
 



 

 

XI INTERNATIONAL EURASIAN 

EDUCATIONAL RESEARCH CONGRESS 

 

 
 

EJERCONGRESS 2024  

CONFERENCE 

 PROCEEDINGS 
 

 

 

 

May 21-24, 2024/ Kocaeli University - Türkiye 
 

 

Editor 

Distinguished Professor Şenel POYRAZLI,  

Penn State University, USA 

 

 

 

 

 

 

 

 



iii 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

XI. INTERNATIONAL EURASIAN EDUCATIONAL RESEARCH CONGRESS 

 

EJERCONGRESS 2024 

CONFERENCE PROCEEDINGS 

May 21-24, 2024/ Kocaeli University - Turkiye 

by Anı Publishing 

Kızılırmak Sokak 10/A Çankaya/ Ankara - Turkiye 06680 

Tel : 90 312 425 81 50 pbx 

Fax : 90 312 425 81 11 

www.ejercongress.org  
www.ejercongress@gmail.com  

e-ISBN : 978-625-97716-6-3 

 



iv 
 

 

Congress Committees 
 

Honorary Members of Congress 

Prof. Nuh Zafer CANTÜRK, Kocaeli University Rector, TURKIYE 

Prof. Veysel SÖNMEZ, EJER Founding Editor, TURKIYE 

 

Congress Presidents 

Ord. Prof. Şenel POYRAZLI, Penn State University, USA  

Prof. Elif ÇELEBİ ÖNCÜ, Dean of Kocaeli University Faculty of Education, TURKIYE 

 

Organizing Committee Chair 

Prof. Esma BULUŞ KIRIKKAYA, Kocaeli University Faculty of Education, TURKIYE 

 

Congress Vice-President and Network Coordinator 

Prof. Funda NAYIR, Ağrı İbrahim Çeçen University, TURKIYE 

 

Congress Secretaries 

Aleyna PİŞİREN 

Murat KARA 

 

Media Manager  

Hilal DOĞRUKARTAL AKÇAKAYA 

 

Members of the Organizing Committee 

Prof. Dr. Abdulkadir MASKAN, Dicle University, TURKIYE 

Prof. Dr. Ekber TOMUL, Mehmet Akif Ersoy University, TURKIYE 

Prof. Dr. Esma BULUŞ KIRIKKAYA, Kocaeli University, TURKIYE 

Prof. Dr. Funda NAYIR, Ağrı İbrahim Çeçen University, TURKIYE 

Prof. Dr. İbrahim Soner YILDIRIM, Middle East Technical University, TURKIYE 

Prof. Dr. Kazım ÇELİK, Pamukkale University, TURKIYE 

Prof. Dr. Mehmet GÜVEN, Gazi University, TURKIYE 

Prof. Dr. Necdet KONAN, İnönü University, TURKIYE 

Prof. Dr. Selahattin GELBAL, Hacettepe University, TURKIYE 

Prof. Dr. Tuncay AKÇADAĞ, Fatih Sultan Mehmet University, TURKIYE 

Prof. Dr. Turan Akman ERKILIÇ, Anadolu University, TURKIYE 

Assoc. Prof. Dr. Aslı EŞME, Kocaeli University, TURKIYE 

Assoc. Prof. Dr. Belgin ÖZAYDINLI, Kocaeli University, TURKIYE 

Assoc. Prof. Dr. Coşkun KÜÇÜKTEPE, Istanbul University – Cerrahpaşa, TURKIYE 

Assoc. Prof. Dr. Derya KALTAKÇI GÜREL, Kocaeli University, TURKIYE 

Assoc. Prof. Dr. Dilek FİDAN, Kocaeli University, TURKIYE 

Assoc. Prof. Dr. Fatih KEZER, Kocaeli University, TURKIYE 

Assoc. Prof. Dr. Fırat Kıyas BİREL, Dicle University, TURKIYE 



v 
 

 

Assoc. Prof. Dr. Funda DAĞ, Kocaeli University, TURKIYE 

Assoc. Prof. Dr. Gülşah TURA, Kocaeli University, TURKIYE 

Assoc. Prof. Dr. Mehmet ALTAY, Kocaeli University, TURKIYE 

Assoc. Prof. Dr. Yıldız ÖZTAN ULUSOY, Kocaeli University, TURKIYE 

Assoc. Prof. Dr. Yusuf KOÇ, Kocaeli University, TURKIYE 

Assist. Prof. Dr. Ayşe Arzu ARI, Kocaeli University, TURKIYE 

Assist. Prof. Dr. Cüneyt YAZICI, Kocaeli University, TURKIYE 

Assist. Prof. Dr. Çiğdem YAĞCI, Kocaeli University, TURKIYE 

Assist. Prof. Dr. Doğan GÜLLÜ, Kocaeli University, TURKIYE 

Assist. Prof. Dr. Esra ÖZBAY ÜNLÜER, Kocaeli University, TURKIYE 

Assist. Prof. Dr. Hakan TURAN, Kocaeli University, TURKIYE 

Assist. Prof. Dr. Özlem TEZCAN, Kocaeli University, TURKIYE 

Assist. Prof. Dr. Serkan GÜRKAN, Kocaeli University, TURKIYE 

Assist. Prof. Dr. Yaser ARSLAN, Kocaeli University, TURKIYE 

Lect. PhD Barış DEMİR, Kocaeli University, TURKIYE 

Lect. PhD Gürkan YAVAŞ, Kocaeli University, TURKIYE 

Lect. Ayşe Hicret GÜDÜK, Kocaeli University, TURKIYE 

 

International Organizing Committee 

Ord. Prof. Senel Poyrazli, Penn State University, Pennsylvania, USA 

Prof. Christian Faltis, University of California, Davis, USA 

Prof. Gerry McNamara, Dublin City University, Dublin, Ireland 

Prof. James Banks, University of Washington, Seattle, USA 

Prof. Jennifer Mahon, University of Nevada, Reno, USA 

Prof. Joe O’Hara, Dublin City University, Dublin, Ireland 

Prof. Lynn Burlbaw, University of Texas A&M, USA 

Prof. Mokter Hossain, University of Alabama, USA 

Prof. Stephen Lafer, University of Nevada, Reno, USA 

Prof. Ayse Çiftçi, Arizona State University, Phoenix, USA 

Prof. Mustafa Gündüz, Başkent University, Ankara, TURKIYE 

Assoc. Prof. Tao Wang, University of Washington, Bothell, USA 

 

Executive Board 

Assoc. Prof. Dr. Yasemin Katrancı, Kocaeli University, TURKIYE 

Assist. Prof. Dr. Ayşegül Bakar Çörez, Kocaeli University, TURKIYE 

Assist. Prof. Dr. Duygu Nazire Kaşıkçı, Kocaeli University, TURKIYE 

Assist. Prof. Dr. Özlem TOKGÖZ, Kocaeli University, TURKIYE 

Assist. Prof. Dr. Fevziye DOLUNAY CUĞ, Kocaeli University, TURKIYE 

Res. Asst. PhD Neslihan Tuğçe ÖZYETER, Kocaeli University, TURKIYE 

Res. Asst. PhD Duygu ÖREN VURAL, Kocaeli University, TURKIYE 

Res. Asst. İlayda KILIÇ, Kocaeli University, TURKIYE 

Res. Asst. Rahime ÇİÇEK, Kocaeli University, TURKIYE 

Res. Asst. Duygu DEMİRTAŞ, Kocaeli University, TURKIYE 

Res. Asst. Cansu AYKUT KOLAY, Kocaeli University, TURKIYE 



vi 
 

 

