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Matematiksel Gorevlerde Bilissel Talep ve Semiyotik Temsiller: ChatGPT Tabanh TRSR
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MAKALE BiLGILERIi 0z

Bu caligma, Raymond Duval’in Semiyotik Temsil Kayitlar1 Teorisi ¢er¢evesinde, ortaokul 7.
DOI 10.29299/kefad.1898498 smif cebir gorevlerinin bilissel talep diizeylerini siniflandirmak amaciyla gelistirilen yapay
zeka destekli " TRSR—Cognitive Demand Analyzer " aracinin potansiyelini incelemektedir.
Nitel agiklayict durum galismasi deseninde tasarlanan arastirmada, ChatGPT tabanli bu aracin
performansimi  degerlendirmek icin 7. smif matematik ders kitabi "Cebirsel ifadeler”
unitesinden segilen gorevler kullanilmistir. ChatGPT’nin siniflandirmalart ile 7. siif
Ogrencisinin ayni gorevleri ¢ozerken yasadig: bilissel siirecler karsilastirilarak, yapay zeka
analizinin 6grencinin gergek biligsel deneyimleriyle ne dlgiide Ortiistiigli degerlendirilmistir.
Veriler; uzman degerlendirmeleri, ChatGPT smiflandirmalar1 ve bir 6grencinin "sesli
diisiinme" (think-aloud) protokolii aracilifiyla toplanarak karsilagtirmali analize tabi
Gonderim Tarihi:  26.02.2026  tutulmustur. Bulgular, ChatGPT nin semiyotik temsil siireglerini (islem ve doniisiim) yiiksek
. o tutarlilikla tanimlayabildigini; ancak doniisiim agirlikli karmasik gorevlerde modelin sundugu
Diizeltme Tarihi: 04.06.2026 gerekeeleri ayrintili ve sistematik bir bicimde yapilandirmakta zorlandigini gostermektedir.
Kabul Tarihi: 28.09.2026  Ogrencinin bilissel talep algisnin baslangicta gorevlerin 6zelliklerine (gorsel ya da islemsel
olusu) dayandig1 ancak ¢oziim siireci ilerledik¢e bu alginin yeniden yapilandigi goriilmiistiir.
Calisma sonucunda gelistirilen TRSR—Cognitive Demand Analyzer aracinin, biligsel talep ve
semiyotik temsil siireclerinin analizinde dikkate deger bir potansiyel sergiledigi ve yapay
zekanin matematiksel gorevlerin tasarimi ile analizinde etkili bir destekleyici ara¢ olarak
kullanilabilecegi goriilmiistiir.
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TRSR Analiz Aracinin Gelistirilmesi, Ahi Evran Universitesi Kiwrsehir Egitim Fakiiltesi Dergisi, 27(3), 1248-1285.
10.29299/kefad. 1898498

Giris
Matematik egitiminde 6grencilerin hangi diizeyde bilissel siirecleri kullandiklarini anlamak, etkili 6gretim
tasariminin temel gerekliliklerinden biridir (Sugiman vd., 2019). Bilissel siiregler; veriyi alma, igleme, bilgiyi
bellekte depolama ve gerektiginde geri cagirma gibi zihinsel faaliyetleri icerir (Marpaung, 1987). Bu siirecin
etkinligini belirleyen temel faktorlerden biri, 6grencilere sunulan matematiksel gorevlerin biligsel talep
diizeyleridir (Dalzell ve DiNapoli, 2021). Biligsel talep, bir gorevi tamamlamak i¢in 6grencilerin kullanmasi
gereken diisiinme bicimleri ve zihinsel siireclerin niteligini ifade eder (Hatisaru, 2020). Ozellikle geometri
konularinda yer alan gorevlerin biligsel talep diizeyi, 6grencilerin iist diizey diisiinme becerileri gelistirmesi,
temsiller arasinda gegis yapabilmesi ve matematiksel yapilari ¢oklu gosterimlerle iliskilendirebilmesi
acisindan kritik 6neme sahiptir (Takir vd., 2025). Yiiksek biligsel talep gerektiren gorevler ("matematik
yapma" olarak da adlandirilir), karmagsik olup 6nemli biligsel ¢aba gerektirir; algoritmik olmayan diisinmeyi
ve matematiksel kavramlar kesfetmeyi ve anlamayi zorunlu kilmaktadir (Hatisaru, 2020; Smith ve Stein,
1998). Diistik seviyeli talep (baglantisiz prosediirler) gorevleri algoritmiktir ve prosediirlerin kullanimin
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gerektirir (Smith ve Stein, 1998). Ogrencilere sunulan matematiksel gérevlerin bilissel talep diizeyi, 6gretme
ve Ogrenme siireclerinin niteligini sekillendiren énemli unsurlardan biridir. Bu gorevlerin sinif ortamina
taginmasinda ise ders kitaplar1 temel kaynaklardan biri olarak 6ne ¢cikmaktadir.

Ders kitaplari, 6gretme ve 6grenme siireclerinin nasil yapilandirildigini somut bi¢cimde ortaya koyan ve
yrtirliikteki egitim politikalarinin yonelimlerini yansitan temel kaynaklardir (Térnroos, 2005). Bu nedenle,
ders kitaplar1 6gretim siirecinde matematiksel yapilar1 ve bu yapilarin altindaki iliskileri anlamlandirmak igin
giiclii bir egilim yaratir (Polat ve Dede, 2023). Alanyazinda, ders kitaplarinda yer alan gorevlerin biligsel talep
diizeyini belirlemeye yonelik ¢esitli calismalar bulunmaktadir (Chen vd., 2023; Cohn vd., 2025; Khoy, 2025;
Polat ve Dede, 2023). Bu ¢alismalar, 6grencilerin 6grenme ¢iktilarini ve biligsel siireglerini daha iyi anlamak
icin kritik 6neme sahiptir. Chen ve digerleri (2023) calismalarinda, biligsel yiik teorisini kullanarak gorev
karmasikligini tanimlama ve 6lgme yontemlerini incelemiglerdir. Calismadan elde edilen bulgular gorev
karmasikliginin insan performansi ve davranisini etkileyen dnemli bir faktor oldugunu gostermistir. Khoy
(2025), ders kitaplarinda ve 6gretim programlarinda revize edilmis Bloom Taksonomisi ile biligsel 6grenme
hedeflerinin nasil ele alindigini kapsamli bir sekilde degerlendirmistir. Aragtirma bulgulari, ders kitaplart ve
Ogretim programlarinin biiyiik 6l¢iide alt diizey bilissel becerilere odaklandigini, ders kitaplarinin programlara
kiyasla anlaml1 bi¢imde daha yiiksek diizeyde alt bilissel talep icerdigini ve bu durumun 6grencilerin elestirel
diisiinme, problem ¢6zme ve analiz gibi 21. yiizyil becerilerinin gelisimini sinirlayarak ulusal ve uluslararasi
degerlendirmelerdeki diisiik performansla iliskili olabilecegini gostermektedir. Polat ve Dede (2023), Tiirk
ortaokul matematik ders kitaplarindaki cebir 6grenme alanindaki matematiksel gorevlerin biligsel talep
diizeylerindeki egilimleri incelemislerdir. Bu ¢aligmalar, ders kitaplarmin sadece bir bilgi kaynagi olmakla
kalmayip, ayn1 zamanda Ogrencilerin biligsel gelisimini sekillendiren temel araglardan biri oldugunu ve
dolayistyla icerdikleri gorevlerin bilissel talep diizeyinin titizlikle analiz edilmesi gerektigini ortaya
koymaktadir.Bu arastirmada, ChatGPT gibi bir yapay zeka aracinin uygun kuramsal ¢erceveler dogrultusunda
yapilandirildiginda, matematiksel gorevlerin tasarlanan biligsel talepleri ile Ogrenciler tarafindan fiilen
deneyimlenen biligsel talepler arasindaki uyumu degerlendirmede giivenilir bir yardimci ara¢ olarak kullanilip
kullanilamayacagini incelemek amaglanmaktadir.

Sekil 1
Calismanin kuramsal gergevesinin dayanak noktalar

Duval TRSR

Bu calismanin ¢ercevesi, Sekil 1’de goriildiigii gibi li¢ ana bilesenden olusmaktadir: Raymond Duval'in
Semiyotik Temsil Kayitlar1 Teorisi, matematiksel gorevlerin Bilissel Talep Diizeyleri (Smith ve Stein, 1998)
ve YZ modellerinin bu analizlerdeki potansiyelini optimize etmeye yonelik prompt miihendisligidir. Bu
cergeve, Ogrencilerin matematiksel kavramlari nasil anlamlandirdiklarini, karsilastiklart gérevlerin zihinsel
ylikiinii ve bu siireclerin giiniimiiz teknolojileriyle nasil daha etkin bir sekilde incelenebilecegini kapsamli bir
sekilde ele almaktadir.

Semiyotik Temsil Kayitlar1 Teorisi (TRSR)

Raymond Duval tarafindan gelistirilen Semiyotik Temsil Kayitlar1 Teorisi (Theory of Registers of Semiotic
Representation), matematiksel nesnelerin dogrudan erisilebilir olmamasi, aksine ¢esitli semiotik temsiller
aracihiiyla kavranmasi varsayimina dayanir (Duval, 2006a; Viseu vd., 2021). Bu teori, matematik
ogrenimindeki zorluklari, 6grencilerin semiyotik temsilleri anlama ve kullanma bigimlerinden kaynaklandigim
one siirerek inceler (Demetriadis, 2007). Ozellikle, Duval, algisal temsiller ile matematiksel alg1 arasindaki
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potansiyel uyumsuzluklara dikkat ¢ekerek, 6grencilerin sozel ifadeleri uygun ¢izimlerle desteklememesi gibi
durumlarin biligsel siireclerde engelleyici bir rol oynayabilecegini belirtir (Akdemir ve Narli, 2022; Duval,
2006a). Bu baglamda, matematiksel aktivitenin temelini olusturan semiosis (temsil iiretimi) ve noesis
(kavramsal anlama) siiregleri arasindaki etkilesim, biligsel talebin degerlendirilmesinde merkezi bir rol
oynamaktadir (Puraivan vd., 2025).

TRSR ¢ergevesinde matematiksel anlamanin, semiyotik temsillerin olusturulmasi ve kullanilmasi anlamina
gelen semiosis ile matematiksel nesnelerin zihinsel olarak kavranmasini ifade eden noesis arasindaki iligkiye
dayandigi kabul edilir (Duval, 2006). Bu ¢ercevede temsil doniisiimleri iki temel siiregte ele alinir: islem
(treatment), ayn1 semiyotik kayit icinde gerceklestirilen dontigiimleri; doniistiirme (conversion) ise ayni
matematiksel nesnenin farkli temsil kayitlar1 arasinda aktarilmasini ifade eder. Matematiksel anlamanin
gelisebilmesi i¢in dgrencilerin yalnizca temsilleri kullanmalart degil, ayn1 zamanda farkli temsiller arasinda
esnek bigimde gecis yapabilmeleri ve bu temsilleri birbiriyle iliskilendirebilmeleri 6nemlidir (Duval, 2006;
Silva ve Silva, 2023; Ubah ve Bansilal, 2019). Duval, matematigin 6grenilmesindeki zorluklari, biligsel
stireglerin ¢esitliligini ve matematiksel nesnelere erisim icin gereken biligsel sistemleri anlamak amaciyla bu
teoriyi gelistirmistir (Duval, 2017). Bu iki tiir doniisiim, matematikteki anlagsmazliklarin iki ayr1 kaynagini
olusturur ve farkli bilissel siireclere karsilik gelir (Duval, 2006). Bu nedenle, dgrencilerin matematiksel
diisiinmeyi gelistirebilmeleri i¢in farkli semiyotik temsiller arasindaki doniistimleri gerceklestirebilmeleri
biiyliikk 6nem tagimakta olup, Duval’in semiyotik temsiller kayitlari kurami matematiksel diistinmenin
gelisiminde rol oynayan biligsel siireclerin incelenmesine olanak taniyan biitiinciil bir kuramsal cerceve
sunmaktadir (Huang vd., 2020).

Matematikte Bilissel Talep (Cognitive Demand)

Matematikteki 6grenme zorluklarinin, 6zellikle kaygi ve ilgisizlik gibi egitimsel engellerin asilmasinda,
matematiksel gorevlerin biligsel talep diizeyleri kritik bir 6neme sahiptir (Horzum ve Duran, 2024). Biligsel
talep, matematik gorevlerinin 6grencilere sundugu entelektiiel zorluklar olarak tanimlanir (Hsu, 2013). Bilissel
talep diizeylerine gore gorev siniflandirmasi ilk olarak Stein ve Smith tarafindan gelistirilmis; gorevler diistik
diizeyli (ezber, baglantisiz islemler) ve yiiksek diizeyli (baglantili islemler, matematik yapma) bilissel talepler
olarak iki kategoride ele alinmistir (Stein ve Smith, 1998). Matematiksel bir gorevin bilissel talep diizeyini
belirlemek, 6grencilerin gorevi tamamlarken sergilemeleri gereken biligsel ¢abay1 ve kullanacaklart siiregleri
anlamak i¢in yol gostericidir. (Puraivan vd., 2025). Bu baglamda, gorevlerin biligsel talep diizeyleri,
ogrencilerin matematiksel anlamlandirma siireglerini dogrudan etkileyen ve dgrenme ¢iktilarini belirleyen
onemli bir faktordiir (Dalzell ve DiNapoli, 2021).

Diigiik Diizeyli Bilissel Talepler

Disiik diizeyli bilissel talepler kategorisi ezber ve baglantisiz islemler olmak lizere iki temel etkinlik tiiriine
ayrilir (Hatisaru, 2020; Puraivan vd., 2025; Smith ve Stein, 1998). Bu tiir etkinlikler 6grenme siireci igin gerekli
olmakla birlikte, yiiksek diizeyde bilissel islem gerektirmez (Puraivan vd., 2025). Ezber, 6nceden 6grenilmis
kurallari, formiilleri veya tanimlar1 hafizaya kaydetmeyi ve yeniden iiretilmesini igerir (Hatisaru, 2020;
Puraivan vd., 2025). Bu tiir gorevlerde belirsizlik bulunmaz ve kavramsal baglantilar yer almaz (Puraivan vd.,
2025). Baglantisiz islemler ise belirsizlik vardir ve gorevleri algoritmiktir, prosediirlerin kullanimini gerektirir
(Hatisaru, 2020).

Yiiksek Diizeyli Bilissel Talepler

Yiksek diizeyli biligsel talepler, 6grencilerin matematiksel kavramlar1 derinlemesine anlamalarini, temsil
bigimleri arasinda iliski kurmalarin1 ve ¢oziim siirecinde muhakeme yliriitmelerini gerektiren gorevleri
kapsamaktadir (Hatisaru, 2020; Polat ve Dede, 2023; Puraivan vd., 2025; Smith ve Stein, 1998). Stein ve
digerlerine (2000) gdre bu gorevler, yalnizca prosediir uygulamaktan ziyade &grencilerin kavramsal anlam
kurmasii, ¢oklu temsiller arasinda doniisiim yapmasini ve ¢6ziim yollar1 arasinda baglantilar kurmasini tesvik
eder. Baglantili islemler olarak tanimlanan bu gorevlerde, 6grenciler bir prosediirii kullanirken ayni1 zamanda
bu prosediiriin altinda yatan matematiksel fikirlerle iligki kurar; boylece ¢ozlim siireci, yalnizca dogru cevaba
ulagsmak yerine anlamlandirma ve mantiksal gerek¢elendirme {izerine kurulur (Hatisaru, 2020; Puraivan vd.,
2025). Bu tiir aktivitelerde kullanilacak temsiller genellikle ¢esitlidir ve 6grenciden sembolik, grafiksel veya
sozel ifadeler arasinda gegis yapmasi beklenir; bu durum Duval’in (2006) TRSR ¢ercevesinde ele aldigi islem
(treatment) ve doniisiim (conversion) siire¢leriyle uyumludur.
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Yiiksek diizeyli talep gerektiren gorevlerin bir diger bigimi matematik yapma (doing mathematics) olarak
adlandirilmaktadir (Stein vd., 2000). Bu gorevlerde 6grenciden, belirgin bir algoritmanin bulunmadigi
durumlarda yeni iligkilere ulagmasi, hipotezler olusturmasi ve ¢ozlim siirecini kesfetmesi beklenir (Smith ve
Margaret Stein, 2011; Smith ve Stein, 1998). Matematik yapma gorevleri, 6grencilerin mevcut bilgi ve
deneyimlerinden yararlanarak akil yiiriitme, problem ¢dzme ve genelleme yapmalarini gerektirdigi i¢in biligsel
yiikii belirgin sekilde artirir (Puraivan vd., 2025). Bu tiir gorevlerde 6grencilerden yalnizca islem yapmalari
degil, ayn1 zamanda matematiksel nesneleri farkli bigimlerde temsil etmeleri, bu temsiller arasinda iligki
kurmalart ve anlam tiretmeleri beklenir.

Bir matematiksel nesne, cebirsel semboller, tablo grafik veya geometrik sekiller gibi cesitli kayitlar icinde
temsil edilebilir (Ferretti vd., 2024; Hatisaru, 2020). Duval’e goére bir 6grenci matematiksel bir nesneyi
dogrudan degil, ancak o nesnenin temsilleri araciligryla deneyimler (Ansaldo-Leyva vd., 2019; Duval, 2017).
Bu baglamda Duval (2017), matematiksel anlamanin anahtarinin, ayni kavramin farkl temsilleri arasinda gecis
yapabilme becerisi oldugunu vurgular. Dolayisiyla, etkinliklerin 6grencileri birden fazla gésterim kullanmaya
ve bunlar arasinda doniisiim yapmaya tesvik etmesi kavramsal 6grenme i¢in dnem tasir (Pape ve Tchoshanov,
2001). Cebirsel ifadeler, matematiksel diisiincenin aritmetikten cebire dogru evrildigi kritik bir 6grenme
alanin1 temsil eder ve kavramsal 6grenme agisindan biiyiik 6nem tasir. 7. sinif miifredatinda cebirsel ifadeler,
degisken kavraminin tanitilmasi, cebirsel gosterimlerin olusturulmasi ve cebirsel islemlerin temellerinin
atilmasi acisindan temel bir yere sahiptir (MEB, 2023). Cebirsel diisiinme, matematiksel iligkilerin
soyutlanarak sembolik temsiller araciligiyla ifade edilmesiyle derinlesir ve karmasik matematiksel yapilarin
anlagilmasinda bir koprii gorevi goriir (Castro vd., 2022). Cebirsel ifadeler iinitesinde yer alan etkinliklerin
onemli goriilmektedir. Bu dogrultuda caligmada, 7. simif ortaokul matematik ders kitabindaki “Cebirsel
Ifadeler” iinitesinde yer alan etkinlikler incelenmis; bu etkinliklerdeki gérevler belirlenmis ve temsili
nitelikteki dort gorev analiz edilmistir. Bu dort etkinlik, bilissel talep diizeylerine gore ve Duval’in Semiyotik
Temsil Kayitlar1 Teorisi kullanilarak siniflandirilmagtir.

