylarinin verilmesinde Helsinki
Bildirgesi gibi (https://www.wma.net/policies-post/wma-declaration-
of-helsinki-ethical-principles-for-medical-research-involving-human-

subjects/#:~:text=The%20World%20Medical%20Association%20(W

subjects/#:~:text=The%20World%20Medical %20Association%20(W

MA.identifiable%20human%?20material%20and%20data). It is
important to verify that recognized standards are valid. If it is
necessary, raw data regarding their articles may be requested from the
author(s) within the framework of the evaluation processes. Authors
are obliged to keep their raw data for at least 5 years after their articles
are published.

Ethical Responsibilities of Reviewers

IJEDALI has adopted a double-blind peer review process for submitted
manuscripts, which are reviewed by at least two reviewers. After the
reviewers review process, in case of uncertainty, the final decision is
taken with the opinion of the editor or a third referee. The reviewers
are required to notify the editor of their decision as to whether the

MA .identifiable%20human%?20material%20and%?20data) taninmig
standartlarin  gegerli oldugu dogrulanmas: onemlidir. Gerekli
durumlarda, yazar(lar)dan degerlendirme siiregleri ¢ercevesinde
makalelerine iligkin ham veri talep edilebilir. Yazarlar, makaleleri
yaymmlandiktan sonra ham verilerini en az 5 yil siireyle saklamakla
yiikiimlidiirler.

Hakemlerin Etik Sorumluluklari

IJEDAI gonderilen makaleler i¢in en az iki hakem tarafindan
degerlendirilen ¢ift-kdr hakem degerlendirme siireci benimsenmistir.
Hakem degerlendirmelerinden sonra belirsizlik durumunda editoriin
veya liglincli bir hakemin goriisii ile nihai karar alinir. Hakemler,
degerlendirdikleri makalenin yayimlanabilir olup olmadigina iligkin
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manuscript they have reviewed is publishable or not and their reasons
for so doing so.

The ethical responsibilities of Reviewers at IJEDAI are as follows:

Reviewers are expected to read publishing principles, aim and scope
of the JEDALI. Reviewers must review the manuscripts related to their
field of expertise. Reviewers must review manuscripts which they do
not have any conflict of interests. Manuscripts must be evaluated by
reviewers within the framework of unbiased and objective manner.
Reviewers should use constructive, polite, and scientific language in
review reports and reviewing process. Reviewers should not make
comments that may be disrespectful, insulting, offensive or
slanderous. Reviewers should complete the manuscript review process
within  a specific  time frame given to  them.

Ethical Responsibilities of Editors

IJEAI editors and field editors must adhere to the ethical
responsibilities based on guidelines for editors published by
"Committee on Publication Ethics" (COPE). The editor manages all
processes until the manuscripts sent to the journal are published. The
general responsibility of editors is as follows; Ensuring the general
development of the journal, managing processes to increase the quality
of studies published in the journal, updating the ethical policies
together with other members of the journal's editorial boards.

Editors must also adhere to the responsibilities listed below.
Relations with readers:

The editors should ensure that the non-peer-reviewed sections of the
journal (letters, essays, etc.) are identified. The editors should make
efforts to ensure that the articles published in accordance with the
purpose and scope of the journal are align with the knowledge and
skills of the readers. The editors should consider reader feedback
regarding journal publishing, scope, and ethics.

Relations with the reviewers,

Editors must choose reviewers in related field of the study and update
the pool of reviewers. Editors must provide necessary information for
questions of reviewers about manuscript review process and remind
reviewers about timing. Editors must ensure guidelines needed by
reviewers during manuscript review process. Editors must be careful
any conflict of interest between authors and reviewers. Editor should
evaluate reviewers in terms of performance, timing, polite, and quality.

Relations with the authors;

Editors must provide the guidelines and a template needed by authors
during the manuscript submission process.
Editors must be careful about conflict of interest between authors and
reviewers. Editors must to inform authors about publication, ethical
policies, manuscript review process and timing. The editor must
convey the information and reasons regarding the accepting or
rejecting of the manuscript to the author within the specified time. If
the authors decide to correct the article, the authors should be informed
and given time to make the corrections. Editors must approve authors'
requests to withdraw their studies under review process. Editors
should evaluate authors’ objections to reviewers decisions/reports and,
if necessary, initiate a new review process.

Relations with editorial board members;

Editors must provide information and guidelines to the editorial board
members about publishing and ethical policies of the journal. Editor
should select and update the editorial board members who will
contribute to the journal’s development. Editors should take into
account feedbacks and the opinions of the editorial board in improving
the journal. The editor should review and improve the journal
publishing and writing rules with the editorial board. The editor should
be able to assign responsibilities to members of the editorial board in
some tasks in the development of the journal.

Journal Policy
Reviewing and Publishing Policy

kararlarin1 ve buna yonelik gerekgelerini editére bildirmeleri

gerekmektedir.

1JEDAI ’de gorev alan hakemlerinin etik sorumluluklar asagidaki
gibidir:

Hakemlerden IJEDAI ’nin yayim ilkeleri, ama¢ ve kapsamin
okumalar1 beklenmektedir. Hakemler uzmanlik alanmi ile ilgili
caligmalart degerlendirmeyi kabul etmelidirler. Hakemler ¢ikar
catismast olmayan c¢aligmalara hakemlik yapmalidir. Hakemler
tarafindan  makaleler tarafsizlik ve gizlilik  ¢ergevesinde
degerlendirmeler yapilmalidir. Hakemler degerlendirme raporlarinda
ve yazigmalarda yapici, nazik ve bilimsel bir dil kullanmalidir.
Hakemler, saygisizlik igerebilecek, hakaret, saldirganlik ve iftira
olabilecek yorumlar yapmamalidir. Hakemler makaleyi degerlendirme
stirecini  kendilerine verilen belirli bir zaman ¢er¢evesinde
tamamlamalidir.

Editoriin Etik Sorumluluklari

IJEAL editorii ve alan editorleri, “Yaym Etigi Komitesi” (COPE) nin
editorler igin yaymnlamis oldugu kilavuzlarda yer alan etik
sorumluluklara uymas: gerekmektedir. Editor, dergiye gonderilen
makalelerin yaynlanmasina kadar gegen biitliin siiregleri yonetir.
Editorlerin  genel sorumlulugu soyledir; derginin genel olarak
gelisgimini saglama, dergide yayimlanan c¢alismalarin kalitesini
arttirmaya yonelik siiregleri yonetme, derginin editdr kurullarindaki
diger tiyelerle birlikte etik politikalarinda da gilincelleme yapmadir.

Ayrica  editorler asagida belirtilen sorumluluklart da yerine

getirmelidir.
Okuyucularla Iiskiler:

Editorler, dergide hakem degerlendirmesi gerekli olmayan boliimlerin
diizenlenmesini  (mektuplar, makaleler, konferans duyurular
vb.) saglamalidir. Editorler, derginin ama¢ ve kapsamina uygun
olarak yaymnlanan makalelerin okuyucularm bilgi ve becerilerine
uygun olmasi igin ¢aba gostermelidir. Editorler, okuyucunun dergi
yaymmlama, kapsam ve etik ile ilgili geri bildirimlerini dikkate
almalidir.

Hakemlerle fli;kiler;

Editorler, caligmanin ilgili alanindaki hakemleri segmeli ve hakem
havuzunu giincellemelidir. Editorler, hakemlerin makale inceleme
stirecine iligkin sorularmma gerekli bilgileri saglamali ve hakemlere
zamanlama konusunda hatirlatmada bulunmalidir. Edit6rler, makale
inceleme silirecinde hakemlerin ihtiya¢ duydugu yOnergeleri
saglamalidir. Editorler, yazarlar ve hakemler arasindaki ¢ikar
catismalarma kars1 dikkatli olmahidir. Edit6r, hakemleri performans,
zamanlama, nezaket ve kalite agisindan degerlendirmelidir.

Yazarlarla Iliskiler;

Editorler, makale gonderim siirecinde yazarlarin ihtiya¢ duydugu
yonergeleri ve sablonu saglamalidir. Editorler, yazarlar ve hakemler
arasindaki ¢ikar catigsmalarina karst dikkatli olmalidir. Editorler
yazarlart yayimn, etik politikalar, makale inceleme siireci ve
zamanlamasi konusunda bilgilendirmelidir. Edit6r, yazinin kabul veya
reddedilmesine iligkin bilgi ve gerekgeleri belirtilen siire igerisinde
yazara iletmelidir. Yazarlarin makaleyi diizeltmeye karar vermesi
durumunda yazarlara bilgi verilmeli ve diizeltmeleri yapmalar1 igin

stire tanmnmalidir. Editorler, yazarlarin inceleme siirecindeki
caligmalarim1  geri ¢ekme isteklerini onaylamalidir. Editorler,
yazarlarin  hakem  kararlarina/raporlarma  olan  itirazlarini

degerlendirmeli ve gerekiyorsa yeni bir inceleme siireci baslatmalidir.

Editér Kurulu lle iliskiler;

Editorler, yayin kurulu iyelerine derginin yaymcilifi ve etik
politikalar1 hakkinda bilgi ve yonergeler saglamalidir. Editor, derginin
gelisimine katkida bulunacak yaym kurulu iyelerini segmeli ve
giincellemelidir. Editorler dergiyi gelistirirken yaym kurulunun geri
bildirimlerini ve gorislerini dikkate almalidir. Editor, editor kurulu ile
dergi yaymm ve yazim kurallarinim1i gdzden gegirmeli ve
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Articles sent to IIEDALI for publication are reviewed through a double-
blind process and published online. 'Copyright Transfer Form' must be
filled out and upload by the corresponding author for articles
submitted to the journal. Authors cannot submit their study, which is
currently under review in another journal, to IJEDAI at the same time.

All of sources used in the articles must be cited in accordance with the
latest published style of the American Psychological Association
(APA). Any studies published in any journal or as a book cannot be
sent to IJEDAL It should be stated whether the submitted articles are
derived from conferences/thesis/projects. Articles published in full
text (proceeding paper) at conferences cannot be submitted for
publication for IJEDAI. All of sources used in the articles must be
cited in accordance with the latest published style of the American
Psychological Association (APA). All responsibility for the published
articles/writting belongs to the author(s). Author(s) have the
responsibility of all contents in the manuscript/article/writing.

Peer Review Process Policy

For publication, all manuscripts submitted to the IJEDAI are pre-
reviewed by the Editor or Editorial Board in terms of scope and
writing rules. Editor may reject the submissions which do not comply
with the principles of the IJEDAI. The pre-reviewing process is
completed in 10 days. After the pre-reviewing, all manuscripts are sent
to at least two independent reviewer for blind peer review. The
reviewers are asked to judge the scientific, validity, significance, and
originality of manuscripts. The reviewer' assessment period is 30 days,
this period can be extended if necessary. If the reviewer' assessment
period is not completed on time, the editor may send the article to a
new reviewers.If different opinions are expressed from the reviewers,
the editor may send the article to a third reviewer for assessment. If
there are the revisions recommended by the Reviewer/Editor, the time
required for the authors to make these is a maximum of 30 days. The
publication process begins for articles accepted for publication by the
Editor/Editorials board. The final revised of the articles in accordance
with the IJEDAI writing format is performed by the author(s). After
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INTRODUCTION

Educational research is important in order to improve qualifications in the field of education or to find solutions
to problems. In terms of scientific and social development, countries value research in the field of education.
In recent years, research in the field of educational sciences and artificial intelligence has been given
importance, the number of researches in this field has increased significantly, and many journals publish
special issues in the field of education and artificial intelligence. The implications of artificial intelligence,
from pre-school to postgraduate education, are shown by many studies (Morales-Garcia et al., 2024; Wang et
al., 2024). Many Al tools are spreading rapidly because they enable learning through online and open
educational resources (Gardner & Yuan, 2021).

Artificial intelligence is the development of machines with a certain level of intelligence and capabilities
similar to those of humans (Chen et al., 2020). Artificial intelligence technologies are used in many areas, from
the creation of educational materials to measurement and evaluation. Some artificial types in the literature:
machine learning, data mining, natural language processing, deep learning, artificial neural networks, expert
systems (Mukhamediev et al., 2022; Wang et al., 2024). Artificial intelligence tools such as ChatGPT, Copilot
and Gemini are very common and well-known tools and are used in education and many fields by giving voice
and written commands. Al-powered tools provide ease of work for teachers in education (Owan, et al., 2023).
Publishing research in education and artificial intelligence in open access journals is important for developing
the theory-practice relationship in education.

It is important that Artificial Intelligence tools or applications have some characteristics to be considered
Artificial Intelligence. Some important features that Al tools should have are: learning ability, problem solving,
data analysis and visualisation, autonomous behaviour, natural language processing, perception ability,
prediction.

The first issue of IJEDAI included studies on science education and artificial intelligence. Késen and Dede
(2024) published a study entitled "Thematic content analysis of STEM Studies published in the field of science
education in Tirkiye". The study entitled "Reflections of artificial intelligence on science education in
Tiirkiye" was published by Asci et al. (2024). Ozeler et al. (2024) published a study entitled "The effect of
virtual laboratory applications on the achievement of secondary school students in learning the granular
structure of matter". The study entitled "An alternative teaching tool: Creative comics." was published by
Sentiirk (2024).

RESULTS

The academic journal, which includes artificial intelligence and education, contributes to this field. The
"International Journal of Educational and Artificial Intelligence” (IJEDAI), whose first issue has been
published, aims to convey the current developments in the fields of education and artificial intelligence in
education, and to be beneficial to science and humanity by sharing original studies. This editorial discusses
the creation of articles suitable for the content of IJEDAI, its classification in terms of educators, the
characteristics of artificial intelligence tools and applications.
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Abstract

Purpose: This study aims to thematically analyze STEM studies published in the
field of science education in Tiirkiye from 2013 to 2022.

Design and Methodology: The thematic content analysis research method was
used in the study. The identified journals in SSCI and ERIC indexes were
searched with the criteria of focusing on science education and conducted in Tii-
rkiye. 70 articles were analyzed with parameters such as aims, dependent varia-
bles, learning models integrated with STEM, research methods, sample groups,
sample sizes, data collection tools, number of data collection tools, duration of
instruction, data analysis methods, and results.

Results: The findings revealed that the majority of the studies aimed to determine
opinions and the effect on skill development. Moreover, it was determined that
achievement, attitudes, scientific creativity, and critical thinking were utilized as
dependent variables and STEM was predominantly integrated with project-based
learning. Additionally, it was established that the majority of studies employed a
case study approach, utilized secondary school students as a sample population,
included between 11 and 50 participants, employed interview methods for data
collection, utilized a singular data collection instrument, four weeks as instruc-
tional duration, and content analysis as data analysis method in STEM studies.
Moreover, the findings revealed that the proportion of dependent variables exhib-
iting positive effects of STEM education was 86.49%, while 13.51% did not
demonstrate a positive effect.

Implications & Suggestions: Researchers engaged in studies within the STEM
field were provided with recommendations regarding the study.

Késen, 1., & Dede, H. (2024).Thematic content analysis of stem studies published in the field of science
education in Tirkiye. International Journal of Education and Artificial Intelligence, 1(1), 4-24.
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1. INTRODUCTION

Nowadays, it is evident that there are rapid and significant changes and developments in science and
technology. Competition among countries has increased as a result of these changes. It is essential for
countries to have scientifically literate people who can use information effectively, think creatively and
critically, solve problems, and have scientific process skills to keep up with and contribute to this rapid
change and to compete with other countries in science and technology (Akgiindiiz et al., 2015; Ceylan, 2014;
Ciftci, 2006). Furthermore, the importance of integrating science, technology, engineering, and mathematics
(STEM) across disciplines to promote scientific and technological progress has been recognized by nations
around the world (Akgiindiiz et al., 2015). In this context, countries aim to update and improve their
education policies and to develop and renew their curricula (Irkigatal, 2016).

In 2001, STEM emerged in the United States of America (USA) as an interdisciplinary education model.
STEM is an acronym for Science, Technology, Engineering and Mathematics (Bybee, 2010; Sanders, 2009).
The acronym STEM has been defined in academic literature as an interdisciplinary approach that does not
adhere to the traditional, subject-specific learning that deals with science, technology, engineering, and
mathematics disciplines in isolation. Instead, it integrates four or more disciplines with an overarching
teaching and learning paradigm (Ejiwale, 2013; Morrison, 2006). STEM education aims to equip students at
all levels, from preschool to higher education, with the ability to identify problems using an interdisciplinary
approach and to develop appropriate solutions (Altunel, 2018). STEM education aims to develop students'
literacy in science, technology, engineering, and mathematics, fostering creativity, collaboration, problem-
solving, and competitiveness, while promoting the acquisition of 21st century skills. 21st Century Skills are
some skills individuals need to have to keep up with rapid 21st century innovation and succeed. These skills
were identified as creativity and innovation, communication and collaboration, critical thinking and problem-
solving, and information, communication, and technology literacy (Partnership for 21st Century Learning
[P21], 2015). STEM is to equip students with the requisite skills to thrive in the 21st century global economy
(English, 2016). According to Thomasian (2011), STEM education has two primary objectives: firstly, to
expand the number of students who have professional choices among these disciplines in higher education,
and secondly, to improve students' fundamental knowledge levels in STEM disciplines, thereby enabling
them to develop innovative solutions to problems related to these disciplines in their daily lives.

The STEM approach, which has gained considerable traction globally, was first introduced in Tiirkiye in the
2014 report published by the Turkish Industry and Business Association (TUSIAD). The report states that
there is a need for individuals trained in STEM fields and with 21st century skills. It therefore recommends
the creation of employment opportunities in STEM fields, an increase in the number of students receiving
STEM education, and an enhancement of STEM skills at all levels of education (Akgiindiiz et al., 2015;
TUSIAD, 2014). Furthermore, Tiirkiye's consistently low performance in international examinations such as
PISA, TIMMS and PIAAC has highlighted the necessity for innovative approaches to educational reform
(MoNE, 2016). As a consequence, the STEM approach was incorporated into the 2018 science curriculum as
a discrete element, designated as "Science, Engineering, and Entrepreneurship Applications” (MoNE, 2018).

A review of existing literature reveals a considerable body of work analysing the current state of STEM
education within Tiirkiye (Aydin-Giinbatar & Tabar, 2019; Bolat & Saltan, 2020; Ceylan, 2021; Caliskan &
Okusluk, 2021; Dagdemir et al., 2018; Duran & Sar1, 2021; Elmali & Balkan Kiyici, 2017; Eren & Ddkme,
2022; Ergiin, 2020; Gokgen, 2021; Giilhan, 2022; Kalemkus, 2020; Kaya & Ayar, 2020; Kizilay, 2018;
Mandev & Yavuz, 2022; Ormanci, 2020; Ozcan & Karabas, 2019; Piiskiillii, 2019; Sarica, 2020; Ultay et al.,
2021; Yaman, 2020; Yildirnm & Gelmez Burakgazi, 2020; Yildirim, 2016; Yilmaz et al., 2018). Some of
these studies seek to identify trends in specific areas of STEM education. For instance STEM studies with
students in the fourth and fifth grades (Duran & Sari, 2021), STEAM studies (Giilhan, 2022), STEM studies
about opinions of teachers and teacher candidates (Ultay et al., 2021), postgraduate theses on STEM (Ceylan,
2021; Caligkan & Okusluk, 2021; Ergiin, 2020; Ormanci, 2020), STEM studies on teacher education
(Kizilay, 2018), experimental research on STEM education (Kalemkus (2020); STEM studies in science
education (Eren & Dokme, 2022; Piiskiillii, 2019), and STEM studies in science and mathematics education
(Gokgen, 2021).
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In examining these studies, it became evident that there were fewer instances of studies utilizing the method
of meta-synthesis (thematic) content analysis than those employing descriptive content analysis (Kaya &
Ayar, 2020, Ormanci, 2020; Sarica, 2020; Yildirim & Burak Gelmezgazi, 2020; Yilmaz et al, 2018). Upon
examination of these studies, Kaya and Ayar (2020) sought to elucidate the patterns of STEM studies by
analyzing 50 qualitative articles published in the ULAKBIM database in Tiirkiye between 2016 and 2019.
The study examined the evolution of STEM studies within the context of publication year, research topic,
research method, sample group, and research findings. The study primarily utilized teachers as its sample
population, with the majority of studies published in 2018. The case study method was the most prevalent
research method employed. Additionally, it was determined that opinions on STEM education were the most
extensively researched topic, with the findings indicating that STEM education has the potential to enhance
students' 21st-century skills. In a related study, Yildirim and Burak Gelmezgazi (2020) conducted a review
of 12 qualitative studies conducted in Tirkiye between 2014 and 2019. The studies were identified through
an examination of the ERIC, Scopus and Web of Science databases. The analysis revealed that the studies
examined focused on the results of STEM applications carried out inside or outside the school, the current
situation at the cognitive level regarding STEM education, and prospective teachers' relationships between
STEM disciplines. In contrast to the aforementioned studies, Sarica (2020) and Ormanci (2020) conducted
thematic content analysis of postgraduate theses in the field of STEM education in Tiirkiye. Furthermore,
Yilmaz et al. (2018) used thematic content analysis and document analysis together and examined 20 articles
about STEM education in Tiirkiye that were placed in the ULAKBIM database between 2010 and 2017. A
review of these studies reveals that studies in STEM fields conducted up to 2020 have been the subject of the
majority of research. Furthermore, the studies that have been examined are not solely focused on science but
also encompass other disciplines, including mathematics and engineering.

In this study, it was aimed to conduct a thematic content analysis of STEM studies conducted in only science
field in Tirkiye and included in journals with Turkish addresses accessed in Social Sciences Citation Index
(SSCI) and Education Resources Information Center (ERIC) databases. SSCI is a reliable source of the most
significant journals in the international humanities and social sciences (Chen & Du, 2015). ERIC is one of
the international field indexes (Ultay & Ultay, 2018). In thematic content analysis, a limited number of
studies are examined to gain a deeper understanding of the general framework of the subject under
investigation (Calik & Sozbilir, 2014). Accordingly, it was deemed appropriate to scan the journals of
Tiirkiye origin included in these SSCI and ERIC indexes and to examine the studies of STEM education
published in these journals. The problem of this study is to determine the general trend in STEM education
research in Tirkiye. The sub-problems related to this problem are as follows:

What were the aims of STEM studies?

What dependent variables were employed in STEM studies?
What learning models were integrated with STEM in these studies?
Which methods did STEM studies employ?

What sample groups did STEM studies utilize?

Which sample sizes did STEM studies exploit?

What data collection tools did STEM studies utilize?

How many data collection tools did STEM studies utilize?
What instructional duration did STEM studies prefer?

10 What data analysis methods did STEM studies employ?

11. What were the results of STEM studies?

©CoNo~wWNE

2. METHOD
2.1. Method

This study utilized the thematic content analysis (meta-synthesis) method, which is a qualitative research
approach. Thematic content analysis involves synthesizing and interpreting research on the same subject
from a critical perspective within the framework of themes or templates (Calik & Sozbilir, 2014; Finfgeld,
2003; Walsh & Downe, 2005). Thematic content analysis enables a comprehensive understanding of the
structure of the subject under investigation (Au, 2007). In addition, for researchers, teachers, and
policymakers who may not have access to all the studies, the synthesis of the common and similar aspects of
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the different studies on the topic through thematic content analysis could be a valuable reference (Calik et al.,
2005; Gl & Sozbilir, 2015). As thematic content analyses are qualitative, it is common for the number of
studies analyzed to be limited (Calik & So6zbilir, 2014; Giil & So6zbilir, 2015).

2.2. Data Collection

This study examined STEM studies in the field of science education, which were published in educational
science journals predominantly from Tirkiye, indexed in the SSCI and/or ERIC databases, and published
between 2013 and 2022. A review of academic journals reveals that there is only one Turkish-addressed and
SSCl-indexed journal: Science and Education. A total of 23 journals, predominantly from Tirkiye, were
examined in the ERIC database. STEM studies were found in 14 of these journals. A total of 98 studies on
STEM were identified in Science and Education and 14 journals. Following the research criteria, 70 studies
conducted exclusively in the field of science education (including those related to the environment, physics,
chemistry, and biology) were included in the study scope (Appendix A). The journals included in the study
are listed in Table 1.