Res. Asst. Eylül Balâ ALTUNAY, Kocaeli University, TURKIYE 

Res. Asst. Samet GÖÇ, Kocaeli University, TURKIYE 

Res. Asst. Saffet ARSLAN, Kocaeli University, TURKIYE 

Res. Asst. Özge OKUL, Kocaeli University, TURKIYE 

Res. Asst. Sevda Nur AÇIKGÖZ, Kocaeli University, TURKIYE 

Res. Asst. Büşra TOMRUKCU, Kocaeli University, TURKIYE 

Res. Asst. Ufuk SARIDEDE, Kocaeli University, TURKIYE 

Res. Asst. PhD Birsen Berfu AKAYDIN, Kocaeli University, TURKIYE 

Res. Asst. Dilara YILMAZ CAN, Kocaeli University, TURKIYE 

 

Science Committee 
Prof. Abdulkadir MASKAN Prof. Neşe TERTEMİZ Assoc. Prof. Hüseyin ERGEN 
Prof. Abdurrahman TANRIÖĞEN Prof. Nilgün METİN Assoc. Prof. İlke Önal ÇALIŞKAN 
Prof. Adnan KAN  Prof. Nilüfer Havva VOLTAN ACAR Assoc. Prof. İlker CIRIK 
Prof. Agnaldo ARROIO Prof. Nurettin ŞAHİN Assoc. Prof. Jacqueline GUSTAFSON 
Prof. Ahmet IŞIK Prof. Nurgül AKMANOĞLU Assoc. Prof. Kamil YILDIRIM 
Prof. Ali TAŞ Prof. Oktay ASLAN Assoc. Prof. Laura M. Reid MARKS 
Prof. Alper ÇİLTAŞ Prof. Orhan KARAMUSTAFAOĞLU Assoc. Prof. M. Cem BABADOĞAN 
Prof. Andrey A. KISELNIKOV Prof. Oya YERİN GÜNERİ Assoc. Prof. Martha LASH  
Prof. Anita PIPERE Prof. Özgül YILMAZ TÜZÜN Assoc. Prof. Mehmet SAĞLAM 
Prof. Antonio E. PUENTE Prof. Özgür Erdur BAKER Assoc. Prof. Mehmet TEYFUR 
Prof. Arda ARIKAN Prof. Özlem KORAY Assoc. Prof. Mehmet ULAŞ 
Prof. Arif SARIÇOBAN Prof. Paul GIBBS Assoc. Prof. Melek ALTIPARMAK KARAKUŞ 
Prof. Armağan ERDOĞAN Prof. Pınar SARPKAYA Assoc. Prof. Meral HAKVERDİ CAN 
Prof. Asiye İVRENDİ Prof. Ragıp ÖZYÜREK Assoc. Prof. Meryem ALTUN EKİZ 
Prof. Asuman DUATEPE PAKSU Prof. Rahime Nükhet ÇIKRIKÇI Assoc. Prof. Mesut GÜN 
Prof. Atılgan ERÖZKAN Prof. Ramazan SEVER  Assoc. Prof. Murat AKYILDIZ 
Prof. Atilla CAVKAYTAR Prof. Renan SEZER Assoc. Prof. Mustafa BABADOĞAN 
Prof. Ayfer ALPER Prof. Ruhi SARPKAYA  Assoc. Prof. Mustafa ERGUN 
Prof. Aynur BOZKURT BOSTANCI Prof. Ruken AKAR VURAL Assoc. Prof. Mustafa KIŞOĞLU 
Prof. Aysel KÖKSAL AKYOL Prof. Sadegül AKBABA ALTUN Assoc. Prof. Nazan KAYTEZ 
Prof. Ayşe BALCI KARABOĞA Prof. Sadık KARTAL Assoc. Prof. Necdet AYKAÇ 
Prof. Ayşe ÇAKIR İLHAN Prof. Sait AKBAŞLI Assoc. Prof. Nedim ÖZDEMİR 
Prof. Ayşe Esra ASLAN Prof. Sait BULUT Assoc. Prof. Nermin KARABACAK 
Prof. Ayşe OĞUZ ÜNVER Prof. Salih ŞAHİN Assoc. Prof. Nesrin SÖNMEZ 
Prof. Ayşen BAKİOĞLU Prof. Sedat UÇAR Assoc. Prof. Nihan DEMİRKASIMIOĞLU 
Prof. Ayşenur BÜYÜKGÖZE KAVAS Prof. Sefa BULUT Assoc. Prof. Oğuzhan DALKIRAN 
Prof. Baki DUY Prof. Selahattin GELBAL  Assoc. Prof. Okan BULUT 
Prof. Bayram AŞILIOĞLU Prof. Selahattin KAYMAKÇI Assoc. Prof. Onur ÇALIŞKAN 
Prof. Belgin ELMAS Prof. Semra ERKAN  Assoc. Prof. Osman Tayyar ÇELİK 
Prof. Berrin BAYDIK Prof. Servet ÖZDEMİR Assoc. Prof. Özden Şahin İZMİRLİ 
Prof. Binnur GENÇ İLTER Prof. Seval ERDEN ÇINAR Assoc. Prof. Özlem TAGAY 
Prof. Buket AKKOYUNLU  Prof. Sevgi ÖZGÜNGÖR Assoc. Prof. Pınar BAĞÇELİ KAHRAMAN 
Prof. Burhanettin DÖNMEZ Prof. Sezer CİHANER KESER Assoc. Prof. Pınar FETTAHLIOĞLU 
Prof. Bülent AYDOĞDU Prof. Sibel GÜNEYSU  Assoc. Prof. Pınar ŞAFAK 
Prof. C. Ergin EKİNCİ Prof. Soner YILDIRIM  Assoc. Prof. Ramin Aliyev 
Prof. Canan LAÇİN ŞİMŞEK Prof. Süleyman İNAN Assoc. Prof. Recep ERCAN 
Prof. Celal BAYRAK Prof. Sven PERSSON Assoc. Prof. Refik TURAN 
Prof. Cem BALÇIKANLI  Ord. Prof. Şenel POYRAZLI Assoc. Prof. Saadet KURU ÇETİN 
Prof. Christian FALTIS Prof. Şevki KÖMÜR Assoc. Prof. Sabahat BURAK 
Prof. Christoph WULF Prof. Şükran KILIÇ Assoc. Prof. Sedat ŞEN 
Prof. Çağla GÜR Prof. Şükran TOK Assoc. Prof. Sedef CANBAZOĞLU BİLİCİ 
Prof. Çağlar ÇAĞLAR Prof. Şükrü ADA Assoc. Prof. Sezai KOÇYİĞİT 
Prof. Çiğdem HASER Prof. Taner ALTUN Assoc. Prof. Seval EMİNOĞLU KÜÇÜKTEPE 
Prof. Çiğdem Ünal Prof. Tao WANG Assoc. Prof. Sibel AKIN SABUNCU 



vii 
 

 