Prompt Miihendisligi

Prompt miihendisligi, ChatGPT gibi modellerin ¢iktilarmin kalitesini etkileyen prompts (girdi yapisi)
tasarlama siirecidir (Schorcht vd., 2024). Prompt Miihendisligi, Biiyiikk Dil Modelleri gibi yapay zeka
araglarinin matematik egitimi arastirmalarindaki potansiyelini {ist diizeye ¢ikarmak i¢in bu teorik ¢ergevenin
ayrilmaz bir parcasidir..LLM'ler, dogal dil isleme yetenekleri sayesinde metin analizi, igerik siniflandirmasi
ve biligsel siireclerin modellenmesi gibi alanlarda egitim arastirmalarinda degerli i¢goriiler saglama potansiyeli
sunmustur (Lee ve Palmer, 2025; Nugumanova vd., 2025; Wang vd., 2024). , Bu yetenekleri sayesinde
LLM’ler belirli egitimsel gorevleri, drnegin TRSR ve biligsel talep diizeyleri gibi karmasik teorik cergevelere
gbre matematik gorevlerini dogru bir sekilde analiz etmesine olanak taniyan optimize edilmis komut setleri
tasarlayabilmektedir (Wang vd., 2024). Yapay zeka destekli problem ¢6zmede LLM'lerin matematik egitimi
kalitesini etkileyen prompt tekniklerinin incelenmesi, YZ'nin egitimdeki islevselligini daha iyi anlamaya
katkida bulunur (Schorcht vd., 2024).Matematik egitimi arastirmalarinda, yapay zeka modellerinin
matematiksel muhakemeyi tam anlamiyla kavrama ve pedagojik olarak saglam ¢6ziimler sunma noktasinda
sinirliliklart oldugu belirtilmektedir (Mirzadeh vd., 2024) Yapay zeka, karmasik matematiksel yapilar
anlamakta, akil yiirlitme siireclerini agiklamakta veya temel matematiksel kavramlari etkili bir sekilde
tanimlamakta yetersiz kalabilir. Bu nedenle, Duval’in Gosterimsel Temsil Kayitlar1 Teorisi (TRSR) ve biligsel
talep diizeyleri gibi karmasik teorik ¢erceveler iizerinden gorev analizi yaparken, yapay zeka tarafindan
iiretilen ¢iktilarin insan uzmanlar tarafindan da degerlendirilmistir.

Matematiksel gorevlerin 6grenciden talep ettigi biligsel diizeyin dogru bir sekilde belirlenmesi, 6grenme
ciktilarinin iyilestirilmesi ve 6grencilerin optimal biligsel yiik altinda 6grenmelerinin saglanmasi agisindan
temeldir (Oktaviyanthi vd., 2024; Polat ve Dede, 2023). Son yillarda matematik egitimi alaninda yapilan
caligmalar incelendiginde, 6gretim programlarinda yer alan kazanimlarin biligsel talep diizeylerinin analiz
edilmesine odaklanmis; bu analizlerin biiyiik 6l¢iide kazanimlarin smiflandirilmast ve dagilimlarinin
betimlenmesiyle sinirli kaldigr goriilmistiir (Polat ve Dede, 2023). Nitekim gerek ulusal gerek uluslararasi
literatiirde, Ggretim programlari ve ders kitaplarinda yer alan kazanimlarm ve matematiksel gorevlerin
cogunlukla diisik diizey bilissel talep gerektirdigi; 6grencileri tst diizey diisiinme, gerekgelendirme ve
iligkilendirme siireglerine yeterince yonlendirmedigi ortaya konulmustur (Pérez-Benitez ve Ricardo-Barreto,
2021; Polat ve Dede, 2022; Rochmatillah, 2022).
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Tirkiye Ozelinde yapilan incelemelerde de matematik miifredatindaki kazanimlarin biligsel siirecin st
basamaklarinda daha az sayida oldugu belirtilmistir (Polat ve Dede, 2023). Ayrica, Tiirk ortaokul matematik
ders kitaplarinda "matematik yapma" diizeyindeki gorevlerin yeterince yer almamasi, 6grencilerin uluslararasi
sinavlardaki basarilar1 agisindan kritik bir eksiklik olarak degerlendirilmektedir (Polat ve Dede, 2023). Bu
durum, 6gretmenlerin ders kitaplarindaki etkinliklerin gercek bilissel talebini ve Duval'in Semiyotik Temsil
Kayitlar1 Teorisi kapsaminda iglem (treatment) veya doniistiirme (conversion) igerip icermedigini hizli ve
giivenilir bir sekilde analiz edebilecekleri araglara olan ihtiyacini ortaya koymaktadir.

Bu calisma, matematiksel etkinliklerin bilissel talep diizeylerini ve TRSR ¢ercevesindeki islem-doniistiirme
siireglerini analiz etme konusunda yapay zeka destekli bir ¢oziim sunarak bu ihtiyaca yanit verme amaci
giitmektedir. ChatGPT gibi YZ araclariin simiflandirma dogrulugu ve hizi, yapay zekad destekli 6gretim
tasariminda 6nemli bir potansiyel tagimaktadir. Son arastirmalar, YZ araclarinin egitimde ogrencilerin
kisisellestirilmis 6grenmesine katki sagladigini ve 6gretim siireclerini hizlandirdigini gostermektedir (Matos
vd., 2025; Qian, 2025). Bu ¢aligma kapsaminda gelistirilen "TRSR-Biligsel Talep Analiz Arac1 (Cognitive
Demand Analyzer (TRSR-CDA)", 6gretmenlere matematiksel gérevlerin biligsel zorlugunu hizlica belirleme
imkan1 sunarak bireysellestirilmis 6grenme materyali gelistirme siireclerine entegre edilebilir. TRSR-CDA,
Ogrencilerin hangi temsil siireclerinde daha rahat veya zorlandigimi tespit etmeye olanak taniyarak
Ogretmenlere Ogrenci ihtiyaclarina duyarli Ogrenme aktiviteleri diizenlenmesine yardimci olmayi
amaclamaktadir.

Bu dogrultuda, bu g¢aligmanin amact ChatGPT’nin, promptlar ve 6rnekler saglandiginda, 7. sinif cebir
gorevlerinin biligsel talep diizeyini ve TRSR temsil siireclerini (islem—doniistiirme) ne oOlgiide dogru
smiflandirabildigini incelemektir. Arastirma, Tiirkiye’de uygulanan ortaokul 7. sinif matematik ders kitabinin
“Cebirsel Ifadeler” {initesine odaklanmaktadir. Ayrica, ChatGPT’nin simiflandirmalari ile gercek bir
Ogrencinin ayn1 gorevleri ¢ozerken ortaya koydugu bilissel siiregler karsilastirilarak, yapay zeka analizinin
Ogrencinin gergek bilissel deneyimleriyle ne dlgiide ortiistiigii degerlendirilmistir. Bu ¢alisma, ChatGPT’nin
pedagojik bir analiz araci olarak potansiyelini incelemenin yani sira, yapay zeka tarafindan dngoriilen bilissel
talepler ile 6grencilerin fiilen deneyimledigi bilissel talepler arasindaki uyuma iliskin 6nemli iggdriiler
sunmaktadir. ChatGPT gibi bir yapay zeka aracinin, uygun kuramsal ¢ergevelerle yonlendirildiginde, egitimsel
gorevlerin analizinde gilivenilir bir yardimer arag¢ olarak kullanilip kullanilamayacagini incelemek yine bu
aragtirmanin amaglari arasindadir. Bu ¢aligma asagidaki sorulara yanit aramaktadir:

1. Duval’in Semiyotik Temsil Kayitlar1 Teorisi ve biligsel talep diizeyleri temelinde olusturulan siniflama
cercevesi dogrultusunda egitilen ChatGPT, 7. smif Cebirsel ifadeler iinitesindeki etkinliklerin biligsel
talep diizeylerini ve semiyotik temsil siireclerini nasil siniflandirmaktadir?

2. ChatGPT tarafindan belirlenen biligsel talepler, bir 7. smif 6grencisinin aym gorevleri ¢dzerken
diisiinme siireclerinde ortaya koydugu biligsel taleplerle ne dl¢iide ortiismektedir?

Yontem
Desen

Bu ¢alisma agiklayici durum c¢alismasi deseninde tasarlanmistir. Agiklayici durum ¢alismasi belirli bir olgunun
nasil ve neden ortaya ¢iktigini1 derinlemesine incelemeyi amaglayan nitel bir arastirma desenidir (Baxter ve
Jack, 2008). Arastirmanin odaginda, bir yapay zeka aracinin belirli matematiksel gorevleri nasil yorumladigi,
hangi temsil siireclerini fark ettigi ve biligsel talepleri nasil gerekgelendirdigi yer almaktadir. Bu siiregler, nicel
Olciitlerle dogrudan degerlendirilebilecek sabit degiskenler degil; aksine, baglama duyarli, yorumlayici ve
katmanli biligsel siireclerdir. Aciklayici durum calismasi deseni, bu tiir siirecleri ayrintili bigimde
inceleyebilme imkan1 sundugu i¢in bu ¢alismanin amaglartyla ortiismektedir.

Calisma Grubu

TRSR-CDA aracinin gelistirilmesinde kullanilan dort etkinlikten farkli olarak, 6grenci uygulamasinda aracin
siniflandirdigr ti¢ etkinlik kullanilmistir. TRSR-CDA araci siniflandirdigr ¢ etkinlik, bir 7. sinif 6grencisine
uygulanmistir. Ogrenciden gorevleri ¢ozerken diisiincelerini sesli ifade etmesi istenmis (diisiinme-aloud
protokolii), siire¢ ses kaydi ile kaydedilmis ve daha sonra yazili dokiimii yapilmistir. Arastirmada tek bir
ogrenci ile calisilmasinin temel gerekcesi, verinin derinligi ve yogunlugudur. Bu caligma, bir genelleme
kaygis1 glitmemekte, aksine Ogrencinin gergek bilissel siireclerini ne derece yansitabildigini veri igerigi
iizerinden kesfetmeyi amaglamaktadir. Ogrenci, 7. stnif matematik kazanimlar1 agisindan asgari diizeyde "iyi"
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bir basari seviyesine sahiptir. Bu se¢imde, 6grencinin cebirsel ifadelerle ilgili gorevleri ¢ozebilecek 6n bilgiye
sahip olmasi, ¢oziim stirecinde akil yiiriitme ve agiklama yapabilmesi ve bilissel talep diizeylerine iliskin
siireglerin daha goriiniir bigcimde incelenebilmesine olanak saglamasi dikkate alinmistir. "Yiksek sesle
diisiinme" (think-aloud) protokoliiniin basarisi, katilimcinin zihinsel siireclerini digsallastirabilme yetenegine
baglidir (Trenor vd., 2011). Bu nedenle, kendisini iyi ifade edebilen ve diisiincelerini akici bir sekilde dile
getirebilen bir 6grenci segilmistir; zira sdzel becerileri giiglii katilimcilar, biligsel siireclerdeki zorluklar1 ve
¢oziim yollarin1 daha net ortaya koyabilmektir.

Verilerin Toplanma Siireci

Arastirma bes asamada planlanmistir. Ilk asamada 7. sinif matematik ders kitabinin Cebirsel Ifadeler
iinitesinden, gorsel modelleme, sembolik islem ve Oriintii olugturma gibi farkli 6zellikler iceren dort etkinlik
secilmistir. Ikinci asamada segilen her bir etkinlik, arastirmacilar tarafindan Duval’in TRSR ¢ergevesine gore
(islem mi, doniistiirme mi icerdigi) ve biligsel talep diizeyine gore (ezberleme, baglantisiz islemler, baglantili
prosediirler, matematik yapma) kodlanmistir. Bu siniflandirma, ChatGPT igin referans gerceve olusturmustur.
Uciincii adimda ChatGPT (GPT-5.2), GPT olustur secenegi kullanilarak TRSR kategorileri ve biligsel talep
diizeylerini tanimlayan agiklamalar ve o6rnek siniflamalar igeren bir yonlendirici promptlar araciligryla
egitilmistir. Prompt asagida verilmistir. Promptlara ek olarak ChatGPT’ye, Duval’in (2006, 2017) Semiyotik
Temsil Kayitlar: Teorisi’ne iligkin calismalari ve biligsel talep diizeyleriyle ilgili literatiirde yer alan ¢aligmalar
(Ferretti vd., 2024; Hatisaru, 2020; Puraivan vd., 2025) temel alinarak arastirmacilar tarafindan 7. siif cebirsel
ifadeler konusu igin olusturulan siniflandirma matrisi yiiklenmistir.

Olusturulan yeni GPT’nin ad1 “TRSR—Cognitive Demand Analyzer (TRSR-CDA)” olarak belirlenmistir.
Gelistirilen bu arag, Creative Commons Attribution-NonCommercial 4.0 International (CC BY-NC 4.0) lisans1
kapsaminda kullanima sunulmustur (TRSR—Cognitive Demand Analyzer (TRSR-CDA) © 2026 by Gizem
Unsal is licensed under Creative Commons Attribution-NonCommercial 4.0 International). Bu lisans
dogrultusunda arag, gelistiricisine/yazaria uygun bigimde atif yapilmasi ve ticari amaglarla kullanilmamasi
kosuluyla kullanilabilir ve paylasilabilir (Linki: https://chatgpt.com/g/g-
69612c6815048191bbe437ed86ef27d6-trsr-cognitive-demand-analyzer-trsr-cda).

TRSR-CDA’nin temel amaci, matematiksel etkinliklerin ve sorularin &grencilerden talep ettigi diisiinme
siireglerini sistematik bicimde ve kuramsal temellere dayali olarak analiz etmektir. TRSR-CDA, matematiksel
etkinliklerin biligsel talep diizeylerini ve Duval’in TRSR kurami gerc¢evesinde islem ya da doniisiim igeren
temsil siireglerini belirleyerek gorev analizlerinin sistematik ve karsilastirilabilir bigimde degerlendirilmesini
amaclamaktadir.

Bu ¢alismada GPT’ye 6rnek olarak yiiklenen siniflandirma matrisi igin ilk olarak Ortaokul Matematik Ders
Kitabindaki “Cebirsel ifadeler” tinitesindeki tiim etkinlikler ¢ikarilmis bu etkinliklerden dort tanesi segilerek
incelenmistir. Bu dort etkinligi biligsel talep diizeylerine gore TRSR cercevesi dikkate aliarak iki matematik
egitimi uzmam birlikte degerlendirerek siniflandirnistir. Cebirsel ifadeler konusuna yénelik, TRSR ve bilissel
talebe gore hazirlanmis matris tablosu elde edilmistir. Bu matris Tablo 1’de verilmistir.

Tablo 1

Cebirsel Ifadeler Baglaminda Etkinlikleri Bilissel Talebe Gére Simflandirmak igin Semiyotik Temsil
Kayritlar Teorisi (TRSR) e Gore Belirlenen Etkinlikler ve A¢iklamalar

Biligsel Talep/Duval TRSR Ornek Etkinlik

Asagnda verilen toplama ve gikarma islemlerini yapiniz.

a0 (2% +5) + (X +2) = e ¢ (3k-5m) + (3k-7m) = oo
b (4y - 10) = (2K 4 5) = wvvemreeessienmnsniiis d. (5a-3)+(b+6)=...
Co By +7) - (X-2) = e (2b-8)-(5b-4) = e

Diisiik Diizeyli Bilissel Talepler Ezberleme

/Islem Bu etkinlikte 6grenciden beklenen, daha dnce
Ogretilmis cebirsel toplama ve ¢ikarma kurallarini
dogrudan uygulamasidir. Ogrenci, herhangi bir temsil
degisimine veya anlamlandirma siirecine girmeden,
yalnizca cebirsel semboller {izerinde islem
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yapmaktadir. Dolayisiyla gérev, TRSR agisindan ayni
temsilde iglem siirecine karsilik gelmekte ve biligsel
olarak ezberleme diizeyinde kalmaktadir.

BIRLIKTE YAPALIM - 6

(8x-9) - 3(-3x + 4) cebirsel ifadesinin en sade halini yazalm.

COZUM: Garpma isleminin qikarma islemi itzerine daggilma dzelliginden yararlanalum.

(8x-9) - 3(-3x + 4) = (8x - 9) - (-9 + 12) cakarma igleminin toplamaya gére tersini alarak islemi yapalun.
—(8x- 9) + (9x- 12)
=8x+9x-9-12
= 17x- 21 olarak yazil.

Bu etkinlikte 6grenci, daha dnce 6grenilmis olan

Diisiik Diizeyli Bilissel Talepler Baglantisiz dagilma 6zelligi ve isaret kurallarini belirli prosediir
islemler/Islem adimlar1 izleyerek uygulamaktadir. Cebirsel ifadenin

sadelestirilmesi, yalnizca sembolik temsilde
gerceklesmekte; herhangi bir gorsel, sozel ya da
grafiksel temsil ile iliskilendirme yapilmamaktadir. Bu
nedenle etkinlik, prosediirel fakat baglantisiz bir yap1
sergilemekte ve TRSR’ye gore islem siireci ile
smiflandirilmaktadir.

BIRLIKTE YAPALIM - 1

(5x + 3) ve (-2x + 5 ) cebirsel ifadelerini toplayalim.

COZUM 1: Toplama islemini modellemeyle yapalim.
H— —0
x x olarak kabul edelim.

00—
B—

0

f 1

-I |:|:| .’I]“I]" .'
+ ' = ! ! ' =
\ n| I
(5x+3) + (-2x+5) = Sx+3_+ (—Zx)_+5 = (3x+8)

Yiiksek Biligsel Talep
- . o e . COZUM 2: Toplama islemini benzer terimlerden yararlanarak yapalim.
Baglantili Prosediirler/Déniistiirme e 3y 1 (2ee ) a1 50 (o) as

= 3x + § olarak bulunur.

Bu etkinlikte dgrenci, cebirsel ifadeleri sozel ve
sembolik diizeyden gorsel modellere doniistiirerek
anlamlandirmakta; ardindan bu temsiller tizerinden
toplama iglemini ger¢eklestirmektedir. Bu durum,
TRSR agisindan temsiller arast doniistiirme
(conversion) siirecine karsilik gelmekte ve biligsel
olarak baglantili prosediirler diizeyinde yiiksek talep

olusturmaktadir.
Yiiksek Biligsel Talep
Matematik Yapmak/Doniistirme “!I IM M“I

Yukarida adimlan arasindaki cubuk sayisi egit olan bir driintii verilmistir. Bu orantinan kuralin cebirsel
olarak ifade edelim.

COZUM: Verilen driintiye gére
L. adum 4 qubuktan, 2. adim 5 qubuktan, 3. adim 6 qubuktan olusmaktadir.
Adim saylari ile qubuk sayilar arasindaki ili ssteren bir tablo olugturalim,

Tablo: Adim Sayrst ve Cubuk Sayisi Arasindaki Uiski

Adim | Adim Seyieina Karphk | Gk Sapsyl

Sapisi | Gelen Cubuk Sayist B3
i Y Arasindaki lliski
1 4 1+3
2 5 2+3
3 5 343
n ~ nes

Bu durumda adim sayisi 1 olmak Gzere riintiintin kural (n + 3)tir yani her adimdaki qubuk sayis

adum sayisinin 3 fazlasidh,

Bu etkinlikte 6grenci, verilen gorsel driintiiyii
inceleyerek adim sayisi ile gubuk sayisi arasindaki
iliskiyi kesfetmekte, bu iliskiyi tablo araciligiyla
yapilandirmakta ve nihayetinde cebirsel genelleme
yapmaktadir.

