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About, Aims and Scope

Hakkinda, Amacg ve Kapsam

International Journal of Education and Artificial Intelligence (IJEDAI) is a
refereed journal published twice a year, in English and Turkish, containing
national and international articles. 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
1JEDAL 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 IIEDAI 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. IJEDAI is an "open access"
journal and adopted the “open access policy”. Authors have their copyrights
under the "Creative Commons Attribution-NonCommercial 4.0 International
Licence". Details of the publication policies are available on the journal's
website.

APA style is used for journal writing rules and details are available on the
journal website.

International Journal of Education and Artificial Intelligence (IJEDAI) yayin
dili Ingilizce ve Tiirkge olan, ulusal ve uluslararast makaleler igerecek sekilde,
yilda iki kez yayimlanan, hakemli bir dergidir. Egitim veya egitim ve yapay
zeka alaminda orijinal ve derleme galigmalarini yayinlamaktadir. IJEDAI,
gonderilen makaleler i¢in en az iki hakem tarafindan degerlendirilen ¢ift-kor
hakem degerlendirme siirecini benimsemektedir. IEDAI 'nin amac1 diinyadaki
egitim ile ilgili c¢aligmalarda ve yapay zekdnin egitim alanindaki
uygulamalarinda kaydedilen giincel gelismeleri aktarmak; 6zgiin ¢aligmalarin
paylasilmasim saglayarak bilim ve insanliga faydali olmaktir. IJEDAI igin
kabul edilecek makaleler egitim ve yapay zekd calismalarmin yani sira,
multidisipliner olarak egitim ve yapay zeka ile ilgili cesitli bilim alanlarmdan
olabilir.

Dergide yayinlanan 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 politikasin1" benimsemistir. [JEDAI, "Creative Commons Attribution-
NonCommercial 4.0 International Licence" ile lisanslanmigtir. Yaym
politikalarinin detaylarina dergi web sayfasinda yer verilmistir.

Dergi yazim kurallar i¢in APA stili kullanilmakta olup detaylar dergi web
sayfasinda bulunmaktadir.
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Publishing Policy & Ethics

Yayn 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 [JEDAI 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 IJEDAI. Authors cannot submit their study, which is
currently under review in another journal, to IJEDAI 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
siireciyle ~ degerlendirilmekte ve  dergi  ¢evrimi¢i  olarak
yayimlanmaktadir. IJEDAI Dergisi’ne yonelik dergi editoriiniin,
yazarlarin, hakemlerin ve yaymcinin etik sorumluluklari, rolleri ve
gorevleri agagida agiklanmigtir.

IJEDAI ’de yer alan etik gérev ve sorumluluklar, uluslararasi
dergilerin etik ve yaymm politikalar1 incelenerek ve acik erisim
olarak “Committe on _Publication _Ethics” - COPE tarafindan
yaymmlanan yonergeler dikkate alinarak hazirlanmistir. [JJEDAI’da
belirtilmeyen diger hususlar da COPE 'da belirtilmis olan etik
prensipleri dikkate almnur.

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 0Ozgiin calismalar olmasi gerekmektedir.
Makalelerde yararlanilan tiim kaynaklar American Psychological
Association (APA)’nin yayinlanan son sitiline uygun bir sekilde
gosterilmelidir. Yazarlar, yazilarmin kendilerine ait oldugunu
belgelendirmelidir. Yazarlarin Yaym 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 gonderilmelidir.

Bir makale c¢aliymasinda katkist bulunmayan kisiler yazar olarak
belirtilmemelidir. Daha 6nce herhangi bir sekilde bagka bir dergide
veya kitap olarak yayimlanmis ¢alismalar IJEDAI’ye gonderilemez.
Yazarlar, baska bir dergide heniiz degerlendirme agamasinda olan
caligmasini ayn1 anda IJEDAI *ye gonderemez. Gonderilen makaleye
yonelik ¢ikar ¢atigmalari durumlart varsa belirtilmelidir. Gonderilen
makalenin konferans/tez/proje arastirmalardan tiiretilme durumu
belirtilmelidir. Konferanslarda tam metin olarak yayinlanan makaleler
IJEDAI i¢in yayina gonderilemez. Yazarlar etik kurul onay1 gerektiren
caligmalart igin ilgili kurumlardan "Etik Kurul Onay:" almalar
gerekmektedir. Etik kurul onaylarmm 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

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

Hakemlerin Etik Sorumluluklar:

IJEDAI gonderilen makaleler i¢in en az iki hakem tarafindan
degerlendirilen ¢ift-kdr hakem degerlendirme siireci benimsenmistir.
Hakem degerlendirmelerinden sonra belirsizlik durumunda editdriin
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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
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 IJEDALI. 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

veya lglincii bir hakemin goriisii ile nihai karar almir. Hakemler,
degerlendirdikleri makalenin yayimlanabilir olup olmadigina iliskin
kararlarint ve buna yonelik gerekgelerini editére bildirmeleri
gerekmektedir.

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

Hakemlerden IJEDAI ’nin yaymm ilkeleri, ama¢ ve kapsamini
okumalar1 beklenmektedir. Hakemler uzmanlik alam ile ilgili
caligmalart degerlendirmeyi kabul etmelidirler. Hakemler ¢ikar
catismast olmayan c¢aligmalara hakemlik yapmalidir. Hakemler
tarafindan  makaleler tarafsizlik ve gizlilik cergevesinde
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
siirecini  kendilerine verilen belirli bir zaman ¢er¢evesinde
tamamlamalidir.

Editoriin Etik Sorumluluklar:

IJEALI editorii ve alan editorleri, “Yaym Etigi Komitesi” (COPE) nin
editorler i¢in yaymlamis oldugu kilavuzlarda yer alan etik
sorumluluklara uymas: gerekmektedir. Editdr, dergiye gonderilen
makalelerin yayinlanmasina kadar gegen biitiin siiregleri yonetir.
Editorlerin genel sorumlulugu soyledir; derginin genel olarak
gelisimini  saglama, dergide yayimlanan c¢aligmalarin kalitesini
arttirmaya yonelik siiregleri yonetme, derginin editdr kurullarindaki
diger iiyelerle birlikte etik politikalarinda da gilincelleme yapmadir.

Ayrica editorler asagida belirtilen sorumluluklar: da yerine

getirmelidir.
Okuyucularla Iliskiler:

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

Hakemlerle fliskiler;

Editorler, caligmanin ilgili alanindaki hakemleri segmeli ve hakem
havuzunu giincellemelidir. Editorler, hakemlerin makale inceleme
stirecine iligkin sorularina gerekli bilgileri saglamali ve hakemlere
zamanlama konusunda hatirlatmada bulunmalidir. Edit6rler, makale
inceleme silirecinde hakemlerin ihtiya¢ duydugu yonergeleri
saglamalidir. Editorler, yazarlar ve hakemler arasindaki c¢ikar
catismalarma kars1 dikkatli olmahdir. Editor, 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 catigmalarina karst dikkatli olmalidir. Editorler
yazarlart yaym, etik politikalar, makale inceleme siireci ve
zamanlamasi konusunda bilgilendirmelidir. Editor, yazinin kabul veya
reddedilmesine iligkin bilgi ve gerekgeleri belirtilen siire igerisinde
yazara iletmelidir. Yazarlarin makaleyi diizeltmeye karar vermesi
durumunda yazarlara bilgi verilmeli ve diizeltmeleri yapmalari igin

stire tanmnmalidir. Editorler, yazarlarin inceleme siirecindeki
caligmalarn1  geri g¢ekme isteklerini onaylamalidir.  Editorler,
yazarlarin  hakem  kararlarina/raporlarina  olan itirazlarini

degerlendirmeli ve gerekiyorsa yeni bir inceleme siireci baslatmalidir.

Editor Kurulu Ile iliskiler,

Editorler, yaym kurulu iiyelerine derginin yaymcilifi ve etik
politikalar hakkinda bilgi ve yonergeler saglamalidir. Editér, derginin
gelisimine katkida bulunacak yayin kurulu iiyelerini se¢meli ve
giincellemelidir. Editorler dergiyi gelistirirken yaym kurulunun geri
bildirimlerini ve goriislerini dikkate almalidir. Editor, editor kurulu ile
dergi vyaymm ve vyazim kurallarinimi  gézden gegirmeli  ve
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Journal Policy
Reviewing and Publishing Policy

Articles sent to ITEDALI 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,
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INTRODUCTION

International Journal of Educational and Artificial Intelligence (IJEDAI) continues to contribute to researchers
and readers with the articles published in this new issue. Studies conducted by researchers from many different
universities have been evaluated by different referees. The evaluations and suggestions of the referees have
made very valuable contributions in terms of making the articles more qualified. Thanks to the researchers and
referees who worked hard for the articles published in the journal.

Articles published in this issue; "Maximizing the impact of artificial intelligence and generative Al on STEAM
education: A comprehensive review" by Er et al. (2025), "Bibliometric analysis of formative assessment
research in science education” by Sadi-Yilmaz (2025), and "Academics' views on problems and solutions in
biology education in 21st century Turkey" by Kuru-Kagmazoglu & Ozmen (2025). A word cloud has been
created from the key concepts mentioned in this issue of IJEDAI for readers.
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Abstract

This paper extends the discussion on the significance of STEAM
(Science, Technology, Engineering, Arts, and Mathematics)
education by examining the rapidly emerging roles of Artificial
Intelligence (Al) and Generative Al (GAl) in fostering critical
thinking, problem-solving, and creativity. By integrating these
advanced technologies into STEAM curricula, educators can
provide more personalized, interdisciplinary, and engaging
learning experiences that cater to varied student needs. Throughout
the paper, Al and GAI platforms are categorized into subgroups
namely Adaptive Learning & Personalized Education,
Programming & Data Analysis, Generative & Creative Al,
Interactive & Immersive Learning, and Visual Design &
Communication to illustrate diverse integration pathways. Ethical
considerations, pedagogical strategies, and continuous teacher
development are presented as key to responsible adoption. This
review study includes the analysis of various peer-reviewed studies
selected based on specific inclusion and exclusion criteria. Findings
underscore the transformative potential of Al and GAI not only in
enhancing student engagement and conceptual mastery, but also in
promoting collaborative innovation across all STEAM disciplines.
The study concludes with actionable recommendations for
educators, policymakers, and researchers to embed Al and GAI
tools effectively while ensuring equitable access, maintaining
ethical standards, and emphasizing long-term professional growth.
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1. INTRODUCTION

Education plays a pivotal role in equipping individuals with critical thinking, problem-solving, and creativity
skills vital for personal and societal development. In this context, STEAM (Science, Technology, Engineering,
Arts, and Mathematics) education transcends traditional subject boundaries by promoting an interdisciplinary
mindset (Tsupros et al., 2009). Scholars have pointed out that STEAM education not only delivers academic
content but also nurtures the competencies required in our rapidly evolving world, encouraging students to
generate creative solutions to complex problems (Tizilin & Tiyslz, 2018; Erol, 2023).

As rapid advancements in Al continue to shape multiple sectors, education has increasingly embraced these
technologies to enhance student engagement and tailor learning experiences (Russell & Norvig, 2021; Ece,
2024). Among the noteworthy Al subfields is Generative Al (GAI), which has the capacity to create new
content such as text, images, and music by analyzing patterns within given datasets (Liu, 2023; Vafadar &
Amani, 2024). This study aims to examine the role of Artificial Intelligence (Al) and Generative Al (GAI) in
STEAM education, exploring how these technologies support students' critical thinking, problem-solving, and
creativity skills. Serving as a guide for educators, policymakers, and researchers, this study systematically
categorizes Al and GAI tools to provide a structured framework for their effective integration into STEAM
curricula. Furthermore, it addresses key considerations such as ethical concerns, teacher training, and student-
centered approaches, offering recommendations for the sustainable and effective implementation of Al-
enhanced STEAM education.

1.2. The Importance of STEAM Education

STEAM education supports students’ acquisition of 21st-century skills, which include creativity, critical
thinking, problem-solving, collaboration, ethical behavior, aesthetic awareness, initiative-taking,
communication, data literacy, curiosity, self-management, and holistic thinking (Boliikbas, 2024). By
integrating Art into STEM subjects, STEAM fosters a learning environment that capitalizes on students’
natural inclination toward creative exploration (Johnston & Kervin, 2022; Delarnette, 2018). Consequently,
STEAM curricula effectively boost student motivation and deepen learning through hands-on experiences that
make real-world connections (Wahyuningsih et al., 2020a; Cook et al., 2020).

Numerous studies also underscore the importance of STEAM approaches in early childhood education, given
young learners’ innate curiosity and willingness to experiment (DeJarnette, 2018; Wahyuningsih et al., 2020b).
Activities that leverage flexible materials or thematic play not only enhance cognitive development but also
promote social-emotional growth (Garner et al., 2017; Budiyanto et al., 2021). Overall, STEAM education
holistically fosters a range of competencies, preparing learners to meet the demands of the 21st-century
workforce and society (Johnston & Kervin, 2022; Wahyuningsih et al., 2020).