Prof. Danny WYFFELS Prof. Theo WUBBELS Assoc. Prof. Sibel KAZAK 
Prof. David BRIDGES  Prof. Tohit GÜNEŞ  Assoc. Prof. Simla COURSE 
Prof. David GURALNICK Prof. Tolga ERDOĞAN Assoc. Prof. Sinan KOÇYİĞİT 
Prof. Demet Yaylı Prof. Tuba ÇENGELCİ KÖSE Assoc. Prof. Sonnur KÜÇÜK KILIÇ 
Prof. Deniz GÜRÇAY Prof. Tuğba YANPAR YELKEN  Assoc. Prof. Şemseddin GÜNDÜZ 
Prof. Derya ARSLAN ÖZER Prof. Tuncay AKÇADAĞ Assoc. Prof. Temel TOPAL 
Prof. Donna MERTENS Prof. Tuncay ERGENE Assoc. Prof. Tezcan KARTAL 
Prof. Ender DURUALP Prof. Turan PAKER Assoc. Prof. Tuğba HORZUM 
Prof. Erdal HAMARTA Prof. Tülin Güler YILDIZ Assoc. Prof. Turgut TÜRKDOĞAN 
Prof. Ersen YAZICI Prof. Türkay Nuri TOK Assoc. Prof. Tülin HAŞLAMAN 
Prof. Esen UZUNTİRYAKİ Prof. Ursula CASANOVA Assoc. Prof. Tülin Şener KILINÇ 
Prof. Esma BULUŞ KIRIKKAYA Prof. Ümit ŞAHBAZ Assoc. Prof. Türkan ÇELİK 
Prof. Esmahan AĞAOĞLU  Prof. Vesile ALKAN Assoc. Prof. Veli BATDI 
Prof. Esra BUKOVA GÜZEL Prof. Vesile SOYYİĞİT Assoc. Prof. Yakup DOĞAN 
Prof. Eyüp ARTVİNLİ Prof. Vivienne BAUMFİELD Assoc. Prof. Yasemin HACIOĞLU 
Prof. F. Çağlayan DİNÇER Prof. Yahya ALTINKURT Assoc. Prof. Yasemin Özdem YILMAZ 
Prof. Fatma AÇIK  Prof. Yasemin AYDOĞAN Assoc. Prof. Yılmaz TONBUL  
Prof. Fatma BIKMAZ Prof. Yasemin ERGENEKON Assoc. Prof. Yusuf DEMİR 
Prof. Fatma ÇALIŞANDEMİR Prof. Yasemin KIRKGÖZ  Assoc. Prof. Yücel FİDAN 
Prof. Fatma ÇELİK KAYAPINAR Prof. Yaşar KONDAKÇI Assoc. Prof. Zeliha YAZICI 
Prof. Fatma MIZIKACI Prof. Yıldız KIZILABDULLAH Assoc. Prof. Zeynel HAYRAN 
Prof. Fatma SEGGIE Prof. Yusif MAMMADOV  Assist. Prof. Aslı YILDIRIM 
Prof. Fatma SUSAR KIRMIZI Prof. Yusuf ŞAHİN  Assist. Prof. Atilla ÖZDEMİR 
Prof. Feride BACANLI Prof. Yüksel KAVAK  Assist. Prof. Ayşegül AKINCI COŞGUN 
Prof. Feyyat GÖKÇE Prof. Zeynep KARATAŞ Assist. Prof. Başak KARATEKE 
Prof. Figen ÇOK  Assoc. Prof. Adem PEKER Assist. Prof. Begüm SERİM YILDIZ 
Prof. Gelengül HAKTANIR Assoc. Prof. Adile SARANLI Assist. Prof. Berrin GENÇ ERSOY 
Prof. Gerry MCNAMARA Assoc. Prof. Ali KIŞ Assist. Prof. Çağla ÖNEREN ŞENDİL 
Prof. Gıyasettin DEMİRHAN Assoc. Prof. Ali Korkut ULUDAĞ Assist. Prof. Çiğdem İŞ GÜZEL 
Prof. Gökay YILDIZ Assoc. Prof. Alper YETKİNER Assist. Prof. Dilruba KÜRÜM YAPICIOĞLU 
Prof. Gökhan ÇETİNKAYA Assoc. Prof. Arslan BAYRAM Assist. Prof. Elçin EMRE AKDOĞAN 
Prof. Gülsün ATANUR BASKAN Assoc. Prof. Aydan ORDU Assist. Prof. Elif BULDU 
Prof. Gürcü ERDAMAR Assoc. Prof. Ayhan BABAROĞLU Assist. Prof. Elif MEDETOĞULLARI 
Prof. Hafize KESER Assoc. Prof. Aysel ÇOBAN Assist. Prof. Emine Gül ÇELEBİ İLHAN 
Prof. Hakan ATILGAN Assoc. Prof. Bahadır NAMDAR Assist. Prof. Emine Hande AYDOS 
Prof. Haluk ÖZMEN Assoc. Prof. Bahadır YILDIZ Assist. Prof. Engin KARAHAN 
Prof. Hasan ARSLAN  Assoc. Prof. Baki ŞAHİN  Assist. Prof. Eren KESİM 
Prof. Hasan COŞKUN  Assoc. Prof. Banu AKTÜRKOĞLU Assist. Prof. Esra KIZILAY 
Prof. Hasan DEMİRTAŞ  Assoc. Prof. Banu ALTUNAY Assist. Prof. Hakan TURAN 
Prof. Hatice BAKKALOĞLU Assoc. Prof. Behçet ÖZNACAR Assist. Prof. Işıl KELLEVEZİR 
Prof. Hülya GÜR Assoc. Prof. Behsat SAVAŞ Assist. Prof. Kürşad DEMİRUTKU 
Prof. Hülya ŞAHİN BALTACI Assoc. Prof. Berna CANTÜRK GÜNHAN Assist. Prof. M. EMRE SEZGİN 
Prof. Hüseyin ÇALIŞKAN Assoc. Prof. Birsel AYBEK  Assist. Prof. Melike ÜNAL GEZER 
Prof. Hüseyin YOLCU  Assoc. Prof. Burcu ÖZDEMİR BECEREN  Assist. Prof. Meltem ÇENGEL SCHOVILLE 
Prof. İlknur Çifci TEKİNARSLAN  Assoc. Prof. Bülent ÇETİNKAYA Assist. Prof. Münevver İLGÜN DİBEK 
Prof. İlknur MAYA Assoc. Prof. Canay DEMİRHAN İŞCAN Assist. Prof. Nalan BABÜR 
Prof. İnayet AYDIN Assoc. Prof. Cihat DEMİR Assist. Prof. Nilgün KURU ALICI 
Prof. İsmail AYDOĞAN Assoc. Prof. Coşkun KÜÇÜKTEPE Assist. Prof. Ömer KUTLU 
Prof. İsmail Hakkı DEMİRCİOĞLU Assoc. Prof. Davut SARITAŞ Assist. Prof. Özlem CANARAN 
Prof. İsmail KARAKAYA Assoc. Prof. Derya YILDIZ Assist. Prof. Özlem CEZİKTÜRK 
Prof. James BANKS Assoc. Prof. Didem KILIÇ  Assist. Prof. Özlem MELEK ERBİL KAYA 
Prof. Kasım KARAKÜTÜK Assoc. Prof. Didem KOŞAR Assist. Prof. S. Burcu ÜÇOK 
Prof. Kazım ÇELİK Assoc. Prof. Emine DURMUŞ Assist. Prof. Selçuk TURAN 
Prof. Kerim GÜNDOĞDU Assoc. Prof. Emine ZEHRA TURAN Assist. Prof. Ümit KAHRAMAN 
Prof. Kürşat ERBAŞ  Assoc. Prof. Emrah GÜL Assist. Prof. Volkan ŞAHİN 
Prof. Kyunghwa LEE Assoc. Prof. Emre ER Assist. Prof. Yurdagül BOĞAR 
Prof. Lütfi ÜREDİ Assoc. Prof. Engin ADER Assist. Prof. Zerrin TOKER 
Prof. Macid MELEKOĞULU Assoc. Prof. Ergül DEMİR Assist. Prof. Zeynep BİLKİ 
Prof. Mediha SARI Assoc. Prof. Erkan KÜLEKÇİ Lec. Arzu KANAT MUTLUOĞLU 



viii 
 

 