1254



G. Unsal ve N. Sezen Yiiksel Ahi Evran Universitesi Kirsehir Egitim Fakiiltesi Dergisi 2026 Cilt 27, Say1 3

Bu tabloda yer alan smiflandirma siireci iki matematik egitimi uzmani tarafindan, Raymond Duval’in
Semiyotik Temsil Kayitlar1 Teorisi (TRSR) ile matematiksel gorevlerin bilissel talep diizeylerine iliskin
kuramsal cercevelerin birlikte kullanilmasiyla ortaklasa karar verilerek gerceklestirilmistir. Oncelikle her bir
etkinlik, 6grenciden beklenen biligsel eylemler agisindan incelenmis; etkinligin ¢éziimiinde ayni temsilde
yapilan cebirsel doniigiimlerin mi (islem) yoksa farkli temsili kayitlar arasinda gegislerin mi (dontistiirme)
baskin oldugu belirlenmistir. Bir cebirsel ifadenin yalnizca sembolik olarak ¢oziilmesi, TRSR kapsaminda
islem siireci olarak degerlendirilirken; cebirsel, gorsel, s6zel veya sayisal temsiller arasinda gegis gerektiren
durumlar doniistiirme stireci olarak siniflandirilmistir.

Bilissel talep diizeylerinin belirlenmesinde ise gorevlerin 6grenciden bekledigi diistinme tiirleri esas alinmastur.
Diisiik diizeyli biligsel talepler, dnceden &grenilmis kural ve prosediirlerin dogrudan uygulanmasini igeren
ezberleme ve baglantisiz islemler olarak ele alinmigtir. Buna karsilik, yiiksek diizeyli biligsel talepler,
Ogrencinin anlamlandirma, temsil doniisiimii, matematiksel gerekce sunma, akil yiirlitme ve genelleme
yapmasini gerektiren baglantili prosediirler ve matematik yapma kategorileri altinda degerlendirilmistir. Bu
dogrultuda, her etkinlik hem TRSR siireci hem de bilissel talep boyutu birlikte dikkate alinarak tabloya
yerlestirilmis ve boylece etkinliklerin yalnizca ne tiir islemler icerdigi degil, ayn1 zamanda 6grencide nasil bir
diisiinme stireci olusturdugu biitlinciil bicimde ortaya konmustur. Tablo 1°deki hazirlanan bu matris
ChatGPT’ye yeni gorevleri analiz etmek i¢in egitmek amaciyla kullanilmistir.

ChatGPT’nin egitim siirecinin ardindan, TRSR-Cognitive Demand Analyzer (TRSR-CDA) aracina cebirsel
ifadeler konusundan secilen ii¢ yeni etkinlik gorseli verilmis ve bu TRSR siireci ve bilissel talep diizeyine gore
siniflandirmasit istenmistir. Modelin gerekceli aciklamalari ve nihai simiflandirmalari analiz igin
kaydedilmistir.

Veri Toplama Araclari

Aragtirmanin verileri, TRSR-CDA aracinin ii¢ etkinlige iligskin olusturdugu ChatGPT siniflandirma belgeleri,
uzman degerlendirmeleri ve bir 7. smif Ogrencisiyle yiiriitilen sesli diisiinme protokolii araciligiyla
toplanmistir. Ogrencinin problem ¢ozme siireci ses kaydma almmis ve daha sonra yazili olarak
cozlimlenmistir. Her etkinlige iliskin ChatGPT siiflandirmasi ayn bir belge olarak ele alinmigtir.

Verilerin Analizi

Veri analizi iki asamada gerceklestirilmistir. ChatGPT siniflandirmalarinin analizi ilk asamda ChatGPT
tarafindan yapilan her siniflandirma sonucu ayr1 bir belge olarak ele alinmis, betimsel analiz yontemiyle
incelenmigtir. ChatGPT nin her etkinlik i¢in yaptig1 siniflandirmalar, TRSR (islem/d6niistiirme) ve biligsel
talep diizeyi (ezberleme-matematik yapma) kategorilerine gore kodlanmustir. Ogrenci verilerinin analizi ise
Ogrencinin etkinlik ¢oziim siiregleri sesli diisiinme protokolii ile kaydedilmis ve metne doniistiiriilmiistiir. Bu
yazili veriler icerik analizi ile incelenmis, dgrencinin ¢dziim sirasinda kullandigr matematiksel islemler,
doniisiim adimlan ve agiklamalar TRSR kayitlar (6rnegin gorsel-sematik temsilden sembolik temsile gecis)
ile biligsel talep boyutlar1 agisindan kodlanmistir. Bdylece 6grencinin her adimindaki diisiinsel siiregler
niteliksel olarak simiflandirilmistir. Son asamada, ChatGPT’ nin 6ngoérdigii siniflandirmalar ile 6grencinin
fiilen sergiledigi bilissel siirecler karsilastirilarak ortlisme ve ayrisma noktalari belirlenmistir.

Caligma boyunca smiflandirmalarin giivenilirligini saglamak i¢in iki matematik egitim uzmani bagimsiz
degerlendirme yapmistir. Uzmanlar, ChatGPT nin her bir etkinlik i¢in 6nerdigi TRSR (islemsel/doniistimsel)
kategorisi ve biligsel talep diizeyi siniflandirmalarini ayr1 ayr1 puanlamis, ortaya ¢ikan farkliliklar: tartisarak
uzlagsmislardir. Benzer sekilde, 6grencinin sesli diisiinme verileri de dnceden tanimli TRSR ve biligsel talep
kategorilerine gore kodlanmis ve iki arastirmaci arasinda bagimsiz goriis birligi saglanmistir. Kodlama
stirecinde, ilk asamada verilere bagimsiz “betimsel” kodlar atanmis, uyusmazliklar toplantida tartigilarak
¢cozlilmiistiir. ChatGPT'nin (TRSR-CDA) her etkinlik i¢in yaptigi siniflandirmalar, iki matematik egitimi
uzmani tarafindan ii¢ boyut {lizerinden bagimsiz olarak degerlendirilmistir. Birinci boyut (D1, TRSR
kullanimi), gorev analizinde Duval'in Semiyotik Temsil Kayitlar1 Teorisi'nin (islem/ddniisiim) agik bigimde
kullanilip kullanilmadigini; ikinci boyut (D2, gerekgelerin tutarliligl), ChatGPT'nin smiflandirmaya iliskin
sundugu gerekgelerin agik, mantikli ve kuramsal gergeveyle tutarli olup olmadigini; ligiincii boyut (D3, biligsel
talep atamasi) ise ChatGPTnin etkinligin bilissel talep diizeyini (ezberleme, baglantisiz islemler, baglantili
prosediirler, matematik yapma) uygun bigimde atayip atamadigini ifade etmektedir.
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Iki matematik egitimi uzmani, ChatGPT nin her etkinlik icin yaptigi simiflandirmalari bagimsiz olarak
degerlendirmis ve her boyut icin 1-3 aras1 puanlama yapmistir. Degerlendirmeler sonrasinda uzmanlar bir
araya gelerek gorlis ayriliklarim tartismis, uzlasiya dayali kodlama (consensus coding) yaklagimi
benimsenmistir. Ortalama puanlar, ChatGPT nin ilgili boyuttaki performansina iliskin genel bir gosterge
olarak kullamlmistir. Ogrencinin {i¢ etkinlige verdigi yamtlar ise her etkinlik igin ii¢c acidan kodlanmistir:
ogrencinin gerceklestirdigi TRSR siireci (islem ya da doniisiim), yanitin yansittig: biligsel talep diizeyi ve bu
stireci 0rnekleyen 6grenci davranisi. Bu kodlama sayesinde, ChatGPT'nin etkinliklere atadig1 siniflandirmalar
ile 6grencinin etkinlikleri ¢dzerken fiilen sergiledigi siiregler karsilastirilabilmistir.

Etik Bildirim
Bu ¢alisma igin etik kurul onayi, Tokat Gaziosmanpasa Universitesi Egitim Bilimleri Arastirmalar1 Etik
Kurulundan 26 Mart 2026 tarihli ve 01-47 karar numarali karar ile alinmistir. Ayrica veri toplama siireci

oncesinde veli onami ve 6grenci onay1 alinmistir. Calisma; goniilli katilm, gizlilik ve ses kayitlarinin
anonimlestirilerek saklanmasi ilkelerine uygun olarak yiiriitiilmiistiir.

Bulgular

Egitilen ChatGPT “TRSR-Cognitive Demand Analyzer” aracina daha onceden belirlenen dort etkinlikten
farkli olarak segilen ii¢ etkinligin gorselleri yiiklenmistir. Asagida bu etkinliklerden elde edilen sonuglarin
ornekleri sunulmustur.

Etkinlik 1

MEB ders kitab1 “Cebirsel ifadeler” konusu ile ilgili segilen asagidaki etkinlik “TRSR-Cognitive Demand
Analyzer” aracina yiiklenmistir. Etkinlik 1 Sekil 2 ‘de verilmistir.

Sekil 2

Etkinlik 1'de kullanilan matematik sorusu

6. Kisakenar uzunlugu (x-1) cm, uzun kenar uzunlugu (2x+3) cm olan 20 tane dikdértgen seklindeki
es kartonlar aralannda bosluk kalmayacak ve iist iiste gelmeyecek sekilde ug uca getirilerek
asagdaki gibi yerlestiriliyor.

i

| - |

Olusan seklin uzunlugu santimetre cinsinden asagidakilerden hangisine esittir?
A) 30x-20 B) 30x+20 C) 60x-40 D) 60x+40

Sekil 2'de, Etkinlik 1 kapsaminda smiflandirilan soru yer almaktadir. Soruda, kenar uzunluklari cebirsel
ifadelerle verilen 20 es dikdortgen kartonun ug uca yerlestirilmesiyle olusan seklin toplam uzunlugunun
bulunmasi istenmektedir. ChatGPT nin verdigi yanit asagidaki Tablo 2’deki gibidir.

Tablo 2

Etkinlik 1 icin Chatgpt 'nin Olusturdugu Siniflandirma Tablosu
Biligsel Talep TRSR Smiflandirmast

Soru / Etkinlik Diizeyi (islem / Doniisiim) Gerekge (Akademik Agiklama)

Kisa kenar1 (x — 1), Yiiksek bilisgsel ~ Doniisiim (conversion): Ogrenciden beklenen yalnizca verilen
uzun kenar1 (2x + 3) talep — figiiratif/geometrik — cebirsel ifadelerle islem yapmak degil;
olan 20 es dikdortgen ~ Baglantili sembolik/cebirsel sekilsel (figiiratif) yerlestirmeyi analiz
kartonun sekildeki gibi  prosediirler (ardindan sembolik ederek hangi kenarlarin “uzunluga katki
dikey-yatay islem/treatment ile verdigini” belirlemesi ve sayma-esleme
doniisimlii ug uca sadelestirme) yoluyla bunu cebirsel ifadeye
yerlestirilmesiyle dontistiirmesidir. Sekilde kartonlar

olusan toplam doniistimli yerlestirildiginden toplam 20
uzunlugu bulma kartonun 10’u dikey (uzunluga katkis1 (x —

1)), 10’u yatay (uzunluga katkis1 (2x + 3))
olur; bu nedenle toplam uzunluk 10(x — 1) +
10(2x + 3) = 30x + 20 olur. Duval’a gore
ayni kayit icinde yapilan rutin
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“iglem/treatment”1n iizerinde, temsil kayd1
degisimi (figiiratif diizen — cebirsel ifade)
gerektirir; son adimda yapilan sadelestirme
ise sembolik kayitta “treatment’tir.

ChatGPT tarafindan yapilan siniflandirma incelendiginde, etkinlik 1 hem biligsel talep diizeyi hem de TRSR
stireci agisindan kuramsal ¢ergeveyle biiyiik ol¢iide tutarli bigimde analiz edildigi goriilmektedir. ChatGPT,
etkinligi “yiiksek biligsel talep — baglantili prosediirler” diizeyinde konumlandirarak, 6grenciden yalnizca
cebirsel islemleri mekanik olarak uygulamasinin degil; gorsel yerlestirme diizenini analiz etmesi,
dikdortgenlerin kisa ve uzun kenarlarini ayirt etmesi ve bu gorsel bilgiyi cebirsel ifadeye doniistiirerek
anlamlandirmasinin beklendigini dogru bigimde vurgulamistir. Bu yoniiyle siniflandirma Stein ve digerlerinin
(2000), baglantili prosediirler diizeyi i¢in tanimladigt “temsil, anlamlandirma ve matematiksel
gerekcelendirme” Ol¢iitleriyle ortiismektedir.

TRSR agisindan bakildiginda ise ChatGPT nin etkinligi doniistiirme (conversion) siirecini merkeze alarak
degerlendirmesi dikkat cekicidir. Ogrencinin, sekilsel (gorsel) yerlesimden yola ¢ikarak dikdértgenlerin
uzunluk katkilarimi belirlemesi ve bu katkilar1 cebirsel ifadelerle temsil etmesi, Duval (2017) vurguladig
temsiller aras1 gegis gerektiren biligsel bir siirectir.

Etkinlik 2

MEB ders kitab1 “Cebirsel ifadeler” konusu ile ilgili secilen ikinci etkinlik “TRSR-Cognitive Demand
Analyzer” aracina yiiklenmistir. Etkinlik 2 Sekil 2 ‘de verilmistir.

Sekil 4

Etkinlik 2'de kullanilan matematik sorusu

4. Asagidaki cebirsel ifadelerle verilen iglemleri yapinz.

a 2 (2%-7) =erns e

¢ 4-(x*+5)-7x*= e

Ao TP T(8 4 5% = 7) F Ll S

Sekil 4'te, Etkinlik 2 kapsaminda siiflandirilan soru yer almaktadir. Soru, parantez agma, dagilma 6zelligini
kullanma ve benzer terimleri birlestirme islemlerini gerektiren bes alt maddeden olusmaktadir. ChatGPT’nin
verdigi yanit asagidaki Tablo 3’teki gibidir.

Tablo 3
Etkinlik 2 i¢in ChatGPT nin olusturdugu simiflandirma tablosu
Biligsel Talep TRSR Smiflandirmast

Soru / Etkinlik Diizeyi (islem / Doniisiim) Gerekee (Akademik Agiklama)
4a.2 - (2x—7)  Disiik diizey — Islem (treatment): Gorev, tek bir rutin dagitma kurali (parantez agma)
Baglantisiz sembolik — sembolik ile cebirsel ifadeyi ayni gosterim kaydi i¢inde
islemler donistiirmeyi ister. Temsiller aras1 gegis yoktur;
ogrenciden beklenen bilissel siireg, anlam
kurma/yorumlama degil algoritmik sadelestirmedir.
4b. 7x +3 - (2x  Diigiik diizey — Islem (treatment): Cok adimli olsa da islem dizisi belirlidir: parantez
+7)—11 Baglantisiz sembolik — sembolik  agma — benzer terimleri toplama/gikarma.
islemler Belirsizlik ve strateji se¢imi sinirlidir; gérev “dogru
prosediirii uygula” odaklidir.
4c.2x — 4 - Diisiik diizey — Islem (treatment): Negatifle carpma ve parantez agma, sonra
(—2x+7)+28  Baglantisiz sembolik — sembolik  sadelestirme gerektirir. Temsil doniisiimii degil,
islemler ayn1 sembolik kayitta islemsel yeniden yazim sz
konusudur.
4¢.4 - (x2+5) Diisiik dizey —  Islem (treatment): Uslii terimler igerse de bilissel olarak yine kural-
- 7x? Baglantisiz sembolik — sembolik  uygulama: dagitma ve benzer terimleri birlestirme.
islemler
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Kavramsal gerekgelendirme ya da temsil
iligkilendirme talebi yoktur.

4d. 7x*—7(x*+ Disiik diizey — Islem (treatment): Parantez oniindeki katsayiy1 dagitma ve isaret
Sx =7+ 11 Baglantisiz sembolik — sembolik  yOnetimi ile sadelestirme istenir. Siire¢ 6grencinin
igslemler “neden boyle?” agiklamasini degil, prosediir

dogrulugunu odlger.

Smiflandirma sonuglari incelendiginde, ilgili etkinliklerin tamaminin diisiik diizey bilissel talep kategorisinde
konumlandirildig goriilmektedir. ChatGPT, her bir maddede dagitma 6zelligi, parantez agma, isaret kurallar
ve benzer terimleri toplama gibi islemlerin ayn1 gosterim kaydi (sembolik—sembolik) i¢inde gerceklestigini
belirterek bu gorevleri Duval (2017) TRSR ¢ercevesinde islem (treatment) siireci olarak dogru bicimde
siniflandirmistir. Bu bulgu, etkinliklerin yilizeysel olarak ¢ok adimli gériinmesine ragmen, bilissel a¢idan
derinlik iiretmedigini; Stein ve arkadaslarinin (2000) tanimladig1 anlamda “rutin prosediirel gorevler” niteligi
tasidigini gostermektedir. Ote yandan, ChatGPT’nin sundugu “6gretmen icin ince ayar notu”, bulgular
acisindan pedagojik olarak dikkat ¢ekici bir katki sunmaktadir. Yapay zeka, bu tiir gérevlerin dogas1 geregi
diisiik biligsel talep tirettigini acikga ifade etmis; ancak etkinligin yapisina kii¢iik miidahalelerle biligsel talebin
yiikseltilebilecegini gostermistir.

Etkinlik 3

MEB ders kitab1 “Cebirsel ifadeler” konusu ile ilgili segilen {igiincii etkinlik “TRSR-Cognitive Demand
Analyzer” aracina yiiklenmistir. Etkinlik 3 Sekil 6 ‘de verilmistir.

Sekil 6
Etkinlik 3'te kullanilan matematik sorusu

- b4

Yukanidaki esit kollu terazi dengededir.
Her seklin tizerindeki say1 o seklin kag
kg oldugunu gostermektedir. Buna gore
uzerinde x isareti bulunan seklin kitlesi kag
kilogramdir?

A)6 B)7 C)8 D)9

Sekil 6'da, Etkinlik 3 kapsaminda siniflandirilan soru yer almaktadir. Soruda, dengedeki esit kollu bir terazi
modeli tizerinden bilinmeyen kiitlenin bulunmasi istenmektedir. ChatGPT nin verdigi yanit asagidaki Tablo
4’teki gibidir.

Tablo 4

Etkinlik 3 igcin ChatGPT nin olusturdugu Simiflandirma Tablosu
Bilissel Talep TRSR Smiflandirmast

Soru / Etkinlik Gerekge (Akademik Agiklama)

Diizeyi (Islem / Doniisiim)
Esit kollu terazide Yiiksek diizey — Doniigiim (conversion): Terazi gorseli, “denge” iliskisini esitlik
denge: solda 2,2 ve x;  Baglantili figiiratif (terazi modeli) —» kavramina baglayan semiyotik bir kayittir.
sagda 3, 3, 3 (liggenler  prosediirler sembolik (esitlik Ogrencinin 6nce gorsel diizeni
iizerinde 3 yaziyor) denklemi) (sonrasinda matematiksel yapiya ¢evirmesi gerekir: sol
sembolik islem/treatment:  kefedeki kiitlelerin toplam1 sag kefedekine
¢Ozme) esittir. Bu adim Duval agisindan register

donilistimiidiir (figliratif model — cebirsel
esitlik). Ardindan elde edilen denklem
iizerinde yapilan iglemler
(toplama/gikarma ile x’i yalniz birakma)
ayn1 sembolik kayitta islem/treatmenttir.
Gorev, tek adim rutin islemden ziyade

1258



G. Unsal ve N. Sezen Yiiksel Ahi Evran Universitesi Kirsehir Egitim Fakiiltesi Dergisi 2026 Cilt 27, Say1 3

modeldeki nicelikleri okuyup esitlik
kurmay1 gerektirdigi i¢in diisiik diizey
“baglantisiz islem” degil, anlam
baglantilar1 igeren baglantili prosediir
diizeyindedir.