1.3. Artificial Intelligence and Generative Al: Key Concepts

Acrtificial Intelligence (Al) refers to computer systems designed to replicate human-like cognitive functions,
including learning, problem-solving, and decision-making (Russell & Norvig, 2021). Originating from the
pioneering work of Alan Turing in the 1950s (Carricho, 2018), Al has undergone rapid evolution in recent
years, driven by innovations in machine learning and deep learning. These advancements have enabled
computers to process vast amounts of data and autonomously adapt decision-making processes (Ece, 2024).
Al literacy an emerging concept advocates for an informed understanding of AI’s capabilities and limitations,
ensuring its ethical and responsible application (Elgicek, 2024).

Generative Al (GAI) is a distinct subfield of Al that specializes in producing new content such as text, images,
or music derived from existing datasets (Liu, 2023; Vafadar & Amani, 2024). Unlike conventional Al, which
often focuses on solving specific tasks through data-driven insights, GAI emphasizes creative outputs (Ma,
2022). While Al typically targets analytical problem-solving and optimization, GAI delivers innovative
solutions and original creations (Bryndin, 2019). This attribute renders GAI particularly valuable in creative
domains such as arts, design, and education, where the generation of novel ideas or artifacts is paramount.
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1.4. The Role of Al and Generative Al Tools in STEAM Education

Al and GAI tools increasingly occupy a central position in STEAM education by enhancing students’ creative
and analytical skill sets. These technologies can transform traditional learning environments by allowing
deeper exploration of complex concepts, personalized learning trajectories, and data-driven feedback (Chen et
al., 2020). Al-powered systems can analyze student performance in real time, adapt content, and present
customized problem sets to optimize individual learning outcomes (Chen et al., 2020; Niu et al., 2022).
Generative Al, on the other hand, enriches STEAM projects by supporting the creation of digital art, music
compositions, and simulations. Students can develop both creative abilities and technical prowess, bridging
disciplines such as engineering and design (Koul et al., 2022). Engaging with Al and GAI tools also cultivates
students’ algorithmic thinking skills, reinforcing the STEAM philosophy of integrated problem-solving.
Consequently, these platforms help educators scaffold intricate concepts and foster learning experiences that
resonate with a diverse set of learners (Kim & Kim, 2022).

Crucially, Al and GAI tools promote personalized, student-centered learning while enabling teachers to
provide individualized guidance (Relmasira, 2023). Educators can leverage these platforms to develop or
refine pedagogical strategies that cater to different learning styles, resulting in more efficient and meaningful
educational outcomes (Cook et al., 2020; Hapidin et al., 2020). Despite their transformative potential, the
adoption of Al and GAI comes with responsibilities, including data privacy, algorithmic fairness, and the need
for robust teacher training (KIlimova et al., 2023; Ayanwale, 2024).

1.5. Pedagogical Approaches and Professional Development

Al integration in STEAM education calls for educators who possess both subject-matter expertise and Al
literacy (Elcicek, 2024). Continuous professional development (CPD) programs are essential to support
teachers in confidently using Al-based educational tools and guiding students in a technology-driven learning
environment. Studies have shown that these tools significantly improve student engagement and learning
outcomes, yet their effectiveness depends greatly on teachers’ capacity to integrate Al solutions effectively
into curricula (Niu et al., 2022; Chen, Huang & Chen, 2020).

Trust also plays a crucial role: educators must trust Al systems to be fair, reliable, and beneficial to student
development (Ayanwale, 2024). By emphasizing the pedagogical benefits and offering hands-on training,
educators can establish a constructive relationship with Al technologies. Additionally, the ethical implications
of Al, such as bias and privacy concerns, should be addressed through well-structured guidelines and
transparent data practices (Klimova et al., 2023).

1.6. Al Tools for STEAM Education

In Table 1, various Al tools and their functions, along with example scenarios in STEAM education, are
presented. Table 1 clearly illustrates the various Al tools used in STEAM education and how these tools can
be integrated into educational processes. Each tool enhances the learning experience by providing personalized
learning, robust analytical support, or adaptive tutoring, thereby making the learning process more effective
and efficient. These tools enable educators to create lesson content tailored to the needs of students and allow
for progression based on individual learning paces. The potential of Al technologies in the STEAM field
presents significant opportunities for advancing innovation in education.



Er, ilhan & Biilbul (NG

Tablo 1. Al Tools in STEAM Education

Al Tool Function Example Scenario in STEAM Education Access Link
A middle school science teacher uses IBM
IBM Watson Al-powered Watson to analyze student assessments, IBM Watson
Education personalized learning  providing personalized feedback to support ~ Education
struggling learners.
A history teacher integrates Google Al’s
Google Al for @Ltizlsefo:oncagssrﬁnl natural language processing tools to help Google Al for
Education guage p 9 students analyze historical texts and Education
& analytics .
generate summaries.
A math teacher assigns CogniTutor to
. Al-based adaptive students struggling with algebra. The .
CogniTutor tutoring platform identifies weak areas and provides CogniTutor
customized exercises.
A physics teacher uses Querium’s AI-driven
. Al-enhanced STEM tutoring system to help students master )
Querium learning kinematics through step-by-step problem- Querium
solving guidance.
. A high school computer science class uses
Al-driven .
Century Tech personalized Century Tech to tra cK studen_t Progress In Century Tech
: Python programming and adjust learning
education pathways . .
materials accordingly.
In a flipped classroom setting, Squirrel Al
SqUIrr_eI Al Adaptive Al learning assigns customlzeq pr_e-_class learning Sguwr_el Al
Learning modules based on individual student Learning
performance.
Programming for Al Students in a computer science course use
Python & n?achine Igarnin Python and TensorFlow to build a simple Python
g Al model that classifies handwritten digits.
Jupyter Interactive coding & A statistics class uses Jupyter Notqbool_< to Juovter
S analyze climate change data and visualize
Notebook data visualization . A Notebook
trends using Python libraries.
An engineering class builds a neural
TensorElow Machine learning network in TensorFlow to classify images TensorElow
framework of different bridge structures for structural —
analysis.
A university Al lab utilizes PyTorch for a
PyTorch Deep learning student-led project on self-driving car PvTorch

framework

Statistical computing

simulations, training Al models on real-
world datasets.
A data science course applies R to analyze

R Programming student performance trends and predict

success in STEAM subjects.

i R Programming
& Al modeling R Programmin

2. Generative Al Tools for STEAM Education

The following table presents various generative Al tools for STEAM education, along with their functions,
example scenarios in STEAM education, and access links.


https://www.cognitutor.com/
https://www.querium.com/
https://www.century.tech/
https://squirrelai.com/
https://squirrelai.com/
https://www.python.org/
https://jupyter.org/
https://jupyter.org/
https://www.tensorflow.org/
https://pytorch.org/
https://www.r-project.org/
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Tablo 2. Generative Al Tools in STEAM Education

Generative Al

Bing Chat

Tool Function Example Scenario in STEAM Education Access Link
Enhances computer science .
. _p A middle school teacher uses Code.org’s
> and coding skills through . . .
S . . interactive lessons to teach students foundational Code.org
@ interactive lessons and . .
3 coding concepts and logic.
8 games.
Assists with writing,
problem-solving, and Students use ChatGPT to brainstorm ideas, solve
e coding tasks; transforms coding challenges, and receive real-time feedback ~ ChatGPT
% learning processes in during their computer science class.
5 diverse settings.
An Al-assisted chat . . .
- A high school physics teacher uses Bing Chat to
platform offering STEM- I M- . . .
facilitate interactive discussions on complex topics  Bing Chat

related information and
interactive learning.

like quantum mechanics and relativity.

Quick Draw, |(Microsoft) |(OpenAl)

Facilitates Al-driven

DeepArt.io

helping students learn
about different art styles.

exploring visual storytelling techniques.

z 03, :%\ content creation in arts In an art class, students use Google’s Quick Draw
@ % a education. inspiring student to explore Al-based drawing prompts, enhancing Google Al Tools
g 52 2 ation, Inspiring their creativity and artistic skills.
3258 creativity.
Immersive tools that hel L .
s 5 % students comprehend P Students use Google Expeditions in a history class
— - [%2] . R P . .
8< SS>So 5 P to virtually explore ancient civilizations, deepening .
c—2 < g .= complexconceptsthrough . . . . Google Expeditions
=5 - . their understanding through immersive
EE>EZE o g interactive learning -
2€=5$383 g - experiences.
IEES A=Al experiences.
- — 3 Adjust content to student A biology student uses Khan Academy to progress
= § \é == performance for a through personalized lessons on genetics and cell Khan Academ
1 S - - - - - - - y
% 85 ¢ g @ personalized, adaptive biology, adjusting content based on their learning
Lt 328 earning experience. ace.
<Bz¢<8 oo P
Provide immediate .
£ feedback and resources Students use Al chatbots to get quick answers to
£ thereby increasin ' questions while working on STEM projects, Al Chatbots
5 . v Increasing improving engagement and learning efficiency.
= interactivity in learning.
<
Optimize teachin . .
%] stfate ies b analgzin A teacher uses learning analytics dashboards to
Qé 3 stu der?t dat;/an q i)client?fying track student progress in chemistry and adapt Learning Dashboards
=22 teaching strategies accordingly.
IR growth areas. g 9 gy
(5]
4 <0
Encourages the
development of In a design class, students use Canva to create
communication and design  infographics about climate change, combining art Canva
g skills by enabling user- and science to visualize data.
S friendly graphic creation.
Generates original visual
content, empowering Students use DALL*E to generate unique
m ;—':‘ students to explore illustrations for a storytelling project, enhancing DALL-E
= §_ creativity in art and design  their visual design and narrative skills.
é o projects.
Transforms existing images . .
into artistic renditic?ns g In an art history class, students use DeepAvrt.io to
' transform photographs into famous art styles, DeepArt.io
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Allows the development of

2 - L Students in a media arts class use Runway ML to
= digital art, animations, and - . o
> . . . create short animations that explain the principles Runway ML
< graphic designs via deep . .
= . of physics, such as motion and energy.
= learning models.
4
Enables the Al-driven . -
- - A music class uses Soundraw to compose original
= composition of music, . . .
@ . . soundtracks for a film project, learning about Soundraw
5 fostering creativity and . . L o
= . music production and digital composition.
3 self-expression.
(9]
Supports brainstorming, . .
. pp_ g_ In a group project, students use Miro Al to
ideation, and collaborative L . .
= L collaborate on designing a robotic prototype, Miro Al
< content creation in group L . . .
o . utilizing brainstorming tools and Al suggestions.
= projects.
=
Allows students to develop  Students use GPT-3 to create a chatbot for a
% =~ custom Al applications language learning project, enhancing their GPT-3 API
™ < such as chatbots and text- programming skills and understanding of Al -
[5] .
5 53 generation platforms. concepts.
(OIS
o
‘G An open-source GAI model N
é for zneratin original In an art class, students use StableDiffusion to
a . g g g . generate illustrations based on prompts that reflect ~ StableDiffusion
> images, applicable in . L .
= . . their creative interpretation of a theme.
] various art projects.
n o
Merges multiple visuals to
= create unique artwork, Students in a biology class use Artbreeder to create
I3} . . . . .
3 useful for exploring visual representations of genetic traits and Avrtbreeder
g concepts of genetics and inheritance patterns.
Z artistic variation.
E Generates images from . . .
S g . A graphic design student uses Craiyon to create
> textual prompts, providing ) . . .
c = H - concepts for a new product design, experimenting ~ Craiyon
S &N a user-friendly tool for L .
>EQ - . with different visual styles.
S 5 < design exercises.
o¥en
Facilitates the creation of
music and art through Al, Students use Magenta to compose music and
oien enabling students to generate visual art, exploring how Al can intersect ~ Magenta
§, §’ experiment with digital with creativity in a multimedia project.
SO media.
Uses image recognition
c algorithms to produce In an art class, students use DeepDream to create
[+ - . .
oz abstract and fantastical surreal images from photographs, learning about DeepDream
%_ ?8” transformations of standard  algorithms and creative expression.
89 photos.
Analyzes music patterns
and generates new songs, Music students use JukeBox to analyze musical
é ;—':‘ helping students trends and compose new pieces in various genres, JukeBox
@ §_ understand and explore learning about music theory and composition.
f; o musical structures.
Enhances simple sketches . . .
; P - Art students use Scribbl to refine their sketches by
with Al-generated artistic . o . - .
@ ; . adding Al-generated details, improving their Scribbl
=) details, acting as a source : . .
1SS LY understanding of design and creativity.
3 of inspiration in art classes.

ThisPersonDoe|Scribbl

SNotEXxist

Generates fictional human
faces, beneficial for
character design and digital
storytelling projects.

Students use ThisPersonDoesNotEXist to create
fictional characters for a digital storytelling
project, learning about character design principles.