Prof. Mehmet Akif OCAK Assoc. Prof. Erkan TABANCALI Lec. Aylin TEKİNER TOLU 
Prof. Mehmet ARSLAN  Assoc. Prof. Ertuğ CAN Lec. Merih UĞUREL KAMIŞLI 
Prof. Mehmet DEMİREZEN  Assoc. Prof. Evren ŞUMUER Lec. Nergis Hazal YILMAZTÜRK 
Prof. Mehmet Fatih ÖZMANTAR Assoc. Prof. Eylem DAYI Dr. Ali TOSUN 
Prof. Mehmet GÜLTEKİN Assoc. Prof. Ezgi TOPLU DEMİRTAŞ Dr. Beyza HİMMETOĞLU  
Prof. Mehmet KANDEMİR Assoc. Prof. Fatma ASLAN TUTAK Dr. Çiğdem ŞAHİN 
Prof. Mehmet SETTAR KOCAK Assoc. Prof. Fatma ÇOBANOĞLU Dr. Esma DAŞÇI 
Prof. Mine GÖZÜBÜYÜK TAMER Assoc. Prof. Fatma SAPMAZ Dr. Fatma Zehra ÜNLÜ KAYNAKÇI 
Prof. Muammer ÇALIK Assoc. Prof. Ferhan GÜNDÜZ Dr. Gizem HATİPOĞLU 
Prof. Murat ÖZDEMİR Assoc. Prof. Fırat Kıyas BİREL Dr. Gülçin OFLAZ 
Prof. Mustafa GÜNDÜZ Assoc. Prof. Fulya ZORLU Dr. Handan DOĞAN 
Prof. Mustafa KILIÇ Prof. Funda NAYIR Dr. Hüsnü ERGÜN 
Prof. Mustafa KÖKSAL Assoc. Prof. Gizem UYUMAZ Dr. Miray Tekkumru KISA 
Prof. Mustafa Levent İNCE Assoc. Prof. Gökhan ARASTAMAN Dr. Nilay ÖZTÜRK 
Prof. Mustafa SÖZBİLİR Assoc. Prof. Gülfem SARPKAYA AKTAŞ Dr. Nilgün DEMİRCİ CELEP 
Prof. Mustafa YAVUZ Assoc. Prof. Güliz KARAARSLAN SEMİZ  Dr. Pınar KIZILHAN 
Prof. Necdet KARASU Assoc. Prof. Gülseren KARAGÖZ AKAR Dr. Ramazan ERTÜRK 
Prof. Nergüz BULUT SERİN Assoc. Prof. Hayriye TUĞBA ÖZTÜRK Dr. Remzi YILDIRIM 
Prof. Neriman ARAL Assoc. Prof. Hülya ERCAN Dr. Seçil DAYIOĞLU ÖCAL 
Prof. Hünkar KORKMAZ Assoc. Prof. Hülya ERTAŞ KILIÇ Dr. Senem Oğuz BALIKTAY  
Prof. Sevgi AYDIN GÜNBATAR Assoc. Prof. Nurhan ÖZTÜRK Dr. Tamer SARI 
Prof. Nilüfer DİDİŞ KÖRHASAN Assoc. Prof. Şahin İDİN Dr. Zahid KISA 
Prof. Muhammed Sait GÖKALP Assoc. Prof. Esra BOZKURT ALTAN Dr. Gürkan SARIDAŞ 
Prof. Fatih TAŞAR Assoc. Prof. Yasemin TAŞ Dr. Kübra ÖZMEN 
Prof. Sevgi AYDIN GÜNBATAR Assoc. Prof. Cansel AKBULUT Dr. Gülsüm Yasemin UZ 
Prof. Nilüfer DİDİŞ KÖRHASAN Assoc. Prof. Sevda YERDELEN DAMAR Dr. Kübra ÖZMEN 
Prof. Muhammed Sait GÖKALP Assoc. Prof. Mehmet Buğra ÖZHAN Dr. Ayşegül BAKAR ÇÖREZ 
Assoc. Prof. Cansel AKBULUT Assoc. Prof. Yasemin KATRANCI Dr. Yurdagül DOĞUŞ 
Assoc. Prof. Sevda YERDELEN DAMAR Assoc. Prof. Fatma ERDOĞAN Assoc. Prof. Elif ÖZATA YÜCEL 
Assoc. Prof. Şule GÜÇYETER Assoc. Prof. Adnan TAŞGIN Assoc. Prof. Gözde ERTÜRK KARA 

 

 

  



ix 
 

 

Main Theme 
 

“Designing the Future: Changing Paradigms and Transhumanism with Artificial Intelligence in Education” 

 

 

Sub-Themes 
   

 Academic freedom, autonomy, and social responsibility in education 
 Artificial intelligence and educational applications 
 Augmented reality applications 
 Barriers to learning 
 Blended learning 
 Computer-assisted measurement and evaluation 
 Core skill sets for students and teachers 
 Design of school buildings in the future 
 Designing and delivering a digital strategy 
 Digital competence 
 Digital parenting 
 Distance Education 
 Earthquake Education 
 Post Earthquake Trauma Training 
 Earthquake and Effective Psychosocial Intervention Methods 
 Earthquake and Trauma 
 The Impact of Earthquakes on School Staff 
 Education and society 
 Education for healthy living and healthy communities 
 Education for a sustainable life 
 Education in the digital age: Primary, secondary, high school, higher education, and application examples 
 Educational leadership in the digital age 
 Effects of regional differences on education 
 Equity, Diversity, and Inclusion Related to Marginalized Groups 
 Emergency Management at Schools 
 Evidence-Based School Counseling Services for Refugees and Marginalized Groups 
 Globalisation and Education 
 Higher education 
 Innovative learning designs for student success 
 Instructional technologies in the digital age 
 Integration of immigrants into education 
 K-12 education (preschool, primary, and secondary education) 
 Learning management systems 
 Lifelong learning 
 Machine learning 
 Management information system 
 Managing schools 
 Measurement and evaluation of students’ learning outcomes 
 Metaverse 
 Migration and education 
 Multicultural Classroom Concerns of Educators and Parents 
 New educational system after COVID-19 
 New skills to live and work in new times 
 New technologies in teaching and learning 



x 
 

 