Ogrencinin, gorsel bir terazi diizenini cebirsel bir denkleme doniistiirmesi, esitligin her iki tarafinda yer alan
nicelikleri kargilagtirmasi ve bu siireci anlamlandirarak ¢ézmesi gerekmektedir. Bu etkinlige iliskin ChatGPT
tarafindan yapilan siniflandirma incelendiginde, analizinin hem bilissel talep diizeyi hem de TRSR ac¢isindan
kuramsal olarak yerinde ve tutarli oldugu goriilmektedir. ChatGPT, gorevi orta diizey bilissel talep — baglantilt
kavramsal/prosediirel diizeyde konumlandirarak, 6grenciden yalnizca sayma ya da dogrudan islem yapmasimin
degil; dengeyi esitlik iligkisi olarak kavramsallagtirmasinin beklendigini vurgulamistir. Bu yoniiyle etkinlik,
Stein ve arkadaslarinin (2000) baglantili prosediirler diizeyi icin tanimladigi; sembolik islemlerin kavramsal
anlamla iliskilendirilmesini gerektiren gorev tanimiyla ortiigmektedir.

TRSR agisindan bakildiginda, ChatGPT’nin etkinligi Oncelikle doniistirme (conversion) siirecine
yerlestirmistir. Ogrencinin, figiiratif bir temsili (terazi ve piramitler) sembolik/cebirsel bir temsile (denklem)
dontistirmesi Duval (2017) vurguladigr temel bilissel esiklerden biridir. ChatGPT’nin yalnizca etkinligi
simiflandirmakla kalmayip, etkinligin pedagojik risk noktalarini 6gretmene sunmast TRSR temelli bir bakigla
goriiniir kilabildigini gostermektedir. Genel olarak degerlendirildiginde, bu analiz ChatGPT’ nin gorsel—
sembolik doniisiim gerektiren cebirsel gorevlerde bilissel talebi dogru konumlandirabildigini ve dgretimsel
acidan anlamli ¢ikarimlar sunabildigini ortaya koymaktadir.

Tiim bu etkinlikler i¢in egitilmis ChatGPT “TRSR-Cognitive Demand Analyzer” aracinin uzman
degerlendirme tablosu asagida verilmistir.

Tablo 5
Uzman Degerlendirme Tablosu
Etkinlik Boyut Uzman 1 Uzman 2 Ortalama
1 D1(TRSR kullanimi) 3 3 3
D2 (Gerekgelerin tutarlilig) 2 3 2.5
D3 (Bilissel talep atamasi) 3 3 3
2 D1(TRSR kullanimi) 3 3 3
D2 (Gerekgelerin tutarliligi) 3 3 3
D3 (Bilissel talep atamasi) 3 3 3
3 D1(TRSR kullanimi) 3 3 3
D2 (Gerekgelerin tutarliligi) 2 2 2
D3 (Bilissel talep atamasi) 2 3 2.5

(1=hi¢ uygun degil, 2=kismen uygun, 3=tamamen uygun)

Tablo 5’te yer alan uzman degerlendirmeleri incelendiginde, ChatGPT “TRSR-Cognitive Demand Analyzer”
aracinin tiim etkinliklerde TRSR kullanimini (D1) tutarh ve dogru bicimde gergeklestirdigi goriilmektedir; her
ii¢ etkinlik i¢in de ortalama puan 3.00 olup, bu durum semiyotik temsil kayitlarinin (islem/doniistiirme) dogru
tanimlandigin1  gostermektedir. Etkinlik 2, gerekgelerin tutarliligi (D2) ve biligsel talep atamasi (D3)
boyutlarinda da tam uyum (3.00) sergileyerek ChatGPT nin rutin, sembolik islem agirlikli gérevlerde son
derece tutarli siniflandirmalar {iretebildigini ortaya koymaktadir. Buna karsilik Etkinlik 1 ve Etkinlik 3’te D2
ve D3 boyutlarinda ortalamalarin 2.50 ve 2.00-2.50 araliginda kalmasi, ChatGPT nin doniisiim i¢eren ve
baglamsal akil vyiirlitme gerektiren gorevlerde gerekgelendirmeyi kismen eksik birakabildigini
diistindiirmektedir. Genel olarak degerlendirildiginde, uzman puanlar1 ChatGPT nin bilissel talep diizeyini ve
TRSR siireglerini biiylik 6lgiide dogru siniflandirabildigini, ancak 6zellikle doniisiim agirlikli etkinliklerde
gerekcelerin aciklik ve ayrint1 diizeyinin gelistirilmeye acik oldugunu gostermektedir.

Ogrenci Uygulamasi

Ogrenci ile gergeklestirilen uygulamada, Etkinlik 1 ve Etkinlik 3’{in biligsel talep diizeyinin yiiksek, TRSR
siirecinin ise doniisiim (figiiratif/gorsel temsilden cebirsel temsile gegis) oldugu belirlenmistir. Ogrenci, bu iki
etkinligi baslangicta gorsel temsillerden cebirsel ifadelere doniisiim gerektirdigi icin daha zor olarak
degerlendirmis ve bu nedenle ¢calismaya Etkinlik 2’de yer alan, dogrudan cebirsel islemler iceren sorularla
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baslamayi tercih etmistir. Bununla birlikte, 6grenci kendi ifadelerinde, cebirsel islemlerin yer aldigi a, b, ¢ ve
d alt maddelerinde ilerledik¢e sorularin giderek zorlagtigini belirtmis; 6zellikle cok adimli islemlerde biligsel
yiikiin arttigini ifade etmistir. Tiim etkinlikler tamamlandiginda ise, baslangictaki dngdriisiiniin aksine, gorsel
temelli ve doniisiim gerektiren sorularin kendisini bekledigi kadar biligsel olarak zorlamadigini dile getirmistir.

Bu bulgular, 6grencinin bilissel talep algisinin baslangicta gorevlerin 6zelliklerine (gorsel ya da islemsel olusu)
dayandigini, ancak ¢6ziim siireci ilerledikge bu alginin yeniden yapilandigini gostermektedir. Tablo 5°te
gorildigi gibi doniisiim gerektiren etkinliklerde 6grencinin baglangicta bir zorluk yargisi gelistirdigi; buna
karsilik, TRSR agisindan islem (treatment) siirecine karsilik gelen cebirsel toplama ve ¢ikarma gorevlerinde
daha rahat bir yaklasim sergiledigi gozlenmistir. Bununla birlikte, bilissel talep diizeyi yiiksek olarak
siiflandirilan doniisiim temelli etkinliklerin, 6grencinin 6ngordiigii 6l¢lide zorlayict olmadigl; 6grencinin
gorsel yapi—cebirsel ifade iligkisini hizli kurabildigi durumlarda bu tiir gérevlerin biligsel yiikiiniin azaldig1
anlagilmaktadir. Bu durum, 6grencinin gorev c¢oziimiindeki bilissel deneyiminin yalnizca biligsel talep
diizeyine degil, ayn1 zamanda 6grencinin On bilgisi ve temsil doniisiimlerini kurabilme becerisine de bagh
oldugunu ortaya koymaktadir.

ChatGPT’nin belirledigi bilissel talep ve TRSR siireci genellikle 6grencinin ¢oziim siireci ile ortiismektedir.
Ornegin cebirsel islemler (etkinlik 2) etkinliginde de benzer ortiisme vardir. ChatGPT bu sorular1 “islem
(treatment)” ve “diisiik diizey prosediirel” olarak siniflandirmig; 6grenci de rutin dagitma ve toplama
adimlarim takip etmistir. Ornegin 6grenci dagilma islemini kullanarak “2 ile 2’yi ¢arpacagim, 4x” diyerek
parantezi agmis ve benzer terimleri toplamistir. Bu basit rutin islem adimlari, diisiik bilissel talep kategorisi ile
ortiisiir. Ogrenci zaman zaman terimleri birlestirme veya isaret hatas1 gibi kiiciik karisikliklar yasasa da
coziimde temel aritmetik ve cebir kurallarini takip etmistir.

Benzer sekilde denge terazi etkinligini ¢6zerken 6grenci, gorsel teraziyi degerlendirdikten sonra sol ve sag
agirhigi sayisal toplamlar haline getirip “12’den 4 ¢ikarip x’i bulacagim” diye hesaplamis (sayilar1 toplama ve
¢ikarmayr uygulamistir). Bu, ChatGPT’nin doniisiim siireci ve baglantili prosediirler diizey tanimi ile
uyumludur. Her iki analiz de 6grencinin terazinin esitlik ilkesini (dengeyi matematiksel esitlige doniistiirme)
kullandigimi vurgular.

Tablo 6
Osrenci Uygulamasi: Degerlendirme
Etkinlik TRSR Siireci Biligsel Talep Diizeyi Ogrenci Davranisina Ormek
Etkinlik 1 Dontisim Yiiksek Biligsel Talep Ogrenci: “Ikisinin kilogramini soruyor... 12°den 4
Baglantili Prosediirler cikarip x’i bulacagim.” (Terazide agirliklar1 toplayip
esitlik kurarak x’i ¢6zmiistiir)
Etkinlik 2 Islem Diisiik Diizeyli Biligsel ~ Ogrenci: “2 ile 2’yi ¢arpacagim. 4x. Eksi 7 ile de 2’yi
Talepler Ezberleme carpacagim.” (Parantezi agma ve terimleri toplama
gibi rutin adimlar1 uygulamistir)
Etkinlik 3 Déniisiim Yiiksek Biligsel Talep Ogrenci: “Ikisini topladim. .. 20 tane varmus. 20 ile
Baglantili Prosediirler de carpmam.” (Her kartonun kisa ve uzun kenarint

topladi, x terimli ifadeyi 20 ile carpmustir.)

Ogrenci, baslangigta Etkinlik 2 ile baglamay1 tercih etmistir ve bu gorevi “en kolay” gdrmesinin nedeni
dogrudan islemsel 6zellikleri soruda gérmesine baglamistir. Gorsel temsilli sorulart “zor” algiladigi igin, 6nce
islemsel/simgesel olarak gordiigii etkinlik olan Etkinlik 2°den baglamak istemistir.

A: Hangi sorudan baglayacaksin?

O: En kolay su goziiktii.

A: En kolay o goziiktii tamam neden peki?

O: Carpma toplama ¢ikarma oldugu icin en kolay géziiktii.
A: Tamam hadi baslayalim.

O: Yani kolay bir soru ama sorunun ne soracagini tahmin edebildigim igin kolay géziikiiyor. Biiyiik ihtimalle
su ikisi 4. Bunlari toplayacagim. Bu ikisi birbirine esitse ikisinin ka¢ oldugunu bulacagim.

Bu tercih, 6grencinin gorev zorlugunu o6zellikler (gorevde “islem/carpma” gorme) iizerinden kestirdigini
gostermektedir. Nitekim Ogrenci agik bicimde “Gorsel sorular zor goziikiiyor” diyerek secimini
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gerekcelendirmistir. Etkinlik 2’ye basladiginda ise “en kolay” gérmesinin nedeni olarak “Carpma... oldugu
icin” ifadesini kullanmis; ¢6ziimiinii dagitma ve islem onceligi lizerinden kurgulamistir.

O: Bununla baslayacagim.

A: Neden bununla baslamak istedin?

O: Carpma, toplama islemleri oldugu icin.
A: Tamam.

O: En kolay bu géziiktii.

A: Tamam, hadi baglayalim.

Bununla birlikte, Etkinlik 2°de ¢6ziim ilerledikce islemsel akista terim/isaret ayirt etme ve ¢ok adimlilik
nedeniyle &grencinin kisa siireli bilissel yiik yasadign goriilmiistiir. Ogrencinin “7x2-7... Onu nasil ayirt
edecegim?” ifadesi, simgesel kayitta (sembolik register) islem (treatment) yaparken bile ayristirma/yorumlama
gereksiniminin ortaya c¢ikabildigini gostermektedir. Ayrica 6grencinin gorev zorlugunu dinamik olarak
yeniden degerlendirdigi; “Evet, biraz artiyor” diyerek alt maddelerde (a—b—c...) zorlugun kademeli arttigini
fark ettigi dikkat cekmektedir.

A:Bundan baslamak istedin? Neden?

O: Gérsel sorular zor goziikiiyordu.

A: Zor mu goziikiiyor? Tamam.Simdi hangisine gececeksin?
O: Bundan.Etkinlik 1 den.

Ogrenci, gorsel temsilli gorevleri baslangicta zor gérmesine karsin Etkinlik 1°de beklenenden daha kisa siirede
ilerlemistir. Etkinlik 1’1 ¢6zerken &grencinin gerekgesi, seklin nasil dizildigini okuyup uzunluk bilesenlerini
belirleme ve bunu cebirsel ifadeye tasima bigimindedir. Bu sdylem, 6grencinin gorsel/figiiratif diizenlemeyi
sembolik toplama-carpma yapisina doniistiirdiiglinii (TRSR’de doniisiim) ve ardindan ayn1 sembolik kayitta
islemsel sadelestirme yiiriittiiglinii (TRSR’de islem) gostermektedir.

O: Uzunlugunu soruyor.
A: Tamam,ne yapacaksin yan yana.

O: Yana yana koyunca bu uzunluklari? Yan yana koyunca zaten hepsi birbirine es oldugu icin. Ikisi de
birbirinden farkli oldugu icin ikisini topladim. 20 tane varmig bunlardan o hale 20 ile de carpmam gerekiyor.

Etkinlik 3’te 6grenci, terazi gorselini hizli bigimde nicel iliskiye ¢evirerek ¢oziimii yapilandirmistir. Siirecte
Once sag taraftaki ticlii grupla toplam kiitleyi tanima ve ardindan bilinen degeri ¢ikarma stratejisi goriilmiistiir.
Ogrenci hizlica gorseli yorumlamis ve sonrasinda islem ile sonuca vardigini gostermektedir. Ayn1 zamanda,
“dengeyi esitlik olarak kurma” ve “gruplama + ¢ikarma” stratejisi, salt ezbere islemden ziyade baglantili
prosediirel bir talebe isaret etmektedir.

A: Peki iiciinii beraber degerlendir. Hangisi seni en ¢ok zorladi? Ilk bastaki kolay diye diisiindiigiin. Digeri en
zor diye diisiindiigiinii daha hizli ¢ézdiin. Bu soru Etkinlik 3 hakkinda digsaridan gériintii bu. Gordiin. Ne
diigtiniirsiin? Zor mudur? Kolay.

O: Yani kolay bir soru ama sorunun ne soracagini tahmin edebildigim icin kolay goziikiiyor. Biiyiik ihtimalle
su ikisi 4. Bunlart toplayacagim. Bu ikisi birbirine esitse ikisinin ka¢ oldugunu bulacagim.

A: Yap bakalim. Tamam hadi bakalim yap bakalim.

O: Ikisinin kilogramini soruyor. 3, 6, 9, 12 kilogram burasi. Burada zaten 4 kilo burada. Tamam. 12'den 4
ctkarp x'i.bulacagim.

Sonu¢ ve Tartisma

ChatGPT 5.2 ile gelistirilen “TRSR—Cognitive Demand Analyzer (TRSR-CDA)” araci tarafindan yapilan
siniflandirma incelendiginde, s6z konusu etkinliklerin hem bilissel talep diizeyleri hem de TRSR siireci
acisindan kuramsal gerceveyle biiylik Olcilide tutarli bi¢imde analiz edildigi goriilmiistiir. ChatGPT tabanli
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analiz araci da benzer bigimde 1. ve 3. etkinliklerin doniisiim gerektiren, yiiksek talepli gorevler; 2. etkinligin
ise yalnizca islem icerip diisiik talepli bir gorev oldugu sonucuna ulagmistir. Uzman degerlendirmeleri
sonucunda da bu siniflandirmanin tutarli gerekgelerin ise biiyiik 6l¢iide uygun oldugu sonucuna varilmustir.
Bu siniflandirmalar Duval’in TRSR kuraminda islem (treatment) ve doniisiim siireglerinin matematiksel
anlamada kritik oldugunu belirttigi goriisiiyle ortiismektedir

Etkinliklerin biligsel talep diizeyine iligkin bulgular, yalnizca yapay zeka aracinin smiflandirmasina
indirgenmemelidir. Ozellikle Etkinlik 2°de gorevlerin simgesel kayitta yiiriiyen rutin islemlerden olusmasi
(TRSR: treatment) ve uzman degerlendirmelerinde yiiksek uyum goriilmesi, diisiik biligsel talep atamasinin
gorev tasarimindan kaynaklandigini diisiindiirmektedir. Bu sonug, ders kitab1 gorevlerinin 6nemli bir
boliminiin diisiik biligsel talep diizeylerinde kiimelendigini bildiren ders kitabi analizi ¢alismalarinin
bulgulartyla da ortiismektedir (Khoy, 2025; Polat ve Dede, 2023).

Bu c¢alismada elde edilen bulgulardan biri, bir gorevin teorik "biligsel talep” diizeyi ile 6grencinin bu gorevi
cozerken deneyimledigi "zorlanma" (struggle) hissinin her zaman Ortiismedigidir. Bu bulgu, gorsel
karmasiklik ile zihinsel ¢aba arasinda dogrusal bir iligkinin bulunmadigini gosteren ¢alismalarla da tutarlidir
(Guo ve Chen, 2023). Literatiirde bilissel talep, bir gérevi tamamlamak i¢in gereken zihinsel ¢abanin niteligi
olarak tanimlanirken (Engin ve Sezer, 2016); 6grencilerin goreve yonelik algisi, gérevdeki gorsel karmagiklik
veya aginalik gibi degiskenlerden etkilenebilmektedir (Guo ve Chen, 2023). Gorsel karmagikligin bilgiyi
anlama giicliigii ve asinalik diizeyi ile iliskili oldugu belirtilmekte olup, bu durum 6grencilerin gorevleri
baslangicta oldugundan daha zor algilamalarina neden olabilmektedir (Guo ve Chen, 2023). Bu ¢alismada da
Ogrencinin diisiinme siireci incelendiginde gorsel temsilli gorevlere (6r.Etkinlik 1) baslangicta “zor
goziikiiyor” diyerek tedirgin yaklagsmasi, gorsel karmasikligin ve sunum bi¢iminin birey iizerinde yarattigi ilk
zihinsel yiik algistyla agiklanabilir. Ogrenci, sorunun ne istedigini hizla éngorebildiginde gorsel-sembolik
doniisiimii kisa siirede kurarak gorevi “kolay” olarak yeniden degerlendirmistir.

Ogrencinin uygulama verileri bu siniflandirmalarla tutarl bir ¢6ziim siireci ortaya koymustur. Ornegin 6grenci
caligsmaya Etkinlik 1 ile baglamis ve bu gorevi “En kolay goziiktii” seklinde tanimlamistir. Hemen ardindan “2
ile 2’yi carpacagim. 4x.” diyerek denge denkleminde ¢carpma islemini gerceklestirmis; “Burada 6nce parantezi
mi yapmam gerekiyor?” sorusunu sorarak islem sirasindan emin olmaya ¢alismistir. Genel olarak dgrenci,
islem (treatment) basamaklarini sorunsuz uygularken; farkli temsil (doniisiim) siireclerinde —6rnegin yiizde
ifadesinden kesire geciste— bazi kiigiik ek agiklamalara ihtiyag duymustur.