The studies were selected using criterion sampling, one of the purposive sampling methods. In criterion
sampling, all situations that meet a set of pre-determined criteria are studied (Yildirnrm & Simsek, 2018). The
following criteria were used to define the scope of the research:

e The studies were published in a journal included in the SSCI index or ERIC index,

e The studies were only focused on science education (including environment, physics, chemistry, and
biology),

e The studies were conducted in Tiirkiye.

Table 1. The Journals and Their Indexes

Journals Index f
Education and Science SSCI 3
Educational Sciences: Theory & Practice ERIC 3
Eurasia Journal of Mathematics, Science & Technology Education ERIC 1
Eurasian Journal of Educational Research ERIC 7
European Journal of Educational Research ERIC 2
International Journal of Curriculum and Instruction ERIC 7
International Journal of Education in Mathematics, Science and Technology ERIC 7
International Journal of Instruction ERIC 1
International Journal of Research in Education and Science ERIC 1
International Online Journal of Education and Teaching ERIC 7
Journal of Education in Science, Environment and Health ERIC 7
Journal of Pedagogical Research ERIC 1
Journal of Turkish Science Education ERIC 15
Participatory Educational Research ERIC 7
The Turkish Online Journal of Educational Technology ERIC 1
Total 70

f= frequency

The journals within the scope of the study were searched until 31 May 2022. The index information of the
journals is applicable for the 2022 year. The publication years and frequencies of the studies obtained as a
result of the screening are listed in Table 2.

Table 2. Frequency of the STEM Studies According to Years
Year 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Frequency (f) 1 1 2 16 4 7 6 14 15 4
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2.3. Data Analysis

The 70 studies have been numbered from Al to A70. The matrix prepared by the researchers was used to
analyze and interpret the data. Firstly, the codes corresponding to each category were determined and the
articles within the scope of the study were coded according to their content characteristics, and the studies
with common characteristics were classified under the same code. Then, categories and themes were formed
by bringing together the appropriate codes. Frequency and percentage values were calculated for the codes,
and categories.

2.4. Validity and Reliability

In order to ensure the reliability of the study, the researchers employed a two-step coding process. First, they
separately coded the variables. Second, they compared the resulting codes. The consistency between the
codes was quantified using the formula put forth by Miles and Huberman (1994) (Common codes / (total
number of common and non-common codes) x 100), resulting in a value of 96.4%. In accordance with the
recommendations of Miles and Huberman (1994, p.64), a 70% degree of concordance between two distinct
coders is considered a sufficient threshold for the dependability of qualitative data analysis. The 96.4% of
similar data indicates the validity of the analysis. Furthermore, a consensus was reached due to the few
discrepancies between the coding and exchange of ideas among the coders, thus reinforcing the reliability of
the findings.

Sandelowski and Barroso (2006) identified four categories of validity that are essential to guarantee the
validity of thematic content analysis studies (p. 228). To ensure the reliability of the study, the research was
conducted following the established criteria for each of the four validity types. The following section
outlines the criteria and the procedures carried out in the study for each criterion.

1. Descriptive validity refers to the factual accuracy of the data. It implies that all relevant studies have
been included in the research and that the information from each study is accurately defined.

2. Interpretive validity refers to the full and fair representation of the understanding and perspectives of the
researchers.

3. Theoretical validity refers to the reliability of the researchers' interpretations.

4. Pragmatic validity refers to the usefulness and transferability of knowledge.

Sandelowski and Barroso (2006) delineated the process of optimizing validity in thematic content analysis
studies (p.232). The methodology employed to ensure the validity of this study is presented in Table 3. All
actions performed are marked with a cross sign (%).

Table 3. Types of Validity Provided in the Study
Validity Type

.% E o L
£ 88 E
2 8 &8 B
O£ E &
Utilize all available communication channels for searching X
Consultation with experts in research synthesis X
Independent search by at least two persons X
Independent assessment of each report by at least two persons X X

X
x
x
X

Exchange ideas about changes in the process and the results achieved, and
document the whole process

3. RESULTS / FINDINGS

The aims of the STEM studies in the scope were examined. The frequencies and percentages of the aim
category and related codes are presented in Table 4. The studies are presented in the table with their
respective codes.
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Table 4. Frequencies and Percentage of the Aims of STEM Studies

Category  Codes Studies f %
Determining opinions about STEM A6, Al5, Al18, A19, A21, A31, A32, 16  16.33
education A43, Ad4, A45, AB4, AG5, A58,

A59, A68, AT0
Determining the effect of teaching on A4, Al12, Al4, Al16, A17, A24, A28, 16  16.33
skill development A34, A37, A39, A47, A50, A56,

A57, A58, A69
Determining the effect of teaching on A4, A10, Al6, A23, A30, A37, A39, 14  14.29
affective behaviours Ad4, A50, A53, A56, A57, A58, A60
Affective behavior detection A5, A8, All, A20, A27, A31, A33, 9 9.18

A61, A66
Curriculum review A3, A25, A26, A35, A62, A63, A65 7 7.14
Content analysis of STEM studies Al3, A22, A42, A51, A64 5 5.10
Determining the effect of teaching on A36, A37, A52, A53, A57 5 5.10
cognitive behaviours
Socio cultural and gender studies A5, A7, A48 3 3.06

Aj Psychomotor behavior/ Scientific process A5, A20, A27 3 3.06
im : R
skills determination
Metaphor detection A40, A4l 2 2.04
STEM career choice A2, A48 2 2.04
Teacher candidate education A10, A0 2 2.04
Instructional material design A29, A32 2 2.04
Measurement tool development- A49, A67 2 2.04
adaptation
Education system and policies A7, Ad6 2 2.04
Environmental education Ab54 1 1.02
In-service training Al6 1 1.02
Mind map detection Ab54 1 1.02
Misconception detection A52 1 1.02
STEM prerequisite determination A9 1 1.02
STEM cognitive structure detection A38 1 1.02
Use of distance education A55 1 1.02
The nature of STEM concepts Al 1 1.02
Total 98 100

* A study may comprise more than one aim
f=frequency, %= percentage

Table 4 reveals that the majority of publications in the field of STEM in the SSCI and ERIC index from
Tiirkiye focus on equally two aims: the determination of opinions about STEM education (16.33%)
determining the effect of teaching on skill development (16.33%). The analysis revealed that the most
frequent aims were, in order, determining the effect of teaching on affective behaviors (14.29%), affective
behavior detection (9.18%), curriculum review (7.14%), content analysis of STEM studies (5.10%) and
determining the effect of teaching on cognitive behaviors (5.10%), respectively. However, Table 3 indicates
that one study each was conducted on the following topics: in-service training (A16), misconception
detection (A52), mind map detection (A54), nature of STEM concepts (Al), STEM prerequisite detection
(A9), STEM cognitive structure detection (A38), use of distance education (A55) and environmental
education (A54).

In the meantime, it is understood that some studies researched more than one subject. To illustrate, the study
coded A54 investigated the subjects of opinion determination towards STEM, environmental education and
mind mapping; the study coded A5 investigated the subjects of affective behavior determination,
psychomotor behavior/scientific process skill determination, socio-cultural and gender; and the study coded
A4 investigated the subjects of the effect of instruction on affective behavior and the effect of instruction on
skill development.

The dependent variables in the STEM studies were analyzed within the scope of the research. The
frequencies and percentages of the dependent variables category and related codes are presented in Table 5.
The studies are presented in the table with their respective codes.
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Table 5. Frequencies and Percentage of the Dependent Variables of STEM Studies

Category Codes Studies f %
Achievement A36, A37, A53 3 8.11
Attitude towards STEM A50, A52, A53 3 8.11
Scientific creativity A28, A34, A47 3 8.11
Critical thinking A4, A39, A1 3 8.11
STEM perception A39, A51 2 541
STEM awareness Al10, A58 2 541
Science process skills A56, A58 2 5.41
21 century skills Al2, Al4 2 541
Ability to prepare lesson plan Al7 1 2.70
Ability to design STEM learning and teaching A3 1 270
processes
Attitude towards science A52 1 2.70
Dependent  Attitude towards science and technology Ad4 1 2.70
Variables Conceptual change A52 1 2.70
Daily life problem solving A36 1 2.70
Engineering perception AB60 1 2.70
Innovative thinking skills AB69 1 2.70
Intrinsic motivation Ad 1 2.70
Reflective thinking skills A37 1 2.70
Research skills AB9 1 2.70
Problem solving perception A4 1 2.70
Psychomotor skills A37 1 2.70
STEM career interest A30 1 2.70
STEM profession interest A56 1 2.70
STEM semantic perceptions A50 1 2.70
STEM teaching tendency Al10 1 2.70
Total 37 100

* A study may include more than one dependent variable. f=frequency, %= percentage

Table 5 illustrates that the dependent variables on which the impact of STEM education has been most
extensively researched were achievement, attitude towards STEM, scientific creativity, and critical thinking,
with an equal percentage (8.11%). The subsequent dependent variables used were STEM perception, STEM
awareness, science process skills, and 21st-century skills, which have equal percentage (5.41%). Moreover,
an analysis of the studies according to the number of independent variables revealed that the studies in which
only a single independent variable was examined were the most common, while the studies in which three
independent variables were examined were the least common. A single independent variable was examinedin
12 studies (Al12, Al4, Al7, A28, A30, A34, Ad4, A47, A52, A58, A60, A63). In eight studies, two
independent variables were examined. These were A4, A36, A39, A50, A51, A53, A56 and A69. In only two
studies, three independent variables were examined. These were A37, A50 and A60.

The learning models integrated with STEM were investigated in the STEM. Table 6 shows the findings
related to the teaching methods and practices integrated with STEM in the analyzed studies. The studies are
presented in the table with their respective codes.

Table 6 demonstrates that in 20 studies, STEM education was implemented in conjunction with various
learning models. Among these learning methods, STEM education was most commonly implemented with
the project-based learning method (20.0%). Then it was followed by inquiry-based learning, out-of-school
learning, the socio-scientific method, and engineering design-based learning with an equal percentage
(10.0%).
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Table 6. Frequencies and Percentage of the Learning Models Integrated with STEM

Category Codes Studies f %
Project-based learning A10, Al2, A19, A24 4 20
Engineering design-based learning A39, A56 2 10
Inquiry-based learning A27, A47 2 10
Out-of-school learning All, A30 2 10
Socio-scientific method Al4, A15 2 10
Cooperative learning Al 1 5

Learning Model ~ Argumentation A37 1 5
Digital game-technology oriented learning  A29 1 5
Game-based learning A4 1 5
Mathematical modelling A46 1 5
Robotic applications A70 1 5
Simulation supported learning A58 1 5
Virtual reality A68 1 5

Total 20 100

f=frequency, %= percentage

The research approach, design, and method used in the analyzed studies were investigated. The frequencies
and percentages of the methodology/design category a are presented in Table 7. The studies are presented in
the table with their respective codes.

Table 7. Frequencies and Percentage of the Methodology/Design in STEM Studies

Category Sub-category  Codes Studies feode  Ycode  Fso  Yosc
Quasi-experimental A28, A37, Ad7 3 429 20 2857
Pre-experimental Al10, A12, A52, A60 4 5.71
Descriptive A2, A55, A66 3 4.29
Quantitative  Correlational A20 1 143
Survey A5, A8, A18, A29, 8 11.43
A33, A49, AB1, A67
Meta-analysis A57 1 1.43
Culture analysis A7 1 143 37 52.86
Phenomenology Al, Al19, A38, A40, 7 10.00
A4l, A43, AT0
Case-study A6, A9, All, Al5, 16 22.86
Al6, Al7, A21,
E":stihg‘;]do'ogy/ A23, A27, A32,
A39, A45, A48,
Quialitative Ab4, A9, A68
Action research Ad4 1 1.43
Individual- self research  A31 1 143
Document analysis A35, A62 2 2.86
Review A46, A65 2 2.86
Concept analysis A26 1 143
Content analysis A3, A22, A25, A42, 6 8.57
A51, A4
Explanatory A4, Al13, A24, A36, 7 10.00 13 1857
A53, A56, A58
. Exploratory A34 1 1.43
Mixed Triangulation A0, A9 2 286
Embedded Al4, A30 2 2.86
Multiphase A63 1 1.43
Total 70 100

*feode: Frequency of code, %code: Percentage of code, fs.: Frequency of sub-category, %s.: Percentage of sub-category

In Table 7, the category presents the research approaches, the sub-category presents the research designs, and
the codes present the research methods. As evidenced by Table 6, studies within the STEM disciplines are
predominantly qualitative in terms of research methodology (52.86%) and interactive in terms of research
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design (34.29%). Case study has been identified as the most prevalent research method employed in STEM
studies (%22.86). It is observed that phenomenology and explanatory research methods share second place
with equal percentages (10.0%). Nevertheless, Table 7 indicates that correlational, meta-analysis, cultural
analysis, action research, individual-self research, concept analysis, exploratory, and multiphase research
methods are the least favored research approaches in STEM studies.

The sample levels of the STEM studies were examined. The frequencies and percentages of the sample level
category is presented in Table 8. The studies are presented in the table with their respective codes.

Table 8. Frequencies and Percentage of the Sample Levels in STEM Studies

Category Codes Studies f %
Pre-school Al9, A27 2 2.86
Primary school A4 1 1.43
Secondary school A5, A7, All, Al4, A28, A29, A30, A33, A36, A37, A39, 24 34.29
A40, A4l, Add, A45, A47, Ad9, A2, A53, A56, A59,
sample _ AB0, A6, A69
Level High school Al2, A34, A48 3 4.29
Undergraduate Al, A6, A8, Al0, Al5, Al7, A20, A21, A23, A24, A32, 19 27.14
A38, A43, A50, Ab4, A58, A61, A63, A70
Teacher A9, Al6, Al18, A31, A55, A67, A68 7 10.00
Document A2, A3, Al3, A22, A25, A35, A42, A51, A57, A62, A64 11 15.71
No sample size A26, Ad6, A65 3 4.29
Total 70 100

f=frequency, %= percentage

Table 8 shows that the most preferred sample level used in STEM studies was secondary school (34.29%). It
can be seen that the undergraduate level was in second place (24.14%) and the document was in third place
(15.71%). Furthermore, Table 6 shows that the least used sample level was pre-school (2.86%) and three
studies did not specify the sample level.

The sample sizes of the STEM studies were investigated. The frequencies and percentages of the sample
sizes category are illustrated in Table 9. The studies are presented in the table with their respective codes.

Table 9. Frequencies and Percentage of the Sample Sizes in STEM Studies

Category Codes Studies f %
1-10 A3, A9, A31, A35, A55, A62, A68 7 10.00
11-50 Al, A4, All, A12, Al13, Al4, Al5, Al6, Al7, Al9, A21, 34 4857

A22, A23, A27, A30, A32, A36, A37, A39, Ad2, A43,
Ad4, A45, A50, A51, A52, A53, A54, A56, A57, A58,

A59, A0, A63
Sample Size 51-100 AT, A25, A28, A40, Adl, A47, A64 7 10.00
101-200 A6, A10, A20, A24, A33, A34, A38, A61, A69 9 12.86
201-500 A5, A8, Al18, A48, A66, AT0 6 8.57
501-1000 A29, A67 2 2.86
Over than1000 A2, A49 2 2.86
No sample size A26, Ad6, A65 3 4.29
Total 70 100

f=frequency, %= percentage

Table 9 shows that between 11 and 50 sample size was the most preferred in STEM studies (48.57%).
Moreover, it presents that sample sizes between 201 and 500 and between 501 and 1000 were the least
preferred sample sizes in STEM studies, with the same percentage (2.86%). In addition, Table 8 also
presents that three studies did not specify the sample size.

Data collection tools used in STEM studies were examined. The frequencies and percentages of data
collection tools category is illustrated in Table 10. The studies are presented in the table with their respective
codes.
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Table 10. Frequencies and Percentage of Data Collection Tools in STEM Studies

Category Codes Studies f %

Questionnaire/Form A9, A10, All, Al6, A18, A22, A23, A24, A32, A33, A36, 19 15.83
A40, A41, A48, A50, A51, A63, A64, A70

Achievement/Concept  A24, A28, A34, A36, A37, A47, A52, A53, A56, A58 10 833
test
Scale A4, A5, A8, A10, A12, Al4, A20, A30, A37, A39, Ad4, 22 18.33
A49, A50, A52, A53, A56, A58, AG0, A61, AB6, A67, A69
Data Interview A4, A6, A7, A9, A12, Al4, A15, A19, A21, A27, A30, A31, 26 2167
Collection A38, A39, Ad3, Ad4, Ad5, A53, A54, A55, A56, A58, A59,
Tool A63, A68, ABY
Observation A4, A6, A7, A27, A3l, A69 6 5.00
Field notes A6, A7, Al4, A15, Ad4, A59, AG9 7 583
Alternative tools A4, A9, A23, A24, A25, A29, A37, A38, Add, AS4 10 833
Document AL, A2, A3, A7, A9, A13, A16, Al7, A24, A31, A35, Add, 16 13.33
AB53, A57, A59, A62
No data collection A26, A42, A46, A5 4 3.33
Total 113 100

* A study may include more than one type of data collection tool
f=frequency, %= percentage

Table 10 indicates that interview was mostly preferred data collection tools in STEM studies (21.67%). It is
seen that the scale was in second place (18.33%) and the questionnaire/form was in third place (15.83%).
Furthermore, Table 10 indicates that observation was the least preferred data collection tool, and in four
studies used any data collection tool.

Table 11. Frequencies and Percentage of Number of Data Collection Tools in STEM Studies

Category Codes Studies f %
Al, A2, A3, All, Al13, Al7, Al18, A19, A21, A22, A25, A28, 33  47.14
1 A29, A32, A33, A34, A35, A40, A4l, A43, A45, A47, A48,

A51, A55, A57, A6O, A6l, A62, A64, A67, A68, A70
A5, A8, Al0, Al5, Al16, A20, A23, A27, A36, A38, A49, A54, 13 1857

2
A63
ggmﬁ: O?]f%a;f 3 A6, A12, A31, A37, A39. A50, A52, A56, A58, A59. AG6 11 1571
4 A7, A30, A53 3 429
5 Al4 A24 Ad4 3 429
6 A4 ABY 2 286
7 A9 1 143
No number A26, Ad2, Ad6. A65 4 571
Total 70 100

f=frequency, %= percentage

The number of data collection tools employed in STEM studies was examined. The frequencies and
percentages of the number of data collection tools category are presented in Table 11. The studies are
presented in the table with their respective codes.

Table 11 indicates that the majority of STEM studies employed a single data collection tool (47.14%).
Moreover, it is seen that the least of STEM studies used seven data collection tools (1.43%). In addition, the
frequency and number of data collections appear to be inversely proportional.

The instructional durations of STEM studies were analyzed. The frequencies and percentages of the
instructional duration category are presented in Table 12. The studies are presented in the table with their
respective codes.

Table 12 shows that the instructional duration of 29 studies varied between one week to 24 weeks. It seems
that the most commonly preferred instructional duration was four weeks (17.24%). Table 11 also shows that
6 weeks, 8 weeks, and 14 weeks with instructional duration shared second place in STEM studies, with equal
percentages (13.79%).
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Tablo 12. Frequencies and Percentage of STEM Studies' Instructional Duration

Category Codes Studies f %
1 week A30 1 3.45
2.5 week A52 1 3.45
3 week All, A36 2 6.90
4 week Al, Al2, A27, A32, Ab4 5 17.24
5 week A39 1 3.45
6 week A28, A45, A47, A69 4 13.79
Instructional 8 week A4, A9, A60, A68 4 13.79
duration 9 week A23 1 3.45
10 week A58 1 3.45
12 week A34 1 3.45
13 week A9, Al17 2 6.90
14 week A15, A31, Ad4, A63 4 13.79
15 week A56 1 3.45
24 week Al4 1 3.45
Total 29 100

f=frequency, %= percentage

Data analysis methods of STEM studies were investigated. The frequencies and percentages of data analysis
category are presented in Table 13. The studies are presented in the table with their respective codes.

Table 13. Frequencies and Percentage of Data Analysis in STEM studies

Sub-
category

Category Codes

Studies feode Ycode  Tsc Yosc

Descriptive statistics
with tables

Figure/graphic
t-test

Quantitative
Correlation
ANOVA/ANCOVA
Factor analysis
Regression
Non-parametric

Data

Analysis .
y Effect size

A2, A4, A5, A8, A10, Al4, 22 17.19
Al8, A25, A28, A29, A30,
A34, A37, A39, A48, A50,
A52, A53, A60, A61, A66,
AB9
A2, Al13, A57, A67 4
A4, A5, A8, Al4, A25,
A28, A30, A34, A39, A50,
AS52, A53, A61, A9
A5, A8, A20, A24, A25 5
Al0, A30, A61, A66, A69 5
A49, A67 2
1
1

3.13
10.94

3.91 73 57.03

3.91

1.56

0.78
4 10.94

A8

Al2, A18, A20, A25, A36,
A37, A39, Ad4, A4T7, A53,
AS56, A60, A63, AG6

Al3, A34, A39, A52, A57, 6
A58

4.69

Content analysis

Qualitative

Descriptive analysis

Constant- comparative
Total

Al, A3, A4, All, Al2, 29.69

Al3, Al4, Al15, Al6, Al9,

A21, A22, A25, A27, A30,

A31, A32, A33, A34, A35,

A36, A40, A4l, A42, A43,

Ad4, A45, A50, A51, A53,

Ab54, A55, A58, A62, AG3,

A64, A68, A70

AB, A8, A9, Al5, Al6, 16

Al7, A23, A24, A33, A36,

A38, A39, Ad4, AS6, A9,

AB9

A7 1
128

55 4297

12.50

0.78
100

* A study may include more than one data analysis method

feode:=frequency of code, %code:= percentage of code, fsc= frequency of sub-category, %s.= percentage of sub-category
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Table 13 indicates that quantitative analysis methods were employed with greater frequency than qualitative
data analysis methods in STEM studies. However, Table 13 shows that content analysis was the first place,
descriptive analysis with tables was the second place, t-test, and non-parametric analysis were the third
places with equal percentages. However, regression and constant-comparative were the least used as data
analysis methods with equal percentages in STEM studies.

The results related the effects of STEM education on dependent variables were examined. The frequencies
and percentages of the result category are presented in Table 14. The studies are presented in the table with
their respective codes.

Table 14. Results on the Effect of STEM Education on Variables

Category  Sub-category  Codes Studies foode  Yocode  fse  Yosc
Attitude towards STEM A50, A52, A53 3 8.11
Scientific creativity A28, A34, A47 3 8.11
Achievement A37, A53 2 541
Critical thinking A39, A51 2 541
Scientific process skills A56, A58 2 5.41
STEM awareness A10, A58 2 541
STEM perception A39, A51 2 541
21-st century skills Al2, Al4 2 541
Ability to prepare lesson plan Al7 1 2.70
Attitude towards science and Ad4 1 2.70
technology
A positive Competence to design the AB63 1 2.70
effect was learning-teaching process 32 86.49
found according to STEM
Result Conceptual change A52 1 2.70
Daily life problem solving A36 1 2.70
Engineering perception A60 1 2.70
Innovative thinking skills A37 1 2.70
Intrinsic motivation Ad 1 2.70
Psychomaotor skills A37 1 2.70
Reflective thinking A37 1 2.70
Research skills AB69 1 2.70
STEM career interest A30 1 2.70
STEM profession interest A56 1 2.70
STEM teaching tendency Al0 1 2.70
Achievement A36 1 2.70
A positive Attitude towards science A52 1 2.70
effect was not  Ciritical thinking A4 1 270 5 1351
found Problem-solving perception A4 1 2.70
STEM semantic perception A50 1 2.70
Total 37 100

f=frequency, %= percentage

Table 14 indicates that STEM education had a statistically significant positive effect on the dependent
variables, with a percentage of 86.49%. Table 13 also indicates that the dependent variables exhibiting the
most positive effects were scientific creativity and attitude towards STEM, with equal percentages (8.11%).
Conversely, STEM education did not have a statistically significant positive effect on the dependent
variables, with a percentage of 13.51%. As can be seen in a positive effect was not found sub-category, the
dependent variables, achievement, attitude toward science, critical thinking, problem-solving perception, and
STEM semantic perception had the same percentage (2.70%).