ThisPersonDoesNotEXxist
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Reimagines photographs in
the style of famous

Art history students use Pikazo to explore and

painters, facilitating the recreate famous paintings, learning about different  Pikazo
o . . . .
N study of art history and artistic styles and techniques.
= design.
3 Composes original music .
_8¢E in vaFr)i ous st I?es allowin In a music class, students use AIVA to compose
g ) <_f Y | . g music for a multimedia project, experimenting AIVA
<E 2T students to experiment in . .
E=3 . . with various styles and genres.
2> ZeE music composition.
<S>
A block-based codin . . .
. . g Students in a robotics class use PictoBlox to
x environment tailored to Al . . .
o S program robots for Al-based tasks, learning basic PictoBlox
o and robotics, ideal for . .
=} . coding and robotics concepts.
B beginners.
o
Integrates Scratch-based
coding with Al and Students use mBlock to create simple Al projects,
« machine learning, such as a chatbot or automated system, helping mBlock
8 streamlining the creation of ~ them grasp basic machine learning concepts.
CED entry-level Al projects.
Extends the Scratch
<o platform to incorporate Al A coding class uses ScratchX to build interactive
X 5 functionalities, simplifying  projects, exploring the integration of Al features ScratchX
= % basic Al concept like speech recognition and computer vision.
3% exploration.
- Combines robotics and Al,
< %‘ giving students hands-on Students use Codey Rocky to create and program
& g experience in programming  robots for Al tasks, applying their knowledge of Codey Rocky
é” % physical hardware for Al both coding and robotics in practical scenarios.
82 tasks.
Allows users to collect data . .
. . Students use Teachable Machine to train Al
L . and train Al models using o . .
SS9 intuitive. block-based models to recognize images or sounds, learning the  Teachable Machine
SRR o fundamentals of Al and machine learning.
s § 3 programming.
==

Table 2 illustrates how generative Al tools used in STEAM education can be integrated into teaching processes
and their role in education. These tools enable students to develop creative thinking and problem-solving skills
in areas such as coding, art, music, robotics, and artificial intelligence, while also offering teachers the
opportunity to provide customized content based on individual learning speeds. Al-powered tools facilitate the
application of theoretical knowledge, allowing students to creatively use technology and promoting deep,
interdisciplinary learning experiences.

2.1. Innovative Groupings of Al Tools for STEAM Education

Modern STEAM curricula increasingly require educators to employ a variety of Al tools tailored to different
learning objectives. By systematically grouping these tools based on their unique functionalities, educators can
more effectively pinpoint the resources that best suit their lesson goals. From adaptive learning systems to
creative generative Al, each category plays a vital role in enriching student engagement and understanding.
The paragraphs below explore each grouping in more detail, explaining how these specialized tools can elevate
STEAM education. In the concept map, the Al tools have been systematically categorized to reflect their
primary functions and how they can be applied within STEAM education. Rather than listing the tools
randomly, the grouping is based on the specific features each platform or library offers ranging from adaptive
learning systems and programming frameworks to generative creativity tools. The goal is to make it easier for
educators and researchers to identify which tools best align with the learning outcomes they aim to achieve in
various STEAM activities.
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Figure 1. A concept map of Al and STEAM Education correlations with five categories.
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Adaptive Learning & Personalized Education tools (e.g., IBM Watson Education, Google Al for Education,
and Squirrel Al Learning) adapt content to a student’s current level of understanding. In STEAM contexts, this
is particularly important because learners often have varying degrees of skill in mathematics, coding, and
project-based engineering tasks. Tools that personalize learning ensure that students move at a suitable pace,
receiving additional support or accelerated challenges as needed. This model not only keeps students engaged
but also frees up instructors to focus on activities that foster creativity and higher-order problem-solving.

Shifting to Programming & Data Analysis, platforms like Python, Jupyter Notebook, and TensorFlow form
the backbone of computational thinking in STEAM education. They enable students to write code that models
scientific phenomena, automates engineering processes, and even generates data-driven visual art. For younger
or less experienced learners, block-based environments such as mBlock and ScratchX Al Extensions—Ilower
the entry barrier. Instead of grappling with syntax, students can experiment with fundamental Al and robotics
concepts, which fosters confidence and prepares them for more advanced coding challenges.

Meanwhile, Generative & Creative Al services (ChatGPT, DALL-E, Runway ML, and others) serve as
catalysts for innovative projects that merge art with technology. Learners can craft Al-generated music, create
one-of-a-kind visuals for geometry lessons, or even build story scenarios that illustrate scientific principles.
By prompting students to work in this hybrid zone of digital creativity, educators invite them to cultivate not
just technical expertise but also an appreciation for aesthetics, design thinking, and imaginative storytelling
key ingredients of the “A” in STEAM.

For immersive experiences, Interactive & Immersive Learning tools like Google Expeditions, Code.org, and
Khan Academy offer virtual and augmented reality modules, coding exercises, and self-paced educational
tracks. These tools help students visualize abstract concepts such as molecular structures or physics simulations
and encourage active learning through gamified challenges. By embedding real-time feedback and progress
tracking, they sustain learners’ motivation and allow teachers to pinpoint areas where further intervention or
extension activities may be needed.

Finally, Visual Design & Communication solutions (Quick Draw, Auto Draw, Canva) highlight the
importance of aesthetic presentation and clear communication in STEAM. Whether students are showcasing
experiment data, designing engineering prototypes, or curating an art-and-technology gallery, these tools
enable them to articulate their findings compellingly. As modern workplaces value both technical
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competencies and effective storytelling, mastering visual communication ensures that students’ ideas resonate
with broader audiences, be it in professional conferences or school-wide exhibitions.

Overall, categorizing Al tools in this way provides a holistic roadmap for educators to integrate technology
seamlessly into the STEAM environment. Each subcategory caters to a unique facet of learning—from
adaptive support to creative expression ensuring that students develop a broad spectrum of skills. By exploring
these tools strategically, teachers can craft lessons that highlight the connections between scientific inquiry,
technological innovation, engineering problem-solving, artistic creativity, and mathematical reasoning,
preparing learners for the multifaceted challenges of the 21st century.

2.2. Bridging Al and STEAM Education: Emerging Trends and Synergies

Recent data from Google Scholar indicates that there are about 7.99 million articles featuring “Al” in their
titles, compared to 2.72 million documents focusing on “STEAM education.” Despite the apparent discrepancy
in sheer volume, both concepts demonstrate robust academic interest and continue to gain traction in
educational research. Al has long been hailed as a transformative technology across industries, while STEAM
education emphasizes an interdisciplinary approach integrating science, technology, engineering, arts, and
mathematics to foster critical thinking and creativity. These parallel evolutions point toward a growing
recognition that modern education must address the demands of a world shaped by rapid technological
advancement. Furthermore, a Google Trends analysis comparing searches for “AI” and “STEAM education”
reveals an 87% correlation, suggesting that as public interest in one concept rises, the other tends to follow a
similar trajectory (Figure 1). This relationship underscores the increasingly intertwined nature of technological
innovation and holistic educational frameworks. Scholars and practitioners alike appear to be seeking ways to
merge AI’s computational power with STEAM’s hands-on, project-based learning strategies. In doing so, they
aim to equip learners not only with technical expertise but also with creative problem-solving skills that
transcend disciplinary boundaries.

Figure 2. Search comparisons of the concepts of Al and STEAM education

©
& N

Al STEAM

The strong correlation and mounting academic references signal a critical juncture: as Al continues to evolve
at breakneck speed, STEAM education must adapt to integrate Al-driven tools and methodologies.
Incorporating Al in STEAM curricula can spark greater student engagement, hone analytical thinking, and
nurture artistry collectively preparing learners for 21st-century challenges. By uniting these two arenas,
educators and policymakers can foster a generation of innovators capable of leveraging Al’s potential in
ethically responsible and creatively inspired ways.
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3. CONCLUSION

Al and Generative Al (GAI) are revolutionizing STEAM (Science, Technology, Engineering, Arts, and
Mathematics) education by making learning experiences more interactive, personalized, and creative. Recent
Google Trends data, for instance, reveals a significant correlation—over 80%—between searches for “Al”” and
“STEAM education,” underscoring a growing, interconnected public interest in both topics. As Al tools
continue to evolve, they offer a powerful means to tackle complex STEAM concepts, encouraging students to
forge interdisciplinary connections and develop problem-solving skills vital for the 21st-century workforce
(Johnston & Kervin, 2022; DeJarnette, 2018; Wahyuningsih et al., 2020). These tools not only present
information to students but also challenge them to think critically and creatively, applying their knowledge to
real-world problems. For example, students can use Al-powered software to develop solutions to engineering
problems and then relate these solutions to practical applications in the real world. These experiences allow
students to enhance both their theoretical knowledge and practical skills (Chen & Gutmann, 2019; ,Marar,
2024).

Nevertheless, the incorporation of Al into STEAM curricula requires strategic planning and close attention to
ethical considerations such as fairness, privacy, and inclusivity (Klimova et al., 2023). It is essential that
educators receive training not only on how to use Al tools but also on how to identify and mitigate biases that
may exist in algorithmic processes. Ethical training should also guide educators in making sure that resources
are distributed equitably so that all students can benefit from these innovations (Yazici1 & Erkog, 2023; Sincar,
2023). Beyond the technological affordances of Al and GAI, educators must also address issues of bias in
algorithmic processes, data protection, and equitable resource distribution to ensure that all learners can benefit
from these innovations. By aligning professional development with these concerns, teachers can learn to
recognize, mitigate, and responsibly manage potential pitfalls while maximizing the pedagogical strengths of
Al-driven platforms (Ayanwale, 2024). In this context, it is also crucial for educators to not only understand
how to use Al tools but also how to consider the broader societal impact of these technologies. Teachers should
receive more guidance on recognizing and addressing the ethical challenges of Al in the classroom (Pan, 2024).

Ongoing professional development for educators, transparent policy guidelines, and robust institutional
support are essential for fully realizing the benefits of Al and GAI in STEAM education. Structured
professional development programs that help teachers use Al tools securely and effectively will boost their
confidence and skills. Creating platforms for teachers to share their experiences with Al can help spread best
practices and facilitate collaboration (Semwaiko et al., 2024). Future research could delve into the long-term
learning outcomes and motivational impacts of Al-based interventions, as well as explore strategies for
fostering teacher capacity and confidence in effectively leveraging Al tools for different age groups. In
particular, analyzing the long-term motivational effects of Al interventions will be critical in determining
whether these technologies enhance students' engagement with learning. Expanding on existing studies,
researchers might also investigate how Al-mediated approaches influence career trajectories and STEAM skill
retention over time (Becker & Park, 2011). Additionally, larger-scale policy initiatives and cross-sector
collaborations can further strengthen Al and GAI integration. Policymakers, industry partners, and educational
institutions should work together to develop shared guidelines and standards, ensuring that these technologies
are ethically applied. On a national level, there should be collaborative policies developed to strengthen Al
education, which will shape not only the educators but also the way students interact with Al (Kim et al.,
2022.) By prioritizing transparency in algorithmic decision-making and accessibility in resource allocation,
stakeholders can better address the digital divide and extend Al-driven opportunities to underserved
communities (Noble, 2018).

Ultimately, the synergy between AI/GAI and STEAM education signifies an evolving pedagogical landscape
one in which creativity, technological fluency, and real-world problem-solving abilities converge. This
synergy is not just about academic achievement but also about preparing students with lifelong skills such as
critical thinking and creative problem solving. By working with Al tools, students can develop solutions to
real-world problems, enhancing their practical and theoretical learning. As the correlation in public interest
suggests, learners, educators, and societies at large are ready to embrace Al’s transformative potential. By
continuously refining these tools and pedagogical strategies, stakeholders can equip students with the critical,
creative, and collaborative skill sets necessary to thrive in an increasingly interconnected global society
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(Saavedra & Opfer, 2012). In this developmental process, it is important to collaborate with educators to ensure
that Al tools are used effectively and that students are getting the most out of their learning experience.

4. RECOMMENDATIONS

Future research and educational policies should focus on areas such as the long-term effects of integrating Al
and Generative Al (GAI) into STEAM education, teachers' confidence and competence in using Al tools, and
ethical and equity considerations. Studies should investigate the long-term impacts of Al-based interventions
on students' learning outcomes, motivation, and retention of STEAM skills, while also enhancing professional
development programs to ensure that teachers are well-equipped to use these tools effectively. Educational
policies must establish clear guidelines for the ethical use of Al tools in education, addressing issues such as
algorithmic bias, data security, and equitable access to resources. Furthermore, robust infrastructure should be
developed to ensure that all schools have access to these tools. Additionally, the role of Al education in
preparing students for their careers should be explored, and policies should be formulated to develop skills
aligned with workforce needs, ensuring that students are adequately prepared for future job markets.
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Abstract

Purpose: The purpose of this study is to study a bibliometric analysis of articles
within the scope of "formative assessment in science education

Design and Methodology: This study was conducted according to bibliometric
analysis which uses different qualitative and quantitative literature review methods
to explore and analyze large volumes of scientific data obtained from previous stud-
ies. In this study, articles published in the "Web of Science", one of the most
popular bibliographic databases containing 22,000 peer-reviewed journals world-
wide, were examined. In this study, VOSviewer software and Biblioshiny devel-
oped in R language developed for bibliometric analysis were used.