Sonug olarak, ChatGPT smiflandirmalar ile 6grencinin gercek ¢dziim siireci biiylik olgiide Ortiismustiir.
Etkinlik 1 ve 3°te hem uzman hem ChatGPT doniisiim siiregleri gerektigini 6ngdrmiis ve bunlara yiiksek diizey
biligsel talep tanimlamigtir; 6grenci de bu etkinliklerde farkli temsiller (grafikten cebire, yiizde ifadesinden
kesire) arasinda gegis yaparak ilerlemistir. Etkinlik 2°de ise hem uzmanlar hem ChatGPT salt iglem siireci ve
diisiik talep smiflandirmasi yapmis; O0grenci de sadece cebirsel islem yaparak bu etkinligi ¢ozmistiir.
Dolayisiyla siniflandirmalar arasinda 6nemli bir celiski gozlenmemistir. Bu benzerlik literatiirde de
desteklenmektedir: Puraivan ve arkadaslari (2025), yiiksek diizeyde biligsel talep igeren matematiksel
gorevlerin TRSR ¢er¢evesinde hem islem hem doniisiim siireglerini kapsadigimi vurgulamiglardir. Benzer
sekilde, Horzum ve Duran (2024) ortaokul kitaplarindaki gorevlerde diisiik diizeyli gorevlerin 6grencilerin
diistinme becerilerini kisitladigini belirtmis, yiiksek diizey gorevlere vurgu yapmustir.

Egitim baglamindaki derleme ve sistematik incelemeler de, LLM’lerin (Large Language Model)
kisisellestirme gibi alanlarda firsatlar sundugunu (Sharma ve digerleri, 2025); ancak dogruluk, pedagojik
uygunluk, etik ve giivenilirlik gibi bagliklarda dikkatli dogrulama gerektirdigini géstermektedir (Amofa vd.,
2025; Sharma vd., 2025). Bu ¢alismada ChatGPT nin siniflandirmalari uzman degerlendirmeleriyle ortiismiis
ve modelin gorev analizi siirecinde destekleyici bir ara¢ olarak kullanilabilecegini gdstermistir. Bununla
birlikte, bu bulgunun giivenirligini giiglendirmek i¢in ChatGPT nin daha karmasik ve {ist diizey bilissel talep
gerektiren matematiksel gorevlerde de denenmesi Onerilmektedir. Bu durum LLM sundugu hizhi veri
islemenin, uzmanlarin pedagojik alan bilgisi ile de harmanlanmasinin 6nemini ortaya koymaktadir (Zhang vd.,
2024).

Bu ¢alisma 6zellikle 6gretmenler icin dnemli ¢ikarimlar igermektedir. Ogretmenler, dgrencinin hangi temsil
stireclerinde daha rahat veya zorlandigini tespit ederek 6grenme aktivitelerini buna gore diizenleyebilir;
Ornegin, 6grencinin doniistiirme becerisini gliglendirmek i¢in denge-denklemi veya ylizde-kesir doniigiimii gibi
ilgi cekici etkinlikler ekleyebilirler. ChatGPT nin simiflandirma dogrulugu ve hiz1 ise yapay zeka destekli
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Ogretim tasariminda kullanim potansiyeli tasimaktadir (Matos vd., 2025; Qian, 2025). Son arastirmalar,
ChatGPT ve benzeri yapay zeka araglarimin egitimde one ¢iktigini ve Ogrencilerin kisisellestirilmis
ogrenmesine katki sagladigini gostermektedir (Breese, 2025; Matos vd., 2025; Qian, 2025; Susanibar-ramirez
ve Zuiiga-rojas, 2024). Dolayisiyla, TRSR—Biligsel Talep analizini ChatGPT araciligiyla otomatiklestirmek,
Ogretmenlerin ¢ok sayida gorevi hizlica inceleyip bilissel zorlugunu belirlemesine yardime1 olabilir ve boylece
bireysellestirilmis 6grenme materyali gelistirme siireglerine entegre edilebilir. Bu g¢alismada kullanilan
promptlar, sonradan diizeltilmis girdilerden ziyade “GPT Olustur” araciligiyla bastan agik ve yapilandirilmig
bicimde tasarlanmistir. Bu nedenle belirli promptlarin yeniden diizenlenmesine ihtiya¢ duyulmamis; modelin
TRSR-Bilissel Talep ¢ercevesine uygun analiz yapabilmesi icin agiklayict komutlar olusturulmasina
odaklanilmistir. Bu durum, 6gretmenlerin yapay zeka araglarini kullanirken agik ve kuramsal ¢ergeveye dayali
promptlar hazirlamalarinin 6nemini géstermektedir.

Bu calisma, yapay zekd destekli TRSR—Cognitive Demand Analyzer aracinin bilissel talep diizeylerini ve
temsil siireclerini siniflandirmadaki potansiyelini ortaya koymustur. Ancak, uygulama siireci yalnizca sinirl
sayida etkinlik ve tek bir 6grenci lizerinden yiriitiilmistiir. Gelecek ¢aligmalarda, bu aracin farkli simif
diizeylerinden daha genis 6grenci gruplariyla uygulanarak genel gecerligi test edilebilir. Ayrica, 6gretmenlerin
bu aract siif i¢i uygulamalarda kullanarak 6grencilerin hangi gorevlerde daha fazla biligssel zorlanma
yasadigini tespit etmesi saglanabilir. Boylece 6gretmenler, materyal segiminden gorev tasarimina kadar daha
bilingli kararlar alabilirler. Ogretmen gériislerine dayali nitel veriler de toplanarak, yapay zeka araglarinin
pedagojik uygulamalardaki roliine dair daha derinlemesine ¢ikarimlar yapilabilir. Bu ¢alisma kapsaminda
gelistirilen "TRSR—Cognitive Demand Analyzer" aracinin bireysellestirilmis 6grenme materyali gelistirme
siireglerinde destek olacag diisiiniilmektedir.

Yazar Katkilari: Birinci yazar ¢caligmaya %60, ikinci yazar ise %40 oraninda katki saglamistir. Birinci yazar giris
ve yontem boliimlerinin hazirlanmasina katkida bulunmus; bulgularin analizi, tartisma boliimiiniin yazimi ve ¢aligmanin
genel olarak gozden gecirilmesi siireglerine ise her iki yazar katki saglamistir. Tiim yazarlar ¢alismanin sonuglarini ve
¢ikarimlarini onaylamigtir.

Etik Kurul Bilgisi: Yapilan bu g¢alismada “Yiiksekogretim Kurumlart Bilimsel Arastirma ve Yayin Etigi
Yonergesi” kapsaminda uyulmasi belirtilen tiim kurallara uyulmustur. Yonergenin ikinci boliimii olan “Bilimsel
Arastirma ve Yayin Etigine Aykiri Eylemler” baghigi altinda belirtilen eylemlerden higbiri gergeklestirilmemistir. Bu
calisma icin etik kurul onay1, Tokat Gaziosmanpasa Universitesi Egitim Bilimleri Aragtirmalar1 Etik Kurulundan 26 Mart
2026 tarihli ve 01-47 karar numarali karar ile alinmugtir.

Cikar Catismasi: Yazarlar tarafindan herhangi bir ¢ikar ¢atismasi beyan edilmemistir

Veri Erisilebilirligi: Bu ¢alisma kapsaminda gelistirilen TRSR—Cognitive Demand Analyzer (TRSR-CDA) araci,
Creative Commons Attribution—-NonCommercial 4.0 International (CC BY-NC 4.0) lisans1 kapsaminda kullanima
sunulmugtur. Buna gore ara¢ kapsaminda gelistirilen 6zgiin icerik ve materyaller; uygun atif verilmesi, lisans bilgisinin
belirtilmesi ve varsa yapilan degisikliklerin acik¢a ifade edilmesi kosuluyla ticari olmayan akademik ve bilimsel
calismalarda kullanilabilir, paylagilabilir ve uyarlanabilir. Bu ¢alisma sirasinda olusturulan veya analiz edilen veriler,
talep lizerine yazarlardan temin edilebilir.

Kaynaklar

Akdemir, M., & Narli, S. (2022). Ortaokul &grencilerinin ¢okgenler konusundaki algilarinin incelenmesi.
Uluslararast  Karamanoglu ~ Mehmetbey  Egitim  Arastirmalari  Dergisi, 4(1), 74-92.
https://doi.org/10.47770/ukmead.1123023

Amofa, B., Kamudyariwa, X. B., Fernandes, F. A. P., Osobajo, O. A., Jeremiah, F., & Oke, A. (2025).
Navigating the complexity of generative artificial intelligence in higher education: A systematic
literature review. Education Sciences, 15(7), 826. https://doi.org/10.3390/educscil 5070826

Ansaldo-Leyva, J. C., Peralta-Garcia, J. X., Encinas-Pablos, F. J., Cuevas-Salazar, O., Rangel-Lucas, L., &
Londofio-Millén, N. (2019). Semiotic representations of the linear function by students studying
administration. International Education Studies, 12(9), 97. https://doi.org/10.5539/ies.v12n9p97

Andrade-Girén, D., Marin-Rodriguez, W., Sandivar-Rosas, J., Carrefio-Cisneros, E., Susanibar-Ramirez, E.,
Zuiiiga-Rojas, M., Angeles-Morales, J., & Villarreal-Torres, H. (2024). Generative Artificial
Intelligence in Higher Education Learning: A review based on academic databases. Iberoamerican
Journal of Science Measurement and Communication, 4(1), 1-16. https://doi.org/10.47909/ijsmc.101

1263


https://chatgpt.com/g/g-696f2c6815048191bbe437ed86ef27d6-trsr-cognitive-demand-analyzer-trsr-cda
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.47770/ukmead.1123023
https://doi.org/10.3390/educsci15070826
https://doi.org/10.5539/ies.v12n9p97
https://doi.org/10.47909/ijsmc.101

G. Unsal ve N. Sezen Yiiksel Ahi Evran Universitesi Kirsehir Egitim Fakiiltesi Dergisi 2026 Cilt 27, Say1 3

Baxter, P., & Jack, S. (2008). Qualitative case study methodology: Study design and implementation for novice
researchers. The Qualitative Report, 13(4), 544-559. https://doi.org/10.46743/2160-3715/2008.1573

Breese, J., Sargent, C., & Young, B. (2025). Student knowledge and perceptions of Al usefulness: An
exploratory study of Romanian students. Online Journal of Applied Knowledge Management, 13(1),
35-46. https://doi.org/10.36965/0jakm.2025.13(1)35-46

Castro, E., Cafiadas, M. C., & Molina, M. (2022). Difficulties in semantically congruent translation of verbally
and symbolically represented algebraic statements. Educational Studies in Mathematics, 110, 593—
609. https://doi.org/10.1007/s10649-021-10088-3

Chen, O., Paas, F., & Sweller, J. (2023). A cognitive load theory approach to defining and measuring task
complexity through element interactivity. Educational Psychology Review, 35(2), 1-18.
https://doi.org/10.1007/s10648-023-09782-w

Cohn, C., Hutchins, N., Le, T., & Biswas, G. (2024). A chain-of-thought prompting approach with LLMs for
evaluating students' formative assessment responses in science. Proceedings of the AAAI Conference
on Artificial Intelligence, 38(21), 23182-23190. https://doi.org/10.1609/aaai.v38i21.30364

Dalzell, M., & DiNapoli, J. (2021). Assessing cognitive demand in innovative and reform-based mathematics
textbooks. In L. Gémez Chova, A. Lopez Martinez, & 1. Candel Torres (Eds.), EDULEARN2I
proceedings (pp. 9364-9371). IATED. https://doi.org/10.21125/edulearn.2021

Demetriadis, S. (2007). Interaction between learner's internal and external representations in multimedia
environment: A state-of-the-art report (HAL Id: hal-00190213). https://hal.science/hal-00190213

Duval, R. (2006a). A cognitive analysis of problems of comprehension in a learning of mathematics.
Educational Studies in Mathematics, 61(1-2), 103—131. https://doi.org/10.1007/s10649-006-0400-z

Duval, R. (2006b). Un tema crucial en la educacion matematica: La habilidad para cambiar el registro de
representacion. La Gaceta de la Real Sociedad Matematica Espariola, 9, 143-168.
http://cmapspublic.ihmc.us/rid=1JM80JJ72-GIRGZN-2CG/

Duval, R. (2017). Understanding the mathematical way of thinking — The registers of semiotic representations.
Springer International Publishing. https://doi.org/10.1007/978-3-319-56910-9

Engin, O., & Sezer, R. (2016). 7. sinif matematik der§ kitabindaki ve programdaki etkinliklerin biligsel istem
diizeylerinin karsilastirilmasi. Dokuz Eyliil Universitesi Buca Egitim Fakiiltesi Dergisi, 42, 24-46.
https://izlik.org/JA82PT25YX

Ferretti, F., Gambini, A., & Spagnolo, C. (2024). Management of semiotic representations in mathematics:
Quantifications and new characterizations. European Journal of Science and Mathematics Education,
12(1), 11-20. https://doi.org/10.30935/scimath/13827

Guo, Q., & Chen, Y. (2023). The effects of visual complexity and task difficulty on the comprehensive
cognitive efficiency of cluster separation tasks. Behavioral Sciences, 13(10), 827.
https://doi.org/10.3390/bs13100827

Hatisaru, V. (2020). Exploring evidence of mathematical tasks and representations in the drawings of middle
school students. International Electronic Journal of Mathematics Education, 15(3), em0609.
https://doi.org/10.29333/iejme/8482

Horzum, T., & Duran, A. A. (2024). An examination of the cognitive demand levels reflected by mathematics
tasks in the middle grades mathematics textbooks. Journal of Educational Spectrum, 6(2), 294-321.
https://doi.org/10.47806/ijesacademic

Hsu, W.-M. (2013). Examining the types of mathematical tasks used to explore the mathematics instruction
by elementary school teachers. Creative Education, 4(6), 396-404.
https://doi.org/10.4236/ce.2013.46056

Huang, L., Doorman, M., & Van Joolingen, W. (2020). Inquiry-based learning practices in lower-secondary
mathematics education reported by students from China and the Netherlands.

1264


https://doi.org/10.46743/2160-3715/2008.1573
https://doi.org/10.36965/ojakm.2025.13(1)35-46
https://doi.org/10.1007/s10649-021-10088-3
https://doi.org/10.1007/s10648-023-09782-w
https://doi.org/10.1609/aaai.v38i21.30364
https://doi.org/10.21125/edulearn.2021
https://hal.science/hal-00190213
https://doi.org/10.1007/s10649-006-0400-z
http://cmapspublic.ihmc.us/rid=1JM80JJ72-G9RGZN-2CG/
https://doi.org/10.1007/978-3-319-56910-9
https://izlik.org/JA82PT25YX
https://doi.org/10.30935/scimath/13827
https://doi.org/10.3390/bs13100827
https://doi.org/10.29333/iejme/8482
https://doi.org/10.47806/ijesacademic
https://doi.org/10.4236/ce.2013.46056

G. Unsal ve N. Sezen Yiiksel Ahi Evran Universitesi Kirsehir Egitim Fakiiltesi Dergisi 2026 Cilt 27, Say1 3

Kasneci, E., Sessler, K., Kiichemann, S., Bannert, M., Dementieva, D., Fischer, F., Gasser, U., Groh, G.,
Glinnemann, S., Hiillermeier, E., Krusche, S., Kutyniok, G., Michaeli, T., Nerdel, C., Pfeffer, J.,
Poquet, O., Sailer, M., Schmidt, A., Seidel, T., ... Kasneci, G. (2023). ChatGPT for good? On
opportunities and challenges of large language models for education. Learning and Individual
Differences, 103, 102274, https://doi.org/10.1016/j.1indif.2023.102274

Khoy, B. (2025). Unlocking cognitive learning objectives: A comprehensive evaluation of how textbooks and
syllabi align with revised Bloom's taxonomy across disciplines. Curriculum Perspectives, 45(2), 189—
202. https://doi.org/10.1007/s41297-024-00295-2

Lee, D., & Palmer, E. (2025). Prompt engineering in higher education: A systematic review to help inform
curricula. International Journal of Educational Technology in Higher Education, 22, Article 7.
https://doi.org/10.1186/s41239-025-00503-7

Marpaung, Y. (1987). Sumbangan pikiran terhadap pendidikan matematika dan fisika. Pusat Penelitian
Pendidikan Matematika/Informatika.

Matos, T., Santos, W., Zdravevski, E., Jorge, P., Miguel, 1., & Madeira, F. (2025). A systematic review of
artificial intelligence applications in education: Emerging trends and challenges. Decision Analytics
Journal, 15, 100571. https://doi.org/10.1016/j.dajour.2025.100571

Milli Egitim Bakanligi. (2023). 7. sinif ortaokul matematik ders kitabi. MEB Yayinlar1.

Mirzadeh, 1., Alizadeh, K., Shahrokhi, H., Tuzel, O., Bengio, S., & Farajtabar, M. (2024). GSM-Symbolic:
Understanding the limitations of mathematical reasoning in large language models. arXiv.
https://arxiv.org/abs/2410.05229

Nugumanova, A., Alzhanov, A., Mansurova, A., & Mansurova, M. (2025). Exploring the impact of students'
prompt engineering on GPT's performance: A blockchain-focused automatic term extraction
experiment. Electronics, 14(11), 1-22. https://doi.org/10.3390/electronics 14112098

Oktaviyanthi, R., Agus, R. N., Garcia, M. L. B., & Lertdechapat, K. (2024). Cognitive load scale in learning
formal definition of limit: A Rasch model approach. Infinity Journal of Mathematics Education, 13(1),
99-118.

Pape, S. J., & Tchoshanov, M. A. (2001). The role of representation(s) in developing mathematical
understanding. Theory Into Practice, 40(2), 118—127. https://doi.org/10.1207/s15430421tip4002_6

Pérez-Benitez, W.-E., & Ricardo-Barreto, C.-T. (2021). Caracteristicas de los ambientes de aprendizaje
enriquecidos con TIC para la comprension lectora en el ciclo de la educacion basica. Revista Saber,
Ciencia y Libertad, 16(1), 278-300. https://doi.org/10.18041/2382-3240/saber.2021v16n1.7533

Polat, S., & Dede, Y. (2022). Ortaokul matematik dersi 6gretim programlari cebir 6grenme alanindaki
kazanimlarin biligsel istem diizeylerindeki egilimler. Ondokuz Mayis Universitesi Egitim Fakiiltesi
Dergisi, 41(1), 223-274. https://doi.org/10.7822/omuefd. 1073649

Polat, S., & Dede, Y. (2023). Trends in cognitive demand levels of mathematical tasks in Turkish middle
school mathematics textbooks: Algebra learning domain. International Journal for Mathematics
Teaching and Learning, 24(1), 40-61. https://doi.org/10.4256/ijmtl.v24i1.476

Puraivan, E., Cofré-Morales, C., Rodriguez, M., Lasnibat-Godoy, T., Tapia, J., Hervas-Gomez, C., & Diaz-
Noguera, M. D. (2025). ChatGPT and semiotic representation theory: Innovating the measurement of
cognitive demand in mathematical tasks [Bildiri sunumu]. 21st International Conference on
Distributed Computing and Artificial Intelligence. https://doi.org/10.1007/978-3-031-82073-1_23

Qian, Y. (2025). Pedagogical applications of generative Al in higher education: A systematic review of the
field. TechTrends, 69(5), 1105—1120. https://doi.org/10.1007/s11528-025-01100-1

Rochmatillah, F. (2022). Do there any higher order thinking skills in the Cambridge primary mathematics
textbook? Indonesian Journal of Curriculum and Educational Technology Studies, 10(1), 57-66.