4. DISCUSSION and CONCLUSION
This study sought to ascertain the general trajectory of STEM studies in Tiirkiye over the past decade. To

this end, 70 STEM studies published in 15 educational science journals and indexed in the SSCI or ERIC
database between 2013 and 2022 were subjected to analysis. The aforementioned studies were subjected to a
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thematic content analysis employing parameters including the studies' stated aims, dependent variables,
learning models that integrate with STEM, research methods, the composition of sample groups, sample
sizes, data collection tools, number of data collection tools, instructional durations, data analysis methods,
and results.

Upon examination of the aims of the study, it was observed that the aims of opinion determination towards
STEM education and the effect of teaching on skill development were the most extensively studied, followed
by the effect of teaching on affective behaviors. This result is comparable to that obtained by Kaya and Ayar
(2020). Kaya and Ayar (2020) identified the most studied topics in STEM education studies in Tirkiye as
opinions towards STEM education, attitudes towards STEM education, and skills towards STEM education,
respectively. Sarica (2020) found that the most studied topic was skill development, followed by opinion
formation. The high number of studies whose aim or purpose is to determine opinions is thought to be due, at
least in part, to the desire to collect more detailed information from the sample group through interviews or
open-ended surveys after STEM education. Moreover, It has been demonstrated that there is a dearth of
studies about in-service training, misconception detection, mind mapping detection, the nature of STEM
concepts, STEM prerequisite determination, STEM cognitive structure detection, the utilization of distance
education in STEM education, and environmental education in STEM education.

The study revealed that the dependent variables in which the effect of STEM education was most extensively
examined as an independent variable were achievement, attitude towards STEM, scientific creativity, and
critical thinking, with equal percentages. The results appear to be in close alignment with those of several
previous studies in the literature, including those by Aydin-Giinbatar & Tabar (2019), Cavas et al. (2020),
Ecevit et al. (2022), and Giilhan (2022). For instance, Cavas et al. (2020) observed that in the postgraduate
theses and articles in the field of STEM education in Tiirkiye between 2010 and 2018, skills were
predominantly examined as dependent variables, followed by attitude and achievement. Ecevit et al. (2022)
found that the most frequently studied dependent variables in graduate theses and articles in the field of
STEM education between 2014 and 2020 in Tiirkiye were attitude, achievement and problem-solving skills,
respectively.

This study revealed that the most integrated approach to STEM education was project-based learning. This
result was also found in the study conducted by Zulaikha et al. The reason why the project-based learning
model is more integrated with STEM education is that they are similar in many ways. Furthermore, project-
based teaching can facilitate the acquisition of numerous 21st-century skills, which is one of the fundamental
objectives of STEM education (Katz & Chard, 2000, p.161). Furthermore, the present study revealed that,
following project-based learning, STEM education became more integrated with inquiry-based learning, out-
of-school learning, socio-scientific learning, and engineering design-based learning.

The case study method was identified as the most frequently employed research method in the publications
examined in the current study. Similarly, studies in the literature have indicated that the case study method is
the most frequently employed research method in STEM education studies (Aydin-Giinbatar & Tabar, 2019;
Cavas et al., 2020; Kizilay, 2018; Ozcan & Karabas, 2019). Furthermore, in the studies examined, it was
observed that after the case study method, survey, phenomenology, and explanatory research methods were
used more frequently. In addition correlational, meta-analysis, culture analysis, action research, concept
analysis, and exploratory research methods were used very rarely in STEM studies.

The sample groups most commonly employed in STEM studies were examined, with the results indicating
that studies conducted with secondary school students were found to be the most prevalent. Similar findings
were identified in many studies within the literature (Dasdemir et al., 2018; Eren & Dokme, 2022; Ergiin,
2020; Giilhan, 2022; Kalemkus, 2020; Mandev & Yavuz, 2022; Ozcan & Karabas, 2019; Sarica, 2020;
Piiskiilli, 2019). It is hypothesized that the incorporation of STEM education into the 2018 Science
Curriculum, encompassing Science, Engineering, and Entrepreneurship Practices, has been effective in
increasing the number of STEM education studies, particularly at the secondary school level. Furthermore, it
was determined that the most frequently studied sample group after secondary school students was
undergraduate students, while the least frequently studied sample groups were preschool and primary school
students.
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In addition, the most frequently studied sample sizes were also examined in STEM studies. It was
determined that the most commonly used sample size was between 11 and 50. In the study conducted by
Ormanci (2020), the most frequently used sample size was found to be in a similar range (between 31 and
50) to the current study.

In this study, the interview was identified as the principal data collection tool in STEM studies. Some studies
have reached similar findings in the literature (Caliskan & Okusluk, 2021; Kizilay, 2018; Piiskiilli, 2019).
However, it was concluded that observation was the least used data collection tool in this study. Furthermore,
it was found that the majority of studies employed a single data collection tool, with the number of studies
decreasing as the number of data collection tools used increased. It is notable that no study in the literature
can be related to this data.

This study revealed that the instructional duration employed varied considerably between one and 24 weeks.
The most frequently used instructional duration was four weeks, followed by six, eight, and 14 weeks, each
of which occurred at equal rates. Kalemkus (2020) determined that the most common instructional duration
was six to 10 weeks. In the study conducted by Aydin-Giinbatar and Tabar (2019), the most common
instructional duration was observed to be between one and two months (4-8 weeks). The findings of this
study indicate that one of the most common aims of STEM studies is to determine the effect of teaching on
skill development. It is reasonable to assume that skill development will not be achieved in a relatively short
period. Therefore, it is deemed appropriate that the instructional duration should be extended to a minimum
of four weeks or more.

Upon examination of the data analysis methods employed in the studies, it was found that quantitative data
analysis methods were utilized more frequently than qualitative data analysis methods. However, it appears
that the majority of the data was analyzed using content analysis. Ecevit et al. (2022) and Sungur Giil et al.
(2022) defined content analysis as the most frequently used data analysis method.

The results of the studies examining the effect of STEM education on the dependent variables were analyzed.
The findings demonstrated that STEM education had a statistically significant, positive effect on the
dependent variables at a rate of 86.49%, whereas the effect was not statistically significant for the remaining
13.51%. The analysis revealed that the dependent variables exhibiting the most positive effects were
scientific creativity and attitude toward STEM. The number of studies examining the results of STEM
education in the literature is relatively limited (Duran & Sari, 2021; Ultay et al., 2021). In Duran and Sart's
(2021) study, it was found that STEM education had the most positive effect on academic achievement.
Ultay et al. (2021) categorized the results of all STEM education studies they examined. In this study, it was
found that there was a positive tendency according to STEM, with a positive opinion that STEM education
increased students' attitudes and interest towards science courses.

Consequently, it has been established that the number of studies on STEM education conducted in Tiirkiye
and published in SSCI or ERIC-indexed journals has gradually increased over the past decade. The majority
of studies included in this review were conducted with secondary school students. The qualitative research
approach and the case study method were the most frequently employed research methods, while content
analysis was the most prevalent method used for data analysis. Furthermore, the results of these studies
indicated that STEM education had the most positive effect on attitudes towards STEM and scientific
creativity. Furthermore, the effect of STEM education on academic performance, critical thinking, scientific
creativity, and attitudes towards STEM was investigated. The findings suggest that STEM education has a
predominantly positive effect on scientific creativity and attitudes towards STEM.

4.1. Suggestions

The analysis of the studies revealed that only a small number of studies were focused on specific objectives,
including metaphor determination, career choice for STEM disciplines, pre-service teacher education,
instructional material design, measurement tool development and improvement, education system and
policies, in-service training, misconception determination, mind map determination, prerequisite and
cognitive structure determination related to STEM, and distance education and environmental education. It
can be concluded that there is a need for further studies to be conducted on these objectives.
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It has been observed that variables such as self-efficacy, self-confidence, and scientific literacy etc. are not
included as dependent variables in STEM studies. These variables may be included as dependent variables in
future STEM studies.

A review of the literature revealed a paucity of studies that integrated STEM education with a range of
pedagogical approaches, including cooperative learning, argumentation, technology-supported teaching,
mathematical modeling, game-based learning, and simulation-supported research learning methods.
However, there is potential for further research in this area, with studies being conducted in this field
integrating STEM education with models such as problem-based learning, the 5E model, the REACT model,
and others.

The studies observed were predominantly conducted using qualitative research methods, with mixed
methods employed in the lowest percentage. Consequently, there is scope to expand the body of literature
utilizing this approach. The case study was the method employed in most of the studies, although only a few
employed other methods, including correlational, meta-analysis, cultural analysis, action research, concept
analysis, and exploratory research. There is a potential for further studies to employ these research methods
within the context of STEM education.It has been observed that the number of studies involving primary
school, pre-school, and high school students as a sample is very low. It is therefore recommended that
studies on STEM education involving students at these educational levels be emphasized. It was observed
that the sample size of the analyzed studies was mostly between 11-50. However, studies with sample sizes
outside this range can be conducted.

As observation and field notes were seldom employed as data collection instruments in the studies analyzed,
further research utilizing these techniques could be conducted. The findings revealed that a significant
majority of studies employed a single data collection instrument, with a markedly lower proportion utilizing
four or more. Therefore, it is recommended that the number of data collection instruments be augmented in
future studies.It has been observed that regression analysis is rarely employed in studies within the STEM
disciplines. However, there is potential for the use of regression analysis in the future to inform educational
practice within this field.

This study focused on analyzing only those studies published in SSCI or ERIC-indexed journals to determine

the status of STEM education in Tiirkiye. It is recommended that this study be expanded in the future by
examining STEM studies conducted in Tiirkiye and scanned in other international indexes.

Acknowledgments
This study was produced as a master’s thesis by the first author under the supervision of the second author.
Declaration of Conflicting Interests and Ethics

In terms of the ethical standards that govern research, the approval of an ethics committee is not a
prerequisite for this study.

Authorship Contribution Statement

Inang Kosen: Conceptualization, Investigation, Methodology, Analysis, Writing e original draft.
Hiilya Dede: Conceptualization, Supervision, Validation, Writing e review, and editing.

REFERENCES

Akgiindiiz, D., Aydeniz, M., Cakmakg1, G., Cavas, B., Corlu, M. S., Oner, T., & Ozdemir, S. (2015). STEM
egitimi Tiirkiye raporu. Scala Basim.

Altunel, M. (2018). STEM egitimi ve Tiirkiye: firsatlar ve riskler. Seta Perspektif, 1-7.

Au, W. (2007). High-stakes testing and curricular control: A qualitative metasynhesis. Educational
Researcher, (36), 258-267. https://doi.org/10.3102/0013189X07306523



https://doi.org/10.3102/0013189X07306523

International Journal of Education and Artificial Intelligence

Aydm-Giinbatar, S., & Tabar, V. (2019). Content analysis of science, technology, engineering and
mathematics (STEM) research conducted in Turkey. YYU Journal of Education Faculty, 16(1), 1054-
1083.

Bolat, A., & Saltan, F. (2020, November). Tiirkiye'de fen egitimi alanminda hazirlanan STEM konulu
lisanstistii tezlerin icerik analizi: 2015-2019. Poster Presentation, Conference: 2nd International
Conference on Science, Mathematics, Entrepreneurship and Technology Education, Yalova, Tirkiye.

Bybee, R.W. (2010). Advancing STEM education: A 2020 vision. Technology and Engineering Teacher,
70(1), 30-35.

Ceylan, S. (2014). A study for preparing an instructional design based on science, technology, engineering
and mathematics (STEM) approach on the topic of acids and bases at secondary school science course
[Unpublished doctoral thesis]. Bursa Uludag University.

Ceylan, S. (2021). Investigation of the graduate studies on STEM and the use of it in education. Trakya
Journal of Education, 11(2), 820-837.

Chen, M., & Du, Y. (2016). The status of open access library and information science journals in SSCI. The
Electronic Library, 34(5), 722-739. https://doi.org/10.1108/EL-05-2015-0070

Calik, M., & Sozbilir, M. (2014). Parameters for content analysis. Science and Education, 39(174), 33-38.
https://doi.org/10.15390/EB.2014.3412

Calik, M., Ayas, A., & Ebenezer, J. (2005). A review of solution chemistry studies: Insights into students'
conceptions. Journal of  Science Education and Technology, 13(2), 29-50.
https://doi.org/10.1007/s10956-005-2732-3

Caligkan, A., & Okusluk, F. (2021). The content analysis of graduate thesis on education and in field STEM.
AJER-Academia International e-Journal, 6(1), 124-136.

Cavas, P., Ayar, A., Bula Turuplu, S., & Giircan, G. (2020). A study on the status of STEM education
research  in  Turkey. YYU Journal of Education Faculty, 17(1), 823-854.
https://doi.org/10.33711/yyuefd.751853

Ciftci, S. (2006). The Effect of project-based learning to the student’s level of taking academic risk, ability of
problem solving, student achievement, retention of learned things and attitude of the students for
teaching social studies [Unpublished doctoral thesis]. Selguk University.

Dasdemir, 1., Cengiz, E., & Aksoy, G. (2018). An investigation of research trends in the field of STEM
education in  Turkey. YYU Journal of Education Faculty, 15(1), 1161-1183.
http://dx.doi.org/10.23891/efdyyu.2018.100

Duran, M. & Sar1, K. (2021). Evaluation of thesis studies in the area of STEM education from 4th to Sth
grades. lhlara Journal of Educational Research, 6(2), 213-234. https://doi.org/10.47479/ihead.934643

Ecevit, T., Yildiz, M., & Balci, N. (2022). Content analysis of STEM education studies in Turkey. Bolu
Abant lzzet Baysal University Journal of Faculty of Education, 22(1), 263-286.
https://doi.org/10.17240/aibuefd.2022..-893198

Ejiwale, J. (2013). Barriers to successful implementation of STEM education. Journal of Education and
Learning, 7(2), 63-74.

Elmali,, S., & Balkan Kiyici, F. (2018). Review of STEM studies published in Turkey. Sakarya University
Journal of Education, 7(3), 685-696. https://doi.org/10.19126/suje.322791

English, L. D. (2016). STEM education K-12: perspectives on integration. International Journal of STEM
Education, 3(1), 1-8. https://doi.org/10.1186/s40594-016-0036-1

Eren, E., & Dokme, 1. (2022). An effective intervention with a blended learning environment for improving
cognitive learning and spiritual meaning. Cultural Studies of Science Education, 17, 991-1012.
https://doi.org/10.1007/s11422-021-10083-3

Ergiin, A. (2020). Analysis of post-graduate dissertations on STEM education which have been written in
Turkey in 2012-2018. Mediterranean Journal of Educational Research, 14(31), 393-421.
https://doi.org/10.29329/mjer.2020.234.19

Finfgeld, D. (2003). Metasynthesis: The state of the art-so far. Qualitative Health Research, 13(7), 893-904.
https://doi.org/10.1177/1049732303253462

Gokeen, S. (2021). Content analysis of graduate theses on STEM applications in science and mathematics
education [Unpublished master’s thesis]. Bartin University.

Giil, S., & Sozbilir, M. (2015). Thematic content analysis of scale development studies published in the field
of science and mathematics education. Science and Education, 40(178), 85-102.
https://doi.org/10.15390/EB.2015.4070

Giilhan, F. (2022). Analysis of trends in researches on STEAM (STEM + Art) made in Turkey. Turkish



https://doi.org/10.1108/EL-05-2015-0070
https://doi.org/10.15390/EB.2014.3412
https://doi.org/10.1007/s10956-005-2732-3
https://doi.org/10.33711/yyuefd.751853
http://dx.doi.org/10.23891/efdyyu.2018.100
https://doi.org/10.47479/ihead.934643
https://doi.org/10.17240/aibuefd.2022..-893198
https://doi.org/10.19126/suje.322791
https://doi.org/10.1186/s40594-016-0036-1
https://doi.org/10.1007/s11422-021-10083-3
https://doi.org/10.29329/mjer.2020.234.19
https://doi.org/10.1177/1049732303253462
https://doi.org/10.15390/EB.2015.4070

Késen & Dede (2024). Thematic content analysis of STEM studies “

Journal of Educational Studies, 9(1), 23-46.

Irkigatal, Z. (2016). STEM related after - school program activities and associated outcomes on students
success and on their STEM perception and interest [Unpublished master’s thesis]. Akdeniz University.

Kalemkus, J. (2020). STEM tendency in experimental researches. Dicle University Journal of Ziya Gokalp
Faculty of Education, 36, 78-90.

Karatas, F. O. (2018). Egitimde geleneksel anlayisa yeni bir sistem. S. Cepni (Eds.), In Kuramdan
uygulamaya STEM egitimi (p.53-68). Pegem Akademi.

Katz, L., & Chard, S. C. (2000). Engaging children’s minds: The project approach. Ablex Publishing
Corporation.

Kaya, A., & Ayar, M.C. (2020). Content analysis of STEM education studies in Turkey. The Journal of
Istanbul Aydin University Education Faculty, 6(2), 275-306.

Kizilay, E. (2018). The analysis of high school students' career interest and motivation towards STEM fields
[Unpublished doctoral thesis]. Gazi University.

Mandev, F., & Yavuz, S. (2022). A content analysis on research in science, technology, engineering and
mathematics (STEM). Karaelmas Journal of Educational Sciences, 10(1), 27-46.

Miles, M. B. & Huberman, A. M. (1994). Qualitative data analysis. SAGE Publications.

Ministry of National Education [MoNE] (2016). STEM egitimi raporu. Yenilik ve Egitim Teknolojileri
Genel Mudurligi.

Ministry of National Education [MoNE] (2018). Fen bilimleri dersi 6gretim programu -ilkokul ve ortaokul 3,
4,5, 6, 7ve 8. Smiflar (Elementary Science Curriculum]. T.C. Milli Egitim Bakanlig1, Talim ve Terbiye
Kurulu Bagkanligi.

Morrison, J. (2006). STEM education monograph series: Attributes of STEM education. Teaching Institute
for Essential Science.

Ormanci, U. (2020). Thematic content analysis of doctoral theses in STEM education: Turkey context.
Journal of Turkish Science Education, 17(1), 126-146. https://doi.org/10.36681/tused.2020.17

Ozcan, H., & Karabas, C. (2019). Investigation of the motivation of class teacher candidates for music
lessons. In International Symposium on Active Learning Proceedings Book (pp. 164-166).

Partnership for 21st Century Learning. (2015). P21 framework definitions. Retrieved from:
http://www.p21.org/storage/documents/docs/P21_Framework Definitions New_Logo_2015.pdf.

Piiskiilli, D. (2019). Evaluation of graduate thesis on STEM (FeTeMM) in secondary school science
education [Unpublished master’s thesis]. Hatay Mustafa Kemal University.

Sandelowski, M., & Barroso, J. (2006). Handbook for synthesizing qualitative research. Springer.

Sanders, M. (2009). STEM, STEM education, STEMmania. The Technology Teacher, 68(4), 20-26.

Sarica, R. (2020). Analysis of postgraduate theses related to STEM education in Turkey: A Meta-Synthesis
Study. Acta Didactica Napocensia, 13(2), 1-29. https://doi.org/10.24193/adn.13.2.1

Sungur Giil, K., Saylan Kirmizigiil, A., & Ates , H. (2022). Review of STEM education in primary and
secondary education in Turkey. The Western Anatolia Journal of Educational Sciences, 13(1), 544-568.

Thomasian, J. (2011). Building a science, technology, engineering and mathematics education agenda: An
Update of state actions. NGA for Best Practices.

TUSIAD. (2014). STEM alaminda egitim almis isgiiciine yonelik talep ve beklentiler arastirmasi. Retrieved
from:http://tusiad.org/tr/yayinlar/raporlar/item/download/7014d28ffa2adda423c6d3852cc01c965993
Ultay, E., & Ultay, N. (2018). The opinions of academicians about the impact of academic incentive

payment on the scientific activities. Journal of Higher Education and Science, 8(1), 162-171.

Ultay, E., Balaban, S., & Ultay, N. (2021). Content analysis of the studies examining the teachers’ and
preservice teachers’ views on STEM education. Turkish Journal of Primary Education, 6(2), 109-125.
https://doi.org/10.52797/tujped.953385

Walsh, D., & Downe, S. (2005). Meta-synthesis method for qualitative research: A literature review. Journal
of Advance Nursing, 50(2), 204-211. https://doi.org/10.1111/].1365-2648.2005.03380.x

Yaman, B. (2020). Investigation of the graduate thesis made in the field of STEM education in Turkey.
Journal of Institute of Economic Development and Social Researches, 6(21), 28-34.

Yildinim, A., & Simsek, H. (2018). Sosyal bilimlerde nitel arastirma yontemleri. Seckin Yaymevi.

Yildirim, B. (2016). An analyses and meta-synthesis of research on STEM education. Journal of Education
and Practice, 7(34), 23-33.

Yildirim, H., & Gelmez-Burakgazi, S. (2020). Research on STEM education studies in Turkey: A qualitative
metasynthesis study. PAU Journal of Education, (50), 291-314. https://doi.org/10.9779/pauefd.590319

Yilmaz, A., Giilgiin, C., Cetinkaya, M., & Doganay, K. (2018). Initiatives and new trends towards STEM



https://doi.org/10.36681/tused.2020.17
http://www.p21.org/storage/documents/docs/P21_Framework_Definitions_New_Logo_2015.pdf
https://doi.org/10.24193/adn.13.2.1
http://tusiad.org/tr/yayinlar/raporlar/item/download/7014d28ffa2adda423c6d3852cc01c965993
https://doi.org/10.1111/j.1365-2648.2005.03380.x
https://doi.org/10.9779/pauefd.590319

International Journal of Education and Artificial Intelligence

education

in  Turkey. Journal of Education and Training Studies, 6,

https://doi.org/10.11114/jets.v6i11a.3795

APPENDIX

A. STEM Studies in the Scope of the Research

Codes

STEM Studies

Al

A2

A3

Ad

A5

Ab

AT

A8

A9

A0

All

Al12

Al3

Al4

AlS

Alb

A17

Akaygun, S., & Aslan-Tutak, F. (2016). STEM images revealing stem conceptions of pre-
service chemistry and mathematics teachers. International fournal of Education in
Mathematics, Science and Technology, 4(1), 56-71.

Akgunduz, D. {2016). A Research about the placement of the top thousand students
placed in STEM fields in Turkey between the yvears 2000 and 2014. EURASIA fournal of
Mathematics, Science and Technology Education, 12(5), 1365-1377.

Aktiirk, A. A, Demircan, H. 0., Senyurt, E., & Cetin, M. (2017). Turkish early childhood
education curriculum  from the perspective of 5TEM education: A document
analysis. fournal of Turkish Science Education, 14{4), 16-34.

Asigigan, 5. L & Samur, Y, (2021). The effect of gamified STEM practices on students’
intrinsic motivation, critical thinking disposition levels, and perception of problem-
solving skills. International Journal of Education in Mothematics, Science, and
Technology {IJEMST]), 9(2), 332-352.

Atabey, N. & Topcu, M.S. [2021). The relationship between Turkish middle school
students’ 21st century skills and STEM career interest: Gender effect. fournal of
Education in Science, Environment and Health [JESEH), 7(2), 86-103.

Avar, M. C. {2015). First-hand experience with engineering design and career interest
in engineering: An informal STEM education case study. Educational Sciences: Theory &
Practice, 15(6], 1655-1675.