Results: In the Web of Science, studies on formative assessment in science educa-
tion have been published since 2001, while Turkey-based publications have been
published since 2014. The most frequently published articles and citations on the
subject appear to be in science education, teacher-focused, and technology-focused
journals.

Implications & Suggestions: It can be argued that studies on formative assessment
in science education have become increasingly widespread in recent years. Further-
more, considering the journals in which the articles are most frequently published,
it can be argued that teachers and educational technologies are important factors in
the formative assessment process in science education, and that teacher-focused,
technology-supported studies will contribute to literature.
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1. INTRODUCTION

Measurement is the representation of the degree to which living or non-living beings have a certain quality or
characteristic with numbers or symbols within the framework of certain rules. Evaluation is the comparison of
measurement results with criteria and reaching a decision about the measured characteristic. Measurement and
evaluation studies in the field of education generally examine the cognitive, affective and motor behaviors of
individuals (Atilgan et al., 2009). According to their functionality, evaluation activities that have an important
place in the teaching process are diagnostic evaluation, formative evaluation, summative evaluation (Lawton
etall, 2012; Menezes & De Bortolli, 2016; Bell & Cowie 2001). Diagnostic assessment is used at the beginning
of the teaching process to determine the student's readiness level (Lawton et al., 2012; Menezes & De Bortolli,
2016; Bell & Cowie 2001), weaknesses and strengths (Terwase & Oluwatoyin, 2018).

With diagnostic assessment, areas where students need to learn can be determined. Organizing the teaching
process according to these needs is very effective in developing students' knowledge and skills. (Terwase &
Oluwatoyin, 2018). Formative evaluation, which aims to establish an effective learning-teaching process by
determining the degree to which the student has reached the expected goals during the teaching period; and
summative evaluation, which is carried out with the aim of determining the level reached at the end of the
teaching (Lawton et et al., 2012; Menezes & De Bortolli, 2016; Bell & Cowie 2001). Summative evaluations,
which provide general information about progress in education, are important for educators and politicians in
terms of generally giving an idea about what kind of educational reforms should be made and how much budget
should be allocated for education; formative evaluations carried out during the teaching process allow the
student to have an idea about his/her own learning and the effectiveness of the learning activities provided by
teachers. In this way, the teacher and the student can make arrangements in a more efficient way.

Formative evaluation in science education; Determining the extent to which the concepts that students
construct in their minds overlap with scientifically accepted concepts is very important in terms of determining
the student's ability to transfer/use the information they have learned to different situations and developing the
teaching process accordingly (Bell & Cowie 2001; Shavelson et al., 2008). Scriven (1967) discussed formative
assessment with the aim of improving the curriculum, and Bloom (1969) discussed it with the aim of providing
continuous feedback and correction to students during the teaching process (Bennet, 2011). Grob et al (2017)
drew attention to the importance of formative assessment in developing students' self-regulated learning
ability.

Formative assessment: It aims to help students' conceptual understanding, attitude, motivation, effort for
learning, explanation in the context of the learned subject and production of arguments about the subject (Dini
et al., 2020) and to make the curriculum more effective (Cowie & Beverley, 1999). It can be said that the
teaching process of teachers who use formative assessment practices effectively is more efficient (Dini et al.,
2020). In a planned formative assessment, teachers should firstly reveal students' ideas about concepts (elicit),
secondly reveal to what extent the essence of the targeted concept has been learned by the student (noticing
substance / interpreting) and thirdly support the student's learning in order to direct his/her learning (Cowie et
al., 2015; Levin et al., 2009). Support can also be obtained from experienced and successful teachers in the
field in planning formative assessment activities and preparing questions (Adams & Wieman, 2010).

In order for conceptual understanding to occur in science classes, it is important to have qualitative questions
in the formative assessment process in a classroom environment where students can express their opinions
comfortably, reason, comment and transfer their knowledge to daily life events (Bulunuz & Bulunuz, 2013).
Studies have shown that most science teachers use innovative, constructivist teaching methods effectively
(inaltun & Ates, 2018), but they cannot use formative assessment practices effectively (Atasoy & Kaya, 2022;
Bennet, 2011; Inaltun & Ates, 2018). Some of the difficulties that teachers encounter in formative assessment
practices are i- placing formative assessment practices in the teaching process, ii- content and structure of
feedback, iii- students' interaction with feedback (Grob et al., 2017), crowded classes, and the difficulty of
providing personalized feedback for each student (Buchanan, 2000; Hatziapostolou & Paraskakis, 2010; Hsu
etal., 2011). Although developments in information and communication technologies contribute to the renewal
and development of learning-teaching and assessment and evaluation activities inside and outside the school,
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itis difficult to say that teachers who are accustomed to traditional and face-to-face teaching environments use
technology effectively (Kamble et al., 2021). Sadi-Yilmaz & Yasar, (2023) stated that the use of technology-
supported formative assessment activities in science education has many advantages, but it also has some
limitations and emphasized the importance of supporting teachers and teacher candidates in overcoming these
limitations.

The purpose of this study is to conduct a bibliometric analysis of articles published within the scope of
"formative assessment in science education” in Web of Science, one of the most popular bibliographic
databases containing articles from 22,000 peer-reviewed journals worldwide (European University Institute,
2025), using the free and uncoded software VosViewer, R Studio, and bibliometrix/biblioshiny. This aims to
present the research conducted in the field of "formative assessment in science education” to readers in a
holistic manner.

Over time, scholars have resorted to various quantitative and qualitative methods to understand and organize
the research done in previous years on a certain topic. Among these, bibliometrics is based on systematic,
transparent, and repeatable measurements based on the measurement of scientific activities. However,
bibliometric analyses are seen as a difficult process for some researchers because they require the use of a
large number and variety of analysis and mapping software (Aria & Cuccurullo, 2017). The Vosviewer
software used in the bibliometric analysis in this study can reveal co-authorship networks, citation-based
networks, and concurrency networks based on data downloaded from Web of Science, Scopus, Dimensions,
and Lens (Vosviewer, 2025). Additionally, with VOSviewer Online, visualizations of bibliometric networks
can be examined interactively in a web browser (LeidenMatrics, 2025). Another software tool used in this
study; Biblioshiny, developed in the R language, imports data from databases such as SCOPUS, Web of
Science, and PubMed, enabling co-citation, scientific collaboration analysis, and co-word analysis, as well as
bibliometric analysis (Bibliometrix, 2025). The reason for using two different software programs in this study
is that each software creates unique visuals using existing data. This study aimed to provide a richer mapping
analysis of the data.

2. METHOD
2.1. Research Model

This study was conducted according to bibliometric analysis (Aria &, Cuccurullo, 2017), which uses different
qualitative and quantitative literature review methods to explore and analyze large volumes of scientific data
obtained from previous studies. Bibliometric analysis is used to reveal the general trends and components of a
topic in articles, journals, etc. Bibliometric analysis can be done in the form of i- performance analysis, which
addresses the contributions of research components, and ii- mapping, which focuses on the relationships
between research components (Donthu et al., 2021).

2.2. Study Group

This research was conducted in the “Web of Science” database in the “Web of Science Core Collection” area.
The search was conducted by analysing 213 articles that were accessed as a result of the search using the
document type “article”, “Web of Science Categories”, “Refine by Citation Topic Meso” and “Refine by
Citation Topics Micro” options.

2.3. Data Collection and Analysis Process

Within the scope of this study, 146 documents were reached in the search conducted on 23.09.2024 in the Web
of Science database with the keywords "formative assessment™ and "science education™ in the "Web of Science
Core Collection™ field on formative assessment in science education (Appendix, Figure 4). In order to increase
the validity of the study, the opinions of two experts in the field were taken and the keyword group "formative
assessment” and (*'science education™ or "science learning™ or "science teaching" or “science teacher" or
"science student™ or "biology education™ or "biology learning™ or "biology teaching" or "biology teacher" or
"chemistry education™ or "chemistry learning” or “"chemistry teaching” or “"chemistry teacher” or "physics
education™ or "physics learning" or "physics teaching™ or "physics teacher" or "'science curriculum" or "biology
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curriculum™ or "chemistry curriculum® or "physics curriculum® or "physics curriculum™ was created. As a
result of the search made with the keyword group, 304 documents were reached (Appendix, Figure 6). In
determining the documents to be analysed, 213 articles (Appendix, Figure 14) were included in the analysis
because of the inclusion of some criteria and the exclusion of some criteria. The data collection process is
given in Table 1.

Table 1. Data Collection Process

Obtaining data As a result of the search conducted with the relevant keyword group from the

from the database ~ “Topic” option of the WoS Core Collection database, 304 studies were reached
(Appendix, Figure 6).

Refining the data When the “article” option was selected from the “Documant types” section, 233
articles were reached on the subject. With the options selected from “Web of
Science Categories”, “Refine by Citation Topic Meso” and “Refine by Citation
Topics Micro”, 213 articles were reached at the end of the scan (Appendix, Figure
14), and these 213 articles were included in the analysis.

In line with the purpose of the study, the research titles and the applications used in the analysis of the data
obtained from WosCC are listed in Table 2.

Table 2. Research Titles and Applications to be Used in the Analysis of Related Titles

Research Titlles Applications used Table, Figure,
in data analysis Graph No.
1 Number of articles published and number of citations by year * Graph 1
2 The most published and cited journals ***  Graph 2, Graph 3
3 Most cited articles * Table 3
4 Authors with the most articles * Graph 4
5 Articles published from Turkey on the subject * Table 4
6 Co-authorship of authors **  Figure 1
7 Citation of authors **  Figure 2
8 Co-occurance of all keywords **  Figure 3
Distribution of frequently used keywords by authors by year ***  Graph 5
9 Keywords- authors- references ***  Figure 4
10 Distribution of articles according to corresponding author *** Table5
countries

* Analysis of data obtained from WosCC was done with Microsoft Excel program.
** Analysis of data was done with VosViewer 1.6.20 software.
*** Analysis of data was done with R 4.4.1 version, R studio, bibliometrix/ biblioshiny.

2.3.1. Ensuring validity and reliability

In scientific research, the factors that support validity are that the research serves its purpose, the findings
reflect the truth, and the accuracy of the research results (Creswell & Clark, 2007). To increase the validity of
this study, a search was conducted in WoSCC by creating a keyword group that would cover the subject of the
study after receiving the opinions of three field experts. In addition, while searching in WoSCC, preferences
(inclusion-exclusion) were made in accordance with the purpose of the study. When the keywords “science
education” and “formative assessment” were used in WoSCC, 146 documents were accessed, when the
keyword group related to physics, chemistry, biology and science education was used, 304 documents were
accessed, and when the search was made within the article, 213 articles were accessed. To ensure/increase the
reliability of the study, which is related to the reproducibility of the research results, the data collection process
was explained in detail, and a screenshot of the search results made in WoSCC is included in Appendix.
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3. RESULTS/FINDINGS

In this section, the results of the data analysis are presented in the form of graphs, figures and tables to address

the research topics.

3.1. Distribution of Published Articles by Year and Number of Citations

When a search is made in the Web of Science Core Collection under this title without limiting the publications

by year, it is seen that the articles related to the subject started to be published since 2001. It is seen that the

number of publications decreased after 2020-2021. It is seen that the number of citations of the articles

decreased in 2023-2024 (Graph 1).

Graph 1. Number of articles published and number of citations by year.
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3.2. Journals with the Most Publications and Citations on the Subject

The ten journals that published the most articles on the subject (Graph 2) and the ten journals that received the
most citations (Graph 3) are listed under this heading. It is seen that the journal that published the most articles
(19) is “International Journal of Science Education”. It is seen that the journal with the most citations (701) is

Journal of Research in Science Teaching
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Graph 2. Journals with the Most Publications on the Subject
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Graph 3. The Most Cited Journals on the Subject
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In Graph 3, it was determined that the journal with the most citations (701) was "Journal of Researchin Science
Teaching”, and the journals with the most publications (Graph 2) and the most citations (Graph 3) included
"Science Education”, "International Journal of Science Education", "Journal of Chemical Education”, Journal
of Research in Science Teaching", "Chemistry Education Research and Practice”, and "Journal of Science
Teacher Education”.