 New trends in educational research 
 New trends in learning and teaching methods 
 New trends in research methods 
 Pedagogy, educational programs, and teaching 
 Politics, good governance, and leadership in the educational sector 
 Program design and development 
 Promoting equality, diversity, and inclusion 
 Psychological counseling and guidance in education 
 Quality assurance/standards and accreditation 
 Research and innovations in education 
 Research ethics 
 Right to an education 
 Sustainable Educational Goals Related to Refugees 
 Teacher education in the digital age 
 The Possibility of Fundamental Changes in the Curriculum 
 The role of parents in education 
 The skills we need to thrive in a post-COVID-19 world 
 Vocational education 
 Ways to overcome the digital divide 

  



xi 
 

 

XI INTERNATIONAL EURASIAN EDUCATIONAL RESEARCH CONGRESS 
 

2024 EJERCONGRESS SPONSORS 

 

 

 

  



xii 
 

 

 

   Author Information 
 

This book has been compiled with contributions from 61 authors 

representing 35 different universities in Turkiye, the United States, and Iran, 

as well as Turkiye’s Ministry of National Education. Among the contributors, 

there are 51 authors from 31 universities 6 authors from education 

institutions in Turkey, 3 authors from 2 universities in the United States, and 

1 author from a university in Iran. 

  



xiii 
 

 

CONTENTS 

Congress Committees............................................................................................................................................ iv 

Main Theme .......................................................................................................................................................... ix 

Sub-Themes .......................................................................................................................................................... ix 

Ejercongress Sponsors ........................................................................................................................................... xi 

Author Information .............................................................................................................................................. xii 

 

The Prospective Mathematics Teachers' Opinions on the Use of Tinkercad ............................................ 1 

Ayşe Tuğçe Bodur, Mevhibe Kobak Demir 

 

A Review of Generative Artificial Intelligence (GENAI) Tools in Second/Foreign Language Teaching ....... 8 

Cansu Aykut Kolay, Büşra Gölbaşi 

 

Exploring Student Science Teachers' Academic Self-Regulated Learning Strategies in Technology 
Integration ............................................................................................................................................. 15 

Ebru Mazlum Güven 

 

Analysis of E-Storybook on Bullying Written by PreSchool Preservice Teachers .................................... 21 

Esra Ünlüer 

 

The Effect of Gametics Game Program on Visual Perception and Attention Skills: An Experimental 
Study on Third-Grade Students .............................................................................................................. 26 

 İbrahim Bilginer, Kerim Koral, Elif Çelebi Öncü, Esra Ünlüer 

 

What is Artificial Intelligence?: Analyzing the Drawings of Preschool Children ..................................... 31 

Hilal Yılmaz   

 

Examination of Artificial Intelligence Literacy Levels of Psychological Counseling Candidates:  
A Qualitative Study ................................................................................................................................ 40 

İrem Topuz, Beyza Nur Çelik      

 

Investigating the Change of Pre-service Middle School Mathematics Teachers’ Conceptualization of 
Algebraic Thinking .................................................................................................................................. 46 

Makbule Gozde Didis Kabar, Janet Walkoe, Mary Ziegler Zimmerman 

 

 



xiv 
 

 

Exploring Facilitators and Barriers of Culturally Responsive Teaching in Early Childhood Classrooms:  
A Qualitative Meta-Synthesis ................................................................................................................. 54 

Nida Altıparmak Cengiz, Elif Güvelioğlu, Feyza Tantekin Erden 

 

The Impact of Online Professional Development on Teachers: A Systematic Review  
of the Literature ....................................................................................................................................  61      

Nur Banu Yiğit, Elif Güvelioğlu, Feyza Tantekin Erden  

 

Teachers' Accountability Behaviors in Monitoring and Assessing Student Progress .............................. 78 

Özen Yıldırım, Huriye Sert    

 

Education in the Digital Age: A Virtual Space Study in the Context of History and Technology ............. 87 

Özge Kaya, Kader Sürmeli 

 

The Level That Grandmothers' Parenting Styles Predict Children's Attachment  
Security and Social Skills ........................................................................................................................ 92 

Özlem Erkal, Ege Akgün 

 

Preservice Preschool Teachers’ Attitudes Toward Artificial Intelligence and  
Their Views on the Use of Artificial Intelligence in Education ................................................................ 99 

Rahime Çiçek 

 

Subitizing in Preschool Education: A Bibliometric Analysis .................................................................. 105 

Rahime Çiçek 

 

Comparison of the 2018 Social Studies Course Curriculum and the 2024 Draft Social  
Studies Course Curriculum ................................................................................................................... 110 

Samet Karakuş, Yavuz Akbaş 

 

Integrating Artificial Intelligence into Foreign Language Learning: Learners’ Perspectives .................. 121 

Selami Aydın, Maryam Zeinolabedini 

 

An Investigation of EFL Instructors’ Perceptions of Online Testing and Assessment by Certain 
Variables .............................................................................................................................................. 127 

Selami Aydın, İrem Gedil 

 

 



xv 
 

 

Sixth Grade Students’ Construction Processes of Circle, Disc, and Their Basic Elements  
in a Dynamic Mathematics Software Supported Environment ............................................................ 134 

Yüksel Emre Harmanbasi,  Rezan Yilmaz 

 

The Effect of Orienteering Education on 5th Grade Students' Self-Efficacy, Science-Based 
Entrepreneurship, and Anxiety ............................................................................................................ 143 

Uluhan Kurt 

 

Contemporary Methods in Medical Education: Video-Supported Flipped Learning in Clinical Skills ... 148 

Aysel Burcu İbili, Özlem Sürel Karabilgin Öztürkçü, Fadime Beyza Gençay, Orçun Çetin, Emin İbili  

 

The Effectiveness of Providing Immediate Feedback in Improving the Teaching Practice Skills of  
Special Education Teacher Candidates: Bug-in-ear (BIE) Auditory Technology Coaching ..................... 153 

Özge Boşnak  

 

The Process of Constructing the Concept of Similarity in a Concrete Manipulative-Supported  
Environment in 8th-Grade  ................................................................................................................... 157                                                   

Cangül Şimşek Esen, Rezan Yilmaz 

 

Merging Self-regulated Learning and Cooperative Learning in Mathematics:  
Self-regulated Jigsaw IV ....................................................................................................................... 166 

Esma Nur Gözütok, Ceyda Özçelik, Ali Arslan  

 

Needs Analysis to Determine the Autonomous Learning Levels of Teacher Candidates ...................... 172 

Eylül Balâ Altunay, Duygu Demirtaş, Özge Okul 

 

Determination of Building Hall Rouge with GIS in External Exams Held at DEU Campuses ................. 177 

Mertcan Mutlular, Vahap Tecim 

 

Addressing Eco-Anxiety in Turkish Schools: A Document Analysis of the Environmental and  
Climate Change Education Curriculum ................................................................................................. 183 

Meryem Demir Güdül, Seray Tatlı Dalioğlu 

 

Mathematics in Cultural Context: A Framework for Developing and Implementing  
EthnoSTEAM-Oriented Lesson Plans .................................................................................................... 188 

Rabia Gul Kirikcilar, Ahmet Sukru Ozdemir 

 

The Investigation of the Effect of Discourse Goals on Argumentation Quality ..................................... 195 

Pınar Seda Çetin, Gülüzar Eymur 



xvi 
 

 

Investigation Of The Effect Of Skill-Based Questions on the Attitudes of 8th Grade  
Students Toward Mathematics Teaching .............................................................................................. 199 