Ayar, M.C. & Yalvac, B. (2016). Lesson learned: Authenticity, interdisciplinarity, and
mentoring for STEM learning environments. International Journal of Education in
Mathematics, Science and Technology, 4(1), 30-43,

Giirler, 5. A, [2021). State of prediction of the critical thinking dispositions of primary
school teacher candidates through their self-efficacy for STEM practices. Participatory
Educational Research, 9(3), 62-81.

Aydin, G. [2020). Prerequisites for elementary school teachers before practicing STEM
education with students: A case study. Eurasian Journal of Educational
Research, 20(88), 1-40,

Aydogan Yenmez, A, Gikce, 5., Aydede, M.N. & Celik, T. [2021). Investigation of pre-
service teachers' awareness of STEM and STEM teaching intention, International Online
Journal of Education and Teaching (1OJET], 8(1]. 250-260.

Baran, E., Canbazoglu Bilici, 5., Mesutogly, C. & Ocak, C. (2016). Moving STEM beyond
schools: Students’ perceptions about an out-of-school STEM education program.
International Journal of Education in Mathematics, Science and Technology, 4(1), 9-19,
Baran, M., Baran, M., Karakovun, F., & Maskan, A. (2021). The influence of project-based
STEM [PjbL-STEM] applications on the development of 21st century skills. Journal of
Turkish Science Education, 18(4), 798-815.

Batdi, V., Talan, T., & Semerci, €. (2019). Meta-analytic and meta-thematic analysis of
STEM education. fnternational journal of Education in Mathematics, Science and
Technology [IJEMST), 7(4), 382-3949,

Benek, 1, & Akcay, B, (2021}, The effects of socio-scientific STEM activities on 21st
century skills of middle school students. Participatory Educational Research, 9(2), 25-
52.

Bozkurt Altan, E., Ozturk, N. & Yenilmez Turkoglu, A. (2018). Socio-scientific issues as a
context for STEM education: A case study research with pre-service science teachers.
European fournal of Educational Research, 7{4), 8B05-812.

Altan, E. B, & Ercan, 5. [2016). STEM education program for science teachers:
perceptions and competencies. Journal of Turkish Science Education, 13(special), 103-
117.

Altan, E. B, & Ucuncuogly, I. (2019). Examining the development of pre-service science
teachers” STEM-focused lesson planning skills. Evrasian fournal of Educational

1-10.


https://doi.org/10.11114/jets.v6i11a.3795

Késen & Dede (2024). Thematic content analysis of STEM studies n

Research, 19(83), 103-124.

Alg Cavas, B, Capar, S, Cavas, L, & Yahgi, 0. (2021). Turkish STEM Teachers' Opinions
about the Scientist-Teacher-Student Partnership. fournal of Turkish Science Education
{TUSED), 18(4), 622-637.

Al9 Cetin, A. (2020). Examining project-based STEM training in a primary school.
International Online Journal of Education and Teaching (10JET], 7(3). B11- 825,
A20 (etin, A. (2021). Investigation of the relationship between the STEM awareness and

questioning skills of pre-service teachers. International Journal of Research in Education
and Science {IJRES), 7(1), 65-81.

A21 Cetin, A., & Balta, N. (2017). Pre-service science teachers views on stem materials and
stem competition in instructional technologies and material development course.
Eurapean Journal of Educational Research, 6{3), 279-288.

A22 Cevik, M. ([2017]). Content analysis of STEM-focused education research in
Turkey. Journal of Turkish Science Education, 14(2), 12-26.
A23 Cinar, 5, Pirasa, N, Uzun, N, & Erenler, 5, [2016), The Effect of Stem Education on Pre-

Service Science Teachers' Perception of Interdisciplinary Education. Journal of Turkish
Science Education {TUSED), 13(Special [ssue), 118-142.

A24 Corlu, M.A. & Aydin, E. (2016). Evaluation of learning gains through integrated STEM
projects. International Journal of Education in Mathematics, Science and Technology,
4(1), 20-29.

AZS Corlu, M. 8. (2013). Insights into STEM education praxis: An assessment scheme for
course syllabi. Educational Sciences: Theory & Practice, 12(4), 2477-2485,

AZ6 Corlu, M. S, Capraro, R. M., & Capraro, M. M. (2014). Introducing STEM education:

Implications for educating our teachers in the age of innovation. Science and
Education, 39(171), 74-85.

A2Z7 Dilek, H., Tasdemir, A, Konca, AS, & Baltaci, 5. (2020). Preschool children’s science
motivation and process skills during inguirv-based STEM activities. fJournal of
Education in Science, Environment and Health (JESEH), 6(2), 92-104.

A28 Dogan, A, & Kahraman, E. (2021). The Effect of STEM Activities on the Scientific
Creativity of Middle School Students. International fournal of Curricelum and
Instruction, 13(2), 1241-1266.

AZ9 Donmez, 1, Tekece, M. & Kirmit, 5. (2020). Using digital games in technology oriented
STEM education: The examination of the students’ game designs. fournal of Education
in Science, Environment and Health (JESEH), 6(2}, 77-91.

A30 Donmez, 1. (2021). Impact of out-of-school STEM activities on STEM career choices of
female students. Eurasian Journal of Educational Research, 91, 173-203,
A3l Dénmez, 1., & Tasar, M. F. (2020). A self-study on the values and beliefs of science

teachers and their science, technology, engineering and mathematics [STEM)
applications. Participatory Educational Research, 7(1), 59-79.

A32 Ercan, S., Bozkurt altan, E., Tastan, B, & Dag, [. (2016). Integrating GIS into science
classes to handle STEM education. journal of Turkish Science Education
{TUSED), 13(Special Issue), 30-43,

A33 Ergun, A., & Balcin, M. D. (2019). The perception of engineers by middle school students
through drawings. Eurasian Journal of Educational Research, 19(83), 1-28.
A34 Erogiu, 5. & Bektas, 0. (2022). The effect of STEM applications on the scientific

creativity of 9th-grade students. fournal of Education in Science, Environment and
Health [JESEH), 8(1}, 17-36.

A35 Yapicwogly, A. E. (2021). An analysis of the outcomes of the Turkish science curriculum
in terms of science process skills, nature of science, socio-scientific issues, and STEM:
An analysis of the outcomes of the Turkish science curriculum. International fournal of
Curriculum and Instruction, 13(2), 925-949,

A36 Gitlen, 5. {2019). The effect of STEM education roles on the solution of daily life
problems. Participatory Educational Research, 6{2), 37-50.
A37 Gilen, 5. & Yaman, 5. (2019). The effect of integration of STEM disciplines into

Toulmin's argumentation model on students’ academic achievement, reflective
thinking, and psvchomotor skills. fournal of Turkish Science Education, 16(2), 216-230,




International Journal of Education and Artificial Intelligence

A38

A39

A40

A4l
A4l

A43

Ad4

A45

Ado

A47

A48

A49

AS50

A51

A52

AS3

AS4

A55

AS6

A57

Hacloglu, Y., Yamak, H., & Kavak, N. (2016). Pre-service science teachers' cognitive
structures regarding science, technology, engineering, mathematics (STEM) and
science education. Journal of Turkish Science Education, 13(special), 88-102.

Hacioglu, Y. & Gulhan, F. {2021). The effects of STEM education on the students’ critical
thinking skills and STEM perceptions. Journal of Education in Science, Environment and
Health (JESEH), 7(2), 139-155.

Idin, 5. & Donmez, I (2018]. A metaphor analysis study related to STEM subjects based
on middle school students” perceptions. Journal of Education in Science, Environment
and Health {JESEH), 4{2), 246-257.

idin, . {2019). The metaphors of Turkish, Bulgarian and Romanian students on STEM
disciplines. International Journal of Curriculum and Instruction, 11(2), 147-162.

Kanadh, S. {2019). A meta-summary of qualitative findings about STEM education.
International Journal of Instruction, 12{1}, 959-976.

Karademir, A, & Yidinim, B. (2021). A Different perspective on preschool STEM
education: Preschool 5TEM education and engineering for preservice teachers. fournal
of Turkish Science Education, 18(3), 338-350.

Karahan, E, Canbazoglu-Bilici, 5., & Unal, A, (2015). Integration of media design
processes in science, technology, engineering, and mathematics (STEM) education.
Euvrasian fournal of Educational Research, 60, 221-240.

Karakaya, F., Alabag, Z.E, Akpwinar, A, & Yilmaz M. (2020). Determination of middle
school students’ views about stem activities. International Online Jowrnal of Education
and Teaching (1GJET), 7(2), 537-551.

Kertil, M. & Gurel, C. {2016]). Mathematical modeling: A bridge to STEM education,
International Journal of Education in Mathematics, Science and Technology, 4(1), 44-55.
Kiric,, M. G., & Balkare, H. (2021). The effect of STEM supported research-inguiry-based
learning approach on the scientific creativity of 7th grade students. Jouwrnal of
Pedagogical Research, 5{2), 19-35.

Kizilay, E., Yamak, H., & Kavak, N. (2020). Analysis of the female student profiles who
consider choosing STEM  careers, International  Journal  of  Curriculum  and
Instruction, 12(2), 164-175.

Koyunlu Unlu, Z, Dokme, 1., & Unlu, V. (2016). Adaptation of the science, technology,
engineering, and mathematics career interest survey (STEM-CIS) into Turkish. Eurasian
Journal of Educational Research, 63, 21-36,

Mirici, S, Gencer, [, & Giindiiz, S. (2019). The impact of STEM project writing education
on candidate female teachers' attitudes, their semantic perceptions and project writing
skills. towards STEM  education. Intermational  Journal of Curriculum  and
[nstruction, 11{2), 255-272.

Ormancy, U. {2020). Thematic content analysis of doctoral theses in STEM education:
Turkey context. fournal of Turkish Science Education, 17(1), 126-146.

Ozdemir, Benli, E. {2021). The impacts of stem supported Science teaching on 8th grade
students” elimination of misconceptions about "solid, fluid and gas pressure”, and their
attitudes towards Science and STEM. International Online Journal of Education and
Teaching (10JET), 8(1), 205-228.

Ozcan, H., & Koca, E. (2019). The impact of teaching the subject “pressure” with STEM
approach on the academic achievements of the secondary school 7th grade students
and their attitudes towards STEM. Science and Education, 44(198), 201-227.

Siumen, 0. 0., & Calisici, H. (2016). Pre-service teachers' mind maps and opinions on
STEM education implemented in an envirenmental literacy course. Educational
sciences; Theory and practice, 16(2], 459-476.

Ozdemir, E. B. {2021). Views of science teachers about online STEM practices during
the COVID-19 period. International Journal of Curriculum and Instruction, 13{1}, B54-
B69.

Ozkul, H., & Ozden, M. (2020). Investigation of the effects of engineering-oriented STEM
integration activities on scientific process skills and STEM career interests: A mixed
methods study. Science and Education, 45(204), 41-63,

Sarag, H. (2018). The effect of science, technology, engineering and mathematics-STEM




Késen & Dede (2024). Thematic content analysis of STEM studies “

educational practices on students' learning outcomes: A meta-analysis study. Turkish
Online fournal of Educational Technology-TOET, 17(2), 125-142.

ASB Sari, 11, Duygu, E, Sen, 0. F, & Kirindy, T. (2020). The effect of STEM education on
scientific process skills and STEM awareness in simulation based inguiry learning
environment. fournal of Turkish Science Education, 17(3), 387-405.

ASY Akdag, F. T., & Gines, T. (2016). Assessment of STEM applications in terms of students’
opinions. Participatory Educational Research, 4(1), 161-169.

ABD Akdag, F. T, & Gianes, T, {2016]). The effect of STEM applications on students’ science-
engineering perceptions. Participatory Educational Research, 4(1), 195-207.

Abl Tekerek, B, & Karakaya, F. [2018). STEM education awareness of pre-service science
teachers. International Online Journal of Education and Teaching (1OJET), 52}, 348-359.

Ab2 Tofur, S., & Gikkaya, Y. (2020). Examining the pre-school curriculum in terms of the
STEM approach. International Online journal of Education and Teaching [10JET}, 7(3).
1189-1203.

AB3 Turk, N.. Kalavci, N, Yamak, H. (2021). Evaluation of the effectiveness of science,

technology, engineering and mathematics (STEM) curriculum designed and
implemented for undergraduate programs of faculty of education. International Online
Journal of Education and Teaching (10JET), 8(3), 1401-1428.

Abd Ulger, B. B. & Cepni, 5. (2020). Gifted education and STEM: A thematic review. Journal of
Turkish Science Education, 17(3), 443-466.

ABS Yalgin, N., Kilic, B, & Atatay, C. (2016). A model suggestion for STEM activity design
within the scope of the curriculum, Participatory Educational Research, 4{1), 95-107,

Ab6 Yerdelen, S., Kahraman, N, & Tas, Y. (2016). Low socioeconomic status students’ STEM

career interest in relation to gender, grade level, and STEM attitude. fournal of Turkish
Science Education, 13(special), 59-74.

AGT Yildirim, B. (2018). Adapting the teachers’ efficacy and attitudes towards STEM scale
into Turkish. Journal of Turkish Science Education (TUSED), 15(2), 54-65.
ABB Yildirim, B., Sahin-Topalcengiz, E., Arikan, G., & Timur, 5. (2020). Using virtual reality in

the classroom: Reflections of STEM teachers on the use of teaching and learning tools.
Journal of Education in Science, Environment and Health (JESEH), 6(3), 231-245.

ABY Yilmaz, A, & Yanarates, E. (2022). The effect of STEM activities developed within the
scope of a science course on 7th grade students’ inquiry and innovative thinking skills:
The effect of STEM activities. International Journal of Curriculum and Instruction, 14(1),
274-303.

ATO Yuksel, T, Delen, 1, & [lhan Sen, A. (2020). In-service and pre-service teachers’ views
about STEM integration and robotics Applications. Eurasian Journal of Educational
Research, 20, 24 3-268.




Research Article

IJEDAI

International Journal of Educational and Artificial Intelligence

Volume 1, Issue 1, Page 25-38

ISSN: 3062-228X
http://www.ijedai.com/

The effect of virtual laboratory applications on the achievement of
secondary school students in learning the granular structure of matter

Esra Ozeler !, Yasar Genel ? , Salih Genel **

1Van Yuzuncu Yil University, Faculty of Education, Van, Tiirkiye
2V/an Yuzuncu Yil University, Faculty of Education, Van, Tiirkiye
3Van Yuzuncu Yil University, Faculty of Education, Van, Tiirkiye

Article Info

Submitted: 02.09.2024
Accepted: 24.12.2024

Published Online: 30.12.2024

Artificial intelligence
Chemistry education
Particulate structure of matter
Simulation

Virtual laboratory

*Corresponding Author:

Salih Genel
E-mail: sgenel@yyu.edu.tr

License

This article is under the

Creative Commons Attribution-
NonCommercial-NoDerivatives
4.0 International License
https://creativecommons.org/licens

es/bi-nc-nd/4.0/

To cite this article:

Abstract

Purpose: The objective of this study is to investigate the impact of virtual labora-
tory applications on students' performance in the teaching of the subject matter
"Particulate Structure of Matter" to middle school students.

Design and Methodology: The study was conducted in two public educational es-
tablishments. The study sample comprised 191 seventh-grade students. The study
employed a quasi-experimental design, utilising a pre-test-post-test control group.
The study employed an achievement test as the primary data collection instrument.
The subject of "Particulate Structure of Matter" was taught using the methods pre-
scribed by the current curriculum for the control group and a computer-aided virtual
laboratory application for the experimental group. The data were subjected to quan-
titative analysis using the SPSS data analysis program, and the results were ob-
tained. Independent groups t-test analyses were conducted to examine the differ-
ences between the means in the data obtained from the experimental and control
groups.

Results: The findings revealed that the results were statistically significant at
p<0.05. Consequently, it was concluded that there was a significant difference in
favour of the experimental group and that virtual laboratory applications were more
effective in teaching the subject of particulate structure of matter to middle school
students.

Implications & Suggestions: A comparative analysis of the implementation and

impact of virtual laboratory applications can be conducted by examining the differ-
ences between interactive and non-interactive applications.

Ozeler, E., Genel, Y., & Genel, S. (2024). The effect of virtual laboratory applications on the
achievement of secondary school students in learning the granular structure of matter.
International Journal of Educational and Artificial Intelligence, 1(1), 25-38.
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1. INTRODUCTION

One of the topics addressed in science courses at the middle school level is the particulate structure of matter.
The subject enables an understanding of the formation of matter, its properties, its transitions between states,
the distinction between heat and temperature, the concept of density, the preparation of mixtures and the
processes involved in their separation. The particulate structure of matter occupies a significant position in the
curriculum of science courses, as it is also pertinent to other scientific disciplines. In Turkey, students
commence their study of the "Particulate Structure of Matter" subject in the sixth grade (MEB, 2018). The
accurate acquisition of these subjects and concepts serves as a foundation for the subsequent learning of
numerous high school chemistry concepts (Adadan, 2013).

As students are unable to perceive the particles of matter with their eyes, they experience difficulty in forming
an image or concept of them. This situation presents a challenge for students in learning the concepts of the
particulate structure of matter (Ayas et al., 2002; Ozmen, 2004). The research conducted by Altay and Balim
(2021) focused on an examination of 17 studies conducted between 2002 and 2020 on the subject of
"Particulate Structure of Matter". It was found that the majority of the studies examined aimed to determine
the prevalence of misconceptions and that there were common misconceptions among students.

In order to surmount these challenges, it is vital to equip students with activities that will facilitate the
concretisation, visualisation and simulation of the particulate structure of matter and other scientific
disciplines. In the literature, there are studies examining the teaching of more abstract concepts and subjects
in science courses. These include the use of animation (Dasdemir, 2016), laboratory practice courses (ilhan et
al., 2009), virtual laboratories (Udin et al., 2020), and computer-assisted teaching (Gokulu, 2013; Ilyasoglu &
Aydin, 2014; Karagop, 2012; Karaduman & Emrahoglu, 2011; Renshaw & Taylor, 2000).

Experimentation and laboratory work occupy a significant position in the learning and teaching of scientific
subjects. Virtual laboratory courses have a variety of applications, including those related to virtual reality,
augmented reality, animation, and simulation. The use of virtual laboratories has been demonstrated to enhance
student motivation through the provision of visuals and interaction (Estriegana et al., 2019; Guzman et al.,
2021). The utilisation of laboratories and experimentation facilitate students' acquisition of scientific concepts
(Bozkurt & Sarikog, 2008; Ramirez et al., 2020). Conversely, in recent years, virtual laboratories have begun
to be utilised in virtual environments, in addition to face-to-face environments, where students can utilise and
experiment. This has also been the subject of numerous scientific studies in this field (Udin et al., 2020).

The utilisation of virtual laboratory applications presents a favourable avenue for students to cultivate positive
attitudes towards science courses, particularly in relation to their learning success and effectiveness in these
courses (Bas, 2022). In the study conducted by Duman and Avci (2016), the impact of virtual laboratory
applications on the identification and eradication of misconceptions encountered in the "States of Matter and
Heat" unit was investigated. The study demonstrated that virtual laboratory applications were an effective tool
for student success and the retention of knowledge in a teacher-centred learning environment. The findings
align with those of Harrison and Treagust (2000), who asserted that the utilisation of visual teaching materials,
including visual models, demonstrations, animations and simulations, facilitated the construction of models in
students' minds, a process that was observed in the context of textbook-based learning.

Virtual laboratories facilitate interactive learning for a variety of subjects and lessons through the use of
animations and simulations (Bozkurt & Sarikog, 2008). There are numerous similarities and differences
between laboratory applications conducted in actual, physical, face-to-face settings and those performed in
virtual laboratories. The utilisation of virtual laboratory applications may present a multitude of advantages
and disadvantages for students. Virtual laboratories afford students the opportunity to engage in experiments
in a manner that is centred on their individual needs and preferences. Furthermore, students can undertake
these experiments repeatedly, and they can also access learning opportunities that are independent of time and
place. The EBA education platform was established by the Ministry of National Education (MEB), and the
utilisation of animations, simulations and virtual laboratories in educational and training processes has
increased further. PhET (http://www.phet.colorado.edu) applications, which provide a plethora of interactive
content in online environments as virtual laboratories in science education, are employed by both teachers and
numerous researchers (ilyasoglu & Aydim, 2014).
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It is acknowledged that there is a direct correlation between the utilisation of interactive virtual laboratory
applications, such as PhET, in the field of science education and the integration of artificial intelligence. The
advent of artificial intelligence has led to a proliferation of machines and software that exhibit human-like
cognitive abilities within virtual environments. The utilisation of artificial intelligence is becoming
increasingly prevalent in the field of science education (Jia et al., 2023). Kiraz (2014) carried out his study on
artificial intelligence-supported virtual laboratory design. A review of the literature on the teaching of the
subject of "Particulate Structure of Matter” reveals a preponderance of studies on virtual laboratories that
incorporate animations without user interaction (Danac1, 2018; Dasdemir, 2016; Okumus et al., 2016). The
present study concerns the development of interactive virtual laboratory applications on the subject of
"Particulate Structure of Matter." It is proposed that this study will make a significant contribution to the field
by examining the impact of such applications.

The subject of the science course, "Particulate Structure of Matter," presents a significant challenge for
traditional laboratory-based instruction due to its abstract nature, microscopic scale, and the dynamic
interactions between particles within molecular structures. The issue that this study seeks to address is the
necessity for investigating student success in virtual laboratory environments, as opposed to traditional
laboratory approaches.

The objective of this study is to investigate the impact of virtual laboratory applications on student performance
in the teaching of the subject matter of "Particulate Structure of Matter" to middle school students. The research
problem can be stated as follows:

Is there a significant difference in favor or against the course success of the students in the experimental group
where virtual laboratory application was used and the control group students in the subject of “Particulate
Structure of Matter” in the seventh grade middle school science course?

2. METHOD
2.1. Research Design

This study was conducted in accordance with the standards of quantitative research and with a quasi-
experimental research design. In the course of the research, the impact of traditional teaching and virtual
laboratory applications conducted in accordance with the prevailing curriculum were contrasted and evaluated
in terms of students' performance in the subject of "Particulate Structure of Matter". Quasi-experimental
research designs are employed to investigate the impact of pedagogical approaches in the context of
educational research. As the experimental group received instruction through the virtual laboratory method,
while the control group followed the established curriculum, the study employed a pre-test-post-test design
with a control group comprising both experimental and control groups (Fraenkel & Wallen, 2011; McMillan
& Schumacher, 2006). Prior to the commencement of the research, ethical approval was sought and obtained
from the university ethics committee. Furthermore, the requisite official permissions were obtained from the
national education directorates for the secondary school, which is a state school, where the study would be
conducted. Table 1 presents an overview of the research design, which compares the use of virtual laboratories
and traditional methods in the context of the current curriculum.

Table 1. Research Design Application

Groups Pretest Application Posttest

Achievement Test (Particular Achievement test

Experimental Structure of Matter) Virtual Laboratory Application (Particle Structure of
Matter)
Achievement test Traditional Education According to Achievement test

Control (Particle Structure of

(Particle Structure of Matter) the Current Program Matter)

2.2. Sample of the Study
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The study sample comprises 191 seventh-grade students from two middle schools (Al and A2) in a district of
a province in the eastern region of Tiirkiye, selected during the 2023-2024 academic year. The seventh grade
is divided into four branches at both schools. Two of these branches were randomly selected as the
experimental group, while the remaining two were selected as the control group.

In determining the sample and selecting the schools in which the study will be conducted, factors that may
affect the success of the students were taken into consideration, and care was taken to ensure that schools with
similar characteristics were selected. Furthermore, additional criteria were considered, including similarity in
socio-economic and cultural aspects, comparable student knowledge levels, both schools being public
institutions, and the researcher's prior experience working in these schools. The same instructor teaches both
the experimental and control groups in the two schools where the study is conducted.