3.3. Most Cited Articles

Information on the ten most cited articles on the subject is given in Table 3. When the most cited articles (Table
3) and the authors with the most articles (Graph 4) are examined together, it is seen that the authors of the most
cited articles are not the authors who publish the most. However, it can be said that Furtak E.M. has made a
great contribution to the literature in terms of both the number of articles and the number of citations to his
articles. The contents of the most cited articles are briefly summarized below. Formative assessment activities
should be prepared by experts in the field and the results obtained from the activities should be evaluated by
experts in the field. These activities should enable students to use the information they learn in new situations
they encounter (Wendy & Carl, 2010). The science concepts that the student has formed in his mind should be
determined with formative assessment activities, the degree to which these concepts overlap with scientifically
accepted concepts should be determined, and the teacher should provide feedback to the student accordingly.
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Teacher-student dialogue is very important in this process (Bell & Cowie, 2001). The missing and incorrect
information that the student has formed in his mind should be determined with formative assessment activities,
and the reason for the student's missing or incorrect construction of the information should be examined.
Teachers should be very sensitive in this process because students can sometimes express what they know
correctly by using incomplete or incorrect words. Here, different question types can be used to determine the
information that students’ structure in their minds more clearly and as it is (Coffey et al., 2011). Laboratory
practices in science education are effective learning environments that support students to internalize and
structure information in their minds. Students working like scientists in laboratories, comparing their self-
assessment rubrics with experimental results in the process of obtaining information, and exchanging ideas
with course instructors about the experimental results can contribute to the student's learning environment
(Etkina et al., 2010). In science education, it is especially important to integrate instant and interactive
formative assessment activities into the curriculum through the joint work of program developers and
formative assessment developers (Shavelson et al., 2008). In science education, in formative assessment
activities, it is especially important for the teacher to encourage students to think and create a classroom
discussion environment in the learning process of information and communication technologies as a catalyst
(Webb, 2005).

Table 3. Information on the Ten Most Cited Articles

Total
E : : number A_nn_ual
£ Years Article title Authors Journal Name citation
= of
z citations  2VeTag®
Development and Adams, Wendy K.; International
! 2010 :éalﬂzt;ggr;f:gas:;?r?;enéi Wieman, Carl E. Journal of Science 232 16,57
Expert-Like Thinking Education
The characteristics of Bell, B; Cowie, B Science
2 2001 formative assessment in Education 210 8,75
science education
The Missing Disciplinary Coffey, Janet E.; Hammer,
Substance of Formative David; Levin, Daniel M.; Journal of
3 2011 Assessment Grant, Terrance Research Jin 197 14,07
Science Teaching
Design and Reflection Etkina, Eugenia; Karelina,
Help Students Dewvelop Anna; Ruibal-Villasenor,
Scientific Abilities: Maria; Rosengrant, David,; JOUV”?' of the
4 2010  Learning in Introductory Jordan, Rebecca; Hmelo- Learning 147 9,8
Physics Laboratories Silver, Cindy E. Sciences
On the Impact of Shawelson, Richard J;
Curriculum-Embedded Young, Donald B.; Ayala, Aoplied
5 2008 Formative Assessment on Carlos C.; Brandon, Paul R.; Mpegsurement in 121 712
Learning: A Collaboration Furtak, Erin Marie; Ruiz- Education !
between Curriculum and Primo, Maria  Araceli;
Assessment Developers Tomita, Miki K.; Yin, Yue
Affordances of ICT in Webb, ME International
6 2005 ?r(;:elr:g(;tions f:frammfr; Journal of Science 107 5,35
Imp Education
integrated pedagogy
Effects of a computer- Maier, Uwe; Wolf, Nicole;
assisted formative Randler, Christoph
7 assessment  intervention Computers &
2016 based on multiple-tier Education 8 9.89
diagnostic  items  and

different feedback types
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Teachers' formative Furtak, Erin Marie; Kiemer,
assessment abilities and Katharina; Circi, Ruhan
their  relationship  to Kizil; Swanson, Rebecca; |nstructional
2016 student learning: findings de  Leon,  Vanessa, ggience 80 8,89
8 from a four-year Morrison, Deb; Heredia,
intervention study Sara C.
The effect of automated Zhu, Mengxiao; Liu, Ou
feedback on  revision Lydia; Lee, Hee-Sun
9 2020 be_havior _and Iearni_ng Compu_ters & 76 152
gains in formative Education
assessment of scientific
argument writing
Epistemology and Zwickl, Benjamin M.; Physical Review
expectations survey about Hirokawa, Takako; Special Topics-
10 2014 experimental physics:  Finkelstein, Noah; Physics 73 6,64
Development and initial Lewandowski, H. J. Education
results Research

There are some limitations in the effective implementation of formative assessment activities, some of which
are insufficient class hours, handling complex concepts (Maier et al., 2016), and inadequacy of science teachers
in revealing the knowledge in students and providing appropriate feedback (Furtak et al., 2016). In determining
the student's learning level in depth, computer-aided different types of feedback (descriptive, instant, simple,
detailed, personalized) can contribute to the teaching process (Maier et al., 2016). In student success, it is very
effective for teachers to design the formative assessment process well and to have the professional skills to
reveal the thoughts of the students and provide feedback accordingly (Furtak, Kiemer, Circi, Swanson,
Morrison & Heredia, 2016). Studies have shown that in formative assessment studies conducted with automatic
feedback, multiple-choice exams are preferred more than exams with structured response items (Zhu et al.,
2020). In addition to evaluating student learning in the teaching process, students who take laboratory courses
can give educators an idea about what should be done to increase the efficiency of laboratory courses (Zwickl
etal., 2014).

3.4. Authors with the Most Articles
This title includes researchers who have at least three articles on the subject (Graph 4).

Graph 4. Authors with the Most Articles
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It is seen that Furtak EM is the author with the most articles on the subject (9 articles) (Graph 4).
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3.5. Article Information Published from Turkey on the Subject

In this title, articles published from Turkey on the subject are included as a result of the search made in the

WoSCC database (Table 4).

Table 4. Information of Articles Published from Turkey

Year Article title Authors Journal name Institution  Total Number
of Citations

Formative assessment Atasoy, V; Studies In Kastamonu
practices in science Kaya, G Educational University )
education: A meta-synthesis Evaluation

2022  study
Biology Teachers' Practices ~ Bayrak, N; Pamukkale Trabzon
of Formative Assessment: A Calik, M; University Journal of  University;
Case of the Identifying Dogan, S Education Erzincan Binali 2
Learning Gap Element Yildirim

2019 University
Effects of formative Bulunuz, N;  Journal of Baltic Uludag
assessment probes integrated  Bulunuz, M;  Science Education University;
in extracurricular hands-on Peker, H Ministry of 7
science: middle school National

2014  students' understanding Education Turkey
Does Teacher Education Demirdogen, Journal Of Zonguldak Bulent
Matter? Comparison of B; Korkut, Qualitative Research  Ecevit University;
Education and Science HM in Education Marmara 1
Major Teachers' Assessment University

2021  Literacy
The Effects of Formative Gedikli, H; Hacettepe University ~ Cumhuriyet
Assessment Practices in Buldur, S Journal of Education  University
Science Education on 0
Students' Metacognitive
Knowledge and Regulation

2022  Skills
The Role of Science Kaya, G; Egitim ve Bilim- Kastamonu
Teachers' Awareness in their ~ Atasoy, V; Education and University
Classroom Practice of Candan- Science 3
Formative Assessment Helvaci, S;

2021 Pektas, M
A Co-design Based Kaya, ON; Research In Science Usak University
Research Study: Developing  Kaya, Z Education
Formative Assessment
Practices with Preservice 1
Science Teachersin a
Chemistry Laboratory

2024  Setting
Examining the type and Saka, T; Journal Of Baltic Kafkas University
quality of questions asked Inaltekin, T Science Education 2

2023 by ascience teacher
The Effect of Web-Based Vekli, GS; Journal Of Science Bozok University;
Biology Learning Galik, M Education and Trabzon
Environment on Academic Technology University 3
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The article titled “Effects of formative assessment probes integrated in extracurricular hands-on science:
middle school students' understanding” published in 2014 appears to be the most cited article (Table 4).

3.6. Co-author analysis
To determine the co-authorship relationship of the authors, an analysis was conducted in the Vosviewer
software with the criterion that an author has at least one publication. As a result of the analysis, 558 authors

were included in the analysis (Figure 1).

Figure 1. Co-Author Analysis Map
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When Figure 1 is examined, it is seen that the 17 authors who are most connected to each other are in the main
cluster. The main cluster is divided into four clusters (yellow, red, blue, green). In the analysis with 95
connections and a total connection power of 120, Hertel, S and Klieme, E are in the first place with 15
connections and a total connection power of 23. Hertel, S and Klieme, E are also seen to be among the
researchers who have published the most with 3 articles. It was determined that Hardy, llonca is in second
place with 15 connections and a total connection power of 22. Kunter, Mareike; Decristan, Jasmine; Hondrich,
A. Lena; Buettner, Gerhard are in the third place with 14 connections and a total connection power of 20. It is
seen that Hardy, | and Hondrich AL are also in the list of those who have published the most with 3 articles
(Figure 1).

3.7. Authors' Citation Analysis
In the citation-author relationship analysis conducted with the VVosviewer program, it was determined that the

number of authors was 558 and the number of authors receiving at least one citation was 515 (Figure 2). The
analysis was conducted with the criteria of at least one publication and at least one citation for an author.
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Figure 2. Authors' Citation Analysis Map
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As a result of the citation analysis of the authors, the 338 authors with the most connections to each other were
gathered in 17 clusters. It was determined that there were 2600 connections and a total connection strength of
3260. Furtak, who has 135 connections, and Erin Marie, who has a total connection strength of 257, are in first
place. Bell, B, who has 132 connections and a total connection strength of 157, are in second place (Figure 2).

3.6. 8. Co-Occurence of All Keywords Analysis

In the keyword analysis, when the analysis was made with the criterion that a keyword must be used at least
four times, it was determined that 23 out of 551 keywords met this criterion (Figure 3). In addition, the result
of the analysis made with Biblioshiny to see the distribution of keywords used by the authors by year is given

in Figure 5.

Figure 3. Keyword Analysis
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As a result of the analysis, it was determined that 23 keywords had 6 clusters, 60 connections and a total
connection strength of 133. Among the 23 keywords, it was determined that “formative assessment” was
repeated 79 times and had a total connection strength of 133. It was determined that “science education” was
repeated 40 times and had a total connection strength of 36 and had 9 connections (Figure 3). It is seen that
the authors frequently used the keywords “formative assessment” and “science education” in 2018, and the
keywords “biology education” and “chemistry” were used in 2022 (Graph 5).

Graph 5. Distribution of Frequency of Use of Keywords Used by Authors by Year
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3.6. 9. Keywords, Authors, References Analysis

The analysis of the three area graphs of keywords, authors and references in this title was created using the R
program version 4.4.1, R studio, bibliometrix/ biblioshiny 4.1.2 package program. The analysis was conducted

with a ten-keyword limitation in the right column, a ten-author limit in the middle column and a ten-reference
limit in the left column (Figure 4).

Figure 4. Three Area Plot Analysis of Relationships Between Keywords, Authors and References
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As seen in Figure 4, the most frequently used keyword at the end of the analysis is “formative assessment”,
which is used by all authors except “Hertel S” and “Buck GA”. The keyword “science education” is used by
“Furtak EM”, “Heredio SM”, “Ganajova M” and Restrepo S”. It is also seen that “Hertel S” and “Buck GA”
authors do not use the keywords in the left column. In the right column, it is seen that the most frequently cited
reference by the authors is “Black P. 1998 assessment in education: principles policy / & practice”.

3.6. 10. Distribution of Articles by Corresponding Author Country

In this title, the responsible authors are listed according to their countries. Here, the authors are analyzed
according to whether they are from a single country or multiple countries (Table 5). The table was created with
R studio.

Table 5. Distribution of Articles by Corresponding Author Country

Country Number of Article % Single Multi Multi-
articles country country  country
articles articles authors %
USA 103 484 97 6 58
CHINA 11 52 8 3 27,3
GERMANY 11 52 10 1 9,1
TURKEY 9 4,2 7 2 22,2
SPAIN 7 33 7 0 0
UNITED KINGDOM 7 33 7 0 0
SWEDEN 6 2,8 6 0 0
COLOMBIA 5 2,3 5 0 0
NETHERLANDS 5 2,3 4 1 20
AUSTRALIA 4 1,9 4 0 0

As seen in Table 5, most articles by single-country and multi-country authors are from the USA. It is also seen
that Turkey ranks third on the list.

4. DISCUSSION and CONCLUSION

The search results from WoSCC, which are made within the framework of certain criteria, show that studies
on the subject of formative assessment in science education have been published since 2001, and the number
of publications increased in 2020-2021, which was the Covid 19 pandemic period. Content analysis of articles
published between 2020-2021 can be performed, and it can be examined whether the articles published during
these dates are related to “distance education” or “technology-supported education™. It can be seen that the
most published and cited journals on the subject are journals in the field of science education such as
International Journal of Science Education, Science Education, Journal of Research in Science Education, and;
however, it can be seen that studies on the subject are also published and cited in the journals “Journal of
science education and technology” and “computer education”, where technology-supported education studies
are generally published. It can be said that as a result of the developments in information communication
technology and the widespread use of these developments in the field of education, studies on formative
assessment in science education will become widespread in technology-focused education journals.