1265


https://doi.org/10.1016/j.lindif.2023.102274
https://doi.org/10.1007/s41297-024-00295-2
https://doi.org/10.1186/s41239-025-00503-7
https://doi.org/10.1016/j.dajour.2025.100571
https://arxiv.org/abs/2410.05229
https://doi.org/10.3390/electronics14112098
https://doi.org/10.1207/s15430421tip4002_6
https://doi.org/10.18041/2382-3240/saber.2021v16n1.7533
https://doi.org/10.7822/omuefd.1073649
https://doi.org/10.4256/ijmtl.v24i1.476
https://doi.org/10.1007/978-3-031-82073-1_23
https://doi.org/10.1007/s11528-025-01100-1

G. Unsal ve N. Sezen Yiiksel Ahi Evran Universitesi Kirsehir Egitim Fakiiltesi Dergisi 2026 Cilt 27, Say1 3

Schorcht, S., Buchholtz, N., & Baumanns, L. (2024). Prompt the problem — Investigating the mathematics
educational quality of Al-supported problem solving by comparing prompt techniques. Frontiers in
Education, 9, 1-15. https://doi.org/10.3389/feduc.2024.1386075

Sharma, S., Mittal, P., Kumar, M., Sharma, S., & Sharma, A. (2025). The role of large language models in
personalized learning: A systematic review of educational impact. Discover Sustainability, 6, 243.
https://doi.org/10.1007/s43621-025-01094-z

Silva, J. S., & Silva, F. A. F. (2023). Uma analise do conhecimento de esfera nos livros didaticos a luz da teoria
dos registros de representagdes semioticas de Duval. Revista Eletronica de Educag¢do Matemdtica, 18,
1-22. https://doi.org/10.5007/1981-1322.2023.91740

Smith, M. S., & Stein, M. K. (1998). Selecting and creating mathematical tasks: From research to practice.
Mathematics Teaching in the Middle School, 3(5), 344-350. https://doi.org/10.5951/MTMS.3.5.0344

Smith, M. S., & Stein, M. K. (2011). 5 practices for orchestrating productive mathematics discussions.
National Council of Teachers of Mathematics.

Stein, M. K., Smith, M. S., Henningsen, M. A., & Silver, E. A. (2000). Implementing standards-based
mathematics instruction: A casebook for professional development. Teachers College Press.

Sugiman, S., Retnowati, E., Ayres, P., & Murdanu, M. (2019). Learning goal-free problems: Collaboratively
or individually? Jurnal Cakrawala Pendidikan, 38(3), 590-600.
https://doi.org/10.21831/cp.v38i3.26914

Takir, A., Ozder, H., & Cankoy, _O. (2025}'. Matematik sorularmin biligsel tan1 modeli ile incelenmesi: Bir Q-
matriks  calismasi.  Inonii  Universitesi  Egitim  Fakiiltesi  Dergisi, 26(2), 759-796.
https://doi.org/10.17679/inuefd.1594482

Tornroos, J. (2005). Mathematics textbooks, opportunity to learn and student achievement. Studies in
Educational Evaluation, 31, 315-327. https://doi.org/10.1016/j.stueduc.2005.11.005

Trenor, J. M., Miller, M. K., & Gipson, K. G. (2011, 26-29 Haziran). Utilization of a think-aloud protocol to
cognitively validate a survey instrument identifying social capital resources of engineering
undergraduates [Bildiri sunumu]. 2011 ASEE Annual Conference & Exposition, Vancouver, BC,
Kanada. https://peer.asee.org/18492

Ubah, 1., & Bansilal, S. (2019). The use of semiotic representations in reasoning about similar triangles in
Euclidean geometry. Pythagoras, 40(1), 1-10. https://doi.org/10.4102/pythagoras.v40i1.480

Viseu, F., Pires, A. L., Menezes, L., & Costa, A. M. (2021). Semiotic representations in the learning of rational
numbers by 2nd grade Portuguese students. International Electronic Journal of Elementary Education,
13(5), 611-624. https://doi.org/10.26822/iejee.2021.216

Chen, E., Wang, D., Xu, L., Cao, C., Fang, X., & Lin, J. (2024). A systematic review on prompt engineering
in large language models for K-12 ~STEM  education [Preprint].  arXiv.
https://doi.org/10.48550/arXiv.2410.11123

Yin, R. K. (2003). Case study research: Design and methods (3rd ed.). Sage.

Zhang, X., Zhang, P., Shen, Y., Zhang, Y., Wang, M., & Li, X. (2024). A systematic literature review of
empirical research on applying generative artificial intelligence in education. Frontiers of Digital
Education, 1, 223-245. https://doi.org/10.1007/s44366-024-0028-5

1266


https://doi.org/10.3389/feduc.2024.1386075
https://doi.org/10.1007/s43621-025-01094-z
https://doi.org/10.5951/MTMS.3.5.0344
https://doi.org/10.21831/cp.v38i3.26914
https://doi.org/10.17679/inuefd.1594482
https://doi.org/10.1016/j.stueduc.2005.11.005
https://peer.asee.org/18492
https://doi.org/10.4102/pythagoras.v40i1.480
https://doi.org/10.26822/iejee.2021.216
https://doi.org/10.48550/arXiv.2410.11123
https://doi.org/10.1007/s44366-024-0028-5

Ahi Evran University Journal of Kirsehir Education Faculty Volume 27, Issue 3, 2026

ISSN: 2147 - 1037

U[I || Ahi Evran University Journal of Kirsehir Education Faculty
KEFAD

® CrossMark

Cognitive Demands and Semiotic Representations in Mathematical Tasks: Development of a
ChatGPT-Based TRSR Analysis Tool

Gizem UNSAL! Nazan SEZEN YUKSEL?

MANUSCRIPT INFORMATION ABSTRACT

This study examines the potential of the Al-powered “TRSR—Cognitive Demand Analyzer,”
DOI- 10.29299/kefad.1898498 developed to classify the cognitive demand of 7th-grade algebra tasks within Raymond
Duval’s Theory of Semiotic Representation Registers. Using a qualitative descriptive case
study design, tasks from the “Algebraic Expressions” unit of a 7th-grade mathematics
textbook were analyzed through expert evaluations, ChatGPT classifications, and a student
think-aloud protocol. The study compared the tool’s classifications with the cognitive
processes experienced by a 7th-grade student while solving the same tasks. Findings showed
that ChatGPT identified semiotic representation processes, including treatments and
conversions, with high consistency. However, in complex tasks involving multiple

Submission Date: ~ 26.02.2026 conversions, its justifications were less detailed and systematic. The student’s perception of
Revision Date: 04.06.2026 cognitive demand initially depended on task characteristics, such as visual or procedural
Acceptance Date:  28.09.2026 features, but changed throughout the problem-solving process. Overall, the findings suggest

that the TRSR—Cognitive Demand Analyzer has potential as a supporting tool for analyzing
cognitive demand and semiotic representation processes in mathematical tasks.

Keywords: Cognitive demand, algebra instruction, theory of semiotic representation
records, ChatGPT

Citation: Unsal, G., & Sezen Yiiksel, N. (2026). Cognitive demands and semiotic representations in mathematical tasks:
Development of a chatgpt-based trsr analysis tool, Ahi Evran University Journal of Kirsehir Education Faculty, 27(3), 1248-1285.
10.29299/kefad. 1898498

Introduction

Understanding the extent to which students use cognitive processes in mathematics education is a fundamental
requirement for effective instructional design (Sugiman et al., 2019). Cognitive processes include mental
activities such as receiving and processing data, storing information in memory, and retrieving it when needed
(Marpaung, 1987). One of the key factors determining the effectiveness of this process is the level of cognitive
demand of the mathematical tasks presented to students (Dalzell & DiNapoli, 2021). Cognitive demand refers
to the nature of the thinking strategies and mental processes students must employ to complete a task (Hatisaru,
2020). The cognitive demand level of tasks, particularly those involving geometry topics, is of critical
importance for students to develop higher-order thinking skills, transition between representations, and relate
mathematical structures to multiple representations (Takir et al., 2025). Tasks requiring high cognitive demand
(also referred to as “doing math”) are complex and require significant cognitive effort; they necessitate non-
algorithmic thinking and the exploration and understanding of mathematical concepts (Hatisaru, 2020; Smith
& Stein, 1998). Low-demand tasks (disconnected procedures) are algorithmic and require the application of
procedures (Smith & Stein, 1998). The level of cognitive demand in the mathematical tasks presented to
students is a key factor shaping the quality of teaching and learning. Textbooks emerge as one of the primary
resources for bringing these tasks into the classroom setting.

Textbooks are fundamental resources that concretely illustrate how teaching and learning processes are
structured and reflect the orientations of current education policies (Tornroos, 2005). For this reason, textbooks
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tend to foster a strong understanding of mathematical structures and the relationships underlying them during
instruction (Polat & Dede, 2023). The literature includes various studies aimed at determining the cognitive
demand level of tasks found in textbooks (Chen et al., 2023; Cohn et al., 2025; Khoy, 2025; Polat & Dede,
2023). These studies are of critical importance for better understanding students’ learning outcomes and
cognitive processes. In their study, Chen et al. (2023) examined methods for defining and measuring task
complexity using cognitive load theory. The study's findings demonstrated that task complexity is a significant
factor influencing human performance and behavior. Khoy (2025) conducted a comprehensive evaluation of
how cognitive learning objectives are addressed in textbooks and curricula using the revised Bloom’s
Taxonomy. The research findings indicate that textbooks and curricula focus largely on lower-level cognitive
skills; that textbooks contain significantly higher levels of lower-level cognitive demands compared to
curricula; and that this situation may limit the development of 21st-century skills—such as critical thinking,
problem-solving, and analysis—in students, potentially contributing to low performance on national and
international assessments. Polat and Dede (2023) examined trends in the cognitive demand levels of
mathematical tasks in the algebra domain found in Turkish middle school mathematics textbooks. These
studies demonstrate that textbooks are not merely a source of information but also a fundamental tool that
shapes students’ cognitive development; therefore, the cognitive demand of the tasks they contain must be
carefully analyzed.

This study aims to investigate whether an artificial intelligence tool, such as ChatGPT, when structured in
accordance with appropriate theoretical frameworks, can serve as a reliable auxiliary for assessing the
alignment between the intended cognitive demands of mathematical tasks and the cognitive demands students
actually experience.

Figure 1

Key elements of the study’s theoretical framework

Duval TRSR

Cognitive Prompt
Demand Engineering

The framework of this study consists of three main components, as shown in Figure 1: Raymond Duval’s
Theory of Semiotic Representation Records, the Cognitive Demand Levels of mathematical tasks (Smith &
Stein, 1998), and prompt engineering to optimize the potential of Al models in these analyses. This framework
comprehensively addresses how students make sense of mathematical concepts, the mental load of the tasks
they encounter, and how these processes can be more effectively examined using today’s technologies.

Theory of Registers of Semiotic Representation (TRSR)

The Theory of Registers of Semiotic Representation, developed by Raymond Duval, is based on the
assumption that mathematical objects are not directly accessible but are instead understood through various
semiotic representations (Duval, 2006a; Viseu et al., 2021). This theory examines difficulties in learning
mathematics, arguing that they stem from how students understand and use semiotic representations
(Demetriadis, 2007). In particular, Duval highlights potential mismatches between perceptual representations
and mathematical understanding, noting that situations such as students’ failure to support verbal expressions
with appropriate drawings can inhibit cognitive processes (Akdemir & Narli, 2022; Duval, 2006a). In this
context, the interaction between the processes of semiosis (representation production) and noesis (conceptual
understanding)—which form the foundation of mathematical activity—plays a central role in assessing
cognitive demands (Puraivan, Cofr, et al., 2025).
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Within the TRSR framework, mathematical understanding is considered to depend on the relationship between
semiosis, which refers to the production and use of semiotic representations, and noesis, which refers to the
mental apprehension of mathematical objects (Duval, 2006). Representation transformations are addressed
through two main processes: treatment, which involves transformations within the same semiotic register, and
conversion, which involves moving the same mathematical object across different representational registers.
Accordingly, the development of mathematical understanding requires not only the use of representations but
also the ability to move flexibly between different representations and coordinate them meaningfully (Duval,
2006; Silva & Silva, 2023; Ubah & Bansilal, 2019). Duval developed this theory to understand the difficulties
in learning mathematics, the diversity of cognitive processes, and the cognitive systems required to access
mathematical objects (Duval, 2017). These two types of transformation constitute two distinct sources of
mathematical difficulties and correspond to different cognitive processes (Duval, 2006). Therefore, the ability
of students to perform transformations between different semiotic representations is of great importance for
the development of mathematical thinking, and Duval’s theory of semiotic representation registers provides a
comprehensive theoretical framework that enables the examination of the cognitive processes involved in the
development of mathematical thinking (Huang et al., 2020).

Cognitive Demand in Mathematics

The cognitive demand levels of mathematical tasks are critical to overcoming learning difficulties in
mathematics, particularly educational barriers such as anxiety and disengagement (Horzum & Duran, 2024).
Cognitive demand is defined as the intellectual challenges that mathematical tasks present to students (Hsu,
2013). Stein and Smith first developed a classification of tasks based on cognitive demand levels; tasks were
categorized into two groups: low-level (memorization, disconnected operations) and high-level (connected
operations, mathematical thinking) (Stein & Smith, 1998).

Determining the cognitive demand level of a mathematical task helps clarify the cognitive effort students must
exert and the processes they will use to complete the task (Puraivan, Coft, et al., 2025). In this context, the
cognitive demand levels of tasks are key factors that directly influence students’ mathematical understanding
processes and determine learning outcomes (Dalzell & DiNapoli, 2021).

Low-Level Cognitive Demands

The category of low-level cognitive demands is divided into two basic types of activities: memorization and
disconnected processing (Hatisaru, 2020; Puraivan, Coft, et al., 2025; Smith & Stein, 1998). While these
activities are necessary for learning, they do not require high-level cognitive processing (Puraivan, Cofr, et al.,
2025). Rote learning involves storing previously learned rules, formulas, or definitions in memory and
reproducing them (Hatisaru, 2020; Puraivan, Coft, et al., 2025). There is no uncertainty in these types of tasks,
and they do not involve conceptual connections (Puraivan, Coft, et al., 2025). In contrast, non-associative
processing involves uncertainty, and the tasks are algorithmic, requiring procedures (Hatisaru, 2020).

High-Level Cognitive Demands

High-level cognitive demands involve tasks that require students to understand mathematical concepts deeply,
establish connections among different forms of representation, and engage in reasoning during problem solving
(Hatisaru, 2020; Polat & Dede, 2023; Puraivan, Cofr, et al., 2025; Smith & Stein, 1998). According to Stein
et al. (2000), these tasks encourage students to construct conceptual meaning, transform between multiple
representations, and establish connections between solution paths, rather than merely applying procedures. In
these tasks, defined as connected operations, students establish connections to the underlying mathematical
ideas while using a procedure; thus, the solution process is grounded in understanding and logical justification
rather than merely arriving at the correct answer (Hatisaru, 2020; Puraivan et al., 2025). The representations
used in such activities are typically diverse, and students are expected to switch between symbolic, graphical,
or verbal expressions; this aligns with the “treatment” and “conversion” processes discussed by Duval (2006)
within the TRSR framework.

Another type of task that requires a high level of cognitive effort is referred to as “doing mathematics” (Stein
et al., 2000). In these tasks, students are expected to discover new relationships, formulate hypotheses, and
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explore the solution process in situations where no clear algorithm exists (Smith & Margaret Stein, 2011;
Smith & Stein, 1998). Since “doing mathematics” tasks require students to reason, solve problems, and
generalize by drawing on their existing knowledge and experience, they significantly increase cognitive load
(Puraivan, Cofr, et al., 2025). In such tasks, students are expected not only to perform operations but also to
represent mathematical objects in different ways, establish relationships among these representations, and
generate meaning.

A mathematical object can be represented in various forms, such as algebraic symbols, tables, graphs, or
geometric shapes (Ferretti et al., 2024; Hatisaru, 2020). According to Duval, a student experiences a
mathematical object not directly, but through its representations (Ansaldo-Leyva et al., 2019; Duval, 2017). In
this context, Duval (2017) emphasizes that the key to mathematical understanding lies in the ability to switch
between different representations of the same concept. Therefore, it is important for activities to encourage
students to use multiple representations and to transform between them for conceptual learning (Pape &
Tchoshanov, 2001). Algebraic expressions represent a critical area of learning in which mathematical thinking
evolves from arithmetic to algebra, and they are of great importance for conceptual learning. In the 7th-grade
curriculum, algebraic expressions play a fundamental role in introducing the concept of variables, constructing
algebraic representations, and laying the foundations for algebraic operations (MEB, 2023).

Algebraic thinking deepens as mathematical relationships are abstracted and expressed through symbolic
representations, serving as a bridge to understanding complex mathematical structures (Castro et al., 2022).
The nature of the activities included in the “Algebraic Expressions” unit is considered important for the
development of students’ algebraic thinking skills and their future learning in mathematics. Accordingly, this
study examined the activities in the “Algebraic Expressions” unit of a 7th-grade middle school mathematics
textbook; the tasks within these activities were identified, and four representative tasks were analyzed. These
four activities were classified according to their cognitive demand levels and using Duval’s Theory of Semiotic
Representation Records.

Prompt Engineering

Prompt engineering is the process of designing prompts (input structures) that influence the quality of model
outputs, such as those from ChatGPT (Schorcht et al., 2024). Prompt engineering is an integral part of this
theoretical framework for maximizing the potential of Al tools, such as Large Language Models, in
mathematics education research. Thanks to their natural language processing capabilities, LLMs have
demonstrated the potential to provide valuable insights in educational research across areas such as text
analysis, content classification, and the modeling of cognitive processes (Lee & Palmer, 2025; Nugumanova
et al., 2025; Wang et al., 2024). Thanks to these capabilities, LLMs can design optimized prompt sets that
enable them to accurately analyze specific educational tasks—such as mathematical tasks based on complex
theoretical frameworks like TRSR and cognitive demand levels (Wang et al., 2024). Examining prompt
techniques that influence the quality of mathematics education through Al-assisted problem-solving
contributes to a better understanding of AI’s functionality in education (Schorcht et al., 2024).

Research on mathematics education indicates that artificial intelligence models have limitations in fully
grasping mathematical reasoning and providing pedagogically sound solutions (Mirzadeh et al., 2024).
Artificial intelligence may fall short in understanding complex mathematical structures, explaining reasoning
processes, or effectively defining fundamental mathematical concepts. For this reason, when conducting task
analysis using complex theoretical frameworks such as Duval’s Theory of Representational Scripts (TRSR)
and cognitive demand levels, the outputs generated by artificial intelligence have also been evaluated by human
experts.Accurately determining the cognitive level required by mathematical tasks is fundamental to
improving learning outcomes and ensuring that students learn under optimal cognitive load (Oktaviyanthi et
al., 2024; Polat & Dede, 2023). A review of recent studies in the field of mathematics education reveals that
research has focused on analyzing the cognitive demand levels of learning outcomes included in curricula;
however, these analyses have largely been limited to classifying learning outcomes and describing their
distribution (Polat & Dede, 2023). Indeed, both in the national and international literature, it has been
demonstrated that the learning outcomes and mathematical tasks included in curricula and textbooks
predominantly require low levels of cognitive demand; they do not sufficiently guide students toward higher-
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order thinking, justification, and connection-making processes (Pérez-Benitez & Ricardo-Barreto, 2021; Polat
& Dede, 2022; Rochmatillah, 2022).

Studies conducted specifically in Tiirkiye have also noted that learning outcomes in the mathematics
curriculum are fewer at the higher levels of the cognitive process (Polat & Dede, 2023). Furthermore, the
insufficient inclusion of tasks at the “doing math” level in Turkish middle school mathematics textbooks is
considered a critical shortcoming for students’ performance on international exams (Polat & Dede, 2023). This
situation highlights the need for tools that enable teachers to quickly and reliably analyze the actual cognitive
demands of textbook activities and determine whether they involve “treatment” or “conversion” within the
framework of Duval’s Theory of Semiotic Representation Records.