The data set comprises the number of students in the experimental and control groups, the number and detailed
information in terms of both the experimental and control groups and the schools and classes, as presented in
Table 2.

Table 2. A Numerical Distribution of the Experimental and Control Groups

Number of CG Number of EG
School Type Number of Students Students Students
Public School (A1) 95 48 47
Public School (A2) 96 50 46
Total 191 98 93

2.3. Teaching practices

In order to carry out the applications in the study, the subject of "F.7.4.1 Particulate Structure of Matter" from
the "Pure Substances and Mixtures" unit of the seventh grade Science Course was selected. The subject was
restricted to four learning outcomes in accordance with the middle school level. The course content was
developed in alignment with the specified learning outcomes. The experimental and control groups were
engaged in the study for a total of six lesson hours. The achievement test, which was employed as a pretest
and posttest in the study, was also developed in accordance with the aforementioned learning outcomes. A
comprehensive overview of the subject, including its constituent sub-areas, learning outcomes, recommended
teaching times, key concepts and explanations, is provided in Table 3. Despite the existence of analogous
learning outcomes and concepts in the experimental and control groups, distinct lesson plans were devised for
each. The achievement test for the particulate structure of matter was conducted in accordance with the learning
outcomes as set out in the current study.

Table 3. Framework for the Particulate Structure of Matter
Time for

Section Learning outcomes lesson concepts Explanation
F.7.4.1.1. It tells the structure of the Details about
Structure of - L : -
atom and the fundamental particles in its 2 atomic theories are
the Atom Atom i
structure. not given.
(nucleus, It is emphasized
. F.7.4.1.2. Questions how ideas about the layer, phasiz
Atomic that scientific
concept of atom have changed from past 2 proton,
Models knowledge may
to present. neutron, -
change over time.
o electron), ) )
F.7.4.1.3. It indicates that the same or property of ~ General information
different atoms will come together to scientific about theory, one of
Molecule form a molecule. _ 2 knowledge, the types of
F.7.4.1.4. It creates and presents various molecule scientific
molecule models. knowledge, is

given.

The implementation of the applications was conducted in accordance with the instructions set forth in
the textbooks utilized by the Ministry of National Education, in alignment with the prevailing curriculum. The
control group received instruction within the aforementioned framework, as delineated in Table 3. To ensure
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uniformity in the application of the lessons, the teachers were provided with analogous lesson plans and
presentations, enabling them to impart the material in a consistent manner.

2.4. Use of Virtual Laboratory for Experimental Group

In order to facilitate the processing of the lessons in the experimental group, computer-aided virtual laboratory
applications were implemented in lieu of the activities outlined in the textbook, in alignment with the current
curriculum's prescribed achievements and concepts. In the experimental group, the computer-aided virtual
laboratory applications were based on the open source "Build in Atoms" application, the source code of which
is accessible to chemistry teachers. This application was translated into Turkish with the support of experts
and accompanied by visual aids. The source code can be accessed via the following link:
https://phet.colorado.edu/sims/html/build-an-atom/latest/build-an-atom_en.html.

The user interface is designed for ease of use by educators and students alike. The virtual laboratory application
comprises three modules, the visuals of which are displayed in Figure 1.

Figure 1. Login Screen of The Virtual Laboratory Application.

Create Atom

Symbol Game

The user is able to place the protons, neutrons and electrons, which are the fundamental particles of the atom,
in the atom module according to their relevant layers. Should the user attempt to place them in an incorrect
layer, a warning is generated as the layer is not valid and the particle cannot be placed there. The number of
particles placed allows the user to ascertain the element, mass number and ion charge. The first ten most
common elements can be worked on this screen. The position of these first ten elements in the periodic table
according to the number of protons placed in the nucleus is also displayed as an additional feature. The
application image showing these features is also shown in Figure 2.
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Figure 2. Atom Generation Module Screenshot.
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Moreover, the number of protons and neutrons placed in the nucleus determines whether the atom is
stable or unstable. These properties can also be observed in motion in the cloud structure. The screenshot

illustrating this phenomenon is also shown in Figure 3.

Figure 3: A Cloud Screenshot of the Stable and Unstable Structure of the Atom.

Proton © o
Neutron oo

Electron = o # o @

Model: e
© Orbi \
@® &l&, m& -

| Protans: Neutrons m

Net Charge

q & ___
R -

Mass Number ]

Goster

| & Element
& Notr/iyon @

esuble Lnsably

The symbol module allows the user to observe how the symbol of the element, along with the mass number,
ion charge and proton number, are displayed in accordance with the numerical status of the particles situated

within the core and layers. The screenshot of the symbol module is presented in Figure 4.
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Figure 4: A screenshot of the symbol module.
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The responses to the queries may be set to a timed or indefinite duration. The user may receive auditory and
visual feedback on the correct answers they have provided. The screenshot of this module is presented in
Figure 5.

Figure 5. Screenshot of the virtual laboratory question-and-answer module.
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Furthermore, upon completion of the responses, the outcome can be ascertained. Each question and answer
section encompasses a multitude of elements, including the identification of its position in the periodic table
based on the specified atomic structure, the generation of symbols, the calculation of ion charge and mass
number. Additionally, screenshots illustrating the results of random, correct and incorrect answers in this
module are presented in Figure 6.

Figure 6. Screenshots of Virtual Laboratory Questions and Answers.
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2.5. Data Collection Tool

In this study, the Achievement Test was employed to ascertain the learning levels of students with regard to
the subject of Particulate Structure of Matter. The achievement test, which assesses students' knowledge of the
subject matter "Particulate Structure of Matter," was developed as part of the research project. The results
presented in Table 3 were taken into account during the construction of the test. In the initial stages of the test's
development, the researchers constructed an item pool comprising 30 questions. The preparation and
development of the questions were conducted by three science teachers and an associate professor of
chemistry. The suitability of these questions for the subject of "Particulate Structure of Matter" at the secondary
school level was evaluated. In the development of the achievement test, similar processes were employed, with
an examination of the literature to gather evidence for reliability and validity (ilhan & Hosgodren, 2017).
Following the administration of the test, various corrections were made to the questions. These were based on
the opinions of experts on a number of issues, including the suitability of the questions for the stated objectives,
their shape and appearance, the clarity of the question wording, and the formats of the questions. The aim was
to ensure that the test had the desired scope and face validity.

The following section presents a selection of questions from the examination in order to illustrate the format
and content of the assessment.

Question 2: Which of the following statements about the atom is inaccurate?
A) Protons and neutrons are located within the nucleus of the atom.

B) Electrons exhibit rapid movement around the nucleus.

C) The particle that defines the identity of the atom is the electron.

D) Neutrons are uncharged particles.

Question 4: Which of the following are the fundamental particles that constitute the atom?
A) Neutron, Proton, Cation

B) Proton, Neutron, Nucleus

C) Nucleus, Electron

D) Proton, Neutron, Electron

Question 6: Which particle is found in the nucleus of the atom?

A) Electron

B) Proton

C) Cation

D) Nucleus

The 30-question test, which provided content and face validity in line with expert opinions, was administered
to 157 eighth-grade students who had previously studied the particulate structure of matter in two state middle
schools. The responses to the 30-item test were scored as follows: correct answers were awarded a score of 1,
while incorrect or omitted responses were assigned a score of 0. Based on the total scores obtained from the
test, the 42 students with the highest scores were identified as the upper group, and the 42 students with the
lowest scores were designated as the lower group. In order to select the most appropriate items for the test,
item analyses, item difficulty index, item discrimination index, item correlation analyses and Kuder-
Richardson-20 (KR-20) reliability coefficient were calculated, taking the aforementioned scores into
consideration. The item difficulty index provides a measure of the proportion of students who answer the
guestions in the test correctly (expressed as a value between "0" and "1"). If this value is close to one, it can
be interpreted as indicating that the question is relatively straightforward; conversely, if it is close to zero, it
can be interpreted as indicating that the question is more challenging. The item discrimination index examines
an item in terms of its capacity to distinguish between students in the lowest and highest 27% percentiles in
terms of their total score.For each item on the test, item difficulty indexes and item discrimination indexes
were calculated according to the subgroup-upper group method (Table 4). Based on these analyses, it was
determined that items 8, 15, and 23 should be removed from the test.
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Table 4. Item Difficulty and Discrimination Indexes

Question -It.em . '.teF“ . Question _Itgm . '.tef“ .
Difficulty ~ Discrimination Difficulty Discrimination
Number Number

Index Index Index Index

1 0.65 0.45 16 0.54 0.31
2 0.70 0.21 17 0.68 0.21
3 0.61 0.50 18 0.56 0.64
4 0.57 0.57 19 0.37 0.45
5 0.58 0.64 20 0.54 0.50
6 0.64 0.52 21 0.64 0.67
7 0.83 0.33 22 0.54 0.69
8* 0.73* 0.12* 23* 0.51* -0.55*
9 0.56 0.31 24 0.50 0.67
10 0.63 0.45 25 0.37 0.45
11 0.58 0.74 26 0.54 0.50
12 0.75 0.50 27 0.67 0.62
13 0.71 0.33 28 0.54 0.69
14 0.68 0.36 29 0.58 0.55
15* 0.87* 0.17* 30 0.50 0.67
Avg. Index 0.61 0.44

Following the removal of these questions, the average difficulty index of the test was recalculated as 0.54,
while the average item discrimination index was recalculated as 0.45. This provided the determined confidence
interval. In order to ensure the selection of suitable items for the achievement test, an item-total correlation
analysis was conducted. Correlation analysis is employed to ascertain the relationship between the total score
obtained from each question and the total score obtained from the test, thereby elucidating the relationship. It
is emphasised in the literature that items with a question-total correlation value exceeding 0.30 should be
included in the test (Ilhan & Hosgoren, 2017; Ferketich, 1991).

A correlation analysis was conducted to ascertain the relationship between the question scores and the total
scores. This analysis led to the conclusion that questions 2, 16, and 17 should be removed from the test (Table

5).
Table 5. Item-Total Correlations of the Items in the Test
Question Item-Total Correlation Question Item-Total Correlation
Number Value Number Value
1 0.378 17* 0.188*
2% 0.201* 18 0.496
3 0.432 19 0.472
4 0.439 20 0.426
5 0.464 21 0.557
6 0.405 22 0.543
7 0.339 24 0.598
9 0.308 25 0.472
10 0.339 26 0.426
11 0.549 27 0.537
12 0.462 28 0.543
13 0.318 29 0.362
14 0.338 30 0.598
16* 0.282*

Following the completion of the item analyses, six questions that did not meet the requisite values as a result
of the analyses were removed from the 30-question test, leaving a 24-question test that was deemed suitable
for further analysis. The KR-20 reliability coefficient of this 24-question test was calculated as 0.83, indicating
that the test is highly reliable.
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2.5. Analysis of Data

In the study, the achievement test on the subject of "Particulate Structure of Matter" was administered to both
the experimental and control groups as both a pretest and a posttest. The data obtained from the achievement
test were analysed using the SPSS (Statistical Package for the Social Sciences) program. Each question was
evaluated as 1 point for the correct answer and 0 points for the wrong answer, and used in the scoring in this
way. The data were then examined descriptively. The study employed the independent sample t-test to
ascertain whether there were significant differences between the means of the groups. In order to conduct an
independent group t-test, it is essential that the selected groups are independent of one another and that the
data follows a normal distribution (Biiyiikoztiirk, 2010; Can, 2019). The normality of the data distribution was
evaluated by examining the descriptive statistical values, kurtosis, and skewness. The observed values of
kurtosis and skewness fell within the range of +1 to -1, indicating that the data did not deviate significantly
from the normal distribution. The findings section presents the results of this analysis.

3. RESULTS /FINDINGS
3.1. Pre-Test Values of Experimental and Control Groups

The data collected as a pre-test and post-test with the "Particulate Structure of Matter" achievement test were
subjected to analysis. Table 6 presents the distribution of students in the study according to the experimental
and control groups prior to the implementation of the intervention, along with the average score values of the
groups. It can be observed that the average pre-test score of the 98 students in the control group was 11.8776,
while the average pre-test score of the 93 students in the experimental group was 11.8387.

Table 6 presents the descriptive statistical analysis values (median, variance, minimum, maximum scores,
kurtosis and skewness values, etc.) of the pre-test scores of the experimental and control group students. An
examination of the kurtosis and skewness values indicates that the data also meet the normality assumption.

Table 6. Descriptive Values of Pre-Test Scores of Experimental and Control Groups

Descriptive values Control Group Experimental Group
Number of Students 98 93
Minimum Score 2 2
Maximum Score 24 24
Average Score 11.88 11.84
Standard Deviation 5.591 5.029
Skewness 499 271
Kurtosis -.854 -.651

In order to ascertain whether there was a statistically significant difference between the group means in terms
of the achievement test, an independent groups t-test was conducted. The results of this analysis, which
compared the mean scores obtained from the students according to group type, are presented in Table 7. A
comparison of the pretest results reveals no statistically significant difference between the experimental and
control groups in terms of their achievement test scores (t(189) = .050; p > .05). Consequently, the achievement
status of the students in the experimental and control groups on the subject of "Particulate Structure of Matter"
is found to be similar.

Table 7. Pre-Test Scores of Groups Independent Groups T-Test Analysis

Group N M Sd Df t p
Control 98 11.88 5.591 189 0.050 .960
Experimental 93 11.84 5.029

N: Number of Students, M: Average Score, Standard Deviation (sd), Df: Degree of Freedom, p: Significance level
3.1. Post-Test Values of the Experimental and Control Group

In the study, the "Particulate Structure of Matter" achievement test was administered to the experimental and
control groups as a posttest following the virtual laboratory applications. The data were analysed using both
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descriptive and independent groups t-tests. Table 8 presents the distribution of students in the study according
to experimental and control groups, as well as the average score values of these groups. It can be observed that
the average posttest score of students in the control group on the subject of "Particulate Structure of Matter" is
13.84, while the average posttest score of students in the experimental group is 16.54.

Table 8 presents the descriptive values (median, variance, minimum, maximum scores, kurtosis and skewness
values, etc.) of the scores obtained by the experimental and control group students from the final application
of the tests on the subject of "Particulate Structure of Matter". Upon examination of the kurtosis and skewness
values, it can be concluded that the data meet the normality assumption.

Table 8. Post-Test Scores of Groups Independent Groups T-Test Analysis
Experimental

Descriptive values Control Group Group
Number of Students 98 93
Minimum Score 2 10
Maximum Score 24 24
Average Score 13.84 16.54
Standard Deviation 4.886 3.105
Skewness 404 .206
Kurtosis -.557 -.679

When the independent groups t-test analysis results (Table 9) are examined, a significant difference was found
between the achievement test average of the students in the experimental group where the virtual laboratory
was used and the achievement test average of the students in the control group in favor of the experimental
group, t(189)=4.583; p<0.05. Therefore, when the pre-test data are considered, it can be said that the virtual
laboratory applications have an effect on increasing the students' success.

In order to ascertain whether the discrepancy between the scores attained in the post-tests on the subject of
"Particulate Structure of Matter" is statistically significant, the results of the independent groups t-test analysis
are presented in Table 9.

Table 9. Independent Groups T-Test Analysis Results Applied to Post-Test Results According to Group Type

Group N M SS Df t p
Control 98 13.84 4.886 189 -4.532 .00
Experimental 93 16.54 3.105

P<.05
4. DISCUSSION and CONCLUSION

The present study examined the impact of virtual laboratory applications on the teaching of particulate structure
of matter in 7th grade in middle school, with a particular focus on student success. The present study revealed
that there was no statistically significant difference between the pre-tests administered to the experimental and
control groups in the selected schools prior to the implementation of virtual laboratory applications. However,
following the implementation of the applications, a significant difference emerged in favour of the
experimental group with regard to the success status of the students in the experimental and control groups on
the subject of "Particulate Structure of Matter". A comparison of the pre-test and post-test results indicates that
virtual laboratory applications had a positive impact on students’ success in the subject of "Particulate Structure
of Matter" in 7th grade. In the present study, activities from the PhET platform (http://www.phet.colorado.edu)
were employed as virtual laboratory applications. It can be posited that the PhET activities played a pivotal
role in enhancing students' success. The study yielded significant findings pertaining to the identification of
methodologies that facilitate students' success in the subject of "Particulate Structure of Matter".
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A review of the literature reveals numerous studies conducted in Tiirkiye that demonstrate the efficacy of
virtual laboratory applications in enhancing academic performance in various subjects, including physics,
chemistry, and biology, within the context of science education. These studies have consistently shown that
virtual laboratory applications lead to higher levels of academic success compared to traditional methods
(Cinici et al., 2013; Duman & Avci, 2016; Ozdener, 2005; Yilmaz & Eren, 2014). Conversely, international
studies yield comparable findings regarding the impact of virtual laboratories on academic performance
(Banda & Nzabahimana, 2022; Ganasen & Shamuganathan, 2017; Smetana & Bell, 2012).

In some studies on the impact of virtual laboratory applications on students' academic performance in science
education, similar outcomes have been observed in comparison groups (Aydin, 2018). Rutten et al. (2012)
investigated the potential for enhancing traditional science education through the integration of computer
simulations. Their findings underscored the significance of student engagement, the manner in which
information obtained through simulations is presented and processed, and the role of well-designed simulation-
based education in achieving optimal outcomes.

Suggestion

In the implementation of virtual laboratory applications, it can be realised as either animation or simulation in
the field of writing. The current study demonstrates that PhED applications are designed more as simulations.
In different studies, artificial intelligence tools can be developed and applications can be made for virtual
laboratory applications. A comparative analysis of the implementation and impact of virtual laboratory
applications can be conducted by examining the differences between interactive and non-interactive
applications. In this study, the focus is on the "Particulate Matter Subject." By extending this analysis to other
subjects, we can contribute to the advancement of this field.
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Abstract

Aim: The aim of this study is to analyse the studies of theses and research articles
published in Tiirkiye related to the use of artificial intelligence in science education
between 2010-2023 through the databases of "Google Scholar”, DergiPark and
"National Thesis Center of the Council of Higher Education" by descriptive content
analysis method and to examine them in terms of various variables.

Method: A total of 35 publications, of which 17 were theses and 18 were articles,
were considered appropriate for the study in question for descriptive content anal-
ysis. In this study, the publications retrieved from the relevant databases were ex-
amined in terms of their distribution according to keywords, types of research, sam-
pling methods and sizes, data analysis methods, diversity of study groups, publica-
tion years, research methods and designs, and data collection instruments within
the framework of the specified research questions.

Results: The results of the study indicated that 145 keywords were identified. The
analysis revealed that the majority of the studies on artificial intelligence were re-
search articles. However, it was observed that content analysis was the predominant
data analysis method employed.

Suggestions: It is suggested that, in addition to the study of ‘artificial intelligence’
and its application areas, which are the focus of increasing academic research, fur-
ther studies should be conducted on science education subjects.
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1. INTRODUCTION

Technological development has been rapid in recent centuries, with new inventions and innovations being
made at an increasingly frequent rate. Examples of such developments include the printing press, the computer,
the internet, and artificial intelligence. These developments have become increasingly prominent in the present
century and have begun to be utilised in a variety of fields. From industry to the military, from health to
agriculture, education has of course had its share of these developments in many areas that we can think of and
continues to do so. In education, which has had its share in the development of technology, the most basic of
the new concepts we encounter is undoubtedly the concept of 'educational technology'. Simsek et al. (2008),
while defining this concept, stated that it has moved away from the definition of 'tools and equipment used in
education' over time and has become a discipline in itself, developing in the process and covering many
subjects. Educational technology is constantly renewing and expanding its scope with the rapid development
of technology. Thus, the technological studies used in the field of education are increasing day by day (Zengin
et al., 2024).

The increase in industrialisation with the Industrial Revolution and the parallel development of technological
studies have increased human adaptation to this development process. As a result of the innovations and
changes that started with Industry 1.0 and gradually reached the present with Industry 2.0, 3.0 and finally 4.0,
artificial intelligence and cloud storage technologies have started to be used in Industry 4.0. All these can be
considered as steps towards the transition from the information society to the super smart society (Saracel &
Aksoy, 2020). Artificial Intelligence, which has become popular in the world and in our country in recent
years, has increasingly important applications in everyday life and is one of the important fields of study for
many disciplines. As Al has started to take place in our education system today, students at various levels of
education are taking courses on learning Al.

1.2. Artificial Intelligence Techniques and Application Areas

In 1950, artificial intelligence appeared on the agenda with Alan Turing's machine called 'Information
Processing Machines and Intelligence' and was first used as a name at the Dartmount Meeting in 1956.
However, it is known that the history of artificial intelligence goes back to a more distant past (Pirim, 2006).
The works of the Muslim scholar Al-Khwarizmi (780-850) in the field of algorithms and mathematics form
the basis of Al modelling, especially in the field of finance (Yurdagel & Karaca, 2023; p.17). On the other
hand, it can be said that the works of another Muslim scholar Al-Jazari (1153-1233) in the field of engineering
related to artificial intelligence also played an important role in forming the foundations of artificial
intelligence (Yasin, 2006).

The first machines that formed the basis of artificial intelligence were created in the 17th century by Wilhelm
Schickard (1623), Blaise Pascal (1642) and G. W. Leibniz (1671). What these machines have in common is
that they were the first mechanical and digital calculating machines of their time. Thus, it can be said that the
study of artificial intelligence began with the first mechanical and digital machines (Eriimit et al., 2020). In the
18th century, with the beginning of the industrial revolution, automatic machines were invented, and many
other inventions paved the way for artificial intelligence (Kapir, 2022). In the 19th century, a step forward was
taken, and the first programmable machines were designed (Eriimit et al., 2020). The most important
developments in the field of artificial intelligence took place in the 20th century. First, in 1943, Warren
McCulloch and Walter Pitts introduced the first artificial neural network model based on the computation and
analysis of the human brain (Keskenler & Keskenler, 2017). Then, in 1948, Shannon suggested that computers
could prove complex mathematical theorems and play chess. In 1950, the British mathematician Alan Turing
proposed the idea of the 'Turing test' in his article, in which he attempted to answer the question "Can machines
think?" (Arslan, 2020). In response to this test, John SEARLE of the University of California proposed the
'Chinese room experiment' (Pirim, 2006).

Following the advent of artificial intelligence, a plethora of definitions have been proposed (Nabiyev, 2021).
The inaugural explanations and definitions of artificial intelligence were provided by McCarthy in 1956.
McCarthy's seminal work defined artificial intelligence as the science and engineering of constructing human-
like intelligent machines and computer programs (Arslan, 2020). However, many areas of application have
developed thanks to the development of artificial intelligence. Important areas include the defence industry,



education, medicine, law and engineering (Karaduman, 2019; Nabiyev & Eriimit, 2022).Along with these
areas, many sub-branches for artificial intelligence have started to emerge. Some examples of these are
artificial neural networks, deep learning, machine learning, fuzzy logic, educational data mining, genetic
algorithms and expert systems (Elmas, 2021; Inal, 2021).

With the development of artificial intelligence, many techniques related to artificial intelligence have emerged
and application areas have developed (Boziiyiik et al., 2005). In many studies in the literature, application areas
related to artificial intelligence are classified as data mining, machine learning, natural language processing,
speech, expert systems, planning, scheduling and optimisation, robotics and vision (Adali, 2012; Atlam et al.,
2018; Akgobek & Cakir, 2009; Atalay & Celik, 2017; Dogan & Tiirkoglu, 2018). On the other hand, in the
study of Deperlioglu and Kd&se (2023), the application areas of artificial intelligence are described under three
main headings as cognitive science, robotics and natural interface applications. The 'Artificial Intelligence
Applications Course Program for secondary school students was published by MoNE (2023a). The programme
incorporates a range of concepts related to artificial intelligence, including 'machine learning and pattern
recognition’, ‘artificial neural networks', 'fuzzy logic', 'developing sample projects in a block-based
environment', 'data mining' and 'image processing'.