It is seen that studies on the subject are published and cited in the teacher-focused journals “Teaching and
Teacher Education” and “Journal of Science Teacher Education”. Also, It is seen that the most cited journal
(Journal of Research in Science Teaching) is ranked ninth in the most published journals. It is seen that biology
and physics education themed journals are not included in the list of journals related to chemistry education.
It is seen that the most cited article on the subject is “Development and Validation of Instruments to Measure
Learning of Expert-Like Thinking” published in 2011, and the second most cited article is “The characteristics
of formative assessment in science education”. It is seen that the authors of the article ranked first in the citation
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ranking Adams, Wendy. K & Wieman Carl. E and the authors of the article ranked second Bell, B & Cowie,
B are not among the first 18 authors with the most publications on the subject. As can be seen from Graph 4,
the authors who contributed to the literature with the most studies on the subject are Furtak EM (9 articles)
and Archilla PA (5 articles). It is seen that the two articles that Furtak EM was among the authors of in 2008
and 2016 are among the ten most cited articles (Table 3).

The most cited articles can be summarized under ten headings according to their subject content. i- The
importance of having formative assessment activities prepared by experts in the field and having the results
evaluated by experts in the field, developing the student's ability to use the information he/she has learned, ii-
Determining to what extent the concept that the student has formed in his/her mind matches the correct concept
with formative assessment activities and providing appropriate feedback to the student, the importance of
teacher-student communication in the feedback process, iii- Teachers need to be sensitive in determining
whether the concepts that the student has constructed in his/her mind are correct, incorrect or incomplete with
formative assessment activities. Students can sometimes express the concepts they have constructed correctly
using the wrong words. Teacher-student communication is very important here. iv- In science laboratory
applications, students can realize their deficiencies/mistakes and make arrangements as a result of their
interviews with teachers using self-assessment rubrics while structuring their knowledge. v- It is very important
to integrate formative assessment activities into the curriculum in science education, and for this, it is very
important for program development experts and experts who prepare formative assessment activities in science
education to cooperate. vi- Developments in information and communication technologies can act as a catalyst
in formative assessment activities in science education, and here it is very important for the teacher to plan the
classroom discussion environment. vii- Teacher competence is very important in carrying out formative
assessment activities effectively in science education. viii- In depth determination of student level and
provision of different types of feedback (descriptive, detailed etc.) to the student are very important in
formative assessment activities in science education, and here again the teacher competence is very important.
ix- Effective use of developments in information and communication technologies is very important.
Especially in systems where automatic feedback is used, only multiple-choice question types should not be
used. x- Students' evaluations of the course process can provide important clues about the arrangements that
teachers should make in the teaching process. When these ten summarized topics are considered holistically,
it is seen that there are teachers who are program implementers at the center.

With the advancements in information and communication technologies, access to technology has facilitated
easier access to information, resulting in changes in the role of the teacher, which was traditionally viewed as
a source of knowledge. Students now have easier access to information. However, in the field of science
education, which some students perceive as an abstract accumulation of concepts, it can be said that the role
of the teacher has become increasingly important in supporting students' ability to accurately structure their
knowledge and to transform the knowledge they acquire into skills that can be applied in their daily lives. This
is particularly significant in the formative assessment process, where the teacher provides feedback that
enhances students' learning motivation.
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Abstract

Purpose: Biology is a comprehensive discipline that studies the patterns, processes
and interactions of all living things, including humans. Biology plays a pivotal role
in interdisciplinary collaboration, and in addressing pressing problems on an
individual, social, and global scale. The purpose of this study is to determine the
views of academics’ teaching undergraduate biology regarding biology education,
its content, its problems, and solutions to these problems in Turkiye in the twenty-
first century

Design and Methodology: In the study, phenomenological research design, one of
the qualitative research methods, was used. The study was conducted with the
participation of 24 academicians (13 female, 11 male) working in 14 different
universities in Turkiye. The data were collected through a semi-structured form
consisting of 5 demographic and 8 open-ended questions developed by the
researchers. The analysis of the collected data was carried out by subjecting the
participant responses to content analysis by creating themes and sub-themes.

Results: As a result of the research, the participants stated that biology is a basic
science in the education of the 21st century youth, that it has an important place in
recognizing nature, the universe and society and in solving current problems, and
that biology education in TUlrkiye does not have sufficient quality and standards.
Among the most fundamental problems encountered in biology education, the
insufficiency of laboratory practices, the opening of biology departments that
produce more graduates than needed and the decrease in course quality due to the
lack of specialized academicians in these departments were pointed out.

Implications & Suggestions: Participants stated that National Science Education
Standards and a curriculum aligned with contemporary content should be
developed, and biology should be integrated with physics, chemistry, mathematics,
and computer science. They also recommended that students actively participate in
application-oriented projects during their undergraduate education.

Kuru Kagmazoglu, E., & Ozmen, N. (2025). Academics' views on problems and solution in biology
education in 21st century Turkiye. International Journal of Educational and Artificial
Intelligence, 2(1), 41-55. https://doi.org/10.5281/zenodo.16620381
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1. INTRODUCTION

Biology (Life sciences), which has an enormous interconnected field of study ranging from a single molecule
to organism, ecosystem, and the biosphere that includes all living things on earth, is a very comprehensive
discipline that studies the patterns, processes, and interactions of all living things, including humans (National
Research Council [NRC], 2009; Quinn et al., 2012). The human species (Homo sapiens sapiens) is both a
biological being, as a natural part of the biosphere, and a social being, as part of sociocultural evolution, which
has caused major changes in the physical, chemical and biological structure of the Earth. Thanks to technology
and, since the 17th century (considered the beginning of modern science), the scientific knowledge
systematically accumulated through observation of nature, humans have been able to partially control nature
and natural processes, increase their well-being, and achieve economic development. Technology and science
closely influence and guide both the biological and social lives of humanity (NRC, 2009).

Some theoretical explanations, discoveries, and technological developments have been critical turning points
that have carried science and society in new directions (Brooks, 1994). Until the first half of the 20th century,
developments in physics and chemistry (for example, the discovery of the electron) were considered "hard"
disciplines because they were the driving force of fundamental applications, new technologies, and economies
that enabled social transformation, while biology, one of the most comprehensive disciplines of the natural
sciences, was generally perceived as a verbal (a discipline dominated by theoretical explanations) or a "soft"
science (Moore, 2007; NRC, 2009, p.39-40). The discovery of the molecular structure of DNA, which governs
heredity, in 1953, and the discovery of recombinant DNA technology in the 1970s, revolutionized biology,
which had previously focused on macroscopic phenomena, leading to more in-depth and molecular-level
investigations on ‘how life works’ (Khan et al., 2016; NRC, 2003 (p.1 and 10-11); Oztiirk, 2002). The
integration of biological research and "-omics" technologies with new concepts and methods from multiple
disciplines such as mathematics, physics, chemistry, computer science, and engineering has led to a
tremendous accumulation of knowledge and transformation in the life sciences. This collaboration, particularly
through the combination of bioinformatics, information technologies, and the powerful search engines of the
internet, has provided access to an enormous amount of information (Misra et al., 2018; Robeva, et al., 2020;
Yamin, 2019). This has led to the discovery of increasingly sophisticated ways to compare, predict, and
manipulate fundamental commonalities and properties of life sciences, making life science resources
accessible for a wide variety of applications (NRC, 2009 p. 13). This rapid flow of information offers enormous
promise for addressing environmental, societal, and economic challenges facing humanity, such as improving
health, enhancing food resources, and resilience to diverse environmental conditions (Bialek & Botstein, 2004;
Khan et al., 2016; Kim, & Diong, 2012; Moore, 2007; Labov et al., 2010; NRC, 2009; Oztiirk, 2002; Steitz,
2003).

In today's world, the integration and interaction between biology and computer science has led to the
development of new fields and technologies such as bioinformatics, biorobotics, and artificial intelligence. It
has enabled the storage, processing, and analysis of large amounts of data, such as gene sequencing and
synthetic genomes, and the derivation of new information from them. Today, life sciences are considered a
'hard' discipline, where biology is increasingly transforming into technology (e.g., biorobotics), and technology
into biology (e.g., artificial intelligence) (Boodhoo, 2024; Lartigue et al., 2007; Tamborini, 2024).

Biology is now at the point of being able to exploit these fundamental features of the living world and this
ability has implications in many sectors. As a result of all these developments, the life sciences today have
become a complex, multidisciplinary field with implications for both research and education, often directly
affecting daily personal, social and political decisions (Klymkowsky et al., 2003; NRC, 2009). Today, life
sciences are considered a 'hard' discipline, where biology is increasingly transforming into technology (e.qg.,
bioraobotics), and technology into biology (e.g., artificial intelligence) (Boodhoo, 2024; Lartigue et al., 2007;
Tamborini, 2024).

On the other hand, this issue becomes even more salient when we consider the risks and problems it poses,
such as information overload, an epidemic of misinformation (infodemic), the potential use of information as
a biological weapon, the failure to protect personal data, and ethical issues (Scheufele, & Krause, 2019;
Shahrzadi et al., 2024). Therefore, the importance of contemporary biology education has become increasingly
important both for undergraduate biology students and for those who will inevitably become consumers of
modern life sciences in the future (NRC, 2009).
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The aim of this study is to determine the opinions of academics working in undergraduate life sciences
programs regarding biology education in twenty-first-century Tirkiye, its content, its problems, and the
solutions to these problems, and to create a roadmap based on these opinions. To this end, the following
questions will be answered:

1. What are academics' opinions on the role of biology and biology education in the education of 21st-
century youth?

2. Do academics believe that biology education in Turkiye is of sufficient quality and standards?

3. What are academics' thoughts on the scope of the Biology Program that will meet 21st-century
needs?

4. What are academics' thoughts on the fundamental problems in 21st-century biology education?

5. What can be done to improve the quality of biology education in Turkiye, solve its problems, and
ensure that it is a priority for academics in career choices?

2. METHOD
2.1. Research Model

This study was conducted using the phenomenological design, a qualitative research method.
Phenomenological studies are methods in which individuals or groups who have experienced and can
externalize a specific phenomenon form the data source. Phenomenology, a process of inquiry that examines
participants' experiences in depth, involves interactive investigation to develop patterns of meaning and
relationships related to the phenomenon under investigation (Creswell, 2009; Patton, 2014). Their opinions
were sought because academics working in undergraduate biology education, through their research and
teaching roles, are the most experienced group capable of best reflecting the importance, problems, and
proposed solutions to the life sciences, which constitute the scientific, technological, and economic driving
force of the 21st-century world.

2.2. Sample of the Study

Participants comprised 24 lecturers/academics (13 women and 11 men) working at 14 different universities in
Trkiye and holding various academic titles. Participants were selected using the criterion sampling technique,
a purposive sampling method (Patton, 2014). The criterion for selecting participants was that they were
employed in an undergraduate Life Science program. Participants' demographic characteristics are presented
in Table 1.

As seen in Table 1, 54.1% of the participants were female, 45.9% were male, their professional experience
ranged from 2 to 51 years, and 45% of them were Associate Professor and 37.5% were Professor in terms of
academic title. In addition, the participants specialized in three main areas of biology: Botany 25.0%,
Hydrobiology 25.0% and Zoology 20.8%.



Kuru Kagmazoglu & Ozmen (2025) Academics Views on problems and solution in biology education m

Table 1. Demographic Characteristics of Participants

Demographic characteristics Participants Frequency (n) Percentile (%)
Gender
Female P3, P5, P7, P8, P9, P10, P11, 13 54.1
P13, P16, P19, P20, P23, P24
Male P1, P2, P4, P6, P12, P14, P15, 11 45.9

P17, P18, P21, P22

Professional Experience(year)

0-5 P13, P14 2 8.3
6-10 P6, P9, P11, 3 12.5
11-15 P1, 1 4.2
16-20 P2, P3, P5, P7, P10, P19, 7 29.2
P23,
21-25 P8, P12, P21 3 12.5
26-30 P15, P18, P22 3 12.5
31+ P4, P16, P17, P20, P24 5 20.8
Academic Title
Lecturer P13, P14, 8.3
Assistant Professor. P11, P6, 2 8.3
Associate Professor. P1, P2, P3, P5, P7, P8, P9, 11 45.8
P10, P12, P19, P23,
Prof. Dr. P4, P15, P16, P17, P18, P20, 9 37.6
P21, P22, P24
Areas of Expertise
Botanic P1, P10, P12, P13, P20, P21, 6 25.0
Zoology P4, P8, P15, P16, P23, 5 20.8
Hydrobiology P6, P7, P11, P17, P19, P22, 6 25.0
Ecology/Environmental Toxicology P2, P3, P24 3 125
Molecular Biology and Genetics P14, 1 4.2
Biochemistry P5, P9, 2 8.3
Evolution P18 1 4.2
Total 24 100

2.3. Data Collection Tools and Process

The study utilised a semi-structured interview form, comprising five demographic characteristics and
eight open-ended questions, as a data collection instrument. The form was prepared by the researchers to
ascertain the opinions of academicians on the role of biology, as the locomotive discipline of the 21st century,
in undergraduate education, the fundamental problems it addresses, and the solution suggestions put forward
by researchers.