This study aims to address this need by offering an Al-supported solution for analyzing the cognitive demand
levels of mathematical activities and the processing-transformation processes within the TRSR framework.
The classification accuracy and speed of Al tools such as ChatGPT hold significant potential for Al-supported
instructional design. Recent research shows that Al tools contribute to personalized learning for students and
accelerate instructional processes (Matos et al., 2025; Qian, 2025). The “TRSR—Cognitive Demand Analyzer
(TRSR-CDA),” developed as part of this study, enables teachers to determine the cognitive difficulty of
mathematical tasks quickly and can be integrated into the process of developing personalized learning
materials. TRSR-CDA aims to help teachers design learning activities that are responsive to student needs by
identifying which representation processes students find easier or more challenging.

Accordingly, the purpose of this study is to examine the extent to which ChatGPT can accurately classify the
cognitive demand level of 7th-grade algebra tasks and the TRSR representational processes (operation—
transformation) when provided with prompts and examples. The research focuses on the “Algebraic
Expressions” unit from a 7th-grade middle school mathematics textbook used in Tiirkiye. Furthermore, by
comparing ChatGPT’s classifications with the cognitive processes demonstrated by a real student while
solving the same tasks, the study evaluated the extent to which the Al analysis aligns with the student’s actual
cognitive experiences. In addition to examining ChatGPT’s potential as a pedagogical analysis tool, this study
provides important insights into the alignment between the cognitive demands predicted by artificial
intelligence and those that students actually experience. Another objective of this research is to examine
whether an Al tool such as ChatGPT, when guided by appropriate theoretical frameworks, can serve as a
reliable auxiliary in the analysis of educational tasks. This study seeks to answer the following questions:

1) How does ChatGPT, trained according to the classification framework based on Duval’s Theory of Semiotic
Representation Records and cognitive demand levels, classify the cognitive demand levels and semiotic
representation processes of the activities in the 7th-grade “Algebraic Expressions” unit?

2) To what extent do the cognitive demands identified by ChatGPT align with the cognitive demands
demonstrated by a 7th-grade student’s thought processes while solving the same tasks?

Method

Research Design

This study was designed as an explanatory case study. An explanatory case study is a qualitative research
design that examines how and why a specific phenomenon arises (Baxter & Jack, 2008). The study focuses on
how an artificial intelligence tool interprets specific mathematical tasks, which representational processes it
recognizes, and how it justifies cognitive demands. These processes are not fixed variables that can be directly
assessed using quantitative measures; rather, they are context-sensitive, interpretive, and multi-layered
cognitive processes. The explanatory case study design aligns with the objectives of this study because it
enables an in-depth examination of such processes.

Study Group

The same three activities, as classified by the TRSR-CDA tool, were administered to a 7th-grade student. The
student was asked to verbalize their thoughts while completing the tasks (think-aloud protocol); the process
was recorded, and a written transcript was later prepared. The primary rationale for working with a single
student in this study is the depth and richness of the data. This study does not aim to make generalizations;
rather, it seeks to explore, through the data, the extent to which the student’s actual cognitive processes are
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reflected. The student has achieved at least a “good” level of proficiency in 7th-grade mathematics. This
selection was based on the student’s possession of prior knowledge necessary to solve tasks involving algebraic
expressions, their ability to reason and explain during the solution process, and the opportunity it provided to
examine cognitive demand levels more clearly. The success of the “think-aloud” protocol depends on the
participant’s ability to externalize their mental processes (Trenor et al., 2011). For this reason, a student who
could express themselves well and articulate their thoughts fluently was selected, since participants with strong
verbal skills are better able to clearly articulate the difficulties they encounter in cognitive processes and the
ways they solve them.

Data Collection Process

The study was planned in five phases. In the first phase, four activities were selected from the “Algebraic
Expressions” unit of a 7th-grade mathematics textbook; these activities incorporated various features such as
visual modeling, symbolic manipulation, and pattern formation. In the second stage, each selected activity was
coded by the researchers according to Duval’s TRSR framework (whether it involved manipulation or
transformation) and cognitive demand level (memorization, disconnected operations, connected procedures,
and doing math). This classification served as a reference framework for ChatGPT.In the third step, ChatGPT
(GPT-5.2) was trained using the “Generate GPT” option via guiding prompts that included descriptions and
example classifications defining the TRSR categories and cognitive demand levels. The prompt is provided
below. In addition to the prompts, ChatGPT was provided with Duval’s (2006, 2017) and studies in the
literature on cognitive demand levels (Ferretti et al., 2024; Hatisaru, 2020; Puraivan et al., 2025).

For each question, present the output in accordance with the following table structure: Question / Activity,
Cognitive Demand Level, TRSR Classification (Treatment / Conversion), Justification (Academic
Explanation). The explanations should be clear, consistent, written in an academic style, and appropriate to the
terminology of mathematics education. The newly developed GPT was named “TRSR—Cognitive Demand
Analyzer (TRSR-CDA).” The tool has been made available under the Creative Commons Attribution-
NonCommercial 4.0 International (CC BY-NC 4.0) License (TRSR—Cognitive Demand Analyzer (TRSR-
CDA) © 2026 by Gizem Unsal is licensed under Creative Commons Attribution-NonCommercial 4.0
International). In accordance with this license, the tool may be used and shared provided that appropriate
attribution is given to its developer/author and it is not used for commercial purposes (Link:
https://chatgpt.com/g/g-69612c6815048191bbe437ed86ef27d6-trsr-cognitive-demand-analyzer-trsr-cda).
TRSR-CDA aims to systematically and comparatively evaluate mathematical tasks by identifying their
cognitive demand levels and determining whether they involve treatment or conversion processes within
Duval’s TRSR framework.

In this study, for the classification matrix uploaded to the GPT as an example, all activities from the “Algebraic
Expressions” unit in the Middle School Mathematics Textbook were first extracted, and four of these activities
were selected for analysis. Two mathematics education experts jointly evaluated and classified these four
activities by cognitive demand, taking the TRSR framework into account. A matrix table prepared according
to the TRSR framework and cognitive demand levels for the “Algebraic Expressions” topic was obtained. This
matrix is presented in Table 1.

Table 1

Activities and Their Descriptions, as Defined by the Theory of Semiotic Representation Records (TRSR), for
Classifying Activities in the Context of Algebraic Expressions According to Cognitive Demands

Cognitive Demand/Duval TRSR Sample Activity

Asagida verilen toplama ve cikarma ilemlerini yapimz.

A (204 5) + (X4 2) = e
b. (4y-10) - (2x+5) =
By +7) - (X-2) = v

¢ (3k-5m) + (3k - 7m) = e
d (5a-3)+(b+6)=....
e. (2b-8)-(5b-4) = e

Low-Level Cognitive Demands:
Memorization/ Processing <

In this activity, students are expected to directly apply the algebraic rules for
addition and subtraction they have previously learned. Without engaging in
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any representational transformation or meaning-making process, students
perform operations solely on algebraic symbols. Therefore, from a TRSR
perspective, the task corresponds to the “operational process within the same
representation” and remains at the level of rote memorization.

Low-Level Cognitive Demands:

Disconnected Tasks

BIRLIKTE YAPALIM - 6

(8x - 9) - 3(-3x + 4) cebirsel ifadesinin en sade halini yazalim.

COZUM: Carpma isleminin gikarma iglemi Gizerine dagilma ézelliginden yararlanalim.

SN
(8x-9) - 3(-3x +4) = (8x-9) - (-9x + 12 ) crkarma igleminin toplamaya gore tersini alarak islemi yapalim.
—(8x-9) + (9x - 12)
=8x+9x-9-12

= 17x - 21 olarak yazilir.

In this activity, the student applies the distributive property and the rules for
signs (learned previously) by following specific procedural steps. The
simplification of the algebraic expression takes place solely in symbolic
representation; no connection is made to any visual, verbal, or graphical
representation. Therefore, the activity exhibits a procedural yet disconnected
structure and is classified as a “process-based” activity under the TRSR.

High Cognitive Demand

Related Procedures/Conversion

BIRLIKTE YAPALIM - 1

(5x+3) ve (2x+ 5 ) cebirsel ifadelerini toplayalim.

GOZUM 1: Toplama islemini modellemeyle yapalm.
m— —0
x x olarak kabul edelim.
E —_—0

H—

W 7F WOTE N

(5x+3) + (-2x+5) = 5x+3+(2x)+5 3x+8)

In this activity, students are expected to represent algebraic expressions
through visual modeling rather than simply performing operations at the
symbolic level. Students make sense of algebraic expressions by converting
them from verbal and symbolic representations to visual models; they then
perform addition using these representations. From a TRSR perspective, this
corresponds to the process of conversion between representations and places
high demands on the level of cognitively connected procedures.

High Cognitive Demand

Doing Math/Conversion

BIRLIKTE YAPALIM - 1

1L.Adm 2.Adim 3.Adim

Yukarida adimlan arasindaki ¢ubuk saysi esit olan bir ériintii verilmistir. Bu driintiniin kuralini cebirsel
olarak ifade edelim.

COZUM: Verilen driintilye gore
1. adim 4 gubuktan, 2. adim 5 qubuktan, 3. adim 6 cubuktan olusmaktadur.
Adim sayilan ile ubuk sayilan arasindaki iliskiyi gésteren bir tablo olusturalim

Tablo: Adium Sapass ve Cubuk Sayist Avasinclaks liski
Adien | Adim Seyiena Kargil | Sl Sapatyla
Sayiss | Gelen Cubuk Sapist Adim Says:
y y Arasindaki lliski
1 4 1+3
2 5 2+3
3 6 3+3
n . n+3
Bu durumda adim sayis: n olmak iizere orintanan kural (n + 3Ytir yani her adimdaki qubuk sayisi

adim saytsinn 3 fazlasidur.

In this activity, the student examines the given visual pattern to discover the
relationship between the number of steps and the number of bars, organizes
this relationship using a table, and ultimately makes an algebraic
generalization. Since the same mathematical object (pattern) is expressed
through visual, numerical, and algebraic representations, this activity
corresponds to the transformation process and the level of cognitive
mathematics according to TRSR.

The classification process presented in this table was carried out through a collaborative decision made by two
mathematics education experts, using a combination of Raymond Duval’s Theory of Semiotic
Representational Records (TRSR) and theoretical frameworks regarding the cognitive demand levels of
mathematical tasks. First, each activity was examined in terms of the cognitive actions expected of the student;
it was determined whether algebraic transformations dominated the solution to the activity within the same
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representation (operation) or by transitions between different representational records (transformation).
Solving an algebraic expression solely through symbolic means is classified as a “process” under the TRSR
framework. In contrast, situations that require transitions among algebraic, visual, verbal, or numerical
representations are classified as “transformation” processes.

In determining the levels of cognitive demand, the types of thinking required of students by the tasks were
taken as the basis. Low-level cognitive demands were treated as rote memorization and disconnected
operations involving the direct application of previously learned rules and procedures. In contrast, high-level
cognitive demands were evaluated under the categories of connected procedures and mathematical thinking,
which require students to make sense of concepts, transform representations, provide mathematical
justification, reason, and generalize. Accordingly, each activity was placed in the table by considering both the
TRSR process and the cognitive demand dimension, thereby comprehensively illustrating not only the types
of operations the activities involved but also the thinking processes they fostered in students. The matrix
prepared in Table 1 was used to train ChatGPT to analyze new tasks.Following ChatGPT’s training process,
three new activity images on algebraic expressions were provided to the TRSR-Cognitive Demand Analyzer
(TRSR-CDA) tool, and the tool was asked to classify them according to the TRSR process and cognitive
demand level. The model’s reasoned explanations and final classifications were recorded for analysis.

Data Collection Tools

The data for the study were collected via ChatGPT classification documents generated by the TRSR-CDA tool
for the three activities, expert evaluations, and a think-aloud protocol conducted with a Year 7 pupil. The
pupil’s problem-solving process was audio-recorded and subsequently transcribed. The ChatGPT
classification for each activity was treated as a separate document.

Data Analysis

Data analysis was conducted in two stages: (1) Analysis of ChatGPT classifications: Each classification result
generated by ChatGPT was treated as a separate document and examined using descriptive analysis methods.
The classifications made by ChatGPT for each activity were coded according to the TRSR
(operation/transformation) and cognitive demand level (memorization—mathematical problem-solving)
categories. (2) Analysis of student data: The student’s problem-solving processes were recorded using a think-
aloud protocol and transcribed into text. These written data were examined through content analysis; the
mathematical operations, transformation steps, and explanations used by the student during problem-solving
were coded according to TRSR records (e.g., transitions from visual-schematic representation to symbolic
representation) and cognitive demand dimensions. Thus, the student’s thought processes at each step were
qualitatively classified. In the final stage, the classifications predicted by ChatGPT were compared with the
cognitive processes the student actually demonstrated to identify points of overlap and divergence.

Throughout the study, two mathematics education experts conducted independent evaluations to ensure the
reliability of the classifications. The experts scored separately the TRSR (operational/transformational)
category and cognitive demand level classifications suggested by ChatGPT for each activity, and reached a
consensus by discussing any discrepancies that arose. Similarly, the students’ think-aloud data were also coded
according to predefined TRSR and cognitive demand categories, and independent consensus was reached
between the two researchers. During the coding process, independent ‘descriptive’ codes were initially
assigned to the data, and any discrepancies were resolved through discussion during a meeting. The
classifications made by ChatGPT (TRSR-CDA) for each activity were independently assessed by two
mathematics education specialists across three dimensions. The first dimension (D1, use of TRSR) examined
whether Duval’s Theory of Semiotic Representation Records (process/transformation) was explicitly used in
the task analysis; the second dimension (D2, consistency of justifications) assessed whether the justifications
provided by ChatGPT for its classifications were clear, logical and consistent with the theoretical framework;
the third dimension (D3, cognitive demand assignment) indicates whether ChatGPT correctly assigned the
cognitive demand level of the activity (memorisation, disconnected operations, connected procedures,
mathematical reasoning).

Two mathematics education experts independently assessed ChatGPT’s classifications for each activity and
awarded scores ranging from 1 to 3 for each dimension. Following the assessments, the experts met to discuss
any differences of opinion, and a consensus coding approach was adopted. The average scores were used as a
general indicator of ChatGPT’s performance in the relevant dimension. The student’s responses to the three
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activities were coded from three perspectives for each activity: the TRSR process (operation or transformation)
carried out by the student, the level of cognitive demand reflected in the response, and the student behaviour
exemplifying this process. This coding enabled a comparison between the classifications assigned to the
activities by ChatGPT and the processes actually demonstrated by the student whilst solving the activities.

Ethics Statement

Ethical approval for this study was obtained from the Tokat Gaziosmanpasa University Ethics Committee for
Educational Sciences Research, dated 26 March 2026, under Decision No. 01-47. In addition, parental consent
and student assent were obtained prior to data collection. The study was conducted in accordance with the
principles of voluntary participation, confidentiality, and the anonymized storage of audio recordings.

Findings
Images of three selected activities—distinct from the four previously defined activities—were

uploaded to the “TRSR-Cognitive Demand Analyzer” tool, which was trained on ChatGPT.
Examples of the results obtained from these activities are presented below.

Activity 1

The fol{]owing activity, selected from the Ministry of National Education (MEB) textbook on the
topic of ‘Algebraic Expressions’, has been uploaded to the “TRSR-Cognitive Demand Analyser’
tool. Activity 1 is shown in Figure 2.

Figure 2

Maths question used in Activity 1

6. Kusa kenar uzunluu (x-1) cm, uzun kenar uzunlugu (2x+3) cm olan 20 tane dikdérigen seklindeki
ey kartonlar aralarinda bogluk kalmayacak ve st iste gelmeyecek sekilde ug uca getirilerek
asagadaki gibi yerlestiriliyor.

IR

| : |

Olusan geklin uzunlugu santimetre cinsinden asagidakilerden hangisine esittir?
A) 30x-20 B) 30x+20 ©) 60x-40 D) 60x+40

Figure 2 shows a question classified under Activity 1. The question asks the student to find the total length of
a shape formed by placing 20 congruent rectangular pieces of cardboard end-to-end, where the side lengths
are given as algebraic expressions. ChatGPT’s response is shown in Table 2 below.

Table 2

Classification Table Generated by ChatGPT for Activity 1

. .. Cognitive TRSR Classification . . .
Question / Activity Demand Level (Treatment / Conversion) Rationale (Academic Explanation)
Finding the total High cognitive Conversion: The task requires more than merely
length formed by demand — figural/geometric — manipulating the given algebraic
placing 20 congruent  Procedures with ~ symbolic/algebraic expressions. The student must analyze the
rectangular pieces of  connections (followed by symbolic figural arrangement, determine which sides
cardboard, with short treatment through contribute to the total length, and translate
side (x — 1) and long simplification) this counting-matching structure into an
side (2x + 3), end to algebraic expression. Because the
end in alternating rectangles are arranged alternately, 10 of
vertical-horizontal the 20 rectangles are vertical (contributing
orientations as shown x — 1 to the length) and 10 are horizontal
in the figure (contributing 2x + 3). Therefore, the total

length is 10(x — 1) + 10(2x + 3) = 30x +
20. According to Duval, this requires a
change of register (figural arrangement —
algebraic expression), which goes beyond
routine treatment within a single register;
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the subsequent simplification is treatment
within the symbolic register.

Upon examining the classification produced by ChatGPT, it is evident that Activity 1 was analyzed in a manner
largely consistent with the theoretical framework, both in terms of cognitive demand and the TRSR process.
By classifying the activity as “high cognitive demand — connected procedures,” ChatGPT correctly emphasized
that students are expected not only to apply algebraic operations mechanically but also to analyze the visual
arrangement, distinguish between the short and long sides of the rectangles, and make sense of this visual
information by converting it into an algebraic expression. In this regard, the classification aligns with the
criteria of “representation, interpretation, and mathematical justification” defined by Stein et al. (2000) for the
“procedural” level.

From the TRSR perspective, it is noteworthy that ChatGPT evaluates the activity by focusing on the
“conversion” process. The student’s determination of the length contributions of rectangles based on their
geometric (visual) arrangement and the representation of these contributions using algebraic expressions
constitutes a cognitive process requiring a transition between representations, as emphasized by Duval (2017).

Activity 2

The second activity selected in relation to the ‘Algebraic Expressions’ topic in the Ministry of National
Education (MEB) textbook has been uploaded to the ‘TRSR-Cognitive Demand Analyzer’ tool. Activity 2 is
shown in Figure 4.

Figure 4

Maths question used in Activity 2

4. Asagidaki cebirsel ifadelerle verilen islemleri yapiniz.

a. 2-(2x-7) =

b. 7x+3-(2x+7)-11=

c 2x-4-(-2x+7)+28=

G 4-(x*+5)-7x =

d. 7 -7(x* +5x-7) + 11=

Figure 4 shows the question classified under Activity 2. The question consists of five sub-items requiring the
operations of factoring, applying the distributive property and combining similar terms. ChatGPT’s response
is shown in Table 3 below.