1.2. Artificial Intelligence Applications, Courses and Science Education

A significant corpus of research in the domain of artificial intelligence, a major innovation in technology, has
demonstrated the impact of artificial intelligence on education (Akdeniz & Ozding, 2021; Bahroun, 2023; Feng
& Law, 2021; Ferreira de Menezes et al., 2023; Guan & Jiang, 2020). The importance of artificial intelligence
in enhancing the quality of education is well-documented (Nabiyev & Ertimit, 2022), and the integration of
smart technologies in education has been shown to be beneficial (Ferreira de Menezes et al., 2023). The
utilisation of artificial intelligence technologies in education has been demonstrated to facilitate learning and
enhance learning environments (Alan & Zengin, 2023).

A considerable number of applications based on artificial intelligence have been developed for use in learning
and education. Examples of artificial intelligence systems in education include personalised education systems,
curricula, assessment tools based on artificial intelligence and exam management systems (Arslan, 2020). In
the study conducted by Giirlek et al. (2023), the effects of artificial intelligence on education were explained
under the following titles: personalising education according to the needs of students, automating students'
basic educational activities, ensuring students' development, changing the structure of education and the roles
of teachers, providing feedback to students and completing students' deficiencies. On the other hand, the
integration of smart education technologies into education is important for the use of artificial intelligence
technologies in education. Machine learning, data mining and learning analytics are technologies closely
related to education (Chen et al., 2020).

It is evident that a multitude of applications can be developed utilising Python as a programming language in
the context of artificial intelligence in education. The majority of artificial intelligence software and
applications encountered in education are found and used in online environments. Examples of such
applications include Gradescope, which facilitates the distribution of homework to students, Hubert, which
conducts written interviews with students and provides feedback, SuperSaas, which plans activities for
students, and various Google applications (Akgiindiiz, 2019). In addition, 'Evernote', which translates sound
into writing, 'Turnitin', another online application that compares similarities in different documents and reveals
similarity rates, and similar applications, are artificial intelligence applications (Nabiyev & Eriimit, 2022).
Within the national context, the 'EBA Assistant' (2020) is an artificial intelligence-based application offered
to students by the Ministry of National Education, designed to respond to queries posed by users of the EBA
platform.

In addition to the aforementioned points, the National Artificial Intelligence Strategy (2021-2025) was
developed by the Ministry of Industry and Technology and the Presidency of the Presidency Digital
Transformation Office. Activities related to artificial intelligence are planned to be realised (UYZS, 2021).
The Ministry of National Education (MoNE) has been conducting studies on artificial intelligence education
in recent years. As part of this programme, a curriculum and course content has been developed for the
instruction of artificial intelligence. In 2023, the Ministry of National Education established an 'Artificial
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Intelligence Applications Course Program' for 7th and 8th grades of Secondary School and Imam Hatip
Secondary School. The subjects and concepts covered by this curriculum are as follows: The concept of
artificial intelligence, historical development of artificial intelligence, usage areas of artificial intelligence,
sub-dimensions of artificial intelligence, basic concepts of ethics in artificial intelligence applications, ethics
in artificial intelligence, privacy and security, the importance of artificial intelligence, the future of artificial
intelligence block-based development environments, image processing projects in block-based environments,
machine learning, pattern recognition, artificial neural networks, fuzzy logic, writing-to-sound projects, sound-
to-writing projects, language perception projects, language translation projects, image and sound processing
and security projects. The Artificial Intelligence Applications Course Curriculum also aims to develop
scientific process skills, life skills and engineering skills in students (MoNE, 2023a).

The "Artificial Intelligence Applications Atelier Programme’, as proposed by MoNE (2023b) in Tiirkiye, is a
pioneering initiative designed to be implemented in Science and Art Centres (BILSEM), catering to gifted
students. The programme encompasses a range of subjects, including ‘fundamentals of artificial intelligence,
machine learning, artificial neural networks, natural language processing, fuzzy logic, artificial intelligence
and ethics, artificial intelligence and ethics, project development and problem solving'. Within the context of
Tiirkiye, an additional course on artificial intelligence is the artificial intelligence atelier, which was established
by BILSEM as part of the BILSEM summer school programme. This initiative is designed to provide benefits
to all students, irrespective of their enrolment status with BILSEM, who are engaged in formal education
(MoNE, 2023c).

Science education is a pervasive element of the education system, spanning from preschool to higher education
levels (Ouyang et al., 2022; Zhai et al., 2021). A considerable proportion of students encounter challenges in
science lessons, harbour prejudices against the subject, and exhibit a diminished level of interest in the course.
In such cases, the development of various applications is expected to reverse the prejudices and negative
feelings that students develop against science lessons (Alan & Zengin, 2023). Cam et al. (2021) posit in their
study that the utilisation of virtualised, artificial intelligence-supported applications for experimentation in
science lessons will engender convenience in said lessons. It can be posited that the employment of artificial
intelligence technologies in science education engenders positive results. Conversely, it has been posited that
the integration of various computer and internet networks under the rubric of 'Digital competence' within the
2018 'Science programme for secondary school' is imperative, with this competence being supported by
fundamental skills (MoNE, 2018).

Examples of artificial intelligence applications that have the potential to be utilised within the context of
science education include the video-sharing platform YouTube, which offers a variety of educational videos
and lectures; the DeepDreamGenerator, which generates alternative versions of existing images; and
Experiments with Google, an artificial intelligence library. It also contains artificial intelligence applications,
such as 'Quick Draw', which is a drawing development tool, 'PoseNet’, which teaches and detects motion, and
'"Teachable Machine', which teaches artificial neural networks to students (Akgiindiiz, 2019).

1.3. Rationale

After reviewing the relevant literature, we found five studies on content analysis, as well as various studies on
artificial intelligence in education in our country (Akdeniz & Ozding, 2021; Giizey et al., 2023; Mego & Costu,
2022; Tekin, 2023). Kavut (2022) is in the general category and is a study that also deals with education.In
addition, it was determined that the content analysis studies conducted in Tiirkiye on artificial intelligence and
education were conducted using the term ‘artificial intelligence in education' (Giizey et al., 2023; Mego &
Costii, 2022). However, since artificial intelligence includes many techniques, there are studies related to
artificial intelligence using different keywords, and this must be considered in the content analysis to be
conducted. In this study, in light of this situation, the current study was conducted in the field of science
education. In terms of the theoretical framework, this study is important in terms of revealing the reflections
of the developments in the field of artificial intelligence in Tiirkiye on science education.

1.4. Purpose of the Study and Research Questions

The aim of this study is to analyse descriptively and content-wise the theses and research articles published in



Turkey related to artificial intelligence in terms of science education and to examine them in terms of various
variables.

Research questions for the current study:

1. How is the distribution of the keywords used in the studies on Al in science education?

2. How is the distribution of the studies on Al in science education in terms of articles and theses?

3. How is the distribution of the studies on Al in science education in terms of research/publication years?

4. How is the distribution of the studies on Al in science education in terms of sampling method and size?

5. How is the distribution of studies on Al in science education in terms of study group diversity?

6. How is the distribution of the studies on Al in science education according to the journals and universities
in which they were published?

7. How is the distribution of studies on Al in science education in terms of research method and design?

8. How is the distribution of studies on Al in science education in terms of data collection tools?

9. How is the distribution of studies on Al in science education in terms of data analysis methods?

10. What is the distribution of Al methods, techniques and applications used in artificial intelligence studies
in science education?

2. METHODOLOGY
2.1. Research Model

The present study set out to analyse the descriptive content of theses and research articles published in Turkey
on the subject of artificial intelligence in terms of science education, examining them in terms of various
variables. To this end, the study was conducted using the descriptive content analysis method, a qualitative
research method. In descriptive content analysis studies, researchers first determine the topic, then scan the
literature within the scope of the topic they have determined and thus obtain a study pool. Subsequently, they
conducted a more detailed examination of the studies using keywords in relevant databases (Ultay et al., 2021).
Calik and Sozbilir (2014) categorised the content analysis method into three distinct categories: meta-
synthesis, meta-analysis and descriptive content analysis. In this study, the descriptive content analysis method
was selected, and the articles and theses on science education and artificial intelligence in Tiirkiye were
identified. The data were classified, grouped systematically, transformed into tables and graphs, their trends
were examined, and they were clearly described and interpreted.

2.2. Data Collection Process

In this research, the following keywords were examined: ‘artificial intelligence’, ‘artificial intelligence
techniques and applications’, 'machine learning', 'natural language processing', 'speech’, 'robotics', ‘pattern
recognition’, ‘artificial neural networks'. In addition to these, the keywords 'science education’, 'science
education’, 'science education', 'physics', ‘chemistry’, 'biology ", 'fuzzy logic', 'data mining', ‘educational
interface’, 'image processing', 'expert systems', ‘Google Scholar', DergiPark and ‘National Thesis Centre of the
Presidency of the Council of Higher Education' databases were used to identify relevant studies. The search
was limited to studies conducted in Turkey between 2010 and 2023. The most recent date of publication was
01.01.2024. During the review process, it was ensured that the keywords employed in the scanning study were
present in the titles or abstracts of the studies. In determining the keywords, the keywords in the studies in the
literature and the titles in the Artificial Intelligence Applications Course Curriculum (I-11) (MoNE, 2023a)

proposed by the Ministry of National Education were found to be effective.

In the present study, a set of criteria were applied during the scanning process, and articles and theses/disser-
tations were identified through keyword searches in this direction. The criteria that were determined for the
screening study for descriptive content analysis related to artificial intelligence in science education are as
follows:

a. The studies to be examined should have been conducted between 2010 and 2023 (December).

b. The studies to be analysed should be conducted in Tirkiye.

c. The studies should be published in 'Google Academic', 'DergiPark’, 'YOK National Thesis Centre' databases
and should be open to access.
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Fourthly, the studies to be analysed should contain the keywords related to 'science education' and ‘artificial
intelligence' or artificial intelligence.

A search was conducted for the keywords ‘artificial intelligence' and 'science education' and ‘artificial intelli-
gence in education' in Google Scholar, yielding a total of '285' results. A further '50' results were obtained from
the National Thesis Centre. The keywords ‘artificial intelligence in education' and 'science education' were
searched together in DergiPark, yielding a total of 2043 results. The remaining keywords, including ‘artificial
neural networks', 'deep learning', 'fuzzy logic', 'educational interface', 'machine learning', 'natural language
processing', 'data mining', 'image processing', 'expert systems', 'robotic coding' and 'pattern recognition’, were
searched individually in the databases, with some limitations, and the articles and theses deemed appropriate
were included in the study.

After an initial search of the databases, 77 studies were considered suitable for review. However, 42 studies
were excluded because they did not meet the criteria in terms of their relationship to science education and Al.
In this study, a total of 35 studies, 17 dissertations and 18 articles, were subjected to descriptive content
analysis. The data collection and analysis process of the study is shown in Figure 1.

Figure 1. Data Collection and Analysis Process of the Study
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2.2. Analysis of Data

In the present study, an analysis of the extant literature on science education and artificial intelligence was
conducted through the utilisation of descriptive content analysis. The collected data was systematically and
descriptively visualised and explained through the use of various tables and graphs. The objective of
descriptive content analysis is to elucidate subsequent studies and to reveal the prevailing subject trends (Ultay
etal., 2021).

In this study, the 'Article/Thesis Classification Data Entry Form' developed by the researcher was utilised to
categorise the studies obtained from articles and postgraduate theses and to facilitate their entry into Excel for
analysis. Within this form, the name, author, year of publication, type, journal/university where they were
published, research design and method, data collection tools, sampling method, sample size, distribution of
keywords used, and artificial intelligence methods and applications used were examined under 10 titles. The
data obtained during the analysis process were classified by transferring them to an Excel file according to the
10 categories determined, and the data close to each other were transformed and handled under common
headings in the Excel table. Then, the findings of the study were obtained with tables and graphs via Excel.

In line with this study, the studies on ‘artificial intelligence', 'artificial intelligence in education' and related
topics together with 'science education’ between 2010-2023 were scanned using 'Google Scholar’, 'DergiPark’
and 'National Thesis Centre' databases and 35 studies (18 research articles and 17 postgraduate theses) were
analysed. This study thus sought to analyse the general trends of research in the literature on the subject in
question. Authors, publication year and title of the study for the studies analyzed are provided in Table 1 below.



Table 1. Studies examined for Descriptive Content Analysis

Author/s

Yilmaz

Durmus
Kog Senol

Kog¢ & Boyiik
Ozdogru

Ercan
Akgiin
Schreglmann & Karakus

Aksu & Dogan

Yorganci
Atasayar

Benzer & Benzer
Filiz

Irak Kiirkan

Simsek

Yorganc: & Isik

Goktepe Yildiz & Goktepe
Kérpeoglu

Saglam et al.

Sar1 & Karasahin
Sanca et. al.
Cam et al.

Inal

Karatas & Ocak
Kesler

Ozen

Uguz et al.

Ates
Bagir

Cetintav et al.
Alan

Bayram & Celik
Colak Yazic1 & Erkog
Giiven & Siiliin
Soypak & Eskici

Yal¢in Celik & Coban

PHD: PhD Thesis, MT: Master’s Thesis, RA: Research Article

Thesis/
Article

MT

PhD
MT
RA

MT

MT
PhD

RA
RA
MT

MT
RA
PhD

MT
MT

RA
RA

RA

RA
RA
RA

MT
RA
MT
MT
RA

PhD
MT
RA

PhD

RA
RA
RA
RA

RA

Year

2010

2012
2012
2013

2013

2016
2017
2017
2018
2018
2019
2019
2019

2019
2019

2019
2020

2020

2020
2020
2021

2021
2021
2021
2021
2021

2022
2022
2022

2023

2023
2023
2023
2023

2023

Thesis/Article Name

The effect of different educational interface agents that are used in educational
software on the 8th grade primary school students? achievement, attitude and
learning permanency for the science and technology course

The effects of educational interface agent usage in virtual science and technology
museum on the interests and successes of students

Science and technology laboratory applications supported by robotic: Robolab

Technology based learning in science and technology education: robotic applica-
tions

The effect of lego programme based science and technology education on the stu-
dents’ academic achievement, science process skills and their attitudes toward sci-
ence and technology course for physical facts learning field

Modelling factors affecting attitudes of 6,7 and 8th grade students towards science
via artificial neural network method: Mus province sample

Modeling of Science and Technology Teaching Course Achievements of Elemen-
tary Teacher Candidates with Artificial Neural Networks

The effect of educational interfaces on the critical thinking and the academic
achievement

Comparison of learning methods used in data mining under different conditions

Analysis of the relationship between attitudes towards teaching profession and ac-
ademic achievement with artificial neural networks

The prediction of science success at High School Entrance Exam with artificial
neural network

Determination of tendency of cyber bullying with artificial intelligence

Machine learning methods and an application on educational data: the trends in in-
ternational mathematics and science study 2015 Turkey case

Effects on the learning outcomes of science instruction based on socioscientific is-
sues to the 7th grade students

Investigation of the effects of robotic coding application on science achievement
and scientific process skills of 6th grade students in science course matter and heat
unit

The use of artificial neural networks in classifying the average grade of science
teachers’ candidates

Examination of middle school students’ interests in stem professions using educa-
tional data mining

Investigation of emotional factors affecting PISA 2018 research with data mining
methods

Computational thinking in science education: evaluating a teaching activity
Why should fuzzy logic applications be used in science education?

Determining teacher candidates’ awareness of artificial intelligence technologies

Determining the perceptions of school administrators against artificial intelligence,
data mining and big data concepts

Investigation of 5th grade students’ achievement levels of mathematics, science
and Turkish courses learning outcomes: a data mining study

The effect of artificial intelligence system on the academic success of students in
the unit of interaction of light with matter

Planning, implementing and evaluation of machine learning teaching for preserv-
ice teachers in STEM field

The use of educational data mining in the evaluation of PISA 2018 scores of sci-
ence

Planning internet of things (1oT) aided nano-STEM-GLASS activities and study-
ing the implementation process

Opinions of science teachers on the use of artificial intelligence in education

Data mining analysis of the effect of technology use in the course on TIMMS
2019 results

The analysis of e-learning settings, which are prepared on the basis of multiple in-
telligence domains determined by artificial intelligence in science instruction, as
per different variables

A socio-science activity integrated with reasoning and entrepreneurial skills on ar-
tificial intelligence: pre-service science teachers' views

Analysis of science group teachers' use of artificial intelligence in the distance ed-
ucation process

Using of arduino assisted robotics coding activities in science teaching at the 5th
grade of a secondary school

Examining research on robotic coding applications in high secondary school math-
ematics and science courses: a content analysis study

Investigating the performance of Al-based chatbots in answering chemistry ques-
tions
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3. FINDINGS

In this study, the findings obtained from the relevant databases were examined in terms of the distribution of
keywords in the publications obtained within the specified research questions, their types, sampling methods
and sizes, data analysis methods, study group diversity, publication years, research methods and patterns, and
data collection tools.

3.1 Distribution of Keywords Used in Studies on Al in Science Education

In the present study, the keywords employed in the obtained publications were initially examined and their
frequencies were subsequently determined. The type and number of keywords vary in the examined studies.
As a result of the content analysis, a total of 145 keywords were obtained in the examined publications. While
organizing the keywords, one of the synonymous and near-synonymous keywords was determined and the
others were converted to the determined word.

Following these coding procedures, the number of keywords examined was reduced to 82. The most frequently
used word among the keywords in the study (f=10) was "science education”. The keywords "artificial
intelligence" (f=9) and "artificial neural network™ (f=7) were the next most prevalent, followed by "data
mining" (f=6), "science" (f=5), "robotics" (f=4), "academic success" (f=4) and "STEM" (f=4).

In the current study, firstly, the keywords used in the obtained publications were examined and their
frequencies were determined. The type and number of keywords vary in the examined studies. As a result of
the content analysis, a total of 145 keywords were obtained in the examined publications. While organizing
the keywords, one of the synonymous and near-synonymous keywords was determined and the others were
converted to the determined word.

After these codings, the number of keywords examined decreased to 82. The most frequently used word among
the keywords in the study (f=10) was “science education”. It was followed by the keywords “artificial
intelligence” (f=9) and “artificial neural network” (f=7), “data mining” (f=6), “science” (f=5), “robotics” (f=4),
“academic success” (f=4) and “STEM” (f=4).

Other keywords used are; “WEKA, data analysis, three-stage model, distance education, attitude, TIMSS,
technology-based learning, technology use, STEM-GLASS, interest in STEM professions, socio-scientific
issues, socio-scientific reasoning, inquiry-based learning, chatbot, cyberbullying, classification algorithms,
classification, classroom education, virtual museum, virtual science and technology museum, robotic coding,
program development, PISA, attitude towards the teaching profession, teacher candidate, technology in
education, learning method, middle school, focus group interview, internet of things (10T), nanotechnology,
nanoscience, happiness and success, motivation, mathematics and science success, mathematics education,
mathematics success, machine learning, high school entrance exam, lego mindstorms NXT 2.0, laboratory,
coding, chemistry education, decision trees, permanent learning, human-computer interaction, content
analysis, interaction of light with matter, entrepreneurial skills, general grade point averages, awareness, e-
learning, Industry 4.0, critical thinking, educational interface agent, education technology integration, artificial
intelligence in education, big data in education, educational software, education, interdisciplinary science
education, course outcomes, multiple intelligence theory, multi-layered perceptron model, study habits, fuzzy
logic, Bloom's cognitive domain taxonomy, scientific process skills, scientific reasoning, computational
thinking, fifth grade, sense of meaning, survey, 5E learning model.”

3.2. Distribution of Articles and Theses by Type

The second title of the study is the distribution of publications on artificial intelligence in science education
according to research types (Figure 2). These studies are classified under three separate titles: "research
article", "master's thesis" and "doctoral thesis". According to the data in Figure 3, the distribution and numbers
of 35 studies published between 2010 and 2023 on science education and artificial intelligence according to
research types are as follows; “research article” (f=18), “doctoral dissertation” (f=5) and “master’s theses”

(f=12). These studies are mostly listed as “research article” (52%), followed by “master’s theses” (34%) and



“doctoral dissertation” (14%).
Figure 2. Distribution of Studies in Terms of Article and Theses
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3.3. Distribution of Studies in Terms of Research/Publication Years

The figure showing the distribution of the studies on artificial intelligence in science education by year of
publication and presentation is given in Figure 3.

Figure 3. Distribution of Studies by research/publication Years
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As illustrated in Figure 3, the distribution of publication years is as follows: the lowest number of studies was
recorded in 2010 and 2016 (n = 1 each), followed by two studies in 2012, 2013, 201 In 2018, there was a
notable increase to seven studies, followed by a decline in 2019 and 2021 to four and six studies, respectively.
However, there was a resurgence in 2020 with seven studies, and a significant increase to eight studies in 2023.
When the study rates of these 35 studies are examined by year, an increase is observed after 2018. Although
this increase decreased in some years, it still maintained its upward trend in 2023. It is also seen that the
difference is significant between 2010 and 2023, suggesting that the subject of artificial intelligence in science
education is gradually becoming more prevalent.

3.4. Distribution of Studies in Terms of Sampling Method and Size

The findings regarding the sampling methods and sample sizes used in studies on Artificial Intelligence in
Science Education were examined. The results of these examinations are presented in Figure 4 below.

Figure 4. Distribution of Studies Conducted in Terms of Sampling Method
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As illustrated in Figure 4, the highest rate is observed in unspecified studies (f=14). While data on sample size
and study groups is typically available in these studies, the sampling methods employed remain undetermined.
When the studies are then ranked from high to low according to the number of times each sampling method
was used, the most frequently used methods were "criterion sampling” (f=5), "convenience sampling" (f=5),
"stratified sampling" (f=4), "purposeful sampling" (f=3), "easily accessible sampling" (f=2), and "random
sampling” (f=2). This analysis indicates that "criterion sampling" emerges as the most favoured sampling
method.

Figure 5. Distribution of Studies in terms of Sample Sizes
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As illustrated in Figure 5, the data indicates that the majority of studies are concentrated within the "0-49"
person range (f=10). When descending from the highest to the lowest, the following categories are observed:
studies in the "50-99" person range (f=8), studies in the "1000+" person range (f=7), studies in the "100-199"
person range (f=3), studies in the "500-999" person range (f=3), studies in the "200-499" person range (f=2).
The number of samples is not specified, and the studies are limited to two. However, an analysis of these data
suggests that the preferred sample size is in the range of 0-49 persons.

3.5. Distribution of Studies in Terms of Study Group

Within the scope of the study on Al in Science Education, 35 publications were examined by taking into
account the teaching levels and the findings regarding the study groups are given in Figure 6.

Figure 6. Distribution of Studies in Terms of Study Group
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As illustrated in Figure 6, the majority of study groups are observed to be at the secondary school level (51%),
with a smaller proportion at the university level (23%). The high school level is the least represented,
accounting for 3% of the study groups. The remaining 23% of the study findings are distributed across various
categories. The numerical equivalent of these rates is as follows: secondary school (f: 18), university (8), high
school (1), and other (8). The remaining 23% (f = 8) encompasses occupational categories such as teachers
and school administrators specialising in science and select other disciplines, in addition to content analysis
studies. It can be posited that science education and studies of artificial intelligence are more favoured at the
secondary school level.



3.6. Distribution of Studies According to Journals and Universities

The findings regarding the journals in which studies on Al in science education were published are given in
Figure 7, and the findings regarding universities are given in Figure 8.

Figure 7. Distribution of Studies According to the Journals
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In the research conducted, a total of 35 studies were examined. Of these, 18 were research articles. The names
of the journals in which these 18 studies were published, and their frequency of appearance, are given in Figure
13. According to this graph, the most studies were published in the Journal of Information and Communication
Technologies (f=3). Of the remaining 15 studies, one was published in each of the journals specified in the

graph.