The questions to be included in the interview form were formulated on the basis of a review of the extant
literature, with a view to achieving the objectives of the study. The preliminary form was submitted to three
experts in the fields of biology, one in science education and one in Turkish education, in order to ascertain its
content validity. The form was finalised following adjustments made in accordance with expert opinions. The
form is comprised of two sections. The first section includes personal information such as gender, title, years
of professional experience, university of employment and areas of specialization. The second part of the
questionnaire comprises eight questions pertaining to the quality, content, problems and solutions of biology
education in 21st-century education. The participant information text is incorporated within the form.

After obtaining the consent of the participants that they were volunteers, the responses were collected in
writing.
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2.4. Analysis of Data

The personal data section of the interview form was analyzed descriptively, and the responses to the open-
ended questions in the second section were analyzed through content analysis. Content analysis involves the
systematic identification, organization, and interpretation of meaningful patterns in qualitative data. This
allows recurring themes to be identified and the relationships between these themes to be evaluated with a
holistic approach (Creswell, 2009).

Validity in qualitative research is achieved by observing the phenomenon under investigation as objectively
as possible. The data obtained as a result of the research were examined impartially and reported as is,
increasing validity. To ensure the reliability of the research, the authors coded the obtained data separately,
created subthemes, compared them, and identified points of consensus and disagreement after all comparisons
(Yildirnm & Simsek, 2013). Consistency between the codes was calculated using the formula [Reliability =
Agreement / (Agreement + Disagreement) x 100] (Miles & Huberman, 1994). Accordingly, the percentage of
agreement was calculated as 91.7%. Where there were disagreements, the authors discussed and reached a
common theme. The data were interpreted as themes and subthemes, and the findings were presented in tables.
The themes in the table were supported by direct quotes from the participants' opinions. To protect the
participants' personal rights, codes (P1, P2, ... P24) were used instead of names.

3. RESULTS/FINDINGS
This section should give results obtained from the study. In this section, you must present the findings you
obtained from your research in order according to the sub-objectives of your research.

3.1. The Place of Biology Education in Twenty-First Century Turkiye

Participants were asked an open-ended question as ‘What is the place of biology education in the education of
21st century youth?’. The participants' views on the place of biology education in the 21st century were
grouped under 4 themes and the findings are given in Table 2.

Table 2. Academics' Views on the Place of Biology Education in the Education of 21st Century Youth

Thema Codes Participants Frequency (n)
- Provides the solution of current world P2, P3, P5, P8, P9, P11, P20, P22 8
= problems.

S _ It is a basic science that forms the basis for P1, P7, P9, P10, P22, P23, P24 7
@ o many disciplines.

%‘ S It is necessary to recognise the universe, P4, P7, P10, P20, P22 5
53 nature and society.

© Integrated with technology. P19, P21 2
[72]

—

N

To the question ‘What is the place of biology education in the education of 21st century youth?’, all of the
participants emphasised the importance of biology education in the 21st century and stated that biology is a
basic science that covers every subject related to living things and nature, that it is a discipline that forms the
infrastructure for disciplines in many fields from agriculture to health and engineering, that it is important for
the individual to recognise himself, his environment and nature, and that it is a discipline that forms the 21st
century technology. Some of the participants' responses to the themes in Table 2 are presented below:

P5: "Today, most of the problems facing our country and the world—environment, population growth,
production, health, nutrition, and infectious diseases—are of biological origin. Biology education is crucial
in solving these problems. The existence, location, benefits, and importance of species in nature can only be
understood through knowledge of biology. People need biology education in many areas, such as a beautiful
and natural environment, healthy living, reproduction, and nutrition." emphasizes the problem-solving aspect
of biology.
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P1: "Biology education must be paramount in the education of 21st-century youth. This is because medicine,
pharmacy, and some engineering departments are rooted in biology, one of the fundamental sciences. Every
development in biology also impacts developments in these branches." This statement highlights the
interdisciplinary dimension of biology.

P10: “Biology is the most important basic science. ... The fact that it forms the foundation of important fields
such as agriculture, forestry, and medicine, and that biologists undertake important roles and achieve success
in research studies at relevant institutions, demonstrates the importance of biology education. ... This course
should be given due importance not only in universities but also in middle and high schools so that each
individual can understand themselves and their environment and live their lives more consciously and
meaningfully.” This statement highlights both the interdisciplinary dimension of biology and its contributions
to the individual.

P2: “Science, and biology in particular, will be decisive in shaping human life today and in the future, defining
human-environment relationships, and humanity's survival as a part of the ecosystem in which it is a part. In
this respect, biology education is important.”

P21: “Biology should be taught by integrating technology and biology in line with technological
advancements. ... Emphasis should be placed on biotechnology.”

P24: "Biological science is a basic science that forms the basis of applications in the fields of food, agriculture,
forestry, health, and the environment. Subsequently, fields such as biotechnology, materials science, and
bioengineering have evolved from this basic science."

As can be seen from the explanations above, the vast majority of academicians stated that biology science has
a multidisciplinary structure (7 participants), is necessary to recognize nature and society (5 participants) and
provides solutions to today's problems (8 participants), while only 2 participants stated that it is integrated with
technology.

3.2. Quality and Standarts of Biology Education in Turkiye

Participants' responses to the question, “Does applied biology education in Turkiye have sufficient quality and
standards?” are presented in Table 3.

Table 3. Academics' Views on the Quality of Current Biology Education in Turkiye

Theme U0 Codes Participants Frequency
themes (n)
Inadequate physical structure and P1, P4, P6, P7, P9, P10, P13, 8

S technical equipment P24

§ Insufficiency of academic staff P1, P4, P6, P10, P15, P24 5

=) Education based on rote learning P3, P4, P5, P19, P21 5

'-'>{ Frequent changes in curricula P3, 1

&  Insufficient o

S Inadequate research and support facilities P1, P24 2

2

= Lack of standards and accreditation P14, P17, P22, 3

(&)

8 Political inconsistencie P2, P10, 2

E Inadequate student quality and interest P8, P11, P23, 3

T Partially P16, P20, 2

o Sufficient

2 Sufficient P12 1

In response to the question of whether the quality of biology education in practice in our country is sufficient,
21 people "insufficient,” two “partially sufficient,” and one answered "sufficient." Those who answered
partially adequate stated that large or major universities are adequate, but provincial and newly opened
universities are inadequate.
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Examples of participants' responses to the themes in Table 3 are presented below.

P1: "Definitely not. The number of faculty members, elective courses and their contents, laboratory conditions,
research facilities and financial support for research are different in each biology department."

P4: "It is not sufficient. Because firstly, there are not enough tools and physical facilities. Secondly, the
educators working in Biology education unfortunately cannot establish a relationship between the subjects
and convey their importance in our daily lives to the students. Therefore, the Biology course is reduced to a
position where the information given is completely memorised and useless."

P8: "In my opinion, current biology education does not have sufficient quality and standards. One of the
reasons for this is that the students do not show sufficient interest in the department due to the problems in
education and the lack of job opportunities.”

P17: "There is a lot of material, but there is a lack of application and presentation. Quality and standards are
very low. There is a gap between the quality and standards of biology education between schools."

As the examples of participants' statements above show, they explained that the quality of biology education
in our country is insufficient and lacks a certain standard. The situations that the participants stated to be
insufficient were insufficient of physical and technical equipment (8 participants), insufficient of staff (5
participants) and rote-based education practices (5 participants) ranked in the top three.

3.3. Content of the Curriculun for Biology Education to Meet the Requirements of the 21st Century

Participants' responses to the question "What should a Biology Curriculum include to meet the needs of the
21st century?" were grouped under three themes and the findings are presented in Table 4.

Table 4. Academics' Views on the Curriculum of a Biology Education to Meet 21st-Century Needs

Theme Sub-themes Codes Participants Fre%#)ency
For today's problems and solutions P2, P11, 2
Aj Context-based P18, 2
ims . .
Biology literate P3, 1
Nature-based, system approach, P4, P5, P7, P10, P14, P15, 11
holistic and sustainable P17, P18, P19, P22, P24
Compatible with scientific and P5, P6, P7, P14, P15, P19, 7
technological developments p22
c Connected to current developments  P7, P8, P18, P21, P22, P24
= Content Providing specialisation at the P1, P6, P7, P10, P13, P23
2 undergraduate level / with emphasis
5 on departments
2 Interdisciplinary P9, P10, P11, P20, P24 5
ign Application-oriented P3, P4, P9, P10, P11, P12, 13
5 P14, P15, P16, P19, P20, P23,
P24
Developing scientific process skills P4, P5, P7, P14, P15, P16, 9
P18, P19, P22
Learning-  Inquiry P4, P5, P7, P14, P15, P19, 6
ATeaCh'T]g Project-based P1, P9, P20, P23, P24 5
roaches
PP Student-centered P3, P10, P19 3
Contex-based P10, P18 2

Participants' views on the aims of the "content of the biology program that will meet the needs of the 21st
century" were grouped under 3 titles: "For today's problems and solutions” (2 participants), "Context-based"
(2 participants) and "Biology literate™ (1 participant). In the content of the biology curriculum; 5 sub-themes
were identified as "Nature-based, System approach, Holistic and Sustainable™ (11 participants), "Compatible
with scientific and technological developments™ (7 participants), "Linked to current developments" (6
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participants), "Providing specialization at undergraduate level / Departments weighted" (6 participants) and
"Interdisciplinary” (5 participants). Learning-teaching approaches were grouped under 5 themes: "Developing
scientific process skills” (9 participants), "Inquiry" (6 participants), "Project-based" (5 participants), "Student-
centered" (3 participants) and "Context-based"” (2 participants). The participants did not express any opinion
about the measurement and evaluation process.

P3: "First of all, it should be a program that will take students away from ready-made request, make them
more active, develop their ability to learn by doing and experiencing, and make them truly biology literate."”

P10: "In order for the science of biology to take its real place and value in our country, it should be revised,
... innovative approaches should be taken in the research fields and education of biology. Since biology is a
multidisciplinary branch, interdisciplinary collaborations should be established to transfer knowledge to
application areas. ... From the 3rd grade onwards, students should be allowed to specialize by taking into
account their areas of interest. Since this branch of science is a life science, students should be provided with
access to nature ...."

P18: "-Bearing basic scientific criteria, -Comprehending nature from a holistic and rational perspective, -
Directly related to society and individual life, - With a content at the level of contemporary knowledge."

P24: "Biology education as a basic science in the twenty-first century should emphasize bioinformatics,
laboratory applications and field studies. Innovative approaches should be followed with international
programs, ... students should take part in scientific projects and learn science ethics, culture and scientific
approaches ..."

The most frequently emphasized views of the participants in order to educate the 21st century individual were
that; the aim should be oriented towards today's problems and solutions and be Context-based; the content
should be “Nature-based, System-oriented, Holistic and Sustainable and the approach should be application-
oriented.

3.4. Main Problems in the Biology Education Process

The participants' answers to the question "What are the main problems in 21st century biology education?"
were grouped under 2 themes and the findings are given in Table 5.

Table 5. Academics' Views on the Main Problems in 21st Century Biology Education

Thema Sub-themes Codes Participants Fre%ﬁ)ency
Rote learning and P1, P2, P9, P19, P20, P21, 6
decontextualized approaches
Inade_quacy of practice and P19, P23, 2

- Problems Related  €Xperience
-% to the Teaching ~ Outdated content P2, P14, P21, P22, 4
S and Learning Students' negative attitudes, low 3
5 Process motivation and inadequate P1, P2, P19,
3 preparedness
‘—; Inadequate quality and/or quantity P1, P2, P3, P4, P6, P18, P19, 8
(3 of teaching staff P24
£ Inadequate technical and physical P2, P3, P4, P6, P14, P19, 7
= facilities P24
% Society's lack of interest in science P13, P18,
T Institutional, Financial constraints P14
3 Social and Recruiting more students than
2 Ppolitical e P23,
2 Challenges Political and bureaucratic barriers ~ P1, P6, P10, 7
P11, P12, P18, P24
Anxiety about the future/not finding 5

. P7, P11, P16, P17, P23
a job
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The main problems in 21st century biology education were grouped under 2 main themes and 11 sub-themes
(Table 5). Examples of participant views in Table 5 are given below.

P2: "Today, the amount of knowledge in every branch of science is increasing very much. It is not possible,
nor is it meaningful, to provide all knowledge through education. The lack of education based on practice and
experience, and even the lack of material and intellectual knowledge of how to do this, leads the system towards
information overload. ..."

P10: “Due to the constantly changing national education programs and examination systems, students who
come to the biology department come to the department not willingly, but only with the understanding and
approach of “being a university graduate”. Unfortunately, students who come to provincial universities
outside of metropolitan cities come with insufficient basic knowledge about science from primary school years,
which causes students’ communication with the courses and their indifferent and reluctant approach to the
department courses."

P17 "Biological science is not seen as a viable career option for students. The outputs of biological science
are mostly owned by the fields of agriculture, medicine, veterinary and environmental engineering."