Table 3
Classification table generated by ChatGPT for Activity 2
Question / Cognitive TRSR Classification
.. (Treatment / Rationale (Academic Explanation)
Activity Demand Level .
Conversion)
4a.2 - (2x—7) Low level — Treatment: symbolic The task requires transforming the algebraic
Procedures — symbolic expression within the same representational register
without by applying a single routine distributive rule
connections (expanding parentheses). There is no transition
between representations; the expected cognitive
process is algorithmic simplification rather than
meaning making or interpretation.
4b. 7x +3 - Low level — Treatment: symbolic Although the task involves multiple steps, the
2x+7)—-11 Procedures — symbolic sequence of operations is explicit: expand the
without parentheses — combine/subtract like terms.
connections Uncertainty and strategy selection are limited; the
task focuses on applying the correct procedure.
4c.2x — 4 - Low level — Treatment: symbolic The task requires multiplication by a negative
(—2x+7)+ 28 Procedures — symbolic quantity, expansion of parentheses, and then
without simplification. It does not involve a representational
connections conversion; rather, it consists of operational

rewriting within the same symbolic register.
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4¢.4-(x>+5) Low level - Treatment: symbolic Although the expression includes powers, the
- 7x? Procedures — symbolic cognitive demand remains rule-based: applying the
without distributive property and combining like terms.
connections There is no requirement for conceptual justification
or for establishing connections among
representations.
4d. 7x* —7(x>  Low level — Treatment: symbolic The task requires distributing the coefficient outside
+5x—7)+11  Procedures — symbolic the parentheses, managing signs, and simplifying.
without The process measures procedural accuracy rather
connections than requiring the student to explain why the

procedure works.

Upon examining the classification results, it is evident that all relevant activities fall into the low-level
cognitive-demand category. ChatGPT correctly classified these tasks as part of the “treatment” process within
Duval’s (2017) TRSR framework, noting that operations such as distribution, parenthesizing, applying
notation rules, and grouping similar terms occurred within the same representation record (symbolic—
symbolic). This finding indicates that although the activities appear to involve multiple steps on the surface,
they do not generate cognitive depth; rather, they constitute “routine procedural tasks” as defined by Stein et
al. (2000). On the other hand, the “fine-tuning note for the teacher” provided by ChatGPT offers a
pedagogically noteworthy contribution to the findings. The Al clearly stated that such tasks, by their very
nature, have low cognitive demand; however, it demonstrated that cognitive demand could be increased
through minor interventions in the activity's structure.

Activity 3

The third activity selected from the Ministry of National Education (MEB) textbook relating to the topic
‘Algebraic Expressions’ has been uploaded to the ‘“TRSR-Cognitive Demand Analyser’ tool. Activity 3 is
shown in Figure 6.

Figure 6
Maths question used in Activity 3

Yukaridaki esit kollu terazi dengededir.
Her seklin tzerindeki say1 o seklin kag
kg oldugunu gostermektedir. Buna gore
tzerinde x isareti bulunan seklin kiitlesi kag
kilogramdir?

A)6 B)7 8 D)9

Figure 6 shows a question classified under Activity 3. The question asks the student to determine the unknown
mass using a model of a balanced, equal-armed set of scales. ChatGPT’s response is shown in Table 4 below.

Table 4
Classification Table Generated by ChatGPT for Activity 3
. . Cognitive TRSR Classification . . .
Question / Activity Demand Level (Treatment / Conversion) Rationale (Academic Explanation)
Balance on an equal-  High level — Conversion: figural The balance-scale image is a semiotic
arm scale: 2,2, and x ~ Procedures with  (balance-scale model) —  register that connects the idea of “balance”
on the left; 3,3,and 3 connections symbolic (equation of to the concept of equality. The student
on the right (the equality) (followed by must first translate the visual arrangement
triangles are labeled symbolic treatment: into a mathematical structure: the total
3) solving) mass on the left pan is equal to the total

mass on the right pan. From Duval’s
perspective, this step constitutes a register
conversion (figural model — algebraic
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equality). The subsequent operations
performed on the resulting equation
(addition/subtraction to isolate x) are
treatments within the same symbolic
register. Because the task requires
interpreting quantities in a model and
constructing an equality rather than
performing a single routine operation, it is
classified as procedures with connections
rather than low-level procedures without
connections.

The student must convert a visual balance setup into an algebraic equation, compare the quantities on both
sides of the equation, and solve the problem by making sense of this process. Upon examining ChatGPT’s
classification of this activity, it is evident that its analysis is theoretically sound and consistent in terms of both
the cognitive demand level and the TRSR. ChatGPT positioned the task at the intermediate level of cognitive
demand—specifically at the connected conceptual/procedural level—emphasizing that the student is expected
not merely to count or perform direct calculations, but to conceptualize the balance as an equivalence
relationship. In this regard, the activity aligns with the task definition outlined by Stein et al. (2000) for the
level of linked procedures, which requires the association of symbolic operations with conceptual meaning.

From a TRSR perspective, ChatGPT has primarily situated the activity within the conversion process. The
student’s transformation of a figurative representation (scales and pyramids) into a symbolic/algebraic
representation (an equation) is one of the fundamental cognitive thresholds highlighted by Duval (2017). The
fact that ChatGPT not only classifies the activity but also presents its pedagogical risk points to the teacher
demonstrates that it can make these aspects visible from a TRSR-based perspective. Overall, this analysis
reveals that ChatGPT can accurately assess the cognitive demand in algebraic tasks requiring visual-symbolic
transformation and provide pedagogically meaningful insights.The expert evaluation table for the ChatGPT
“TRSR-Cognitive Demand Analyzer” tool, trained on all these activities, is provided below.

Table 5
Expert Evaluation Table

Activity Dimension Expert 1 Expert 2 Average

1 D1 (Use of TRSR) 3 3 3
D2 (Consistency of justifications) 2 3 2.5
D3 (Cognitive claim assignment) 3 3 3

2 D1 (Use of TRSR) 3 3 3
D2 (Consistency of justifications) 3 3 3
D3 (Cognitive claim assignment) 3 3 3

3 D1 (Use of TRSR) 3 3 3
D2 (Consistency of justifications) 2 2 2
D3 (Cognitive claim assignment) 2 3 2.5

(1=not at all appropriate, 2=somewhat appropriate, 3=completely appropriate)

An examination of the expert evaluations in Table 5 reveals that ChatGPT consistently and accurately
implemented the use of TRSR (D1) across all activities using the “TRSR-Cognitive Demand Analyzer” tool;
the average score for all three activities was 3.00, indicating that the semiotic representation records
(process/transformation) were correctly identified. Activity 2 also demonstrated full alignment (3.00) across
the dimensions of consistency of justifications (D2) and cognitive demand assignment (D3), indicating that
ChatGPT can produce highly consistent classifications in routine, symbol-processing-heavy tasks. In contrast,
the fact that the averages for the D2 and D3 dimensions in Activities 1 and 3 remained at 2.50 and within the
2.00-2.50 range, respectively, suggests that ChatGPT may partially fail to provide adequate justification in
tasks involving transformation and requiring contextual reasoning. Overall, the expert scores indicate that
ChatGPT can classify the level of cognitive demand and TRSR processes with high accuracy; however, the
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clarity and level of detail in the justifications—particularly in transformation-heavy activities—Ileave room for
improvement.

Student Activity

In the activity conducted with the student, it was determined that Activities 1 and 3 had a high level of cognitive
demand, while the TRSR process involved transformation (the transition from figurative/visual representation
to algebraic representation). The student initially assessed these two activities as more difficult because they
required a transformation from visual representations to algebraic expressions and therefore chose to begin the
study with the questions in Activity 2, which involved direct algebraic operations. However, the student noted
in their own statements that as they progressed through sub-items a, b, ¢, and d—which included algebraic
operations—the questions became progressively more difficult; they specifically mentioned that the cognitive
load increased in multi-step operations. Once all activities were completed, however, the student stated that,
contrary to their initial prediction, the visually based questions and those requiring transformations were not
as cognitively demanding as they had expected.

These findings indicate that the student’s perception of cognitive demand was initially based on the
characteristics of the tasks (whether they were visual or procedural), but that this perception was restructured
as the solution process progressed. As shown in Table 5, the student initially developed a judgment of difficulty
in transformation-based activities; in contrast, the student exhibited a more comfortable approach in algebraic
addition and subtraction tasks, which correspond to the “treatment” phase in the TRSR framework. However,
it is understood that transformation-based activities classified as having a high level of cognitive demand were
not as challenging as the student anticipated; the cognitive load of such tasks decreased once the student was
able to quickly establish the relationship between the visual structure and the algebraic expression. This finding
demonstrates that the student’s cognitive experience in solving tasks depends not only on the level of cognitive
demand but also on the student’s prior knowledge and ability to establish representational transformations.
The cognitive demand and TRSR process identified by ChatGPT generally align with the student’s problem-
solving process. For example, a similar alignment is observed in the algebraic operations task (Activity 2).
ChatGPT classified these questions as “procedural” and “low-level procedural”; the student also followed the
routine steps for distribution and addition. For example, using the distributive property, the student opened the
parentheses, saying, “I will multiply 2 by 2, 4x,” and then added similar terms. These simple, routine
procedural steps align with the low cognitive demand category. Although the student occasionally experienced
minor confusion, such as combining terms or making sign errors, they followed basic arithmetic and algebraic
rules in the solution.

Similarly, while solving the balance scale activity, the student, after evaluating the visual scale, converted the
weights on the left and right sides into numerical sums and calculated by saying, “I will subtract 4 from 12 to
find x” (applying addition and subtraction). This is consistent with ChatGPT’s level definition of the
transformation process and related procedures. Both analyses emphasize that the student applied the principle
of balance (transforming it into a mathematical equality).

Table 6

Student Application Evaluation

Activity TRSR Process Cognitive Demand Level Example of Student Behavior
Activity 1 Conversion Procedures Involving Student: “It’s asking for the weight of both in
High Cognitive Demands  kilograms... I’ll subtract 4 from 12 to find x.”
(The student solved for x by adding the weights
on the scale and setting up an equation)
Activity 2 Operation Low-Level Cognitive Student: “I’ll multiply 2 by 2. 4x. Then I’ll
Demands: Memorization multiply 2 by 7.” (The student has followed
routine steps such as opening parentheses and
adding terms.)
Activity 3 Conversion Procedures Involving Student: “T added the two together... there were
High Cognitive Demands  20. I won’t multiply by 20.” (The student added
the short and long sides of each cardboard piece
and multiplied the expression with the “x” term
by 20.)
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The student initially chose to start with Activity 2 and attributed his view that this task was “the easiest” to the
fact that he could see the purely operational elements directly in the question. Since he perceived questions
involving visual representations as “difficult,” he wanted to start with Activity 2, which he viewed as purely
operational/symbolic.

T: Which question will you start with?

S: This one looked the easiest.

T: It looked the easiest—okay, but why?

S: It looked the easiest because it involved multiplication, addition, and subtraction.

T: Okay, let us get started.

S: So it is an easy question, but it looks easy because I can predict what the question is asking. Most likely,
these two are 4. I will add them together. If these two are equal, I will figure out their sum.

This choice demonstrates that the student assessed the task’s difficulty based on its characteristics (perceiving
“operations/multiplication” in the task). Indeed, the student explicitly justified their choice by saying, “Visual
questions look hard.” When starting Activity 2, however, they used the phrase “because it involves
multiplication...” as the reason they perceived it as “the easiest”; they structured their solution around
distribution and the order of operations.

Student: I will start with this one.

A: Why did you want to start with this one?

S: Because it involves multiplication and addition.

T: Okay.

S: This one looked the easiest.

T: Okay, let us get started.

However, as the solution progressed in Activity 2, it was observed that the student experienced a brief period
of cognitive load due to the need to distinguish between terms and symbols and the multi-step nature of the
procedural flow. The student’s statement, “7x*-7... How am I supposed to distinguish that?” demonstrates that
the need for differentiation and interpretation can arise even while performing operations in the symbolic
register. It is also noteworthy that the student dynamically reassessed the task's difficulty, saying, “Yes, it is
getting a little harder,” and recognized that the difficulty increased gradually across the sub-items (a—b—c...).

T: Did you want to start with this one? Why?

S: The visual questions looked difficult.

T: They look difficult? Okay. Which one are you going to move on to now?

S: This one. Activity 1.

Although the student initially found the visually presented tasks difficult, they progressed through Activity 1
more quickly than expected. While solving Activity 1, the student’s reasoning involved reading the
arrangement of the shapes, identifying the length components, and translating this into an algebraic expression.
This statement shows that the student transformed the visual/figurative arrangement into a symbolic addition-
multiplication structure (transformation in TRSR) and then performed operational simplification within the
same symbolic representation (operation in TRSR).

S: It is asking for the length.

T: Okay, what are you going to do with them side by side?

S: What about these lengths when placed side by side? Since they are all equal when placed side by side. Since
the two are different, I added them together. There are 20 of these, so I also need to multiply by 20.

In Activity 3, the student structured the solution by quickly converting the scale visual into a quantitative
relationship. The process involved first identifying the total mass using the group of three on the right side,
then applying a subtraction strategy with the known value. The student quickly interpreted the visual and then
demonstrated how they concluded the calculation. At the same time, the strategies of “establishing balance as
an equation” and “grouping + subtraction” indicate a connected procedural approach rather than mere rote
calculation.

A: Okay, evaluate all three together. Which one challenged you the most? The one you initially thought was
easy. You solved the one you thought was the hardest more quickly. This is an outside view of Activity 3. You
saw it. What do you think? Is it hard? Easy.

S: So it is an easy question, but it seems easy because I could predict what the question was asking. Most likely,
these two are 4. I will add them up. If these two are equal, I will figure out what they are.

A: Go ahead and try it. Okay, let us see—go ahead and try it.
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Student: It is asking for the weight of both in kilograms—3, 6, 9, 12 kilograms here. There are already 4
kilograms here. Okay. I will subtract 4 from 12 to find x.

Results and Discussion

Upon examining the classification performed by the “TRSR—Cognitive Demand Analyzer (TRSR-CDA)” tool
developed using ChatGPT 5.2, it was observed that the activities in question were analyzed in a manner largely
consistent with the theoretical framework, both in terms of their cognitive demand levels and the TRSR
process. Similarly, the ChatGPT-based analysis tool concluded that Activities 1 and 3 are high-demand tasks
requiring transformation, while Activity 2 is a low-demand task involving only processing. Expert evaluations
also concluded that this classification was largely appropriate and supported by consistent reasoning. These
classifications align with Duval’s view in the TRSR theory that the processes of treatment and transformation
are critical in a mathematical sense.

Findings regarding the cognitive demand level of the activities should not be reduced to the Al tool’s
classification alone. In particular, the fact that the tasks in Activity 2 consist of routine operations performed
in symbolic notation (TRSR: treatment) and the high level of agreement observed in the expert evaluations
suggests that the assignment of low cognitive demand stems from the task design. This result is also consistent
with findings from textbook analysis studies reporting that a significant portion of textbook tasks cluster at
low cognitive-demand levels (Polat & Dede, 2023; Khoy, 2025).

One of the findings from this study is that a task’s theoretical “cognitive demand” level does not always align
with the sense of “struggle” a student experiences when solving it. This finding is also consistent with studies
showing no linear relationship between visual complexity and mental effort (Guo & Chen, 2023). While
cognitive demand is defined in the literature as the mental effort required to complete a task (Engin & Sezer,
2016), students’ perceptions of a task can be influenced by factors such as its visual complexity or familiarity
(Guo & Chen, 2023). It has been noted that visual complexity is related to difficulty in understanding
information and the level of familiarity, which may cause students to perceive tasks as more difficult than they
actually are at the outset (Guo & Chen, 2023). In this study as well, when the students’ thought processes were
examined, their initial hesitation toward visually represented tasks (e.g., Activity 1), characterized by remarks
such as “this looks hard”, can be explained by the initial perception of mental load created by visual complexity
and the presentation format. When the student was able to anticipate what the problem required quickly, they
established the visual-symbolic transformation in a short time and reevaluated the task as “easy.”

The student’s performance data revealed a problem-solving process consistent with these classifications. For
example, the student began the session with Activity 1 and described this task as “the easiest-looking.”
Immediately afterward, the student performed the multiplication operation in the balance equation by saying,
“I will multiply 2 by 2. 4x,” performing the multiplication in the balance equation; they then asked, “Do I need
to put this in parentheses first?” to ensure they were following the correct order of operations. In general, while
the student applied the procedural steps without difficulty, they required some minor additional explanations
during certain representational (transformation) processes, such as when transitioning from a percentage
expression to a fraction.

As a result, the student’s actual problem-solving process largely aligned with ChatGPT’s classifications. In
Activities 1 and 3, both the expert and ChatGPT anticipated the need for transformation processes and defined
these as requiring high-level cognitive demands; the student also progressed by transitioning between different
representations (from graphs to algebra, from percentage expressions to fractions) in these activities. In
Activity 2, however, both the experts and ChatGPT classified the task as purely procedural and low in cognitive
demand; the student also solved the activity by performing only algebraic operations. Therefore, no significant
discrepancy was observed between the classifications. The literature also supports this similarity: Puraivan et
al. (2025) emphasized that mathematical tasks involving high-level cognitive demands encompass both
procedural and transformational processes within the TRSR framework. Similarly, Horzum and Duran (2024)
noted that low-level tasks in middle school textbooks limit students’ thinking skills and emphasized the
importance of high-level tasks.
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Reviews and systematic reviews in the field of education also indicate that Large Language Models (LLMs) offer
opportunities in areas such as personalization (Sharma et al., 2025), but also require careful validation in areas such
as accuracy, pedagogical appropriateness, ethics, and reliability (Amofa et al., 2025; Sharma et al., 2025). In this
study, ChatGPT’s classifications aligned with expert evaluations, demonstrating that the model can be used as a
supportive tool in the task analysis process. Nevertheless, to strengthen the reliability of this finding, it is
recommended that ChatGPT be tested on more complex mathematical tasks that require higher-order cognitive
demands. This underscores the importance of combining the rapid data processing capabilities of LLMs with
experts’ pedagogical domain knowledge (Zhang et al., 2024).

This study contains important implications, particularly for teachers. By identifying which representation processes
a student finds easier or more challenging, teachers can tailor learning activities accordingly; for example, they can
incorporate engaging activities, such as balance-equation or percentage-to-fraction conversions, to strengthen a
student’s conversion skills. ChatGPT’s classification accuracy and speed, meanwhile, hold potential for use in Al-
supported instructional design (Matos et al., 2025; Qian, 2025). Recent research shows that ChatGPT and similar
Al tools are gaining prominence in education and contribute to personalized learning for students (Breese, 2025;
Matos et al., 2025; Qian, 2025; Susanibar-Ramirez & Zuifiiga-Rojas, 2024). Therefore, automating the TRSR—
Cognitive Demand analysis using ChatGPT can help teachers quickly review a large number of tasks to determine
their cognitive difficulty, thereby enabling integration into the process of developing personalized learning
materials. The prompts used in this study were designed from the outset to be clear and structured using the “GPT
Create” feature, rather than being derived from subsequently revised inputs. Consequently, there was no need to
rework specific prompts; instead, the focus was on creating explanatory prompts to enable the model to perform
analyses aligned with the TRSR—Cognitive Demand framework. This highlights the importance of teachers
preparing clear, theoretically grounded prompts when using Al tools.

This study has demonstrated the potential of the Al-supported TRSR—Cognitive Demand Analyzer tool in
classifying cognitive demand levels and representational processes. However, the implementation process was
carried out using only a limited number of activities and a single student. In future studies, the general validity of
this tool could be tested by applying it to larger groups of students from different grade levels. Additionally, teachers
could use this tool in classroom settings to identify which tasks cause students to experience greater cognitive strain.
This would enable teachers to make more informed decisions, ranging from material selection to task design. By
also collecting qualitative data from teacher feedback, deeper insights into the role of Al tools in pedagogical
applications can be gained. It is anticipated that the “TRSR—Cognitive Demand Analyzer” tool developed in this
study will support the development of personalized learning materials.
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