Figure 8. Distribution of Studies According to Universities
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As illustrated in Figure 8, the data indicates the universities in which theses on artificial intelligence in science
education were published. Of the 35 studies that were examined in the conducted research, 17 were master's
(f=12) and doctoral (f=5) theses. The figure 9 shows a total of 13 different universities. The universities that
have published the most studies are "Dumlupinar University", "Firat University", "Gazi University" and
"Marmara University" (each with two studies), while the remaining nine postgraduate theses are located at the

aforementioned universities.
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3.7. Distribution of Studies in Terms of Research Method and Design
In consequence of the findings pertaining to the research methodologies employed in the analysed studies, it
was ascertained that the most prevalent method was the quantitative research method. Moreover, the findings
obtained from the studies demonstrated that the most favoured research design was survey research.

Figure 9. Distribution of Studies in Terms of Research Method
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In the context of research conducted on the utilisation of artificial intelligence in the domain of science
education, the graph in Figure 9 provides a comprehensive representation of the research methodologies
employed in the studies. The graph reveals a total of 35 study methods, including 12 qualitative studies, namely
descriptive research (f=4), case study (f=3), content analysis (f=3), focus group interview (f=1), and
phenomenological design (f=1), and 18 quantitative studies, encompassing survey research (f=1), experimental
design (f=2), relational survey design (f=3), regression analysis (f=1), survey research (f=6), quasi-
experimental design (f=5)" and 5 mixed studies "explanatory design (f=1), triangulation design (f=1), multi-
stage design (f=1), intervention design (f=1), convergent parallel design (f=1)".The studies with the highest
rate among these studies are quantitative studies. This finding lends further credence to the notion that the
guantitative research method is the most favoured approach in this field of enquiry.

Figure 10. Distribution of Studies in Terms of Research Design
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In the context of research conducted on the utilisation of artificial intelligence in the domain of science
education, the graph in Figure 10 provides a comprehensive representation of the research designs and
guantities employed in the studies. It is evident from the graph that the most prevalent design (f=8) is "survey
research”, followed by "descriptive design™ and "quasi-experimental design" with five studies. The third most
popular design in the initial three categories is "relational survey design", “content analysis™ and "case study",
with three studies each. Two studies each were conducted on "experimental design* and "descriptive research”,

while one study each was conducted on the remaining nine least preferred research designs.



3.8. Distribution of Studies in terms of Data Collection Tools

A thorough examination of Figure 11 reveals that the most frequently employed data collection instrument in
the studies is the "academic achievement test" (f=10). Additionally, it is observed that the "attitude scale",
"guestionnaire", "written documents”, "interview form", "databases", "scientific process skills test" and tools
are among the most widely used data collection tools. The category of "not specified" (f=4) encompasses
studies that do not specify a particular data collection tool, while studies employing tools from the "written

documents, semi-structured interview form, interest scale" categories are also identified.

Figure 11. Distribution of Studies in Terms of Study Group
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The least preferred data collection tools are said to be "decision trees, PISA student survey, artificial
intelligence awareness form, multiple intelligence scale for children, demographic scale, open-ended
nanoscience and nanotechnology-industry 4.0 form, Cornell conditional reasoning test, cyberbullying scale,
Evaluation rubric", with one instance of each tool being used in the studies examined. Consequently, the total
number of data collection tools utilised in the examined studies exceeds 50 (f=51). It is evident that the number
and variety of data collection tools employed vary significantly.

3.9. Distribution of Studies in terms of Data Analysis Methods

As demonstrated in Figure 12, upon examination of the studies according to their data analysis methods, it was
found that a variety of approaches were employed, with the number and variety of analysis methods used
varying. The most frequently utilised data analysis method in the studies was identified as 'content analysis'
(f=10), followed by '"ANOVA' (f=4) and 'ANCOVA' (f=4) methods, with four studies each. The least frequently
employed data analysis techniques were identified as the ‘Man Whitney U-Test', 'Wilcoxon Signed Ranks Test'
and 'Document Analysis', each employed in a single study. The 'Other' category, encompassing six distinct
methods, was also analysed. These results indicate that the ‘content analysis' method is the most prevalent in
the field of artificial intelligence in science education.
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Figure 12. Distribution of Studies in terms of Data Analysis Methods
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3.10. Distribution of Artificial Intelligence Methods, Techniques and Applications Used in
Studies

Figure 13 provides a visual representation of the findings concerning the artificial intelligence methods,
techniques and applications utilised in the studies and regarded as subjects. The graph illustrates the frequency
with which artificial intelligence techniques and applications are preferred in the studies examined. It is evident
that the most frequently employed method is "data mining" (f=8). The "artificial neural network" method (f=6)
and "robotics" (f=6) were the next most prevalent methods, followed by "general artificial intelligence
concept" (f=5), "machine learning" (f=3) and "educational interface agent" (f=3). Conversely, "fuzzy logic"
(f=1), "internet of things" (f=1), "pattern recognition" (f=1) and "artificial intelligence-based chatbots" (f=1)
were identified as the least preferred techniques and applications.

Figure 13. Distribution of Artificial Intelligence in Terms of Methods, Techniques and Applications
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4. CONCLUSION, DISCUSSION AND RECOMMENDATIONS

This descriptive content analysis study examined existing postgraduate theses and articles in the fields of
artificial intelligence and science education in Turkey between 2010 and 2023. The aim of the review was to
reveal the general trends of research on specific issues. A total of 35 studies were analysed, including 12
master's theses, 5 doctoral theses and 18 research articles.



The keywords "artificial intelligence" and "science education", "artificial neural networks", "deep learning",
"fuzzy logic", "educational interface", "machine learning", "natural language processing"”, "data mining",
"image processing", "expert systems", ""robotic coding™ and "pattern recognition" were identified. The "Google
Academic"”, "National Thesis Center" and "DergiPark" databases were searched for studies addressing the

subject in Tiirkiye between the years 2010-2023.

The Atrtificial Intelligence Applications Course Curriculum for secondary school students, published by the
Ministry of National Education (2023a), encompasses seven distinct artificial intelligence concepts: machine
learning and pattern recognition, artificial neural networks, fuzzy logic, developing sample projects in a block-
based environment, data mining, image processing. These concepts are incorporated into the curriculum and
are subject to instruction. The keywords examined and presented in line with our study are numerous and
appear to include all of these concepts. In addition, different artificial intelligence concepts such as

"educational interface agent”, "robotics" and "decision trees" were also encountered. Based on this, it can be
said that our study includes concepts taught at the secondary school level.

A study was conducted by Akdeniz and Ozding (2021) in which the literature was examined with a view to
identifying artificial intelligence techniques in the context of the keywords "fuzzy logic, artificial neural
networks, intelligent agents, expert systems and intelligent tut oring systems (IFS) and artificial intelligence
(General)" in the "National Thesis Center", "DergiPark" and "Google Scholar" databases between the years
1999-2018 and descriptive content analysis was performed. In the study conducted by Kavut (2022), the focus
was on examining authorised postgraduate theses on artificial intelligence that had been published in the
National Thesis Center of the Council of Higher Education in Turkey between the years 2019-2021. This was
achieved by employing the content analysis method. Concurrently, Meco and Costu (2022) undertook a
separate study, which involved scanning the studies on the same subject with the keyword "artificial
intelligence in education™ conducted in Turkey between 2017-2021 from the "Google Academic" and "Higher
Education Council (YOK) National Thesis Center" databases. In a similar vein, Tekin (2023) examined the
articles and postgraduate theses conducted in Tiirkiye in 2023 and prior to that on the subject of "artificial
intelligence in education”. A total of 39 articles and theses were determined and examined from the
"ULAKBIM TR Index" and "YOK National Thesis Center" databases. Giizey et al. (2023) examined the
articles using the terms "artificial intelligence in education” in the "education & education research™ category
of the Web of Science website between 2019-2021 by utilizing artificial intelligence techniques in education.

As demonstrated by these results, the majority of Turkish studies utilised conventional keywords and
databases. Nevertheless, there are distinctive elements that set this study apart from others. Primarily, our study
is situated within the domain of "science education", and we have concurrently addressed the keywords
"artificial intelligence" in education, in addition to artificial intelligence methods, techniques and applications.

While there is an absence of analogous studies in our country concerning the literature review in the domain
of science education and artificial intelligence, studies conducted on this subject are identified when examining
the literature outside Turkey. In the research conducted by Jia, Sun & Looi (2023) in the domain of science
education between 2013 and 2023, 76 studies were accessed via the "Web of Science" and "Scopus™ databases

using keywords such as " artificial intelligence in science education™, "artificial intelligence", "data mining",

"machine learning", "algorithm"”, "expert system", "intelligent education system", "robot", "personalized
learning”, "recommended system" and bibliometric and content analyses of these data were performed. It
should be noted that the choice of databases, inclusion of studies from Turkey, selection of keywords in
Turkish, incorporation of different keywords and utilisation of varied analysis methods have contributed to the
diversity of this study. The findings have provided insights into the trends in studies examining artificial

intelligence in the context of science education in Tiirkiye.

A subsequent examination of the findings has revealed that the majority of studies conducted on artificial
intelligence were of a quantitative nature. Giizey et al. (2023) also stated that their research, which examined
the content analyses of studies on artificial intelligence in education, focused predominantly on quantitative
studies.
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A review of studies on artificial intelligence and science education reveals a balanced prevalence of research
articles and graduate theses. This suggests a high level of interest in the field, which is reflected in its extensive
publication across various academic disciplines. The analysis methods employed in these studies encompass
conventional approaches such as content analysis and ANOVA, along with more advanced techniques like
data mining and artificial neural networks. This finding suggests that the field of artificial intelligence is both
innovative and open to diverse methodological approaches. The analysis of extant literature reveals a plethora
of applications and studies in the domain of artificial intelligence, with implications for science education. The
present study employed a descriptive content analysis of graduate theses and articles from the scientific
literature on artificial intelligence and science education. The study's findings are expected to contribute to the
extant literature and to researchers who wish to conduct studies in this field.

4.1. Recommendations

This study, and similar content analysis studies, can be conducted in different areas of education instead of
"science education™ based on existing studies in the literature. The subject can also be studied using different
keywords that include artificial intelligence applications, methods or techniques. In addition, different studies
can be put forward that include science education topics as well as "artificial intelligence™ and its application
areas, which are increasingly being studied. A review of studies conducted in Turkey indicates a paucity of
research on the application of Al in the domain of science education. However, experimental studies in this
area are possible. Furthermore, it is recommended that researchers explore the potential of artificial intelligence
in science education programmes.
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Abstract

In order for educational activities to be more effective, teachers use various teaching
tools in the teaching process. This situation puts the stakeholders of education in
search of various teaching tools to increase the efficiency of educational activities.
One of the teaching tools that this search has revealed is the creative comic. The aim
of this study is to discuss and introduce creative comics with their general
characteristics. The current study is a reviev type of research. By examining the
studies on comics in the existing literature, the characteristics of creative comics
were revealed.

Creative comics attention as an effective alternative teaching tool for educational
activities with four different uses. Creative comics can be used on the basis of
completing the unfinished script, changing the existing script, writing a script for
unscripted drawings, and adding facial expressions that reflect emaotions.

Creative comics, which represent the combination of comics and creative writing,
have many positive effects on educational processes. At the beginning of these
positive effects are to make students active, to create a fun lesson environment, to
attract attention, to facilitate teaching and understanding, to increase retention, to
develop imagination and empathy. As a result, in this study, it has been revealed
that creative comics are an alternative teaching tool that can be used for educational
purposes.

Considering the theoretical framework of the creative comics put forward in this
study, the use of artificial intelligence tools to create creative raw novels that can be
used for educational purposes will make significant contributions to the research
and the field.

Sentiirk, M. (2024). An alternative teaching tool: Creative comics. International Journal of
Educational and Artificial Intelligence, 1(1), 59-74.
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1. INTRODUCTION

Education is an effective tool for individuals to have the characteristics that can meet the needs of the age they
live in (Tikman, 2021). Teachers also have an important responsibility in providing individuals with the
characteristics they will need in social life (Simsek et al., 2017). In line with this responsibility, teachers are
obliged to determine the most appropriate methods and materials to use in their lessons (Bayrak¢eken, Dogan
& Doymus, 2015). Preparing teaching materials in order to carry out educational activities in accordance with
today's understanding of education also increases the responsibility of teachers.

Comics have been used as an effective teaching material in educational activities for many years. However, in
recent years, comics have been making a place for themselves in learning-teaching processes with a different
way of using them. This new form as a creative comic represents the combination of comics, a literary art
form, with creative writing, which is a form of writing (Sentiirk & Topkaya, 2020; Senturk, 2023). This merger
combines the strengths of comics and creative writing into one teaching material. Creative comics consist of
two basic components. These are comics and creative writing. Comics, which are considered as a type of art,
are based on the support of a picture created through lines with a story (Alsag, 1994). Drawings supported by
writing turn into a narrative tool. Platin (1985) emphasizes this aspect of the comics and expresses the comics
as a form of narration created by pictures that integrate and create continuity under a certain theme. Inge (1997)
also sees the comics as a narrative in which the text is blended in a balanced way with the perception of visual
and movement, and the dialogues are shown with speech bubbles.

In simple terms, a comics is a visual with a written narrative blended with humor. This merger has taken on a
new form by expanding the boundaries of painting and writing. On the basis of this form, it has an artistic
infrastructure. However, over time, comics overflowed from the field of art and turned into a teaching material
(Senturk, 2022). Leaving artistic concerns behind and finding a place in the field of education, comics are
referred to as educational comics. Educational comics are designed for educational purposes and primarily aim
to support teaching. The combination of visuals and text in educational comics can alter students' perspectives
on their learning processes (Astuti et al., 2014). Educational comics; It is an effective teaching tool in skills
education, on the facilitation and permanence of learning, and in increasing student motivation and active
participation in the lesson (Akanca, 2020; Cicek Sentiirk & Selvi, 2024; ilhan & Orug, 2019; ilhan & Shin,
2024; McNicol, 2017; Sentiirk & Simsek, 2021; Sentiirk and Simsek, 2022; Topkaya & Yilar, 2015; Yildirim,
2016). Sentiirk and Simsek (2021) explain the effect of comics on the speed of learning with a remote control
metaphor. This phrase emphasizes the aspect of comics that appeals to individual learning speed. In addition
to all these, educational comics support a fun learning environment with their humorous structure. Considering
such features of educational comics, it can be said that the effect of comics goes beyond the frames drawn and
positively affects the learning-teaching processes. In this respect, it is possible to state that educational comics
have a wider impact area than the characters created with unique costumes and superpowers identified with
comics on paper with a script (Sentiirk, 2022a).

Creative writing refers to different types of original writings in which one can express in a unique way, as
opposed to the objective transmission of information (Konuk, 2021). This type of writing requires people to
create a new and original fiction by blending their impressions with their knowledge and imagination (Sahin,
2020). This fiction is based on the establishment of bonds that have not been established before, different and
fluid relationships (Temizkan, 2010). Creative writing allows one to express one's thoughts freely (Susar
Kirmizi, 2015). Such features of creative writing help people understand their inner world and express it freely
(Yilmaz, 2013).

Orhon (2020) states that creative writing improves creativity and personality. Because creative writing starts
with creative thinking (Sahin, 2020). In fact, creative thinking is among the basic requirements for creative
writing (Y1lmaz, 2013). Putting imaginative or existing texts into different patterns from a different perspective
with the help of various activities (Y1lmaz, 2013) shows the need for creative thinking skills in creative writing.
In addition, creative writing activities also improve creative thinking skills (Sentiirk, 2022a). Creative writing
activities encourage students to stimulate their thinking and imagination on the determined topic with active
participation in a fun learning process (Gocen, 2018; Susar Red, 2008). In creative writing, the focus is not on
written expression with correct grammar. In creative writing, the focus is on effectively putting feelings and
thoughts on paper (Orhon, 2020).
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Creative comics combine the ability of comics to convey both visual and written messages, and creative writing
allows one to express one's feelings and thoughts freely. When the literature is examined, it is seen that creative
comics can be integrated into teaching processes in four different ways (Sentiirk, 2022a; Sentiirk, 2022b;
Sentiirk & Cigek Sentiirk, 2023).

In creative comics, it is aimed to reveal the knowledge, feelings, thoughts and values of the students on a
subject with the first use (Figure 1), where the script is cut at some point or gaps are left in the script. Students
fill in the gaps left in the creative comics in line with their own knowledge, feelings, thoughts and values.
Thus, teachers can get an idea about their students' knowledge levels, feelings and thoughts on that subject.

Figure 1. The first type of creative comics in which the script is continued (Sentiirk, 2022b).
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In the second type of use (Figure 2), it is expected that some or all of the script of the creative comics will be
changed. The teacher places incorrect information or examples of misbehavior at certain points in the scenario.
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Students are asked to identify and replace them. With this type of use, creative comics can be effective in
determining the learning levels of students. Misconceptions or misinformation that students have can be
detected. An idea can be obtained about how students will behave in a situation example.

Figure 2. The second type is creative comics in which the script is changed (Sentiirk, 2022a).
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The third use of the creative comics (Figure 3) is similar to mute maps. In such creative comics, the visual
backdrop and characters are created. Speech bubbles are added for characters. However, these bubbles are left
hollow. This use requires students to create a script for the creative comics. Students interpret the visual parts
of the creative comics with their own knowledge, feelings and thoughts and write dialogues for the characters
within the framework of the subject of the course.
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Figure 3. The third type of creative comics for which a script is written (Sentiirk & Cigek Sentiirk, 2023).

In the fourth use of the creative comics (Figure 4), the script is created and the characters are illustrated.
However, the facial expressions of the characters are deleted. According to the plot in the creative comic,
students draw the emotions of the characters (such as happy, sad, angry, surprised) in a way that reflects their
facial expressions. With this usage, it aims to reveal students' feelings towards a certain event. This type of use

is especially effective for affective learning.
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Figure 4. The fourth type of comics in which facial expressions are drawn
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The main feature that distinguishes creative comics from educational comics is that creative comics allow
people to transfer their own feelings and thoughts to the comic. Students are able to shape creative comics in
line with their knowledge, attitudes, values and thoughts. This makes the creative comics an interactive
teaching material.

2. CONCLUSION

The stakeholders of education are constantly in search of more efficient educational processes. This search
mediates the discovery of many methods, techniques or materials that will have a positive impact on
educational processes. Creative comics are one of them.
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Creative comics offer powerful alternatives to teachers with four different uses. Creative comics,
which combine the power of comics and creative writing on educational processes, turn into an
effective teaching tool. Since creative comics are an interactive teaching tool, the use of this genre in
educational activities can ensure that students participate more actively in the course process.
Students can participate in the lesson with a higher motivation in a more enjoyable classroom
environment. Creative comics develop students' empathy and imagination and create opportunities
for more permanent learning. Creative comics also make it easier to learn because they have a simple
and plain written expression and support this expression with visuals.

In addition to these positive features, the fact that preparing and using creative comics requires
education and the use of creative comics in the classroom is time-consuming can be shown among
the main limitations of this teaching material. However, creative comics require experience and time
to prepare. For this limitation of creative comics, it is recommended to reproduce creative comics
prepared in digital environments and use them repeatedly in different classes and in different years.
By taking into account the theoretical framework of creative comics presented in this study, artificial
intelligence-supported creative comics that can be used for educational purposes can be created.
Acrtificial intelligence-supported creative comics will make significant contributions to the research
and the field.

Conflict of Interest and Ethical Statement

The author does not declare any conflict of interest. This study complies with research and publication ethics.
The scientific and legal responsibility of the articles published in IJEDAI belongs to the author(s).

Author Contribution Statement
Since the study was a single author, all parts of the study were undertaken by the author of the study.
REFERENCES

Akanca, N. (2020). An alternative teaching tool in science education: educational comics. International Online
Journal of Education and Teaching (I0JET), 7(4), 1550-1570.
http://iojet.org/index.php/I0QJET/article/view/1063

Alsag:,.U. (1994). Tiirkiye’de karikatiir, ¢izgi roman ve ¢izgi film[Cartoons, comics and cartoons in Turkey].
Iletisim.

Astuti, T. M. P., Kismini, E. & Prasetyo, K. B. (2014). The socialization model of national character education
for students in elementary school through comic. Jurnal Komunitas, 6(2), 260-270.
https://doi.org/10.15294/komunitas.v6i2.3305

Bayrakgeken, S., Dogan, A., & Doymus, K. (2015). Isbirlikli 6grenme modeli ve uygulamasi. Pegem Akademi.

Cicek Sentiirk, O., & Selvi, M. (2024). Argumentation-supported educational comics as a teaching tool for
environmental education. Environmental Education Research, 30(2), 170-1809.
https://doi.org/10.1080/13504622.2023.2227357

Gogen, G. (2018). Simif 6gretmenlerinin yazmaya yonelik yeterlilik algisina, tutumuna ve yaratici[Classroom
teachers' perception of competence towards writing, attitude and creative]. Journal of Turkish Studies,
13(27), 737-762.

Inge, M. T. (1997). Cizgi romanlar. Sanat Diinyamiz, 64.

Ilhan, G. O., & Orug, S. (2019). Sosyal Bilgiler dersinde ¢izgi roman kullanimi: Teksas tarihi. Egitim ve Bilim,
44(198), 327-341. http://dx.doi.org/10.15390/EB.2019.7830

IThan, G. O., & Sin, M. (2024). Reflections of “Use of comics in social studies education” Course: The opinion
and experiences of teachers. SANE Journal: Sequential Art Narrative in Education, 2(8), Article 2.
https://digitalcommons.unl.edu/sane/vol2/iss8/2

Konuk, S. (2021). Ana dili olarak Tiirk¢e egitimindeki yaratic1 yazma tezlerine analitik bir bakis: Kapsam
belirleme incelemesi[An analytical analysis of theses about creative writing in Turkish education as a
native language: a scoping review]. RumeliDE Dil ve Edebiyat Arastirmalar: Dergisi, (22), 706-733.
https://doi.org/10.29000/rumelide.899223



https://doi.org/10.15294/komunitas.v6i2.3305
https://doi.org/10.1080/13504622.2023.2227357
http://dx.doi.org/10.15390/EB.2019.7830
https://digitalcommons.unl.edu/sane/vol2/iss8/2
https://doi.org/10.29000/rumelide.899223

Sentlrk m

Kirmizi, F. S. (2015). The effect of creative drama and creative writing activities on creative writing
achievement. Education and Science, 40(181), 93-115. http://dx.doi.org/10.15390/EB.2015.4552
McNicol, S. (2017). The potential of educational comics as a health information medium. Health Information

& Libraries Journal, 34(1), 20-31. https://doi.org/10.1111/hir.12145

Orhon, G. (2020). Yine yazi yaziyoruz (6th ed.). Pegem Akademi Publication.

Platin, A. (1985). Tek resimden dizi resme gegis. Gasteri, 61.

Senturk, M. (2023). Social studies pre-service teachers' educational comics experience for disaster education.
International Journal on Social and Education Sciences (lJonSES), 5(1), 153-166.
https://doi.org/10.46328/ijonses.511

Senturk, M., & Cicek Senturk, O. (2023). The social studies and science pre-service teachers' experiences of
creative comics for environmental education. International Journal of Research in Education and
Science (IJRES), 9(1), 109-123. https://doi.org/10.46328/ijres.3080

Susar Kirmizi, F. (2008). A qualitative study on the evaluation of creative writing products with respect to
certain criteria . Ankara Universitesi Egitim Bilimleri Dergisi, 41, 93-115.

Sahin, A. (2020). Yaratic1 yazma. F. Susar Kirmiz1 (Ed.), Ilk ve ortaokullarda Tiirkge ogretimi iginde (pp.
267-306). An1 publication.