P18: "Society's apparent disinterest in science, deficiencies the academic community and its outputs (students,
theses, publications, patents, products), and the absence of government and state policy."

P21: "Emphasizing classical education rather than current needs ...

P23: “Even students studying in the 4th grade do not have a biological” perspective. Students do not give due
importance to undergraduate education due to unemployment anxiety. Inadequate applied education. The high
number of students enrolled in biology departments. .. practices of the current governments that weaken and
do not support basic sciences."

P24: the establishmentof a large number of new universities even with insufficient quality and infrastructure;
. scholarships for doctoral candidates are not augmented and allocated in accordance with political
preferences, resulting in a paucity of doctoral researchers.."

As can be seen from Table 5 and the quotes above, some of the problems academics have expressed regarding
biology education in Turkiye (physical, technical, and personnel inadequacy, inadequate student preparedness,
and negative attitudes) are expressed under all circumstances.

As can be seen from Table 5 and the quotes above, some problems with biology education in Tlrkiye (physical,
technical, and personnel inadequacy, inadequate student preparedness, and negative attitudes) are expressed
under all circumstances.

3.5. Actions to Improve the Quality of Biology Education, Solve Problems, and Ensure It Becomes a
Priority Choice

Participants' opinions on what needs to be done to improve the quality of biology education, solve its problems,
and ensure it becomes a priority choice are presented in Table 6.

As seen in Table 6, the participants' views on what needs to be done to improve the quality of biology
education, solve problems and make it one of the priorities consist of 3 themes and 13 sub-themes.

P8: "... students should be taught current issues. An education system that aims to raise a student mass that
asks and researches, away from rote memorization should be implemented. ..."

P14: "Education curriculum with more practice and constantly renewed information resources....

P24: "Department quotas should be reduced to the optimum level due to quality assurance and scientific
approach. Joint education and exchange programs should be carried out with foreign countries in order to
follow the innovations in the fields of basic sciences in the world. ... The importance of basic sciences should
be included in the programs of the governments in a way to create awareness in the society. ...Research (R&D)
should be given the necessary importance. For example, research-oriented institutes should be established in
higher education institutions, independent of undergraduate programs. ...The first 10,000 students who enter
with high scores at the undergraduate level should be given basic sciences scholarships based on their
preferences. More support from EU funds...
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As can be seen from Table 6 and the example explanations, the most prominent recommendations include
increasing job opportunities, addressing research, physical, technical, and teaching personnel shortages,
implementing inquiry-based, application-based, and project-based teaching, increasing research and
scholarship support, and prioritizing R&D.

Table 6. Academics' Views on What Needs to be Done to Improve the Quality of Biology Education,
Solve Problems and Make it a Priority Choice
Sub-themes Codes

Thema Participants Frequency (n)

Increasing job opportunities P2, P3, P4, P6, P10, P11, P12, P13, P14, 13
P17, P19, P21, P22, P24
Establishment of a professional chamber P1, P4, P10-15, P24

The quality and quantity of teaching staff P1, P3, P4, P6, P14, P15, P19, P21
should be increased

be done ona
professional level

Applied and project-based teaching P1, P3, P7, P8, P9, P14, 6
é’ 2 Inquiry and awareness-raising education P5, P7, P16, P19, P21, P22, P23 7
€8 should be provided at all levels
§ g Lessons should be updated P3, P7, P8, P14, P22 5
v D
i E Accreditation should be ensured P1, 1
£ 8
§ - Inter-institutional cooperation and joint P8, 1

projects should be established

Things that should be done [Things that should

Actions to Improve the Quality of Biology Education

- R&D activities should be emphasized and P20, P23, P24 3
PR state support should be increased

c

o

2 S Scholarship opportunities should be provided P8, P10, P24 3
o o

- =

3 8 Increasing physical and technical facilities P4, P6, P7, P14 4
o =

S =

S % Number of students should be reduced P1, P6, P17, P5, P23, P24 6
- c

=

E’ Research centers, science centers and natural P17, 1
= history museums etc. should be established

4. DISCUSSION and CONCLUSION

In this section, the findings obtained from the analysis of academics' views on the problems and solutions in
biology education in 21st-century Turkiye are discussed in light of the relevant literature.

The contemporary world is confronted with a series of interrelated challenges, including, the escalating human
population, food shortages resulting from population growth, the depletion of natural resources, the destruction
of the natural environment, the loss of biodiversity, and other related issues. Essentially, all of these problems
appear to be the problems that biology focuses on (Kim, & Diong, 2012). These are problems that can be
solved with the concepts, methods, theories and technologies of biology. The solution to problems is possible
through effective, inquisitive, context-based quality education that includes up-to-date information (United
Nations [UN], 2015; Wibowo & Saidikin, 2019). Biological science and biology education show how to use
natural resources in sustainable ways and how to overcome problems with scientific methods.

NRC (2009) calls biology in the 21st century world as “new biology” and emphasizes that in order for new
biology to be a research community capable of solving scientific, social and economic problems that will meet
the needs of the 21st century, it should be integrated and restructured with many sub-disciplines within itself
and with computational disciplines such as chemistry, mathematics, engineering, physics and computer science
(Kim & Diong, 2012; Labov, et al, 2010; Osman, et al., 2013; Wake, 2008; Zaikina, 2007). In their answers to
the first research question of the study, “What is the place of biology education in the education of the youth
of the 2Ist century?”, the academics stated that 21st century biology education should be
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multidisciplinary, and integrated with technology in order to produce solutions to current problems and to
enable the youth to recognize society, nature and the universe (Table 2).

Curricula are one of the basic components of the formal education process. It consists of four basic
components: planning, content, implementation and evaluation processes, including objectives for a certain
field, what (content) and how (learning-teaching approach-strategy-method-technique) will be taught to
achieve these objectives, and measurement-evaluation approaches to determine how much of these objectives
have been achieved (Demirel, 2005).

Since curricula have a dynamic and variable structure, its need to be revised or changed. According to Atik
(2023), the biology curriculum in Tirkiye has changed six times (1924, 1935-1957, 1976, 1985, and 1998)
from the founding of the Republic until the 2000s (Atik, 2023). After the 2000s, radical changes were made
not only in biology but in all programs almost every six years (Ministry of National Education [MoNE], 2007,
2013, 2018, and 2024), perhaps to adapt to the rapid changes in 21st-century information technologies. On the
other hand, fundamental changes are rarely made at the undergraduate level. The achievement of the desired
goals of the developed programs depends on the effective participation of all stakeholders and the improvement
of all conditions. Inaddition, it is necessary to conduct research in the field in order to identify the shortcomings
of the developed programs, the problems encountered in their implementation, to find solutions to these
problems, and to make comparisons (Demir & Demir, 2012). Since the 2000s, studies on biology programs
developed in Tirkiye can be grouped into two categories: research aimed at identifying problems and
deficiencies, and research on program outcomes. Studies have been conducted with teachers (Ipek, et al., 2021;
Oztas & Ozay, 2004), students (Yesilyurt & Giil, 2008), and academics (Vekli, 2018) to determine the
problems and deficiencies in the program. Although the target group is different, in all these studies, the
problems related to the problems in biology teaching such as inadequate physical and technical facilities,
especially laboratories, inadequate readiness of students, negative attitudes towards biology course and rote
learning are the findings that have been included in most of the studies conducted from past to present and
show continuity. However, these problems are not unique to Turkiye; similar issues have also been highlighted
in studies conducted in other countries (Hambabi, et al., 2024; Wei, 2020). These findings were also found in
the current study (Table 3).

The findings of this study suggest that biology education should have the qualities mentioned above. The
academicians stated that the biology curriculum should be solution-oriented, aiming to educate biologically
literate individuals, allowing specialization at the undergraduate level, learner-centered, inquisitive, project-
based and interdisciplinary cooperation, current, system-oriented, holistic and sustainable nature (Table 4).

A study by Atik and Yetkiner (2021) examined the integration of 21st century skills within the middle school
biology curriculum. The study found that while 21st century skills were incorporated, the implementation was
not adequate. Furthermore, the distribution of these skills across different classes was found to be imbalanced.
Specifically, skills related to learning and innovation were more prevalent in all classes, while life and career
skills were comparatively less represented. Additionally, skills such as higher-order thinking, information, and
media literacy could not be developed sufficiently (Atik & Yetkiner, 2021). In the study conducted by Cakir
and Senemoglu in 2016, it was determined that the analytical thinking skills of university students were low,
but the effectiveness of the education they received at university and the richness of their learning experiences
contributed to the development of their analytical thinking skills..

Atmaca and Bumen (2023), in their study on the interdisciplinary nature and interconnectedness of the 2018
Biology Curriculum (MoNE, 2018), noted that the program exhibited a partially interdisciplinary nature and
was interconnected with other courses (Atmaca & Bumen, 2023). Similarly, Kdése (2016), in here study
comparing the interdisciplinary status of various biology curricula in Turkiye, England, Germany, and the
United States, noted that, unlike the other three countries, biology programs in Tirkiye lacked an
interdisciplinary approach and insufficient courses focused on this approach, and that existing courses were
electives (Kose, 2016).

Natural sciences in general (since they encompass physics, chemistry, biology, earth sciences, environmental
sciences, and similar disciplines), and biology in particular, are inherently interdisciplinary. Furthermore, the
multifaceted interaction between technology, science, and society has radically changed the way we live, work,
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and interact (Alemayehu Tegegn, 2024). Therefore, interdisciplinary competence and collaboration are crucial
in both academic and business settings, as well as in solving global problems (BraBler, 2020; Holman &
Svejdarova, 2023; Labov et al., 2010; Organisation for Economic, Co-operation and Development [OECD],
2019). In today's world, individuals, researchers, and consumers, exposed to the overload of information ('big
data’) easily generated and disseminated through digital tools, need certain skills and competencies (e.g.,
metacognitive skills such as accessing accurate information, sorting, analyzing, evaluating, and synthesizing
information, as well as critical and context-based thinking, effective communication, and information, media,
technology, and scientific literacy) that will facilitate their adaptation to the 21st century (Partnership for 21st
Century Skills [P21], 2009). Therefore, all curricula and educational processes, particularly those in science
and biology, need to be restructured to cultivate individuals who are knowledgeable about interdisciplinary,
collaborative, and effective communication methods, who can think critically, analytically, and holistically,
and who have developed problem-solving skills—in short, who are equipped with 21st-century skills.

Studies on science education in Tirkiye have highlighted common problems such as the qualitative and
guantitative inadequacies in physical, technical, and teaching personnel, and low student readiness and
motivation(Ayvact & Bebek, 2018; Balbag et al., 2016; ipek et al., 2021; Vekli, 2018; Kuru Kagmazoglu &
Tascan, 2019). In addition to these problems, academics stated that undergraduate biology programs are
outdated, traditional, and disconnected from context. Furthermore, students are not sufficiently involved in the
application, research, or even learning process. Instead of specializing in a specific field, they believe learning
a little bit of everything is sufficient. This situation increases the anxiety about not finding a job and the future.
Furthermore, they also noted political and bureaucratic obstacles (Tablo 5). The quality of the teaching staff is
a crucial factor in integrating program changes into the educational process and achieving the desired
outcomes. Therefore, the qualifications of teachers and academics must be enhanced through pre-service and
in-service training (Hambabi, et al., 2024). Similarly, the academics participating in the study recommend a
promising education system that includes improved physical conditions, highly qualified educators, research,
inquiry, project-based student-centered practices, and interdisciplinary integration and collaboration, all in line
with 21st-century conditions (Table 6).

In light of the study's findings, the following recommendations are offered for biology education that will
foster 21st-century individuals and biologists:

e National Science Education Standards should be developed.

e Comprehensive and continuous professional development programs should be developed to improve the
knowledge, skills, and attitudes of program implementers.

e Biology curriculum should be updated from preschool to graduate level.

e A professional chamber should be established, and programs tailored to contemporary content, free from
political pressures, should be developed.

e Starting with graduate education, biology should be fully integrated with disciplines such as physics,
chemistry, mathematics, computer science, and bioinformatics, and this should be gradually implemented
down to lower levels. Furthermore, to ensure full integration and collaboration, biology should be included as
a compulsory course in the programs of these fields.

e Instead of centralized, multiple-choice exams, alternative methods and techniques should be implemented
to develop context-appropriate, critical, and creative problem-solving skills, enabling students to analyze,
synthesize, and evaluate, as well as develop metacognitive skills through case studies and problems.

e Life sciences should be structured as a faculty-level educational unit, and bioinformatics, molecular biology,
genetics, evolution, bioengineering, biomedical engineering, environmental engineering, and similar
disciplines should be structured under this unit.
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In conclusion, in the 21st century, do we want biologists and biology teachers to be future
bioinformatics scientists or bioinformatics technicians? We must decide! We must restructure our paradigm of
"doing" science and "teaching" science in a way that responds to the challenges and changes in life in the 21st
century (Kim, & Diong, 2012 p.1-4), is sustainable, holistic, interdisciplinary collaborative, and provides life
skills.
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