Yeliz Çelen, Hanife Aleyna Okuyucu 

 

Investigating Variables Affecting Teacher Candidates’ Exam Preparation Skills Using  
Machine Learning Techniques .............................................................................................................. 203 

Emine Yavuz 

 

Bridging the Intermediate Plateau: AI in English Learning at EMI Universities .................................... 207 

Serpil Tekir 

 

Unveiling the Potential of Natural Approach in Language Teaching: Field Testing ............................... 214 

Pınar Mercan Küçükakın, Özge Dönmez



134 

Sixth Grade Students’ Construction Processes of Circle, Disc, and Their Basic Elements in a Dynamic 

Mathematics Software Supported Environment 

 

      Yüksel Emre Harmanbasi           Rezan Yilmaz 

      Ondokuz Mayıs University, Turkiye      Ondokuz Mayıs University, Turkiye 

 

Abstract 

Circle and disc are fundamental concepts introduced in middle school, forming the basis for many other mathematical ideas. 
Students often face challenges in comprehending circles, discs, and their basic elements. This research examines the processes 
of sixth-grade students in constructing circles, discs, and their essential components within a dynamic mathematics software-
supported learning environment. Conducted in a sixth-grade class at a public middle school in the Black Sea region, this 
research was designed as a case study within the qualitative research paradigm. A readiness test was administered to assess 
students' preliminary knowledge related to these concepts, and participants were categorized into three levels: advanced, 
intermediate, and lower-intermediate. Data from observations, interviews, and individual worksheets were analyzed within 
the framework of APOS theory. Results indicate that participants reached the object stage by identifying points equidistant 
from a fixed point to denote a circle. The participants reached the radius and diameter objects. However the participant at the 
lower intermediate level had difficulty reaching the radius object, could not coordinate with the concept of set and reach the 
disc object. In the research, the abstraction process was described in depth and suggestions were made. 

[This paper was published in: "EJER Congress 2024 International Eurasian Educational Research Congress Conference 
Proceedings," Ani Publishing, 2024, pp. 134-142] 

Keywords: Circle, disc, center, radius, diameter, APOS, concept formation, abstraction, dynamic mathematics software, 
GeoGebra 

 

Introduction 

A circle is a geometric figure formed by points in a plane 
equidistant from a fixed point, while a disc represents the 
two-dimensional area enclosed by the circle. Euclid’s 
Elements, written around 300 BCE, includes a third postulate 
stating that “a circle can be drawn with any center and any 
radius,” laying a foundation for geometry. During the same 
era, Eratosthenes estimated the Earth’s circumference by 
calculating the central angle and arc length via shadow 
measurements in Egypt. Aristarchus used solar eclipses to 
gauge the Moon’s diameter and lunar eclipses to 
approximate the Earth’s shadow size, deducing the Moon’s 
approximate size. These foundational uses of circles illustrate 
their significance in both geometry and scientific fields, 
emphasizing their inclusion in mathematics education from 
elementary through university levels. 

The National Council of Teachers of Mathematics (NCTM) 
outlines that students in grades 6 to 8 should learn and apply 
formulas for determining the circumference of a circle, and 
the areas of triangle, parallelogram, trapezoid, and disc. They 
are also encouraged to develop strategies for calculating 
areas of more complex figures (NCTM, 2000). In accordance 
with these standards, the mathematics curriculum 
incorporates the meaningful construction of circles and discs 
as part of the 6th-grade outcomes (MEB, 2018). 

With the rapid evolution of information and communication 
technologies, integrating technology into mathematics 
curricula has become increasingly important (MEB, 2018), 
enhancing students’ learning experiences (NCTM, 2000). 

Although there is existing research on the teaching and 
learning of certain geometric concepts using dynamic 
mathematics software, little is explored about students’ 
construction and abstraction of circle and disc concepts. Most 
studies use quantitative methods to assess the effects of 
dynamic mathematics software on academic achievement, 
attitudes, geometric self-efficacy, and retention in topics such 
as circles, arc length, and area (e.g., Acar, 2017; Bayrambeğ, 
2022; Topuz & Birgin, 2017; Şeker & Erdoğan, 2017; Uzun, 
2014). Research also shows that students face 
epistemological obstacles in understanding these concepts 
(Diana et al., 2020), struggle to connect different concepts 
(Cantimer &Şengül, 2017), fail to relate them to other 
geometric figures (Özsoy & Kemankaşlı, 2004), have 
difficulties defining concepts (Kristianti et al., 2022), and 
harbor misconceptions (Kaygusuz, 2012). Addressing these 
challenges and misconceptions, it’s essential to construct the 
fundamental concepts of circle and disc meaningfully. 
Investigating their abstraction in a dynamic software-
supported learning environment can provide valuable 
insights for effective teaching and learning. 

This study presents the APOS theory’s framework model, 
providing a cognitive explanation for the abstraction process, 
along with computer-assisted mathematics teaching and 
dynamic mathematics software. 
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Computer-Assisted Mathematics Instruction and Dynamic 
Mathematics Software 

In technology-supported contexts, designing student-
centered learning environments is recommended. As 
students interact with computers, they experience a 
mathematician’s perspective, grasping the mathematical 
foundations and reorganizing their knowledge (Kabaca, 
2016). Heid’s (1997) four principles serve as a guide for 
technology-enhanced learning environments: technology 
offers a robust alternative for student-centered learning, 
supports students in studying like mathematicians, enhances 
learning through deep thinking, and redefines 
epistemological authority with technology. 

Research in technology use in geometry shows that well-
designed tasks and pedagogical organization in technological 
environments enhance students’ conceptual understanding. 
Technological tools allow students to establish mathematical 
relationships (Olive et al., 2009); dynamic software aids 
visualization (Presmeg, 2006), connects formal and informal 
mathematics (Mariotti, 2006), and mediates between 
students’ informal and formal understanding of mathematical 
concepts (Balacheff & Kaput, 1996). 

To explore learning and teaching geometry, various dynamic 
software applications like Cabri, Geometer’s Sketchpad, 
Cinderella, and GeoGebra are used. GeoGebra, developed by 
Markus Hohenwarter, integrates algebra and geometry, 
providing free activities and is recommended in mathematics 
curricula due to its accessibility across all levels, from 
elementary to university (Hohenwarter & Fuchs, 2004; MEB, 
2018). Literature suggests that using GeoGebra improves 
students’ reasoning and visualization skills and positively 
impacts their academic performance (e.g., Acar, 2017; 
Ağaçdiken, 2021; Bayrambeğ, 2022; Bhagat & Chang, 2015; 
Çetin, 2018; Dikovic, 2009; Reisa, 2010; Zengin, 2019). In this 
research, GeoGebra was chosen as the dynamic mathematics 
software. 

 

Abstraction and APOS Theory 

Abstraction involves identifying relationships and common 
properties among mathematical objects and transforming 
these relationships into specific expressions by abstracting 
them from details (Chihara, 1963; Skiff, 1953; Von 
Glasersfeld, 1991). Through abstraction, individuals 
assimilate new experiences, leading to a cognitive 
understanding of concepts (Skemp, 1986). 