Sentiirk, M., & Topkaya, Y. (2020). Sosyal bilgilere 6zgii beceriler ve 6gretimi. R. Turan ve H. Akdag (Ed.),
Sosyal bilgiler ogretiminde yeni yaklasimlar IV i¢inde (ss. 227-251). Pegem Akademi Yayincilik.
Sentiirk, M., & Simsek, U. (2021). Educational Comics and educational cartoons as teaching material in the
social studies  course.  African Educational Research ~ Journal, 9(2), 515-

525. https://doi.org/10.30918/AERJ.92.21.073

Sentiirk, M. (2022a). 21. yiizy1l becerileri egitiminde yaratict ¢izgi roman. M. Sentiirk, U. Simsek ve Y.
Topkaya (Ed.), Yenilik¢i yaklasimlaria 21. yiizyil becerileri egitimi iginde (ss.63-75). Vizetek
Yayincilik.

Sentiirk, M. (2022b). Sosyal bilgiler egitiminde demokrasi, demokrasinin temel ilkeleri ve toplumsal yasama
etkilerine yonelik egitim programi tasarisi. H. Bayram, S. Polat ve S. Safali (Ed.), Sosyal bilgiler dersine
yonelik ornek egitim programi tasarilart iginde (ss. 221- 244). Pegem Akademi Yayincilik.

Sentiirk, M., & Simsek, U. (2022). The effect of educational comics and educational cartoons on student
attitude and motivation in social studies course. International Journal of Education Technology and
Scientific Researches, 7(17), 378-413. http://dx.doi.org/10.35826/ijetsar.422

Sentiirk, M., & Simsek, U. (2023). Giiniimiiz diinya sorunlarinin sosyal bilgiler 6gretmen adaylarimnin
gobziinden incelenmesi. Educational Academic Research, 48(1), 125-135.
https://doi.org/10.5152/AUJKKEF.2023.2284198

Simsek, U., Tikman, F., Yildirim, E., & Sentiirk, M. (2017). Sosyal bilgiler ve smif egitimi 6gretmen
adaylarinin géziinden vatandashk egitimi: nitel bir calisma. Dicle Universitesi Ziya Gékalp Egitim
Fakiiltesi Dergisi, 32, 913-925.

Temizkan, M. (2010). Tiirk¢e Ggretiminde yaratict yazma becerilerinin gelistirilmesi[Developing creative
writing skills in turkish language education). Tiirkliik Bilimi Arastirmalari, 27, 621-643.

Tikman, F. (2021). Sosyal bilgiler dersine yonelik disiplinleraras1 bir toplu 6gretim deseni tasarlama 6rnegi.
E. Kaya (Ed.), Sosyal bilgiler dersi ve egitiminin tasarimi iginde (ss. 161-190). Pegem Akademi
Yayincilik.

Topkaya, Y., & M. B, Yilar. (2015). Egitici ¢izgi romanlarla ilgili 6grenci goriislerinin analizi [Analysis
student views related toeducative comics]. Egitim ve Sosyal Bilimler Dergisi, 2(6), 106—106.

Yildirim, E. (2016). Simif 6gretmeni adaylarin egitici ¢izgi romanlar hakkindaki goriisleri [Examining
opinions of classroom teacher candidates on educational comics). Kilis 7 Aralik Universitesi Sosyal
Bilimler Dergisi, 6(11), 52-70. https://dergipark.org.tr/tr/pub/kilissbd/issue/24637/260665

Yilmaz, Y. (2013). Yazma 6gretimi. C. Yildiz (Ed.), Yeni 6gretim programina gére kuramdan uygulamaya
Tiirkce ogretimi iginde (pp. 217-295). Pegem Akademi Yaymcilik.



http://dx.doi.org/10.15390/EB.2015.4552
https://doi.org/10.1111/hir.12145
https://doi.org/10.46328/ijonses.511
https://doi.org/10.46328/ijres.3080
https://doi.org/10.30918/AERJ.92.21.073
http://dx.doi.org/10.35826/ijetsar.422
https://doi.org/10.5152/AUJKKEF.2023.2284198
https://dergipark.org.tr/tr/pub/kilissbd/issue/24637/260665

International Journal of Education and Artificial Intelligence

Research Article

IJEDAI

https://doi.org/10.

International Journal of Educational and Artificial Intelligence
Volume 1, Issue 1, 59 - 74.

ISSN: XXXX-XXXX
http://www.ijedai.com/

Alternatif bir 6gretim araci: Yaratici ¢izgi roman

Mehmet Sentiirk *

Kilisli Muallim Rifat Faculty of Education, Kilis 7 Aralik University, Kilis, Tiirkiye

Makale Bilgi

Gonderilme: 20.11.2024
Kabul : 30.12.2024

Cevrimigi yayin: 30.12.2024

Anahtar Kelimeler

Yaratici ¢izgi roman
Egitici ¢izgi roman
Yaratict yazma

*Sorumlu Yazar:

Mehmet Sentiirk
E-mail: senturk@Kilis.edu.tr

License

Creative Commons Attribution-
NonCommercial-NoDerivatives
4.0 International License
https://creativecommons.org/licens

es/by-nc-nd/4.0/

To cite this article:

Egitim faaliyetlerinin daha etkili olabilmesi i¢in Ogretmenler Ogretim siireci
igerisinde ¢esitli 6gretim araglar1 kullanmaktadirlar. Bu durum egitimin paydaslarini
egitsel faaliyetlerin verimini artirmak igin g¢esitli Ogretim araci arayist icerine
sokmaktadir. Bu arayigin ortaya ¢ikardigi 6gretim araglarindan biri de yaratici ¢izgi
romandir. Bu ¢alismanin amaci, yaratici ¢izgi romanlar1 genel 6zellikleriyle ele
almak ve tanitmaktir. Mevcut ¢alisma derleme tiiriinde bir arastirmadir. Mevcut
literatlirdeki ¢izgi romanlara yonelik ¢alismalar incelenerek yaratici ¢izgi romanin
ozellikleri ortaya ¢ikarilmistir.

Yaratici ¢izgi romanlar dort farkli kullanim sekliyle egitsel faaliyetler igin etkili bir
alternatif 6gretim araci olarak dikkat ¢cekmektedir. Yaratici ¢izgi romanlar yarim
kalan senaryonun tamamlanmasi, mevcut senaryonun degistirilmesi, senaryosuz
¢izimlere senaryo yazilmasi, duygular1 yansitan yiiz ifadeleri eklenmesi esasina
dayal1 sekilde kullanilabilmektedir.

Cizgi roman ve yaratici yazmanin birlesimini temsil eden yaratici ¢izgi roman,
egitsel siiregler tizerinde birgok olumlu etki olugturmaktadir. Bu olumlu etkilerin
baginda 6grencileri aktif kilma, eglenceli bir ders ortami olusturma, dikkat gekme,
Ogretimi ve anlamayi kolaylastirma ve kalicilig1 artirma, hayal giiciinii ve empatiyi
gelistirme gelmektedir. Sonug olarak bu ¢alismada yaratici ¢izgi romanlarin egitsel
amagclarla kullanilabilecek alternatif bir 6gretim araci oldugu ortaya konulmustur.

Bu calismada ortaya konulan yaratici ¢izmi romanlarin kuramsal cergevesi
diistiniilerek, egitsel amaglarla kullanilabilecek yaratici ¢igi roman olusturmaya
yonelik yapay zeka araglarmin kullanimiyla, yapilacak arastirmalara ve alana
onemli katkilar saglayacaktir.

Sentiirk, M. (2024). An alternative teaching tool: Creative comics. International Journal of
Educational and Artificial Intelligence, 1(1), 59-74.
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1. GIRIS

Bireylerin yasadiklar cagin gereksinimlerine cevap verebilecek 6zelliklere sahip olmasinda egitim etkili bir
aractir (Tikman, 2021). Bireylerin toplumsal yasamda ihtiya¢ duyacaklar1 6zelliklerin onlara
kazandirilmasinda da 6gretmenler dnemli bir sorumluluk yiiklenmektedir (Simsek vd., 2017). Ogretmenler bu
sorumluluk dogrultusunda derslerinde kullanacaklar1 en uygun yontem ve materyalleri belirlemekle
yiikiimliidiir (Bayrakgeken vd., 2015). Giinimiiz egitim anlayigina uygun egitsel faaliyetler stirdiirmek igin
Ogretim materyali hazirlamak da 6gretmenlerin sorumlulugunu artirmaktadir.

Cizgi romanlar uzun yillardir egitsel faaliyetlerde etkili bir 6gretim materyali olarak kullanilmistir. Bununla
birlikte ¢izgi roman son yillarda 6grenme-6gretme siireglerinde farkli bir kullanim sekliyle daha kendine yer
acmaktadir: Yaratici ¢izgi roman. Bu yeni form, edebi bir sanat tiirii olan ¢izgi romanin bir yazma bi¢imi olan
yaratici yazma ile birlesimini temsil etmektedir (Sentiirk & Topkaya, 2020; Sentiirk, 2023). Bu birlesme ¢izgi
romanin ve yaraticit yazmanin giiclii yonlerini bir 6gretim materyali iizerinde toplamaktadir. Yaratici ¢izgi
roman iki temel bilesenden olugsmaktadir. Bunlar ¢izgi roman ve yaraticit yazmadir. Bir sanat tiirii olarak kabul
edilen ¢izgi romanlar, ¢izgiler araciligtyla olusturulan bir resmin bir 6ykiiyle desteklenmesi temelinde dayanir
(Alsag, 1994). Yaziyla desteklenen ¢izimler bir anlatim aracina dondigiir. Platin (1985) ¢izgi romanin bu
yoniinli vurgulayarak ¢izgi romani, belirli bir tema altinda biitiinlesen ve siireklilik olusturan resimlerle
olusturulan bir anlatim bigimi olarak ifade etmektedir. Inge (1997) de ¢izgi roman1 metnin, gorsel ve hareket
algis1 ile dengeli bir sekilde harmanlandig1 ve diyaloglarin konusma balonlariyla gosterildigi bir anlati olarak
gormektedir.

Basit bir anlatimla ¢izgi roman, yazili anlatima sahip bir gorselin mizahla harmanlanmis seklidir. Bu birlesme
resmin ve yazinin sinirlarini genisleterek yeni bir forma biiriinmiistiir. Bu form temelinde sanatsal bir alt yap1
barindirmaktadir. Ancak zamanla ¢izgi roman sanat alanindan tasmis ve bir 6gretim materyaline doniismiistiir
(Sentiirk, 2022a). Sanatsal kaygilari arkada birakip egitim alaninda kendine yer bulan ¢izgi romanlar, egitici
cizgi roman olarak ifade edilmektedir. Egitici ¢izgi romanlar, egitsel amaglar igin tasarlanir ve temelde
Ogretimi desteklemeyi amaglarlar. Egitici ¢izgi romanlarin gérsel ve metni bulusturmasi, 6grencilerin 6grenme
stireglerine iligkin bakis agilarini degistirebilir (Astuti et al., 2014). Egitici ¢izgi romanlar; beceri egitiminde,
ogrenmelerin kolaylagsmasi ve kaliciligi ilizerinde, 6grenci motivasyonunun ve derse aktif katiliminin
artirlmasinda etkili bir 6gretim aracidir (Akanca, 2020; Cigek Sentiirk & Selvi, 2024; ilhan & Orug, 2019;
[Than & Sin, 2024; McNicol, 2017; Sentiirk & Simsek, 2021; Sentiirk & Simsek, 2022; Topkaya & Yilar, 2015;
Yildirim, 2016). Sentiirk ve Simsek (2021) ¢izgi romanlarin 6grenme hiz1 {izerindeki etkisini bir uzaktan
kumanda metaforu ile agiklamaktadir. Bu ifade ¢izgi romanlarin bireysel 6grenme hizina hitap eden yoniinii
On plana ¢ikarmaktadir. Tiim bunlarin yaninda egitici ¢izgi romanlar, tagidiklart mizahi yapi ile eglenceli bir
O0grenme ortamint desteklemektedir. Egitici ¢izgi romanlarin bu gibi 6zellikleri disliniildiiglinde ¢izgi
romanlarin etkisinin ¢izim yapilan karelerin disina tastigi ve 6grenme-0gretme siireclerine olumlu etkiledigi
sOylenebilir. Bu yoniiyle egitici ¢izgi romanlarin, ¢izgi romanla 6zdeslesen kendine has kostiim ve siiper
giiclerle yaratilan karakterlerin bir senaryoyla birlikte kagit iizerine resmedilmesinden daha genis etki alanina
sahip oldugunu ifade etmek miimkiindiir (Sentiirk, 2022a).

Yaratici yazma, bir bilginin nesne bir sekilde iletilmesinin aksine kisinin kendine 6zgii bir sekilde anlatim
gergeklestirebildigi farkli tiirde orijinal yazilari ifade eder (Konuk, 2021). Bu yazma tiirii kisilerin
izlenimlerini, bilgi birikimi ve hayal diinyasiyla harmanlayip yeni ve 6zgiin bir kurgu olusturmasini gerektirir
(Sahin, 2020). Bu kurgu, daha 6nce kurulmamis baglar, farkli ve akicr iligkiler kurulmasina dayanir (Temizkan,
2010). Yaratic1 yazma kisinin diisiincesini 6zgiirce ifade etmesine olanak tanir (Susar Kirmizi, 2015). Yaratici
yazmanin bu gibi 6zellikleri kisilerin i¢ diinyalarin1 anlamalarina ve 6zgiirce ifade etmelerine yardimci olur
(Yilmaz, 2013).

Orhon (2020) yaratic1 yazmanin yaraticiligi ve kisiligi gelistirdigini ifade eder. Ciinkii yaratici yazma, yaratici
diistinmeyle baslar (Sahin, 2020). Hatta yaratic1 diislinme yaratici yazma i¢in temel gereklilikler arasindadir.
Hayal giiciiyle olusturulan veya mevcut metinlerin cesitli etkinlikler yardimiyla farkli bir bakis agistyla farkli
kaliplara sokulmasi (Yilmaz, 2013) yaratici yazmada yaratici diisiinme becerisine duyulan ihtiyaci
gostermektedir. Bununla birlikte yaratici yazma etkinlikleri de yaratici diistinme becerisini gelistirmektedir
(Sentiirk, 2022a). Yaratict yazma etkinlikleri, 6grencilerin eglenceli bir 6grenme siireci igerisinde aktif bir
katilimla belirlenen konu iizerine diisiinme ve hayal giiciinii harekete gegirmesini tesvik eder (Gogen, 2018;
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Susar Kirmizi, 2008). Yaratic1 yazmada odak, dogru dilbilgisi ile yazili anlatim degildir. Yaratici yazmada
duygu ve diigiincelerin etkili bicimde kagida dokiilmesine odaklanilir (Orhon, 2020).

Yaratici ¢izgi roman, ¢izgi romanlarin hem gorsel hem de yazili mesaj iletme 6zelligini, yaratici yazmanin da
kisinin duygu ve diisiincelerini 6zgiirce ifade edebilmesine imkan tanimasini bir araya getirir. Literatiir
incelendiginde yaratici ¢izgi romanlarin Ogretim siireglerine dort farkli sekilde entegre edilebilecegi
goriilmektedir (Sentiirk, 2022a; Sentiirk, 2022b; Sentiirk & Cicek Sentiirk, 2023). Yaratici ¢izgi romanda
senaryonun bir noktada kesildigi ya da senaryoda bosluklar birakilan ilk kullamim sekli (Gorsel 1) ile
ogrencilerin bir konudaki bilgi, duygu, diisiince ve degerlerinin ortaya ¢ikarilmasi amaglanir. Ogrenciler
yaratict ¢izgi romanda birakilan bogluklari kendi bilgi, duygu, diisiince ve degerleri dogrultusunda
tamamlarlar. Boylece 6gretmenler 6grencilerinin o konuya dair bilgi diizeyleri, duygu ve diisiinceleri hakkinda

fikir edinebilirler.

Gorsel 1. Senaryonun devam ettirildigi birinci tip yaratict ¢izgi roman (Sentiirk, 2022b).

Atina yakinlarinda
demokrasi masasi
kuruldu.
—_—

Merhaba arkadaslar.

Demokraside gare
tiikenmez.

( Arkadaslar hepimiz

farkli iilkelerden

Farkl sorunlar
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Benim adim Nehir.

Ben adim
da Bahar.

Benim
adim Mete.

—_ | Demokraside bu
sorunlarin
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(" Bizim iilkemizde birisi tanrinin
onu lider yaptigini ve baska
kimsenin iilkeyi

| yonetemeyecegini soyliiyor
|

(i)

(] )

4 ¥
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mi?
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Ikinci kullanim seklinde ise (Gorsel 2) yaratici ¢izgi romanin senaryosunun bir kisminin ya da tiimiiniin
degistirilmesi beklenir. Ogretmen, senaryoda belirli noktalara yanlis bilgiler ya da hatali davramis 6rnekleri
yerlestirir. Ogrencilerden bunlarin tespit edilmesi ve degistirilmesi istenir. Bu kullanim sekliyle yaratic1 ¢izgi
romanlar, dgrencilerin 6grenme diizeylerini tespit etmede etkili olabilirler. Ogrencilerin sahip olduklart
kavram yanilgilar1 veya yanlis bilgiler tespit edilebilir. Ogrencilerin bir durum drneginde nasil bir davranis
sergileyecekleri hakkinda fikir edinilebilir.

Gorsel 2. Senaryonun degistirildigi ikinci tip yaratici ¢izgi roman (Sentiirk, 2022a).

Diinyada siirekli

afetler yasaniyormus.

Bu dogru mu?

Deprem, yildirim
diisemesi, yangin,
heyelan, sel gibi bircok
dogal afetin etkisini
azaltmak miimkiindiir.

Mesela dogal afetler
her an yasanabilir. Biz
bunlarin olusmasini
engelleyemeyiz.

Evet Mete. Maalesef

Mesela bir selden
zarar gormemek icin
neler yapilabilir?

{ Diinyada yasanan birgok
sorun i¢in benim ¢oziim
onerilerim var.

Peki kiiresel iklim
degisikliklerinin etkisini
nasil azaltabiliriz?

Ama bize zarar
vermelerini
engelleyebiliriz degil

i?

Hmm. Hemen bodrum
kata saklaninm.

| Diinyada bircok insan
aclik cekiyor. Peki buna
bir ¢oziim diisiindiin

iklim degisiklikleri bizi
olumsuz etkilemez ki.
Buna bir ¢éziim
bulmaya gerek yok.

Bunun basit bir
¢6ziimii var. Giftciler
daha ¢ok galisacak.
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Yaratici ¢izgi romanin ti¢lincii kullanim sekli (Gorsel 3) dilsiz haritalara benzemektedir. Bu tiir yaratici ¢izgi
romanlarda gorsel zemin ve karakterler olusturulur. Karakterler i¢in konusma baloncuklar1 eklenir. Ancak bu
baloncuklarin i¢i bos birakilir. Bu kullanim sekli, 6grencilerin yaratici ¢izgi roman i¢in bir senaryo
olusturmasimi gerektirir. Ogrenciler yaratict ¢izgi romanm gorsel kisimlarini kendi bilgi, duygu ve
diisiinceleriyle yorumlayarak dersin konusu cergevesinde karakterler i¢in diyaloglar yazarlar.

Yaraticr ¢izgi romanin dordiincti kullanim geklinde (Gorsel 4) senaryo olusturulur, karakterler resmedilir.
Ancak karakterlerin yiiz ifadeleri silinmis olur. Ogrenciler, yaratici ¢izgi romanda yer alan olay orgiisiine gore
karakterlerin duygularini (mutlu, iizgiin, kizgin, sasirmig gibi) yiiz ifadesi ile yansitacak sekilde ¢izerler. Bu
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kullanim sekli ile 6grencilerin belli bir olay karsisindaki duygularimi agiga ¢ikarmayi amaglar. Bu kullanim
sekli 6zellikle duyugsal 6grenmeler i¢in etkilidir.

Gorsel 4. Yiiz ifadelerinin cizildigi dordiincii tip ¢izgi roman

Peki
géldeki
baliklarin hepsini
avlasak ne olur?

Elimdeki
bu poseti atsam
ne olabilir? Kiigliciik
bir sey sonucta.

Bitti. Bunu
elimde tagimama
gerek yok artik.

Bence

ormanlar tarim
arazisine cevrilirse
daha ¢ok insan

Biz de ¢oplerimizi
senin evine atsak
ne hissedersin?

Biz
nerede
psayacagiz?

Bence
orman
yanginlari sadece
agaclari etkiler.

Biraz aga¢
kesmenin kime,
ne zarari
olabilir ki?

Ormanda
sadece agaclar
var sanki!

yasadigimizi
gormuiyor mu?

Yaratici ¢izgi romamn egitici ¢izgi romandan ayiran temel 6zellik, yaratici ¢izgi romanlarin kisinin kendi duygu
ve diisiincelerini ¢izgi romana aktarmasina imkan vermesidir. Ogrenciler bilgileri, tutumlari, degerleri ve
diisiinceleri dogrultusunda yaratici ¢izgi romani sekillendirebilmektedir. Bu da yaratici ¢izgi romani etkilesimli
bir 6gretim materyali yapmaktadir.
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2. SONUC

Egitimin paydaslar siiregen bir sekilde egitsel siireglerin daha verimli gegmesi igin arayis igerisindedirler. Bu
arayis egitsel siiregler iizerinde olumlu etki olusturacak bircok yontem, teknik veya materyalin kesfedilmesine
aracilik etmektedir. Yaratici ¢izgi romanlar da bunlardan biri olarak dikkat ¢ekmektedir.

Yaratici ¢izgi romanlar dort farkli kullanim sekliyle dgretmenlere giiclii alternatifler sunmaktadir. Cizgi
romanin ve yaratict yazmanin egitsel siiregler iizerindeki giiclinii birlestiren yaratici ¢izgi romanlar etkili bir
Ogretim aracina donlismektedir. Yaratici ¢izgi romanlar etkilesimli bir 6gretim araci oldugu i¢in bu tiiriin
egitsel faaliyetlerde kullanilmasi ile Ogrencilerin ders siirecine daha aktif sekilde katilimi saglanabilir.
Ogrencilerin daha eglenceli bir ders ortaminda daha yiiksek bir motivasyonla derse katilimi saglanabilir.
Yaratici ¢izgi romanlar 6grencilerin empati becerisini ve hayal giiciinii gelistirir, daha kalic1 6grenmeler igin
firsat olusturur. Yaratici ¢izgi romanlar basit ve sade yazili anlatima sahip olmasi ve bu anlatimi gorselle
desteklemesinden dolayr 6grenmeyi de kolaylastirir. Bu olumlu 6zelliklerin yaninda yaratict ¢izgi roman
hazirlamanin ve bunlar1 kullanmanin egitim gerektirmesi, yaratici ¢izgi romanlarin sinifta kullaniminin zaman
alic1 olmasi bu 6gretim materyalinin temel sinirliliklar arasinda gosterilebilir. Bununla birlikte yaratici ¢izgi
romanlarin hazirlanmasi tecriibe ve zaman gerektirir. Yaratici ¢izgi romanin bu sinirliligi igin dijital ortamlarda
hazirlanan yaratici ¢izgi romanlarin ¢ogaltilarak farkli siniflarda ve farkli yillarda tekrar tekrar kullanilmasi
onerilmektedir. Bu ¢alismada ortaya konulan yaratici ¢izgi romanlarin kuramsal ¢ergevesi dikkate alinarak
egitsel amagclarla kullanilabilecek yapay zeka destekli yaratici ¢izgi romanlar olusturulabilir. Yapay zeka
destekli yaratici ¢izgi romanlar yapilacak arastirmalara ve alana 6nemli katkilar saglayacaktir.

Cikar Catismasi ve Etik Beyan

Yazar herhangi bir ¢ikar catismasi beyan etmemektedir. Bu c¢alisma arastirma yayin etigine uygundur.
IJEDAITI'de yayinlanan yazilarin bilimsel ve yasal sorumlulugu yazara/yazarlara aittir.

Yazar Katki Beyam

Caligsma tek yazarli oldugu i¢in ¢alismanin tiim boliimleri calismanin yazari tarafindan iistlenilmistir.
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