The APOS Theory, an extension of Piaget’s reflective 
abstraction, offers a framework for understanding 
mathematical concept construction (Arnon et al., 2014; 
Dubinsky, 1984; Dubinsky & McDonald, 2001). APOS Theory 
explains mental construction through structures of Action, 
Process, Object, and Schema, and mechanisms relating 
to these structures, such as coordination, reversal, 
generalization, and encapsulation (Dubinsky, 1991). 

 

 

 

Figure 1 

Mental Structures and Mechanisms in the Construction of a 
Mathematical Concept (Arnon et al., 2014) 

 

The action starts the transformation of previously 
constructed objects using external stimuli. Considered 
external, Action is explicit and guided by external instructions. 
Though the most basic structure, Action is crucial in APOS 
Theory. Actions are internalized into processes; when an 
action is repeated and reflected upon, it becomes a Process. 
At this stage, individuals understand the action, think deeply, 
and combine it with other actions. The Process can be 
encapsulated into objects, reversed, or coordinated with 
other processes to form new processes. Encapsulating a 
process into a cognitive object allows individuals to view the 
process as a whole, enabling further transformations. De-
encapsulation and coordination among processes and objects 
facilitate cognitive development (Asiala et al., 1996; 
Dubinsky, 1991; Dubinsky et al., 2005; Yilmaz, 2023). 

Genetic decomposition in APOS theory identifies the mental 
structures and mechanisms necessary for constructing a 
mathematical concept. This model remains hypothetical until 
experimentally validated (Arnon et al., 2014). 

Research using the APOS theoretical framework has explored 
the construction processes of various geometric concepts, 
such as regular polygons at the university level (Asiala et al., 
1998), the concept of slope at both universities (Nagle et al. 
2019; Tabaghi et al., Sinclair, 2009) and middle school levels 
(Deniz & Kabael, 2017), transformation concepts in high 
school (Hollebrands, 2003) and university settings (Yilmaz, 
2011), angle concepts at the university level (Yiğit, 2014), area 
concepts at the middle school level (Ağaçdiken, 2021), and 
volume concepts at the middle school level (Dündar, 2019). 
However, research on the abstraction of geometric concepts 
concerning circles, discs, and their fundamental elements is 
limited. 

This study aims to address the research question: “How do 
6th-grade students construct the concepts of circle, disc, and 
their fundamental elements in a dynamic mathematics 
software-supported environment?” 

 

Method 

Research Design 

This research utilized a qualitative research design to explore 
how 6th-grade students construct their understanding of 
circle, disc, and their fundamental elements within a dynamic 
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mathematics software environment. Given the focus on in-
depth examination of students’ abstraction processes, the 
study was structured as a case study (Yıldırım & Şimşek, 
2021). 

Participants 

The research involved 6th-grade students from a public 
school in a major Black Sea city. School and class were 
selected through criterion sampling, considering factors such 
as internet access, interactive boards, class academic 
diversity, student interaction, and self-expression. Three 
participants were chosen based on readiness test results and 
teacher input: advanced (P1), intermediate (P2), and lower-
intermediate (P3). The readiness test results are summarized 
below: 

 

Table 1 

Readiness Test Results of Participants Selected for Individual 
Interviews 

Participants 
Correct 

Answers 

Incorrect 

Answers 

Level 

P1 15 3 Advanced 

P2 12 6 Intermediate 

P3 9 9 
Lower-

intermediate 

Data Collection Tools 

Data collection involved several tools: a readiness test, 
observations, and individual interviews, along with activity 
sheets and individual worksheets. An 18-question test 
covering prerequisites for circle, disc, and their elements was 
developed and validated by mathematics teachers and 
experts. It included 14 open-ended questions, 3 multiple-
choice questions, and 1 fill-in-the-blank question on topics 
such as polygon, length calculation, circumference, 
exponential expression, line segment, transformation, and 
ratio. 

Observations were conducted with the researcher as a 
participant observer, using audio recordings and video 
cameras to capture classroom interactions and discussions. A 
semi-structured interview form was developed to delve into 
concept formation, with feedback from experts ensuring its 
effectiveness. Interviews were conducted in an empty 
classroom and recorded, with individual worksheets used to 
document participants' bakıyresponses and thought 
processes. 

 

Teaching Environment 

Activity 1, supported by GeoGebra, aimed to introduce 
concepts of circle, center, radius, and diameter (Figure 2 as a 
and b). Students were to recognize that rotating point B 
around point A (the center) forms a circle and that the length 
of line segments from the center to any point on the circle is 
equal, termed the radius. Line segments passing through the 
center and joining two points on the circle were identified as 
the diameter. 

 

Figure 2 

GeoGebra Supported Activity 1 Visual for the Concepts of 
Circle, Center, Radius, and Diameter 

 

(a) 

 

(b) 

Activity 2 focused on developing the concept of a disc, 
including the circle’s interior and exterior regions. The 
concepts of circle and disc were compared using GeoGebra 
(Figure 3). 

 

Figure 3 

GeoGebra-Supported Activity 2 Visual for the Concepts of 
Circle, Interior Region, and Exterior Region 

 

 

Data Analysis 

Data were analyzed using content analysis, which involved 
deep examination to identify themes and dimensions 
(Yıldırım & Şimşek, 2021). The APOS theoretical framework 
guided the coding of data, examining how students form 
concepts. The preliminary genetic decomposition informed 
the design and planning of activities. 

Based on the preliminary genetic decomposition, the study 
begins with a random point. In the action stage, students 
draw points equidistant from this fixed point to define a 
circle. Progression to the process stage occurs when students 
can visualize all such points and identify the fixed point as the 
center of the figure. In the process stage, students coordinate 
concepts of point, line segment, length, and distance, leading 
to the encapsulation of the circle concept as ‘the set of points 
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equidistant from a fixed point (center)’. This encapsulation 
advances to the object stage, where the circle is fully 
conceptualized. 

De-encapsulation of the circle object involves understanding 
that ‘any point on the circle and the center form a line 
segment with a constant length,’ which defines the radius. 
Further encapsulation of the concept reveals that ‘a line 
segment passing through the center and joining two points on 
the circle is twice the length of the radius,’ leading to the 
diameter object. The progression continues to the disc object 
by recognizing that ‘the set of points on the circle and its 
interior forms an area.’ Through these stages of 
encapsulation and coordination, students achieved a 
comprehensive understanding of circle, radius, diameter, and 
disc. 

 

Findings 

Interviews revealed that participants identified the (initial) 
object as the center when drawing points equidistant from it. 
For example, during an interview with P3, who recalled 
Activity 1 in the class, he recognized point A as the center: 

Researcher (R): We had point A in the activity. What was this 
point A? 
P3: Our central position. Our central point. 

All participants were able to correctly identify the center 
when drawing circles (Figure 4). 

 

Figure 4 

Identification of the Centers of the Circles Represented by P1 
and P2 During the Interview 

 

In Activity 1, which used GeoGebra software to illustrate 
circles as sets of points equidistant from a fixed point, 
participants were asked about their understanding of the 
circle. P1 described it as “We rotated point B around point A” 
while P3 said, “We rotated (point B) around the central point.” 
P2 explained as follows: 

R: What did we do with this point B? 

P2: Teacher, that (circle)... we drew the thing of the circle 
there (pointing with his hand to the circle). 

R: How did we draw it? 

P2: Like this (rotating with his finger). 

P2 described the figure formed by rotating point B around a 
fixed point A as a circle. During the interview: 

R: Do you remember there was a 'Let’s rotate' button? What 
happened when we clicked it? 

P2: Point... it becomes a point (pointing to the dotted lines). 

R: Do these dotted lines mean anything to you? 

P2: Those are points... Points can go on infinitely. 

P2 recognized that the circle is made up of an infinite number 
of points and internalized this concept, indicating an 
understanding of the circle as a set of equidistant points. 
When asked about a sprinkler watering up to 3 meters, P2 
said: 

R: What happens only within 3 meters? 

P2: Doesn't it fill up within 3 meters? 

R: But it only waters up to 3 meters. 

P2: Oh... it doesn’t reach here at 2 meters. 

R: Yes. 

P2: Then it becomes a circle. 

P2 demonstrated that he encapsulated the knowledge and 
reached the object stage by applying operations to it. Both P3 
and P1, when asked the same question about the sprinkler, 
identified the watered area as a circle, confirming their 
understanding of the circle as a set of equidistant points and 
reaching the object stage. 

Regarding the radius, participants recognized it as a line 
segment from the center to any point on the circle. P2 said, 
“We drew a line between them (from the central point to the 
point on the circle),” and P1 noted, “They are all the same 
length,” calling it the “radius.” P3 initially referred to it as the 
diameter but corrected it with the researcher’s help: 

R: Was there a relationship between the points on the circle 
and point A? 

P3: Being equal. 

R: Being equal, right? Equal to what? 

P3: Between point A (central point) and point B (a point on the 
circle). 

R: Do you remember what we called the line (segment) 
between the points on the circle and point A? 

P3: Diameter... 

R: Did we call it the diameter? What was the diameter? 

P3: Diameter, I can't define it but... for example, if there is a 
point C (showing the circle) between A and B,… the diameter 
of C with A. 

R: Did we call it the diameter or something else? 

P3: Radius... 

R: We called it the radius. 

P1 and P2 effectively related the circle to the line segment, 
length, and center, reaching the object stage. P3 coordinated 
with the concept of distance rather than the concept of 
length. All participants accurately identified the radius and 
applied it in tasks (see Figure 5). 
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Figure 5 

Representation of the Radius by P3 and the Value of the 
Radius Found by P2 During the Interview 

   

When discussing the diameter, P3 said, “It passes through the 
central point,” while P2 mentioned “2r (two radii).” P1 
explained: 

R: Can you explain the concept of the diameter? 

P1: The diameter is twice the radius. It... divides the circle in 
half. so it is 180 degrees. 

R: Can you define the diameter again? 

P1: The diameter is twice the radius. It... divides the circle in 
half and passes right through the middle. 

P1 demonstrated an understanding of the diameter by 
coordinating the concepts of center, angle, radius, and part-
whole. Similarly, P3 and P2 also identified the diameter by 
linking it to the concepts of center and radius. All participants 
successfully drew the diameter of the circle and accurately 
identified the diameter when asked to perform operations on 
the object (Figure 6). 

 

Figure 6 

Representation of the Diameter by P1 and P2 During the 
Interview 

 

   

For the disc, participants understood it as the area enclosed 
by the circle. P2 described it as “It's in the figure of a circle but 
filled inside” while P1 referred to it as “the circle’s interior with 
its ring filled.” P3 initially struggled but later defined the disc 
as “filled inside.” P3 differentiated the disc from the circle: 

R: Do you think the circumference around the circle (pointing 
to the circle). Is included in the disc? 

P3: It is not. 

R: Why is it not? 

P3: Well, this is the circle. (drawing the circumference) When 
we fill it in, it becomes a disc. 

P3’s difficulty in connecting the disc concept with the circle 
and set concepts indicated a lack of progression. However, P1 
and P2 correctly described the disc as including the circle and 
its interior, demonstrating a comprehensive understanding. 
P2 responded, “It’s a circle, but it’s filled in, so it’s a disc”, 
while P1 simply stated, “Disc” showing they had reached the 
object stage for the disc concept. 

 

Discussion and Conclusion 

This research aimed to investigate the concept formation 
processes of 6th-grade students regarding circle, disc, and 
their fundamental elements. To support these processes, the 
learning environment was designed with the aid of dynamic 
mathematics software. Results from the instructional process 
and individual interviews showed that participants were able 
to think about circle, disc, and their fundamental elements 
more easily and establish relationships between these 
concepts in a shorter period. It is believed that the support of 
dynamic mathematics software played a positive role in 
teaching these concepts, making it more feasible compared 
to compass and ruler, as supported by literature (e.g., Günhan 
& Açan, 2016; Öçal & Şimşek, 2016; Topuz & Birgin, 2022). The 
research found that the use of dynamic mathematics 
software and interactive boards increased students’ interest 
in learning, which aligns with previous research findings (e.g., 
Lavicza & Papp-Varga, 2010; Wall et al., 2005). Moreover, it is 
thought that technology has a positive impact on the teaching 
of these concepts. This view is consistent with the results of 
studies on the effect of technology use in mathematics 
education on academic achievement (e.g., Zengin, 2019; 
Hutkemri & Zakaria, 2014; Thambi & Eu, 2013). 

Participants were observed to coordinate the concepts of 
point and distance while forming the circle object. For the 
formation of the radius concept, it was observed that 
participants at advanced and intermediate levels coordinated 
it with the concepts of line segment, length, and center point. 
The participant at the lower-intermediate level also 
coordinated these concepts but struggled to associate them 
with the line segment concept. In the study by Çantimer and 
Şengül (2017), it was found that 7th-grade students had 
difficulties in defining concepts related to the circle, provided 
insufficient or incorrect definitions, and struggled with 
drawing and relating the concepts. Similarly, Kristianti et al.’s 
(2022) research revealed that many students had 
misconceptions when defining the radius concept. These 
findings differ from the general outcome of this research. The 
encapsulation to the object stage is discussed as a challenging 
mechanism (Asiala et al., 1996; Piaget & Garcia, 1989), and 
researches related to APOS theory emphasize this difficulty 
(Clark et al., 2007; Trigueros & Martinez-Plannel, 2010). 
Comparing participants who reached the object stage in the 
radius concept with those at the lower-intermediate level 
indicates difficulties in the concept formation, suggesting the 
possibility of a stage in the progress from process to object, 
supporting the idea of a mental stage of totality between 
process and object (Arnon et al., 2014; Dubinsky, Arnon & 
Weller, 2013; Oktaç & Çetin, 2016). For the concept of 
diameter, although participants coordinated the concepts of 
points and line segments, the participant at the advanced 
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level also coordinated them with angles and whole-part 
relationships. For the disc concept, participants who reached 
the object stage coordinated it with the concept of set, while 
the lower-intermediate level participant did not associate it 
with the concept of set and therefore did not reach the object 
stage. 

 

Recommendations 

The APOS theory is an important model in examining the 
formation of concepts in students’ minds through the stages 
of action, process, object, and schema. In this research, a 
genetic decomposition for circle, disc and their fundamental 
elements was established, and by examining the processes in 
depth, the stages to be focused on in the teaching process 
were identified. The concept formation processes of the 
mentioned concepts can be analyzed using different 
abstraction theories, and by identifying differences, 
recommendations for the teaching of these concepts can be 
made. Similarly, the concept formation of these concepts in 
different teaching environments can be researched and 
compared. 
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